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Executive Summary

The AQUADAPT-Mekong project aims to assist fish farmers in five Mekong countries better
manage climate-related risks, and thus capacities to adapt to climate change, through jointly
evaluating and supporting the development or uptake of promising innovations. This report covers
entire project period, 1 November 2017 to 31 October 2020.
The project built capacities to manage climate-related risks, and thus key competencies needed to
adapt to climate change, in selected parts of the aquaculture sector in all five project countries:
Cambodia, Laos, Myanmar, Thailand, and Vietnam. In particular, it demonstrated the importance
of supporting the development and uptake of innovations, including novel uses of informationcommunication technologies. Moreover, the project made a significant contribution to knowledge
about how innovation and adaptation intersect in the aquaculture sector by bringing practices, or
the things people normally do, to the fore.
Within the region the transdisciplinary project teams, built around the roles of Innovation
Facilitators and Solution Teams, learnt a lot by doing, helping facilitate the refinement of emerging
innovations, while at the same time building multi-stakeholder collaboration and relations with
key actors. We believe this latter achievement has the best chance of making a long-term and
significant contribution to improving the management of climate-related risks and the formulation
of policies on adaptation in the aquaculture sectors of the five Mekong Region countries.
To improve our understanding of climate risks and priority needs for adaptation innovation in the
targeted locations, a large-scale survey of levels of concern and experience with significant losses
of over 3,300 aquaculture farmers using freshwater and brackish production systems was
conducted. Data from this baseline survey alongside in-depth interviews with stakeholders
revealed important climate-related risks, which included rapid changes in temperature, drought,
intense rainfall events, and floods. Existing risk management practices and strategies were
documented and the need for locally appropriate aeration options or innovations confirmed. A
strong interest in ICT-oriented platforms to share knowledge about novel (for a place)
technologies was also confirmed and prioritized.
Follow-up interventions using Facebook groups, a smart-phone application, low-cost aeration
systems, risk sharing practices, and impacts due to COVID-19 were completed, and alongside
analyses of policy environment for innovation and sector-wide review, are the basis for our
analyzing the lessons learnt. These results have been published in 5 international journal articles, 1
local language journal article, while 5 other submitted manuscripts are in review and a further 5
working papers under preparation for submission.
Dissemination of information to stakeholders was accomplished via presentations, training
workshops, and onsite demonstrations. Social media has also played a significant role. Effective
formats include infographics and video clips. Project activities in each country has also been
featured in local media.
5

To ensure effective coordination of activities between project partners in all five Mekong
countries, the Coordination Unit, in keeping with the agile method, was in frequent
communication with project teams through fortnightly virtual meetings and messaging. To this
end, partner countries have good relationships, exchange information, and provide suggestions to
each other.
Regarding recent problems and challenges, the Coronavirus disease (COVID-19) pandemic made
implementing activities as planned difficult for Year 3 of the project. Originally planned in-depth
face-to-face interviews and other activities with stakeholders had to be reduced, including travel
among the research partner sites. A regional policy dialogue event planned towards the end of the
project had to be cancelled. On the other hand, the situation became an opportunity to study the
impacts of a highly disruptive crisis (COVID-19 pandemic) on the aquaculture sector in the Mekong
Region.
Figure 2 Project partners in the 5 countries.
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The Research Problem

Aquaculture in the Mekong countries of Cambodia, Lao PDR, Myanmar, Thailand, and Vietnam is
an important economic sector, source of livelihood, and contributor to the resilience of food
systems [1]. Myanmar, Thailand and Vietnam ranked among the top 10 aquaculture producers
globally in 2012 [2]. All countries plan to increase production further [3-7]. In all countries risks of
disease and poor water quality increasingly exacerbate the challenges of increasing aquaculture
production [8, 9]. Extreme weather events and climate changes are emerging as another set of
factors critical to the future of aquaculture sectors [10, 11]. Despite uncertainty over the range of
change in climate factors such as rainfall, most studies agree that the Mekong Region will be
warmer, and that extreme events such as floods and droughts will become more frequent or
severe, and that sea-levels will rise [12]. The key policy problem is thus: how to improve the
capacity of aquaculture to adapt to a changing and often more challenging climate, across a region
expecting larger contributions from aquaculture as well as greater water demands from multiple
sectors in the future. A key part of the solution to the policy problem lies in sustained and
sustainable innovations; sustained because the challenges are not going to disappear but will
change; sustainable because actions taken to adapt to climate change should not increase
negative impacts on water quality, ecosystems, or human health [13, 14]. Another key research
problem is therefore to understand how innovations that are important to adaptation rise to
become a dominant practice, as well as why others fail to do so.
The overall objective of the project is to ensure that fish farmers in the Mekong Region (Figure 3)
have the capacity to manage climate-related risks and adapt to climate change through
innovations that also contribute to the sustainability of aquaculture value-chains.
2.1 Objectives
The specific objectives of the project are as follows:
1. Ensure that technological, network, institutional and financial innovations are understood

and innovation needs are prioritized in management of climate-related risks and adaption
to climate change throughout the aquaculture sector in targeted locations of Cambodia, Lao
PDR, Myanmar, Thailand and Vietnam.
2. Enhance uptake of sustainable innovations with high potential to improve capacities to
manage climate-related risks and adapt to climate change in the target locations.
3. Share lessons learnt on innovation for adaptation in the aquaculture sector with relevant
private and public stakeholders throughout the Mekong Region in appropriate and effective
formats, language and media.
4. Build regional innovation and solutions teams equipped with capacity and tools to share
knowledge and coordinate activities between project partners in all five Mekong countries.
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2.2 Overall Progress
Overall, the AQUADAPT-Mekong project has made excellent progress in building capacity to
manage climate-related risks, and thus key competencies needed to adapt to climate change, in
selected parts of the aquaculture sector in all five countries. We’ve learnt however, that
innovation is not always necessary, as existing options are sufficient, and when it is needed, it is
not always forthcoming, for a variety of reasons. We’ve also learnt that practices which contribute
to adapting to climate in a particular place do not always improve sustainability of value chains as
measured by other criteria. Nevertheless, the project has made a significant contribution to
knowledge about how innovation and adaptation intersect in the aquaculture sector by bringing
practices, or the things people normally do, to the fore. Within the region the transdisciplinary
project teams, built around the roles of innovation facilitators and solution teams, learnt a lot by
doing, helping facilitate the refinement of emerging innovations, while at the same time building
multi-stakeholder collaboration and relations with key actors. We believe this latter achievement
has the best chance of making a long-term significant contribution to practices related to
improving the management of climate-related risks and policies on adaptation in the aquaculture
sectors of the five Mekong Region countries (Figure 3).
Figure 3 Map of study region. Innovation research on management of climate-related risks is taking place
in selected regions in five countries: Cambodia, Laos, Myanmar, Thailand, and Vietnam. Black dots
indicate locations where the baseline survey under Activity 1.1 was carried out.
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Project Progress

This section summarizes the main deliverables and milestones of the project (see Annex 1 for
Project Schedule). Monitoring and evaluation is based on milestones and deliverables in Table 1,
Table 2, and Table 3, and for more practice-oriented impacts, the outcome indicators in Table 4.
Reports of progress to IDRC based on these indicators are made every 6 months. Figure 4 shows
an outcome map of how various outcomes are related to each other and the objectives.
Figure 4 Relationship between specific outcomes and the project objectives.
Overall Objective

Fish farmers better
able to manage
climate-related risks
and adapt to
climate change
through sustainable
innovations

Specific Objectives

Specific Outcomes associated with Activities
A1 .1 Un erstan mg
of risks & needs
s nthesized

A1.2 E ect1ve ways
of fostering
innovation shared

A2 .1 Best practices
shared & adopted

A2.2 More an
efficient aerators
used

A4.2 Lea ers
facilitate links to
overnment

A2.1 Climate risks
better understood

A2.3 New insurance
scheme or members

A4.3 Solution teams
overcome barriers

•

Climate-risk
management
innovations

adopted

41

•

A3.1 Po icy
environment better

•

. ~••
NiMI~ ••a:•
ro·ect

3.1 Progress Towards Milestones
Progress against the 6-monthly project milestones as specified in the Proposal were largely
achieved for Years 1, 2 and mid-Year 3, the main discrepancy being some working papers having
been drafted but not yet submitted by dates originally planned.
Table 1 Project progress against milestones. Year 1.

Month
Month 6

Outcomes
Routine of regular scrum and
virtual-scrum meetings
established (held and
documented) between
Innovation Facilitators
(convened by Project Leader)
and country teams (convened
by Partner Leaders) for theme 1.
Needs and risks surveys
completed in each country.

Performances
Largely achieved. Fortnightly regional Skype
meeting between coordination unit and partner
leaders or representatives. Nodal partners have
meetings with team members; usually before the
regional Skype call. Country teams also have their
own messaging chat groups that are used to stay
in regular contact and updated.
Achieved. Country teams finished the surveys.
Total responses was 3,314.
9

Month

Outcomes
Local stakeholder design and
evaluation group established in
each country for theme 1.

Publications completed: (1)
Inception meeting report; Draft
working papers on (2) risks and
on (3) innovation.
6-monthly technical report
submitted including Nodal
partner activity reports.
6-monthly financial report
submitted.
Month
12

Routine of country teams scrum
meetings (convened by Partner
Leaders) and virtual-scrum
regional meetings (convened by
Project Coordinator) for theme
1.
Operational research on theme
1 innovation completed in each
country.
Local stakeholder design and
evaluation group established in
each country for themes 1 and
2.

Performances
Partly achieved. Country teams establish
relationships with farmers and local officials
through the survey activity and in-depth
interviews; stakeholders were briefed about the
objectives of the project. Most progress was in
Myanmar where clear multi-stakeholder input
into development of module for Smartphone app.
Partly achieved. Inception meeting report
completed. One paper published and another
currently in review. Two draft working papers.
Achieved. Activity report submitted by all nodal
partners and compiled into full Technical Progress
Report for IDRC.
Achieved. Financial report submitted by all nodal
partners to coordination Unit. Aggregated
financial report prepared and delivered to IDRC.
Largely achieved. Fortnightly regional Skype
meetings between coordination unit and partner
leaders or representatives. Nodal partners have
meetings with team members; usually before the
regional Skype call. Country teams also have their
own messaging chat groups that are used to stay
in regular contact and updated.
Achieved. Country partners completed baseline
survey. Facebook group experiment in progress
and expected to be completed by January 2019.
Achieved. In first six months country teams
established relationships with farmers and local
officials through the survey activity and in-depth
interviews; stakeholders were briefed about the
objectives of the project. In second six months
officials from the DOF/fisheries agency or
representatives from local
organizations/federations or companies were
informed by country teams, and in some cases
are actively involved in the Facebook group
research. In Myanmar the team worked closely
with Greenovator to include and launch a
fisheries feature in their successful Green Way
agriculture mobile app. Introductory contact with
multiple aerator businesses in the region were
made; the project was explained and some
responded with interests in collaboration. The
10

Month

Outcomes

Publications completed: (1)
Annual/Month 12 project
meeting reports; (2) ‘Risks’
paper 1 submitted to journal.
6-monthly technical report
submitted including Nodal
partner activity reports.
6-monthly financial report
submitted.

Performances
coordination unit is also in the process of
establishing relations with local aerator
businesses.
Achieved. (1) Two project meeting reports have
been completed. (2) Two papers on risks have
been published.
Achieved. Two 6-monthly activity reports
submitted by all nodal partners and compiled into
two technical progress reports prepared and
delivered to IDRC.
Achieved. Two 6-monthly financial reports
submitted by all nodal partners to coordination
unit. Two aggregated financial reports prepared
and delivered to IDRC.

Figure 5 Fish farmers in some of the study locations.
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Table 2 Project progress against milestones. Year 2.

Month
Month
18

Outcomes
Routine of country teams scrum
meetings (convened by Partner
Leaders) and virtual-scrum
regional meetings (convened by
Project Coordinator) for themes
1 & 2.

Performances
Largely achieved. Fortnightly regional Messenger
meetings between the Coordination Unit and
Partner Leaders. Country team members meet
usually before and/or after the regional
Messenger call. Country teams also have their
own messaging chat groups that are used to stay
in regular contact and share updates.
Operational research on theme Achieved. Country partners completed Facebook
2 innovation started in each
groups experiment research for theme 1. For
country.
aeration theme 2, preliminary information about
aeration technology has been gathered via
interviews with experts, academics, businesses,
and farmers. This will be followed-up with an
aeration-focused survey with farmers in the five
partner countries. After the survey will be a series
of activities, including evaluation workshops and
dissemination of information about aeration.
Local stakeholder design and
Achieved. For ICT theme 1, country partners plan
evaluation group established in to meet and present about the fish farmers’
each country for themes 2 & 3.
Facebook groups to officials from the DoF and
related stakeholders in their country. Moreover,
the Myanmar team worked closely with
Greenovator to include and launch a fisheries
feature in their Green Way app. For aeration
theme 2, country partners conducted preliminary
information gathering about aeration technology
via interviews with groups of experts, businesses,
and farmers. This information was used to design
the follow-up aeration survey. For risk sharing
theme 3, country teams plan to conduct
preliminary information gathering via interviews
with groups of experts, insurance companies, and
farmers.
Publications completed: (1)
Achieved. Three project workshop reports have
Month 18 project meeting
been completed. Project briefs/brochures have
report; (2) ‘Innovation’ paper
been disseminated to the five country partners,
submitted to journal; Draft
as well as to IDRC for further distribution. Results
working papers (3) ‘Innovation – have been published in 4 international journal
paper 2’, (4) Policy.
articles, 1 local language journal article, and 6
working papers.
6-monthly technical report
Achieved. Three 6-monthly activity reports
submitted including Nodal
submitted by all nodal partners and compiled into
partner activity reports.
12

Month

Outcomes
6-monthly financial report
submitted.

Month
24

Routine of regular scrum and
virtual-scrum meetings
continues (held and
documented) between
Innovation Facilitators
(convened by Project Leader)
and country teams (convened
by Partner Leaders) for theme 2.
Operational research on theme
2 innovation completed in each
country.

Performances
three technical progress reports prepared and
delivered to IDRC.
Achieved. Three 6-monthly financial reports
submitted by all nodal partners to the
Coordination Unit. Three aggregated financial
reports prepared and delivered to IDRC.
Achieved. Fortnightly regional Messenger
meetings between the Coordination Unit and
Partner Leaders. Country team members meet
usually before and/or after the regional
Messenger call. Country teams also have their
own messaging chat groups that they use to stay
in regular contact and share updates among each
other.
Largely Achieved. All five country partners
completed the aeration survey for theme 2. The
results obtained then influenced follow-up
activities, including: dissemination of aerator
information to stakeholders, both physically
(onsite demonstrations) and virtual (video clips
and/or infographics shared online); as well as
aeration and water quality modelling experiments
to determine cost-effectiveness of selected types
of aerators. Follow-up activities are on-going.
Partly Achieved. Meeting summary report for the
4th workshop in Chiang Mai completed. An
introduction video clip of the project was
produced and disseminated on Facebook and to
colleagues. Eight research manuscripts (six led by
Coordination Unit and fellows and two led by
partner team members) currently in preparation
and most are expected to be submitted to
relevant journals in the following period.

Publications: (1) Annual / Month
24 project meeting report
completed; (2) ‘Innovation
paper 2’ full draft not yet
submitted (3) ‘Policy’ paper
early draft only and not yet
submitted; (4) ‘Innovation paper
3’ draft prepared as planned; (5)
‘Lessons’ paper in draft for as
planned.
6-monthly technical report
Achieved. Period 4 activity reports submitted by
submitted including Nodal
all Nodal Partners and compiled into a technical
Partner activity reports.
progress report of last six months prepared and
delivered to IDRC.
6-monthly financial report
Achieved. Period 4 financial reports submitted by
submitted.
all Nodal Partners to the Coordination Unit.
Aggregated financial report for Periods 3 & 4
prepared, audited by third-party, and delivered to
IDRC.
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Figure 6 Pond culture fish farms in the study locations.

Table 3 Project progress against milestones. Year 3.

Month
Month
30

Outcomes
Routine of regular scrum and
virtual-scrum meetings
continues (held and
documented) between
innovation facilitators
(convened by project leader)
and country teams (convened
by partner leaders) for theme 3.
Publications completed: (1)
Month 30 project meeting
report; (2) ‘Innovation paper 3’
submitted to journal; Draft
working papers (3) ‘Innovation –
paper 4’.
6-monthly technical report
submitted including Nodal
partner activity reports.
6-monthly financial report
submitted.

Performances
Achieved. Fortnightly regional Messenger
meetings between the Coordination Unit and
Partner Leaders. Country team members meet
usually before and/or after the regional
Messenger call. Country teams also have their
own messaging chat groups that they use to stay
in regular contact and share updates among each
other.
Partly Achieved. Meeting summary report for the
5th workshop in Siem Reap completed.
Innovation papers 3 and 4 have been drafted and
will be submitted in next 6 months.
Achieved. Period 5 activity reports submitted by
all Nodal Partners and compiled into a technical
progress report, prepared and delivered to IDRC.
Achieved. Period 5 financial reports submitted by
all Nodal Partners to the Coordination Unit.
14

Month
36

Routine of regular scrum and
virtual-scrum meetings
concluded (held and
documented) between
innovation facilitators
(convened by project leader)
and country teams (convened
by partner leaders) for theme 3.
Regional Dialogue meeting
convened to disseminate
project outcomes to decision
makers and key stakeholders.
Publications completed: (1)
Dialogue meeting report; (2)
‘Innovation paper 4’ and
‘Lessons’ papers submitted to
journals.
Final technical report submitted
including Nodal partner activity
reports.
Final financial report submitted.

Aggregated financial report for Period 5 prepared
and delivered to IDRC.
Achieved. Fortnightly regional Messenger
meetings between the Coordination Unit and
Partner Leaders. Country team members meet
usually before and/or after the regional
Messenger call. Country teams also have their
own messaging chat groups that they use to stay
in regular contact and share updates among each
other.
Partly achieved. Due to COVID-19 outbreak
limiting travel, a regional event was no longer
possible. Instead, country teams organized local
meetings with decision makers and key
stakeholders to present findings from the project.
Partly Achieved. Meeting summary report for the
6th workshop (virtual) completed. Innovation
paper 4 (now on COVID-19) and Lessons paper
have been submitted.
Achieved. Period 6 activity reports submitted by
all Nodal Partners and compiled into a final
technical report, prepared and delivered to IDRC.
Achieved. Period 6 financial reports submitted by
all Nodal Partners to the Coordination Unit.
Aggregated financial report for Period 6 prepared
and delivered to IDRC.
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Figure 7 Cage culture fish farms in the study locations.

3.2 Progress Towards Objectives
Progress against the overall and specific objectives of the project as specified in the Grant
Agreement (section 1. Project Objectives and Work, pages 1-2) was largely achieved (Table 4).
Table 4 Project progress against specific objectives. Years 1-3.

No. Objective
1
Ensure that fish farmers in the Mekong
Region have the capacity to manage
climate-related risks and adapt to
climate change through innovations
that also contribute to the
sustainability of aquaculture valuechains.

1.1

Ensure that technological, network,
institutional and financial innovations
are understood and innovation needs
are prioritized in management of
climate-related risks and adaption to

Performances
Partly achieved. Impacts in all countries but
restricted to certain geographical areas and part
of value chains. Greater progress on climate risk
management under current climate than on
longer-term strategies for a changing climate.
Consequences for sustainability only partly
addressed as they are complex. The role of
innovation of different types in adaptation to
different risk portfolio was found to vary much
more than initially expected making it hard to
generalize.
Largely achieved. Improved understanding of
climate risks and priority needs for adaptation
innovation in the targeted locations of
Cambodia, Laos, Myanmar, Thailand and
Vietnam through data collection, surveys and in16

No. Objective
climate change throughout the
aquaculture sector in targeted
locations of Cambodia, Lao PDR,
Myanmar, Thailand and Vietnam.
1.2 Enhance uptake of sustainable
innovations with high potential to
improve capacities to manage climaterelated risks and adapt to climate
change in the target locations.

1.3

1.4

Performances
depth interviews with stakeholders (A1.1) as
well as a global review of experiences (A1.2).

Largely achieved. The uptake of ICT-based
innovations – Facebook groups for farmers in 5
countries and smartphone App in Myanmar –
was enhanced by the project (A2.1). Alternative,
inexpensive, aeration systems were refined,
demonstrated, and in some locations adopted in
target locations (A2.2). Only baseline survey
work was done on insurance (A2.3) because of
disruption to field work in 2020 and decision to
focus more on COVID-19 response. Draft papers
will be submitted before end of project.
Share lessons learnt on innovation for
Achieved. Results from activities shared with
adaptation in the aquaculture sector
stakeholders via presentations, training
with relevant private and public
workshops, onsite demonstrations, and online
stakeholders throughout the Mekong
information dissemination. Papers have been
Region in appropriate and effective
published or submitted. Draft papers will be
formats, language and media.
submitted before the end of the project. Social
media has played a significant role in
dissemination of information to stakeholders.
Effective formats include infographics and video
clips. The project activities in each country has
also been featured in local media.
Build regional innovation and solutions Achieved. Coordination Unit in frequent
teams equipped with capacity and tools communication with the five partner countries
to share knowledge and coordinate
through fortnightly virtual meetings and
activities between project partners in
messaging. Partner countries have good
all five Mekong countries.
relationships, exchange information, and
provide suggestions to each other.
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4

Synthesis of Research Results and Development Outcomes

This section summarizes the main findings of the AQUADAPT-Mekong project within the reporting
period. Citations as numbers in square brackets (e.g. [WP1]) refer to project working papers listed
in Table 11 of this report. Figure 8 shows the overall organization of the project. The project
activities map directly to the proposal objectives. The identification, development, and uptake of
innovations (Activity 2) is the heart of the project. It is initially supported by preliminary work
defining needs in the target locations of the project (A1.1) and identifying strategies for enabling
innovation for adaptation (A1.2). Innovation teams in each thematic area draw upon the work of
Innovation Facilitators and Research Assistants, under guidance of Partner Leaders in each country
to develop, promote, and share innovations. Solution Teams join the innovation teams for short
periods to provide specialist advice and help overcome barriers. The Coordination Unit under
guidance of the Project Leader and Advisory Group provides overall scientific leadership, project
management support, and strategic guidance. The lessons learnt from innovation case studies are
synthesized (A3.2) and integrated with analysis of policy (A3.1) to support innovation for
adaptation.
Figure 8 Activity structure of the AQUADAPT-Mekong project.
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Objective 1: Innovations Understood and Needs Prioritized
Ensure that technological, network, institutional and financial innovations are understood
and innovation needs are prioritized in management of climate-related risks and adaption to
climate change throughout the aquaculture sector in targeted locations of Cambodia, Lao
PDR, Myanmar, Thailand and Vietnam

A1.1 Climate Risks and Innovation Needs
Synthesize understanding of most significant climate-related risks to land-based
aquaculture and how these risks are currently managed in the Mekong Region.
18

A large-scale survey of levels of concern and experience with significant losses of over 3,300
aquaculture farmers in Cambodia, Laos, Myanmar, Thailand, and Vietnam using freshwater and
brackish production systems revealed important climate-related risks, including rapid changes in
temperature, drought, intense rainfall events, and floods [WP3]. Farmers in Laos were less
concerned with risks to profitability than those in other countries. Farmers who had experienced
significant losses from any climate-related source were more concerned with risks to profitability.
Women and higher educated farmers perceived higher risks. Those with intensified production
systems perceived lower risks and observed fewer climate changes. Perceptions of historical
changes in risks and expectations for future risks were often strongly associated with each other
and levels of concern, as well as experiences of losses, underlining that risk perception has
multiple, inter-related dimensions.
Climate-related risks to profits of aquaculture farms in the Mekong Region are typically managed
alongside water-related and other business risks. Farmers who were more concerned with risks to
profitability had a history of undertaking more risk management practices [WP10]. Farmers with
higher investments, for instance growing shrimp or adopting more intensified production systems,
had more practices. Wealthier and more educated farmers had experience with more practices for
dealing with current risks, as well as recognized the need for strategies to adapt to a changing
climate in the future. Awareness of both risks and measures to reduce them is not inevitable, and
thus information access is a factor in the adoption of new practices and strategies.
A1.2 Roles of Innovation in Adaptation
Investigate and re-conceptualize the ways innovation systems contribute to improving
climate risk management and adaptation to climate change.
The primary purpose of aquaculture innovation has been to expand or at least maintain
aquaculture production in response to opportunities and threats [WP2]. The key innovations
produced have included new technologies, practices, and ways of organizing and sharing
information. The mechanism through which innovative products can contribute to adaptation
ranged from increased control of rearing environments through improving the management of
existing climate-related risks, to enhancing social-ecological resilience to climate-related
disturbances. An examination of discovery, diffusion, and implementation activities suggests that
the innovation systems that have emerged around major cultured species like salmon, shrimp, and
tilapia primarily work to expand aquaculture production in response to opportunities and threats,
including climate change.
Table 5 Possible combinations of innovation and adaptation under climate change.

No Adaptation

No Innovation
Continuing with practices that do
not help deal with important
climate changes.

Innovation
Adopting novel practices that improve
productivity or competitiveness but
does not help deal with important
climate changes.
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Adaptation

Selecting among known practices
for those that help deal with
important climate changes.
No innovation needed in ‘global’
sense for adaptation. Adaptation
takes place without innovation.

Adopting novel practices that improves
productivity or competitiveness, as well
as help deal with important climate
changes.
Innovation may precede, follow or be
simultaneous with adaptation.

Figure 9 Real-time water quality monitoring at fish farms via Internet of Things (IoT) system.
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4.2

Objective 2: Enhance Uptake of Innovations
Enhance uptake of sustainable innovations with high potential to improve capacities to
manage climate-related risks and adapt to climate change in the target locations.

A2.1 Information-Communication
Information-communication technology innovations to improve the management of
climate-related risks.
The large-scale survey under Activity 1.1 identified smart phones as a technology with high
potential to be useful for sharing information about climate-related risks with fish farmers [WP3].
Ownership of mobile phones was very high among aquaculture farmers in all countries. A
significant proportion of farmers, though less so in Vietnam, also use social media like Facebook.
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Given the findings above, a follow-up study was implemented in order to test the proposition that
information helpful to improving the management of climate-related risks in aquaculture can be
effectively shared via Facebook groups [WP7]. The design also sought to experimentally compare
the merits and limitations of more authoritative vs. deliberative styles of moderation, and its
effect on level of post engagement: seen, likes, and comments.
The findings show individual learning was enhanced in all countries by group membership, while
effects on social learning, knowledge, and intentions to seek further information or take
preparatory actions, varied in more complex ways among countries and with group moderation
style. For the most part, deliberative-style posts and moderation were preferred in Thailand,
whilst in Laos, Cambodia, and Vietnam there was no difference or authoritative was preferred. In
Myanmar, the findings were more complex. The findings of this study suggest that information
helpful to improving the management of climate-related risks in aquaculture can be shared in
online groups, but cultural familiarity with online engagement and moderation styles also make a
difference to effectiveness.
Green Way App
The collaboration between the Myanmar team and Greenovator (the co-founder is an Innovation
Facilitator) under Activity 2.1 has resulted in the inclusion of a fisheries feature in the Green Way
agriculture app. Fish farmers can access information, as well as ask questions that are answered by
relevant experts, in accordance with the app’s mission of helping farmers in Myanmar improve
their agricultural outputs. The Green Way app operates on Android devices (see here).
Figure 10 Features on the Green Way app.
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A2.2 Aeration and Water Quality Monitoring
Aeration and water quality monitoring innovations for reducing risks of losses from
climate-related risks.
In the Mekong Region, adoption of aeration and circulation technologies varies greatly among
countries and species cultured. Many farms are intensifying their production systems, but still do
not yet use aeration technologies. Common reasons given include concerns with costs of
equipment, maintenance and energy supply, while others may be unfamiliar with aeration devices
or do not believe aeration is necessary or useful. From baseline survey findings [WP3, WP10],
many farms suffer losses from periods with dense cloud cover and are concerned with the risk of
low DO episodes, implying that adoption of aeration would potentially be beneficial.
An aeration survey was carried out in order to better understand farmers’ use (or lack thereof)
and evaluation of aeration technologies for their likely effectiveness in different situations,
recognizing costs relative to benefits, and other criteria important to adoption.
Figure 11 Different types of aerators used in aquaculture in the five study countries.

Results from the aeration survey in the five countries, alongside key informant interviews and
document reviews, confirmed that aeration technologies have not been universally adopted, with
low levels of use in Laos and Myanmar. This is despite recent trends to intensify production and
incidents of farms suffering losses from low D.O. during periods with dense cloud cover and/or
intense phytoplankton blooms. In all regions, farmers reluctance to invest in aeration, mixing or
22

monitoring equipment are primarily driven by concerns with cost effectiveness. From the farmer’s
perspective it is often hard to get reliable information on benefits of regular as opposed to
emergency aeration, as well as complicated to evaluate maintenance and operating costs.
The survey results helped partner countries plan and implement follow-up activities, including:
dissemination of information relating to aerators through physical (on-site demonstrations) and
virtual (video clips, infographics); as well as design lab-based or on-site experimental studies on
the effectiveness of selected aerator models.
Aeration Innovation
In Myanmar, the country team modified an aeration system, typically used in small aquaria, for
use in fish ponds. The system called Venturi draws air from the atmosphere into a flow of water
provided by a pump (Figure 12). The millions of small air bubbles raise the oxygen level quickly and
dramatically. The Venturi pipework can be angled to deliver oxygen rich water to the bottom of
the pond where oxygen levels are often at their lowest. Moreover, when the Venturi system is
coupled to an alternative energy source like solar panels or windmills and an energy storage
device, it becomes more versatile, cheaper to run and environmentally friendly. The Myanmar
team has organized a series of workshops and training on this affordable aerator (Table 14).
Figure 12 Low cost and affordable Venturi aeration system by the Myanmar team.

Red arrow: water flow from pond base [<50% saturation]. Green arrow: aerated flow
with supersaturated water [>120%).
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In Vietnam, the country team designed an improved Venturi aeration system for shrimp pond
culture. The model (Figure 13) aimed to be low-cost and energy-saving, as well as highperformance at achieving oxygen saturation levels in the pond water. The Venturi comprises of
three main sections: a converging section, a throat section, and a diverging section. It allows air
from the atmosphere to enter through air holes into the flowing water, causing pressure
differences at the throat section, and thereby increasing dissolved oxygen (DO) concentration
inside the water via fine bubbles. When this improved Venturi system was tested in a real pond,
results showed that the level of DO was significantly increased from 3.48 mg/L to 7.41 mg/L within
1 hour. Moreover, the price of the Venturi tube is affordable (approximately $2 USD) and
components are easy to purchase locally. Given the cost-effectiveness, the team produced a
detailed instruction manual for farmers who want to make this on their own (Table 15). The
Vietnam team have also organized various workshops and training course on this system (Table
14), as well as being featured in local media (Table 20). Currently, this improved Venturi aeration
system designed by the Vietnam team is being applied for a patent at the Intellectual Property
Office of Viet Nam.
Figure 13 Improved Venturi aeration system by the Vietnam team.
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In Thailand, the country team developed a small paddle-wheel aerator powered by solar energy
for use in a small fish pond and as a model for upscaling in larger ponds. The model (Figure 14) has
been exhibited and demonstrated in many agricultural fairs across Northeastern Thailand.
Moreover, several paddle-wheel aerators were donated to Ngon-kam School, Si Mueang Mai
District in Ubon Ratchathani Province to use in the school’s cement ponds rearing catfish as part of
the “Primary School Lunch Program” to provide nutritionally balanced and free lunches for
schoolchildren. On 28 September 2020, Princess Maha Chakri Sirindhorn visited the school and the
aerator model was demonstrated to her royal highness (Table 14).
Figure 14 Paddle-wheel aerator powered by solar energy by the Thailand team.
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A2.3 Business Models for Risk Sharing
Business model innovations for sharing and transferring risks (later revised to shift focus to
study impacts from COVID-19)
This activity initially focused on aquaculture insurance as a tool to manage climate-related risks.
Preliminary data was collected via in-depth interviews with experts, government officials, farmers,
and companies. Case studies or pilot projects specifically about aquaculture insurance were largely
absent in most countries, though there were some related studies on insurance for the agriculture
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sector. Key stakeholders were asked about prospects and obstacles for aquaculture insurance to
happen in their country (Table 6).
Table 6 Prospects and obstacles for aquaculture insurance.

Country
Prospects
Cambodia Will likely happen in 2-4
years, in particular for
Snakehead, Tilapia, Silver
barb, Pangasius, and catfish
species.
Laos
Unlikely to occur any time
soon. There are no case
studies for aquaculture
insurance.

Myanmar

Thailand

Vietnam

It could be initiated in 2021
since providing the insurance
for farming and livestock is
one of the pillars in Myanmar
Agriculture Development
Strategy_2018-2019 to 20222023
Aquaculture insurance has
already been studied on the
feasibility for the shrimp
farming. The draft of the
insurance product is in
development. If it is possible,
the DoF wants it to be
implemented before 2025.

The government is operating
a short-term program (from
June 26, 2019 to the end of
December 31, 2020) for five
main marine shrimp farming
of the Mekong river delta.
Hopefully, the program will
be continued in the coming
period.

Obstacles
Fish farmers have limited knowledge of
aquaculture insurance, no trust and
understanding of process.
Insurance company have difficulty designing the
products due to limited aquaculture knowledge.
Fish farmers have limited knowledge about
aquaculture insurance.
Government has not yet promoted insurance
specific for aquaculture activities or other
agriculture production.
Insurance companies not interested yet to do
this kind of insurance.
Less likely to have fishery insurance since the
country’s lack of basic support for e.g. land
registration for fish ponds. Other needs will
include the insurance law, data driven policies,
limited access on the information of weather
forecast and market.
The effective record and monitoring systems on
farm activities are not yet established, which
are necessary for insurance.
Freshwater fish farms are low margin and high
risks, factors that are not attractive to insurance
companies
Various types of aquaculture make it difficult
for insurance companies to provide various
products.
Small-scale fish farmers may not be able to
afford insurance if rates are relatively high and
thus they may need assistance from DoF.
Insurance company found it difficult to describe
clearly and in detail the conditions in the
insurance contract.
Farmers sometimes were not convinced of the
ways the insurance companies sold their
products and were dissatisfied with the
information they received from the companies.

26

Impacts From Coronavirus Disease (COVID-19) Pandemic
From informal communications with fish farmers, experts and officials from the Department of
Fisheries, during the Coronavirus disease (COVID-19) pandemic, it was stressed that the
aquaculture sector was also greatly affected by this event. For instance, in Thailand, import of
shrimp to China and other countries came to an abrupt halt; local fish farmers had to delay
harvest. Thus, to gain a deeper understanding of the impacts from COVID-19 to the aquaculture
sector in the Mekong Region, the Coordination Unit in agreement with the five partner countries
and encouraged by IDRC, decided to conduct a large-scale survey.
The study [WP15] assessed the early impacts of the COVID-19 pandemic on aquaculture producers
in selected parts of five countries in the Mekong Region. A total of 1019 farmers were surveyed.
This study found that disruptions to supplier and produce logistics, volatile markets and financial
measures arising from government responses to the COVID-19 outbreak each had significant
impacts on aquaculture producers, greatly reducing profits and increasing the likelihood of making
a net loss in the first half of 2020. Coping strategies included adjustments to stock management
practices, finding new markets and borrowing money. Easier loan conditions and direct cash
handouts by governments helped in some locations and were desired in others. Significant
differences among countries in impacts and responses reflect market and trade dependencies, as
well as government capacity and willingness to support the aquaculture industry.
4.3

Objective 3: Distil and Share Lessons Learnt
Share lessons learnt on innovation for adaptation in the aquaculture sector with relevant
private and public stakeholders throughout the Mekong Region in appropriate and effective
formats, language and media.

A3.1 Policy Analysis
Aquaculture policy environment review and analysis.
The purpose of this activity is to better understand and illustrate the workings of the policy
environment around aquaculture development and innovation in the Mekong Region. By policy
environment we mean the set of government policies which promote, guide or constrain
aquaculture development and innovation. Potentially relevant policies range from national and
sector development plans and strategies through to targeted support for science and technology
transfer. We are currently completing a paper that compares the policy environments of the 5
countries [WP14] building on a Thai-based case study [JA8] and a global review of policy
innovation [JA1] that focused on just water issues.
Successful aquaculture depends on access to sufficient water of adequate quality and should not
significantly degrade water quality or damage ecosystems in receiving waters. While water
management technologies have received a lot of attention as potential solutions, many of the
outstanding challenges are collective-action problems that depend on improving aquaculture
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governance [JA1]. In high-income countries, aquaculture is often subject to multiple regulations
that constrain the development of the sector, whereas in most low- and middle-income countries,
regulations are fewer, less demanding or not implemented. Many of the promising and innovative
governance initiatives involve a combination of rules, information and incentives, as well as
negotiation among multiple stakeholders.
Table 7 Main issues and solutions to water governance and aquaculture. Sources [JA1] and [JA8].

Issues
Impacts to aquaculture from
polluted run-off and effluent
entering waterways or bodies.
Impacts to aquaculture from river
management, releases, storage or
diversions.
Impacts to water quality and the
environment from aquaculture
water use.

Solutions
Existing laws and regulations to control pollution of
waterways need to be much better implemented. Water
quality monitoring programs need to be strengthened and
polluters held accountable for impacts of infringements.
Aquaculture should be treated as another water use, and
thus fish and shrimp farmers as water users, in
negotiations over the management of watersheds and
rivers, as well as local water supplies.
Aquaculture must take greater responsibility for its
impacts on water quality in public waterways and water
bodies. This will require a combination of awareness
raising, monitoring, and regulation. All farms should be
registered with local district fisheries offices, so that good
practices in water management and other extension
support can be provided.

A3.2 Lessons From Innovation
Lessons learnt from innovation case studies.
Discovery, diffusion, and adoption are linked and overlapping processes (Figure 15). For the
aquaculture sector in Asia, discovery has often been driven by challenges to production or
opportunities for improving profitability [WP5]. Ideas for potential solutions to challenges often
come from farmers rather than researchers. Not everything is planned; accidents play a role too.
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Figure 15 Innovation and adaptation as a set of potentially interacting processes.
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Promotional activities and farmer-to-farmer communication are key to diffusion of innovations.
Among many types of activities, demonstration is often the most effective way to share
knowledge. While television remains an important medium for dissemination, social media are
increasingly used by farmers to share experiences of new practices and products. Meanwhile,
adoption is strongly influenced by financial considerations, in particular, up-front costs, but also
expected profits or benefits. Simple and cheap innovations are more likely to be adopted than
expensive or complicated ones.
Figure 16 Farmers use ICT and aeration innovations to manage climate-related risks.
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A3.3 Policy Innovation Dialogue
Originally, one major regional dialogue event was planned towards the end of the project. The
agenda would draw on findings of the project, in particular, the synthesis of innovation
interventions (A3.2) and the analysis of policy environments (A3.1). Moreover, given the multicountry, regional participation, an important focus of the regional event would be on international
cooperation to foster innovation for adaptation in the aquaculture sector. State and non-state
actors would be engaged with careful attention to balance of participants by gender and
stakeholder groups.
However, due to the Coronavirus disease (COVID-19) pandemic putting restrictions on travel and
large congregations, it was unanimously decided by the Project Leader, country Partner Leaders
and the Project Officer at IDRC, that the regional policy dialogue conference which was originally
planned to be held in October 2020 in Bangkok, should be cancelled.
4.4

Objective 4: Build Teams, Capacities and Tools
Build regional innovation and solutions teams equipped with capacity and tools to share
knowledge and coordinate activities between project partners in all five Mekong countries.

As a multi-country study involving different kinds of stakeholders, communication and
coordination activities play an important role in achieving all other project objectives. Figure 17
shows the key links in the project network.
Figure 17 Project network of the project. Solid lines with arrows indicate reporting relationships and
dashed lines other types of linkages. Innovation Facilitators are members of innovation teams which cut
across several countries. Other actors may become members of innovation team for short periods.
Different innovation thematic areas have different but potentially overlapping teams.
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For this purpose, the Coordination Unit borrowed and adapted some of the tools and principles
from agile approaches to project management in software development. The aim was to make
project management more iterative, flexible and simple – critical features we believe for a project
like this one focused on supporting innovation for adaptation. Examples of the tools which we
used included: farmer-as-user stories through in-depth interviews about what they expect from a
technology (e.g. aeration) or institutional (e.g. insurance) innovation (Table 8); very short iteration
planning-implementation and communication cycles (Table 10) so that can redirect work
depending on shifting user needs and expectations as well as new opportunities; and, active
involvement of project team members in planning and monitoring progress via regional project
workshops (Table 12).
Nodal partners help implement project activities in each country. These teams establish links with
other organizations in the country needed to successfully complete work. Partner Leaders provide
overall supervision for project-related work done in the country and help recruit and supervise
Innovation Facilitators and Research Assistants. Innovation Facilitators work closely with others in
same position in other countries, in particular, those working in the same thematic area. The
building of these regional innovation and solutions teams equipped with the capacity and tools
mentioned above, allows for the sharing of knowledge and coordination of activities between
project partners in all five Mekong countries.
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5

Methodology

The targeted research components of this project drew on a wide range of interdisciplinary
methods. Quantitative observational, experimental, modelling and survey work were done at
various steps to help understand relevant climate-related risks and existing practices, as well as
evaluate potential and performance of alternative technologies and practices. Qualitative research
methods included participatory observation, narratives, in-depth interviews, and group
discussions, for instance to study policy and other barriers to innovation. Analyses was
disaggregated by gender, an important analytical and practices dimension of this project. Gender
was referenced in the definition of sustainable innovation, key research questions, research
outputs, design of key events, project team membership, and outcomes indicators. The aim was to
ensure that project interventions lead to innovations that are accessible to and benefit both
women and men.
Guidelines, or protocols, were created for activities, especially for those that involved the five
partner countries, to inform and guide its implementation. Typically, a guideline document would
include: a rationale, research questions, study design, data collection and analysis, etc.
Literature reviews and document searches were done for all activities’ papers that were synthesis
articles. For papers that were data collection-based, a mixed-methods approach was used,
including literature and document searches, alongside information gathering from in-depth
interviews and/or surveys. In-depth interviews were often done face-to-face, but when not
possible, was done over the phone. Large-scale surveys were done on hand-held tablets.
For in-depth interviews, questionnaire guides were produced, and the questions appropriate for
the interviewees, e.g. farmers, government officials, experts, etc. The style of the questions was
typically open-ended. Results from the in-depth interviews would inform the drafting of the
follow-up, large-scale survey. For surveys, questions came with selected responses. The online
software SurveyGizmo was used to construct and implement the survey. Table 8 gives an overview
of the concept notes, and research instruments (in-depth and/or survey) used by project activity.
Table 8 Guidelines and research instrument used by research activity. (see Annex 2)

Activity
A1.1 Climate risks
& innovation
needs

Paper
[JA3]
[WP10]
[WP12]
[WP13]

A1.2 Roles of
innovation in
adaptation

[WP2]

Instrument
Guideline
In-depth
interview
Large-scale
online survey
In-depth
interview

Description
Baseline survey data collection protocol and
guide.
In-depth interview guide for use during and
after baseline risk and needs survey.
Baseline survey.
In-depth interview guide on innovation
experience of farmers.
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Activity
A2.1 InformationCommunication

A2.2 Aeration and
water quality
monitoring
A2.3 Business
models for risk
sharing

A3.2 Lessons from
innovation

Paper
[JA4]
[WP7]

[WP9]

[WP15]
[WP5]

Instrument
Guideline
Facebook
Groups
Online survey
In-depth
interview
Guideline
In-depth
interview
Large-scale
online survey
Guideline
In-depth
interview
Guideline
Lage-scale
online survey
In-depth
interview

Description
Facebook groups experiment protocol and
guide.
Facebook groups experiment.
Facebook groups experiment exit survey.
In-depth interview guide for Facebook
groups experiment.
Aeration study protocol and guide.
In-depth interview guide for aeration study.
Aeration survey.
Insurance study protocol and guide.
In-depth interview guide for insurance
study.
COVID-19 impact study protocol and guide.
COVID-19 impact survey.
In-depth interview guide on innovation
experience of policy experts.

Figure 18 Team members use research instruments in the field, e.g. surveys on tablets or interviews.
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6

Project Implementation and Management

Implementation has been organized around a set of research studies, innovation interventions,
and coordination activities.
6.1 Administrative Considerations
Project Leader distributes project activities to Partner Leaders in the five countries. It is then up to
each Partner Leader to coordinate and assign work to the team members (Table 9). The amount of
time each member or position agrees to dedicate to the project depends on the contract
agreement between the Project Leader and the project member. For instance, members of the
Coordination Unit are expected to be full-time. Meanwhile, Partner Leaders, Innovation
Facilitators and Research Assistants in the five partner countries are part-time positions. Some
Partner Leaders are more involved with the project (40% of their time) than others (20%). In total,
the project has 28 active members: 15 men and 13 women.
Table 9 Full list of regular team members, their positions and time contributions to the project. % refers
to the amount of time spent working on the project, e.g. 50% = part-time, 100% = full-time. (see Annex 3)

Country
Team Member
Cambodia Ms. Hap Navy

Ms. Kaing Khim
Mr. Seng Samphal
Mr. Soth Sobot

Laos

Position
Partner
Leader (40%)
Innovation
Facilitator
(40%)
Innovation
Facilitator
(40%)
Research
Assistant
(60%)

Ms. Chhun Sereyvan

Research
Assistant
(60%)

Dr. Phouvin
Phousavanh

Partner
Leader (40%)

Mr. Bounsong
Vongvichith

Innovation
Facilitator
(40%)

Affiliation
Inland Fisheries Research and
Development Institute, Fisheries
Administration, Ministry of
Agriculture, Forestry and Fisheries
Fisheries Administration, Ministry of
Agriculture, Forestry and Fisheries
Faculty of Fisheries, Royal University
of Agriculture
Inland Fisheries Research and
Development Institute, Fisheries
Administration, Ministry of
Agriculture, Forestry and Fisheries
Inland Fisheries Research and
Development Institute, Fisheries
Administration, Ministry of
Agriculture, Forestry and Fisheries
Department of Livestock and
Fisheries, Faculty of Agriculture,
National University of Laos
Aquaculture Research Section,
Living Aquatic Resources Research
Center, National Agriculture and
Forestry Research Institute
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Country

Myanmar

Team Member
Ms. Anousone
Sisouvong

Position
Innovation
Facilitator
(40%)

Mr. Santhi
Khonedavong

Research
Assistant
(60%)

Ms. Alounvanh
Pakphommy

Research
Assistant
(60%)

Dr. Khin Maung Soe

Partner
Leader (20%)
Innovation
Facilitator
(40%)
Innovation
Facilitator
(40%)
Innovation
Facilitator
(40%)

Dr. Kyithar Myint
Ms. Yin Yin Phyu
Mr. Aung Than Oo

Thailand

Dr. Tuantong Jutagate

Partner
Leader (40%)

Ms. Amornrat
Rangsiwiwat

Innovation
Facilitator
(40%)

Ms. Sirirat Uthaivat

Innovation
Facilitator
(40%)
Research
Assistant
(60%)
Research
Assistant
(60%)
Partner
Leader (20%)

Mr. Rueangrit
Hanmontree
Mr. Niran Warin
Vietnam

Dr. Nguyen Thanh
Phuong

Affiliation
Fisheries Technical Unit,
Department of Livestock and
Fisheries, Faculty of Agriculture,
National University of Laos
Fishery Division, Department of
Livestock and Fisheries, Faculty of
Agriculture, National University of
Laos
Aquaculture Division, Department
of Livestock and Fisheries, Faculty of
Agriculture, National University of
Laos
WorldFish, Myanmar
Department of Zoology, University
of Yangon
Greenovator, Myanmar
Shwebo District Fisheries Office,
Sagaing Region, Department of
Fisheries, Ministry of Agriculture,
Livestock and Irrigation
Department of Fishery, Faculty of
Agriculture, Ubon Ratchathani
University
Faculty of Natural Resources,
Rajamangala University of
Technology Isan Sakonnakhon
Campus
Department of Fisheries, Ubon
Ratchathani
Faculty of Agriculture Technology,
Sakon Nakhon Rajabhat University
Asian Institute of Technology,
Bangkok
College of Aquaculture and
Fisheries, Can Tho University
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Country

Team Member
Dr. Do Thi Thanh Huong
Dr. Vo Nam Son
Ms. Quynh Anh Nguyen

USER

Position
Innovation
Facilitator
(40%)
Innovation
Facilitator
(40%)
Innovation
Facilitator
(40%)

Affiliation
Department of Aquatic Products
Processing, College of Aquaculture
and Fisheries, Can Tho University
College of Aquaculture and
Fisheries, Can Tho University

Centre of International Cooperation
on Science and Technology Policy,
National Institute for Science and
Technology Policy and Strategy
Studies
Mr. Nguyen Do Quynh
Research
Department of Aquatic Products
Assistant
Processing, College of Aquaculture
(60%)
and Fisheries, Can Tho University
Dr. Louis Lebel
Project
Unit for Social and Environmental
Leader (35%) Research (USER), Faculty of Social
Sciences, Chiang Mai University
Mr. Boripat Lebel
Project
Unit for Social and Environmental
Coordinator
Research (USER), Faculty of Social
(100%)
Sciences, Chiang Mai University
Dr. Phimphakan Lebel
Research
Unit for Social and Environmental
Fellow (100%) Research (USER), Faculty of Social
Sciences, Chiang Mai University
Mr. Chatta Duangsuwan Research
Unit for Social and Environmental
Assistant
Research (USER), Faculty of Social
(100%)
Sciences, Chiang Mai University

Frequent communication at the regional level between the Coordination Unit and the Partner
Leaders, as well as at the local level between Partner Leaders and Team Members, are crucial, and
in keeping with the agile method (Table 10). Frequent communication is achieved with the use of
online messaging and video call platforms. Workshops at the end of each period, whereby the
physical location and country host rotates between the five partner countries, have also been
extremely important for building a sense of community, which has translated into good
relationships between the partner countries, leading to sharing of information and helping each
other out. Moreover, Steering Committee meetings have consistently been an important source of
feedback, recommendations, and network bridging.
Table 10 Coordination methods and effectiveness.

Methods
Agile fortnightly meeting cycle for
regional coordination

Effectiveness
Fortnightly regional meetings have been very helpful for
the Coordination Unit to keep track of partner country
progress. It is also an opportunity for countries to share
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Messenger group for instant/chat
coordination
Use of Smartsheet for regional
planning and monitoring
Within country coordination
meeting cycles
Full project meetings

Advisory group meetings

experiences with each other. Messenger is the call
platform.
Very effective. Partner Leaders and team members check
Messenger often and reply immediately.
Coordination Unit uses Smartsheet often.
Country teams meet before and/or after the fortnightly
regional meetings. Within some teams, where members
are in different places, meetings are done virtually.
A very good opportunity for members from partner
countries to exchange information and network with
members from other countries. Found it best to have the
meeting 1-2 months after the project period has ended, so
that partner countries can have time to finish up their
activities and prepare for the workshop.
Very useful to receive feedback from the Steering
Committee members, who also participate in the project
meetings, and thus can comment directly on the progress
of partner countries. In addition, they have been very
helpful in providing networking opportunities for partner
countries.

Figure 19 AQUADAPT-Mekong project team members. Total of 28 active members from five countries.
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6.2 Financial Considerations
Funds were transferred from IDRC to the Coordination Unit in 6-montly installments, upon
approval of the technical and financial reports of the previous period. Once received, the
Coordination Unit transferred sub-grants to the five partner countries. Delays in receiving
installments from IDRC sometimes occurred due to administrative and reporting issues. This would
result in project teams not having full operation funds for a few months. For this reason, small
advances from project teams helped to mitigate disruptions to activities during such periods.
Meanwhile, the Coordination Unit alongside IDRC’s Project Officer and Grant Administrator
worked together to resolve the situation as quickly as possible.
On the other hand, when partner countries required additional funds for consultation labor or
consultant travel, the Partner Leaders would submit a budget proposal to the Project Leader for
consideration.
All countries submitted their 6-monthly financial reports; when a category in the project budget
went over or under budget by more than 10%, a brief explanation was provided in the financial
report. Overall, the project budget appears sufficient for objectives to be achieved as planned.
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7

Project Outputs

7.1 Research Papers
Results have been published in 5 international journal articles, 1 local language journal article, 5
submitted and in review, and a further 5 working papers under preparation for submission (Table
11). Regional synthesis papers were led by the Coordination Unit, given the stronger capacity for
writing research articles for high impact factor journals. Members from partner countries were
given the opportunity to join as co-authors if they provided feedback to manuscripts. Meanwhile,
partner countries were encouraged to draft and submit papers based on results from their own
data collection, whereby the Coordination Unit would provide support and guidance.
Table 11 Papers. Those listed as ‘in prep’ imply that a draft exists but has not yet been submitted.
(*indicates work was partly funded by this grant and partly through other sources). (see Annex 4)

Paper
Nos.
[JA1]

[WP2]
[JA3]

[JA4]

[WP5]

[JA6]

Citation

Journal

Status

Lebel L, Lebel P, Chuah CJ. 2018. “Governance of
aquaculture water use”. International Journal of
Water Resources Development. 35:4, 659-681.
(A3.1)*
Lebel L, Navy H, Jutagate T, Akester MJ, Sturm L,
Lebel P, Lebel B. “Innovation, practice and
adaptation to climate in the aquaculture”. (A1.2)
Lebel L, Lebel P, Soe KM, Nguyen PT, Hap N,
Phousavanh P, Jutagate T, Akester M, Lebel B.
2020. “Aquaculture farmers’ perceptions of
climate-related risks in the Mekong Region”.
Regional Environmental Change. 20:95. (A1.1)
Lebel L, Lebel P, Lebel B, Uppanunchai A,
Duangsuwan C. 2018. “The effects of tactical
message inserts on risk communication with fish
farmers in Northern Thailand”. Regional
Environmental Change. 18, 2471-2481. (A2.1)*
Lebel P, Lebel B, Myint KT, Rangsiwiwat A, Soe KM,
Ganjanapan S, Phuong NT, Navy H, Phousavanh P,
Jutagate T, Sturm L, Duangsuwan C, Lebel L.
“Stakeholder perspectives on fostering innovation
for adaptation in Mekong Region aquaculture”.
(A3.2)
Lebel L, Lebel P, Chitmanat C, Uppanunchai A,
Apirumanekul C. 2018. “Managing the risks from
the water-related impacts of extreme weather and
uncertain climate change on inland aquaculture in
Northern Thailand”. Water International. 43:2,
257-280. (A1.1)*

International
Journal of Water
Resources
Development
Reviews in
Fisheries Science
and Aquaculture
Regional
Environmental
Change

Published
(see here)

Regional
Environmental
Change

Published
(see here)

Environmental
Management

In Review

Water
International

Published
(see here)

In Review
Published
(see here)
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Paper
Nos.
[WP7]

[JA8]

[WP9]
[WP10]

[JA11]

[WP12]

[WP13]

[WP14]
[WP15]

Citation
Lebel L, Phyu YY, Soe KM, Sisuvong A, Phousavanh
P, Lebel P, Hanmontree R, Jutagate T, Son VN,
Quynh ND, Sobot S, Navy H, Lebel B. “The effects
of membership and moderation style in
aquaculture Facebook groups on knowledge and
management of climate-related risks”. (A2.1)
Lebel L, Lebel P, Chuah CJ. 2019. “Water use by
inland aquaculture in Thailand: stakeholder
perceptions, scientific evidence and public policy”.
Environmental Management. 63, 554-563. (A3.1)*
Lebel L, et al. “Aeration technology use and
evaluation among fish and shrimp farmers in the
Mekong Region”. (A2.2)
Lebel L, Jutagate T, Phuong NT, Akester MJ,
Rangsiwiwat A, Lebel P, Phousavanh P, Navy H, Soe
KM, Lebel B. “Climate risk management practices
of fish and shrimp farmers in the Mekong Region”.
(A1.1)
Son VN, Hai DM, Dien NT, Thuy VV, Lap DX, Quynh
ND, Phuong NT. 2019. “Production and electricity
consuming efficiencies of the intensive and
improved extensive of farming systems of black
tiger (Penaeus monodon) and white-leg
(Litopenaeus vannamei) shrimp in the Mekong
delta”. 55:1, 69-79. (A2.2)
Jutagate T, Rangsiwiwat A, Harnmontri R, Uthaiwat
S, Warin N, Lebel B, Lebel P, Lebel L. “Perceptions
of climate related risks and sources of weather and
climate information of fish farmers in northeastern
of Thailand”. (A1.1)
Son VN, Hai DM, Quynh ND, Nghia LV, Anh NQ,
Huong DTT, Lebel B, Lebel L, Phuong NT.
“Comparison of climate change-related risk
adaptation in striped catfish, tilapia and shrimp in
the Mekong Delta, Vietnam”. (A1.1)
Lebel L, Lebel P, et al. “The policy environment for
innovation and aquaculture development in the
Mekong Region”. (A3.1)
Lebel L, Soe KM, Phuong NT, Navy H, Phousavanh
P, Jutagate T, Pardthaisong L, Lebel P, Akester M,
Lebel B. “The impacts of the COVID-19 outbreak on
aquaculture producers in the Mekong Region”.
(A2.3)

Journal

Status
In Prep.

Environmental
Management

Published
(see here)
In Prep.

Aquaculture
Economics and
Management

In Review

Scientific Journal of Published
Can Tho University (see here)

In Prep.

Scientific Journal of In Review
Can Tho University

In Prep.
Journal of the
World Aquaculture
Society

In Review
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Paper
Nos.
[WP16]

Citation

Journal

Status

Navy H, et al. “Improving Better Understanding of
Local Fish Growth Out Farmer of Snakehead
Culture in Pond and Cage Through Water
Monitoring”. (A2.2)

In Prep.

Figure 20 Selected covers of academic journals that project papers have been published in.
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7.2 Workshop Reports
Reports covering the proceedings and call to actions that resulted from deliberations in the
workshops and steering committee meetings were completed.
Table 12 Workshop reports. (see Annex 5)

Title
AQUADAPT-Mekong
Inception Project
Workshop Report

Description
Summary of workshop held in December 2017 in
Chiang Mai, Thailand. The main achievement of the
workshop was to gain agreement and common
understanding of how the project will be managed
and activities in the five countries coordinated.
Excellent progress was made on refining the
baseline risks and needs survey instrument and data
collection plans. (see here)
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Title
AQUADAPT-Mekong
2nd Project
Workshop Report

Description
Summary of workshop held in May 2018 in Luang
Prabang, Laos. The main purpose of the workshop
was to review progress of the past six months; go
over baseline survey results; discuss about the
communication research; and agree on deliverables
for the next six months. (see here)

AQUADAPT-Mekong Summary of workshop held in January 2019 in Da
3rd Project
Nang, Vietnam. The main purpose of the workshop
Workshop Report
was to review progress of the past six months; go
over baseline survey results; update the progress of
the Facebook groups experiment; discuss and plan
the aeration activity; and agree on deliverables for
the next six months. (see here)
AQUADAPT-Mekong Summary of activities, presentations and discussions
4th Project
arising from the 4th workshop of AQUADAPTWorkshop Report
Mekong. The workshop took place in Chiang Mai,
Thailand, 11-12 July 2019. The main purpose of the
workshop was to review the regional results of the
Facebook groups experiment; to exchange
information and plan the aeration innovation
activities; and to jointly evaluate the progress of the
project thus far. (see here)
AQUADAPT-Mekong Summary of activities, presentations, and
5th Project
discussions from the fifth workshop of AQUADAPTWorkshop Report
Mekong. The workshop was held in Siem Reap,
Cambodia, on 16-17 January 2020. It aimed to
exchange information about the aeration innovation
activities in the five partner countries; to plan the
risk sharing innovation activities for Year 3 of the
project; and to evaluate the progress of the project
thus far. (see here)
AQUADAPT-Mekong Summary of activities, presentations, and
6th Project
discussions from the sixth workshop of AQUADAPTWorkshop Report
Mekong. Due to COVID-19, the workshop was
carried out online via Google Meet. It aimed to
present findings from the COVID-19 impact survey;
reflect on important questions about the project’s
results and contributions; evaluate the progress of
the project thus far; and discuss and brainstorm
ideas for possible future collaborations. (see here)
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Title
Real-Time Water
Quality Monitoring
System Project
Workshop Report

Description
Summary of workshop held on 18 July 2020 at
Sirindhorn Dam, Ubon Ratchatani Province,
Thailand, about real-time water quality monitoring
system via internet of things (IoT) for Tilapia cageculture fish farmers at Sirindhorn Dam. Organized by
AQUADAPT-Thailand team and Unit for Social and
Environmental Research, in collaboration with
Happy Farm company. (see here)

Screenshot
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Figure 21 AQUADAPT-Mekong project workshops. The location alternates between partner countries.

7.3 Presentations and Seminars
Project Leader and Partner Leaders or their representatives gave presentations at local and
international events, sharing results from research activities to academic audiences.
Table 13 Presentations and seminars. (see Annex 6)

Country

Event

Description

Laos

Conference on
Environmental Research and
Social Communication,
Vientiane, 28- 29 May 2019

Presentation about use of
Facebook page and Facebook
groups for research on
aquaculture and information

Cover
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Country

Myanmar

Thailand

Vietnam

Event

Seminar Week of Faculty of
Agriculture, National
University of Laos, 4
December 2019
International Symposium,
Faculty of Agriculture, Tokyo
University of Agriculture and
Technology, Japan, 14
January 2020
6th Myanmar Fisheries
Partnership Meeting, Nay Pyi
Taw, 28 March 2019
Vulnerability Assessment
Against Climate Change of
the Fisheries Sector
Workshop in Yangon, 9
September 2019
Vulnerability Assessment
Against Climate Change of
the Fisheries Sector
Workshop in Pathein, 11
September 2019
Scaling Systems and
Partnerships for Accelerating
the Adoption of Improved
Tilapia Strains by Small-Scale
Fish Farmers Workshop, 1314 November 2019
Aquatic Animal Food Bank:
Supporting Inclusive
Aquaculture Production, 23
April 2019
The 10th Rajamangala Surin
National Conference, 19
August 2019
Meeting with Officials from
the Department of Fisheries,
23 August 2019
Regular Seminar at the
College of Aquaculture and

Description

Cover

sharing with aquaculture farmers
in Laos.
Presentation about AQUADAPTLaos activities and update on
Facebook page.
Presentation about fishery
biodiversity in Laos. Also included
2 slides about research on
aeration adaptation for
aquaculture in Laos.
Presentation about WorldFish
Myanmar partnership with
AQUADAPT project.
Presentation about objectives of
AQUADAPT-Mekong and
activities of AQUADAPT-Myanmar
node.
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Presentation about objectives of
AQUADAPT-Mekong and
activities of AQUADAPT-Myanmar
node.
Presentation about AQUADAPTMekong, its aims, objectives, and
the partner countries involved in
the project.
Presentation about lessons Learnt
from the Studies of the Aquatic
Animal Food Bank.
Presentation about adaption to
climate change for fish farmers in
Thailand.
Presentation about findings and
lessons learnt from AQUADAPTMekong (Thailand).
Presentation about electricity
efficiency and Facebook
application in marine shrimp
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Country

Event

Description

Fisheries, Can Tho University,
10 May 2019
Aquaculture Vietnam, 17
October 2019

farming in the Mekong Delta,
Vietnam.
Presentation about solutions of
safe energy in shrimp culture in
Vietnam.
Poster presentation about
comparison of climate changerelated risk adaptation in striped
catfish, tilapia and shrimp in the
Mekong Delta, Vietnam.

9th ASEAN-FEN Annual
International Fisheries
Symposium, Kuala Lumpur,
18-21 November 2019

Regular Seminar at the
College of Aquaculture and
Fisheries, Can Tho University,
2 October 2020
Viet Nam Shrimp Forum
2020, Bac Lieu Province,
Vietnam, 5 October 2020
USER

Presentation about application of
aeration methods for shrimp
culture in Mekong Delta,
Vietnam.
Presentation about strategies for
development of shrimp-rice
rotation system in context of
climate change.
SUMERNET Annual
Presentation about management
Conference, Bangkok, 10
of risks from extreme events and
November 2017
uncertain climate in inland
aquaculture in Northern Thailand.
Seminar, School of Ecosystem Presentation about water for fish:
and Forest Sciences, The
risk, innovation and the
University of Melbourne, 16
sustainability of inland
April 2018
aquaculture.
Meeting with Officials from
Presentation and introduction to
the Department of Fisheries, the AQUADAPT-Mekong project.
23 August 2019

Cover
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Figure 22 Team members present information about project activities and results at various events.

7.4 Demonstrations and Trainings
Partner countries organized onsite workshop trainings for fish farmers. Oftentimes these sessions
involved presentation of findings and demonstrations. The Thai team setup booths at key
agricultural fairs to display and present different types of aerators to fairgoers. The Vietnam team
organized a series of training workshops for fish farmers’ groups to showcase an improved venturi
aeration system that they created for shrimp farming.
Table 14 Demonstrations and trainings.

Country
Cambodia

Event
Demonstration of Water Quality
Monitoring for Pond Using and
Non-Using Aeration in Kandal
Province (Lower Mekong),
Cambodia, 5-9 December 2019
Demonstration of Water Quality
Monitoring for Cage Culture
System in Kampong Thom Province
(The Great Lake Tonle Sap),
Cambodia, 14-18 December 2019

Description
24-hour water quality
monitoring for pond with
and without aeration to
show fish farmers how
water quality changes in
cold weather condition.
24-hour water quality
monitoring for cage culture
with and without aeration
to show fish farmers how
water quality changes in
cold weather condition.

Photo
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Country

Event
Demonstration of Water Quality
Monitoring for Pond Using and
Non-Using Aeration in Kandal
Province (Lower Mekong),
Cambodia, 21-25 February 2020
Demonstration of Water Quality
Monitoring for Cage Culture
System in Kampong Thom Province
(The Great Lake Tonle Sap),
Cambodia, 1-5 March 2020

Myanmar

Workshop and Training on Low
Cost and Affordable Venturi
Aeration System in Maubin,
Maubin Township, 30 June 2019
Workshop and Training on Low
Cost and Affordable Venturi
Aeration System in Shwebo,
Sagaing Region, 13 September
2019

Thailand

AQUADAPT-Myanmar Distribute
Low Cost and Affordable Venturi
Aeration System in Shwebo,
Sagaing Region, 14 September
2019
Dissemination of Information to
Fish Farmers in Ubon Ratchathani
Province, Thailand, 11 January
2020
South Isan Agriculture Fair, Ubon
Ratchathani Province, Thailand, 716 February 2020
24th Isan Agriculture and
Technology Fair 2020, Sakon
Nakhon Province, Thailand, 12-16
February 2020
Dissemination of Information to
Fish Farmers in Sakhon Nakhon
Province, Thailand, 23 February
2020

Description
24-hour water quality
monitoring for pond with
and without aeration to
show fish farmers how
water quality changes in
hot weather condition.
24-hour water quality
monitoring for cage culture
with and without aeration
to show fish farmers how
water quality changes in
hot weather condition.
Set up Venturi aeration
system and demonstration
of venturi system operation
and its effect to increase
dissolved oxygen at pond
bottom level.
Demonstrate the uses of
venturi aeration and
circulating system, and its
effectiveness for water
quality control in the
summer.
Hand over venturi pipeworks and engine pumps to
DoF officials and small-scale
fish farmers.
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Aerator posters and
demonstration of five
aerator models.
Aerator posters and
demonstration of five
aerator models.
Aerator posters and
demonstration of five
aerator models.
Aerator posters and
demonstration of five
aerator models.
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Country

Vietnam

Event
8th Agriculture and Technology
Isan Fair, Surin Province, Thailand,
21 February - 1 March 2020

Description
Aerator posters and
demonstration of five
aerator models.

Dissemination of Information to
Fish Farmers in Mukdahan
Province, Thailand, 29 February
2020
Workshop About Monitoring and
Reporting Water Quality for Fish
Farmers at Sirindhorn Dam, Ubon
Ratchathani Province, Thailand, 18
July 2020
Ngon-kam School Primary School
Lunch Program Demonstration to
Princess Maha Chakri Sirindhorn,
28 September 2020

Aerator posters and
demonstration of five
aerator models.

Training Workshop for Hoa De
Shrimp Farmers’ Cooperative, Soc
Trang Province, Vietnam, 21 March
2020
Training Workshop for Dong Hai
Shrimp Farmers’ Cooperative, Bac
Lieu Province, Vietnam, 22 March
2020
Training Workshop for Toan Thang
Shrimp Farmers’ Cooperative, Soc
Trang Province, Vietnam, 27 March
2020
Training Workshop for Long Manh
Shrimp Farmers’ Cooperative, Bac
Lieu Province, Vietnam, 2 May
2020
Training for My Binh Company,
Kien Giang Province, Vietnam, 20
May 2020

Presentation about
monitoring and reporting
water quality in real-time
via the Internet of Things
(IoT) system.
Demonstration of aerators
for cement ponds rearing
catfish as part of the
school’s Primary School
Lunch Program.
Presentation and
demonstration of design
and operation of an
improved venturi aerator
for shrimp farming.
Presentation and
demonstration of design
and operation of an
improved venturi aerator
for shrimp farming.
Presentation and
demonstration of design
and operation of an
improved venturi aerator
for shrimp farming.
Presentation and
demonstration of design
and operation of an
improved venturi aerator
for shrimp farming.
Training for My Binh
Company about how to
design and operate an
improved venturi aerator
for shrimp farming.

Photo
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Country

Event
Competition “Initiative on Models
of Sustainable Aquaculture
Adapting to Climate Change”
Organized by ICAFIS, Can Tho
Province, Vietnam, 15 June 2020
Training for Shrimp Famers in Soc
Trang Province, Vietnam, 11 July
2020
Viet Nam Shrimp Forum
2020, application of technology for
development shrimp-rice rotation
in Mekong Delta, Vietnam, 5
October 2020

Description
In this event, ICAFIS
collaborated with
AQUADAPT-Vietnam team
to organize a competition
for farmers about solutions
for farmers to adapt to
climate change.
Training for shrimp farmers
on how to monitor and test
environmental parameters
in shrimp farming.
Training for shrimp farmers
on how to design and
operate an improved
Venturi aerator for nursing
shrimp in plastic tanks.

Photo
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Figure 23 Partner countries organizing training workshops and demonstrations.

7.5 Briefs and Infographics
Briefs, posters, and infographics based on activities and findings were produced by the
Coordination Unit and partner countries. Most of the time these were disseminated online via
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website and Facebook (Table 15), but sometimes hard copies were printed and given to farmers at
training workshops or during team field trips.
Table 15 Briefs, posters and infographics. (see Annex 7)

Country
Cambodia

Thailand

Title
Aeration Used in
Ponds and Cages
Culture for
Snakehead Fish in
Cambodia
Types of Ponds for
Aquaculture
Recirculating
Aquaculture System

Vietnam

Rice-shrimp and
Improved Extensive
Farming System:
Weather Impacts
and Adaptive
Solution
Dead Algae Issues in
Aquaculture Ponds

Description
Draft

There are four main types of ponds for
use in pond-based aquaculture,
including: earthen-based, concrete,
plastic, and canvas. (see here)
Recirculating aquaculture system (RAS) is
a culture system that reduces the need
for clean water exchange by using
biofiltration. (see here)
An infographic about the negative
impacts of extreme temperature and
rain on small scale shrimp farms. (see
here)

Dissolved Oxygen
Characteristic in Hot
Temperature

An infographic about the impacts of
dead algae in hot weather in aquaculture
ponds. (see here)
An infographic about the problems of
temperature increase in aquaculture
ponds. (see here)

Disadvantages of
Lined Pond in
Shrimp Culture

An infographic about disadvantages of
lined ponds in shrimp culture against hot
weather condition. (see here)

Dissolved Oxygen
Property

An infographic about fluctuation and
consumption of dissolved oxygen in 24
hours. (see here)
An infographic about the characteristics
of aerator on improving dissolved oxygen
during aeration. (see here)

The Effects of
Aerator

Screenshot
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Country

Title
Description
Characteristics on
Aeration Efficiency
Impacts of Raining in An infographic about the impacts of
Aquaculture
raining water on the development of
shrimp ponds. (see here)
Aquaculture in Dry
An infographic about the differences of
and Rainy Season
water quality in dry and rainy season in
shrimp culture. (see here)
Multi-stages in
An infographic about the advantages of
Shrimp Culture
2-stage culture in shrimp ponds. (see
here)

Screenshot
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Temperature and
Feeding Regime for
Shrimp
Farmer Perceptions
on Climate Change

USER

Technical Guide for
Home-made
Improved Venturi
Aerator
AQUADAPT-Mekong
Project Brief

AQUADAPT-Mekong
Map

An infographic about the effects of
temperature fluctuation on the feeding
and health management for shrimp
ponds. (see here)
An infographic about perception of
climate change of aquaculture farmers in
Mekong Delta, Vietnam. (see here)

Technical guide on the procedure to
make a fined bubbles venturi aerator
using cheap materials. (see here)
The AQUADAPT-Mekong project aims to
assist fish farmers in five Mekong
countries better manage climate-related
risks, and thus capacities to adapt to
climate change. (see here)
An infographic showing the locations of
the partners of the AQUADAPT-Mekong
project, including: Cambodia, Laos,
Myanmar, Thailand, and Vietnam. (see
here)

51

Country

Title
Pond During Rainy
Season

Thermal Layering in
Summer
Oxygen Content in a
Pond Throughout
the Day
Reducing Risks
Through Stocking
Decisions
Dissolved Oxygen in
Water

Description
During the transition period between
summer and the rainy season,
photosynthesis is limited, since clouded
skies prevent optimal synthesis of
oxygen. (see here)
Fish farmers rearing Tilapia in earthen
ponds during summer face the high risks
of thermal layering of water. (see here)

Screenshot

The quality of water in the pond greatly
effects the yield and profit that the
farmer will receive come harvest time.
(see here)
It is recommended that fish farmers pay
close attention to the stocking calendar,
as it is an important way to reduce and
manage climate-related risks. (see here)
Dissolved oxygen (DO) in water is the
most important factor in aquaculture.
Maintaining optimal levels of DO is
critical to the survival and growth of fish
and shrimp crops. (see here)

Pond Preparation

Fish farmers engaged in pond-based
aquaculture take steps to prepare their
ponds before stocking the next crop.
Such measures help to improve
productivity and reduce risks to the
farm's profitability. (see here)

Real-Time Water
Quality Monitoring
via Internet of
Things (IoT) System

To reduce risks from poor water quality,
fish farmers adopt innovations to help
monitor and manage their farms. One
such technological innovation is the
monitoring and reporting of water
quality in real-time via the Internet of
Things (IoT) system. (see here)
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Country

Title
Risk Factors Related
to Mass Mortality
and Severe Diseases
in Aquaculture

Description
Screenshot
Changes in climate have several direct or
indirect effects on aquaculture. “Critical
periods for aquaculture” include high
water temperature in summer, cold
weather in winter, drought in the dry
season, flooding or heavy floods, and low
dissolved oxygen in the rainy season.
(see here)

7.6 Video Clips
Several video clips on aeration and water quality monitoring were produced by the Coordination
Unit and partner countries. The target audience were fish farmers. Short clips were preferred over
long clips. The clips were shared and disseminated through online channels such as YouTube and
Facebook pages.
Table 16 Video clips.

Country
Cambodia

Title
Aeration Use and Profitability for
Snakehead Culture in Cages

Published
Draft

Aeration Use and Profitability for
Snakehead Culture in Ponds

Draft

Laos

Local Adaptation of Aerator for
Aquaculture in Laos

Facebook page
(see here)

Myanmar

Mitigation of Climate Change Impact in
YouTube (see here)
Small-scale Aquaculture: Innovation of
Venturi Type Aeration System
Mitigation of Climate Change Impact in
YouTube (see here)
Small-scale Aquaculture: Farmers’ Views
on the Venturi Aeration System in Maubin,
Twantay, and Shwebo
Aerator Used in Fish Farming in
YouTube (see here)
Northeastern Thailand (Air-stone Type)

Thailand

Aerator Used in Fish Farming in
Northeastern Thailand (Diffuser Type)

YouTube (see here)

Aerator Used in Fish Farming in
Northeastern Thailand (Paddle Wheel
Type)

YouTube (see here)

Screenshot

...,...~-k,..,,,.~.,f••~I
-o·,.,~"·"~ ,<.....
' ". ·•• "'• ·'~ '"··
I.~••·•

53

Country

Vietnam
USER

Title
Aerator Used in Fish Farming in
Northeastern Thailand (Super-charge
Type)
IoT (Internet of Things) Monitoring Water
Quality in Tilapia Cage Culture at
Sirindhorn Dam, Ubon Ratchathani
Province
Development and Application of Aeration
in Shrimp Farming in the Mekong Delta

Published
YouTube (see here)

Real-Time Water Quality Monitoring for
Aquaculture via Internet of Things (IoT)
System
About the AQUADAPT-Mekong Project

YouTube (see here)

Screenshot

YouTube (see here)

YouTube (see here)

YouTube (see here)

Figure 24 Behind-the-scenes of partner countries while making video clips.

7.7 Online Communication Platforms
Communication and sharing of information with stakeholders are important parts of the project.
Maintained platforms (Table 17) used for communications include: a central project website;
formal country Facebook pages; moderated fish farmers’ Facebook groups; and official USER
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Facebook page. The social media platforms in particular have worked very well in regards to
dissemination, networking and issue monitoring.
Table 17 Important communication platforms for the project.

Type
AQUADAPT
Website

AQUADAPT
country
Facebook
pages
AQUADPAT
-Thailand
YouTube
Channel
USER
Facebook
page
USER
YouTube
Channel

Description
The project website provides
information about both phases 1 & 2 of
the project, and also has downloadable
products such as briefs and reports.
(see here)
Each country team maintains an
AQUADAPT Facebook page (Table 18)
to communicate project related
information. Posts are written in local
languages.
Videos produced by the Thailand Team
are published and archived on the
AQUADAPT-Thailand YouTube channel,
in order to increase awareness of the
project. (see here)
The USER Facebook page is also used to
share project activities and outputs, in
order to increase regional and
international awareness of the project.
(see here)
Videos produced by the Coordination
Unit are published and archived on the
USER YouTube channel, in order to
increase awareness of the project.
(see here)

Purpose
Archive

Screenshot

Dissemination

Dissemination
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.
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The formal country Facebook pages (Table 10) and the moderated fish farmers’ Facebook groups
(Table 11) have been particularly active. Facebook pages have received significant increases in
page likes in recent project periods, due to frequent posting of information from project activities
and related sources.
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Table 18 Facebook Page Likes for each country.

Country
Cambodia
(see here)
Laos
(see here)
Myanmar
(see here)
Thailand
(see here)
Vietnam
(see here)

Page Likes Page Likes
(Month 6) (Month 12)
233
431

Page Likes
(Month 18)
670

Page Likes
(Month 24)
741

Page Likes
(Month 30)
769

Page Likes
(Month 36)
1,033
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297

379

2,402

2,660

3,054

200

421

887

2,100

4,510

7,804

1,254

1,833

2,032

2,523

3,314

3,439

184

305

357

427

833

925

The primary difference between a formal country Facebook page and a Facebook group is that the
former is more of a one-way communication platform and the latter a community-oriented space.
For instance, the Facebook page is used to share information and project activities, whereby the
admin of the page is responsible for all posting. On the other hand, in a moderated Facebook
group, fish farmers can create posts and exchange information with each other, and the admin
acts as a moderator, monitoring comments and topics of conversation.
Table 19 Moderated fish farmers’ Facebook groups.

Country

Location

Cambodia

Upper Mekong (see here)
Lower Mekong (see here)
The Great Lake Tonle Sap (see here)
Laos (see here)
Sagaing Region (see here)
Yangon and Ayeyarwady Region
(see here)
Northern Thailand (see here)
Northeastern Thailand (see here)
Vietnam (see here)

Laos
Myanmar
Thailand
Vietnam

Members
(Month 24)
n/a
n/a
n/a
n/a
506
102

Members
(Month 30)
10
10
10
218
1,531
1,038

Members
(Month 36)
92
369
176
212
2,200
1,600

201
51
263

804
1,239
351

2,400
5,700
361

It is worth noting that the formal formation of Facebook groups came about after the completion
of the fish farmers’ Facebook group experiment (Activity 2.1). The platform proved to be a
promising medium for fish farmers to communicate and exchange information with each other
about climate and market-related risks.
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7.8 In the Media
Besides disseminating information on project-operated platforms such as Facebook pages or
website, the project has also been featured in other media channels (Table 20) including radio, TV,
magazine, and website. For instance, an article about climate-related risk management written by
the Coordination Unit was published in Thailand’s Aquatic Life Magazine. A workshop organized by
the Thailand team in collaboration with private firm, Happy Farm, was featured in multiple media
outlets. The Vietnam team’s improved venturi aerator was featured on a local TV news program.
Table 20 In the media.

Country
Cambodia

Myanmar

Title
Using Information
Communication Technology (ICT)
to Assist Fish Farmers in
Cambodia
An App to Help Myanmar Fish
Farmers

Media
Research in Action, IDRC;
website

Adaptation to Climate Change by
Myanmar Fish Farmers: Aeration
innovation
AQUADAPT Project Creates
Water Circulation Plus Aeration
System for Small Scale Nursery
and Aquaculture

Research in Action, IDRC;
website

Project on Aquaculture Research
in the Context of Changing
Climate in Mekong Region

Myanmar Livestock,
Fishery & Agriculture
Journal; magazine
(See here)

Screenshot
Submitted

Research in Action, IDRC;
website (see here)
Submitted

Myanmar Livestock,
Fishery & Agriculture
Journal; magazine
(See here)
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Thailand

Awareness and Adaptation of
Thai Fish Farmers to Climate
Change
Results and Findings from
AQUADAPT Work and Research
on Adaptation, ICT and Aeration
Innovations
Ubon Ratchathani Provincial
Department of Fisheries and
AQUADAPT-Mekong Project
Organize a Training Workshop for

Research in Action, IDRC;
website
Talk About Agriculture,
FM 103.25; radio

Submitted
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Department of Fisheries;
website (see here)
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Country

Title
Cage Culture Fish Farmers in
Sirindhorn Dam
Ubon, Workshop About
Monitoring and Reporting Water
Quality in Fish Cage Culture
EGAT Sirindhorn Dam Participates
in Workshop About IoT (Internet
of Things) Technology Use for
Fish Cage Culture
EGAT Sirindhorn Dam Participates
in Workshop About IoT (Internet
of Things) Technology Use for
Fish Cage Culture
Ubon, Field Work to Monitor
Water Quality in Sirindhorn Dam
to Reduce Fish Mortality, Help
Fish Farmers
Ubon, Field Work to Monitor
Water Quality of Fish Cage
Culture, Reduce Fish Mortality at
Sirindhorn Dam
Monitoring and Reporting Water
Quality in Fish Cage Culture
Project at Sirindhorn Dam, Ubon
Ratchathani Province
Monitoring and Reporting Water
Quality in Fish Cage Culture
Project at Sirindhorn Dam

Media

Monitoring and Reporting Water
Quality in Fish Cage Farming

Happy Farm; Facebook
(see here)

Monitoring and Reporting Water
Quality in Fish Cage Culture
Project at Sirindhorn Dam, Ubon
Ratchathani Province

Pracharuth News;
newspaper

Screenshot

NBTUBON, Channel 11;
TV (see here)
National News Bureau of
Thailand; website
(see here)
EGAT Today, website
(see here)

--

Provincial Public
Relations Office, Ubon
Ratchathani; Facebook
(see here)
Provincial Public
Relations Office, Ubon
Ratchathani; Facebook
(see here)
Faculty of Social
Sciences, Chiang Mai
University; website
(see here)
Faculty of Natural
Resources, Rajamangala
University of Technology
Isan; Facebook
(see here)
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Country

Vietnam

Title
Monitoring and Reporting Water
Quality in Fish Cage Culture
Project at Sirindhorn Dam

Media
Aquatic Life Magazine;
magazine

Screenshot

Social Media Helps Vietnamese
Shrimp Farmers Adapt to Climate
Risks
Improved Venturi – Dr. Vo Nam
Son

Research in Action, IDRC;
website

Submitted

Improved Venturi – Practical
Guide
Useful Equipment for Shrimp
Farmers
A Guide to Making Venturi
Improvements
Guide on Home-made Improved
Venturi Aerator for Aquaculture
Farmers
Two-Stage Nursing Shrimp
Farming for Improved Extensive
System – Shrimp Rice Rotation
Bac Lieu Province: Vietnam
Shrimp Forum 2020
USER

Climate-related Risks
Management for the Aquaculture
Sector in Thailand

Risk Factors Related to Mass
Mortality and Severe Diseases in
Aquaculture

.:
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Agricultural TV of Bac
Lieu Province; YouTube
(see here)
Agricultural TV of Bac
Lieu Province; YouTube
(see here)
Agricultural TV of Bac
Lieu Province; YouTube
(see here)
Agricultural TV of Bac
Lieu Province; YouTube
(see here)
Experience and
Technology in
Aquaculture; YouTube
(see here)
Experience and
Technology in
Aquaculture; YouTube
(see here)
Vietnam News
Agency; website
(see here)
Aquatic Life Magazine;
magazine

Aquatic Life Magazine;
magazine

Submitted
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8

Problems and Challenges

Agile
Some components of the agile method became less emphasized as the project progressed, such as
the use of Kan Boards in the SmartSheet software. Although the Coordination Unit maintained its
usage, partner countries lost interests. Nevertheless, frequent communication for feedback and
fortnightly virtual meetings (‘scrums’) remained crucial and successful for project management.
Capacity
Country partners were excellent data collectors but lacked the skills to write research papers in
English for peer-reviewed journals. For this reason, the Coordination Unit made the decision early
on that it would take on the role of lead author for all regional-based synthesis papers. On the
other hand, country partners were encouraged to write research papers based on their national
data collection, for which the Coordination Unit promised to help edit and make
recommendations when the drafts were in English; meanwhile provide suggestions to drafts
written in local language.
Financial
Delays in receiving funds from IDRC sometimes occurred due to administrative period gaps
between submission, corrections and time taken to reach final approval of the 6-monthly activity
and financial reports. This would result in project teams not having full operating funds for a few
months. During these times, small advances from project teams helped to mitigate disruptions to
activities. Meanwhile, the Coordination Unit alongside IDRC’s Project Officer and Grant
Administrator worked together to resolve the situation as quickly as possible.
COVID-19
The Coronavirus disease (COVID-19) pandemic made implementing activities difficult for Year 3 of
the project. Originally planned in-depth interviews with stakeholders had to be reorganized, and a
large-scale survey with farmers had be reconsidered. A regional policy dialogue event planned
towards the end of the project, October 2020 in Bangkok, had to cancelled.
Research
Given the relative novelty of research on the topics of ICT, aeration, and insurance innovations in
the aquaculture sector in the Mekong Region, not much information on these specific topics were
readily available. Thus, oftentimes data collection or finding key stakeholders to interview could
be difficult.
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9

Administrative Reflections and Recommendations

Although 6-monthly activity and financial reports are very reasonable requests from project’s with
large grants, regional and involving multiple countries, delay periods inevitably arise, however,
during the time it takes for the reports to be submitted, corrected, approved, and the next
instalments transferred. Such gaps could significantly affect project activities, as partner countries
can be without operating funds for up to a few months. One suggestion to minimize impacts and
risks due to delay in funding is to move from 6-monthly to annual reporting.
By the same token, during the project, there were some changes in the Grant Administrator
responsible for the financial reports. Thus, it was sometimes difficult for the Coordination Unit to
keep up with who to report to, as well as caused some confusion about the reporting or auditing
requirements, as the replacing Grant Administrator’s feedback sometimes did not align with the
requirements established earlier by the previous Grant Administrator. These misunderstandings
oftentimes led to delays in financial reports getting approved, and thus delays in funding. One
suggestion to minimize potential confusion in the future is to have both a lead and co-Grant
Administrator.
Figure 25 Team members give AQUADAPT gifts to participants to thank them for their cooperation.
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Annex 1:
Annex 2:
Annex 3:
Annex 4:
Annex 5:
Annex 6:
Annex 7:

Title
Project Schedule
Methodology
Members
Papers
Workshop Reports
Presentations and Seminars
Briefs and Infographics

Description
Table of project schedule, general overview
Activity proposals, interview guides, surveys
Full list of project members and contacts
Published, submitted, working papers
Project workshop summary reports
Presentation slides given by project members
Briefs, posters and infographics produced
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AQUADAPT-MEKONG
Climate Adaptation and Innovation in Mekong Aquaculture
Technical Progress Report

ANNEX 1

Project Schedule

IDRC I CRDI
International Development Research Centre
Centre de recherch es pour le developpement international

Canada

Innovation and adaptation in Mekong Aquaculture

AQUADAPT-Mekong

FIGURE 4 PROJECT SCHEDULE. General overview only. Milestones abbreviated as follows: D=Documented Dataset. W=Working Paper. J=Journal Article. M=Meeting. V=Virtual Meeting.
R=Report. Updated 1 November 2017

Activity
A1.1 Risk and needs survey
Survey Design Workshop
Collect survey data
Country dataset report
Review of climate risks
Synthesis Article on risks and needs
A1.2 Innovation framework
Review theoretical literature on innovation
Review aquaculture innovation literature
Framework Journal Article
A2.1 Information-Communication technologies
Communication Team Workshops
Barrier analysis and intervention design
Operational research studies
Stakeholder evaluation
Documented country datasets (5)
Synthesis Journal article
A2.2-Aeration and water quality technologies
Aeration Team Workshops
Barrier analysis and intervention design
Operational research studies
Stakeholder evaluation
Documented country datasets (5)
Synthesis Journal article
A2.3- Business models for risk sharing
Business Team Workshops
Barrier analysis and intervention design
Operational research studies
Stakeholder evaluation
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Documented country datasets (5)
Synthesis Journal article
A3.1 Innovation policy environment
Collect policy documents
In-depth interviews
Policy-practice journal article
A3.2 Innovation synthesis
Gender innovation working paper
Innovation lessons learnt article
A3.3 Policy innovation dialogue
Policy-practice briefs
Event preparations and logistics
A4.1 Coordination and management
Project management support
Partner Agreements
Refine and share management systems
Configure social media tools
External M&E
IDRC Progress Reports
A4.2 Nodal partners
Activity Reports
Country coordination
A4.3 Solution teams
Expert database
Fund access procedure
Fund implemented
A4.4 Project Meetings
Inception workshop
Advisory Group Meetings
Virtual Project Meetings for Nodal Leaders
Full Project Meetings
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ANNEX 2
Methodology

IDRC I CRDI
International Development Research Centre
Centre de recherch es pour le developpement international

Canada

AQUADAPT-Mekong
Survey data collection protocol and guide
1. The interviewer should sit next to the subject when doing the interview so both can
see the tablet screen. This is particularly important for questions allowing more than
one response and for sets of questions have same structure like those following a
Likert Scale. If the subject has poor eye sight or is unable to read then allow for more
time to remind subject of options if they seem uncertain or say the forget.
2. Chairs should be set out or places to sit or stand otherwise chosen in isolated pairs so
that the subject can answer the questions without being interrupted by others having
already completed the survey or waiting their turn. The person in a coordinator role
or a member of team not currently doing an interview should be active in keeping
people happy while socially engineering some space for the interviews to be done
one-on-one.
3. If using cluster-sampling approach where pre-arrange meetings with farmers at a
central location in community ask local coordinator to stagger invitation times so not
everyone arrives at same time and people do not need to wait too long before it is
their turn.
4. The subject should be told clearly at the start of survey to ask for clarification if there
is anything they do not understand. They should also be told that the survey takes
around 35-45 minutes to complete.
5. The interviewer should always read out the question as written in the survey and
visible on the tablet, and thus all subjects asked in a consistent way, every time. This
is true for options as well. Consistency and completeness are very important for data
quality. Interviewer’s should treat subjects with respect and show a steady interest in
their responses without passing any judgement.
6. For most questions and subjects we recommend that the interviewer makes the
responses touching the screen to avoid problems with ‘back buttons’ or other
unintended actions on table that lead to data loss and having to re-start. If or some
multiple response questions or a table of questions on same scale it makes sense to
offer the subject to touch the screen themselves as a way of keeping them involved
then do so but always still read out the questions.
7. Please note the software keeps track of time spent answering each set of questions and
includes algorithms to test for highly repetitive or suspicious answering patterns.
Interviewers should be reminded of the importance of the work they are doing,
encouraged to discuss problems, and be regularly monitored by senior members of the
team
Draft: 24 Dec 2017
Phimphakan Lebel and Louis Lebel
USER

In-depth guide for use during and after Baseline Risk and Needs Survey (A1.1)
I am going to ask you a few questions about your views on innovation and the use of technology in
fish farming.
By technology I mean things like equipment, manufactured feeds, medication, phones, pumps,
chemicals, instruments, and so on.
By innovation I mean inventing or making something new or applying something for the first time.
1. In your opinion, how have changes in technology been important to you as a fish farmer?
1.1. For example, has it changed the amount of time you spend on the farm or profits made?
1.2. Level of financial risks?
1.3. Have the impacts been similar for men and women? For older and younger fish farmers?
2. What was the last important new technology that you tried on your farm?
2.1. Why did you try this?
2.2. From whom did you learn about this technology?
2.3. What were the results of using this technology? Were they what you expected?
2.4. Will you continue to use this technology?
2.5. With whom have you shared your experiences with this technology?
2.6. Any other examples of important technologies you have taken up?
3. Are there any new technologies you have seen others using or talking about but have not tried
yourself?
3.1. Why have you not used the technology?
3.2. Do you intend to in the future?
4. What technological innovation would help you most?
4.1. What problem would it help solve?
4.2. What features are you looking for?
5. What do you think about mobile phones as a technology? Can they help you in any way
manage your fish farm?
5.1. For example, do you get information about floods or storms?
5.2. Fish prices and buyers?
5.3. Do you share or learn about good farm management practices by phone?
5.4. Would the impacts of mobile phones be similar for men and women?
6. Suppose we were to develop a mobile phone application or service to help fish farmers better
manage different kinds of risks to their farm:
6.1. What kinds of services or features would be most useful to include?
6.2. Which features would help improve management of climate-related risks like floods or
droughts or storms?

6.3. What are some of the obstacles you can anticipate for women and men fish farmers using
such an application?
6.4. Do you think fish farmers are ready or willing to use a mobile application?
6.5. Do you think fish farmers will use the application long term?
6.6. Do you think that other channels of communication like social media is more important
than an application?
7. What has been your experience using aeration equipment?
7.1. In what situations do you use aeration?
7.2. What systems have you tried?
7.3. What problems have you had?
7.4. What were the benefits? Was it worthwhile considering the costs?
7.5. Do you evaluate or monitor DO levels in any way? For example, by observations of fish
behavior or water conditions.
8. What do you think about solar panels or windmills as alternative sources of energy on your
fish farm?
8.1. Do you think they would work where your farm is?
8.2. Are costs of energy an important factor for you?
8.3. Are you interested in wind and solar technologies for your fish farm?

AQUADAPT-Mekong FINAL SURVEY
About you

1. Gender *

r

Male

C

Female

2. How old are you? *

r

<15

r

15-19

r

20-29

r

30-39

r

40-49

r

50-59

r

60+

3. What is the highest level of education that you completed? *

r

No formal education

r

Primary School

r

High School

r

Undergraduate Degree

r

Postgraduate Degree

4. Which of the following roles do you have on the fish farm? (You may
select more than one box) *
[j Owner - investor and owner of equipment / land

n

Renter - investor and renter of land/water area

[j Manager - responsible for rearing decisions
[j Worker - responsible for feeding

5. How many years in total have you reared fish? *

r

<1

r

1-5

r

6-10

r

11-15

r

15+

Your farm

6. Where is your fish farm located? *

r

Place 1

r

Place 2

r

Place 3

r

Place 4

7. Which species of fish or shrimp did you rear in the last 12 months?
*
[j Tilapia

n

Pangasius

[j Other catfish
[j Silver barb
[j Freshwater shrimp

•

White shrimp

[j Tiger shrimp

n
n

Carp
Snakehead

[j Other - Write In

8. Over the last 12 months what was your fish farm's main culture system? *
0

Earthen ponds

r

Cages in river

r

Cages in reservoir

C

Other

[~_~]
Cage

9. How many fish cages do you have? *

10. What is the total area (or volume) of cages used for rearing fish?
(If not known then area x number of cages) *
Area (or volume)

Units

r

Square metres

r

Hectares

r

Acres

0

Rai

r

Cubic metres

11. What is the typical depth of water within the cage in the
Wet season (m)

[

J

Dry season (m)

[

J

12. Do you stock all fish in a particular cage at the same time?
0

Yes

r

No

13. Do you stock all cages at the same time?

r

Yes

C

No

Cage risk management

14. Have you ever experienced the following problems with cages on your
farm?
[j Cage netting broken by floating debris

•

Cage collapsed because of high water flows

D Cage damaged from striking bottom due to shallow depths

n

Cage damaged by boats

n

Cage netting clogged by algae or aquatic plants

[j Cage netting clogged by sediments

15. Have you ever done the following to reduce climate or water-related risks
on your farm?
[j Moved cages towards deeper waters

•

Moved cages towards banks

D Moved cages into area protected from fast flows

n
n
Pond

Dredged or otherwise deepened water body
Cleaned cage netting while it was stocked

16. How many fish ponds do you have? *

l

J

' - - - - -

17. What is the total area of ponds used for rearing fish?
(If not known then area x number of ponds)
Area

Units

r

Square metres

r

Hectares

r

Acres

0

Rai

18. What is the typical depth of water within the ponds in the
Wet season

[

]

Dry season

]

[
Units

r

metres

r

feet

19. How often do you add water to your ponds? *
Never

Less than once
per month

Once per month to once
per week

In wet
season

r

0

r

In dry
season

C

More than once
per week

20. From which types of sources do you get water to add to ponds? *

•

Irrigation canal

[j River or stream

n

Ground water

[j Rain water tank
[j Reservoir
[j Pond used just for storage

•

Lake

[j Other - Write In

Pond risk management

21. Have you ever done the following to reduce climate or water-related risks
on your farm?
[j Lined ponds to better retain water

n

Lined ponds to reduce salinity intrusion

[j Increased height of bunds to protect ponds from floods
[j Made pond deeper

•

Dug an additional pond for water storage

[j Diverted water to reduce flood damage to ponds

n

Netting round pond embankment to stop fish escaping and/or predatory
fish entering

22. Have you ever experienced the following problems on your farm?

•

Pond walls or bunds damaged by floods

[j Pond walls or bunds damaged by drought

n

Equipment damaged by floods

[j Pond walls or bunds damaged by storm surge

23. Do you stock fish?

r

Yes

r

No (continuous, self-recruitment)

Pond stocked

24. Do you stock all fish in a particular pond at the same time?

r

Yes

r

No

25. Do you stock more than one species in the same pond?
C

Yes

r

No

Stocking all systems

26. How many fish in total do you stock each crop per unit of area? *
Number of fish

Units

r

Square metres

r

Hectares

r

Acres

r

Rai

0

Total farm

r

Cubic metres

27. What is the typical size of the fingerlings? *
Size of fish

[

J

Units

r

length (cm)

r

length (inches)

r

Postlarval Stage (number)
Other - Write In

28. Over the past 12 months did you stock new fish in every month? *
All months?

r

Yes

r

No

No, then which months?

0 January
0 February
[j March

0 April

n
n

May
June

0 July
0 August
0 September
0 October

n

November

0 December

Rearing calendar

29. Over the past 12 months did you rear fish in every month?
All months?

r

Yes

r

No

No, then which months?

0 January
0 February
[j March

0 April

n
n

May
June

0 July
0 August
0 September
0 October

n

November

0 December

Feeding

30. How many times per day do you normally feed fish as they approach a
large size ? *
C

1

0

2

r

3

r

4 or more

31. How much pelleted feed did you use per unit area each year? (kg)
Amount of pellet feed (kg)

Area units
0

Square metres

r

Hectares

r

Acres

r

Rai

r

Total farm area

r

Cubic metres

32. Do you provide any other, non-pelleted, feeds? *

r

Yes

<: No

33. In the last 12 months did you use any of the following your fish farm?
(prompt, okay if all left blank)
[j Disinfectants

n

Feed supplements

[j Vitamins
[j Antibiotics
[j Insecticides (parasiticides)

Harvest

34. Do you harvest all your fish at once in each crop? *

r

Yes

r

No

35. How much fish did you harvest per unit area in the last 12 months? (kg) *
Harvest (kg)

Area units

r

Square metres

0

Hectares

r

Acres

r

Rai

r

Total farm area

36. Did your household sell the majority of the fish you harvested?

r

Yes

C

No

37. Did your household consume some of the fish you harvested?

r

Yes

C

No

Short-term weather information

38. Did you ever receive information about expected weather conditions that
was useful for managing your fish farm? *
Yes

No

Heavy rain

r

r

Thick cloud cover

r

o

Strong winds or cyclone

o

r

Low temperatures

r

r

High temperatures

r

o

39. How important have the following been as sources of information about
expected weather conditions to your fish farm? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important

J

J

J

J

J

Magazines or
newspapers

0

0

0

,C,

J

Radio

J

J

J

0

J

Internet

J

0

J

J

J

Television

J

J

J

J

J

Growers group

J

0

J

(0

J

Agents from private
companies

0

J

0

v

J

Officials from local
government

J

0

J

J

J

Officials from department
of fisheries

J

J

J

J

J

Other fish farmers

Short-term water conditions

40. Did you ever receive information about any of the following expected
water or river conditions that was useful for managing your fish farm?

•
n

Risk of floods
Fast river flows

Ci Low water quality or pollution
Ci High water temperatures
Ci Low water temperatures

•
•
n

Dam release
Dam closure
Storm surge or high tides

41. How important have the following sources been for information about
expected water or river conditions to managing your fish farm? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important

J

J

J

J

J

Magazines or
newspapers

0

0

0

,C,

J

Radio

J

J

J

0

J

Internet

J

0

J

J

J

Television

J

J

J

J

J

Growers group

J

0

J

(0

J

Agents from private
companies

0

J

0

v

J

Officials from local
government

J

0

J

J

J

Officials from department
of fisheries

J

J

J

J

J

Other fish farmers

Upcoming season

42. How important are the following sources for information about expected
climate in the upcoming season to your fish farm? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important

r

Other fish farmers
Officials from department
of fisheries

G

Officials from local
government

0

0

0

Agents from private
companies

Q

G

r

Growers group

r

r

r

r

r

Television

r

r

r

r

r

Internet

r

0

r

r

r

Radio

r

0

0

r

0

Magazines or
newspapers

r

r

43. How important are the following sources for information about expected
river, reservoir or canal water conditions in the upcoming season to your
fish farm? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important
Other fish farmers

r

Officials from department
of fisheries

r

Officials from local
government

r

Agents from private
companies

r

r

0

0

r
r

0

Growers group

r

r

r

r

r

Television

r

0

r

r

r

Internet

r

0

0

r

0

Radio

r

r

0

0

r

Magazines or
newspapers

Climate-related risks

44. How concerned are you about the following climate-related risks to the
profitability of your fish farm? *

J

ro

J

'O

J

High wind storms

0

0

0

J

J

Intense rainfall
events

J

t,

0

t>

J

Long period with
dense cloud cover

0

0

0

0

J

Rapid changes in
temperature

J

J

rt,

J

rt,

Extreme low
temperatures

J

J

J

J

J

Extreme high
temperatures

0

ro

J

0

J

Droughts or lowflows

J

J

J

J

J

Floods or highflows

2 - Slightly
concerned

1 - Not
concerned
at all

3Somewhat
Concerned

4Moderately
concerned

5 - Very
concerned

45. How concerned are you about the following other types of risks to the
profitability of your fish farm? *
1 Not
concerned
at all

2 Slightly
concerned

3
Somewhat
Concerned

4
Moderately
concerned

5 Very
concerned

Low fish market
prices

r

Spread of fish
diseases

r

G

Low quality of
fingerlings

r

r

r

r

r

High fish feed costs

0

0

0

0

0

New government
fees or taxes

r

r

r

r

r

New regulations on
aquaculture

0

G

0

r

0

0

C

C

<:

<:

r

Pollution from other
activities
Low DO or oxygen
levels in the water

r

r

r
C

r

46. Have you ever suffered significant loss or impact to your fish farm arising
from adverse weather, poor water conditions or disease? *
C

yes

C

no

Suffered loss

47. Which of the following losses or impacts did you experience?
[j Many fish died

n

Many fish escaped

[j Equipment damaged
[j Fish grew slowly
[j Pond or cage damaged

48. Since you first began farming fish in your current location have you ever
suffered significant losses related to the following extreme weather
conditions? (Prompt)
[j Floods or high flows
[j Droughts or low flows

n

Extreme high temperatures

[j Extreme low temperatures
[j Rapid changes in temperature

•

Long period with dense cloud cover

[j Intense rainfall events

n

High wind storms

[j Storm surges
[j Saline intrusion

Flood impact months

49. Since you first began farming fish in which months have you suffered
significant losses because of floods or high flows?
[j January

n

February

[j March
[j April
[j May

•

June

[j July

n
n

August
September

[j October

•

November

[j December

Drought impact months

50. Since you first began farming fish in which months have you suffered
significant losses because of drought or low flows?
[j January

n

February

[j March
[j April
[j May

•

June

[j July

n
n

August
September

[j October

•

November

[j December

Climate changes

51. Based on your own observations and experiences in the area where you
now farm fish, how have climate or water conditions changed if at all? *

J

a

J

Variability in climate

J

0

J

Severity of fish disease
epidemics

0

J

J

Severity of water pollution
problems

J

J

J

Severity of water salinity
problems

J

a

0

Frequency of storm surges

J

J

J

Severity of droughts

J

J

J

Frequency of droughts

0

a

,C,

Water quality during floods

J

J

0

Depth of floods

J

J

J

Duration of floods

J

a

J

Frequency of floods

J

0

{O

Frequency of intense rainfall
events

J

J

J

Average temperatures

J

a

J

Minimum temperatures in cool
season

J

J

J

Maximum temperatures in hot
season

2 Stayed about the
same

1
Decreased

3
Increased

Risk management

52. Have you ever undertaken the following measures in order to reduce the
risks to your fish farm from extreme weather or poor water conditions?
[j Monitored water quality

n

Used aerators or mixers

[j Harvested crop early
[j Used feed supplements and medicines
[j Exchanged water

•

Moved fish

53. Have you ever undertaken the following measures to reduce the risks to
your fish farm from expected climate or water conditions in the upcoming
season?
[j Prepared or repaired aerators or mixers

n

Reduced stocking density

[j Stocked larger fingerlings to reduce growing period
[j Delayed stocking for a month or more

•

Stored additional water

[j Moved fish between sites

Information sources

54. How important are the following sources for information about how to
manage climate- and water-related risks to your fish farm? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important

J

J

J

J

J

Magazines or
newspapers

0

0

0

,C,

J

Radio

J

J

J

0

J

Internet

J

0

J

J

J

Television

J

J

J

J

J

Bank or savings group

J

0

J

(0

J

Agents from private
companies

0

J

0

v

J

Officials from local
government

J

0

J

J

J

Officials from department
of fisheries

J

J

J

J

J

Other fish farmers

Risk management strategies

55. How important are the following strategies to managing risks from
weather or water conditions to your fish farm? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important
Off-farm investment

r

r

r

r

r

Maintaining savings

r

r

r

r

r

Other sources of income

r

r

r

r

r

Reducing costs of
production

C

Selecting good quality
fingerlings

r

C

r

Using latest technology

r

0

0

()

0

Using good quality feed

()

r

r

r

r

Building good relations
with officials
Working together with
other fish farmers

r

Building good relations
with private firms

r

Optimizing stocking
densities to conditions

C

Used aerators

56. Are you still using the aerator or mixer?
C

Yes

0

No

Using aerators

r

0

57. Which types of aerators or mixers do you use? *

•
•

Fountain

n

Bubble

•

Others (please specify)

Paddle wheel

[

]

58. How many aerators or mixers do you have? *

l

]

59. What are the power sources for you aerators? *
[j Electricity
[j Diesel

•
•

Petrol

n

Wind

•

Other - Write In

[~

Solar

_ _

Aerator use patterns

]

60. What times of the day do you normally turn on aerators? (nonemergency) *

•

06:00-09:00

n

09:00-12:00

Ci 12:00-15:00
Ci 15:00-18:00
Ci 18:00-21:00

•
•

21:00-24:00

n
n

03:00-06:00

00:00-03:00

Not turn on aerators regularly

61. Would you normally turn on aerators in the following situations:
Yes

No

When see fish gulping for air at the water surface

r

o

When it has been dark in the daytime due to dense cloud cover

r

r

When find dead fish floating on surface

C

r

When fish do not eat (uninterested in food)

r

r

When temperatures are very high

r

r

When fish are reaching harvestable size

C

r

62. How many years have you used aerators?

63. How much did you spend to set up aeration system for your farm? (baht)

l

J

64. How much do you pay monthly to maintain the aeration system? (baht)

l

J

Without aerators

65. Were any of the following reasons why you never used aeration on your
fish farm?

n

Costs too much to set up

[j Do not need as water quality is high

•

Do not need as stocking densities are low

D Do not need as fish reared are tolerant of low DO
D Do not think it would help

66. In future, will you consider setting up aeration system in your farm? *
C

Yes

C

No

r

Unsure

Aeration Features

67. If new aeration technology for aquaculture was to be made available,
how important would the following features be to you? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important
Low purchase cost

r

r

r

r

r

Energy efficient

r

r

r

r

r

Easy maintenance

r

r

r

r

r

Easy to move around

r

C

0

r

r

Safe to use

r

C

r

r

0

Mobile and internet use

68. Do you currently own a mobile phone? *

r

Yes

C

No

69. Have you ever used a mobile phone to do the following tasks:

n

Receive SMS messages

[j Send SMS messages
[j Share information about flood risks to fish farms
[j Share information about market opportunities for selling fish

D Share information about risks from polluted water to fish farms

70. Have you ever accessed the internet (or web) using any kind of device to
find information about the following topics?

•
n

Fish farming methods
Weather forecasts

Ci Climate change
Ci Fish diseases
Ci Fish prices

71. Do you have a Facebook account? *

r

Yes

C

No

72. Do you regularly use a chat-call application like Line, WhatsApp, WeChat
or Messenger? *

r

Yes

C

No

73. Does the mobile network provide access to internet where your fish farm
is located? *

r

Yes

r

No

C

Don't know

74. Do you currently own a smart phone (one which can access the
internet)? *

r

Yes

r

No

75. Have you ever used a smart phone to do any of the following tasks?
[j Chat using text messages

n

Send photos

[j Send video clips
[j Look up information on the internet
[j Get information from 'apps'
[j Get information about weather
[j Get information about river or water conditions

Desirable ICT features

76. If a new smart phone application for aquaculture was to be made
available, how important would the following features be to you? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important

J

J

J

J

J

Advice on disease
management

J

J

J

0

J

Advice on good risk
management practices

J

J

J

J

J

Flood and storm warnings

J

0

J

0

J

Weather forecast for next
10 days

0

J

0

v

J

Weather forecast for next
24 hours

J

0

J

J

J

Disease outbreak
information

J

J

J

J

J

Fish market prices

Risk sharing

77. Have you ever received any of the following forms of assistance following
death/loss of fish?

No or low interest loan

:.I

Monetary compensation or aid

:J

Free fingerlings

:J

Pay out on an insurance claim

J

Free equipment or materials

J

78. Have you ever belonged to any of the following types of groups?

•

Agricultural Cooperative

[j Fish farming club or association

n

Water user or management group

[j Contract farming group with input supplying company
[j Credit or savings group

79. Has your fish farm ever been
[j Registered with a government gpvernment agency
[j Received a license to operate

•

Certified as meeting a particular standard

Insurance

80. Have you ever paid for insurance for any of the following?
(prompt, okay if all left blank)
[j house
[j vehicles

•

health

[j life

n

agricultural crop

n

aquaculture

81. If crop insurance for aquaculture was to be made available, how
important would the following features be to you? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important
Cost of insurance should
be easily affordable

r

Payment in event of loss
should be quick

Q

Payment in event of loss
should cover total value
of loss

r

r
r

r
r

Option to discontinue
coverage should be
simple
Insurance should cover
losses due to extreme
weather

r

0

0

Insurance should cover
damage to equipment &
facilitities

Q

C

r

Preferences

82. To what extent do you agree or disagree with each of the following
statements applied to yourself as a fish farmer *

J

J

J

J

J

I buy new, different, or innovative
technologies before anyone else
I know

J

0

0

0

J

I try different or innovative
rearing practices before anyone
else I know

J

0

0

0

0

I feel comfortable improvising in
new situations

J

J

0

J

J

I avoid situations that have
uncertain outcomes

J

0

0

0

J

I like trying out new practices

J

J

J

0

J

I feel nervous when I have to
make decisions in uncertain
situations

J

J

J

J

J

I do not feel comfortable about
taking chances

J

0

0

0

J

I prefer situations that have
foreseeable outcomes

J

J

0

0

J

Before I make a decision, I like
to be absolutely sure how things
will turn out

2Disagree

1Strongly
Disagree

3Neutral

4Agree

5Strongly
Agree

The future

83. In 5 years time how do you expect following practices to change on your
farm? *
3
Stay
about
4
the
Increase
same
a little

J

J

0

0

0

Use of monitoring technologies

J

J

J

J

J

Amount of chemicals or
medications used

J

0

0

0

J

Amount of commercial pellet
feed used

J

J

J

J

J

Number of cages or ponds

J

J

J

J

J

Stocking densities

2
Decrease
a little

1
Decrease
a lot

5
Increase
a lot

Expected climate

84. Looking 10-20 years into the future, how do you expect the following
climate- and water-related conditions to change relative to the last decade? *

0

0

J

J

J

J

0

J

J

0

0

J

J

J

1 Decrease
Water temperatures

0

Frequency of intense rainfall
events

0

Severity of floods

J

Severity of droughts

J

Severity of water salinity
problems

J

Severity of water pollution
problems

J

Severity of fish disease
epidemics

J

3 Increase

2 Stay about the same

Adaptation

85. How important are the following information and technology factors to
the capacity of your fish farm to adapt to a changing climate ? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important

0

0

J

0

J

Aquaculture practices that
use less water

J

J

J

J

J

Low oxygen tolerant fish
varieties

J

J

J

J

J

High temperature
tolerance fish varieties

J

D

J

0

J

Using latest disease
management technology

J

J

J

J

J

Using latest water
management technology

J

J

J

J

J

Up-to-date information on
good risk management
practices

J

J

J

0

J

Reliable forecasts of the
length or severity of the
upcoming dry season

D

J

J

0

J

Reliable forecasts of the
duration or severity of the
upcoming wet season

J

J

J

0

J

Early warning information
about pollution of water
sources

J

J

J

J

J

Early warning information
about floods

J

0

J

0

J

Good access to
information about weather
in next few days

Socio-economic factors

86. How important are the following financial and social factors to the
capacity of your fish farm to adapt to a changing climate ? *
1 - Not at
23all
Slightly Somewhat
45 - Very
important important important Important important

J

0

J

0

J

Building good relations
with aquaculture firms

:,

0

J

J

J

Working together with
other fish farmers

J

J

J

J

J

Building good relations
with officials

J

J

J

0

J

Access to aquaculture
crop insurance

0

0

0

0

J

Reducing costs of
production

J

J

J

J

J

Reliable information on
likely fish selling prices in
upcoming weeks

J

0

J

J

J

Other sources of income
apart from fish farming

J

J

J

J

J

Maintaining savings

J

J

J

J

J

Off-farm investment

Family

87. Does your household own the following assets or items?
Yes

No

House you live in

r

A house or apartment you rent to
others

r

Land you cultivate

r

r

Land you rent out to others

0

r

A passenger car

r

r

A pick-up truck

r

r

A motorcycle

r

r

A motorized boat

r

0

A computer

0

0

A television set

r

r

A refrigerator

r

C

Air-conditioner

r

r

88. Including yourself, how many females aged 15 or more are in your
household?

[

1

89. Including yourself, how many males aged 15 or more are in your
household?

[
Gender roles

1

90. Who makes the following decisions for your fish farm?
Women
only

Both women &
men

Men
Only

Not
Applicable

Which type of feed to buy

r

r

r

0

Which fingerlings to buy

r

r

r

r

When to stock fish

r

r

r

r

What density to stock fish

r

r

r

r

When to harvest fish

r

0

r

0

To whom to sell fish

a

r

r

a

Getting a loan to support fish
farm

r

r

Whether or not to buy new
technology

a

G

Whether or not to try a new
practice

C

C

91. Who does the following tasks on your fish farm?
Women
only

Both women &
men

Men
Only

Not
Applicable

Releasing (stocking) fish

r

r

r

r

Feeding fish

r

0

0

r

Monitoring fish

r

r

r

r

Harvesting fish

r

0

0

0

Selling fish

0

r

0

r

Monitoring water
conditions

92. If you would like us to contact you with information about this study
please provide a phone number, email address or line/messenger/facebook
link

93. Initials of interviewer? *

l

]

In-depth Guide on Innovation Experience of Farmers
We are doing a research project on aquaculture innovation. We would like to interview you to hear
about your experiences with aquaculture innovations. By innovation we mean new technology or
new rearing techniques. For example: aerators, integrated or organic farming, recirculating
aquaculture, alternative feeds, cage modification, stocking decisions, vaccines and medicines, ICT
applications, post-harvest products, etc.
1. What is the most important aquaculture innovation you have adopted?
1.1. Have you adopted any new technologies?
1.2. Have you implemented any new rearing techniques?
2. Where did you first learn about the aquaculture innovation?
2.1. Did you discover this yourself?
2.2. Did you hear about it from somewhere or someone?
2.3. Was it a reliable source? Did you trust this source?
3. What were your initial reactions on hearing about the aquaculture innovation?
3.1. For example: convinced, confused, skeptic, too expensive, etc.
4. What factors made you decide that the aquaculture innovation was right for your farm?
4.1. For example: costs, potential benefits, successful examples of other farmers, etc.
4.2. Did you have to think about it for a long time before coming to a decision?
4.3. Did you consult anyone before deciding to adopt the aquaculture innovation?
5. Did you encounter any issues or troubles when you first adopted the aquaculture innovation
at your farm?
5.1. How did you overcome the obstacles?
5.2. Did you get any help or assistance?
6. Since adopting the aquaculture innovation at your farm, do you still feel like it was the right
decision?
6.1. Has adopting the aquaculture innovation been worth it?
6.2. What have been some of the benefits?
6.3. Do you feel confident enough to recommend the aquaculture innovation to your fish
farmer friends?
7. Are you likely to continue to adopt new aquaculture innovations in the future?
7.1. What are some new innovations that you are interested in adopting at your farm?

Do aquaculture Facebook groups improve knowledge and management of climate-related risks?

1.1

RATIONALE

Farmer groups have been important for aquaculture technology transfer, but also in validating
knowledge claims of suppliers.1 New ICT technologies create opportunities to build on such face-toface club and association experiences in the aquaculture sector.2 Recent studies have shown, for
instance, that public health interventions for things like weight loss and physical activity, can be
strengthened by establishing supporting Facebook groups.3-5 The AQUADAPT-Mekong project seeks
to enable innovation for climate change adaptation. In a recent survey the project identified smart
phones as a technology with high potential to be useful for sharing information about climaterelated risks with fish farmers. Facebook is already popular in most countries of the region and smart
phone ownership is growing rapidly. This operational research study was designed to test the
proposition that information helpful to improving management of climate-related risks in
aquaculture can be effectively shared in Facebook groups.
We also sought to experimentally investigate the effects of message format, for instance, use of
images or videos, and style of moderation on behavior of subjects in groups. Among social marketing
experts, it is well known that Facebook posts with images and videos attract a lot more attention
than text-only posts. It is less clear if the same applies in the case of technical information.6 There
has been very little study of influence of moderation approaches, but we suspect it may be very
important to quality of interaction in groups. One HIV intervention study in Peru, for instance,
demonstrated that including pro-active peer leaders in a Facebook group increased the likelihood of
participants getting tested for HIV almost threefold.7 While most studies assume education as
primarily a one-way communication problem, a few have suggested that it is important that
members have influence on content development.5 For this reason, we propose to compare the
merits and limitations of more authoritative vs. deliberative styles of moderation.
Ultimately, we expect the findings to be positive, and that the project will support the dissemination
of good practices in forming and supporting such groups in the Mekong Region.

1.2

Research Questions
1. Does being included in an aquaculture Facebook group improve understanding of climaterelated risks, increase efforts to find information, or alter intentions to act?
2. Does the style of moderation influence engagement or perceived benefits of being a
member?
3. Does the format of posts influence engagement, understanding, perceptions or behaviors?

2
2.1

METHODS
Study Design

This study involved manipulations at two levels – the group and the individual message. At the group
level there were three treatments (Table 1). The primary comparison of interest was authoritative
(T2) vs deliberative (T3) moderation style of interaction in an online Facebook group. The possible
advantages of T2 were that it would be less time-consuming and reduce information uncertainties.
The possible advantages of T3 were that it may lead to more appropriate, locally validated practices
than T2.

We considered two possible control treatments: (1) receiving information in Facebook group line
feed format but without any interaction with others or the moderator; and, (2) receiving no extra
information in any form and not being included in a Facebook group. We opted for option 2 as being
the most informative type of control (T1) as it allowed estimating the effect of joining a Facebook
group (T1 vs T2+T3).
Table 1 Key elements of the authoritative and Deliberative treatments
Feature
Language of moderator posts

T2 Authoritative
Impersonal
Assertive
Instructions

T3 Deliberative
Personal
Tentative
Options

Identity of moderator
Interaction with members

Organization
Infrequent (1-2 per day)

Named individual
Frequent (3+ per day)

Engagement with comments on
own posts

Only consider responding to
queries directed at moderator.
Typically, clarifications and
elaborations of post.
Prioritize if many.
Usually none; only in direct
response to requests for
information.
None

Encourage discussions or
reactions by all, if does not
happen by itself.

Engagement with post threads
from members
Responsiveness to requests for
new types of information posts
Treatment of irrelevant or
inappropriate posts

Remove

Intervene to facilitate discussion /
clarify when it would help
If plausible then create additional
posts in response to member
articulated needs, otherwise
indicate not possible
Remove and message poster

We aim to have 3 replicates of each group-level treatment in each country. It should be noted that
most past studies have had no group-level replication2,4,8,9, raising questions about the
reproducibility of intervention findings. Therefore, in this study we adopt an operational-like
research design with proper replication of group factors, and thus allows some evaluation of the
organic variation among groups.

2.2

Facebook group members

To be included in the study, a subject must have an aquaculture farm culturing the relevant species
for that country and own or have regular access to a smartphone. If they did not have a Facebook
account this was created. Individuals were recruited into 9 groups in each country. Groups were
based on geographical proximity and dominant culture systems, reflecting existing patterns of
interaction in some countries, and a likely way groups would be created in the future by a fisheries
office. We did not attempt to standardize group composition (by gender, age or wealth) but allowed
this to vary among groups.
To reduce spatial bias and make setting up the study easier we used blocking. A block had one
replicate (or group) of each treatment ensuring good interspersion of treatments. A block was a

larger geographical region in one country (e.g. province or collection of districts). Groups within a
block were randomly assigned to one of the three treatments using tables of random digits.
All treatments in a block were, as far as possible, run in synchrony, while different blocks could have
different start and end times. To reduce bias due to differences in individual moderator styles, we
considered having the same moderator being responsible for both the T2 and T3 group in a block;
but in pre-trials we found the switching between modes difficult, so instead an individual moderator
only worked in one style.
Group size is an important design issue. If a group has too few members there is a risk of inadequate
interaction and lack of operational realism; if a group has too many members the number of
replicates becomes too small for meaningful comparisons. Other studies while properly replicated
are short-term (10min) and artificial student settings with groups of just 4 members10, and thus of
dubious relevance to in field conditions. One study with sound design and operational in target
communities is that done in Peru for HIV testing intervention, and they set group size at around 30.7
We opted for an initial group size of 20 individuals as a compromise between need for realism and
replication (Table 2).
Table 2 Proposed number of groups & individuals in each country. Three replicates of each group treatment.

Each country

2.3

Total
Number
of
Groups
9

Number of
members per
group
20

Total
individuals
180

Posts

Members in T1 received no posts during the experimental period. Those in T2 or T3 received 1
scheduled post each day from the moderator (project) via their Facebook group as follows:
•
•
•

1 standardized post at 0900 on Mon, Wed and Fri.
1 local post at 1400 on Tue, Thu and Sat
1 standardized polling question post at 1000 on Sun

The standardized posts were purposively in a variety of formats: text only, text with image,
infographics, and video with text captions. Texts for standardized posts were translated into the
local written language, but as far as possible the same with some minor adjustments for differences
in aquaculture systems (e.g. fish cage vs. shrimp pond). The standard posts were sent to all
individuals in all groups. The language of standard posts was different depending whether group was
under treatments T2 and T3 (see Table 2). The responses/reactions within 36 hours of posting were
recorded for future analysis; i.e. collect statistics/comments of a post 36 hours after posting.
Local posts were allowed to vary in format and content as appropriate to group conditions, but
adjusted in pairs to take into account language styles of the treatment (T2 vs. T3). Local posts in T2
were based on views of local and project experts, whereas for T3 groups local posts could also be
made in response to earlier member requests (Table 3).
In each country a group of experts (solution team) was created, including but not restricted to
AQUADAPT team members to help design & validate draft local posts, as well as check proposed
technical responses made by moderator on behalf of the team.

The order of posts was randomized within weeks (Table 4). Groups ran for 8 weeks.
Table 3 Example of pre-scheduled posts for week #1 in a particular group & country. SP=standard post;
LP=local post prepared by local AQUADAPT country team; DP=data collection poll. Expect experiment
would run for 8 weeks. Groups 3, 6 and 9 are controls. Blocks may start at different times.

BLOCK
GROUP
Treatment
Mon #1
Tue #1
Wed #1
Thu #1
FRI #1
Sat #1
Sun #1

Grp 1
T2
SP1
LP1
SP2
LP2
SP3
LP3
DP1

A

Grp 2
T3
SP1
LP1
SP2
LP2
SP3
LP3
DP1

Grp 4
T2
SP1
LP1
SP2
LP2
SP3
LP3
DP1

B

Grp 5
T3
SP1
LP1
SP2
LP2
SP3
LP3
DP1

Grp 7
T2
SP1
LP1
SP2
LP2
SP3
LP3
DP1

C

Grp 8
T3
SP1
LP1
SP2
LP2
SP3
LP3
DP1

Apart from these scheduled messages, moderators posted up to 2 posts per day in direct response
to questions of clarification in T2; and at least once but as many as 5 posts per day in T3 including
messages to encourage participation. The language style of replies was made consistent with the
group treatment.
The scope of content of scheduled messages was anything relevant to managing climate-related
risks, including both shorter and longer-term, as well as individual and collective actions. Example
topics: way to reduce risks from floods in wet season; early warning of flood conditions; research
findings; and, farmer testimonials of effective practices.
Videos used in standard messages were prepared centrally with local language captions added by
partners. Similar but country-specific opening imagery was used to set the country context while
main footage was generic. Videos were 20-40s in duration.

2.4

Data collection & analysis

More work needed here.

2.4.1 Entry survey (very short)
Ethics statement / protection of personal information declaration
Age, gender,

2.4.2 Coding of posts
•
•

Content (risks of concern, management practices, weather or climate information)
Format (text only, text with image, infographic, video)

2.4.3 Coding of comments & replies
•
•
•
•

Similar to posts…
Source (formal shares from elsewhere, informal retelling, own experience)
Stance (agree, disagree, neutral)
Query (yes, no)

2.4.4 Exit survey & Outcome measures
•

•

2.5

Post intervention survey was given to all group members (including those in control group)
o Perceptions of risk
 level of concern (1-5) with 5 climate-related risks
o Understanding of risk management practices
 Level of agreement (1-5) to 5 claims (3 reasonable, 2 not)
o Understanding of local climate
 Level of agreement (1-5) to 5 claims (3 reasonable, 2 not)
o Understanding of CC
 Level of agreement (1-5) to 5 claims (3 reasonable, 2 not)
o Information-seeking behavior
 Have looked for in past 2 months
 Intend to look for in next month
o Intentions to act
 Additional preparation for dry season
 Additional preparation for wet season
o Self-assessed Changes in last 8 weeks during which was part of group
 Understanding of risks (1-5) (2=decrease, 3=no change, 4=improve …
 Understanding of risk management
 Understanding of CC
 Confidence to act
o Level of participation in group
 Total engagement (views, likes on info-posts)
 Total interaction (likes, comments, replies on other posts)
 Date left group – if not complete 8 weeks
o Perceived benefit of group membership
 Level of agreement (1-5) with 5 statements
o Time costs
 Time spent reading/responding each week
 Time spent moderating group (a cost)
Response to individual messages
o 36-hour engagement (total views, likes & comments)

Experimental Protocol

1) Preparation (6-8 weeks)
a) Define team roles (moderators, message drafter-translator-poster, recruiter-trainer,
treatment designer)
b) Simple entry survey design
c) Finalize research protocol
d) Prepare first 10 standard posts in @ language and @ format
e) Train moderators on FB-role7,11
2) Recruit & Train (rolling, 4-6 weeks)
a) recruit participants
b) Training at recruitment
c) Data package incentive to start & finish ? (Vietnam suggest $10 USD)
d) Entry evaluation questionnaire
3) Trial (8 weeks) – by blocks does not all have to be in synchrony
a) FRI: Schedule standard & local posts for next week (MON->SUN)

i)

Daily post (MON-> SUN)
(1) Auto standard & local info post
(2) If moderate treatment then stimulate / respond to discussion daily
(3) If data collect point then POLL
b) MON: Download weekly stats for past week from all groups
c) TUE-THU: Translate & prepare future posts especially following week
d) TUE: Weekly skype among experiment coordinators
4) Hand-over (4 weeks)
a) Exit evaluation questionnaire
b) Consolidate groups
c) Best practice guide
d) Moderator training workshop

3
1
2

3
4
5
6
7
8
9
10
11
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Welcome

1. Gender *

r

Male

C

Female

2. How old are you? *

r

<15

r

15-19

r

20-29

r

30-39

r

40-49

r

50-59

r

60+

3. How many years in total have you reared fish? *

r

<1

r

1-5

r

6-10

r

11-15

r

15+

Climate risks

4. How concerned are you about the following risks to the profitability of your
fish farm? *
1 Not at
all
concerned

2 Slightly
concerned

3
4
Somewhat Moderately
concerned concerned

5
Extremely
concerned

Floods or high/fast
flows

r

r

Droughts or low
flows

r

C

Extreme high
temperatures

r

r

r

r

Extreme low
temperatures

0

r

r

r

Long period with
dense cloud cover

0

0

0

0

High wind storms,
cyclones or storm
surges

r

0

C

Intense rainfall

0

r

0

Learning experience

r

5. We would like to hear a bit about recent experiences. To what extent do
you agree (or disagree) with the following statements *
1
Disagree
completely
In the last 2 months, I learnt
things about aquaculture
from others that I did not
know before

r

In the last 2 months, I felt a
sense of belonging to a
community of fish farmers

G

3
2
Neither
Disagree agree or
somewhat disagree

5
4 Agree
Agree
somewhat fully

r

0

In the last 2 months, I did
not interact much with
others because their
experience were not
relevant to my farm
In the last 2 months, I
shared information with
other fish farmers because I
expected to benefit from
doing so
In the last 2 months, my
understanding of climaterelated risks increased

r

In the last 2 months, my
understanding of how to
manage climate-related
risks improved

r

In the last 2 months, my
understanding of climate
change has not improved

0

0

C

6. We are interested to know about your views on certain risk management
practices. To what extent do you agree (or disagree) with the following
statements *
1
Disagree
completely
Reducing stocking
densities from high levels
reduces fish stress and
thus risks of death in
unfavorable conditions

3
2
Neither
Disagree agree or
somewhat disagree

r

r

Delaying stocking to avoid
exposing fish to high risk
periods is useful for
reducing risks of losses

r

r

G

When fish are stressed
should provide more feed
so they feel better and grow
fast

G

Stocking larger fingerlings
to reduce the time they are
exposed to potentially
unfavorable conditions is a
useful risk practice

0

Selecting healthy fingerling
is key to reducing risks if
conditions become
unfavorable

0

Frequent monitoring of fish
behavior is a waste of time
in high risk times

r

Future intentions

5
4 Agree
Agree
somewhat fully

G

G

C

7. We would like to ask you about your plans. To what extent do you agree
(or disagree) with the following statements *
1
Disagree
completely

3
2
Neither
Disagree agree or
somewhat disagree

5
4 Agree
Agree
somewhat fully

J

J

J

J

J

In the coming months, I
intend to adjust stocking
practices so my farm is less
vulnerable to climaterelated risks

J

J

J

J

J

In the coming months, I
intend to seek more
information about how to
manage climate-related
risks

J

J

J

J

0

In the coming months, I
intend to invest in my farm
so it is less vulnerable to
climate-related risks

J

J

J

J

t,

In the coming months, I
intend to prepare for
climate-related risks in the
upcoming season

J

J

J

J

J

In the coming months, I
intend to seek more
information about climaterelated risks

8. Were you a member of an AQUADAPT fish farmer Facebook group? *

No

0

Yes

J

Not Facebook Group Members

9. Which block/area are you from? (If not a Facebook group member) *

r

Block 1

C

Block 2

r

Block 3

Facebook Group Members

10. Which group did you belong to? *

r

Group 1 name

r

Group 2 name

r

Group 3 name

11. We would like to ask you a few questions about your experience. To
what extent do you agree (or disagree) with the following statements *
1
Disagree
completely
Being a member of a
Facebook group made me
more confident in
managing my fish farm

r

Reading and responding to
posts takes too much time

G

3
2
Neither
Disagree agree or
somewhat disagree

5
4 Agree
Agree
somewhat fully

r

The information posted by
the moderator was often
difficult to understand
Other group members were
friendly and helpful

r

The information posted by
others was often useful

G

I do not like to view
messages promoting new
products or technologies

0

I like to view messages
written by members with
experience using a product
or technology

G

I enjoy receiving messages
about new products or
technologies

r

G
G

r

C

G

12. Do you think the fish farmer Facebook group should be continued? *

r

Yes

r

No

13. Do you think the fish farmer Facebook group would be better if it had *

r

more members

C

stayed about same size

0

fewer members

14. Do you think the fish farmer Facebook group would be better if the
moderator posted *
0

more often

r

about the same as before

r

less often

15. Do you think the fish farmer Facebook group would be better if the
moderator posted *
C

longer, more detailed, posts

r

about the same as before

C

shorter, more concise, posts

16. What else could be done to make the Facebook group more useful?

Facebook experiment interview guide
1) What was it like being in a fish farmers Facebook group?
a) How would you describe the atmosphere of the group? Excited, happy, enthusiastic, bored,
etc.?
b) Did you make any new friends from the group?
i) If yes, did you later add them as your Facebook friend?
c) Did anyone say, or did anything happen in the group that made you feel uncomfortable?
i) If yes, did the group moderator take any action?
2) Would you consider yourself an active member of the group?
a) If a post had many Likes, were you also more likely to Like that post?
b) If a post had comments, were you also more like to comment in that post?
c) Do you feel confident commenting or asking questions in the group?
d) Do you think you are more likely to comment or ask questions in a Facebook group than you
would in a face-to-face/community meeting?
3) Did you like the group moderator’s style or personality?
a) If you had to choose, would you prefer a more formal moderator or informal moderator?
b) Did you trust the moderator?
i) Why?
c) Was the moderator responsive or helpful in the group?
d) How can the moderation be improved?
4) What did you think of the posts by the moderator?
a) Was the information in the posts by the moderator of interest to you?
i) If yes, what kind of posts did they tend to be? (weather, practices, etc.)
b) Did you feel like you learnt anything new from reading the posts by the moderator?
i) If yes, could you give an example?
c) Was the information in the posts by the moderator things you already knew?
i) If yes, what other kind of information would you like to see instead?
d) Did you trust the information in the posts by the moderator?
i) If yes/no, what made you feel that way?
e) Do you think the information by the moderator was accurate?
i) If yes/no, what made you feel that way?
5) What did you think of the posts by other group members?
a) Was the information in the posts by other group members of interest to you?
i) If yes, what kind of posts did they tend to be?
b) Did you feel like you learnt anything new from reading the posts by other group members?
i) If yes, could you give an example?
c) Was the information in the posts by other group members things you already knew?
i) If yes, what other kind of information would you like to see instead?
d) Did you trust the information in the posts by other group members?
i) If yes/no, what made you feel that way?
e) Do you think the information was accurate?
i) If yes/no, what made you feel that way?
6) What did you think about the information in the comments of a post?
a) Were the comments interesting to read or was it mostly nonsense?
b) Did you feel like you learnt anything new from reading the comments?
c) Do you think posts with lots of comments are more trustworthy?

7) Did any of the posts convince you to do things at your farm differently?
a) Were there any instances when you wanted to follow or implement the advice in a post?
i) If yes, can you give an example?
b) Were there any instances when you were interested to try out the advice in a post but could
not do so due to obstacles? (costs, etc.)
i) If yes, can you give an example?
8) Based on your experience participating in this fish farmer Facebook group, would you like to
continue being a member of this fish farmer Facebook group?
a) Would you invite your farmer friends to join this Facebook group?
i) If yes, how would you convince your farmer friends to join?
b) Do you think fish farmer Facebook group is a good platform to build your social network and
relationships with other farmers or stakeholders?
c) Are there any other social media platforms that you think would be better than Facebook to
establish a fish farmers group?

Adoption of aeration technologies in Mekong aquaculture: Activity 2.2 Design
Exposure to episodes of low dissolved oxygen (DO) retard growth, increase susceptibility to disease and
kill fish and shrimp. Water column and sediment conditions, as well as feed and stock management
practices influence the level of risks.1,2 The risk of low DO episodes is also influenced by weather
conditions, which vary seasonally and geographically with climate. Extended periods with dense cloud
cover and thus low sunlight, for example, can lead to progressively lower minimum DO levels in the daily
cycle. Low water volumes and flows in rivers or reservoirs arising from seasonal droughts concentrate
phytoplankton and fish, increasing risks of low DO.3,4 Large temperature ranges lead to stratification and
de-stratification of water conditions by depth, potentially exposing fish to different or changing DO
concentrations.5,6 Still wind conditions increase stratification, reduce oxygen exchange at the surface and
reduce horizontal circulation.
Proper management of DO and circulation can improve the resilience of aquaculture operations to these
climate-related risks. Many studies have shown aeration and circulation technologies can reduce the
incidence of low DO episodes, as well as improve feeding, growth and survival of fish or shrimp.7-10 The
cost-effectiveness of emergency and regular aeration however, is likely to depend on management
practices, species cultured, timing, layout, technical efficiencies and energy sources.6,11-16
In the Mekong Region, adoption of aeration and circulation technologies varies greatly among countries
and species cultured. Many farms are intensifying their production systems but still do not yet use
aeration technologies. Common reasons given include concerns with costs of equipment, maintenance
and energy supply, while others may be unfamiliar with aeration devices or do not believe aeration is
necessary or useful. Baseline survey findings suggest however, that many farms suffer losses from periods
with dense cloud cover and are concerned with the risk of low DO episodes, implying that adoption of
aeration would potentially be beneficial. This study proposes to evaluate various aeration technologies
for their likely effectiveness in different situations, recognizing costs relative to benefits, and other criteria
important to adoption.
Research questions
In proposal for Activity 2.2 were:
1. Under what seasonal and weather conditions and aquaculture settings is the risk of low DO
episodes an important risk?
2. Is aeration currently used to address this risk, and if so, is it effective, and if not, why not?
3. Are there alternative technologies apart from those currently in wide use that would be a more
cost-effective solution in places and for culture systems where low DO episodes are a problem?
Outcomes:
•
•
•

Understanding among farmers in target areas of options for aeration and other practices for
managing DO in ponds improved.
Appropriate technologies and practices adopted in target areas because of interventions by the
project.
Adoption of innovations result in improved management of climate related risks.

Outputs:
1 synthetic journal article (USER) + 5 national team articles (optional but encouraged)
1

5 documented datasets, 5 media items

1

Preparatory information gathering to guide final design

Objective: To identify aeration systems in use and help design survey instruments, interview guides, and
measurement protocols.
Exact steps will vary between countries but should probably include:

2

•

Summarize and interpret findings from baseline survey.

•

Review literature on aeration studies in the country, as well as information about sensitivities of
cultured species to low DO.

•

Use social media and official networks to identify alternative aeration systems in use, being
trialed or recently on market in order to identify experts to talk to more.

•

Convene a focus group discussion with officials, academics and lead farmers on views on ways
or criteria to measure needs, availability and performance of aeration systems.

•

Conduct at least 5 in-depth interviews with people knowledgeable about aeration. Consider
including: sellers, manufacturers, importers, officials, academics, and lead farmers.

Follow-up survey on performance of aeration technologies

Objective: To gather farmers’ experiences with and views on the performance of different aeration and
circulation technologies for managing risks of low DO, building on information collected in baseline
survey.
•

From the baseline survey results, identify 2-6 aeration technology types of interest in your
country that will then be the “user groups” for the follow-up survey; for example, paddle wheel,
fountain, bubble-diffuser, etc.

•

Draw a sample of farmers from the baseline survey (who uses one of the identified aeration
technology) to form the user groups for the follow-up survey.

•

•

For technologies that had 20 or more users in the baseline survey, use the baseline
survey as a sampling frame and draw a random sample of 20-50 farmers from this pool
to form the user groups for the follow-up survey.

•

For rare technologies of interest (if any) will need to find users by other methods.

•

For every user sampled, also select a non-user from the same geographical area.

•

Once the samples have been drawn, link and confirm the identity of the samples with
the right participants from the baseline survey.

Design & refine survey instrument that covers:
o

Ask each farmer about their familiarity with each type of aeration system; and if known,
their views about its performance, and then details of their experience using that
technology on their farm.
2

•

3

o

Evaluation of performance (merits, limitations, costs vs benefits, maintenance, energy
use) of each technology under normal & extreme conditions.

o

Description of how each was used (turn-on/off decisions, hours per day, growth stage).

o

Reasons for adoption or non-adoption; and reasons for abandonment if no longer use.

o

History of low DO episodes including cues observed (fishing gulping at surface).

Collect data from 20-50 farmers in each user group; resulting in a total of 100-200 respondents
in each country.

Technology assessment

Objective: To synthesize field measurements, farmer and expert evaluations, and then identify locally
plausible options for different situations.
•

Preparatory workshop to pre-identify evaluation criteria and design process & prepare inputs.

•

Facilitated set of 2-3 workshops, some face-to-face and others virtual (e.g. using Facebook
groups), to validate and interpret survey and other sources of knowledge;

•

While most events are within country and in local languages, suggest at least one multi-country
workshop of experts knowledgeable about aeration.

•

4

•

Within country workshop.

•

Regional workshop (1/2 day alongside AQUADAPT partners’ meeting).

Appropriate technologies identified for dissemination.

Dissemination

Objective: To share results of technology evaluation with farmers and key agents.

4.1

Conventional media
•

4.2

Social media campaign
•
•

5

Agricultural TV program and/or agricultural magazine stories, building on key messages from
evaluation.
Set of new, short video clips of technologies in use alongside analysis of merits/limitations for
different conditions based on evaluation report and demonstration pond experiences.
Discuss in Facebook groups.

Demonstration

Objective: To demonstrate technology in field conditions.
Recommend selection of one proven aeration technology that is locally appropriate for demonstration
under realistic field conditions.
•

At least a paired pond design should be adopted. Simplest would be with vs. without aeration.
Could also be regular vs. emergency-only aeration or current vs. improved technology.
3

•
•
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Demonstration could cover installation, maintenance and good use practices.
Organize study tours. Record contact information of all visitors, so that can follow-up with
interviews and document adoption.

Optional components

These are optional, side projects, depending on country budget and capacity.

6.1

Measurement of DO profiles under farm conditions

If teams have access to needed field/lab instruments, then should consider a measurement-based
survey of aquaculture ponds; to improve understanding of factors associated with risks of low DO
episodes, and the influence of aeration-circulation technologies and practices on DO under varied field
conditions.
•

Establish a field protocol for making measurements of water conditions, including calibration of
equipment, and selection of sampling sites within farms and ponds.

•

Collect 24h DO profiles (every 2h, 10,30,50..cm) alongside temperature, wind speed, light
intensity, humidity, rainfall, and one-off sechi, depth, chlorophyll under a wide variety of
weather and management conditions.

•

Consider merits & limitations of design in which many ponds are profiled once each versus a
design in which multiple 24 hour profiles measures are taken at different times from fewer
ponds.

6.2

Experimentation

If facilities are available for use by the AQUADAPT project, a more rigorous experimental design with
proper replication, to compare technology options might be done.
•
•

Recommend prioritize systems (e.g. nurseries) and outcomes which are achievable in a shorter
(< 3 month) as opposed to longer (> 6 month) time frame.
Might simultaneously function as a Demonstration (Section 5.3).

4
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Schedule
Activity

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

F

M

A

M

J

J

A

S

O

N

D

J

F

M

A

Preparatory
Survey*
Assessment
Dissemination
Demonstration
Measurement*,+
Experiment+
*Try to conduct survey & measurements across dry-wet transition so wide range of conditions.
+
Optional component

5

8
1

2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
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Interview guide for aeration experts
1. What is the most interesting aerator or water quality monitoring
technology you have worked closely on?
1.1.How did it happen?
1.2.Who funded it?
1.3.Who were involved in the process?
1.4.How does it work?
2. How is this aerator or water quality monitoring technology different from
those in the same category (that are on the market)?
2.1.Is it more affordable?
2.2.Does it perform better?
2.3.Is it more sustainable?
3. What type of farmers would benefit from using this aerator or water
quality monitoring technology?
3.1.Small, medium, large scale farms?
3.2.What kind of culture system is it appropriate for?
4. Is it easy for farmers to adopt this aerator or water quality monitoring
technology at their farms?
4.1.How difficult is the installation?
4.2.What is the maintenance costs?
5. Have there been any responses from farmers about this aerator or water
quality monitoring technology?
5.1.Are farmers interested?
5.2.Has the private sector express any interests?
5.3.What about other stakeholders?
6. How can this aerator or water quality monitoring technology be further
developed?
6.1.What are some potential barriers for this to happen?
6.2.How to promote adoption of this technology to farmers?
7. Where can we find out more about this technology?
7.1.Are there any documents or videos that we can look at?
7.2.Any suggestions of other people with experience in similar technology
we could interview?

Interview guide for aerators or water quality monitoring devices businesses or sellers
The AQUADAPT-Mekong project looks at innovations in the aquaculture sector that can help fish
farmers adapt to climate change. In the 2nd year of the project, our focus is on water quality
management. Given your experiences in the business, we would like to ask you some questions
relating to aerators or water quality monitoring devices for fish culture. Any information you could
provide and share with us would be most appreciated.
1. How long have you been selling aerators or water quality monitoring devices?
1.1. How did you enter into this business?
1.2. Do you have family members who engage in fish culture?
2. What types of aerators or water quality monitoring devices do you sell?
2.1. What are their price ranges?
2.2. Which are your top aerators or water quality monitoring devices? And how are they
different from the other aerators or water quality monitoring devices?
3. Which aerators or water quality monitoring devices are your best-sellers?
3.1. Why do you think farmers prefer that one?
4. What type of farmers do you mostly sell to?
4.1. Small, medium or large-scale farms?
4.2. What species and culture system?
4.3. Do you provide installation services for the aerators or water quality monitoring devices?
4.4. Do you provide maintenance services for the aerators or water quality monitoring devices?
5. What are some of the most common questions you get from farmers shopping for aerators or
water quality monitoring devices?
5.1. Which aerator or water quality monitoring device do you recommend to small- to mediumscale farms?
5.2. Which aerator or water quality monitoring device do you recommend to large-scale farms?
6. Have the sales of aerators or water quality monitoring devices gone up with time?
6.1. Have the prices of aerators or water quality monitoring devices gone down with time?
6.2. What time of year or period do you sell the most aerators or water quality monitoring
devices?
7. Has the technology of aerators or water quality monitoring devices improved significantly since
you entered the business?
7.1. In your opinion, how could the technology of aerators or water quality monitoring devices
be further improved?

Interview guide for farmers who use aerators
The AQUADAPT-Mekong project looks at innovations in the aquaculture sector
that can help fish farmers adapt to climate change. In the 2nd year of the
project, our focus is on water quality management. Given your experiences, we
would like to ask you some questions relating to aerators for fish culture. Any
information you could provide and share with us would be most appreciated.
1. When did you start using aerators?
1.1.Why did you start using aerators?
2. What types of aerators do you use at your farm?
2.1.Why did you choose this type of aerator?
2.2.How many aerators do you have in total?
2.3.How many aerators do you use per pond/cage?
3. When do you turn on your aerators?
3.1.How long do you turn them on for?
3.2.How do you know when to turn them on?
3.3.How much does it cost per month or per crop to run your aerators?
4. What is the brand and model of your aerators?
4.1.Why did you choose this brand and model?
4.2.How did you know about this brand and model?
4.3.How much does this brand and model cost?
4.4.What power source does this brand and model use?
4.5.How satisfied are you with the performance of this brand and model?
4.6.Would you recommend this brand and model to other fish farmers?
5. Where did you purchase your aerators?
5.1.Why did you purchase at that business/seller?
5.2.Did that business/seller provide any recommendations when you were
deciding to buy?
5.3.Does that business/seller provide installation services?
5.4.Does that business/seller provide maintenance services?
5.5.How satisfied are you with that business/seller?
5.6.Do you have a good or close relationship with that business/seller?
5.7.Would you recommend that business/seller to other fish farmers?
6. How often do you buy or replace aerators?
6.1.What time of year or period do you buy aerators?
6.2.Have the prices of aerators decreased with time?
7. Has your farm benefited from using aerators?
7.1.Are aerators worth the investment cost?

7.2.Are aerators difficult or expensive to fix?
7.3.How much does it cost per time or per crop to fix your aerators?
7.4.Have you made any modifications to the aerators since you bought
them?
8. In your opinion, has the technology of aerators changed significantly with
time?
8.1.In your opinion, how could the technology of aerators be further
improved?

AQ-Aeration Follow-up Survey FINAL
Your profile

1. Gender *

r

Male

C

Female

2. How old are you? *

r

<15

r

15-19

r

20-29

r

30-39

r

40-49

r

50-59

r

60+

3. What is the highest level of education that you completed? *

r

No formal education

r

Primary School

r

High School

r

Undergraduate Degree

r

Postgraduate Degree

4. Which of the following roles do you have on the fish farm? (You may
select more than one box) *
[j Owner - investor and owner of equipment / land

n

Renter - investor and renter of land/water area

[j Manager - responsible for rearing decisions
[j Worker - responsible for feeding

5. How many years in total have you reared fish? *

r

<1

r

1-5

r

6-10

r

11-15

r

15+

Your farm

6. Where is your farm located? *
Which province? *

r

Province 1

r

Province 2

r

Province 3

0

Province 4

What is the district's postal/area code?

[

- - - - -

J

7. Which species of fish or shrimp did you rear in the last 12 months? *

n

Tilapia

•
•
•
•

Pangasius

n

Common carp

•
•
•
•
•

Rohu

Catfish
Snakehead
Silver barb

Giant freshwater prawn
White shrimp
Black tiger shrimp
Other - Write In

8. Over the last 12 months what was your farm's main culture system? *

r

Earthen ponds

C

Cages in river

0

Cages in reservoir

r

Other - Please specify

[

]

9. Intensification of farm *
Yes

No

Do you normally feed fish every day?

r

r

Do you normally use commercial pellet feeds?

r

o

Do you stock fish at what is considered a relatively high density (level)?

C

r

Do feed costs make up more than half of your operating expenses?

r

r

Is most of your fish production sold?

C

r

10. Water quality of farm *

Is the water usually greenish in
color?

Yes

No

(j

0

Do fish often come to the surface
to gulp air in the mornings?
Is the water quality ideal for
growing fish?
If do not aerate will fish die
because of low DO levels in the
water?

Use aeration

r
0

0

0

11. Have you ever used aeration? *
C

Yes

r

No

Aeration types

12. Which type of aeration do you have most experience with? *

r

Paddle wheel

r

Fountain

r

Bubble diffuser

Aeration use

13. How many years have you used [question("value"), id="2"]? *

r

<1

r

1-5

C

6-10

r

11+

14. Did you use [question("value"), id="2"] at any time during the last 12
months? *

r

Yes

r

No

15. What were the reasons that made you first start using [question("value"),
id="2"]? *

•

Poor water quality

n

Suffered significant losses

Ci Increase stocking density

n

Other - Please specify

16. From whom or where did you know about [question("value"), id="2"]? *

•
•

Family member

n
n

Another fish farmer

Neighbor

DOF official

Ci Fish farmers group
Ci Academic

•
•

Salesperson

n

TV program

Fish feed company

Ci Social media

n

Other - Please specify

17. How do you buy the [question("value"), id="2"]? *

•
•

Buy at the store

n

Order it online

Order it by telephone

Ci Ask someone else to order it for you
Ci Fish farmers' group buys in bulk

n

Other - Please specify

18. How many [question("value"), id="2"] sets do you have in total? *

19. [question("value"), id="2"] cost. *
How much does the [question("value"), id="2"] cost per set? *

[

]

Currency *

r

Thai Baht

r

Cambodian Riel

r

Lao Kip

r

Burmese Kyat

0

Vietnamese Dong

r

United States
Dollar

20. What is the energy source for your [question("value"), id="2"]? *
Ci Electricity

•
•

Diesel

n

Solar

Petrol

Ci Wind

n

Other - Please specify

21. [question("value"), id="2"] energy cost. *
To run the [question("value"), id="2"] on your farm, how much on average do you spend
on energy cost per month? *

(

J

Currency *

r

Thai Baht

r

Cambodian Riel

0

Lao Kip

r

Burmese Kyat

r

Vietnamese Dong

r

United States
Dollar

22. How does the energy costs to run the [question("value"), id="2"] on your
farm differ between the dry season and wet season? *

r

Higher in the wet

r

Similar in wet and dry

r

Higher in the dry

23. [question("value"), id="2"] maintenance. *
How much do you spend on [question('value'), id='2'] maintenance per set, per year. (If
no maintenance then enter zero) *

(

J

Currency *

r

Thai Baht

r

Cambodian Riel

0

Lao Kip

r

Burmese Kyat

r

Vietnamese Dong

r

United States
Dollar

24. How many years do you expect the [question("value"), id="2"] to last
before have to replace? *

[

1

25. Have you had to made any major modifications to the [question("value"),
id="2"]? *
Yes
No

26. How often do you turn on the [question("value"), id="2"]? *

r

Full-time

C

Regular

r

As needed

r

Emergency

27. Which hours do you usually turn on the [question("value"), id="2"]? *

n

06:00-09:00

[j 09:00-12:00
[j 12:00-15:00

•

15:00-18:00

D 18:00-21:00
[j 21:00-24:00

n

00:00-03:00

[j 03:00-06:00

Aeration emergency

28. Under which of the following conditions do you turn on the
[question("value"), id="2"]? *

•

Thick cloud cover

n

Low temperatures

Ci High temperatures
Ci Fish gulping at surface
Ci Fish floating dead

•
•

Water looks green

n
n

Lack of water supply period

n

Other - Please specify

Water looks brown or polluted

When feeding

29. Which months do you have to turn on the [question("value"), id="2"] most
often? *
[j January

n

February

[j March
[j April
[j May

•

June

[j July

n
n

August
September

[j October

•

November

[j December

Aeration use (continued)

30. Do you turn on the [question("value"), id="2"] for a longer period or more
frequently for younger or older fish? *

r

More for younger fish

r

About the same

r

More for older fish

31. Did adopting and using the [question("value"), id="2"] help? *
1 - Not
helped
at all

2Slightly
helped

34Somewhat Moderately
helped
helped

5Helped
a lot

Reduce low dissolved oxygen
episodes

r

Improve water quality

0

r

r

0

C

Improve fish feeding

0

r

r

0

r

Improve fish growth

0

r

0

0

r

Improve fish survival

r

0

0

0

r

Prevent eutrophication

r

r

r

r

r

Regulate water temperature

<:

r

r

r

r

32. To what degree do you agree with the following statements about the
performance of the [question("value"), id="2"]? *
1Strongly
disagree

2Disagree

3Neutral

4Agree

5Strongly
agree

Easy to install and set-up

r

r

r

r

r

Needs very little maintenance

r

r

r

C

r

Operates with high reliability

r

r

r

r

r

Safe to operator for use

r

C

C

C

r

Is expensive to run

0

()

r

C

r

Uses too much energy

r

r

r

(j

r

Is cost-effective

r

r

r

r

r

If energy was cheap would turn
aerator on more often

0

C

0

r

Energy tariffs should be
subsidized for aquaculture
sector

C

C

33. Based on your experience, how likely are you to recommend other
farmers use [question("value"), id="2"]? *
1 - Very
unlikely

Never Use

2 - Unlikely

3 - Neutral

C

r

4 - Likely

5 - Very likely
C

34. Which of the following are the reasons you don't use aeration? *

•
•

High investment costs

n

Looks complicated to operate

Too expensive to operate

Ci Not convinced about benefits
Ci No need to for the current culture system
Ci No need to for current fish species

•
•

Don't know much about aeration

•

Other - Please specify

Not easy to find or buy aeration

35. Do you think adopting and using aeration will help? *
1 - Not
helped
at all

2Slightly
helped

34Somewhat Moderately
helped
helped

5Helped
a lot

Reduce incidence of low
dissolved oxygen episodes

0

0

Improve water quality

r

r

r

r

r

Improve fish feeding

C

r

r

r

r

Improve fish growth

0

r

0

0

C

Improve fish survival

(j

0

0

0

r

Prevent eutrophication

r

r

r

r

r

Regulate water temperature

C

r

r

C

r

36. Are you currently interested in any type of aeration? *

•
•
n

Paddle wheel

•

Other - Please specify

•

Not interested at the moment

Fountain
Bubble diffuser

[

]

37. Are you likely to adopt aeration in the next few years? *
1 - Very
unlikely

2 - Unlikely

r

Related risks

3 - Neutral

4 - Likely

5 - Very likely

r

38. How concerned are you about the following climate-related risks to the
profitability of your fish farm? *
1 - Not
concerned
at all

2 - Slightly
concerned

3Somewhat
Concerned

4Moderately
concerned

5 - Very
concerned

Floods or highflows

r

Droughts or lowflows

r

G

Extreme high
temperatures

r

r

r

r

r

Extreme low
temperatures

0

r

0

r

r

0

0

Rapid changes in
temperature
Long period with
dense cloud cover
Intense rainfall
events
High wind storms

r

C

0

r

r

C

r

0

r

0

(j

r

0

C

C

39. Have you ever suffered significant loss or impact to your fish farm arising
from adverse weather or poor water conditions? *
C

Yes

C

No

Contact

40. What is your name and contact information? *
Name *

[

]

Phone number

[
Other (social media, etc.)

]

Guidelines for Country Studies on Aquaculture Insurance as a tool to manage climaterelated risks
1. Review of initiatives and related experiences
1.1. Insurance initiatives: proposals, exploratory and feasibility studies as well as any
examples of implementation such as pilot schemes and programs
1.1.1. Identify cases of aquaculture insurance initiatives in the country
1.1.2. Collect documents about these initiatives (in local or other languages)
1.1.3. Conduct in-depth interview author/key stakeholders involved in these
initiatives
1.2. Related experiences: agriculture, horticulture, livestock or fisheries insurance as
well as micro-credit or other business models for sharing & transferring risks in the
country
1.2.1. Collect relevant documents about these experience
1.2.2. Conduct in-depth interviews (if needed) to complete documentation of the
most relevant experiences
1.3. Policy and development context:
1.3.1. Identify key obstacles as well as opportunities for moving towards
aquaculture insurance with respect to current policies and aquaculture/rural
development context
1.4. Summarize insights: following shared analytical framework table to be drafted by
USER that will cover climate-related risks, insurability, institutional innovation,
policy environment, development context
2. Farmer follow-up survey
2.1. Review findings from baseline survey
2.2. Contribute to finalizing questionnaire instrument (attitudes towards different forms
of insurance, willingness to pay, informal insurance indicators)
2.3. Translate instrument
2.4. Collect sample of 100-200 farmers
2.5. Share cleaned dataset with USER
2.6. Help interpret analyses provided by USER and do own further analysis as needed
3. Disseminate findings
3.1. Within country promotion if warranted by findings using briefing meetings with key
individuals, workshops and/or social media postings
3.2. One of the thematic sessions of the A3.3 Policy Innovation Dialogue

Questionnaire for experts about perception of aquaculture insurance
1. How would you describe aquaculture insurance?
1.1. How many types are there?
1.2. What are the key features?
2. Has there ever been any aquaculture insurance in your country?
2.1. If yes, who is offering?
2.2. If no, why are there none?
3. What are the benefits of having aquaculture insurance?
3.1. What type of farmer would benefit from having aquaculture insurance?
4. How much should aquaculture insurance cost for farmers?
4.1. How should the price be determined?
4.2. Is this cost reasonable?
4.3. How long should it cover?
4.4. When should the aquaculture insurance be paid? (per crop, year, etc.)
5. What events should the aquaculture insurance cover?
5.1. Climate-related, natural disaster, disease, pollution, stolen, etc.?
5.2. How should the compensation be calculated?
6. What are some important terms and conditions for aquaculture insurance?
6.1. Are these terms and conditions reasonable?
6.2. Does the farmer or insurance provider benefit more from these terms and conditions?
7. What is the role of government in aquaculture insurance?
7.1. What is the role of private insurance companies in aquaculture insurance?
8. Who are the stakeholders for aquaculture insurance?
9. What are some obstacles for aquaculture insurance to happen?
9.1. How can these be overcome?

Questionnaire for government officials about perception of aquaculture insurance
1. Is there currently any aquaculture insurance in your country?
1.1. If yes, who is offering?
1.2. If no, why are there none?
2. Do you consider it important to have aquaculture insurance?
3. What features would be important for aquaculture insurance?
4. What are the benefits of having aquaculture insurance?
4.1. What type of farmer would benefit from having aquaculture insurance?
5. Is the government likely to offer aquaculture insurance in the future?
5.1. If yes,
5.1.1.How would it come about?
5.1.2.What would be some important terms and conditions?
5.1.3.How much would it cost for farmers?
5.1.4.How should the compensation be calculated?
5.1.5.When should the aquaculture insurance be paid? (per crop, year, etc.)
5.2. If no, why not?
6. What are some obstacles for aquaculture insurance to happen?
6.1. How can these be overcome?

Questionnaire for farmers about perception of aquaculture insurance
1. Have you heard about aquaculture insurance?
1.1. If yes, how did you know about it?
1.2. If no, is this something that would interest you?
2. Do you think having aquaculture insurance will benefit your farm?
2.1. If yes, why?
2.2. If no, why not?
3. Would you prefer to get aquaculture insurance from the government or private sector?
3.1. Which would be cheaper?
3.2. Which do you trust more?
4. Are your likely to get aquaculture insurance cover if it becomes available in the future?
4.1. If yes,
4.1.1.How much would you be willing to spend?
4.1.2.What events should the aquaculture insurance cover?
4.1.3.How should the compensation be calculated?
4.2. If no, why not?

Questionnaire for private insurance companies about perception of aquaculture insurance
1. Has your company ever considered aquaculture insurance?
1.1. If yes, why?
1.2. If no, why not?
2. Have you ever been approached or attended meetings where aquaculture insurance was
discussed?
2.1. If approached,
2.1.1.By whom?
2.1.2.What was discussed?
2.2. If attended meeting,
2.2.1.What kind of meeting?
2.2.2.Who were attending?
3. Is your company likely to offer aquaculture insurance in the future?
3.1. If yes,
3.1.1.How would it come about?
3.1.2.What would be some important terms and conditions?
3.1.3.How much would it cost for farmers?
3.1.4.What type of farmer would benefit from having this insurance?
3.1.5.How should the compensation be calculated?
3.1.6.When should the aquaculture insurance be paid? (per crop, year, etc.)
3.2. If no, why not?
4. What are some obstacles for aquaculture insurance to happen?
4.1. How can these be overcome?

Stakeholder perspectives on how to address the impacts of the COVID-19 outbreak on Aquaculture in
the Mekong Region
Rationale
Initial reports from around the world suggest that the government responses to control the COVID-19
outbreak have had major impacts on the aquaculture sector as a result of disruption to supply chain
logistics, trade, worker mobility and consumer demand. This study assesses the challenges in 5 Mekong
countries.
Main interview questions
Encourage informants to talk about their experiences around the following core questions:
1. How has the COVID-19 outbreak impacted your aquaculture farm (firm/the sector)?
2. How has your access to input-suppliers and buyers or markets changed?
3. What do you need most to recover and strengthen your aquaculture farm (business)?
Informants
•
•
•
•

Shrimp and fish farmers (10)
Private firms (hatcheries, feeds, equipment, traders) (3)
Government fisheries officials (4)
Academic aquaculture expert (3)

Design
Sampling: Collect at least 20 in-depth interview stories from each country. Is better if informants do not
all come from the same location. Can focus on one species (e.g. shrimp in Vietnam)
Data collection strategy: Partner Leader and team use their networks to locate suitable informants.
Most interviews done on phone. All interviews, with permission, are taped and summarized in detail (or
fully transcribed) and then translated (into English) with any personal identifying information removed.
Analysis: thematic coding following narrative framework using NVIVO/related software
Output
1 Journal article as in project ‘name’ above
6 local language highlight-summaries for mainstream media release and followed up by briefing
meetings with key actor(s) in each county
Possible expansion
Parallel policy analysis (view from above) based on document and officials interview that is then placed
side-by-side with result from narrative analysis (view from below) to identify gaps and opportunities.

AQ COVID-19 impact FINAL
Profile of respondent

1. Gender *

r

Male

C

Female

2. How old are you? *

r

<15

r

15-19

r

20-29

r

30-39

r

40-49

r

50-59

r

60+

3. What is the highest level of education that you completed? *

r

No formal education

r

Primary School

r

High School

r

Vocational education

r

Undergraduate Degree

r

Postgraduate Degree

4. Which of the following roles do you have on the fish farm? (You may select
more than one box) *
[j Owner - owner of equipment/land

n

Investor - provided funds for equipment/land or operations

[j Renter - renter of land/water area
[j Manager - responsible for rearing decisions
[j Worker - responsible for feeding
[j Other - Please specify

5. How many years in total have you reared fish? *

r

<1

r

1-5

r

6-10

r

11-15

r

15+

6. Does your household have other sources of income besides from fish
farming? *
0

Yes

r

No

Profile of farm

7. Where is your farm located? *
Country *

r

Cambodia

r

Laos

r

Myanmar

0

Thailand

0

Vietnam

Which province/township? *
0

Province 1

r

Province 2

r

Province 3

C

Province 4

8. Which species of fish or shrimp did you rear in the last 12 months? *

•
•

Tilapia

n

Catfish

Pangasius

Ci Snakehead
Ci Silver barb
Ci Common carp

•
•

Rohu

n
n

White shrimp

Giant freshwater prawn

Black tiger shrimp
Other - Please specify

n __!_I_ _ _ _ __

9. Over the last 12 months what was your farm's main culture system? *

r

Earthen ponds

C

Plastic lined ponds

()

Cages in river

r

Cages in reservoir

r

Other - Please specify

10. Do you do the following? (You may select more than one box) *

•

Normally feed fish every day

[j Normally use commercial pellet feeds

n

Stock fish at what is considered a relatively high density (level)

[j Sell most of your fish production

11. How many months ago was your last crop harvested? *

r

<1

r

1-3

r

4-6

r

6+

12. How many months until you expect to harvest your next crop? *

r

<1

r

1-3

C

4-6

r

6+

r

Do not expect to harvest

Impact of COVID-19

13. Was your household's ability to move around or travel reduced in any
way due to COVID-19? *

r

Yes

r

No

14. Did the reduction in mobility due to COVID-19 have any of the following
impacts to your ability? (You may select more than one box) *

n

Monitor all ponds/cages

Ci Provide regular feed
Ci Obtain fish feed

•
•

Obtain stock
Sell fish

Ci Obtain fish medication

n

Obtain any other supplies needed to operate fish farm

15. Due to COVID-19, did any of the following have an adverse impact on
your fish farm? (You may select more than one box) *
[j Delay harvesting

n

Delay stocking

[j Stock lower than normal
[j Sale price of fish lower than normal
[j Sale price of fish higher than normal

•

Volume fish buyers willing to purchase lower than normal

[j Price of fish feed higher than normal

n
n

Price of fish stock higher than normal
Supplier unable to deliver fish feed

[j Supplier unable to deliver fish stock

•

Supplier unable to deliver other supplies needed to operate fish farm

[j Buyer unable to collect fish
[j Laborers unable to come to the farm

Financial impact of COVID-19

16. How much would you normally have expected to receive (and actually
received) from sales of fish during COVID-19 outbreak period (January-June)
this year? *
Expected amount (local currency) *

-~]

[~·

Actual amount (local currency) *

[~--~]
17. How much would you normally have expected to spend (and actually
spent) on feed during COVID-19 outbreak period (January-June) this year? *

__

Expected amount (local currency) *

[

Actual amount (local currency) *

l

j

18. How much would you normally have expected to spend (and actually
spent) on stock during COVID-19 outbreak period (January-June) this year?
*
Expected amount (local currency) *

-~]

[~·

Actual amount (local currency) *

[~--~]
19. How much would you normally have expected to spend (and actually
spent) on hired labor during COVID-19 outbreak period (January-June) this
year? *
Expected amount (local currency) *

[

]

Actual amount (local currency) *

[

7

20. How much would you normally have expected to spend (and actually
spent) on all other fish farm related expenses during COVID-19 outbreak
period (January-June) this year? *
Expected amount (local currency) *

-~]

[~·

Actual amount (local currency) *

[~--~]
21. How much money altogether did you expect to profit (and actually profit)
during COVID-19 outbreak period (January-June) this year? (If loss, please
indicate with minus sign) *
Expected amount (local currency) *

[

]

Actual amount (local currency) *

[

7

22. Borrowed money/loans
Have you borrowed money for fish farm-related production in the last 12 months? *

r

Yes

r

No

If yes, how much? (local currency)

23. Have you had any difficulty making repayments? *
()

Yes

r

No

Coping strategies

24. In order to cope with the impacts of COVID-19 outbreak did you do any of
the following? (You may select more than one box) *

•

Borrow money

n

Draw on savings

Ci Sell major asset
Ci Delay harvesting
Ci Delay stocking

•
•

Reduce stocking density

n
n

Harvest early (under-size)

Stop rearing completely after last harvest

Post-harvest processing to add-value

Ci Find new market channels

•
•

Stopped casual/daily labor to reduce expenses
Register with DOF for compensation

25. Do you expect any of the following impacts from COVID-19 in the next six
months? *

•

Reduced consumer demand

n
n

Reduced availability of stock
Oversupply of fish

Ci Lower sale prices for fish

•
•

Higher purchase price for stock
Higher purchase price for feed

Ci Other - Please specify

[~ _ ~ ]

26. What interventions by the government have helped you start to recover
your aquaculture activities? *

•

Easier access to bank loans

n

Lower interest rates on loans

Ci Delay payment for loans
Ci Financial assistance (cash handout) for 3-6 months
Ci Assistance with access to domestic market

•
•

Special permission to transport fish
Information about coping strategies

Other - Please specify
----•~

•

No help received

27. What additional actions would you like to see the government do to
support the recovery of your aquaculture activities? *

•
•

Easier access to bank loans

n

Delay payment for loans

Lower interest rates on loans

Ci Financial assistance (cash handout) for a further 3-6 months
Ci Assistance with access to domestic market

•
•

Special permission to transport fish

•

Other - Please specify

[

Information about coping strategies

]

Ci No helped needed or expected

Contact information

28. What is your contact information?
Phone number *

Other - Please specify

In-depth guide on Innovation Experience
We are doing a research project on innovation in the aquaculture sector in Thailand and neighboring
countries. We would like to interview you to hear the story of your experiences in 1 or 2 key
innovations. By innovation I mean inventing or making something new or applying something for the
first time. It might be a technology or a technical practice or procedure or way of organizing a
business.
1. What is the most important innovation in aquaculture that you were involved in or were able
to closely observe?
1.1. If there is more than 1 that is terrific, but I would like to talk about one at a time
2. How did the initial idea for the innovation come about? Please tell us the full story.
2.1. What were the key initial ideas?
2.2. From where did these come from?
2.3. At what point did you realize the idea might be of practical significance?
3. What were the initial reactions of others to the idea?
3.1. Research colleagues? Farmers?
3.2. Who supported further work? Who did not? Why?
4. Did the idea for the innovation go through any significant reformulations?
4.1. What were they?
5. In developing the idea into something practical what were the key obstacles you faced?
5.1. How were these overcome?
5.2. Who was involved? What did they do?
6. How has the innovation spread?
6.1. Who adopted it first? When? Where?
6.2. Who now uses it?
6.3. How will it be used in the next 5-20 years?
7. What in your view were the key factors driving the adoption of the innovation?
7.1. What role did costs have?
7.2. What do users perceive as main benefits of adoption?
7.3. Were any of the factors a surprise?
8. What have been the key barriers or obstacles to adoption?
8.1. Have these been overcome?
9. Has the innovation led to any other important changes or further innovations?
10. Are there any publications, reports, PowerPoints, videos or interviews about the history of the
innovation that you recommend we examine? Anyone else we should talk to?
11. Are there any other innovations you were involved with and you would be willing to tell us the
story about how they came about?
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ABSTRACT

Successful aquaculture depends on access to sufficient water of
adequate quality, and should not significantly degrade water quality
or damage ecosystems in receiving waters. While water management
technologies have received a lot of attention as potential solutions,
many of the outstanding challenges are collective-action problems
that depend on improving aquaculture governance. In high-income
countries, aquaculture is often subject to multiple regulations that
constrain the development of the sector, whereas in most low- and
middle-income countries, regulations are fewer, less demanding or
not implemented. Many of the promising and innovative governance
initiatives involve a combination of rules, information and incentives,
as well as negotiation among multiple stakeholders.
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Introduction
Aquaculture is becoming an increasingly important source of fish (and protein); looking to
the future there is an expectation that aquaculture will contribute significantly to world food
supplies and food security (Béné et al., 2016; Kobayashi et al., 2015; Troell et al., 2014).
Aquaculture also makes a significant contribution to employment and economies – reasons
why it is a key component of the FAO (2014) ‘blue growth’ framework for development.
Successful finfish and shellfish aquaculture depends greatly on access to sufficient,
good-quality water (Boyd, Li, & Brummett, 2012). At the same time, some of the main public
concerns with aquaculture activities are that they can degrade water quality and adversely
impact aquatic ecosystems (Mazur & Curtis, 2006; Osmundsen & Olsen, 2017).
Poor water quality, whether it is from aquaculture activities or beyond, contributes to fish
stress and risks of fish disease, increased use of chemicals, and ultimately, higher food safety
risks for humans and environmental impacts (Leung & Bates, 2013). Water quality problems
can sometimes be so severe that they result in mass-mortality events, with devastating
impacts on viability of fish farms and significant impacts on farmed fish supplies (Najiah
et al., 2012). La and Cooke (2011) reviewed fish-kill reports from North America and identified
the top three causes of fish deaths as agricultural pollution, biotoxin from algae, and chemical
pollution from industrial sources. Domestic wastewater and agricultural runoff contain high
concentrations of nutrients, particularly nitrogen and phosphorus. Excessive inputs of these
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nutrients into water bodies (eutrophication) promotes algae growth, which can contribute
to fish kills through the depletion of dissolved oxygen due to the algae’s respiration and its
production of harmful biotoxins (Azanza, Fukuyo, Yap, & Takayama, 2005; Moestrup et al.,
2014; San Diego-McGlone, Azanza, Villanoy, & Jacinto, 2008).
The quality and quantity of the waste generated from aquaculture depend mainly on the
characteristics of the culture system, choice of species, feed quality and the management
of the farms (Farmaki et al., 2014; Yokoyama, 2010). Organic matter and nutrients, largely
derived from fish feed, faeces and urine, are among the most important, and may cause algal
blooms in receiving waters (Cao et al., 2007). Impacts of the various chemicals administered
in aquaculture systems are also a cause for concern. Burridge, Weis, Cabello, Pizarro, and
Bostick (2010) reviewed the practices in chemical use in salmon aquaculture and their potential environmental impacts. Chemicals included anaesthetics, antibiotics, antifoulants, disinfectants and parasiticides. Graslund, Holmstrom, and Wahlstrom (2003) made a survey of
chemicals and biological products used in shrimp aquaculture in Thailand and found widespread use of antibiotics, disinfectants and pesticides.
Intake and wastewater management technologies for aquaculture facilities continue to
be improved, including biological methods for removing nitrogen wastes (Chávez-Crooker
& Obreque-Contreras, 2010). In Norway, freshwater farms that produce salmon fry and smolt,
for instance, are becoming more efficient, and are shifting towards recirculating systems in
response to both regulations and disease risks (Sandvold, 2016). Water recirculating systems
can improve water productivity to 500 litres per kg, but use more energy and require large
initial investments (Bostock, Lane, Hough, & Yamamoto, 2016). Often, this is only viable for
hatcheries or very high-value species, but it may become more important for very highdensity production of catfish and tilapia. In Vietnam, water use by intensified Pangasius
farming in the Mekong Delta can be reduced with improved design of pond layout that
makes reuse of discharged wastewater feasible (Anh, Kroeze, Bush, & Mol, 2010b). Integrated
multi-trophic aquaculture could help reduce impacts on water quality through direct capture
of nutrients (Alexander et al., 2016).
While there is an extensive literature on technologies for managing water quality in aquaculture facilities, little systematic attention has been given explicitly to the governance of
water use by aquaculture. Previous reviews of the sector have underlined that water use by
freshwater aquaculture has a history of being largely unplanned (ADB, 2005; World Bank,
2006). The most recent guidelines for responsible fisheries by FAO (2017, p. 1) argue that
‘Good governance of aquaculture is a necessary condition for the sector to fully realize its
potential for growth.’ The FAO (2017) guidelines on responsible fisheries describe good aquaculture governance as being primarily about having ‘good’ administrative, legal and regulatory frameworks, and licensing systems. Non-state participation in decision-making also
needs to be ‘adequate’ and policy and planning supported by collecting statistics and
research. Four principles are suggested as key, building on an earlier report (Hishamunda,
Ridler, & Martone, 2014): accountability; effectiveness and efficiency of governments; equity;
and predictability of the rule of law. Most of the references to water in the guidelines are
about the need to secure access or water rights for aquaculture.
This is primarily a legalistic, rules-on-paper perspective on governance. Moreover, the
guidelines are ‘to be interpreted and applied in their entirety in a manner consistent with
national laws and regulations’ (FAO, 2017, p. 3). Has this approach been effective, and
does it reflect the reality of water use? Some commentators, for instance, conclude that
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Table 1. Scope and critical tensions associated with the four governance steering modes distinguished
in this study to analyze water use by aquaculture.
Steering mode
Regulation

Primary scope
Who can use water to culture

Allocation

Where, when and how much water is used for
culture

Information

How water should be used to culture

Certification

How water is used to culture

Critical tensions
If too lax, culture may have large environmental
impacts; if too strict, livelihood option will be
lost
If too inclusive, management of multiple uses is
complex; if too exclusive, other users will
oppose it
If too prescriptive, low trust; if too deliberative,
insufficient guidance
If too lenient, little improvement in practices; if
too stringent, few will join, and coverage will
be low

aquaculture is likely to be more governable than capture fisheries, as it is often owneroperated (Chuenpagdee & Jentoft, 2009; Chuenpagdee, Kooiman, & Pullin, 2008), while
others emphasize that uncertainties regarding impacts and continuous technical innovation
in the sector make governance of aquaculture a ‘wicked problem’ (Osmundsen, Almklov, &
Tveterås, 2017).
This article reviews and synthesizes the current understanding of the governance of water
use by aquaculture. Aquaculture uses water as a medium for culture and as a means to dilute,
assimilate or transport waste outputs. By ‘governance’ we mean the different ways society
‘steers’ the uses of water by aquaculture. We recognize four modes of steering (Table 1).
Regulations are about access or who can use water to culture, and includes rules related to
registration, licensing and property rights. Allocation refers to where and when culture is
appropriate and how much water (or water surface) should be assigned to culture compared
to other activities, and thus includes zoning for multiple or exclusive use, priority of use,
quotas and pricing. Information refers to the communication of good practices or the
exchange of knowledge, for example, through assessments or deliberative processes.
Certification refers to how culture should be done with respect to voluntary, and in some
cases, mandatory, standards.
All four steering modes may be relevant in a particular case; and, in each mode, details
may be contested by non-state actors. Consequently, there are dynamic tensions associated
with each steering mode (Table 1), consistent with understanding the governance of aquaculture as a wicked problem. With respect to certification, for instance, lenient standards
mean many producers will be eligible to enrol, but environmental improvements will be
small; whereas stringent standards will only be possible for the best-performing firms to
achieve, and thus coverage will be low. Legitimacy, accountability and adaptiveness are
often important to performance. The perceived legitimacy of a certification scheme designed
and run purely by industry, for example, is generally low among other stakeholders; in contrast, if standards are set by a multi-stakeholder body a scheme is more likely to be accepted
(Bernstein, 2011). When auditing is independent, and monitoring is in place, certification is
more transparent and producers can be held accountable (Tallontire, Opondo, Nelson, &
Martin, 2011). Standards that are upgraded as technologies improve and as capacities of
producers grow, or which allow some flexibility to deal with diverse local conditions, indicate
that a certification is adaptive.

4

 L. LEBEL ET AL.

Methods
Searches were made in the Scopus and Web of Science databases for journal articles about
the ways water use by aquaculture has been governed. To capture the idea of governance,
searches included terms like regulations, rules, politics, policies, legal frameworks, licensing,
institutions, administration, participation, co-management, property rights, standards, legislation, certification, and laws. For water use, search terms included ‘water’ plus one of:
pollution, nutrient load, waste, policy, management, demand, supply, contaminants,
eutrophication, discharge, floods, drought, allocation, productivity, treatment, and footprint.
The terms ‘fish farming’, ‘shrimp farming’, ‘pond culture’ and ‘cage culture’ were provided as
alternatives to ‘aquaculture’. Only journal articles published in or after 1995 were included.
The initial searches in different engines yielded 2014 unique documents, which after applying
the initial exclusion criteria was reduced to 1523 potential articles.
Additional exclusion criteria were than applied as follows. Only articles directly related
to water use were included; this meant that articles, for example, on the regulation of antibiotic residues in exported fish flesh, food safety and hygiene related to processing, introduction of invasive alien species, or the conversion of mangroves were not included.
Aquaculture of finfish and shellfish (crustaceans, molluscs) was included, but algae and
plants excluded. Articles primarily concerned with describing water quality or testing specific
technological solutions for water quality management were also excluded. After scanning
titles and abstracts to remove irrelevant documents by applying these latter exclusion criteria, relevant articles were reduced to 161.
Another search, much more restricted, was made for substantive published reports by
intergovernmental agencies, multilateral development organizations and international
non-governmental organizations using Google Advanced Search, and using similar terms
as above. Only 20 of the most relevant documents on aquaculture policy, regulations or
governance were retained for inclusion in the review – the most common source being the
Food and Agriculture Organization of the United Nations (FAO).
The analysis consisted of three main steps. First, classifying each case according to the
mode of steering (Table 1). Second, assessing the effectiveness of actual or proposed governance arrangements by examining evidence and implications for legitimacy, accountability
and adaptiveness. Important sources of legitimacy include consistency with legal and moral
norms, compliance or acceptance, and opportunities for participation (Bernstein, 2011; Renn
& Schweizer, 2009; Scholte, 2011). Accountability mechanisms include transparency of procedures, quality of monitoring, and enforcement instruments (Andersson & Ostrom, 2008;
Christoplos & McGinn, 2016; Ribot, 2014). Important dimensions of adaptiveness include fit
with problem structure, learning and flexibility (Bäckstrand, 2006; Kalfagianni & Pattberg,
2013). Third, specific cases were chosen to illustrate diversity in instruments and outcomes
around generalizations based on a wider set of relevant cases.

Regulation
The next four main sections of the article present the findings of the study, organized around
each of the steering modes (Table 1). In this study, ‘regulations’ refers to rules about who can
use water to culture finfish or shellfish. Governments are the conventional source of formal
rules, but communities also make and enforce informal rules.
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State-led
In principle, a range of regulations could be used by governments to help improve water
use by aquaculture. In this section, we consider legal frameworks, licensing and registration,
and pollution controls introduced by states.
In terms of legal frameworks, aquaculture is usually grouped with fisheries and dealt with
separately from other forms of established agriculture like crops and livestock, where logically
it fits more closely (Chuenpagdee et al., 2008). In most countries a legal framework designates
a ministry or department as being in charge of the aquaculture sector (Hishamunda et al.,
2014). The 2015 Fisheries Act of Thailand, for example, re-affirms the earlier 1947 law, which
positioned the Department of Fisheries (under the Ministry of Agriculture and Cooperatives)
as the primary agency for aquaculture development and regulation (DOF, 2015). In
New Zealand the ministries which have housed fisheries play a similar combination of roles
(McGinnis & Collins, 2013). Legal frameworks change slowly relative to technological innovation in the aquaculture sector.
Registration and licensing are often among the first instruments introduced to regulate
aquaculture. In Norway applicants must have permits for land and water access before they
can get an aquaculture licence (Hishamunda et al., 2014). Section 51 of the 2015 Fisheries
Act of Thailand makes aquaculture in rivers, as public water bodies with capture fisheries,
illegal unless specific exception or permission is granted by the province (DOF, 2015). Before
this, cage culture in rivers had de facto support from the Department of Fisheries and other
relevant bodies, and access went primarily to people who lived near the river banks (Lebel,
Whangchai, Chitmanat, Promya, & Lebel, 2014).
The 1997 Fisheries Act of Ireland put local authorities in charge of permission and discharge licences for land-based aquaculture (Grist, 2002). Applications are made available
for public comment, and decisions are published in local newspapers. Licence conditions
can include limits on feed inputs, stocking rates, control of discharges, and water quality
monitoring requirements. In Norway a permit is required for discharging waste water, but
this is done together with the licence (Hishamunda et al., 2014). In Sweden, acts regulate
farming sites and water discharges, among other things (Ackefors, 2000). An important
feature of successful regulation is transparency of authorities’ decisions to grant or refuse
licences (Grist, 2002). Transparency improves accountability and also the perceived legitimacy of the authorities involved.
Regulations requiring treatment of discharge water from aquaculture facilities are also
widespread. A detailed study of policies in two US states found that the wording of waterrelated regulations tends to be rigid compared to other things like business practices; for
example ‘you must hold water back in ditches before discharging’ (Siddiki, 2014, p. 296). But
regulations on paper do not guarantee changes in practices. The Vietnamese government
introduced a policy that fish farms must have sedimentation ponds, but few complied (Anh,
Bush, Mol, & Kroeze, 2011). Accountability mechanisms, for instance practical enforcement,
were inadequate to ensure implementation.
Regulations to reduce pollution of waterways by other users are common worldwide,
typically undertaken by environmental protection agencies (Floyd, Sullivan, Vertrees, & Cole,
1991), but they are not always enforced. Moreover, as these regulations are general and
comprehensive, they rarely say anything specific with respect to impacts on aquaculture.
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There are some important exceptions from China. The Water Quality Standard for Fisheries
was issued in 1990 to tackle some of the environmental issues associated with aquaculture
in China (Biao & Kaijin, 2007; Xie et al., 2013). The 1997 revision of the Law for Water Pollution
Control assigns responsibility for investigating pollution incidents involving fisheries, and
is supported by additional regulations and procedures issued by the Ministry of Agriculture.
Nevertheless, food safety issues arising from processing, as well as environmental contaminants, remain a serious concern for farmed fish exports (He, 2015).
The two sides of pollution have long been recognized, with leading scholars declaring
that aquaculture ‘should be seen to have both a right to compensation where an adverse
external influence, such as degradation of water is caused by others, and a responsibility
towards the external environment’ (Burbridge, Hendrick, Roth, & Rosenthal, 2001, p. 198).
Increasingly stringent and complex environmental regulations constrain the growth of
aquaculture in Europe (Abate, Nielsen, & Nielsen, 2016) and the US (Engle & Stone, 2013);
much of the recent growth in aquaculture has been in lower- and middle-income countries
where regulation is more modest (Abate, Nielsen, & Nielsen, 2018). One response to perceptions of overly strict regulation is to move aquaculture operations to other countries (Chu
& Tudur, 2014). While over-regulation is a concern, appropriate regulations are often still
needed; otherwise rapid growth and unsustainable practices may lead to large impacts and
collapse or rejection of the industry (Osmundsen et al., 2017). Organized opposition to aquaculture industry can have a significant influence on government regulation (Christiansen,
2013; Osmundsen & Olsen, 2017). A key issue from the perspective of producers is the complexity of governance, procedures that delay permit applications or create uncertainties on
use of sites (Knapp & Rubino, 2016). The proliferation of regulations can create administrative
ambiguities and high transaction costs. Thus, South Australia introduced the 2001
Aquaculture Act to reduce duplication among planning and environmental protection agencies, simplifying administrative procedures (Lauer, López, Sloan, Sloan, & Doroudi, 2015).

Co-management
Communities also are involved in issuing regulations or rules on water use. Co-management
arrangements between local communities with aquaculture producers and state agencies
can effectively regulate water use. Studies in Sri Lanka have documented successful comanagement arrangements, in which a combination of small private shrimp farms with
community-level institutions, supervised and coordinated by government, were effective
(Galappaththi & Berkes, 2014). Local cooperatives were able to design rules for the management of water used by shrimp ponds that were effective in managing water as a common-pool resource (Galappaththi & Berkes, 2015). Thus, farmers negotiated seasonal
production quotas to manage water intake from a shared canal and disposal of used pond
water. A study in the Philippines comparing milkfish culture in two locations found that
problems with water-quality degradation could be addressed more effectively through
co-management arrangements, informed by regular water-quality monitoring by local government units and people’s organization representatives (Sugimoto et al., 2016). Participation,
in these cases, contributes to legitimacy.
But co-management involving aquaculture is not infallible. The evolution of comanagement arrangements in response to shifting water use, in particular the expansion
of aquaculture in Tam Giang Lagoon, Vietnam, has been the subject of several studies. In
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2005, the highest economic value of direct use of the lagoon was from capture fisheries;
agricultural production and sea-grass collection were also higher than aquaculture (Tuan,
Xuan, Nam, & Navrud, 2009). In the assessed year the total net benefit of aquaculture was
negative, which the authors attribute to ‘unplanned and rapid development of aquaculture,
especially when the local people are lacking of knowledge and do not strictly follow technical
instructions in doing aquaculture, leading to diseases and losses’ (p. 109). In other years,
however, profitable shrimp farming led to further expansion, creating serious water quality
issues (Andrachuk & Armitage, 2015). At the same time, fishers changed to nets with a finer
mesh. Changes in land and fisheries laws enabled co-management to emerge, and
common-property systems to return for fisheries, but monitoring suggests that these
progressive governance changes will not halt degradation of the lagoon (Armitage, Marschke,
& Tuyen, 2011). These long-term studies highlight that community-based management initiatives create both winners and losers, and thus what constitutes a desirable socialecological change is contested (Andrachuk & Armitage, 2015).
Chen, Qian, and Zhang (2015) document a project in Jiangsu Province in China, in which
a community consultation group was established and worked with residents to reduce water
pollution from fish farmers by improving feeding efficiency and reducing use of medication.
The demonstrated cost savings provided a strong incentive for fish farmers to use the
improved practices. Similar conclusions for reducing water pollution were reached by Anh,
Kroeze, Bush, and Mol (2010a) for intensive shrimp farming in the Mekong Delta of Vietnam.
Large differences among locations were observed in a study of the impacts of clam aquaculture expansion policies in Vietnam (Ngo, Tran, Azadi, & Lebailly, 2016). Top-down regulations and enforcement disrupted a successful, self-organized sector in one commune,
whereas in two other communes, farmers were given more roles in zoning and choosing of
sites, and there were fewer problems arising from the new policy. The need for better coordination among agencies involved in water management was also noted in another study
of the same commune (Hang & Nga, 2013).
In summary, regulations introduced by states and communities to govern who has access
to water for aquaculture have had mixed success – both have found it difficult to enforce
their regulations. States have emphasized registration and licences, procedures suited to
systematic treatment of large numbers of users; whereas communities focus on monitoring,
which is possible at local scales because monitoring can be done concurrently with other
activities that use water and so is not costly. Enforcement is usually more challenging for
open than for closed water bodies. Analysis of state regulations, in particular, underline the
importance of ending highly environmentally damaging practices, while also not stifling
innovation or discouraging producers from adopting good practices. As a consequence of
ongoing technological innovation, regulations often need to be adjusted over time, though
this does not always occur in a timely way, reducing effectiveness.

Allocation
If regulations govern who may use water for aquaculture, then allocation is about where,
when and how much (Table 1). Governments approach allocation as a technical, planning
problem; but in practice it is often a keenly contested and political process, or driven by
markets. The problem of ‘where’ is addressed through spatial planning or zoning; ‘when’ or
‘how much’ are done through quotas.
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Zoning
In Thailand and Vietnam, the expansion of intensive brackish aquaculture into areas previously dominated by freshwater crops or culture leads to conflicts over management of local
streams and canals (Lebel et al., 2002). Seepage of saline water from aquaculture ponds and
canals has negative impacts on surrounding land uses and is thus a major concern for planners (Flaherty, Vandergeest, & Miller, 1999). To manage conflicts between rice and rice-shrimp
or shrimp systems in Bac Lieu Province in the Mekong Delta, provincial authorities designated
a buffer zone in which rice is grown in the wet season, and shrimp reared in the dry season
(Dung, Hoanh, Le Page, Bousquet, & Gajaseni, 2009). As returns from shrimp were much
higher, farmers responded by extending the period with saline water, in the end making it
impossible to grow rice.
Lack of coastal zone management plans contributes to these conflicts, but even when
plans exist they may not be enforceable. The responses of local governments in Southern
Thailand in 2001–02 to problems arising from the dumping of pond sediments into waterways and saline intrusion varied greatly in effectiveness (Vandergeest, 2007). Some imposed
bans on new farms, fined farmers and ordered ditches to be dug, and thus were able to
reduce salinity intrusion; others did nothing. Power relations were important, as in some
cases shrimp farmers effectively controlled the local government.
Expansion or maintenance of irrigation in coastal areas of Bangladesh may be limited by
competition or conflicts over water management with traditional brackish-water shrimp
aquaculture (Bell, Bryan, Ringler, & Ahmed, 2015). These situations create policy challenges,
which may be solved locally through support for alternative livelihoods, or through investments in complex irrigation infrastructure and zoning that separates water uses in the landscape and maybe also seasonally. In some cases, crop farmers must adapt by switching to
salt-tolerant rice varieties (Bernier, Sultana, Bell, & Ringler, 2016).
Azad, Jensen, and Lin (2009) argue that coastal zoning, including return of illegally farmed
public lands in Bangladesh, is a way to deal with expansion of freshwater and brackish-water
shrimp. They also recommend breaking up large farms into smaller integrated and more
productive systems. Others adopt a more pro-aquaculture perspective on property rights
for aquaculture. Thus, Burbridge et al. (2001, p. 195) argue that ‘to achieve sustainability,
mariculture must be included in strategic development plans for coastal lands and waters.
Mariculture should also be granted rights of access to coastal lands and waters equal to
those rights enjoyed by other forms of human development.’
Coastal zone management in New Zealand has become increasingly important and contested as evidence grows of the impacts of terrestrial inputs, in particular from coastal dairy
production, on marine ecosystems and salmon aquaculture (McGinnis & Collins, 2013).
Degraded water quality also poses an economically significant threat to the globally marketed ‘clean and green’ image of New Zealand exports. The potential impacts of aquaculture
on marine ecosystems are another concern and source of conflict over proposals for expansion. Under the Resource Management Act of 1991, authorities at district and regional levels
manage the coast and marine environments, and can grant consent to physical space needed
for aquaculture, while a permit for aquaculture is also required under the Fisheries Act of
1996 and is issued by the ministry responsible for fisheries. National policy is to expand
aquaculture, putting the Fisheries Ministry in the problematic position of being ‘both a regulator and a promoter of the industry’ (McGinnis & Collins, 2013).
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Spatial planning for aquaculture is becoming increasingly important in marine environments, as activities and users multiply. One proposed approach is to create areas in which
aquaculture is the primary water user (Sanchez-Jerez et al., 2016). In the Gulf of Mexico, for
example, aquaculture parks in the marine environment have been proposed as one way for
industry to develop under close monitoring and regulation (Maxwell, Supan, Schiavinato,
Showalter, & Treece, 2008). A 1000 ha aquaculture park is being established in Malaysia, but
early model-based assessment indicates the need to ban discharge of untreated water, as
well as subsidies to encourage water recycling (Safiih et al., 2016).
In Singapore, limited land resources pushed fish farms into coastal marine waters. The
Agri-Food and Veterinary Authority, together with the Ministry of Environment and Water,
helped identify suitable sites (Lim, 2016). Pollution from land-based sources, as well as shipping, remain constant threats. Offshore production has been proposed as a way to reduce
coastal conflicts, but raises other technical and governance issues (Chou & Lee, 1997;
Fairbanks, 2016).
In Scotland, state intervention in the regulation of marine aquaculture arose out of the
perceived failure of industry and markets to self-regulate (Peel & Lloyd, 2008). The initial
approach was to take participatory models of land-use planning under the 2006 Planning
Act and extend them 12 miles out into the seascape, effectively transplanting terrestrial
system administration to finfish and shellfish in the marine environment (Peel & Gregory
Lloyd, 2014). The ambition of participatory good governance turned out to be ‘time intensive,
painstaking in authorship, and vulnerable to the changing external dynamics and internal
relations’ (Peel & Lloyd, 2008, p. 371). This raises questions about the costs (and benefits) of
introducing regulatory controls that are sufficiently flexible to deal with changing environmental conditions and technological advances in the sector (Peel & Gregory Lloyd, 2014).

Quotas
The 2009 Water Law in Peru lists aquaculture as Priority Group 2 as part of productive use,
ranked after agriculture but ahead of energy, mining and industry (Roa-García, 2014). In
Taiwan crop irrigation use is prioritized over aquaculture (Yen & Chen, 2001). In Florida, State
Water Management Districts issue well permits to aquaculture farms that include water
allocations. The decentralization of aquaculture policy in the US compared to the European
Union may be beneficial given the importance of species- and culture-system differences,
as well as water resources, which vary geographically (Siddiki, 2014)
The unplanned expansion of ponds for Pangasius production in Vietnam occurred despite
the land-use plans of provincial governments, raising concerns about waste accumulation,
problems for water exchange and nutrient loading (Bush, Khiem, & Sinh, 2009). In 2006, the
central government of Vietnam tried to set production targets to control the expansion of
Pangasius production, but these were exceeded because of high demand, and the targets
were then just reset.
Several studies have used models to explore alternative policies. Thus, Wang, Zhao, Wei,
and Shi (2017) modelled alternative policy scenarios aimed at reducing aquaculture areas
in the Danjiangkou Reservoir in China, as it has become an important source for drinking
water supply for Beijing. Their study suggested that the best option for reducing waste and
nutrient loads without overly burdening livelihoods was to allow 2% occupancy rates in half
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of the existing cages. This would also provide time for developing alternative aquaculture
and other livelihood options.
Groundwater can be a significant water resource for aquaculture for farmers faced with
insufficient or low-quality surface water. To address problems with ground subsidence arising
from over-extraction in south-west Taiwan, Liao and Chen (2008) proposed that subsidies
be provided to fish farmers to stop production, and thus reduce the pressure on groundwater
resources. This approach was suggested because direct regulations banning groundwater
use just led to more illegal pumping, and attempts to introduce water fees were opposed
by farmers. An analysis of intentions to exit fish farming suggested that it is best to target
less efficient farms where subsidence problems are greatest (Chang, Boisvert, & Hung, 2010).
In Denmark, an analysis of the effects of replacing regulations to allow feed inputs with
transferable quotas suggests that the incentive-based system could increase aquaculture
production 16–55% and profits much more, while not increasing overall nitrogen pollution
levels (Nielsen, 2012). Modelling studies of the shrimp aquaculture sector in Thailand suggest
that a mixture of economic instruments and regulated performance standards could address
implementation problems (Bluffstone, Anantanasuwong, & Ruzicka, 2006). In other words,
penalties and fees are used in conjunction with regulations, for example, on maximum effluent concentrations. Before such instruments could work in developing-country contexts,
permit and monitoring systems must first be strengthened.
In summary, allocation of space through land-use planning has been a prominent practice
and a recommendation where it is lacking. Although governments have hoped these would
be primarily technical exercises, they often become much more political processes which
depend on stakeholder engagement to maintain legitimacy. Implementation is also an issue,
as local authorities may lack capacity or not be held accountable for the outcomes of the
land and water uses they allow. An alternative has been to use incentive-based instruments
to encourage good practices. Proponents of aquaculture development generally would like
to see clearer and ‘fairer’ allocation of rights to access and use of both land and water. The
nature of the allocation challenge varies substantially with ecological settings, for instance
with differences in connectivity of water flows in inland, coastal and marine settings.

Information
Unlike regulation and allocation, information-based steering is less concerned with rules
and more with communication or improving access to knowledge and innovations.
Approaches to communication may be prescriptive and technical, or more deliberative and
integrated. The former is important for sharing information about technological innovations
or best practices, whereas the latter is more important in situations where knowledge claims
are contested.

Communication and technological innovation
Where useful technologies already exist and are available, they may still not be adopted for
a variety of reasons, including constraints on access to information or obstacles arising from
existing laws and regulations (Lebel, Garden, Luers, Manuel-Navarrete, & Giap, 2016). Policy
support for research and development with promising technologies that improve water
productivity or minimize wastewater discharge can help address and deal with negative
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impacts of production on water resources. One example is water-purification technologies
(Ye, Zhu, & Li, 2014). In Norway, most hatcheries and nurseries that produce fry or smolt
already use semi-closed systems, while all new ones must use recirculation aquaculture
systems, drastically reducing water demand and pollution (Sandvold, 2016).
Technology transfer is important in the aquaculture sector, and can be enhanced at the
international level through policies which support international cooperation (FAO, 2014).
Government technical support for aquaculture varies widely among countries (Ponte, Kelling,
Jespersen, & Kruijssen, 2014). In Thailand, the Department of Fisheries provides substantial
technical support. In the US and many other countries, extension agents support better
practices in freshwater and marine aquaculture (Knapp & Rubino, 2016).
In Kedah, Malaysia, farmers with freshwater ponds were much less likely to adopt good
aquaculture practices than those with brackish culture ponds, creating risks for environment
and food safety (Kamaruddin & Baharuddin, 2015). The authors attribute the problem to lack
of access to information, and recommend training centres and courses to raise awareness
of good practices. Demonstration and learning-by-doing approaches may be more effective
than conventional dissemination approaches. Participation in aquaculture field schools in
Odisha, India, for instance, resulted in higher fish production, investment and household
expenditure (De Kumar et al., 2016).
Many traditional aquaculture systems involve polyculture, or growing fish alongside crops
like rice in paddy fields, and thus create opportunities to capture and reuse waste nutrients.
To expand, they need policy support, for instance to help with integrated pest management
and training (Bosma, Nhan, Udo, & Kaymak, 2012). In Europe, academics and regulators have
promoted the integrated multi-trophic aquaculture (IMTA) concept, but there has been little
uptake, as the incentives for farmers and companies to convert their conventional finfish
production to IMTA are insufficient (Hughes & Black, 2016). In Asia, IMTA seems more favourable because shellfish and seaweed products tend to have higher value in the culture systems
in this region, and the benefits for the water column are clear and where concern lies, whereas
in Europe more concern is shown for benthic impacts.

Knowledge-sharing
The prevalence of ‘technologically sophisticated’ small-scale aquaculture facilities created
problems for natural resource management agencies in Canada, which had a history of
working in other sectors dominated by a few large companies (Howlett & Rayner, 2004). This
situation demanded policy innovation that went beyond regulations based on negotiations
with industry advisory committees, and the command-and-control style fisheries and navigation legislation. Howlett and Rayner (2004) suggest, for example, more attention to networking of scientists and other stakeholders through commissions and inquiries to support
knowledge-sharing. These insights are still highly relevant more than a decade later.
Analysis of conflicts around clam production in Puget Sound, Washington, US, suggests
that a combination of innovative approaches is needed beyond regulation, including adoption of best management practices, inputs of science, joint fact-finding and supporting
better communication among stakeholders (Ryan et al. (2017). More broadly, experiences
in the US (Knapp & Rubino, 2016), Norway (Osmundsen & Olsen, 2017), Australia (Mazur &
Curtis, 2006) and Canada (Pigeon & Létourneau, 2014) suggest that when aquaculture
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debates become highly polarized, knowledge-sharing among stakeholders becomes both
more important and more difficult.
Land and water policies to control saline intrusion so rice could grow had adverse effects
on fishers and aquaculture-based livelihoods in the Ca Mau Peninsula of the Mekong River
Delta (Hoanh et al., 2003). The major engineering works did not fit with other policies to
promote brackish-water aquaculture in the region, which was also supported by popular
pressure. In response, the government sought land and water policy that would balance
rice and aquaculture policy. Rapid rural appraisal revealed the impacts of the two policies
on livelihoods. Dialogue with local governments, informed by analysis of hydraulic and salinity modelling, helped support the policy change.
In summary, authorities have tried to steer aquaculture water use through dissemination
of information on good water management practices. These prescriptive approaches have
not worked as well as more active demonstration in the field or joint solution-finding
approaches. These latter approaches improve the credibility and legitimacy of measures. In
locations where aquaculture development is controversial, improving communication is
critical, and would often benefit from more deliberative forms of governance.

Certification
Certification with respect to standards offers recognition to producers who follow recommended practices on how water should be used to culture finfish or shellfish. In this analysis
we focus on voluntary schemes, treating mandatory standards as part of regulation, while
acknowledging that each may influence the other, and in practice there is a grey area
between them. Two key issues in certification, as market-based instruments, are incentives
and the capacity to participate.

Incentives
Transnational standards and certification schemes were introduced into the aquaculture
industry as a quality assurance system for buyers and retailers. The Global Aquaculture
Alliance established in 1997 developed the Best Aquaculture Practices certification scheme
for the full value chain. In 2009 aquaculture was included in GLOBALG.A.P. (2011), an initiative
of European retailers that started in 1997 to set voluntary standards and certify Good
Agricultural Practice. From this perspective, certification is a communication tool for declaring product quality features to consumers through associated labels. From the producer’s
perspective, standards and certification can be a useful tool for improving their farm management systems to be more sustainable, and to gain access to particular market channels,
and more rarely, price premiums (SC-RESOLVE, 2012).
Transnational voluntary standards and certification cover water quality issues, including
water use and disposal. Voluntary standards often face difficulty with uptake or compliance,
especially in the absence of clear incentives to participate. Best management practices and
GAP standards introduced in 2006 in the Mekong Delta to screen and treat water intake
were not complied with, because of increased costs and lack of guaranteed price premiums
for meeting standards (Ha & Bush, 2010). In 2008, the government made water quality and
other standards compulsory, but compliance issues remained. Compliance with government
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regulations to control effluents from shrimp and Pangasius aquaculture in Vietnam has been
low (Anh et al., 2011).
GLOBALG.A.P. certification standards relevant for Pangasius have criteria for effluent management, but when trials began in 2009 it was clear that compliance would be difficult for
small farms (Bush et al., 2009). The Cooperative Law, which has been amended frequently,
is intended to help small producers comply with international standards. Studies show that
improving coordination among shrimp producers in clusters can improve management
capacities to meet standards, but also requires coordination and support from other actors
in the value chain (Ha, Bush, & van Dijk, 2013).
Thailand’s Department of Fisheries has been promoting and refining its own Good
Aquaculture Practice (ThaiGAP) and Code of Conduct (CoC) schemes for almost two decades
(Tookwinas, Boonyarapalin, Choongam, & Poongern, 1999; Yamprayoon & Sukhumparnich,
2010). The CoC emphasizes environmental management systems to reduce the use of water,
treat wastewater before discharging into natural waters, eliminate discharge into freshwater
areas that will affect agricultural activities, and dispose of pond sludge properly. A survey in
2002 showed CoC farms were more likely to allocate land for water treatment, but compliance
was still low, especially among smaller farms (Pongthanapanich & Roth, 2006). ThaiGAP and
CoC also have criteria related to siting of farms in places with access to water of sufficient
quality, so as not to pose risk to the health of shrimp or their consumers. CoC also requires
efforts to reduce water exchange. The two programs are the basis for the Thai Quality shrimp
label.

Capacities
Developing standards that are widely accepted takes time. The Aquaculture Stewardship
Council (ASC) farmed-salmon standard took eight years to develop, as it involved multiple
stakeholders and public consultations. The World Wildlife Fund (WWF) has also been active
in convening dialogues to establish widely accepted international standards for shrimp
aquaculture that could be the basis for independent third-party certification (WWF, 2010).
In 2009, WWF and the Dutch Sustainable Trade Initiative set up the ASC, underlining the
value of state support for securing further private-sector engagement (van der Ven, 2016).
The WWF dialogue approach to aquaculture farm indicators is another good example that
promises to go beyond black-and-white criteria to a more graded system, which could
encourage progressive improvements (Belton, Little, & Grady, 2009). Transnational NGOs
enhance the legitimacy of the schemes they help develop by working through deliberative
multi-stakeholder bodies and attention to procedures (van der Ven, 2016)
Kalfagianni and Pattberg (2013) however, argue that the transnational standard and certification organizations have limitations, which reduce their overall influence on reducing
environmental impacts. They note that more stringent and inclusive standards, like those
of the ASC for shrimp, limit uptake, especially by small-scale farms. National standards may
be more accessible to small-scale farms, but tend to only be accepted in domestic
markets.
Hybrid forms of certification that are accepted in global markets, but build on local or
national standards and contexts, may be the way forward for aquaculture certification (Bush
et al., 2013). An exploratory project in Bangladesh, for instance, co-produced sustainability
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standards for farmed shrimp by engaging actors along the value chain in workshops (Bremer,
Haque, Haugen, & Kaiser, 2016).
Other measures related to trade apart from certification – like tariffs, subsidies and
non-tariff barriers – have also been considered as policy instruments to reduce environmental
impacts of aquaculture production. The problem with such interventions is that they may
be difficult to distinguish from protectionism and restrict opportunities to benefit from
aquaculture in developing countries (Asche, Roheim, & Smith, 2016). Negotiating practices
that are locally appropriate in many diverse contexts, as well as more widely accepted by
importers, is a recurring challenge.
In summary, standards and certification schemes need to establish credibility with buyers,
which is easier to do if the system as a whole is seen as legitimate and not serving just a
particular interest, i.e., the buyers or the producers. An inherent problem with the approach
is that more stringent standards tend to place small producers at a disadvantage. Another
is that most who adopt standards do so because their practices are already good and they
do not have to change much, whereas those with more problematic practices don’t join.
Despite the challenges, hybrid schemes with accountability to multiple stakeholders and
support for small producers hold substantial promise in improving water management.

Discussion
Improving water governance is crucial to the future of aquaculture, given trends of increasing
demand for water from many sectors, the challenges posed by climate change, and the
expected increased contribution of aquaculture to global food security (Gephart et al., 2017;
Henriksson et al., 2017; Lebel, Lebel, Chitmanat, Uppanunchai, & Apirumanekul, 2018). Over
the last two decades, governments, businesses and communities have regulated, allocated,
informed and certified aquaculture water use. This review shows evidence of innovative
policy ‘experiments’ underway, many in Asia, where aquaculture is a critical source of food,
employment and income. This review also shows, however, that many of these efforts have
failed, for two broad reasons. First, they did not garner enough support to be properly
implemented, because they lacked legitimacy or resources for enforcement and accountability. Second, they struggled to keep up with and adapt to the shifting technologies and
critiques of the aquaculture sector.
Regulations that control who may use water for aquaculture should not be so complex
or cumbersome that the transaction costs exceed the benefits of managing water use. Nor
should regulation be so strict that needed aquaculture development becomes impossible
(Abate et al., 2016). Perceived crises in the aquaculture sector, it should be noted, often
appear to act as triggers for regulation or reforms (Barton & Fløysand, 2010). They also stimulate technical innovation (Lebel, Mungkung, Gheewala, & Lebel, 2010). Where regulations
have been stacked upon each other, negotiating a new legal framework to better demarcate
responsibilities and streamline administrative procedures should be considered. Where
aquaculture falls into an institutional hole, this should be closed. Decentralization is one way
to provide the flexibility needed to deal with geographical variation in culture systems and
environmental conditions.
Allocation policies that set where and how much aquaculture may be done should be
informed by understanding of the social-ecological system in which rearing takes place. The
availability of land, freshwater and coastal marine areas suitable for aquaculture is a key
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constraint (Brugère, Ridler, Haylor, Macfadyen, & Hishamunda, 2010). Zoning policies have
been tried, with mixed success, one of the common constraints being a lack of adequate
scientific knowledge to specify carrying capacities or fallow periods. Promotion of aquaculture in particular locations where it has no history and without consultation with water users
often leads to opposition to further development (Burbridge et al., 2001). Gaining community
acceptance of sustainable aquaculture, or the social licence to operate, needs to be pursued
in parallel with regulations to reduce water pollution. Given the incompleteness of experienced-based and scientific knowledge, and uncertainty in key drivers, it is important that
institutional arrangements are sufficiently flexible to be adjusted as conditions change.
Adaptive co-management has these features (Armitage et al., 2009).
How information is communicated regarding the benefits and impacts of aquaculture
makes a difference to practices, as well as social acceptance. In situations in which best
management practices and appropriate technologies are known, and the main issue is access
to information, policies that support extension work and other forms of information dissemination are important. In more conflictual situations, joint fact-finding and other deliberative
approaches will be needed to navigate through contested knowledge claims (Ryan et al.,
2017). Science and technology policies that foster technological improvements in aquaculture water productivity or reduce water pollution, or which lead to adoption of better practices more widely, can reduce the need for punitive measures. Policies which facilitate
public–private partnerships and technology transfer between countries have substantial
potential to contribute to better aquaculture water use.
Certification schemes that reward aquaculture which meets standards need to strike a
balance, being attractive to as many producers as possible, while at the same time driving
net improvements in water management practices. National schemes can lack accountability,
as they are not third-party-certified, and as a result, not trusted by international buyers.
Transnational schemes lack effectiveness, as their requirements are too high for many producers and do not adequately reflect local situations (Vandergeest & Unno, 2012). Hybrid
governance arrangements that combine the trade benefits of transnational standards with
nationally relevant criteria and procedures of national schemes would help expand coverage
in lower- and middle-income producing countries, with benefits for water resources.
The four modes of steering interact in influencing water-use practices in aquaculture.
Interest in voluntary certification, for example, is partly driven by the perceived failure of
command-and-control approaches to regulation to influence practices on the ground or
the threat of mandatory standards. The sharing of information about innovative technologies
may create demand for adapting regulations to new opportunities or risks.
While innovative governance approaches to regulation, allocation, communication and
certification are being explored or have been proposed, they are not certain to succeed. Five
contextual factors which are frequently relevant are the openness of the water body, the
size of aquaculture operations, the relative value of the products, perceptions of trade-offs,
and co-productive capacities.
The degree of openness of the water bodies in which it takes place influences how clearly
the boundaries of shared water resources can be drawn, and whether other users need to
be taken into account (Andersson & Ostrom, 2008; Bayazid, 2016). At one extreme are independent ponds and tanks on private land with effectively their own water sources; here
self-governance is sufficient. At the other end are cases with impacts from distant sources
and multiple water users in the watershed; here co-management arrangements that are
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multilevel are likely to be useful (Armitage et al., 2009). In between are situations where a
well-defined group of aquaculture water users must share a common water body; here
common-property arrangements typically suffice.
The typical size of aquaculture operations matters in several ways. In pond culture, if most
facilities are small and owner-operated, then farms may not have sufficient land to allocate
areas for water storage and treatment to meet standards; they may also lack the capital to
invest in innovative and effective (but expensive) water treatment technologies. At the same
time, when the sector includes very large-scale, commercially successful firms, it can be
difficult politically for government authorities to introduce or implement regulations. In
these latter cases negotiation with industry may be necessary over phasing-in of new standards, discharge licences and zoning.
The value of cultured species also appears to be a significant factor, as high-value products
in lower-income countries are usually destined for export. Standards and certification
schemes are much more familiar and well-suited to high-value export situations than when
most production is for domestic markets; in the former, consumers may be willing to pay a
premium, whereas in the latter, cheaper is better. High-value culture species also tend to
mean that investments in innovative technologies are more worthwhile, and so research
and development in the private sector tends to gravitate upwards. In contrast, stimulating
innovation for lower-value products of high significance to food security will often require
public investment.
Perceptions of the trade-offs between producing food and providing employment, versus
acceptable environmental impacts on aquatic ecosystems and water resources, are fundamental to how aquaculture develops (Christiansen, 2013; Tiller & Richards, 2015). The extent
to which this leads to conflict and polarization is likely to be a function of the perceived
legitimacy and accountability of the bodies governing the sector. Knowledge-sharing in
multi-stakeholder processes seems to be key, but in polarized settings may need to be
preceded by trust-building and conflict-resolution interventions. The flip side of the trade-off
problem is deciding how much regulation is enough: where environmental concerns are
high, precautionary approaches are favoured, whereas if they are low, the emphasis is more
on reducing the transaction costs of regulation (Abate et al., 2018).
The co-productive capacities to design and implement effective regulations, zones and
standards are typically much lower in low-to-middle-income than in high-income countries
(van Kerkhoff & Lebel, 2015). Conventional regulatory approaches to controlling effluents
and maintaining water quality in the water bodies surrounding those which aquaculture
depends upon often fail in these latter situations because of limited monitoring, compliance
and enforcement. Pressures from conservation or environmental interests are also typically
much lower. In the context of weaker state institutions, community-based approaches to
regulation and allocation have room to play significant roles. Whether they do so or not
depends on whether the state is benign or exploitative; and whether or not they are successful is a more complex question, as many factors make a difference (Ostrom, 2009).

Conclusions
Improving the governance of water use by aquaculture is an important part of pursuing
‘blue growth’. The most recent FAO (2017) guidelines on responsible fisheries describe good
aquaculture governance as being about frameworks, consulting citizens, and being informed
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by research and statistics. This review shows that there is more to governance than governments getting the right frameworks in place, as lack of perceived legitimacy or capacity to
hold actors accountable often prevents effective implementation of regulations and allocation rules. Voluntary actions depending on access to information and technology, or achieving certification against particular standards, are clearly also important in the aquaculture
sector, and are affected by both government policies and the actions of non-state actors.
Technological innovation has been critical to the growth of aquaculture and needs to be
matched by comparable institutional innovations if further expansion is to be sustainable.
This review also shows evidence of numerous innovative policy ‘experiments’ underway
around the world, but particularly in Asia, where aquaculture is a critical source of food,
employment and income. These include examples of co-management by state agencies
with local resource users, adoption of information-communication technologies, and creation of alternative certification schemes. Most such pilots and experiments have been at
best partial successes. Several lessons from this experience can be drawn. First, care should
be taken by governments not to make the regulatory framework so complicated or fragmented that it unintentionally blocks investment in worthwhile aquaculture development.
Second, aquaculture needs to be formally recognized as a stakeholder in water, coastal zone
and marine management, and not just get included after perceived crises. Third, the governance of aquaculture water use will be more likely to improve when responsible authorities
are seen as legitimate, and farms and firms as accountable, and monitoring or review reveals
when measures require adaptive modification. Adaptive governance will become increasingly important as the impacts of climate change on aquaculture and capture fisheries
become more apparent and intersect with already significant challenges in managing water
resources.
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Innovation, practice and adaptation to climate in the aquaculture
sector
The importance of innovation for effective responses to climate change is widely
asserted, but exactly how and whom innovation helps adapt has received little
systematic attention. In this synthetic review, using a practice-oriented
framework, we show that innovations which contribute to adaptation in the
aquaculture sector include changes to the material, procedural and informational
dimensions of practice. The material dimension is dominated by concerns with

Fo

cost and competitiveness, whereas for the procedural dimension issues of skills
and compliance arise, and for the informational dimension, key issues are trust,
reliability, and persuasiveness. A secondary classification into ten types of

rP

practices identified additional associations with adaptation mechanisms, for
instance, technical practices are followed and adjusted to reduce and manage

ee

risks, while many infrastructural and technological practices aim to control
rearing environments. Innovation has been driven more by concerns with

rR

increasing productivity, disease control, and food safety than extreme weather
events and climate change. Nevertheless, many new practices have significant

ev

implications for adaptation. This study also shows that innovation and adaptation
are timebound and face social limits, and these are better understood when

iew

different dimensions and types of practice, sources of innovation, and
mechanisms of adaptation are distinguished.
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The importance of technological innovation for effective responses to climate change
impacts is widely asserted. Chapter 20 of the IPCC Fifth Assessment Report, for
instance, concludes that “climate resilience will in most cases depend on innovation,
developing new ideas and options or adapting robust familiar ideas and options to meet
emerging new needs and to respond to surprises” (Denton et al 2014:1120). Most
studies of agriculture, livestock, and fisheries see adaptation as dependent upon the
development and diffusion of new technologies and practices (Adenle et al 2015,
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Lybbert & Sumner 2012, Notenbaert et al 2017). A few draw attention to the need for
institutional and social innovation (Chhetri et al 2012a, Rodima-Taylor et al 2012), and
attention to social practices (Amin et al 2019, Nguyen et al 2019), as these influence
exactly how and whom innovation helps adapt. Women, for instance, often have greater
difficulties than men in gaining access to information and technical support to innovate
and adapt (Cinner et al 2018, Jost et al 2016), as a consequence of “limits to education,
physical mobility and agency” (Cohen et al 2016). Smallholders typically face greater

Fo

difficulties than large-scale agribusiness (van Zonneveld et al 2020, Vermeulen et al

rP

2012), because they lack the capital to adopt key adaptation measures (Barbier et al
2009, Biggs et al 2013, Nzeadibe et al 2012), or lack agency in innovation systems that

ee

would ensure their needs are pursued (Eidt et al 2020). Studies in South Asia suggest

rR

informal and local innovation has high value for adaptation in communities “overlooked
by government and donor agencies” (Bhatta et al 2017), while transitions to ‘climate-

ev

smart’ regenerative agriculture in Australia are shown to involve changes in values,

iew

ethics and emotional commitment as much as technical practices (Gosnell et al 2019).
These examples strongly suggest that, in both lower and higher income settings, it is
important to go beyond transfer-of-technology, or pipeline, approaches to innovation
(Butler et al 2020).
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In this synthetic review, we explore how, and under what conditions, innovation
of different types contributes to adaptation in the aquaculture sector. Over the last few
decades global production has expanded rapidly from a low baseline (Edwards et al
2019), with the support of technological change (Bostock 2011), to become an
important part of food systems around the world (Béné et al 2016, FAO 2018, Troell et
al 2014). Aquaculture is sensitive to climate changes, with examples of both adverse
impacts and potential opportunities at the national level (Bell et al 2013, Dey et al 2016,
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Handisyde et al 2017). At national, community and household levels aquaculture
contributes to the diversity of food systems and livelihood portfolios, and thus
potentially to climate resilience (Ahmed et al 2019, Galappaththi et al , Rosegrant et al
2016). Most adaptation so far however, appears to been reactive as opposed to
proactive, often in the form of coping measures (Reid et al 2019a) or risk management
practices (Lebel et al 2018); longer-term, anticipatory and strategic responses are still
urgently needed (Diana et al 2013). Thus, innovation is seen as one of the ‘enabling

Fo

factors’ for adaptation in the aquaculture sector (Soto et al 2018).

rP

Innovation in aquaculture has been investigated through a variety of theoretical
lenses that Joffre et al (2017) grouped as technology-driven, systemic and business-

ee

managerial approaches, with the first by far the most common. Technology-driven

rR

approaches yield insights into technical performance, as well as reasons for nonadoption (Kumar et al 2018), but make simple assumptions about who discovers

ev

(scientist, engineers) and what gets transferred (objects, protocols). Systemic

iew

approaches help explain which aquaculture systems dominate and the conditions needed
for transformation (Lebel et al 2010), but have limited capacity to explain why certain
innovations may not be adopted because of poor fit with everyday routines (Hargreaves

On

et al 2013). Business management approaches help understand farms as firms in value
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chains (Cordón Lagares et al 2018, Zainol et al 2016), emphasizing the importance of
innovation for a firm’s competitiveness, but are less adept at capturing change in
purpose, for instance, towards sustainability. Joffre, et al. (2017) also encourage
exploration of hybrid approaches to benefit from complementarities, advice which we
follow here with a practice-oriented approach.

2. Practice-oriented framework
Practices, or things people normally do, are the result of interactions between habits,
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agency and conditions (Hargreaves et al 2013, Shove 2010). A focus on practice helps
bring forward social relations, power and culture – processes typically thought of as
‘context’ or ‘conditions’. In this study, practices, as the main unit of analysis, are treated
as having three dimensions: material, procedural, and informational. Thus, how
aquaculture farmers make fish (a bundle of practices) depends on the equipment and
infrastructure they have at hand (material), the skills which they perform feeding and
other care-giving routines (procedural), and how they understand, monitor and articulate

Fo

their role in making food for others to consume (informational). Practices fit neatly and

rP

explicitly between the processes of innovation and adaptation (Figure 1). Innovation is a
process in which significant and novel uses of ideas are generated, diffused and adopted

ee

(Anadon et al 2016). Practices may change in one or multiple dimensions in response to

rR

adoption of an innovation. A change of practice may be incremental, with addition or
substitution of specific elements, or it may trigger a more radical transformation of

ev

multiple elements (Abernathy & Clark 1985). Fish, in other words, can be made

iew

differently, for example, following a protocol for organic certification instead of
intensive culture. Adaptive practices are those which contribute significantly to
adaptation – a process of adjustment to reduce adverse climate impacts and risks or take

On

advantage of new opportunities. Innovation may in some cases be induced by climate,
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but there are also many other conditions which drive, trigger or impede innovation
(Figure 1).
Based on the issues raised above and the conceptual framework, four simple
questions guided this review: (1) What types of practices have been studied? (2) How
does innovation influence practices? (3) How do practices contribute to adaptation? (4)
How do conditions influence innovation and practice?
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3. Materials and Methods
3.1 Search strategy
Our primary strategy was to find documents describing practices that are potentially
relevant to adaptation to climate, and then conduct follow-up search for documents
which talk about the origins, spread or adoption of specific innovations. Searches were
made for relevant journal articles using the SCOPUS database. Key search terms for

Fo

adaptation searches were: (aquacultur* OR “fish farm” OR “shrimp farm” OR “fish
pond” OR “shrimp pond” OR “fish cage”) AND (climate OR weather OR flood* OR

rP

drought OR storm OR sea-level OR heat-wave OR warm* OR acidification OR saline-

ee

intrusion OR adapt* OR “risk management” OR “risk reduction”). Key search terms for
innovation searches were: (innov* OR invent* OR novel OR discovery OR diffus* OR

rR

adopt* ).

ev

Only a handful of individual publications traced individual innovations from drivers

iew

through to discovery to adoption. Most publications provided evidence about only one
or two links in the framework (Figure 1). Where possible, we therefore combined
sources to get a better understanding of the history of a practice and its relevance to
adaptation.
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3.2 Inclusion and exclusion criteria and scope
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Articles about aquaculture of plants or algae were excluded except when part of a multitrophic system emphasizing animal production. To be included, an established practice
or a potential innovation must plausibly contribute to adaptation to climate by one of
four mechanisms (see Table 1). The first three mechanisms listed are narrowly focused
on the biophysical and production aspects of the rearing system, while the fourth is
broader and includes the social and business management aspects of an aquaculture
URL: http://mc.manuscriptcentral.com/brfs Email: sandra.shumway@uconn.edu
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facility.
The notion of ‘adaptation to climate’ in this paper, includes planned and
autonomous adaptation to recent climate, as well as future climate, whether it is stable,
variable or changing. Improving skills to manage climate-related risks under current
climate is assumed to be a form of adaptation. Climate-related risks and impacts
included in this study were: floods, droughts, heat waves, cold spells, prolonged
cloudiness, extreme temperatures, rapid changes in temperature, intense rainfall events,

Fo

storm surges, high wind storms, sea-level rise, saline intrusion, ocean acidification, as

rP

well as long-term trends in temperature, rainfall, and seasonality (Reid et al 2019b, Soto
et al 2018).

rR

4. Practices

ee

Practices, as things people (who farm fish) normally do, were first classified to material,

ev

procedural or informational dimensions, and then further broken down to yield ten types

iew

altogether (Table 2). The types emerged as part of the initial review and coding process.
The main body of the review follows this classification of practices (Table 2). For each
practice we first define the category, then give some examples of practices highlighting
insights into the other three questions posed above.
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5. Material dimensions of practices
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Material practices are physical things which aquaculture farmers use to contain, breed,
feed and grow finfish (or shellfish). Four types were distinguished (Table 2).

5.1 Technological
Technological practices refer to the use of manufactured devices and substances (Table
2). Three key areas of innovation are aeration, filtration and pellet feeds. The practice
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of using aerators and mechanical mixers in intensive culture systems is important to
reducing the risks of exposing fish to low dissolved oxygen (DO) levels which stress,
suppress growth and kill fish (Boyd et al 2017, Lebel et al 2016b). The risk of a low DO
episode is affected by stocking, feeding, sediment and water management practices, and
multiple weather variables. Rainfall and strong winds, for instance, aerate surface
waters and promote circulation that breaks down thermal stratification in ponds (Oberle
et al 2019, Sriyasak et al 2015). The still popular paddle-wheel aeration systems used in

Fo

shrimp ponds in Asia were borrowed and modified from earlier uses in wastewater

rP

treatment (Boyd 1998). Many types of aeration are now available for use in aquaculture.
Aerators have become more energy efficient, with options for energy source expanding

ee

to wind and solar in appropriate locations (Eltawil & ElSbaay 2016, Oberle et al 2019).

rR

The value of adopting aeration increases with intensification, for example, of feeding
rates of channel catfish (Torrans 2005) and stocking densities of shrimp (Galappaththi
& Berkes 2015).

iew

ev

Water filtration and wastewater treatment are key areas of technological
innovation, exemplified by a variety of recirculating aquaculture systems (RAS), now in
use (Klinger & Naylor 2012, Luo et al 2014). RAS technology for land-based juvenile

On

salmon hatcheries in Norway was introduced in 2006 and by 2012 about 13% had

ly

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Page 8 of 40

adopted the system (Sandvold & Tveterås 2014). In Thailand, outdoor RAS for shrimp
is based on maintaining water treatment ponds with mechanical and biological filters
(Fast & Menasveta 2000). These innovations and changes in practice are often driven
by concerns with disease or low quality intake water, as well as regulatory pressures to
reduce discharges of polluted water (Turcios & Papenbrock 2014). Biofloc technology
(BFT) is a super-intensive rearing system in which shrimp, tilapia or mussels feed on
cultured microbiota high in nutrients, in a rearing environment where toxic inorganic
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nitrogen levels are controlled (Maciel et al 2018), and aeration is continuous (Azim &
Little 2008, Lara et al 2017). From an adaptation perspective, RAS and BFT as
innovations at the rearing system level (Table 3), are of significance for their reduced
water use, making such systems useful for reducing risks from droughts and seasonal
water scarcity.
Substantial R&D effort has gone into improving commercial pellet feeds for the
most widely reared species, including salmon, shrimp and tilapia (Kumar & Engle

Fo

2016). Improved pellet feeds have been critical to the expansion of intensive rearing

rP

practices, and are relevant to adaptation as higher growth rates means shorter grow-out
stage, and thus, depending on location and season, reduced exposure to periods of

ee

higher climate-related risks. Important drivers of technological innovation in feeds

rR

include concerns with productivity, competitiveness and environmental impacts on
capture-fishery stocks (Shepherd et al 2017, Tacon 2020). The development of mass

ev

production of salmon in Norway has been strongly supported by both public and private

iew

research (Bergesen & Tveterås 2019), where research in feed and other technological
practices has “generally been more successful than research in fish health and negative
environmental effects” (Orstavik 2017).
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5.2 Infrastructural
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Infrastructural practices are structures built, usually with earth, concrete, steel or plastic
(Table 2). A common response to floods was to raise the height of dikes around
individual ponds or a farm (Seekao & Pharino 2018), and for longer-term sea-level rise,
recommend, and sometimes build, dikes for an entire community or region (Smajgl et al
2015). A comparison of several flood adaptation measures for shrimp farms in a floodprone region of Thailand, found that rising dike heights provided a higher net benefit
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than alternative non-structural measures (Seekao & Pharino 2018). To protect ponds
from floods, farmers in Assam, India, constructed higher dikes, and drew on traditional
ecological knowledge to plant trees and grasses to stabilize dikes (Bordoloi &
Muzaddadi 2015) combining elements of ecological and manmade infrastructure. In one
study in the Indian Sundarbans, fish farmers voluntarily contributed more to the
maintenance of public embankments for flood protection than crop farmers, in part
because returns to aquaculture were much higher (Sarkhel 2015). Netting around ponds

Fo

is also widely used to reduce fish escapes during floods (Adhikari et al 2018, Bordoloi

rP

& Muzaddadi 2015, Seekao & Pharino 2018).
The excavation of additional ponds on a farm for extra dry season water storage

ee

(Arimi 2014, Shameem et al 2015) is only an option for larger-sized farms with

rR

sufficient land. The construction of larger water reservoirs to help deal with seasonal
water shortages requires collective action by a local community and other stakeholders.

ev

Water storage techniques are only feasible in some locations in Cambodia (Richardson

iew

& Suvedi 2018), making site choice an important practice as rainfall is highly seasonal.
Costs may also limit adoption of dike and pond excavation measures intended to reduce
impacts from floods or water shortages. Earthworks, while important for adaptation, are

On

no longer novel practices; whereas moving hatcheries or grow-out stages fully indoors
still is in many parts of the world.
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Moving RAS tank aquaculture systems indoors (Luo et al 2014) makes
production largely independent of the weather and the more direct impacts of climate
change, as conditions are controlled (Bostock et al 2010). The production of juvenile
salmon in Norway, for instance, “has become closed or semi-closed with a large degree
of control in the different processes” and many tasks automated (Sandvold & Tveterås
2014). The high up-front costs, as well as ongoing energy costs, that make them more
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accessible to larger firms rearing high-value species than small-scale farms. Such
facilities, it should be underlined, may still be at risk from sea-level rise or increased
severity of storms and disruption of electricity supplies (Diana et al 2013).

5.3 Ecological
Ecological practices make use of the services provided by vegetation and aquatic
ecosystems (Table 2). Thus, mangroves surrounding aquaculture ponds may be

Fo

conserved or replanted because mangrove trees help protect pond banks and floodcontrol dikes from erosion (Sarkhel 2015), while also reducing the impacts of storm

rP

surges and sea-level rise (Ahmed & Glaser 2016). Integrated mangrove-shrimp systems

ee

have been practiced by small-scale farmers in Indonesia and Vietnam since the late 70s

rR

in order to enhance resilience to storms and help regulate local climate (Ahmed et al
2018). Nguyen et al (2018) show that social dynamics, including discussions with

ev

family and neighbors, were important for decisions to adopt to integrated mangrove-

iew

shrimp system (Table 3) in the Mekong Delta. Prolonged and deep seasonal flooding in
the Mekong Delta of Vietnam was an important factor in the adoption of rice-fish
integrated aquaculture (Bosma et al 2012). Rice-shrimp systems in the Sundarbans help

On

deal with seasonally varying risks from high salinities and also enhance resilience to
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extreme climate events (Bunting et al 2017). Rice-fish systems have a very long history
in China (Jiao et al 2016, Xie et al 2011) but many farmers do not adopt as they
perceive the system is susceptible to drought (Bashir et al 2020). Further research on the
climate sensitivity and adaptive value of rice-fish systems is needed (Xie et al 2011).
Integrated multi-trophic aquaculture (IMTA) incorporates fed aquaculture with
extractive aquaculture to capture nutrients (Chopin et al 2012). Marine-based IMTA
(Table 3) has been widely promoted by regulators and academics in Europe as an ‘ecoinnovation’ but not initially adopted by the private sector currently engaged in finfish
URL: http://mc.manuscriptcentral.com/brfs Email: sandra.shumway@uconn.edu
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culture, because environmental and economic benefits are not proven while the system
complexity is increased (Hughes & Black 2016). Gaining social acceptance of the new
practice is also critical given resistance in some countries to aquaculture development in
general; to this end, promoters have undertaken a series of stakeholder dialogues
(Alexander et al 2016). Other important obstacles included the lack of a licensing
process for IMTA facilities and the need to carefully select sites given risks from storms
“in a changing global climate” (Alexander & Hughes 2017). IMTA, as diverse systems,

Fo

are likely to be more resilient than single species practices, because if one species

rP

cannot deal with the changed climate conditions other species may be able to (Reid et al
2019a), and with multiple species there are also benefits from economic diversification

ee

to deal with climate impacts and market shocks (Chopin et al 2012). While driven by

rR

shared concerns over sustainability, these latter examples show that ecological practices
may be inspired by traditional knowledge and local, every day, innovation, as well as by
ecosystem science.

iew

5.4 Biological

ev

Biological practices use the products of biotechnologies (Table 1). A common

On

expectation is that adaptation to higher salinities and warmer water conditions, as a
consequence of climate change, will come from innovative genetic improvement
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programs that increase tolerance, and thus resilience to more extreme conditions
(Lorentzen 2008). The degree to which this is feasible in general however, is not clear:
“the development of strains tolerant of higher or lower temperatures, or indeed other
environmental variables impacted by climate change, is in its infancy and largely
unproven, but will likely prove difficult, time consuming and costly” (Soto et al 2018).
Genetic improvement programs for salmon and trout in Chile, moreover, must maintain
genetic diversity, as it is difficult to predict future climate and rearing environment

URL: http://mc.manuscriptcentral.com/brfs Email: sandra.shumway@uconn.edu

Page 13 of 40

conditions (Lhorente et al 2019).
One of the conventional drivers behind genetic improvement programs is to
increase growth rates, as this means a shorter-time in grow-out stage when fish are
exposed to climate-related risks; the use of strains from such program for such reasons
can be considered a form of risk reduction. Faster growth is often seen as a route to
improved competitiveness through efficiency and lower product price. In Greece,
improved fish strains (and matching feed) were widely adopted after a few of the larger

Fo

companies involved in the production of sea bream and sea bass fostered “close

rP

cooperation between grow-out operations, feed and seed suppliers, and R&D institutes”
(Theodorou et al 2015). In Thailand, the transfer of knowledge on how to produce faster

ee

growing mono-sex hybrid tilapia to private hatcheries was initially based on interest

rR

created through training workshops, but then followed up with further support
facilitated by personal, informal, connections (Belton 2012).

ev

Reducing the risks and severity of disease outbreaks is another driver of

iew

innovation (Lebel et al 2010). Genetic improvement programs increased the resistance
of whiteleg shrimp (Liptopenaeus vannamei) to White Spot Syndrome Virus (Trang et
al 2019). Stocking specific pathogen free or resistant shrimp (Alday-Sanz et al 2020)

On

reduce the likelihood of disease outbreaks (Lightner 2005). Vaccines, immersion-based
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or injectable, when used correctly, make fish less susceptible to disease. Although first
reported use of vaccines was in 1938, it was not until 1970s that first used in
commercial aquaculture (Gudding & Van Muiswinkel 2013). In the Norwegian salmon
industry vaccines replaced antibiotics as being more cost effective. For many other
species, vaccine development is still in its early stages (Dadar et al 2017). New,
advanced technologies for vaccines are often adapted from work on livestock and
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humans (Ma et al 2019). Ensuring fish or shrimp are in good health, enhance the
resilience to climate-related disturbances.

6. Procedural dimensions of practice
Procedural practices involve following technical routines, procedures or rules. To
perform these practices typically requires certain skills or competencies. We recognize
three types (Table 2).

Fo

6.1 Technical routines

rP

Technical practices are about how technologies or infrastructure are used (Table 3). To

ee

reduce stress on fish when water conditions are poor or limit exposure to periods with
high risks of climate extremes like droughts, floods or high temperatures, farmers adjust

rR

stocking practices (Islam et al 2019, Lebel et al 2016b), for example, reducing stocking

ev

rates (Joffre et al 2018a), stocking larger fingerlings (Adhikari et al 2018, Belton et al
2017, Karim et al 2014) or adjusting stocking dates (Barman & Little 2011, Lebel et al

iew

2015a). Farmers of shrimp and prawns in the Mekong Delta evaluate market and other
risks associated with different species and stocking densities, and manage accordingly,

On

with farmers that opt for extensive systems perceiving more severe climate-related risks
as they have limited capacity to control the rearing environment (Joffre et al 2018b).
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For fish farmers in sharecropping contracts (Belton et al 2009, Vandergeest et al
1999), the advice on recommended feeding regimes, for instance around stage-specific
feed types, number of feeds per day, and amounts at each feed, need to be followed
closely to achieve marketable-sized fish at the right time for the company (Lebel et al
2014). These routines may become automated in larger-scale enterprises (e.g. autofeeders in salmon industry)— an example of a technical practice being replaced with a
technological one. In Bangladesh, being in the same area as other value chain actors

URL: http://mc.manuscriptcentral.com/brfs Email: sandra.shumway@uconn.edu

Page 15 of 40

means a farmer is more likely to adopt a range of ‘modern’ innovations like improved
pellet feeds and to stock exotic commercial species like tilapia and pangasius (Hu et al
2019). Fish farms in Myanmar, as of 2016, still largely fed fish (indigenous carp
species) rice bran and peanut oil cake, with only 15% having adopted pellet feed.
Almost all pelleted feeds come from a single domestically owned factory in Yangon,
and thus, not surprisingly, more expensive than similar products in neighboring
countries (Belton et al 2017). In contrast, the feed sector for aquaculture has long been

Fo

highly competitive in Thailand (Belton & Little 2008).

rP

Water management practices such as replacing the water in the pond, are used
for maintaining suitable rearing temperatures (Islam et al 2019), DO levels (Arimi

ee

2014) or adjusting salinities (Dubey et al 2017). Reducing levels in a pond might be

rR

done in anticipation of flooding (Liao et al 2002), and reducing intake, to avoid
introducing diseases or lowering water quality. In these cases, technical practices

ev

presume access to pumps (technological) and canals or storage (infrastructural). These

iew

practices contribute to adaptation by reducing risks from extreme events but are largely
established options. A more innovative example, is a drop-fill scheme developed for
catfish ponds in southeast of the U.S., which modelling suggests will reduce the need

On

for any groundwater supplements and effluent discharge in most years, even in
relatively drier sites studied (Cathcart et al 2007).
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6.2 Institutional
Institutional practices are about rules and ways of organizing (Table 3). In their study of
the feasibility of expanding rice-fish systems in sub-Saharan Africa, Koide et al (2015)
identified organizing water allocation as one of the key challenge to adoption of
aquaculture in a region susceptible to climatic fluctuations and extremes. In the case of
cage culture of tilapia in rivers in northern Thailand, the operating rules for upstream
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infrastructure, and priorities placed on flood control and irrigation, interact with climate
to influence low- and high-flow risks (Lebel et al 2015b). In response, and alongside
management of storage and release of water at the river basin level, three of the six most
important farm-level practices to manage climate-related risks, related to maintaining
good social relations – with neighbours, local government and fisheries department
officials (Lebel et al 2015a). As climate change impacts become more apparent,
aquaculture stakeholders will need to become more actively involved in adaptive water

Fo

management at multiple levels (Lebel et al 2019a).

rP

A shift northward is a possible response to projected warming of waters where
salmon is cultured in Norway, but will require some regulatory flexibility with licensing

ee

regulations at the national level and coordination with municipalities responsible for

rR

area planning (Tiller & Richards 2018). Saleem Khan et al (2012) argue that in addition
to salt tolerant strains, adaptation measures to sea-level rise impacts on brackish water,

ev

semi-intensive prawn aquaculture in Tamil Nadu, India, should include zoning of

iew

aquaculture activities as part of integrated coastal planning. Implementation of spatial
planning is typically a political process with negotiation and lobbying (Craig 2019,
Uppanunchai et al 2018). Voluntary standards and certification are another possible

On

approach but these schemes do not directly address climate-related risks beyond
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guidance on selecting sites with suitable water quality and quantity (Lebel et al 2019a),
and when driven buyers and international environmental organizations (Bush et al
2013), lack the flexibility to deal with local resource practices (Vandergeest 2007).
Baumgartner and Nguyen (2017) argue that organic certification of shrimp-mangrove
systems in Ca Mau, Vietnam, has had no significant effect on social or environmental
benefits. From the perspective of farmer practices (e.g. in site selection) the issue is
whether guidance is meaningful and compliance worthwhile (e.g. access to markets).
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The benefits of being a member of a group are frequently demonstrated in
studies of small-scale aquaculture. Cooperatives, as inclusive institutions, were found to
be more adept at sharing knowledge about fish farming techniques among smallholders
than conventional companies adopting vertical integration strategies in Argentina
(Garrido & Moreira 2017). In coastal Thailand and Mexico, “successful farmers become
part of a learning culture through seminars, workshops, and clubs in which knowledge
and practices are continually re-evaluated” (Lebel et al 2016a). Studies in Sri Lanka

Fo

also show the importance of cooperatives for sharing information in shrimp value

rP

chains (Galappaththi et al 2016). Membership in clusters of smallholder shrimp farms in
the Mekong Delta of Vietnam leads to greater adoption of resilience enhancing,

ee

improved water quality management and disease control practices, in part, because of

rR

the increased interaction with diverse private and public actors (Joffre et al 2019).

6.3 Financial

iew

ev

Financial practices are all about managing money (Table 2), like maintaining savings or
convertible assets for difficult times, making use of rental and credit services (Kleih et
al 2013), accepting production contracts (Larsen & Asche 2011, Zainol et al 2016) and
buying insurance.
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Borrowing money may be required to adopt innovative measures that require
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large, up-front, investment (Hu et al 2019, Salazar et al 2018). In Vietnam, shrimp
farmers’ access to credit became much more difficult as losses due to disease outbreaks
left many in debt (Joffre et al 2018a). When combined with lack of capital, the most
common financial strategy is to minimize investment, making it difficult to pursue
sustainable intensification practice that would yield higher returns and more stable
income (Joffre et al 2018a). A study in Nigeria identified access to credit as one of the
key predictors of adoption of adaptation measures (Arimi 2014), whilst a review on
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gendered employment in fisheries and aquaculture sectors in Africa and Asia underlined
differential access to credit of women and men (Weeratunge et al 2010).
Experience with pilot insurance schemes for clam farms in the United States,
resulted in restricting coverage to measurable losses with an unambiguous cause like a
hurricane (Beach & Viator 2008). Weather-indexed insurance is an innovation that can
be designed to reward farmers who adopt improved management practices that reduce
climate-related risks (Watson et al 2018). Households with higher income, less debt and

Fo

perceiving premium as not a major burden, were more likely to participate in a shrimp

rP

insurance scheme in Zhejiang Province, China (Han & Jiang 2019). A pilot insurance
scheme for black tiger shrimp, whiteleg shrimp, and pangasius aquaculture was trialled

ee

in 2011-13 in Vietnam as part of a national agricultural insurance ‘institutional

rR

experiment’ in the rice, livestock and aquaculture sectors (Nguyen & Jolly 2019). The
scheme covered a range of climate-related risks and specific diseases. Unfortunately,

ev

total claims for major losses suffered in the aquaculture part exceeded premiums

iew

collected 300-fold, and thus the scheme was discontinued. Insurance innovation for
aquaculture have proven difficult to establish.

7. Informational dimensions of practice

On

Informational practices emphasize the collection, organization and communication of
information (Table 2).
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7.1 Observational
Observational practices are about monitoring weather, water or fish conditions (Table
2). Fish farmers operating cages in rivers, visually monitor water turbidity and colour,
as well as fish swimming or eating behavior, looking for signs of water quality changes
(Lebel et al 2015a). Such practices can be the basis for developing early warning
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systems for floods (Bordoloi & Muzaddadi 2015). In reservoir cage culture, women
gave greater importance than men to monitoring weather and water management news
(Lebel et al 2016b). In salmon pens, monitoring of fish, feeding and environmental
variables is automated and information-communication technology (ICT) intensive
(Asche et al 2012). Information on, for example, DO levels, water temperature and
water flow are monitored in real-time using sensors (Kumar & Engle 2016). Fish
behavior is recorded with underwater video cameras. Information is then transferred

Fo

using WIFI to a computer connected to the internet, which a manager can access on

rP

their smart phone or, in an Internet-of-things (IOT) approach, be programmed to turn on
aerators or stop automated feeders (Encinas et al 2017, Kumar & Engle 2016, Ma et al

ee

2012). Such information-rich practices build adaptive capacity. Practices requiring

rR

advanced technologies (IOT) may not be understood without specialist training, or not
be affordable for smallholders.

ev

Seasonal forecasts, based on modelled observation, are another climate risk

iew

management tool important for stocking calendars, spatial planning and licensing
(Hobday et al 2018). The key issue for adoption by users is reliability and trust.
Standardized monitoring across National Fish Hatcheries in the US provide comparable

On

data on climate conditions, and selected impacts could inform hatchery climate change
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plans (Hanson & Ostrand 2011). In Northern Thailand, cooperation among 15 state
hatcheries is already important for dealing with geographic and seasonal differences in
minimum temperatures constraints on production of hybrid mono-sex tilapia for fish
farmers (Uppanunchai et al 2015). Observational practices at individual farm and higher
national or regional levels help reduce risks and build adaptive capacities.

7.2 Educational
Educational practices are about ways of building awareness of climate-related risks and
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good risk management practices (Table 2). Farmer field schools, through which the
capacity of farmers to make decisions is strengthened, can be an effective way in to
explore information about alternative practices and raise gender issues (De Kumar et al
2016, Karim et al 2014). To ensure women and men can participate in training on tilapia
seed production technique, a study in Bangladesh found that it required some flexibility
in timing of sessions; but even so, households without access to permanent water-bodies
could not maintain broodfish for the next year (Barman & Little 2011). In a drought

Fo

prone region of Zimbabwe, the inclusion of non-governmental organizations “added

rP

value to fish farming projects” as they spent more time engaging and teaching farmers
than officials (Shava & Gunhidzirai 2017). Innovations in how trainers and trainees

ee

interact are important for adaptation, as conventional transfer-of-technology trainings
have many limitations.

rR

Nguyen et al. (2018) found that training courses on integrated mangrove-shrimp

ev

culture were considered ineffective by farmers as “learning from a successful neighbour

iew

was easier, and more representative of reality, than scientific theory”. In this setting it
was also difficult to set up demonstrations on-site as farm owners were reluctant to
allow visits to the ponds, arguing that “having people come to their ponds and take

On

photographs would bring the risk of crop failure” (Nguyen et al 2018).
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Distance learning using computers (e-learning) in Portugal and Scotland allowed
potential future aquaculture operators to continue to work as they learnt about
aquaculture techniques (Seixas et al 2015). Work placement on aquaculture facilities for
the otherwise e-learning based instruction helped ensure students also had practical
knowledge and gained experience. The use of virtual extension applications on smart
phones, like the Green Way App (Greenovator 2020), and the use of social media to
support online farmer groups, have both been used successfully in Myanmar to provide
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easy access to both women and men. This is especially important for women who often
do not have the opportunity to attend training sessions due to time constraints. In a
study re-introducing fish farming in the drought-affected Kolli Hills, India, fish farmers
(almost entirely men) preferred face-to-face exchange of information even though they
had access to mobile phones; ICTs were seen as more useful for young people (Hudson
et al 2016).

Fo

7.3 Discursive

Discursive practices are about the ways people give meaning to climate-related risks,

rP

impacts, and adaptation (Table 2) when talking or writing about their aquaculture

ee

activities. Thus, certain approaches to aquaculture farming are described as ‘climate-

rR

resilient’ (Dubey et al 2017, Swaminathan 2012) or ‘climate proof’ (Yazdi & Shakouri
2010) or ‘climate-smart’ (Trinh et al 2018). The climate-smart aquaculture concept is

ev

derived from FAO’s ‘climate-smart agriculture’ which aims at “increasing productivity

iew

and adapting to climate change while reducing or removing greenhouse gas emissions”
(FAO 2018). As a style of reasoning, discursive practices are most apparent when
setting goals or justifying other practices. Experts appear to be the source of many of

On

these discourses, which are then taken up and spread further afield by international
organizations and national agencies; local actors may also adopt translated versions or
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contest their relevance and desirability (Lebel et al 2019b, Osmundsen & Olsen 2017).
Other examples of approaches with attractive labels that have potential to
enhance resilience or build adaptive capacity, while also contributing to sustainability
(Henriksson et al 2018), are ‘ecological intensification’ (Aubin et al 2019) and
‘sustainable intensification’ (Joffre et al 2018a). The latter discourse is a significant
innovation in the aquaculture sector in that it re-opens the exploration of practices at
various nodes in value chains (Little et al 2018) or broader food systems (Grafton et al
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2016). Discursive practices are worth identifying, in part, because they may not align
with material and procedural practices, and in part, because they may help persuade
other farmers to adopt adaptive practices.

8. Discussion
Innovations which contribute to adaptation in the aquaculture sector include changes to
material, procedural, and informational dimensions of practice. The material dimension,

Fo

and technical aspects of the procedural dimension, received the most attention from
scholars of innovation and adaptive practices in the aquaculture sector. This is

rP

consistent with Joffre et al. (2017) observation that technology-driven approaches have

ee

dominated scholarship. As has been suggested by studies of the agriculture sector

rR

(Chhetri et al 2012b, Rodima-Taylor 2012), social and institutional innovations appear
to play an important, often catalytic role, in adaptation. Historically, innovative

ev

growers’ clubs and cooperatives, and more recently, online interactive platforms,

iew

accelerate learning about climate risks and expand awareness of innovative and
alternative practices. These interactive, social, innovations play a role in testing the
reliability of information, while trust in sources also remains important to adoption.

On

The more detailed distinctions made between practice types, while not absolute
or authoritative as a list, proved useful for understanding differences in who typically
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innovates, adopts and adapts. Thus, novel technological and biological practices for the
most common cultured species groups like salmon, shrimp and tilapia, are led by
national and global experts with solutions based on science and technology. For local
and less commonly cultured species, or less intensive systems, farmers draw more
strongly on experiences in everyday practice as a source of innovation. With some
exceptions, women appear to have fewer opportunities, and thus lesser roles, in formal
innovation processes, as a result of multiple barriers and burdens, as has been observed
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for smallholder climate smart agriculture (Jost et al 2015), underlining the importance
of social structures for who innovates, and which practices are in play.
In terms of who adopts what, many studies found that high initial costs are a key
barrier to adoption of more sustainable and adaptive practices by smallholders, while a
few studies note that this barrier can be partly overcome with better access to credit
(Kumar et al 2018). Other important barriers include having the required skills to
perform a technical routine, or capabilities and willingness to comply with institutional

Fo

rules, where compliance depends on perceptions of legitimacy and interests.

rP

In terms of who adapts and how, this review found that different types of
practices contribute to adaptation via different mechanisms, for example, infrastructure

ee

is about controlling the rearing environment, while many ecological practices enhance

rR

the resilience of the rearing system. Controlling the environment typically involves
upfront costs, thus making it a more likely mechanism for larger firms and higher value

ev

species, whereas reducing risks, apart from relocation of ponds, is often lower cost

iew

practices, and thus more likely for small-scale farms. Within these broad differences,
who adapts, like who adopts, also depends on skills, understanding and perceptions of
risks, and thus whether a change in practice is likely to be worthwhile or not. More

On

broadly-framed approaches to adaptive capacity, like the five domains approach (Cinner
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et al 2018), or the adaptive capacity wheel (Gupta et al 2010), are recommended when
the primary unit of analysis is a livelihood portfolio or an institutional landscape.
This review also finds that innovative practices are not adopted independently
but can come in bundles and series. Adoption of new aeration equipment
(technological), for instance, involves daily use routines (technical) for its application
that are learnt from extension activities (educational). With this bundle of changes
implemented, options to further intensify with genetically improved stock (biological)
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and disease control protocols (technical) emerge. There is also a sense in which a
practice from generation through to adoption is ‘made’ by multiple types of actors and
is layered. Take an educational practice like ‘attending farmer field school to learn
about acclimatizing fingerlings before releasing into pond’, this is the practice as seen
and performed by the fish farmer. From the perspective of the government extension
officers, ‘running of a farmer field school’ is the practice performed, and which they
might find innovative compared to their normal training style (e.g. De Kumar et al
2016).

rP

Fo

An emphasis on practices confirmed the need to go beyond transfer-oftechnology approaches that assume meanings and goals of a practice remain fixed,

ee

whereas there may be substantial translation to fit current situations and closely related

rR

practices (Norman & Verganti 2014). The adoption of the climate-smart label for a
range of aquaculture production systems or value-chains, illustrates how discursive

ev

practices can be aspirational, and potentially motivate innovation for adaptation, as

iew

explored in recent studies of farming systems (Faling & Biesbroek 2019, Gosnell et al
2019) that also expose issues of gendered access (Tsige et al 2020).
A practice-oriented approach to innovation and adaptation clarifies the

On

importance of history. First, there is the issue of vintage – at some point a practice is
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considered established and no longer ‘innovative’, and at another point ‘out-of-date’
and likely to be abandoned. Adaptation and innovation are timebound. Second, there is
the issue of adequacy – an effective practice, may turn into a maladaptation (Barnett &
O'Neill 2010) when climate change impacts and risks become more severe and other
conditions change. Innovation may be needed for adaptation but not forthcoming.
Third, there is the issue of sequence – a practice might need to be applied once or
recurrently or continuously with each form having implications for the investment
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needed over time (Hallegatte et al 2011). Further study is needed on the timescales of
innovation, practice and adaptation.
The practice-oriented approach adopted for this review also has a couple of
important limitations for understanding the intersection of innovation and adaptation.
First, most individual studies focus on either innovation or adaptation, and not on the
combination. Second, detailed studies of social practices in aquaculture settings are rare,
restricting a better understanding of the formation of adaptive practices, and the

Fo

obstacles and limits to such transitions (e.g. Hargreaves et al 2013).

9. Conclusion

ee

rP

Scholarship on innovation has infrequently informed work on adaptation, and vice-

rR

versa. This review helps to address that imbalance for the case of aquaculture. It shows
that innovation and adaptation are similar, interacting processes of change. One key

ev

difference, conceptually, is innovation places emphasis on novelty of responses,

iew

whereas adaptation emphasizes responding to novel conditions. It also shows that
innovation and adaptation face obstacles and limits, and these are better understood
when different types of practice, mechanisms of adaptation, and forms or sources of

On

innovation are distinguished. Changes to the material dimensions of practice, is
dominated by concerns with costs and competitiveness, whereas for procedural
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dimension, issues of skills and compliance arise, and for informational dimension,
issues of trust and reliability.
Who adopts and adapts depends on costs, skills, experience and perceptions of
risks, as these influence whether a change in practice is likely to be perceived as
worthwhile or not; but exactly which options are visible and considered also depends on
structuring conditions, which in mainstream aquaculture, strongly favor standardization
of rearing practices and products, and therefore making it difficult to introduce more
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adaptive practices unless they are low-cost, no regrets options. Thus, to mobilize
innovation for adaptation, attention must also be given to who drives, who impedes, and
who innovates for whom.
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Figure 1. Stylized schematic for how innovation may support adaptation to climate
change.
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Table 1. Four mechanisms by which practices may contribute to adaptation to climate of aquaculture rearing
systems and farms.
Mechanism
Definition
Control
increasing control of the rearing environment by implementing practices which eliminate the
environment
influence of weather and climate-related risks
Reduce risks

reducing climate risks through timing and selecting rearing environments that reduce the
likelihood of exposure to extreme weather or climate events

Enhance
resilience

enhancing the resilience of the rearing system to recover following climate-related impacts by
increasing diversity, nurturing sources of renewal, or increasing the tolerance of cultured
species to environmental stressors

Build capacity

building the adaptive capacity of a farm/firm to continue adjusting to changes in climaterelated risks, by having assets can draw on when need to, learning about change and how to
respond to it, and strengthening capacities to act
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Table 2. Ten types of practice relevant to adaptation in the aquaculture sector.
Types
Definition (examples)
MATERIAL
Technological

manufactured devices (aerators, sensors, pumps, filters) and substances (feed,
medication, supplements, probiotics).
structures built, usually with earth or concrete to protect facilities (dikes), rear fish
(ponds, tanks), store water (reservoirs), or control environment (buildings).
use of ecosystem services provided by vegetation (shade plants) and aquatic
ecosystems (mangroves, paddy rice)
use the products of manipulated biological processes (genetic improvement) or
other biotechnologies (vaccines, hormones, PCR)

Infrastructural
Ecological
Biological
PROCEDURAL
Technical
Institutional

Fo

Educational

build awareness of climate-related risks and their management (training, modeling,
sharing information)
give meaning to climate-related risks, impacts, and adaptation

iew
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Discursive

monitoring weather, water or fish conditions at various temporal and spatial scales

ee

Financial
INFORMATIONAL
Observational

routines for how technologies or infrastructure are used (stocking, feeding, water
management)
rules and regulations, voluntary standards, and ways of organizing (cooperatives,
online groups)
financial management tools (savings, credit, insurance) investment risks
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Table 3. Some examples of rearing systems as bundles of practices. Practice categories as in Table 2.
Rearing system
Material
Procedural
Informational
Intensive earthen
Technological (aeration,
Technical (feeding regime,
Observational (DO
pond shrimp
pellet feeds)
stocking density)
monitoring)
Biological (genetically
Financial (crop insurance)
improved stock, PCR
disease detection)
Integrated
mangrove-shrimp

Ecological (mangrove
replanted or conserved)

Intensive pen
salmon

Technological (automated
feeding & aeration)
Biological (genetically
improved stock, vaccines)
Technological (aeration,
pellet feeds, water
treatment)
Infrastructural (treatment
pond)
Biological (genetically
improved stock)
Ecological (recapture waste
flows)
Infrastructural (pens,
pylons, cages)
Biological (genetically
improved stock)
Technological (biofilters,
aeration)
Biological (genetically
improved stock)
Infrastructural (tanks,
indoors)

Fo

Recirculating
aquaculture
system (RAS)
pond shrimp

Technical (feeding regime,
stocking density)
Institutional (certification,
zoning)
Technical (feeding regime,
stocking density)
Technical (feeding regime,
stocking density)
Institutional (standards)

Discursive (Climate
Resilient/Smart)
Observational (ICT-based
water & fish monitoring)
Educational (decisionsupport models)
Observational (water
quality monitoring)

iew

Bio floc technology
(BFT) finfish

Technical (stock
combination)
Institutional (multiple
regulations)

Discursive (Climate Smart)

ev

Integrated MultiTrophic
Aquaculture
(IMTA)
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Technical (microbial &
substrate, stocking
density)

Observational (water
quality monitoring)
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Abstract
Local studies have shown that aquaculture is impacted by extreme weather events, the risks of which vary seasonally and among
years. Less is known about the effects of geographical differences in climate or social organization for how climate-related risks
are perceived, as there have been few larger scale studies. This study documents key findings from a large-scale survey of levels
of concern and experience with significant losses of over 3300 aquaculture farmers in Cambodia, Laos, Myanmar, Thailand, and
Vietnam. Important climate-related risks included rapid changes in temperature, intense rainfall events, and floods. Farmers in
Laos were less concerned with risks to profits than those in other countries. Farmers who had experienced significant losses from
any climate-related source were more concerned with risks. Women and higher educated farmers perceived higher risks. Those
with intensified production systems perceived lower risks and observed fewer climate changes. Perceptions of historical changes
in risks and expectations for future risks were often strongly associated with each other and levels of concern, as well as
experiences of losses, underlining that risk perception has multiple, inter-related dimensions. Geographical differences in risk
perception were related to differences in both physical climate and social factors.
Keywords Climate-related risks . Risk perception . Aquaculture . Mekong Region . Climate change

Introduction
Aquaculture is an important source of food and income across
South and Southeast Asia. Like many other agricultural and
livestock activities, when undertaken outdoors, it can be susceptible to extreme weather and climate variability (Handisyde
et al. 2017). Extreme events, such as floods (Ahmed and Diana
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2016; Seekao and Pharino 2018), droughts (Lebel et al. 2015b),
heat waves (Lebel et al. 2016b), rapid changes in water temperatures (Joffre et al. 2018), storms (Nguyen et al. 2017), or
typhoons (Saguin 2016), can all have direct and major impacts
on fish and shrimp farms, causing mortality, escapes or reduced
growth. Other more indirect impacts may also be important,
such as low dissolved oxygen (D.O.) concentrations due to
cloudy conditions (Sriyasak et al. 2015), water pollution from
run-off in intense rainfall events (Lebel et al. 2019), salinity
intrusion related to storm surges or sea-level rise (Renaud
et al. 2015), and management of water infrastructure (Lebel
et al. 2019). Average and extreme temperatures also impact
growth and survival, which may be detrimental to production
or profits in some areas (Wade et al. 2019), or beneficial in
others depending on fish species’ physiology and thermal preferences (Handisyde et al. 2017). As the likelihood and severity
of such extreme weather events important for aquaculture can vary with climate, and climate varies with geography (Li et al. 2016), latitude (Uppanunchai et al.
2015), elevation (Pimolrat et al. 2013), or distance from
coastlines (Dang et al. 2014; Shameem et al. 2015), we
consider these risks “climate-related risks.”
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The purpose of this study is to improve understanding of
how aquaculture farmers in the Mekong Region perceive
climate-related risks. In this paper, we extend past work on
risk perception in the aquaculture sector in two important
ways. First, we expand the geographic scope of the investigation beyond the typical design of survey sites within one country to an international region with five countries. This allows
us to compare across a more diverse set of rearing practices
and mix of climate-related risks. Second, we expand the dimensions of risk considered in past studies to include likelihoods of an event, concern for a threat, uncertainty in outcome, and experienced impact. This allows us to consider a
more nuanced understanding of risk perception. In the following section, we first briefly synthesize the different ways risk
has been conceptualized in studies of risk perception, then we
review what is known about factors known to influence risk
perceptions in the aquaculture sector to derive a set of specific
research questions for this study.

Risk perception and aquaculture
“Risk” is an important concept, and in practice is understood
in several ways (Aven and Renn 2009). Risk may refer to the
likelihood of an event of a particular magnitude, for example, a
category 4 tropical storm passing through a region. Risk defined this way is measured absolutely in probabilities, or relatively as in being more or less likely. Risk is also often understood as concern for a threat, or a combination of likelihood and magnitude relative to the susceptibility of an activity
(Sjöberg 2000). This latter use of risk may be measured as a
“level of concern.” Another is the notion of risk as uncertainty
in outcome (Aven and Renn 2009), most common when considering the efficacy of responses to a threat (Osberghaus
2017). This is measured by some risk aversion scales
(Menapace et al. 2013). Risk is sometimes discussed as experienced impact and measured in terms of losses (Paukert et al.
2017). Finally, there is risk as an opportunity for gains in
which considerations of loss are weighed against possible
gains (Weber and Hsee 1998). Thus, when farmers choose
to rear fish in periods with high risks of water shortage or
disease because prices at harvest are expected to be seasonally
high, they are also thinking about opportunity. These different
ways of thinking about risk are not right or wrong; they constitute different aspects of “risk perception,” a process of appraisal involving cognitive and emotional elements (Slovic
et al. 2004).
Risk perceptions are known to be influenced by combinations of individual, relational, and situational factors (Sjöberg
2000; Weber and Hsee 1998). With respect to individual factors, most is known about education, knowledge, and experience. Levels of education and knowledge about climaterelated risks can have different implications for risk perception
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depending on other factors. Tilapia river cage farmers in
Northern Thailand with higher education, for instance, were
more concerned with climate-related risks (Lebel et al. 2015c),
possibly because they were aware of more sources of risk.
Conversely, shrimp farmers in the Mekong Delta in Vietnam
with more intensified production systems perceive climate
risks as less severe than those with extensive systems (Joffre
et al. 2018), possibly because they had smaller ponds to manage and they had better access to knowledge.
Individual experience of impacts is usually found to be
associated with higher perceptions of risks. Tilapia river cage
farmers in Northern Thailand, having experienced losses in
recent droughts or floods were more concerned with climaterelated risks (Lebel et al. 2015c); comparable associations
were also found for farmers growing fish in cages in reservoirs
(Lebel et al. 2016b). In Central Vietnam, moderately large
floods are experienced frequently and are perceived to have
a positive impact on aquaculture production (Tran et al. 2010),
while even more extreme events may be catastrophic to aquaculture, destroying ponds and flushing out fish and shrimp
(Tran et al. 2008). At the same time, climate-related risks do
not always rank highly. In Le and Cheong’s (2010) study
of risk perceptions of catfish farmers in Vietnam, for
example, the only climate-related risks considered were
floods and droughts, and these ranked at the bottom of a
list of 40 risk sources.
Relational factors, such as contracts, group membership,
and gender relations, are important to investigate, as it is
known that social relations may amplify or ameliorate risks
(Kasperson et al. 2003). Thus, fish farmers in contract relationships with companies were much less likely to exit the
industry, while those run by single women–headed households were much more likely to leave (Lebel et al. 2014). In
this latter study, extreme climate events contributed to decisions to exit, but were rarely the sole determinant. Women
aquaculture farmers are often found to be more concerned
than men with climate-related risks, including climate change
(Lebel et al. 2015c). One reason may be they are more vulnerable as a consequence of social relations (Breakwell 2010);
another is that social norms may assign roles in taking care of
feeding of fish that lead to greater awareness and concern
regarding threats to fish welfare (Lebel et al. 2009).
Membership in community-based groups can be important
for assistance in crisis situations and post-disaster recovery
(Lebel et al. 2016b; Lebel et al. 2015a), as well as a source
of information about good risk management practices (Lebel
et al. 2016a).
Situational factors include climate and water resources,
both of which vary over time and among locations. Local
studies in different locations have shown that aquaculture is
impacted by extreme weather and that important risks vary
seasonally. In Northern Thailand, the impacts of extreme
weather and seasons on losses and perceptions of risks were
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also shown to vary with the position of cage sites relative to
large water infrastructure, and thus river flow regulation
which varied between rivers (Lebel et al. 2015b). A study
comparing Bangladesh shrimp and Danish mussel farmers, a
rare example of international comparison, found farmers in
both countries were concerned with the risks posed by climate
change, but differed in their understanding of causes (Ahsan
and Brandt 2015). Apart from these studies, not much is
known about the effects of geographical differences in climate
or social organization on how aquaculture farmers perceive
climate-related risks and their expectations about future risks.
Changing risks add another layer of complexity to understanding risk perception. Workshops with catfish farmers
(Minh et al. 2009) and shrimp farmers (Abery et al. 2009) in
the Mekong Delta in Vietnam, however, show that aquaculture farmers perceive climate to have already changed and are
concerned about the threats these changes pose to their aquaculture livelihoods. Another study of diverse types of farmers
in the Mekong Delta found that those who believe climate
change is the responsibility of the government perceived lower risks to farm production (Dang et al. 2014). Experimental
studies of risk learning with fish farmers in Northern Thailand
suggest experience is not easy to learn from when risks are
increasing (Lebel et al. 2016c). Synthesizing across these
studies on risk suggests that individual, relational, and situational factors may need to be considered simultaneously.
In this paper, building on past work reviewed and synthesized above, we address the following four questions for aquaculture farmers in the Mekong Region:
(1) What are perceived as the more important climate-related
risks to the profitability of aquaculture farms?
(2) How do perceptions of risk vary with individual, relational, and situational factors?
(3) What are the most significant losses from climate-related
risks, and who bears them?
(4) How have these risks been perceived to have changed
historically, and what are the expectations for the future?

Methods
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Second, there is also significant human cultural diversity, potentially important for how risks are perceived. Third, there
have been, until recently, large differences in access to information, including weather and climate services. Fourth, there
is a growing body of existing work on the practices, beliefs,
and decision-behavior of aquaculture farmers. Finally, there
are significant geographical differences in climate across the
Mekong Region relevant to aquaculture activities (Fig. 1a).
Six bioclimatic variables from a gridded global dataset,
WorldClim 2 (Fick and Hijmans 2017), were used to simply
characterize a few key climate features and risks (Table 1). Bio
2, or diurnal range, for example, was assumed to be an indicator of risk of “rapid temperature change”; and Bio 13, or
precipitation in wettest month, was assumed to be related to
risks of “floods or high flows.”
Of the six country-regions, Dry Zone Myanmar was the
warmest (Fig. 1b) and driest (Fig. 1d), whereas Delta
Myanmar was the wettest and most seasonal in terms of precipitation (Fig. 1e). Seasonality of precipitation was lowest in
Cambodia and Vietnam. Diurnal temperature range was lowest in Delta Vietnam (Fig. 1c).

Survey instrument
A survey instrument was designed based on previous experience in Northern Thailand with cage and pond Tilapia farms,
and further pre-tests in the 5 country-regions. A master version of the questionnaire was developed in English then translated into 5 languages (Khmer, Lao, Burmese, Thai, and
Vietnamese). A series of pre-tests, starting with role-playing
exercises and ending with trials with cooperative farmers in
the field were used to refine the instrument. Questions were
identical in all versions, but in some cases, some of the response options listed were not relevant for every country, for
example, different species cultured or units of area measurement. Some examples of the core risk perception questions
(with response options) follow.
Level of concern with climate-related risks How concerned are
you about the following climate-related risks to the profitability of your fish farm? (1—not concerned at all thru to 5—very
concerned).

Study areas
The Mekong Region in this paper refers to all the territory of
Cambodia, Laos, Myanmar, Thailand, and Vietnam (Fig. 1).
Country-regions refer to the entire country or just the part of
the country covered by the survey, for example, Northeast
Thailand. The aquaculture sector in the Mekong Region is a
suitable geographical region to explore the meanings of risk
perception for several reasons. First, there is a wide range of
aquaculture technologies and levels of intensification present.

Level of concern with other types of risks How concerned are
you about the following other types of risks to the profitability
of your fish farm? (1—not concerned at all thru to 5—very
concerned).
Experiences of losses from extreme events Have you ever
suffered significant loss or impact to your fish farm
arising from adverse weather, poor water conditions, or
disease? (yes, no).
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Fig. 1 Map of the Mekong Region showing districts (blue circles) in six country-regions from which farmers were interviewed (a). Four indicators of
climate and associated climate-related risks (b–e) based on 1-km2 gridded bioclimatic variable dataset of Fick and Hijmans 2017
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Observed historical changes in climate Based on your own
observations and experience in the area where you now farm
fish (shrimp), how have climate or water conditions changed
if at all? (decreased, stayed about the same, increased).
Anticipated change Looking 10–20 years into the future, how
do you expect the following climate- and water-related conditions to change relative to the last decade? (decrease, stay
about the same, increase).
Descriptive information about the respondent, household,
and rearing practices was also collected.

Data collection
The selection of subjects was done by random sampling
whenever this was possible, for instance, a sampling
frame could be constructed from a relatively complete list
of registered farms. In other cases, the entire population of
farms in an area was targeted to reduce selection biases.
Less than 10% of the farmers in each country who were
invited to complete the survey chose not to participate.
The high level of cooperation was achieved because the
collaborating teams doing the research in each country
included either local fisheries officers or researchers with
good relations in the survey area. We did not, however,
collect systematic data about non-participants, so we’re
unable to assess this source of selection bias.
Surveys were implemented using SURVEYGIZMO
software application on hand-held tablets via face-to-face
interviews with aquaculture farmers between 19 January
2018 and 7 May 2018. The software allows controlling
the order of questions depending on responses,
implementing rules on acceptable responses, and
uploading in real-time or in batch-mode later depending
on the availability of Internet access.

95

A total of 3311 valid records were retained for analysis. These were distributed across 6 country-regions as
follows: Cambodia (579), Laos (341), Delta Myanmar
(454), Dry Zone Myanmar (650), Northeast Thailand
(686), and Delta Vietnam (601). The Myanmar samples
were split into two sets to reflect large differences in agroecology and climate (Fig. 1).
Selected characteristics of subjects and their farms are summarized in Table 2. Approximately three-quarters of the respondents were men, just under half were aged 50 or more,
and just under half had 5 or fewer years of experience in
aquaculture. The main species groups reared in the last
12 months were as follows: Catfish (56%), Tilapia (43%),
Barb (18%), Carp (16%), and Shrimp (9%). For some comparative and multivariate analysis, rare culture systems and
classes for which there was insufficient information were
excluded.

Data analysis
Outcome measures
Perception of risk, as the outcome (dependent variable) of
primary interest in this study, was measured in four ways to
capture some of the different dimensions of risk identified in
the introduction of this paper.
First, the overall level of concern with climate-related risks
to the profitability of a fish farm was measured as the average of
responses to 8 questions about specific risks, like floods or high
temperatures, with each question scored on a 5-point Likert
scale. This measures risk as concern for threats. In some analyses, we also studied concerns with individual risks as outcomes, re-classifying scores of 4 or 5 as being “highly concerned” and comparing this with scores of 1 thru 3 as “not
highly concerned.”

Table 1 Country-region means of six climate variables for sampled districts. Based on gridded 1-km2 global climate dataset for 1970–2000 by Fick
and Hijmans (2017)
Temperature

Precipitation

Country-region

Diurnal
range (°C)

Maximum
warmest month (°C)

Minimum
coolest month (°C)

Wettest
month (mm)

Cambodia
Laos
Northeast Thailand
Myanmar Dry Zone
Myanmar Delta
Delta Vietnam
Bioclimatic
gridded variable
Associated climaterelated risks

7.5
8.9
8.9
9.0
8.0
5.9
Bio 2

33.6
32.6
33.4
35.0
33.0
32.1
Bio 5

21.7
16.6
17.4
17.0
21.0
23.2
Bio 6

265
426
368
195
558
270
Bio 13

Rapid temperature
change

Heat waves or high
temperatures

Cold spells or
low temperatures

Intense rainfall
Floods or high flows

Seasonality
(CV as %)
76
98
97
89
106
78
Bio 15
Importance of
seasonal differences

Annual (mm)

1468
1859
1642
994
2478
1558
Bio 12
Drought or
low flows
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Table 2 Selected characteristics of interview subjects and aquaculture
farms surveyed (n = 3311)
Characteristics

% respondents

Gender
Women
Men
Age

28
72

15–29
30–39
40–49
50–59
60+
Education
No formal
Primary
Secondary
Higher
Organization-orientation
Sell majority of harvest
Consume part of harvest
Certified
Experience (years)
<1
1–5
6–10
11–15
> 15
Culture system
Cages in reservoir
Cages in river
Earthen ponds
Other

8
19
27
27
18
8
41
43
7
89
64
7

(2020) 20:95

losses was also explored, but rejected because of the highly
skewed distribution of values.
Fourth, the number of expected changes in climate-related
risks in the future combined responses scored as decrease (−
1), stay about the same (0), and increase (+ 1) across 15 questions was used to measure risk as likelihood of an event or
condition.
Candidate predictors
The candidate predictor variables (independent variables) extracted directly or calculated from individual questions in the
survey included 5 types of variables, those related to the individual respondent (gender, age, education level, years of aquaculture experience, number of information sources), household (asset wealth), culture system (cage vs. pond, shrimp
vs. fish, intensified production), relational (group membership), and location (country-region). All predictor variables
used in the analysis were categorical and had 2 or 3 levels,
except for country-region which had 6.
Statistical procedures

11
37
20
13
18
10
23
66
1

Second, general risk aversion, or attitude towards risk, was
measured by combining scores on a 5-point agreement scale
(1—strongly disagree thru to 5—strongly agree) for a set of 6
statements (Mandrik and Bao 2005): Before I make a decision, I like to be absolutely sure how things will turn out; I
prefer situations that have foreseeable outcomes; I do not feel
comfortable about taking chances; I feel nervous when I have
to make decisions in uncertain situations; I avoid situations
that have uncertain outcomes; I feel comfortable improvising
in new situations (reverse scale). These measures risk more in
terms of uncertainty of outcomes; it is not specific to climate
or aquaculture.
Third, having ever experienced significant losses from a
climate-related risk was another outcome measure used. It
logically combined the responses to 10 questions answered
yes or no. This measure reflects risk as likely impact. An
alternative measure, the number of sources of significant

Associations between categorical predictor variables with outcome indicators with multiple values, like the overall level of
concern, were explored using ANOVA models (General
Linear Models in SPSS 25 software). Initially, all candidate
predictors were included in the model, and subsequently, variables without significant associations with the outcome variable (P > 0.05), or which did not contribute significantly to
model fit, were eliminated one at a time. Only the main effects
were included in the model. For significant predictors with
more than 2 levels, post hoc comparisons were also done to
attempt to separate estimated marginal means.
Associations between categorical predictor variables with
binary outcome variables, like significant losses, were explored using logistic regression models in SPSS 25. Odds
ratios, alongside their 95% confidence intervals, were used
to aid interpretation; if interval includes 1.0 then the estimated
odds ratio is not significant. As above, predictors which did
not contribute to model fit were dropped. In the case of logically or computationally related predictor variables (like age
group and years of experience), alternative models were explored, and the simplest to interpret chosen.
Factor analysis (SPSS 25) was used to explore associations
among individual risk perception variables, including both
climate-related risks and other types of risks, for example,
related to markets or inputs. Principal components with eigenvalues greater than 1 were extracted and a varimax rotation
applied. The first 7 components, explaining 55% of the variation in the dataset, were interpreted by inspecting numerically high loadings with the original risk perception variables.
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Results
Overall level of concern
Factors associated with the overall mean level of concern with
climate-related risks were explored using general linear
models (Table 3). Overall concerns, after adjustment for other
variables, were highest in Delta Myanmar and lowest in Laos.
After mutual adjustment for country-region and other factors,
farmers with higher education or having ever experienced
significant losses expressed higher levels of concern with
climate-related risks. Those with intensive systems (defined
as both stocking and feeding), ponds (rather than cages), and
growing fish (rather than shrimp) perceived lower risks.
Women perceived higher risks than men, but there were no
differences with age, wealth, or years of aquaculture
experience.
After adjustment for all these other factors, a significant
non-linear association was found between general risk aversion and overall level of concern: farmers with very low or
very high scores were less concerned with climate-related
risks than those with an intermediate to high score.
Risk profiles
In Fig. 2a, individual climate-related risks to the profitability
of aquaculture farms are compared across country-regions.
The relatively low concerns in Laos are apparent across multiple sources of risk. The risk profiles in Dry Zone and Delta
regions of Myanmar are similar in shape, but a shift to the
right indicates higher risks in the Delta. Averaged across the
Mekong Region, the most important perceived climate-related
risks to the profitability of aquaculture on the 1–5 level of
concern scale were rapid changes in temperature (3.86),
followed by intense rainfall events (3.84), extreme high temperatures (3.74), and floods (3.69). Climate-related risks, on
average, were usually more important than institutional ones
like government regulations (2.97), or taxes and fees (2.91),
but not as important as some business risks like low fish market prices (4.28), or high fish feed costs (4.19). Risks from
disease, arguably a climate-related risk, were also scored very
high (4.20).
Associations
Farmers with more information sources or higher education
were consistently more likely to be highly concerned with all
six of the individual climate-related risks assessed (Table 4).
For all but cloud cover, being a member of a group, or having
intensified production systems, was associated with being less
likely to be highly concerned with climate-related risks (odds
ratios less than 1). After adjustment for multiple predictors,
farmers in Laos were less likely than those in Delta Vietnam to
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be highly concerned with intense rainfall, rapid changes in
temperature, or prolonged cloud cover risks. They were, however, three times more likely to be concerned with floods than
those in Delta Vietnam.

Experience of significant losses
Associations with ever having experienced significant losses
(53%) from an extreme weather or climate event were explored using logistic regression (Table 3). After adjustment
for aquaculture experience, that is, years exposed to risks,
and country-region, wealthier farms were less likely to have
suffered significant losses (odds ratios < 1), while more educated and informed farmers, as well as those with cages, were
more likely to report a significant loss. Compared with the Dry
Zone Myanmar region, farms in all other regions were more
likely to have experienced losses (odds ratios > 1). It is noteworthy that the ranking of country-regions on losses is quite
different from ranking by levels of concern, for example,
Delta Vietnam had the 2nd lowest levels of concern, but
highest for loss experienced (Table 2). Gender and age were
not associated with experience of significant losses, nor were
growing shrimp or intensification.
The likelihood of losses from specific weather extremes or
conditions varied somewhat among countries (Fig. 2b).
Floods or high flows, for instance, were relatively unimportant
in Delta Vietnam compared with other country-regions.
Extreme high (27%) and rapid changes (26%) in temperature
were among the more common sources of losses on average,
followed by intense rainfall events (26%), and floods or high
flows (23%). Losses from droughts were most common in
April and May, and for floods or high flows from July to
October.
Among those experiencing significant losses, these were
most often in the form of fish deaths (82%), slow growth
(55%), infrastructure damage (29%), escapes (22%), and
equipment damage (13%). For cage culture, other specific
impacts include netting getting clogged (38%), or broken by
floating debris (27%). In high water flows, cages may also
collapse (20%). For pond culture, other specific problems include damage to raised banks by floods (49%), or droughts
(26%) and equipment damage (9%).

Perceptions of past and expectations of future
changes
Farmers were asked if a climate-related risk had decreased (−
1), stayed about the same (0), or had increased (+ 1). We first
explored associations with the total number of changes observed using general linear models (Table 3). Farmers in
Laos perceived the fewest changes. Farmers who had experienced losses and had more information sources perceived
more changes, while those with intensified systems perceived
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Table 3 Models for overall level of concern (ANOVA), ever having experienced significant losses (logistic regression), and observed changes
(ANOVA). For logistic regression, the comparison group is identified with a “1”
Predictor variable

Level of concern
(marginal means)

Country-region
Cambodia
Laos
Northeast Thailand
Dry Zone Myanmar
Delta Myanmar
Delta Vietnam
Culture in
Cage
Pond
Reared
Shrimp
Fish
Intensified
Yes
No
Education
Tertiary
Secondary
Primary or lower
Gender
Woman
Man
Asset wealth
High
Intermediate
Lower
Aquaculture exper.
> 10 years
1–10 years
< 1 year
Information sources
Many
Intermediate
Few
Significant losses
Experienced
Not Exp.
Risk aversion score
> 3.5
3.01–3.50
2.51–3.00
2.01–2.50
≤ 2.00
Model fit

***
4.14b
3.10e
4.11b
3.97c
4.47a
3.53d
***
3.96
3.81
***
4.03
3.74
***
3.80
3.97
***
4.06a
3.89b
3.72c
*
3.93
3.85
n.s.

Significant
losses (odds ratios)

Observed changes
(marginal means)

3.58***
2.11***
1.86***
1
1.60**
7.46***

***
7.65c
6.79d
7.94bc
6.99d
8.84a
8.13b
n.s.

1.26*
1
n.s.

n.s.

n.s.

***
6.77
8.68
n.s.

1.59**
1.35***
1
n.s.

n.s.

n.s.
0.67***
0.79 n.s.
1

n.s.
13.3***
4.50***
1
n.s.

***
4.02
3.76
***
3.80c
4.08a
3.91b
3.89b
3.75c
F = 83, df = 16, R2 = 0.29

1.53*
1.69***
1
n.t.

n.t.

-2 Log likelihood = 3653, df = 15, R2 = 0.31

***
8.27a
7.01c
7.89b
***
8.25a
7.78b
7.14c
***
8.36
7.09
***
5.88c
8.73a
8.31a
8.47a
7.23b
F = 51, df = 15, R2 = 0.19

***P < 0.001
**P < 0.01
*P < 0.01
n.s., not significant and excluded; n.t., not tested
For ANOVA, variables with 3 or more levels, means with the same suffix letter are not significantly different according to post hoc test

fewer changes, consistent with the more emphasis they place
on controlling growing conditions. The relationship with
aquaculture experience and general risk aversion was nonlinear. Farmers with an intermediate level of experience observed fewer changes, while those with intermediate levels of

risk aversion observed more changes than those with very low
or very high scores.
Considering individual risks, farmers in Laos were the least
likely to perceive changes in recent climate, while those in
Delta Myanmar perceive the most (Fig. 3a). Most changes
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Fig. 2 Climate-related risk profiles along with selected business management risks for comparison, in six country-regions as measured by a level of
concern and b having ever experienced significant losses

perceived were in the direction of becoming more severe (> 0
and approaching 1) rather than becoming more benign (< 0).
Higher temperatures were a commonly observed change
across all countries, whereas floods and droughts were more
place specific. Floods were perceived to have gotten worse in
Myanmar (both regions) and Cambodia, but to have changed
little in the other 3 countries. Dense cloud cover, implying low
sunlight leading to low D.O. levels in ponds with high phytoplankton levels, was only recognized as a cause of losses in
Northeast Thailand. Increasing climate variability (63%),
higher maximum temperatures (62%), and an increasing frequency of intense rainfall events (40%), were the climate
changes most commonly perceived in the last 1–2 decades.

The expected changes in the future for a subset of climaterelated and other risks are shown in Fig. 3b. In all cases, means
are to the right of zero, implying more challenging conditions
or problems that pose risks for profitability. Consistent with
observations of past changes, temperatures scored highest
overall. Aquaculture farmers, as shown above, had also suffered losses from extreme temperatures and were greatly concerned about this risk.

Concerns, losses, and changes
Factor analysis was used to explore associations between concerns, losses, changes, and futures of selected risks (Table 5).
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Logistic regression models for highly concerned with a selection of individual climate-related risks. Tabulated values are odds ratios

Predictor variable

Intense
rainfall

Floods—high
flows

Droughts—low
flows

High
temperatures

Rapid changes in
temperature

Prolonged cloud
cover

Culture in cages (vs. ponds)
Shrimp reared (vs. fish)
Intensified (vs. not)
Belongs to group (vs. not)

1.36*
0.58***
0.78*

0.46***
0.76*

1.92***
2.12***
0.61***
0.78*

2.53***
2.67***
0.46***
0.77*

4.16***
0.54***
0.56***

-

Many (vs. few) information
sources
Education high (vs. low)
Aquaculture experience high
(vs. low)
Women (vs. men)

2.69*** 3.30***

3.24***

2.90***

3.99***

2.48***

1.46*** 1.30**
0.67*

1.41***
-

1.54***
-

1.48***
-

1.58***
0.49***

-

1.22*

1.40***

1.32**

-

1.22*

-

-

-

0.72*

-

-

1.56**
0.48***
1.07 ns
0.98 ns
8.92***
1

12.7***
2.99***
2.34***
6.02***
154***
1

1.73**
0.49***
2.16***
0.72 ns
5.70***
1

2.91***
0.64**
3.19***
1.66***
8.94***
1

Asset wealth high (vs. low)
Country
Cambodia
Laos
Northeast Thailand
Dry Zone Myanmar
Delta Myanmar
Delta Vietnam
Model summary

R2 = 0.18

R2 = 0.39

2.17***
1.34 ns
2.83***
5.91***
24.1***
1
R2 = 0.26

1.08 ns
0.93 ns
2.30***
2.86***
22.4***
1
R2 = 0.24

R2 = 0.23

R2 = 0.22

***P < 0.001; **P < 0.01; *P < 0.05; ns, not significant; -, not significant and dropped from model

High positive and negative correlations (in bold) between original variables and extracted components were interpreted as underlying factors.
Thus, component 1 was labeled as concerns with climaterelated risks, as all such variables had large positive correlations
(or loadings); whereas non-climate-related risks, like low-quality
fingerlings or feed costs, had high positive loadings on component 5. Components 1 and 5 were thus about perceptions of risk
as concern. Component 5, as explicitly referring to costs and
prices, could also be interpreted as perceptions of risk as
opportunity. Most variables describing significant losses were
strongly associated with component 3, and thus perceptions of
risk as impact. All variables related to expectations of increases
in extremes or problems in the future were associated with component 7, consistent with the idea of risk as uncertainty.
The other 3 components were associated with adverse
changes (experienced or anticipated) in specific classes of
risks. Component 2 was associated with worsening water
quality and severity of disease, component 4 with a history
of more extreme floods, and component 6 with droughts and
high temperatures (Table 5).

Discussion
The most important individual climate-related risks to the profitability of aquaculture, as measured by the level of concern and

experience of losses across the Mekong Region in this study,
were rapid changes in temperature, intense rainfall events, extreme high temperatures, and floods. Droughts and low flows, as
well as cool spells, while still of concern, ranked lower overall, in
part because they were not important risks in all places. These
results are similar to previously published local studies that have
examined multiple risks, although the exact rankings can differ.
Thus, in river cage culture in Northern Thailand, droughts or low
flows were the most important risk, and intense rainfall the least
(Lebel et al. 2015b); in reservoir cage culture, rapid changes in
temperature were most important, alongside episodes of dense
cloud cover that lead to low D.O. levels (Lebel et al. 2016b). For
shrimp ponds in the Mekong Delta in Vietnam, salinity fluctuations are an important source of concern (Joffre et al. 2018).
Each farm or farmer has a risk profile which, when aggregated across multiple risks, gives an overall measure of perceived climate risk. Farmers who had experienced significant
losses expressed higher levels of overall concern with climaterelated risks. The importance of the recent experience of losses
for risk perceptions is a common finding in previous local
studies, for instance, in Northern Thailand in rivers and reservoirs (Lebel et al. 2016b; Lebel et al. 2015c). What constitutes
a “significant” loss? It should be underlined, is open to individual interpretation, and thus reflects individual attributes
and situations: those in wealthier households, for instance,
were less likely to have experienced a “significant” loss, even
after controlling for many other variables.
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Fig. 3 Perceived a historical changes and b anticipated future changes in selected climate and related variables over the last 10–20 years by aquaculture
farmers surveyed in six country-regions. Index values: decrease (− 1), no change (0), increase (+ 1)

In this study, aquaculture farmers with intensive systems,
ponds (rather than cages), and growing fish (rather than
shrimp) perceived lower risks, suggesting a balance between
more control implying lower risk, and higher investment implying higher risk. Joffre et al.’s (2018) study of shrimp farming in the Mekong Delta provides more detailed evidence for
the importance of the level of intensification for perceived
climate risk. Evidence for the importance of social organization comes from the finding that farmers who belonged to
groups were less likely to be very concerned with most individual climate risks than those who did not belong to groups.
Previous studies have also suggested that belonging to groups
may increase the confidence and capacity to deal with extreme
events (Lebel et al. 2009).
One of the strongest geographical patterns found in this
study was that perceptions of overall climate-related risks,

after adjustment for many other factors—rearing systems, individual’s characteristics, knowledge sources, and so on—
were still substantially lower in Laos than in the other 4 countries. One explanation is that the climate is more benign, with
lower risks of extreme events in Laos than the other countries.
The Global Climate Risk Index ranks Laos much lower than
the other countries (Eckstein et al. 2018), providing some
support for this explanation, while the bioclimatic indicators
used in this study did not. Furthermore, comparative studies
are needed on how social and physical factors influence perceptions of risk in Laos.
Risks not only differed among places, but they also were
perceived to have changed. Increased variability in climate,
higher maximum temperatures, and increasing frequency of
intense rainfall events were the climate changes most commonly perceived in the last 1–2 decades. In this study, more
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Table 5 Summary of factor analysis of associations among different measures of perceived risks. Values shown are loadings of original variables on
the rotated components, with those in italics having an absolute value > 0.40 and those cells left blank < 0.10
Component
1
Concerns
Floods or high-flows
Droughts or low-flows
Extreme high temperatures
Extreme low temperatures
Rapid changes in temperature
Long period of dense cloud cover
Intense rainfall events
High wind storms
Low fish market prices
Spread of fish diseases
Low quality of fingerlings
High fish feed costs
New government fees or taxes
New regulations on aquaculture
Pollution from other activities
Low D.O. levels in the water
Losses experienced
Floods or high flows losses
Droughts or low flow losses
Extreme high temperature losses
Extreme low temperature losses
Rapid changes in temperature losses
Long period with dense cloud cover losses
Intense rainfall event losses
High wind storm losses
Storm surge losses
Saline intrusion losses
Historical changes
Maximum temperatures in hot season
Minimum temperatures in cool season
Average temperatures
Frequency of intense rainfall events
Frequency of floods
Duration of floods
Depth of floods
Water quality during floods
Frequency of droughts
Severity of droughts
Frequency of storm surges
Severity of water salinity problems
Severity of water pollution problems
Severity of fish disease epidemics
Variability in climate
Future changes
Water temperatures
Frequency of intense rainfall events
Severity of floods
Severity of droughts
Severity of water salinity problems
Severity of water pollution problems
Severity of fish disease epidemics
% of variance

0.47
0.58
0.64
0.75
0.76
0.74
0.72
0.71
0.18
0.35
0.24
0.25
0.22
0.23
0.33
0.46

2
− 0.16

4

5

0.19
0.19
0.15

0.20

0.32
0.18
0.16
0.20
0.25

0.12

6

7

0.14
0.22
0.26
0.10

0.11
0.18
0.11

0.17
0.12
0.12
0.13
0.11

0.14

0.14
0.10
0.17
0.12
0.11
0.12

3

0.19
0.11

0.11

0.62
0.72
0.61
0.13
0.54
0.23
0.61
0.74
0.76

0.13

0.15

0.20
0.17
0.79
0.71
0.73
0.76
0.23
0.19
0.54
0.36

0.11

0.18

0.14
0.12
0.11
− 0.14
0.17
− 0.16
0.16
0.10

0.13

0.10

− 0.15

0.23
0.15

0.11

0.25
0.45
0.25
0.12
0.15
0.12
0.16

0.48
0.45
0.76
0.77
0.65

0.64
0.13
0.14
0.15
0.15
0.16
− 0.34
0.13
0.10
− 0.16
0.10
0.11

0.31
0.16
0.47
0.83
0.84
0.81
0.59
0.15
0.12
0.26
0.21
0.15
0.15

0.10

0.59
0.11
0.14
0.14
0.15
0.78
0.79

− 0.11

0.19

0.18
0.14
0.28
0.54

0.25
0.13

0.13

0.42
0.70
0.70
10

0.19
0.14
0.12
7.2

0.27
0.40

0.14
0.58
0.14

0.14

20.9

farmers perceive climate-related risks to have increased than
decreased, and they expect that this trend will continue.
Several previous local studies have noted that farmers perceive climate to have already changed (Lebel et al. 2015c;
Minh et al. 2009).

0.13

5.3

0.24
0.18
0.13
0.14

4.5

3.6

0.46
0.66
0.65
0.45
0.46
0.46
0.44
3.1

The general risk aversion scale used in this study captures
the notion of risk as uncertainty in outcome in everyday life
situations and not in relation to aquaculture profits specifically. Associations with the overall level of concern and observed changes in this study were significant and non-linear:
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overall concern with climate-related risks was highest for
those farmers with an intermediate risk aversion score. This
might be explained as follows: farmers who are very averse to
risk in everyday life are not especially concerned with climaterelated risks because they already worry about many other
risks, whereas farmers with low levels of risk aversion care
less about risks in general, including climate-related ones.
The most significant finding of the current study for a
broader scholarship is evidence that risks in the field are understood and perceived in multiple, only partly overlapping
ways, including as concerns for a threat, experienced impacts,
changing or uncertain outcomes, and as an opportunity for
gains. In an earlier study involving decision-making in a
role-playing fish stocking game, fish farmers tended to overestimate the frequency of rare risks and underestimate common ones (Lebel et al. 2016c), suggesting risk as probability
(or likelihood) that also needs to be explored, while a related
study revealed a significant role for emotions (Lebel and
Lebel 2018). Perceptions of risk as concerns, losses, or changes varied somewhat independently of each other, suggesting
that they are distinct dimensions. Further experiments are required to better understand how these elements of risk perception, individually and in combination, influence risk appraisal,
communication, and decisions.
One of the strengths of this study was the use of a standardized survey instrument to capture several dimensions of risk
perception across multiple countries in a contiguous region.
This meant there was greater diversity in risk profiles and
culture to consider than found in a typical local study, but still
similar enough conditions and practices for meaningful comparisons. More research is needed in how perceptions of risk
are formed and adjusted, as well as how the idea of “risk” itself
is understood and communicated in different life and decision
situations.
An important limitation of this study, common to crosssectional studies, is that it is difficult to be sure in which order
events recalled occurred, and thus interpret associations as
suggestive of influence or consequence. Thus, it is difficult
to assess if the experience of “significant” impacts or perceived historical change influenced current levels of concern
or vice-versa. Another limitation, important for gaining a nuanced understanding of the different ways in which risks are
understood and perceived, was the use of primarily closed
survey questions. A qualitative, in-depth exploration of risk
ideas with fish farmers would have provided more insights
into how farmers appraise risks. A more spatially refined analysis of past environmental changes would allow more to be
said about the consistency of respondents’ recall of changes
with the instrumental record.
The scope of this paper was limited to understanding the
risk perceptions of aquaculture farmers in different situations.
It showed that risk perception, in practice, has multiple interrelated dimensions. An important next step is to understand if
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and how these perceptions fit with existing practices for the
management of climate-related risks, and whether or not current or contemplated strategies are likely to be sufficient for
adaptation to climate changes in the upcoming decades, or
whether further significant innovations and transformations
are needed.
Funding information This study was supported by a grant (no. 108526)
from the International Development Research Centre, Ottawa, Canada.
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Abstract
Fish farmers need to take into account many factors, including climate-related risks, when making decisions to invest in stocking
ponds or cages in rivers. Officials, experts, and other fish farmers try to influence these decisions by communicating information
about risks verbally or using text messages. Recurrent mass mortality events associated with droughts and floods suggest some
communication efforts have been ineffective. Theories of risk communication make different predictions about what elements
make messages influential. The purpose of this study was to improve understanding of the potential influence of inserting tactical
messages into a communication text on the decision behavior of fish farmers with respect to climate-related risks. Experiments
were carried out on hand-held tablets with 1050 fish farmers as subjects. Fish farmers were asked to imagine they faced a risk of
drought, water shortage, flood, or increasing risks of drought in a drying climate. They were also given a plausible response
measure that would require some investment, and then asked to indicate how likely they would adopt that measure. Farmers’
intentions to take risk reduction actions in long-term adaptation increased when the message they received re-affirmed that they
were susceptible to the threat, an impact was likely or that the response to the risk was an effective measure. For shorter-term risk
reduction measures, the effect of re-affirming response efficacy was to suppress intentions to act. This study found no evidence
that appeals to fear, guilt, or anxiety emotions work; references to social norms, behavioral control, and benefit versus cost
arguments also failed to increase intentions to act. The findings of this study supported some propositions of common risk
communication theories but not others. The methods and findings are useful for improving the design of communications aimed
at informing farmers about climate-related risks.
Keywords Risk communication . Theory of planned behavior . Climate change . Floods . Droughts . Aquaculture
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Introduction
Farmers regularly make decisions on technology, cropping,
and stocking that take into account their perceptions of
climate-related risks, for example, of floods or droughts.
Extension agents, climatologists, and academics often try to
influence those decisions by providing information about
levels of risks and advice on how to reduce those risks. The
value and influence of such communication efforts are influenced by many factors, including the degree to which information is tailored to meet needs of the intended users; the
perceived trustworthiness and motives of the source
(Rabinovich et al. 2012); the salience or reasonableness of
the advice (Breakwell 2010); the values, beliefs, and preferences of the recipient (Small et al. 2016); capacities to understand information provided (Cliffe et al. 2016); personal experiences of climate (Niles et al. 2015); conditions or situation
faced by recipient (Crane et al. 2010); and how messages are
framed and worded (Moser 2014). In the USA, for instance,
referring to Bclimate change^ triggers resistance in farmers
who are climate skeptics, whereas wordings such as Bextreme
weather^ does not, and thus the latter may be more broadly
applicable (Arbuckle Jr. et al. 2014). In other places, research
with farmers suggests that it is important in communications
to link understanding about experienced risks, for example
from floods, with responding to risks from climate change
(Hamilton-Webb et al. 2017).
The vast majority of studies on the communication of
climate-related risks has been with crop farmers.
Aquaculture as a fast growing food sector (Anderson et al.
2017), provides an important and distinct perspective on communication challenges. Key climate-related risks in aquaculture production are mediated by water conditions—droughts,
floods, extreme temperatures, and water quality (Handisyde et
al. 2017). The importance of specific risks varies substantially
with geographic location and culture system (Lebel et al.
2018), making fish farming well-suited to comparative and
experimental investigations of risk perception and
communication.
The purpose of this study was to test the influence of
inserting short tactical messages into texts aimed at communicating shorter- and longer-term climate-related risks on the decisions of fish farmers in Northern Thailand. Tactical messages
are short, repeatable, and memorable phrases, intended to motivate the recipient to pay attention to the information provided or
heed warnings and advice to take risk reduction measures.
Previous work has shown that fish farmers take into account climate-related risks when making stocking and harvesting decisions; for example, drawing on their understanding and beliefs of how likely it is that it will flood in the wet
season, or that there will be sufficient water at the end of the
dry season (Lebel et al. 2015a). In making risk appraisals, fish
farmers draw a lot on experience (Lebel et al. 2016b), but risk
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management practices are also influenced by emotional responses to threats and extreme events (Lebel and Lebel 2016).
Officials from the Department of Fisheries, extension
agents from private companies, and leaders of fish farming
cooperatives and informal groups try to influence the risktaking behavior of other fish farmers. This includes issuing
or sharing warnings of imminent floods, seasonal droughts,
and release and storage operations of large dams, as well as
more direct advice to discourage stocking fish in certain periods (Lebel et al. 2015c). Short-term early warning information for imminent floods or high-flows is received from multiple-sources, trusted and acted upon (Lebel et al. 2015a). The
level of confidence in information from fisheries officials is
high with only 4% indicating low or no trust in early warning
information. Much less is known, however, about the content
and effectiveness of communicating seasonal and longer-term
climate risks. The frequency of severe impacts from floods
and droughts (Lebel et al. 2016a, 2015b) suggests limitations
in the effectiveness of current risk communication practices.
Moreover, previous investigations using a role-playing scenario game with fish cage farmers suggested that it would be
very difficult for farmers on their own to appraise risks accurately when they are high, changing, or very uncertain (Lebel
et al. 2016b). This study therefore set out to experimentally
investigate ways in which the communication of climaterelated risks could be improved.

Models of risk communication
Established models of risk communication make predictions
about how framing and the inclusion of different message
elements in communications are likely to influence recipient
behavior in relation to risks. Protection Motivation Theory
postulates that an appraisal of high threat will lead to protective behavior when three conditions are met: a person believes
themselves to be susceptible to a risk, there is an effective
coping response available, and the benefits exceed the costs
(Rogers 1975). In other words, perceptions of high risk alone
are not enough to explain the adoption of risk reduction measures. The Extended Parallel Process Model extends the protection motivation argument to the case in which no effective
response is available, leading to a defense motivation in which
the threat itself is dismissed (Witte 1992). These different
pathways may help explain some of the inconsistent and diverse findings using fear appeals (Witte and Allen 2000). The
Protective Action Decision Model is also multi-stage,
distinguishing a pre-decision stage that includes reception,
attention, and comprehension of warning messages or other
cues, from perceptions of the threat, coping measures, and
stakeholder position (Lindell and Perry 2012). The model differs from earlier ones in conceptualizing in greater detail the
action situation beyond the characteristics of the individual or

Author's personal copy
The effects of tactical message inserts on risk communication with fish farmers in Northern Thailand

self-efficacy. The key shared idea is that subjects appraise both
threats and abilities to cope. Empirical studies suggest that
perceptions of efficacy of proposed measures and selfconfidence in ability to take these actions or cope can be more
important than perceptions of the severity of threat (Ruiter et
al. 2001).
The most widely studied model is The Theory of
Planned Behavior, an extension of the Theory of
Reasoned Action, which argues that attitudes towards a
behavior, subjective norms, and perceived behavioral control help explain intentions to perform behavior (Ajzen
1991). Perceived behavioral control refers to the ease with
which behavior can be performed, and thus is related to
that of self-efficacy or confidence in own ability, but it
also implies the action is actually doable. Empirical evidence suggests perceived behavioral control is often an
important predictor of intentions and behavior, whereas
subjective norms are at best weak predictors (Armitage
and Conner 2001). Empirical evidence suggests that other
factors are also important in predicting behavior (Paul et
al. 2016; Sniehotta et al. 2014). For example, making a
plan to realize intended behavior makes the link between
intentions and behavior stronger, whilst strong habits can
weaken such links (Crano and Prislin 2006). Influencing
lifestyle change and other longer-term behavior, in addition, requires developing capacities for on-going information seeking and appraisal about risks (Griffin et al.
1999).
The models discussed so far emphasize cognitive analysis of risks and rational decisions and behavior. The affect heuristic posits that rapid, holistic, emotional judgements are made on whether to like or dislike an external
stimulus (Slovic 1999). In the case of extreme climate
events, dislike or aversion is the focus. This initial appraisal to some extent guides subsequent judgements, although studies of different emotions with the same valence show that specific emotions have strong and distinct
influences on decisions (Lerner and Keltner 2000; Sjöberg
2007). Emotions like fear, anger, and anticipated regret
interact with knowledge and cognitive processing to influence risk perceptions and appraisal (Breakwell 2010).
Anticipated emotions interact with current emotions and
risk perceptions to influence intentions or behavior
(Sheeran et al. 2014). Values are also important, for instance, in relation to attachment to place (Moser 2016). A
tendency to confirm and maintain prior beliefs counters
motivation to understand what is real (de Boer et al.
2016). The key conclusion from these related bodies of
theory and the empirical studies they have stimulated is
that it is important to pay attention to the actions that can
be taken and not just describe the threat, although emotions can also play a role in the effectiveness of risk
communication.
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Methods
Risk communication in the field
To help more systematically document the communications
about climate-related risks, we conducted short in-depth interviews with six DOF officials and nine river cage and pond fish
farmers in the Ping and Nan river basins. The interviews covered the content of messages received, the method of communication, and further sharing of messages. Questions were also
asked about trust and following advice given. Copies of brochures and notices were collected and analyzed to help understand current practices and problems as well as design and
interpret the communication experiments.

Participants and process
Participants for the experimental study were recruited from
five provinces in North and Northeast Thailand (Table 1).
Officials from local offices of the Department of Fisheries
assisted in the recruitment process, for example, arranging
interview meeting points with groups of fish farmers living
in a particular area. Given large number of farms interviewed
relative to all the fish farm in the five provinces, the sample
can be considered reasonably representative.
Fish farmers were asked to complete a questionnaire composed of five main sections, the first corresponding to individual and farm experience, and the rest to four different experiments based on theoretical constructs and propositions in the
literature on risk communication, about the likelihood of
threat, susceptibility, self-efficacy, social norms, and so on
(see Section BExperimental design^). The written survey text
given to farmers to read on tablets was in Thai and usually
read out in central Thai dialect. Conversations with subjects
around the questions however were in a mixture of central,
northern, and northeastern dialects depending on the preference of subjects. As research team in each province was familiar with local dialects, these were not an issue for this
study.
In each experimental section, farmers were asked to study
the scenario described in the text carefully and encouraged to
read text out loud. In the case when they had difficulty doing
so (e.g., poor eyesight), the research team read out material for
them and explained any terms that were not clear. Fish farmers
were asked to imagine they were in the described scenario,
had received a message from a source they trust, and then had
to make a risk decision.
In between each treatment other background questions
about the participants were asked, including sources of information on climate-related risks, attitudes towards risk, and
perception and knowledge of climate change. Apart from the
information gathered, this helped provide some mental separation between experiments.
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Table 1 Characteristic
of fish farmers
participating in the
experiment (n = 1050)

Characteristic

%

Gender
Female

43

Male
Age

57

< 30

3

30–39
40–49

10
20

50–59

36

60+
Province

31

Chiang Mai
Lampang

19
24

Lamphun

25

Uttaradit
Ubon Ratchathani

14
17

Culture system
Earthen pond–subsistence

55

Earthen pond–full commercial
River cage–contracted
River cage–independent

6
24
15

All tactical messages and the complete questionnaire were
pre-tested with fisheries officials and aquaculture researchers
first, and then again with fish farmers to help refine wording
so that the options and setting made sense and would be consistently understood.
The questionnaire was delivered on tablets to 1050 subjects
between 6 July and 24 November 2016. Farmers had mobile
phones, and were often familiar with smart phones, but not
necessarily with tablets and so some needed guidance on using
the touch screen to respond to queries. The questionnaire was
prepared using online-based software SurveyGizmo, which allows randomization of question sets and response-dependent
branching and wording of individual questions. An interviewer
monitored completion of the questionnaire by each subject.

Experimental design
There were four experiments, each with seven treatments and
a control (Table 2). Treatments were randomly assigned to
subjects by a randomization algorithm in the survey software.
Each individual farmer was thus exposed to one of the eight
treatments in each of the four separate experiments. The treatment texts differed from the control text in having an inserted
tactical message. The syntax structure of the experimental
texts was as follows:
You own a <cage or pond> fish farm and it is at risk
from <risk>. <tactical message insert>. If you <implement measure> then when there is a <risk event> you
will not suffer large losses. But doing this costs money.
The control text, without the tactical insert, already asserts a
scenario in which the farmer faces a risk and a response measure is suggested that is at least partly effective. Some experimental treatments thus re-affirm or amplify these assertions,
for example, by claiming the risk event is very likely or the
response measure is very effective. The comparisons between
treatments and controls should be interpreted with this in
mind. The full text, including tactical inserts, used in all the
experimental treatments, are given in full in the
Supplementary Materials (Table S1). The wording of the tactical messages used in this study was based on selected theoretical constructs found in different risk communication
models reviewed in section BModels of risk communication.^
The setting for each experiment (climate-related risk,
response measure) was varied to encourage respondents to
reanalyze, as well as to explore decisions with different time
frames (Table 2). Setting 2 represents an imminent risk that
might occur over a period of days to a week. Settings 1 and 3
relate to decisions with a time horizon of typically 5–8 months,
or the length of a Bcrop.^ Setting 4 relates to a longer time
horizon of many years, wherein perceptions and evidence of
climate change start to become meaningful. These situations
correspond to climate-related risks identified by farmers:

Table 2 Summary of the design of the four experiments to test the theoretical explanations for behavioral responses to risk communications. Full
details of the tactical message inserts are given in Table S1
Experiment

Climate risk

Response measure

Effects tested

1
2
3

Threat appraisal
Emotional appeals
Norms and beliefs

Drought
Floods
Water shortage

Reduce stocking densities
Early harvest
Delay stocking

4

Adaptation

Drought risk increasing

Build reservoir (pond) or weir (cages)

Likelihood of threat, response efficacy, susceptibility
Fear, guilt, anxiety, response efficacy
Moral norm, social norm (other farmers), perceived
behavioral control, self-efficacy, beliefs on benefits
vs. costs, social norms (family, friends), beliefs on
other benefits
Likelihood of threat, response efficacy, susceptibility
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Farmers with earthen fish ponds said they were concerned or
very concerned with floods (61%), extreme hot weather
(46%), and droughts (46%). Meanwhile, farmers with river
cages said they were concerned or very concerned with floods
(74%) and droughts (69%) (Lebel et al. 2015c). The majority
of fish farmers perceived that droughts were becoming more
severe, and believed that climate was changing.
This design was chosen to allow us to examine a larger
number of factors as it is the first study of this type with fish
farmers, and thus from a practice perspective, exploratory.
With this simple design, it is not possible to make quantitative
comparison of treatments across experiments or to study all
the interactions among factors (Ex 2 and 3), or to compare
across hazard types, something we leave for follow-up
studies.

Intentions to act
The main outcome of interest in this study was the intention to
act given the scenario situation. Intention to act was measured
using an index variable based on the sum of responses to two
questions: BHow likely is it that you will do <measure>?^ (1–
7 on likely scale); and BI would do <measure>^ (1–5 on
agreement scale). In calculating the index responses to the first
question had double the weight of the second, and total values
were standardized to a 0–1 range based on minimum and
maximum possible values. We weighted the first more highly
than the second because subjects found it easier to understand
and thus we suspect it may have been a bit more reliable.
For each experiment, 2–4 follow-up questions were asked
to help understand the subject’s responses. Among these questions, one question always covered perceptions of risk and a
second the effectiveness of the response measure.

Data analysis
Standard multivariate statistical methods were used to analyze
the experiments and associated survey questions. As variances
were highly heterogeneous and residuals from the ANOVA
not normally distributed in 2 of the 4 experiments, logistic
regression was used instead to analyze all experiments.
Treatment variables were forced into the regression model,
while a small set of potentially important confounders that
included gender, age group, farm type (pond, cage), and key
information sources were tested and retained only if significant. A score of > 0.80 on the intention to act index was
considered a Bhigh intention^ and used as the cut-off for the
binary outcome measure used in logistic regression analyses.
In some analyses, farm type was further subdivided depending on the business model (Table 1). Pond culture was
divided into subsistence and commercial sub-categories,
whereas river cage culture was divided into contract and independent sub-categories.
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Risk attitudes were measured using two approaches: a lottery choice task (Holt and Laury 2002) and a set of questions
from a general risk aversion scale (Mandrik and Bao 2005).

Results
Risk communication practices
DOF officials interviewed explained that they communicated
information to fish farmers through multiple mediums, including face-to-face conversations, projects, round table discussions, meetings run by local government or village headmen,
phone calls, or LINE text messages to group leaders, and with
help of fisheries volunteers. Communications tended to occur
most frequently prior to and during periods with high risks of
mass mortality events due to issues relating to water quality or
climate variability, for example, during the drought season. A
fish cage farmer in the Ping, for example, told us:
The district fisheries officer invited us to a meeting. We
were told not to rear fish in the dry season because of
problems with climate in the area and a damaged weir
could not store water. The drought conditions were expected to last 8 months according to information provided by the Chiang Mai Provincial Office. Thus farmers
were asked to refrain from raising fish in cages from
November 2015 until June 2016.
In Nan Province, cage fish farmers use the LINE chat application to communicate with each other and receive
information
about the opening and closing of dam gates and how
much water will be released today. Fisheries also warn
us about bad weather, dense cloud cover, to be alert for
fast river flows using LINE. Then there is also talk about
fish, water quality, and the weather all the time. Also if
there is a disease outbreak or many fish dying in cages
today.
Pond farmers in Payao Province explained that they were
members of a cooperative that had an MOU with the
Department of Fisheries and so Bofficials came to look after
them all the time.^ During visits, officials recommended reducing the number of fish stocked during the periods with
high risks of drought—advice farmers said they Bfollowed
closely as they had little water and fish were going to be hard
to sell in that period.^ In interviews, fish farmers said they
trusted information received from DOF as Bthey are doing
their job and they are knowledgeable^ and because the suggestion given Bwere consistent with their thinking and
experience.^
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At the same time, pond farmers in some other areas
complained they were not contacted by DOF at all, or that
when they did it was only about permits and taxes. In these
situations, many receive such information in modified forms
from secondary sources such as local community leaders or
heads of fish farming groups. As one DOF official explained:
Usually we share information with group leaders or village headmen, and ask them to help spread the information or organize a time [for meeting]. However, in some
places it is harder if the farmers rear independently; so
they have to keep in contact with other people.
The written notices issued by provincial DOF offices in each
season were broadly similar to each other and each year include many similar points. At the same time, there was some
important variations in wording, and variation in formats from
brochure-style to official announcement letters stamped with
the government seal. A typical dry season warning read:
Droughts and scattered rain periods lead to less water in
natural water bodies and irrigation streams, which are
important sources of water for aquaculture, and thus has
an impact on the aquaculture sector. Moreover, poor
weather is not suitable for fish to grow and mate. [1]
This was then followed by a detailed list of 11 suggested
actions (Case 1, Table S2), the first of which was: Bstocking
densities should be lower than normal, and should release fish
that are big in order to reduce rearing time.^ Other actions
included stopping leaks and providing aeration, as well as a
series of Bdo nots.^
The wet season announcement letter from one DOF office
characterized the climate risks as follows:
Given that heavy rain occurs in the months of June October of every year, and which leads to natural hazards like flash floods, this impacts and creates loss for
fish farmers in the area. Therefore, in order to minimize
damages from said natural hazard, Chanthaburi
Province makes this announcement to fish farmers. [2]
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So we ask farmers to monitor weather forecast from
the Department of Meteorology and information on
the water situation from the Royal Irrigation
Department to prepare to deal with the situation. Rapid
changes in temperature and higher temperatures will
stress and kill fish. Aquaculturalists should follow these
instructions. [3]
Comparison of the three extracts above from DOF formal pronouncements on climate-related risks is instructive. In all three,
references to seasons are used to point to increased likelihoods
of particular hazards, indirectly in [1] and most directly and
forcefully in [3] (Bheavy rain occurs in the months of … every
year^). Susceptibility is articulated in the language of impacts
and losses in that are generic in [1] (Bon the aquaculture sector^)
and closer to home in [2] (Bfor fish farmers in the area^), and
more implicitly in [3] (Bwater…may not be sufficient for
aquaculture^). DOF officials rarely make explicit reference to
response efficacy, but instead give Binstructions^ which should
be followed so as to Bminimize damages^ [2] or Bdeal with the
situation^ [3]—an implicit, but strong claim of efficacy.
Emotional language and norms were not used to attempt to
persuade actions in these communications.

Threat appraisal
When likelihood of drought and susceptibility of fish farms to
drought were emphasized, intentions to act increased
significantly. On the other hand, emphasizing response efficacy had a small suppressing influence (Table 3). Independent
river cage farmers were more than two times as likely as those
with subsistence ponds to have a high intention to act. TwoTable 3 Results of Experiment 1 on threat appraisal. Effects of inserting
tactical messages on intentions to take a medium-term action of reducing
stocking densities to reduce impacts of drought. Analysis using logistic
regression. C.I., confidence interval. A significant odds ratio < 1 implies a
decreased intention to act, whereas an odds ratio > 1 implies an increased
attention to act, when that treatment was received compared to the control
or for that farm type relative to subsistence pond category. P values are
probability that difference from odds ratio = 1 arose by chance
Predictor

This was followed again by 11 suggested actions (Case 2,
Table S2), for example, Bprepare to regularly harvest fish of
market or consumption size in order to reduce the density in
ponds.^ The actions are mostly written in the form of reasoned
arguments (e.g., Bin order to^, Bso that,^ Bin the event that,^
Table S2).
In Chai Nat province, the dry season is likely to continue
until mid-May. Water in natural streams and irrigation
canals will be reduced and may not be sufficient for
aquaculture. This will affect the breeding of animals.

Likelihood of impact
Response Efficacy
Susceptibility
Farm type
Subsistence pond
Commercial pond
Contract river cage
Independent river cage

P

Odds ratio

95% C.I. for odds ratio
Lower

Upper

.030
.042
.013
1

1.37
0.74
1.43

1.03
0.56
1.08

1.82
0.98
1.90

.193
.965
.001

0.68
1.01
2.24

0.38
0.72
1.38

1.22
1.41
3.62
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way interaction terms among treatments, gender, and age were
not significant and dropped from the model.
Two follow-up questions provide some indication of how
threats were appraised overall in this experiment. Intentions to
act on drought were much higher for farmers that agreed with
statements about being scared or worried by drought (96 vs
56%), and about drought representing a significant risk to their
farms (96 vs 56%), suggesting that an appraisal of significant
threat motivated protection. At the same time, if they did not
believe response was effective, that is better than doing nothing, then they were much more likely to dismiss the risk as
insignificant rather than if they accepted the response (72 vs
29%). Even so, underlining response efficacy did not increase
intention to act.

Emotional appeals
In Experiment 2, specific contrasts were made between treatments and the control. Tactical messages with emotional appeals (anxiety, fear, guilt) regardless of the presence of a response efficacy insert, had no significant influence on intentions to act (all P > 0.2). Adjusting for gender, farm type or
having a high level of general risk aversion had no effect on
the treatment comparisons. A tactical insert that combined
references to anxiety and response efficacy significantly increased the likelihood of being concerned or worried about the
flood risk (O.R. = 1.7, P < 0.05), however, without influencing intentions to act.

Table 4 Results of Experiment 3
on norms and beliefs. Effects of
inserting tactical messages on
intentions to delay stocking to
reduce risk from water shortage
prior to harvest. Analysis using
logistic regression. C.I.,
confidence interval. Experimental
factors forced into model; odds
ratio intervals are only shown for
significant factors

Predictor

Norms and beliefs
In Experiment 3, specific contrasts were made between treatments and the control with respect to intentions to delay stocking to avoid risks of water shortages prior to harvest (Table 4).
Tactical inserts with appeals to norms and beliefs had no significant influence on intentions to act, with the exception of a
reference to benefits versus costs which reduced the likelihood of a high intention to act. Independent of treatment effects, individuals who received information from the fisheries
department or cooperatives were much more likely to take
actions. River cage fish farmers were less likely to have a high
intention to act than pond fish farmers in this experimental
scenario.
One measure of the attitude of participants to the risk reduction behavior (delay stocking) is that 95% of those who
perceived water shortage as risk agreed or strongly agreed
delaying stocking was an effective measure. Among those
who did not clearly perceive the risk of water shortages, agreement on response measure effectiveness fell to 69%.
Perceiving the measure as effective was strongly associated
with intention to act in the experiment regardless of risk perception (P < 0.001).

Adaptation
Emphasizing likelihood of drought, response efficacy and susceptibility of fish farms to drought each increased intentions to

P

Norms and beliefs
Control
Moral norm
Social norm (farmers)
Behavioral control
Self-efficacy
Beliefs on benefits vs. costs
Social norm (kin and friends)
Other benefits
Information source
Fisheries department
Cooperatives
Farm type
Subsistence pond
Commercial pond
Contract river cage
Independent river cage
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Odds ratio

95% C.I. for odds ratio
Lower

Upper

0.33

0.96

1
.123
.318
.151
.776
.033
.144
.510

0.66
0.78
0.69
0.93
0.56
0.68
0.83

.001
.001

4.33
2.68

2.72
1.57

6.90
4.58

1
.184
.001
.001

0.61
0.21
0.29

0.30
0.13
0.16

1.26
0.34
0.50
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act in the scenario of increasing risks of drought (Table 5).
Independent river cage farmers were more than two times as
likely as those with subsistence ponds to have a high intention
to act, whereas commercial ponds were a third less likely.
Gender and age were not significant and dropped from the
model.

Discussion
The findings supported some propositions of risk communication models but not others. According to Protection
Motivation Theory (PMT), high threats should lead to protective behavior when a person believes themselves to be susceptible and there is an effective coping response available
(Rogers 1975). In Experiments 1 and 4 of this study, farmers’
intentions to take risk reduction or adaptation actions in the
medium- and long-term in response to risks of water shortage
were increased by being told they were susceptible and that an
impact was likely. In short, they responded as expected to
tactical message inserts explaining the threat. The effect of
response efficacy, however, was inconsistent across experiments: in Experiment 4, farmers responded as predicted to
tactical messages to invest in water storage when faced with
situation of increasing risks of drought; whereas in
Experiment 1, they did not reduce stocking densities when
faced with a high risk of drought in the next dry season. In
part, this may be explained by the fact that most who felt this
measure was not effective dismissed the risk as insignificant.
This latter observation is in line with the Extended Parallel
Process Model (Witte 1992), while the differences in response
between time-scales remain unexplained.
In this study, tactical message inserts relating to the three
negative emotions (guilt, fear, anxiety) had no influence on
intentions to act. A combination of anxiety and response

Table 5 Results of Experiment 4 on adaptation. Effects of inserting tactical
messages on intentions for long-term action on water storage infrastructure.
Analysis using logistic regression. C.I. stands for confidence interval
Predictor

Likelihood of impact
Response efficacy
Susceptibility
Farm type
Subsistence pond
Commercial pond
Contract river cage
Independent river cage

P

Odds ratio

95% C.I. for odds ratio
Lower

Upper

.028
.022
.003

1.66
1.69
2.03

1.06
1.08
1.28

2.60
2.64
3.23

.002
.687
.017

1
0.36
0.91
2.04

0.19
0.56
1.14

0.69
1.46
3.67

efficacy increased perceptions of risk, but these did not translate into high intentions to act. It should be underlined that the
emotion treatments in this study were simplistic, being based
just on naming the emotional states; it is possible that the use
of powerful imagery or related techniques to trigger these
emotions may have more influence. In previous work, fish
farmers downplayed the importance of feelings and emotions
for risk decisions, but other evidence suggested that it was an
important influence on risk management actions (Lebel and
Lebel 2016).
The Theory of Planned Behavior (TPB) argues that attitudes towards a behavior and subjective norms help explain
intentions to perform that behavior (Ajzen 2002). The findings
from Experiment 3 provided no support for these propositions. In one case, inserting a tactical message which references benefits versus costs reduced farmers’ intentions to act.
One reason may be that such an argument draws attention to
costs, which are relatively certain and calculable, whereas
benefits are not guaranteed and variable. Other studies have
also found small or no effect of social norms (Armitage and
Conner 2001). In this study, the manipulation used to capture
notion of perceived behavioral control was just the simple
assertion Bit is up to you whether or not to^ and this again
did not make a significant difference to responses.
In several experiments, difference in responses among farm
types were observed. Independent farmers with cages in rivers
typically expressed higher intentions to act on risks of drought
than subsistence farmers with earthen ponds or with cages but
also in contract farming arrangements. This is consistent with
the much higher climate and financial risks faced by cage
farmers. In Experiment 3 on norms, however, cage farmers
were less likely than pond farmers to delay stocking to avoid
a period with high risks of water shortages; possibly because
the latter group is more impacted by low dissolved oxygen
(Sriyasak et al. 2015), a major cause of fish stress. The importance of situational factors beyond individual characteristics in
this study was clear, suggesting value in further work with the
Protective Action Decision Model (Lindell and Perry 2012).
Using the experimental scenario approach allowed the influence of specific messaging tactics to be evaluated and measured without putting fish farmer’s livelihoods on the line, as
would be the case in an operational study. An important limitation of this approach, however, is that it requires asking fish
farmers to imagine themselves in different decision scenarios,
some of which may be unfamiliar or not reflect reality as they
perceive it; in particular, the experiment isolates one key decision that would normally be made in context of many others,
simplifying the decision context. These problems might be
reduced by using video or animation of the different scenarios
prior to receiving test messages. Either way, the scenario decision approach seems like a useful first step in trialing tactical
message inserts and other communication techniques with the
intended target group prior to implementation in actual
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operations. As such, this study makes a significant contribution to a recent call for more theoretically guided study of
flood risk communication (Kellens et al. 2013), by demonstrating the plausibility of experimental approaches to testing
messaging tactics for a range of climate-related risks.
The experimental findings from this study have four important implications for designing communications with extension agents, academics, and farm leaders. First, emphasizing the climate-related threat, in terms of susceptibility and
likelihood, can lead to better appraisals of risk by farmers
and higher intentions to take risk reduction measures. At the
same time, it is important that arguments are truthful and perceived as such, otherwise tactical messages may lead to loss of
trust and be dismissed (Morton et al. 2011; Rabinovich et al.
2012). Qualitative interviews in Payao Province suggest that
pond farmers in that area trusted their advisers with whom
they frequently interacted, and consequently, had high confidence in the messages they received from them. In the experiment, participants were asked to imagine that information
came from a trustworthy source; even so, many did not fully
accept, for example, claims about the efficacy of early harvest
or the threat posed by floods. Good practices in communication of risk include activities outside crisis periods that help
maintain relations with farmers.
Second, the inclusion of tactical messages that emphasize
or reiterate the reasons or merits of taking particular climate
risk management practice do not automatically enhance the
effectiveness of a message overall. It should be noted that the
control treatments in all four experiments asserted that a response measure was effective. Treatments which include a
tactical message on Bresponse efficacy^ therefore repeated
information already provided, and so measured the effect of
Bemphasizing efficacy^ rather than Befficacy^ itself, a much
smaller potential difference. This repetition led to rejection of
the message in two experiments.
Third, although theories predict that satisfying multiple
conditions should increase intentions to act, in practice, care
is needed in packing messages with multiple inserts as these
make a message longer and more complex. None of the threeway or two-way interaction terms expected to be predictors of
intentions according to communication theories were significant in this study. In Experiment 3, references to anxiety and
response efficacy significantly increased perceptions of risk,
but not intentions to act. The experimental treatments used in
this study, it should be underlined, were much less complex
than the set of 11 response actions listed by the Department of
Fisheries in official notices.
Fourth, if practices are heterogeneous, as was the case in
this study with respect to farm types, then the salience of risk
reduction measures and imperatives for action may vary substantially among individuals within the target population. This
latter situation underlines a more general principle that the
effectiveness of communication should not be judged by the
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fraction expressing intentions to adopt the promoted practice,
but rather be evaluated with respect to the quality of appraisal
and decisions. Extension agents, farm leaders, and academics
should acknowledge farmers have agency in complex situations, and thus advice is most helpful when it expands options
and capacities as opposed to prescribing solutions (Crane et al.
2010).
This study had some important limitations. Given
limits on complexity of message treatments that could
be administered to an individual subject, and total number of subjects available, it was not possible to examine
all combinations of potentially important variables
influencing intentions to act, for all types of hazards. In
future research, it would be instructive, for instance, to
extend the analysis of emotions to a slower-onset drought
hazard. Another promising follow-up to the current study
would be to use the approach tested here to explore tactics for effectively communicating Buncertainty^ in future
climate, as has been done with regard to framings that
highlight losses or avoidance of losses (Morton et al.
2011). As ownership and skills using smart phones increases, we predict use of images and video will become
key feature of Btactical inserts.^ Further research on the
use of social media channels to share photographs and
videos would be worthwhile. Study designs with multiple, reinforcing, messages as well as longer-term followup on intentions and actual practices will eventually be
necessary to validate the effectiveness of alternative messaging tactics.

Conclusions
This study shows that theory and other practice-based suggestions can be evaluated using scenario-based decision experiments, which like simulation games, are most useful when
members of the target population take on decision-making
roles similar to those they have in real life. The study also
shows that risk communication models provide a useful but
not infallible source for designing communications, and therefore, reiterate the importance of pre-testing and validating effects with the targeted users.
From the main findings of this study, and consideration of
existing practices of the DOF, four recommendations for messages sent to farmers, in particular for text-based formats, can
be offered. First, keep messages as simple as possible but
ensure that they include some options for action. Second, emphasize susceptibilities and likelihoods of an event without
distortion. Third, acknowledge that levels of risk vary from
place-to-place. Fourth, expect well-informed and persuasively
worded messages to be shared with others, if there is trust in
the source.
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Innovation has had an important role in the growth of aquaculture and is expected to
continue to do so in the future. Recent studies and reviews have shown how and when
innovation contributes to adaptation to climate. This study takes this improved
understanding of how innovation contributes to adaptation, together with the
experiences of some of the stakeholders involved, to distill from the mixture, lessons
for facilitating further innovation. To this end, we interviewed in-depth 79 aquaculture
innovation stakeholders working in the Mekong Region (Cambodia, Laos, Myanmar,
Thailand, Vietnam) and drew on additional information on adoption rates and
innovation attitudes from a baseline survey of 3311 farmers. There were four key
findings: (1) large firms supplying key feed and stock inputs, as well as credit and
advice as part of production contracts, have a significant influence on the generation,
spread and adoption of mainstream innovations; (2) farmers themselves, or working
together with researchers and extension agents, generated many of the innovative,
low-cost adjustments to standard practices relevant to the management of
contemporary climate-related risks; (3) information-communication technologies are
accelerating the spread of information about innovations, creating opportunities to
improve access, but also increasing the demand for reliable and trustworthy sources of
information; and, (4) innovation takes on different forms and meanings when it is driven
by firms, governments, experts or farmers, reflecting differences in stakes and
capabilities. Cognizant of these complex realities, and based on stakeholder insights,
we identify nine promising strategies for fostering innovation in adaptation.
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to do so in the future. Recent studies and reviews have shown how and when innovation

24

contributes to adaptation to climate. This study takes this improved understanding of how

25

innovation contributes to adaptation, together with the experiences of some of the

26

stakeholders involved, to distill from the mixture, lessons for facilitating further innovation.

27

To this end, we interviewed in-depth 79 aquaculture innovation stakeholders working in the

28

Mekong Region (Cambodia, Laos, Myanmar, Thailand, Vietnam) and drew on additional

29

information on adoption rates and innovation attitudes from a baseline survey of 3311

30

farmers. There were four key findings: (1) large firms supplying key feed and stock inputs, as

31

well as credit and advice as part of production contracts, have a significant influence on the

32

generation, spread and adoption of mainstream innovations; (2) farmers themselves, or

33

working together with researchers and extension agents, generated many of the innovative,

34

low-cost adjustments to standard practices relevant to the management of contemporary

35

climate-related risks; (3) information-communication technologies are accelerating the spread

36

of information about innovations, creating opportunities to improve access, but also

37

increasing the demand for reliable and trustworthy sources of information; and, (4)

38

innovation takes on different forms and meanings when it is driven by firms, governments,

39

experts or farmers, reflecting differences in stakes and capabilities. Cognizant of these

40

complex realities, and based on stakeholder insights, we identify nine promising strategies for

41

fostering innovation in adaptation.

42

Keywords: fostering innovation, climate change adaptation, aquaculture, stakeholders
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43

1

44

Innovation has been crucial to the rapid growth of aquaculture and remains critical to its

45

future (Bostock, 2011). In the last two decades, important areas of innovation include animal

46

breeding, nutrition and health (Asche et al., 2012; Kumar and Engle, 2016; Tacon, 2020).

47

Looking to the future, innovation will likely become more important and challenging as

48

climate change impacts on the sector grow more severe (Handisyde et al., 2017; Kibria et al.,

49

2017; Soto et al., 2018), and interact with other pressures on natural resources and the

50

environment (Diana et al., 2013; Klinger and Naylor, 2012; Lebel et al., 2018). A better

51

understanding of how innovation in the past has contributed to adaptation of aquaculture to

52

climate would be a useful foundation for tackling these future challenges.

53

A recent global review found that changes to technologies, institutions, and information

54

management, have all made significant contributions to adaptation (Authors, in prep.). The

55

source and relative importance of innovation however, depended on the specific type of

56

practices involved, and conditions. Technological innovations, such as advances in

57

equipment for monitoring of fish or water quality, make remote and automated management

58

in response to rapidly changing weather conditions possible (Kumar et al., 2018), but not

59

necessarily worthwhile for all species and locations. Biological innovations, such as genetic

60

improvement programs, make selection for higher growth rates or disease, salinity or higher

61

temperature tolerance possible (Lhorente et al., 2019; Nguyen, 2016) but again, not

62

necessarily preferable to changing growing sites or species. Institutional innovations, such as

63

the formation of on-line communities of growers (Elfitasari et al., 2018), building on

64

advances in information-communication technologies, could facilitate awareness of other

65

adaptive practices but also create challenges for maintaining quality of information shared.

Introduction
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66

This study builds on this improved understanding of how innovation contributes to

67

adaptation, by adding the self-reported experiences of innovation stakeholders, and distilling

68

from the mixture, strategic lessons for facilitating further innovation for adaptation. In

69

framing our inquiries, we were also inspired by previous studies of adaptive policymaking

70

and the governance of knowledge for sustainable development, domains with important

71

overlap with the challenges of adaptation to climate change. These bodies of work suggests

72

innovation can be fostered by: creating opportunities for: self-organization and networking

73

(Swanson et al., 2010); collaboration and openness (van Kerkhoff, 2014); listening to

74

potential users (Clark et al., 2016); building capacities for co-production (van Kerkhoff and

75

Lebel, 2015); and, providing support for the underserved (Anadon et al., 2016). At the

76

outset, we recognize that innovation takes place in socio-technical systems (Berkhout et al.,

77

2010), in which power relations and dominant interests may be working against efforts to

78

build-in adaptiveness (Lebel et al., 2010) or innovations that would support transitions to

79

sustainability (El Bilali, 2020; Geels, 2010). We focus on the experiences in five countries in

80

the Mekong Region (Cambodia, Laos, Myanmar, Thailand, Vietnam), as they provides a

81

diverse range of national sectors in terms of size and maturity, as well as roles for private vs.

82

public investment in R&D, diverse socio-political culture, ecological settings and

83

climatological risks.

84

2

85

A mixed methods approach was adopted in which qualitative inquiries played the lead role,

86

and quantitative information from a structured questionnaire survey, a supporting role

87

(Bryman, 2006; Dixon-Woods et al., 2005).

Methods
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88

2.1

89

The 79 interviewees included farmers (34), academics (16), representatives from private

90

companies (12), government officials (9) and experts from international organizations (8).

91

The interviews were collected between 13 March 2018 and 5 December 2019. Most

92

interviews lasted 20-60 minutes. One interviewee preferred to respond to questions via

93

written answers. Interviews were conducted, in English or the local language, with people

94

working in Cambodia (10), Laos (10), Myanmar (12), Thailand (36) and Vietnam (11). The

95

count of interviews in Thailand includes a follow-up set focused more closely on aeration,

96

water (re-)circulation, and monitoring innovations.

97

Informants were asked to tell the history of a specific and important innovation they had been

98

directly involved in or had otherwise closely observed. The interview covered key features of

99

the novel practice and how it differs from current practice, barriers and obstacles to early

In-depth interviews

100

development, diffusion, and adoption of the innovation, as well as views on its performance

101

and possible future. Informants were asked to be as specific and frank as possible about actor

102

roles and important institutions. They were also promised anonymity and re-assured that the

103

research team had no related commercial interests but was looking to draw and illustrate

104

lessons from innovator’s experiences. Alternative variants of the interview guide were

105

created for experts, farmers, and value chain businesses.

106

2.2

107

In the AQUADAPT-Mekong project, teams working in the five countries purposively took

108

on the role of ‘innovation facilitators’, providing first-hand experiences on engaging with

109

stakeholders in development of a smart phone app, and low-cost aeration technologies. Team

110

members also attended aquaculture events such as national trade expos and more local

111

“shrimp days” (n=3) run by the industry. In several cases we were able to visit laboratories to

Participant observation
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112

see prototypes, farm supply stores to see products on the shelf, and visit farms to see

113

technologies in use.

114

2.3

115

Responses to selected questions about attitudes towards innovation, from a much larger

116

tablet-based survey of the risk perceptions and risk management practices of 3311 fish and

117

shrimp farmers in five countries (Authors, in review), were extracted for analysis in this

118

study. The Myanmar sample was divided into 2 (Dry Zone and Delta) to reflect large

119

differences in portfolio of climate-related risks. All interviews were done face-to-face

120

between the 19 January 2018 and 7 May 2018.

121

2.4

122

In-depth interviews were taped and transcribed in full (n=68) or noted and summarized

123

(n=11), then coded along with event and participant observation notes in NVIVO 12

124

software. We started with a set of higher-level categories (nodes) around the main themes of

125

interest, for instance, the generation, spread and adoption of innovations, attributes of

126

innovators and their social relationships, and constraints in the local or wider innovation

127

system. Lower-level nodes were created within the higher-level nodes as part of the reading

128

and interpretation of interview scripts. In a final analysis we grouped experiences around

129

lessons for innovation facilitators. In the results sections of this paper, specific sources for

130

quotes and statements are identified by a square-bracketed superscript that are anonymously

131

cross-referenced in a table in the supplementary material. Observations made directly by an

132

individual author are indicated by the authors initials, also in a bracketed superscript.

133

The survey was analyzed using standard descriptive statistics, with associations with binary

134

outcome variables (indicators of orientation towards innovation) and candidate categorical

135

variables (age, gender, education, wealth, experience of climate-related losses, and growing

Survey

Analysis and reporting
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136

fish vs. shrimp) were explored using logistic regression models in SPSS 25. In the text we

137

follow the convention of reporting Odds Ratios (O.R.), alongside their 95% confidence

138

intervals (95% C.I.); if interval includes 1.0 then the estimated odds ratio is not significant

139

(Hosmer and Lemeshow, 2000).

140

3

141

3.1

142

Generation refers to initial discovery and early development of a new application of an idea,

143

often in response to problems or market opportunities. In this section we show that the ideas

144

for potential solutions to challenges often come from farmers rather than researchers, but that

145

collaboration and support from other stakeholders is also important for successful

146

development of innovations that contribute to adaptation.

147

3.1.1 Build on experience, open to novelty

148

Details of farmers’ practices change all the time, as they are always experimenting and trying

149

to find new tricks to see what works best for their farm.[30] To deal with high water

150

temperatures, farmers in Cambodia shaded ponds by growing floating aquatic plants and

151

growing plants on the pond walls[4]; and for low temperatures, some farmers in Northern

152

Laos put heaters in their nursery ponds to keep fish alive during a cold spell.[9] In Myanmar,

153

woman fish farmers were observed selecting small air-breathing fish like stinging catfish

154

(Heteropneustes fossilis) as they can be stocked in shaded ponds to protect from high

155

temperatures pre-monsoon, and marketed soon after stocking for a quick profit.[12] The

156

responsiveness of farmers to impacts and risks means “you can learn a lot about climate

157

change adaptation by looking at how farms deal with it now, or in the recent past.”[35]

158

Experiencing impacts from extreme water or climate conditions triggers the search for

159

solutions. Episodes of high flows damaging fish cages in a river in Cambodia led to stronger

Results
Generation: Discovery & development
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160

construction designs and the use of flow deflecting forms in the shape of the front end of a

161

boat at the upstream-end of a set of cages in Cambodia.[1,2] While the boat-shaped front seems

162

to have been the inspiration of farmers knowledgeable about building boats, a concurrent

163

shift from traditional bamboo and wood cages to nylon netting and aluminum frames, was

164

initially based on advice from an agent working with the Thai multinational, Charoen

165

Pokphand.[38] The new construction materials proved easier to clean after each crop. Netting

166

arranged in three layers with the coarsest mesh at the outermost layer helped reduce risks of

167

fish escapes from damaged netting. The new construction material allowed good water flow

168

through the cage, and thus the farmer was able to successfully rear tilapia, silver barb and

169

pangasius.[38] A second farmer reported similar success following adoption, but had initially

170

been worried the cage might “be destroyed by people who do not like us.”[39] This example

171

nevertheless shows that a certain openness to new ideas from elsewhere can be valuable to

172

improving risk management practices.

173

Overall, two-thirds (66%) of aquaculture farmers surveyed across the Mekong Region agreed

174

or strongly agreed that the statement “I feel comfortable improvising in new situations”

175

applied to them, but those who farmed fish were more than four-times as likely (O.R.=4.2;

176

95% C.I. 3.3-5.4) to feel this way than those who farmed shrimp. There was no difference

177

according to gender, age, wealth or education. Farmers who had experienced significant

178

losses from climate-related impacts were less likely (O.R.=0.73; 95% C.I. 0.63-0.85) to feel

179

comfortable improvising.

180

According to business and expert informants, experiences in related culture systems or other

181

sectors are important sources of ‘novelty’. Thus, fish farmers in Thailand adopted aeration

182

(and water mixing) technologies that were initially used in farming shrimp, following

183

relatively minor adjustments for different pond conditions and water management objectives.

184

A locally manufactured, real-time monitoring system for water quality parameters, including
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185

dissolved oxygen concentration (DO), was first trialed and sold to shrimp farms, but then

186

transferred to fish cage farming operations in rivers.[100,108] Being aware of technological

187

advances in related sectors may lead to fortuitous insights. Thus, a private company decided

188

to import pipes that were previously used to water plants with drip irrigation, and sold it as an

189

aerator accessory, since it turned out that the pipe with tiny holes could produce very fine

190

bubbles and thus make oxygen available to fish more efficiently.[20] This example also

191

underlines how generation can be about finding a novel use (and thus market) for an existing

192

product made for a different purpose.

193

3.1.2 Encourage collaboration, manage expectation

194

Farmers in the Mekong Delta actively try out new techniques and welcome the support of

195

researchers from the university.[29] In a very dry and hot period in 2016, for instance, shrimp

196

farmers experimented using plastic mesh to shade and cover their ponds. With the help of

197

researchers they were able to monitor water quality and temperature, and together with

198

information on yields, systematically assess the costs and benefits of the innovative practice,

199

as well as refine the innovation.[29] This engagement with farmers as innovators is

200

fundamentally changing the research process into a ‘blending’ of knowledge sources.[29] In

201

recognition of this experienced-based knowledge, a researcher from Vietnam told us that “in

202

most case you learn from farmers first, the challenge and the solution, and then you see how

203

it can be improved.”[30] It sometimes proved hard to work on the development of an

204

innovation if there were too many, diverse stakeholders involved, especially if they had

205

different ambitions or working culture.[33]

206

Another climate-related challenge for farmers is low DO levels – a risk of high concern to

207

23% of farmers surveyed. Low DO levels can arise in ponds, and other water bodies, with

208

high concentrations of phytoplankton, and which are exacerbated under certain weather

209

conditions like overcast (blocking sunlight) or low wind (stratification and no waves). In
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210

Myanmar, problems with thermal stratification in large ponds led to seasonal fish mortality

211

events due to anoxic bottom layers, which then led to a search for a pump/aeration system

212

that could work both day and night. Researchers at WorldFish, an international applied

213

research organization, collaborated with NantEnergy (formerly Fluidic Energy), a battery

214

manufacturer, and came up with a combination of solar panels (for the day) and a battery (for

215

during the night) to drive a pump with a venturi valve, that is, a solar-powered aerator.[12]

216

Although the system worked, the benefits of reduced risk of low DO episodes could not

217

offset the costs required for installing such a system in the large ponds used, and so the

218

practice did not spread among these farmers. Working with the Myanmar Department of

219

Fisheries and Myanmar Fisheries Federation, the researchers modified a venturi-based aerator

220

system, so it was easy to assemble from existing equipment and locally available

221

supplies.[KMS] Preliminary testing of venturi aeration showed it prevents the sharp decline of

222

DO during the night in small nursery and grow-out ponds. Through the demonstrations and

223

information distributed through a Facebook page, small-scale aquaculture farmers become

224

interested because of the low cost to fabricate, familiarity with pumps and other components.

225

Soon, 75 small-scale farmers in the central dry zone had adopted the venturi pipe systems,

226

replacing their conventional water circulating system. This example shows that researchers

227

can successfully take on the role of innovation facilitators, combining existing technologies

228

in a novel configuration.

229

The developer and manufacturer of a real-time DO monitoring system in Thailand

230

continually sought feedback on their equipment and software from the early adopters, so they

231

could improve the product.[109] A partnership with a company selling aquaculture equipment

232

to farmers made this feedback easier to gather as they had good relations with key farmers. A

233

company official insisted that collaboration among stakeholders is important for aquaculture
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234

to be sustainable.[26] These latter examples underline the value of stakeholder collaboration in

235

developing solutions, both in public and commercial settings.

236

3.1.3 Invest in research, recognize development

237

Who invests in R&D influences the purpose and form of innovation. Government approval

238

and support may be critical in early stages of innovation development. An academic told us

239

“research is the foundation of innovation; without scientific justification, it will not be a

240

sustainable innovation.”[22] Several academics interviewed acknowledged the importance of

241

initial project funding as crucial to success.[24,28] One in Thailand also praised the

242

promotional work of the National Innovation Agency for drawing the notice of other

243

stakeholders to their promising discoveries.[25] Innovations that win awards also tend to get

244

attention.[24] At the same time, it is important not to oversell R&D efforts as “innovation takes

245

time. There are no short cuts. This is a very important point that many policy-makers and

246

leaders do not understand.”[22]

247

Two phase culture of white-leg shrimp (Litopenaeus vannamei) in Vietnam was initially

248

driven by the outbreak of Early Mortality Syndrome.[49] At the time, hatcheries struggled to

249

consistently provide quality seed. To lower the risks of outbreaks late in the production cycle,

250

by when much has already been invested in feed, farmers placed young seed in smaller, lined

251

and closely managed ponds before releasing to the grow-out pond. If disease happens early

252

on, then can discard the crop and restart without suffering too great a financial loss. In the

253

first phase it is also easier to provide shade during very high temperatures and reduce rainfall

254

intensity with pond covers.[49] At higher stocking densities, aeration is also applied.

255

Another group of Thai researchers working on organic aquaculture found that collaboration

256

with the private sector made it easier to obtain research funding from government sources, as

257

they could demonstrate the relevance of their work for practice.[125] The investor, a pioneer in
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258

commercial Bio-floc technologies, gave full access to the researchers to use the facilities he

259

had invested in and got working, and encouraged them to tackle key technical issues in

260

‘going organic’ without worrying about high stocking densities and immediate

261

profitability.[124]

262

Universities have the power to hinder researchers from working on aquaculture innovations

263

by not supporting external applications for funds, or by not allocating internal budgets. This

264

can happen if they do not understand the relevance of applied research and innovation.[28]

265

Some interviewees complained that university officials were more concerned with rewarding

266

staff for high citation papers than work with practical or commercial applications.[28] To

267

accommodate these challenges, an entrepreneurial academic continued to work in a university

268

environment, while her husband and daughter set up businesses to develop innovations

269

further for the marketplace.[25]

270

International donors have an interest in climate change adaptation, in part, because of

271

commitments made by national governments. This can be an opportunity for innovators if

272

they can frame their efforts as contributing to better management of climate-related risks or

273

building adaptive capacities.[30] Based on the differences in interests among stakeholders, we

274

infer that a combination of public and private sources is likely to be important for innovation

275

that supports adaptation.

276

3.2

277

Spreading is about information dissemination and product distribution to farmers. We find

278

that promotional activities and farmer-to-farmer communication are key to the diffusion of

279

innovations. While television and growers’ groups remain important channels for

280

dissemination, social media are increasingly used by farmers to share experiences about new

281

practices, technological and otherwise.

Spread: Transfer and translation
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282

3.2.1 Expand options, localize practices

283

Government departments, private firms and other non-state actors are involved to varying

284

extents in promoting aquaculture practices to farmers. For instance, in Laos there is a lot of

285

government promotion and training on how to implement organic aquaculture.[7] In Thailand,

286

the Department of Fisheries from time to time organizes workshops to promote new practices

287

they and others have developed to farmers,[018] for instance and notably, dissemination of the

288

Chitralada-1 and GIFT strains of tilapia. It must be noted however, that while people are

289

eager to learn, these types of promotions are not always effective in Myanmar [5,12,13] and

290

Laos [9] due to limited institutional capacities. Another problem is that government offices

291

and research centers in the Mekong Region have often followed an approach that, “is very top

292

down, you do some experiments directly in the pond, and then you print a booklet, and then

293

diffuse it to farmers, and there is no feedback from farmers.”[029]

294

Transfer-of-technology approaches can also fail because of incorrect assumptions about

295

equivalence of climate conditions and water management capacities in source and target

296

regions. For example, the local hatchery producer network in Cambodia didn’t perform well

297

due to droughts in 2014-15.[3] Similarly, a small-scale integrated aquaculture system that

298

worked well in Thailand, didn’t perform well in sites in Cambodia and Laos due to the lack

299

of infrastructure for controlling water levels.[5] In the mid-1980s disease outbreaks in Taiwan

300

led to the collapse of intensive culture of black tiger shrimp (Penaeus monodon). Charoen

301

Pokphand (CP) and Mitsubishi collaborated to bring the intensive culture technologies to

302

Thailand. By 1990, the intensive rearing practices had spread in Thailand, and academic

303

experts approached by farmers and companies for further guidance, soon discovered they had

304

to learn a lot more about practices in the field, so that is where they sent their graduate

305

students to work.[105] Many things which had worked in Taiwan, did not always work well in

306

Thailand, and what worked in the laboratory was often useless in real ponds.[105] The original
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307

aerators from Taiwan that all farmers initially used, for instance, were an outdated

308

technology, and thus were soon replaced by more efficient paddle-wheel technologies

309

developed locally.

310

Private firms also adopt other approaches to “diffusion” of innovations. Shops that sell

311

aquaculture equipment don’t go to farmers but instead advertise new products, like DO

312

sensors or solar-powered paddlewheel aerators, on YouTube and Facebook.[100] For newly

313

imported aeration equipment that farmers are not yet familiar with, the store offer a warranty

314

and technical support to install.[100] Another company that primarily sells equipment to

315

shrimp farmers began business selling paddlewheel aerators, but now also supplies DO

316

sensors, as they are of interest and being used more and more.[103] This latter company

317

depended on sales representatives in shrimp growing areas recommending products to

318

farmers on-site.

319

SMEs that manufacture or re-sell equipment or food supplements attend trade expos and

320

fairs, where they hope to interest farmers or retailers in their products.[114,115] We observed

321

that, in Thailand, they pay a daily fee to set up a booth, hopefully attracting attention of

322

participants who also come to listen to invited talks by technical or market experts.[116] The

323

quality, cost and types of participants at these events vary greatly, so SMEs need to choose

324

wisely where to market their innovative products and services. These events typically do not

325

address climate-related risks directly, but they do give an insight into the functioning of wider

326

innovation systems.

327

Large, geographically dispersed firms have other strategic options to diffuse their

328

innovations. Animal feed manufacturing companies in the Mekong Region, for instance,

329

typically start with poultry feed and then as aquaculture sector develops, add new product-

330

lines for the aquaculture feed market, “and then as the market for that grows, you have new
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331

companies come in and focus just on doing aquafeed.”[17] These feed companies also

332

developed and introduced fish cage culture alongside a “contract farming system, so that they

333

would supply the technology, the know-how, the feed, and the fingerlings as a complete

334

package in order to grow their market.”[17] In effect, these large firms can control the flow of

335

innovations to their clients, and through standardization, which practices flourish.

336

An academic, who for a long period worked as an advisor to CP on intensive culture of black

337

tiger shrimp, told us how he travelled widely in the country and also in other countries where

338

CP operated, sharing the results of experiences of farmers in the field and the latest applied

339

research, mostly through slideshows.[105] The local seminars in Thailand were often done in

340

temples, where once, “the abbot told him he had to stop talking because a funeral procession

341

had arrived and they needed the venue.” [105] Aquaculture interacts with society as part of

342

everyday life. Today, there are many more experts who can give advice, which in some ways

343

is a good thing, but it can also get more confusing for farmers – “whose advice is

344

correct?”[105]

345

One Thai academic argued that “organizing trainings and inviting relevant key speakers to

346

raise awareness about your innovation is important for dissemination.”[22] Farmers and

347

academics interested in alternative approaches to aquaculture which might be more

348

sustainable often argue for ‘integrated’, ‘ecological’, ‘organic’ or ‘green’ culture systems that

349

should enhance resilience to disturbances. Shifting to such systems is challenging given the

350

power of large companies that provide chemical and other inputs to ‘modern’ intensified

351

aquaculture systems.[9] Farmers are now “very used to putting a lot of things into their pond

352

because they are influenced by sellers; they buy a lot of probiotics, vitamins, minerals. [29]

353

Across the Mekong Region, more than two-thirds (69%) of aquaculture farmers surveyed

354

said that other aquaculture farmers were an important or very important source of information
15
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355

about measures to manage water- or climate-related risks to their farm. There was no

356

significant difference with age, gender, or education. Farmers who had suffered significant

357

losses from climate-related impacts were less likely (O.R.=0.72; 95% C.I. 0.62-0.84) to see

358

other farmers as important sources.

359

Fish farmers learn a lot about innovations from each other, starting with family members who

360

also farm fish, moving outwards to others in the community, and beyond with the help of

361

internet-based platforms. Cage culture farmers in Laos learnt about techniques from visiting

362

other farms[43] or attending trainings,[44] whereas an integrated poultry-fish system was learnt

363

from relatives.[45] As a community of practice, “the shrimp clubs around the coast of

364

Thailand are sort of state of the art really, in terms of how people come together and share

365

knowledge.”[35]

366

3.2.2 Connect online, filter quality

367

Farmers form groups, physical and virtual, to exchange information, including on

368

performance of newer practices, and this may help edit out misinformation. Mobile phone

369

ownership, it should be underlined, is high among aquaculture farmers in all country-regions

370

surveyed: Dry Zone Myanmar (86%), Cambodia (89%), Delta Myanmar (91%), Laos (96%),

371

Northeast Thailand (96%), and Delta Vietnam (98%).

372

Use of smartphones to connect to the internet and access information is becoming more

373

common among fish farmers.[1,12] Almost half (45%) of fish farmers surveyed said that the

374

internet was an important or very important source of information about measures to manage

375

water- or climate-related risks to their farm. Almost two-thirds (60%) received and read SMS

376

messages and half (47%) sent them. Mobile phones are widely used to inform others about

377

climate-related risks, for example, farmers have used their phones to tell others about flood
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378

risks and responses in Cambodia (53%). Northeast Thailand (42%) and Delta Myanmar

379

(43%).

380

Farmers can now share information extremely quickly with other farmers about whether

381

something works or not[9] via phone calls, SMS text messages, the internet and social

382

media.[12] The internet also provides great opportunities for governments to network, connect

383

and communicate with many farmers at once.[3,9,11] Demonstrations are now online.

384

“I think that this is going to be a gamechanger… now in every village at least

385

half of the farmers have access to smartphones. The opportunity for showing

386

farmers videoclips of other farmers doing this technique was too costly or

387

unthinkable, even five years ago. It is now a realistic possibility and is

388

happening.”[9]

389

In 2014, a virtual community of practice was created by state officials and fish cage farmers

390

in Nan river basin, Thailand, to exchange information in order to help fish farmers better

391

adapt to climate anomalies and changing river flows.[SG] The LINE chat application was

392

selected as the medium of communication. The group has grown steadily and at the time of

393

writing had 292 members from diverse backgrounds, ranging from small to large-scale fish

394

cage farmers along banks of the Nan river to government officials, agri-food corporate agents

395

and academics. Members of the LINE group received daily detailed information about

396

weather forecast, water release and allocation plans from both hydropower and irrigation

397

dams, and sometimes information on dissolved oxygen, and mainstream news on water

398

resource situations. Some fish farmers reported measured water depth and pH values at their

399

sites, posted photos of fish health and fish cage situations, as well as exchanging information

400

and experiences on fingerlings, disease, medicines, market prices and production plans. Such

401

access to reliable information is crucial in farm decision-making. It also provides a valuable,
17
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402

though informal, multi-stakeholder platform for negotiation and adaptation to reduce

403

important risks. Fish farmers and government officials developed close and friendly

404

reciprocal relationships that were and are still useful in times of crisis. As a community of

405

practice, this informal LINE group, has become an important innovation to adapt to change

406

and unpredictability. Information flows through knowledge space, prompting quick actions

407

that help fish farmers minimize not only risks from climate change, but also risks from state

408

operation of water in the Nan river basin.

409

Just over a third (34%) of aquaculture farmers surveyed had a Facebook account, while 26%

410

regularly used a chat-call application. Somewhat surprisingly the highest use was in Laos

411

(41% & 44%), and lowest in Delta Vietnam (10% & 10%). In Myanmar, online applications

412

such as Green Way, originally focused on crop agriculture, create great opportunities to

413

spread relevant information to fish farmers about technology, fish diseases, weather and

414

market prices, as well as, “link together the farmers and the technicians scattered around the

415

country, so farmers can ask whatever they want, whatever their problem is.”[11] The use of

416

virtual extension applications on smartphones and other social media platforms has made

417

access to information easier for both women and men.[11] This is especially important for

418

women, who often do not have the opportunity to attend training sessions due to time

419

constraints. The developers note that one of the biggest challenges for information service

420

type innovations is maintaining relevance and quality of content, both of which require on-

421

going investment by the provider, so finding an appropriate business model (e.g. sponsorship)

422

is key.[11]

423

3.2.3 Link to value chain, avoid dependency

424

Value and supply chains are important for linking product innovations to markets in low and

425

higher technology settings. Thus, in Myanmar small (160g) rohu carp (Labeo rohita)

426

produced in seasonal ponds after 4-months grow out are harvested as water levels drop at the
18
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427

onset of the dry season (November). The fish are hot smoked by women and marketed in

428

distant, upland fish deficit areas in Chin State.[12] In Thailand, an entrepreneurial researcher

429

told us that first you “need to look at the market. If an innovation is great but no market for it,

430

then it’s a waste of time.[25] She had noted the high and growing interest of consumers and

431

retailers in Thailand in food supplements and cosmetics based on natural products.[24]

432

Collagen is valued as a food additive and for cosmetics. In the past, collagen used to be

433

collected from pig skin. But now using collagen from fish scales, the cosmetics can be used

434

by Islam people, a new market.[25] She combined this observation of high-value products with

435

her technical knowledge of recent technical advances in natural product processing of tilapia

436

fish scales to start asking questions about the availability and cost of raw materials – topics

437

that rarely interested her academic colleagues. Fish scales, rather than being waste when

438

make filets, became a resource and another income source for farmers with post-harvest

439

processing capacities. “Technology is a small part of the innovation process. Looking at the

440

market, listening to consumer needs and wants, is a bigger part.”[25]

441

A few interviewees talked about the challenges of moving from prototypes to products for

442

sale on the market.[28] One researcher that developed and introduced a workable, tilapia-based

443

aquaponics set-up to farming groups found that he could not keep up with orders for

444

equipment as interest was greater than anticipated, and his team were not prepared for mass

445

production.[28] Eventually, he negotiated a deal with a manufacturing firm to make the tanks,

446

biofilters and other key components in bulk, which also helped reduce costs per unit, making

447

the innovation accessible to more farmers.[28] Thus, innovations also create business

448

opportunities for local manufacturers and suppliers in the value chain. This example shows

449

again, how academic experts take on innovation facilitation roles as they help make value

450

chain links.
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451

The hybrid red tilapia strain “Tup-tim” was developed into a higher-value tilapia product by

452

CP, through an extensive marketing campaign to consumers, complete with celebrity

453

chefs.[17] With growing demand from consumers, CP now had a new market for their fish,

454

and as a consequence, also for their fish feed. To produce more tup-tim tilapia they developed

455

cage rearing practices that worked in rivers and lakes, and initially recruited growers into a

456

contract farming system. Strong links to supply and value chains however, can also cause

457

difficulties, as the dependence on a few large companies meant “if you don’t take their fish

458

fry, you can’t get their feed, you can’t access the market. Most farmers choose the market.”

459

[104]

460

because if you don’t then they won’t come and buy”.[113]

461

Across the Mekong Region, less than one-third (30%) of aquaculture farmers surveyed said

462

that agents from private firms were an important or very important source of information

463

about measures to manage water- or climate-related risks to their farm. Farmers who had

464

suffered significant losses from climate-related impacts were less likely (O.R.=0.77; 95%

465

C.I.: 0.65-0.90) to see private agents as important sources. There was no significant

466

difference with gender or education. Older farmers were less likely (O.R.=0.84; 95% C.I.:

467

0.72-0.98) than younger farmers to see private agents as important sources. Private agents

468

were significantly more important sources in northeast Thailand (42%) and Cambodia (39%)

469

than in Laos (17%), delta Vietnam (20%), dry zone Myanmar (30%), or delta Myanmar

470

(20%) regions.

471

3.3

472

The process of adoption is about acquiring and using an innovation. In this section, how,

473

under what conditions and by whom innovative practices are adopted is identified. We find

474

that adoption is strongly influenced by financial considerations, such as up-front costs, but

475

also expected profits or benefits. Apart from characteristics of the practice, mindset also

A point confirmed by a shrimp farmer: “we have to rear shrimp following their routines,

Adoption: Practice and performance
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476

appears to be important to adoption, especially where fundamental management objectives

477

need to be modified.

478

3.3.1 Demonstrate benefits, acknowledge costs

479

If an innovation costs a lot, farmers will be reluctant to adopt it, even if they understand the

480

innovation and would like to use it.[5,19] In Vietnam, experts reported resistance to adopting

481

new improved feeds, which while more expensive, produce higher growth rates,[34] and thus,

482

indirectly, shorten exposure to disease and climate-related risks. Almost half (46%) of the

483

farmers surveyed which did not use aerators gave high cost to set up as the reason, while

484

another 25% felt they did not need it because their water quality was good. High, up-front,

485

costs are especially difficult obstacle for smallholder farmers.[120] Credit and technical

486

support may help in certain situations.[33,34] For the Mangrove Shrimp Social Enterprise

487

project of Minh Phu Sea Group in Vietnam, the company supports the farmers financially by

488

paying for the fees to apply for certificates, and by providing them with free high quality

489

juvenile shrimps, as well as technical advice.[32] Farmers may need incentives to participate in

490

initial trials with new technologies under development, because “it's basically their

491

livelihood” [29] that is put at risk. When adoption is subsidized farmers are more willing to

492

adopt. [5,16]

493

For some practices it is difficult to determine if benefits outweigh costs beforehand.

494

Motivation to reduce risks from disease outbreaks is high, and interest in ‘novel’ solutions

495

like fish ‘vaccines’ is great among researchers and firms with experience with other farmed

496

animals such as chickens.[19] However, vaccines remain unpopular among fish farmers for a

497

couple of reasons. First, it has proven rather difficult to make a vaccine that works in all

498

situations, because it is often very context specific as to why the fish are sick and whether the

499

treatment will work or not. Second, the causes of fish death may be unrelated to disease, for

500

example poor water quality, and thus investment in vaccinations may not really be
21

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65

501

worthwhile, though farmers may believe vaccine is appropriate for multiple symptoms.[AR]

502

Third, when farmers haven’t experienced issues with diseases yet in their farm, they are

503

reluctant to take preventative measures, because that would increase their production costs.[19]

504

Fourth, having to inject individual fish is a lot work, but other immersion methods results in

505

wastage. Disease management makes fish less susceptible to stress from rapid changes in

506

temperature or other extreme weather conditions.

507

Recognition of improved practices may also act as an incentive. A shrimp growers’

508

association in Southern Thailand promotes recirculating aquaculture systems (RAS) to

509

members to reduce water use, discharge of pollutants to the environment, as well as reduce

510

risks of disease.[114] They award stars (up to 3) to eco-friendly farms for meeting

511

progressively stricter criteria, referencing standards defined by the Department of Fisheries.

512

They also identify demonstration farms where various innovations in farm layout and water

513

treatment can be seen firsthand.[114]

514

Many climate risk management practices, like reducing stocking densities or purchasing

515

emergency aeration equipment, seem to be only worthwhile if the event occurs, and thus in

516

most years produces no observable benefit.[33,34] In the pangasius industry in Vietnam,

517

companies are reluctant to make additional investment in anything unless there is a clear and

518

immediate economic benefit, because profit margins are small and selling prices volatile.[34]

519

These examples underline the need to scrutinize benefits as well as costs. Habits are not

520

changed for uncertain, future benefits. The low cost, immediate benefit mindset is a

521

significant constraint on adoption and thus adaptation.

522

3.3.2 Assess fit, maintain flexibility

523

In the case of aquaponics in Southern Thailand, most of the early adopters were people who

524

already had hydroponic farms, as they did not need to invest much more to convert their
22
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525

farms, were already working with part of the system, and they also tended to be wealthier,

526

with properties near high-value urban markets.[28] From the perspective of a hydroponics

527

farmer, the innovation was to add a tank of fish and a biofilter to reduce toxic nitrogen

528

compounds.

529

Ease of assembly and installation may be another factor in adoption, though for the case of

530

aeration and water circulation equipment, farmers often do it themselves. [117,118] Large farms

531

will even have a mechanic on the team that can ensure “that the installed equipment fits

532

properly with other parts of the system”.[111] A software and engineering company that

533

designs and builds water quality monitoring devices for aquaculture farms “aims to make

534

them as simple as possible for farmer to use, minimizing any adjustments they have to

535

make.”[109] Assumptions about competencies of users is an important consideration for

536

innovators.

537

In the case of organic fish farming in Laos, a local researcher explained that it can be very

538

cost-effective as farmers would not have to buy expensive fertilizer and chemicals

539

anymore.[7] Instead they can use what their farm already offers: feces/dung from cows or

540

chickens, and chopped up residue from agriculture.[7] On top of that, the market price of

541

organic fish is higher than conventionally reared fish.[7] Organic rice-aquaculture systems in

542

Laos are an innovation inspired by traditional practices, in terms of eliminating the use of

543

pesticides and fertilizers that had killed-off diverse aquatic life in ditches and ponds.[9] Fish

544

farmers, however, are now so used to the idea of controlling the production environment with

545

inputs, that they are now skeptical about the benefits of ‘doing less’.[29]

546

A large-scale farmer in Thailand argued that all solutions have strengths and weaknesses, but

547

to change the beliefs of farmers can be difficult, because they are reluctant to open up to new

548

things and are confident in their own approach.[102] However, it also depends on the farmer,
23
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549

“if they have a mind for development, and interest in new technologies, they are much more

550

open to change, whereas others only show interest after an incident.”[120]

551

A hatchery in Northern Thailand that historically fertilized ponds to promote phytoplankton

552

growth, started using paddle-wheel aerators in 1995 in response to difficulties with declining

553

water quality and disease outbreaks.[110] Later they expanded monitoring activities, learning

554

practices from the internet. “Recently, we have had many problems affecting the farm, it has

555

been very hot, the fish are stressed. In response, we must invest more than before.”[110] Now

556

they have a roof for shade and temperature control, and aerate for longer periods, so that fish

557

will lay eggs more consistently. The history of this hatchery illustrates the importance of

558

adapting to multiple environmental changes, which implies a balance between fit with current

559

practices and the need for flexibility when more radical options are needed to adapt.

560

3.3.3 Pilot test, monitor performance

561

Farmers observe and study the practices of others and, whenever possible, pilot-test

562

promising new technologies prior to full-scale adoption. Shrimp farmers in Vietnam

563

experimented with lining pond bottoms with nylon mesh and found it allowed higher

564

stocking densities and reduced turbidity.[46] Others interviewed planned to adopt the practice

565

after they had done their own pilot trial.[50] An aquaculture expert in Vietnam observed that

566

smallholder farmers often wait for the bigger farms and companies to try an innovation first,

567

and then see how it goes before adopting it themselves.[033]

568

The chair of an aquaculture group in Thailand, who rears finfish and shrimp, takes the

569

responsibility upon himself to experiment with new technologies and be “open for others to

570

come and see the results, this way they don’t have to mess around experimenting themselves.

571

I am the group’s laboratory rat.”[113] A Tilapia farmer in Vietnam explained the importance

572

of visiting other farms but is wary about differences among locations so he applies new
24
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573

techniques “at pilot-scale first to see if it is suitable.”[47] Many farmers interviewed highlight

574

the importance of testing promising innovations.

575

Overall, two-thirds (65%) of aquaculture farmers surveyed across the Mekong Region agreed

576

or strongly agreed that the statement “I like trying out new practices” applied to them, but

577

those who farmed fish were much more likely (Odds Ratio=6.9; 95% Confidence Interval:

578

5.2-9.1) than those who farmed shrimp to agree. There was no difference according to age or

579

education. Farmers who had experienced significant losses from climate-related impacts were

580

less likely (Odds Ratio=0.74; 95% CI: 0.64-0.86) to like trying new practices as were women

581

compared to men (O.R.=0.83; C.I.:0.70-0.97). Liking new practices was highest in Delta

582

Myanmar (99%) and Dry Zone Myanmar (95%), intermediate in Northeast Thailand (59%)

583

and Cambodia (56%), and lowest in Laos (31%) and Vietnam (15%).

584

Once an innovation has become part of routine practice its effectiveness may continue to be

585

monitored, as “innovations should solve problems, not create new ones.”[28] A Vietnamese

586

farmer, for instance, found that the aerators he and others were using improved DO levels,

587

but made the water more turbid, and this affected shrimp colour on cooking, which meant

588

lower selling prices.[47] To manage NO2 levels another farmer established a “biological

589

reactor” complete with fish and aquatic plants in a farm reservoir and found the practice

590

halved NO2 concentrations.[48] His intention was to include the reactor technology with all

591

ponds as part of the water recirculating system. Through monitoring DO levels, he also learnt

592

he had to increase the number of aerators to maintain consistently safe levels.

593

A tilapia farmer, in Thailand, who installed real-time DO sensors that transmitted

594

observations to his smartphone, learnt that DO conditions night and day in his river cages

595

were satisfactory at his location, so he could justify adding more fish and feed.[108] While the

596

investment in monitoring was high, the information gained paid for itself in terms of better
25
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597

management within the first year of use. Another good reason to monitor performance of a

598

new practice is that weather conditions and seasons vary, and what works well under normal

599

conditions, or in normal years, may not be adequate during more extreme or unusual

600

conditions.

601

4

602

Innovations in Mekong Region aquaculture are generated by everyday practices, stakeholder

603

collaborations, and investments in research. Impacts from floods, droughts and other climate-

604

related extremes, were an important trigger for farmers to look for measures that would

605

reduce risks – often starting with adjustments to daily practices, or drawing on related

606

traditional practices that do not require costly investments or waiting for uncertain benefits.

607

These forms of ‘everyday innovation’ (Lippke and Wegener, 2014; Tanggaard and Wegener,

608

2016) are a feature of aquaculture in the Mekong Region, and important for local adaptation

609

(Lebel, 2013). Collaboration with other stakeholders, expands the source of knowledge which

610

may be brought to bear on finding solutions, which may be critical for more difficult and

611

longer-term adaptation problems. Investment in research and development for adaptation still

612

requires public and donor support, as private efforts are steered towards other objectives. The

613

global aquaculture innovation systems that have developed around a handful of species

614

groups like shrimp, salmon and tilapia have large research and development capacities, and

615

have a history of being responsive to production and regulatory challenges (Kumar and

616

Engle, 2016). But they have also squeezed out alternative species and culture systems that

617

may be more accessible (or inclusive) to lower-income households and more resilient to

618

market and climate-related shocks.

619

The spread of innovations takes different forms when it is driven by firms, governments,

620

academics, or farmers. Large firms push their new strains, feeds and equipment through

Discussion
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621

existing marketing and logistic channels, whereas smaller firms depend more on trade expos

622

and demonstrations with lead farmers. In the Mekong Region, large feed manufacturing

623

firms, often in sharecropping contracts with fish and shrimp farmers, are in a powerful

624

position to control the flow of new practices to those dependent on them for loans in advance

625

of harvests. Government extension officers follow conventional transfer-of-technology

626

approaches, emphasizing training materials. Academics wishing to help low income farmers,

627

but having limited funds and time often end up trying to facilitate links and sharing insights

628

among other innovation stakeholders. Farmers observe each other and meet in groups to

629

discuss experiences and expectations, translating and sharing as seems appropriate. Overlying

630

these conventional diffusion relations, the emergence of social media, on the foundations of

631

improved access to information-communication technologies like smartphones, has shifted

632

key learning process from requiring geographic proximity towards social connectivity, while

633

also accelerating the rate of information exchange.

634

More rapid diffusion of information about innovative practices does not automatically

635

translate into greater adoption of innovations as routine practice. Needs and capabilities differ

636

by gender, experience, and size of farm. Important obstacles to adoption identified in this

637

study included costs, mindsets, and trustworthy information. High initial investment costs are

638

especially important for small-scale and lower-income farmers, which might be reduced by

639

revolving loans, rental schemes or through initiatives by social enterprises. Mindset also

640

matters for adoption, especially where an innovation involves very different assumptions

641

about production goals – like organic, green, or eco-friendly shrimp. A cautious mindset led

642

farmers to value experience, observations, and demonstrations before investing in new

643

practices. Concerns about bias in the information ‘pushed’ by commercial interests, credit

644

agencies and public extension agents are another reason for wariness, an issue observed in

645

studies of the work done by shrimp farmers’ groups in Thailand and Mexico (Lebel et al.,
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646

2016), and Argentina (Garrido and Moreira, 2017). Identifying reliable sources of

647

information has become a much greater concern recently with the greater availability and

648

volume of information with improved access to ICTs that has, in turn, spurred the creation of

649

new apps and creative use of social media platforms and new IOT-based systems in the

650

Mekong Region; trends also apparent elsewhere in the world (Elfitasari et al., 2018; Encinas

651

et al., 2017).

652

From a scholarship perspective, this study has increased understanding of how novel

653

practices are generated, spread, and adopted. The conceptualization of the innovation process

654

as going through three steps or phases, rooted in the transfer-of-technology approach, is

655

shown to be simplistic, a point made strongly by Geroski (2000). Generation, spreading, and

656

adoption are often overlapping processes. Diffusion of an idea to new clients may generate

657

ideas for refinements or alternative applications; adoption itself may lead to further diffusion.

658

Moreover, a farmer may simultaneously be a generator and an adopter when they implement

659

a novel practice they discovered. Multiple actors, not just scientists or engineers, may be

660

involved in the development of new technologies.

661

Stakeholder perspectives on a practice may differ. Thus, academic researchers, in their role as

662

inventors or facilitators, are often more enthusiastic about novel technologies than farmers,

663

whose livelihoods are at risk if they adopt a practice that does not work as well as expected.

664

In part, this is reflected in the focus on technical performance by scientists and engineers,

665

whereas farmers must also pay close attention to economic performance. Firms supplying

666

inputs are driven by the profits they can make from repeated sales. When farmers are in the

667

role of generating innovative solutions themselves, they also are concerned with the ‘fit’ of

668

adding or changing a practice on their established routines and lifestyle. These observations

669

also show the value of examining innovative and adaptive practices from multiple

670

stakeholder perspectives.
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671

5

672

Local and wider innovation systems in the Mekong Region are responsive to existing

673

climate-related risks and impacts. Innovation arising from reflections on daily practice or

674

drawing on experience with extreme events were clearly important to fish farmers’ responses

675

to contemporary impacts and risks. The rapid growth in smartphone use, moreover, means

676

these everyday insights can become everywhere quickly.

677

From a practical perspective, these findings can be summarized under nine strategies for

678

stakeholders aiming to foster innovation for adaptation:

679

1. Build on experience, open to novelty. Skills and knowledge gained in addressing

Conclusions

680

contemporary climate-related risks to aquaculture production are a good foundation for

681

dealing with future climate changes, but are unlikely to be sufficient, so should still be

682

open to generating new options.

683

2. Encourage collaboration, manage expectation. Multiple sources of knowledge are

684

valuable when addressing unfamiliar challenges in aquaculture value chains, like climate

685

change, and may lead to innovations that are locally appropriate but recognize there are

686

differences in working cultures, interests and hopes.

687

3. Invest in research, recognize development. A mixture of public and private investment in

688

research and development in the aquaculture sector is needed to ensure environmental

689

sustainability and social justice in adaptation. Both fundamental and applied research is

690

needed.

691

4. Expand options, localize practice. Promotion of promising aquaculture innovations is

692

often necessary or to be expected, but for local adaptation to be successful the emphasis

693

should be on expanding the options available for farmers to choose from, as a diversity of

694

options is vital for dealing with heterogeneous and uncertain climate impacts and risks.
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5. Connect online, filter quality. The spread of information about aquaculture innovations is

696

increasingly online, and thus potentially accessible more quickly to more women and men

697

but maintaining the quality of that information for managing climate-related risks now

698

becomes more important than ever.

699

6. Link to value chain, avoid dependency. Links to aquaculture value-chains increase access

700

to markets and can create innovative practices and new livelihood opportunities, but over-

701

dependence on single supplier or buyer may constrain the options available to respond to

702

climate-related and other risks.

703

7. Demonstrate benefits, acknowledge costs. Costs and perceived benefits have a strong

704

influence on adoption of aquaculture innovations; uncertainties about impacts and risks

705

make precise evaluation of benefits difficult, and this can be a significant obstacle to

706

adoption.

707

8. Assess fit, maintain flexibility. Attention to existing aquaculture practices and water

708

resources is important to assessing the suitability of potential innovations, but when more

709

radical measures seem necessary, the value of maintaining flexibility for adaptation

710

becomes apparent.

711

9. Pilot test, monitor performance. Observe and study the performance of new aquaculture

712

practices under different weather and seasonal conditions, pilot test in own area whenever

713

possible, and continue to monitor performance after adoption to adjust and adapt if

714

possible and necessary.

715
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Climate change will have signiﬁcant impacts on inland aquaculture. This article assesses the robustness of a set of potential
adaptation strategies for Northern Thailand using a rule-based
assessment model to synthesize information from secondary
sources, ﬁsh farmers, oﬃcials and experts. The net beneﬁts of
diﬀerent strategy types vary substantially with water demand
and ﬁsh demand, as well as future climate. No-regret and lowregret strategies are worthwhile under a broad range of conditions, but may not be suﬃcient to maintain proﬁtability as the
negative impacts of climate change unfold. The main implication
is that adaptation pathways must be ﬂexible.
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Introduction
Half of the aquatic animal food consumed by humans today is now from aquaculture
(Bostock et al., 2010). The expectation is that this fraction will grow, as will the signiﬁcance of aquaculture in global food security (Troell et al., 2014), international seafood
markets, and trade (Kobayashi et al., 2015). Having suﬃcient water of adequate quality is
critical to the sustainability of aquaculture (Boyd, Li, & Brummett, 2012). The actual
expansion of aquaculture will therefore depend on the level of growth in water demand
from other users, and the ability of aquaculture to limit its own adverse impacts on water
quality (Wongsupap, Weesakul, Clemente, & Das Gupta, 2009) and maintain or increase
water productivity (Cai, Huang, Tan, & Yang, 2011). Furthermore, depending on location
and season, aquaculture systems may be vulnerable to the impacts of climate change,
which reduce water availability and quality, or increase the risks of extreme weather
events that result in ﬂoods. A recent global analysis ranked freshwater and brackish
aquaculture in several countries in Asia as being the most vulnerable to the impacts of
climate change (Handisyde, Telfer, & Ross, 2017). Earlier studies focusing on Paciﬁc
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Island countries, in contrast, suggest there may be growth beneﬁts from warmer temperatures and increased rainfall for Nile tilapia production with appropriate investments
in adaptation (Bell et al., 2013; Pickering et al., 2011). De Silva and Soto (2009) noted that
if we also take into account changes in water availability, disease risks and extreme events,
then the eﬀects of climate change on freshwater aquaculture become even more diﬃcult
to predict. Concern with these and related challenges is leading to new collaborative
eﬀorts to design more comprehensive global projections of the eﬀects of climate change
on ﬁsheries and aquaculture (Paukert et al., 2017).
Adaptation to climate change in aquaculture, as in other agriculture and livestock
sectors, will beneﬁt from improvements in how climate information is shared, understood and used (Dilling & Lemos, 2011; Travis, 2014). In the speciﬁc case of aquaculture, researchers have highlighted the importance of implementing regulations and
the use of standards in governing production as ways to help improve how climaterelated risks are managed (Yamprayoon & Sukhumparnich, 2010). Likewise, there is
interest in the use of ﬁnancial instruments like insurance to share risks (Beach & Viator,
2008). In the longer term, researchers have suggested strategies like genetic improvement programmes for thermal tolerance (De Silva & Soto, 2009), and increased attention to watershed and aquatic ecosystems in which aquaculture is embedded, as these
provide critical adaptation services (Lavorel et al., 2015), which may be disrupted by
unsustainable aquaculture practices (Ahmed et al., 2013; Bush et al., 2010), water
demands and climate change.
One key challenge for water management and policy is the uncertainty around how
climate and other critical factors, like water demand and availability, will change and
interact in the future (Hanjra, Blackwell, Carr, Zhang, & Jackson, 2012) to inﬂuence
water availability for aquaculture. A possible approach to climate risk management and
adaptation in such a situation is to pursue strategies that are more robust. The key
feature of a robust strategy is that although it may not be as eﬃcient under ideal
conditions as the standard approach, its performance will be adequate even under suboptimal conditions, whereas the standard system would fail with serious consequences
(Anderies, Janssen, & Ostrom, 2004). Climate-robust aquaculture strategies are deﬁned
in this article as those that are likely to perform satisfactorily under a range of weather
perturbations, seasonal changes, current climate variability, and plausible climates in
the next few decades. Decision analysis and support tools which can help assess
robustness have been developed (Lempert, 2013; Weaver et al., 2013), but have not
yet been applied to aquaculture in the context of climate change.
The purpose of this study is to assess the robustness of alternative adaptation
strategies for addressing the impacts of extreme weather events and climate change
on the water resources available to aquaculture in Northern Thailand whilst also taking
into account uncertain, but potentially signiﬁcant concurrent changes in water demand
and ﬁsh demand.

Aquaculture in Northern Thailand
Northern Thailand is an appropriate region for making broader generalizations
about inland aquaculture and climate change because it includes areas which are
seasonally cool and dry as well as areas that are warm and wet (Figure 1). Also,
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Figure 1. (a) Map of assessment region in Northern Thailand showing provinces in which diﬀerent
culture systems and hatcheries were investigated, and the four major rivers which merge to become
the Chao Phraya River. (b) Gridded mean temperature in Dec-Feb (DJF). (c) Annual rainfall.

signiﬁcant parts of the main valleys and plains are irrigated, but other vast areas
remain rainfed. Studies of future climate and water resource conditions for Northern
Thailand yield a wide range of projections, with large uncertainties in precipitation
(Lacombe, Hoanh, & Smakhtin, 2012), and thus river ﬂows (Kotsuke, Tanaka, &
Watanabe, 2014). Water demand from various sectors in Thailand has grown
incrementally over the past couple of years (Divakar, Babel, Perret, & Gupta,
2011), implying that the water available for aquaculture may contract in future.
Increasing demand for farmed ﬁsh for both domestic consumption and export
(Department of Fisheries, 2013) could further increase competition for water
resources and suitable rearing sites, but it could also lead to higher farm-gate prices.
The region includes the upper reaches of the major rivers in Thailand (Figure 1),
and thus water management in the region is geopolitically signiﬁcant for irrigation,
ﬂood, and drought policies. Taken together, these issues raise the challenge of
identifying strategic policies which could enhance the robustness of aquaculture as
a successful agro-industrial sector (Belton & Little, 2011), and contribute to livelihood security (Friend & Funge-Smith, 2002; Setboonsarng & Edwards, 1998).

Climate-related risks
Fish farmers in Northern Thailand grow Nile tilapia and other ﬁsh in earthen ponds,
and hybrid red tilapia in ﬂoating cages in rivers and reservoirs (Chaibu,
Ungsethaphand, & Maneesri, 2004; Lebel, Lebel, & Lebel, 2016a; Lebel et al., 2013;
Pimolrat, Whangchai, Chitmanat, Promya, & Lebel, 2013). Most farmers obtain ﬁsh fry
from government or private hatcheries, where they are commonly reared in cement
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tanks (Uppanunchai, Apirumanekul, & Lebel, 2015). Climate and extreme events such
as high ﬂoods, seasonal droughts, heat waves and cold spells all have signiﬁcant impacts
on production and proﬁts (Table 1).
For earthen-pond culture, ﬂoods, droughts, and periods with dense cloud cover are
important risks (Pimolrat et al., 2013). Seasonal water shortages limit exchange, making
it diﬃcult to maintain pond depths and water quality (Sriyasak, Chitmanat, Whangchai,
Promya, & Lebel, 2015). High phytoplankton concentrations in ponds can lead to low
dissolved oxygen (DO) levels early in the morning due to night-time respiration by
phytoplankton. The risks are highest near dawn in high-nutrient-input culture systems,
following a day of prolonged and thick cloud cover, which reduces sunlight, and thus
normal rates of photosynthesis by phytoplankton. Thermal stratiﬁcation followed by
rapid turnover with sharp changes in temperature can also cause mass-mortality events
by exposing ﬁsh to low DO concentrations (Sriyasak, Chitmanat, Whangchai, & Lebel,
2013). Oﬀ-ﬂavour problems attributable to geosmin from cyanobacteria in high-nutrient-input ponds also appear to vary seasonally, with the highest risks in the transition
months (Feb.–April) into hotter and wetter conditions (Pimolrat, Whangchai,
Chitmanat, Itayama, & Lebel, 2015). Fish with this musty odour fetch lower prices.
In river-cage culture, ﬂoods (including spates or high ﬂows) are key risks because
they can exhaust and injure ﬁsh and damage the cages (Table 1). Droughts (including
low water ﬂows) in the Upper Ping River at the end of the dry season in dry years
constrain in-stream cage aquaculture to locations behind weirs with suﬃcient depth
and volumes (Lebel, Whangchai, Chitmanat, & Lebel, 2015b; Lebel et al., 2013). In
highly regulated rivers, water storage strategies to support dry-season irrigation or
support ﬂood protection policies downstream greatly modify water ﬂows, and may
even reverse the seasonality of low-ﬂow risks (Lebel et al., 2015b). Extreme high
temperatures appear to stress ﬁsh and increase risks of diseases, especially when they
coincide with periods of low water levels near the beginning of the wet season
(Chitmanat, Lebel, Whangchai, Promya, & Lebel, 2016). Heavy-rainfall events bring
in high levels of sediment or high concentrations of accumulated pollutants, which can
also result in mass-mortality events.
In reservoirs, important climate-related risks include those related to heat waves,
cold spells, droughts, and prolonged dense cloud cover (Lebel et al., 2016a). Another
signiﬁcant seasonal risk is the sharp drop in temperature at the transition period from
the wet to the cool season, when previously stratiﬁed water columns mix, bringing lowDO water from the bottom to the surface, where ﬁsh are grown in cages. If prompt
action such as supplementary aeration is not taken, this can lead to mass-mortality
events.
Cold spells in the more northern sites reduce ﬁsh feeding and growth in all culture
systems, and hinder breeding in hatcheries (Uppanunchai et al., 2015). Floods in the
wet season are a signiﬁcant risk to hatcheries in low-lying areas, while water shortage at
the end of the dry season is a signiﬁcant constraint for those without good storage or all
year-round supply. Heat waves and cold spells are also important risks to ﬁsh fry
production.
Each of these climate-related risks today could be exacerbated by the impact of
climate change on the frequency or severity of extreme-weather events (Table 1). A
higher frequency and severity of tropical storms, for example, could increase the risk of

Note. DO = dissolved oxygen.

Water shortages

Hatcheries
High water temperatures in
tanks

River-based cage aquaculture
High river discharge and bank
overﬂow ﬂoods
Heavily sedimented or polluted
runoﬀ
Slow and shallow river limits
exchange
Reservoirs
Thermal stratiﬁcation resulting
in low DO levels in deeper
waters
Drought

Low water DO concentrations

Drought or low ﬂows

Culture system
Water-related risk
Earthen ponds
River-bank overﬂow ﬂoods
ponds
Tropical storms bringing 3–5 days’
rain to catchment of nearby
watercourses
Late start to wet season; drought

Key climate driver

Irrigation infrastructure

Interacting factors

Increased likelihood and Water storage and diversions for
duration of episodes
other uses
Increased likelihood and High nutrient inputs and
duration of episodes
phytoplankton blooms

Increased likelihood

Climate change concern

Seasonal transition into cool/dry
season; windy conditions

Insuﬃcient water for exchange, leading to low
water quality

Overly rapid egg or young development

Dam operation inﬂuences on
water movement and
stratiﬁcation
Dam operating rules reﬂecting
irrigation and ﬂood protection
policies

Extreme high
temperatures more
likely in future
Longer dry season (delayed monsoon) More likely if less rainfall High water demand by other
users

Overall warmer conditions in already
high average temperature periods

Increased likelihood of
sharp temperature
changes
Cages forced to move into less suitable, higherLow rainfall at end of wet season; late More severe or longer
density locations, with risk of poor water quality
start to monsoon
dry season

Thermal destratiﬁcation, exposing ﬁsh to low-DO
stress after mixing

Deforms, damages and displaces cages; ﬁsh swim Tropical storms bringing 3–5 days’
Increased frequency and Infrastructure failures (e.g. weir
until exhausted
rain to catchment upstream
severity of storms
collapse)
Low water quality kills or stresses ﬁsh, which
Intense rainfall; ﬁrst rains after dry
Increased frequency of
Watershed land uses and bankbecome more susceptible to disease
period
intense-rainfall events
riparian conditions
Eﬀective ﬁsh densities increase, and low ﬂows lead Late start to wet season and drought Increased likelihood and Water storage and diversions to
to poor water quality, ﬁsh stress and death
duration of episodes
meet demand by other users

Low water exchange, leading to poor water
quality, ﬁsh stress and death
Low photosynthesis in daytime, leading to low DO Large storm systems with dense and
levels at night, in turn causing stress or killing
persistent cloud cover
ﬁsh

Fish escape; exotics are introduced; damage to
ponds and equipment

Mechanism of impact

Table 1. Important risks to the proﬁtability of ﬁsh farms and hatcheries in Northern Thailand from selected water-related impacts of extreme weather and
climate change. Climate often interacts with human activities in the watershed and water management to impact water ﬂows and quality.
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ﬂoods. Water management and other factors may also interact to amplify these impacts,
for example, infrastructure failures like a weir collapse were observed in 2005–06 in the
upper Ping River (Lebel et al., 2013).
Management of climate-related risks
Climate risk management practices at multiple spatial and temporal scales are important for dealing with extreme weather as well as for climate change adaptation (Table 2).
In the short term, farmers make many key decisions and actions as they react to
imminent threats or recent impacts (Lebel et al., 2016a). In the medium term, key
decisions relate to tactical calculations based on seasonally varying risks from climate
and market factors (Lebel, Sriyasak, Kallayanamitra, Duangsuwan, & Lebel, 2016b).
And in the long term, decisions are more strategic and relate to perceptions of changing
water resource conditions and climate, new technologies and consumer demand
(Uppanunchai, Chitmanat, & Lebel, 2016).
At the farm and household level, farmers use a combination of adjustments to
rearing practices and cropping calendars, as well as ﬁnancial and social measures, to
mitigate those risks to production and proﬁts which they perceive as manageable (Lebel,
Whangchai, Chitmanat, & Lebel, 2015a). For instance, in the short term, supplementary
aeration is a useful tool in all culture systems when DO is low (Sriyasak et al., 2015). In
pond culture, farmers may draw on groundwater or small-scale on-site water storage to
deal with water shortages. In cage culture in rivers, farmers may move their cages to
protected locations in response to imminent high ﬂows, or harvest ﬁsh early. In the
medium term, delaying stocking or reducing stocking density are common practices
that help reduce risks from challenging water and climate conditions (Lebel et al.,
2015a). Likewise, stocking larger ﬁngerlings, which reduces the length of culture period
in risky locations or seasons, is another way to reduce exposure to multiple types of
risk.
Previous studies have shown that individual risks are often addressed through
multiple practices and strategies; conversely, a particular management practice can
have a bearing on several diﬀerent risks (Lebel et al., 2015a). This includes some
non-aquaculture-speciﬁc measures such as diversifying income sources to include oﬀfarm activities (Table 2), which may be a source of resilience as well as funds to invest
in other risk-reduction measures (Sin-Ampol, 2015). Self-assessment by ﬁsh farmers
suggests that many farm-level reactions and tactics useful today are likely to be useful
under a range of possible future climate patterns – the key issue being whether the costs
of such measures are worthwhile in a particular site (AQUADAPT, 2014). How climaterelated risks are communicated, perceived and understood is another set of issues that
inﬂuence risk management practices (Lebel & Lebel, 2016; Lebel, Whangchai,
Chitmanat, Promya, & Lebel, 2015c). Stocking decisions made by ﬁsh farmers in a
role-playing simulation game, for example, suggests that learning about risks from
experience is not easy, especially if risks are increasing or changing in severity (Lebel
et al., 2016b).
In all culture systems, farmers recognize that key water quality and ﬂow-related risks
also need to be managed at the river-reach, irrigation system, or watershed level.
Important short-term responses include sharing information and mutual assistance

Up-front strategies

Easier early strategies

Future-beneﬁts
strategies

Low-regret tactics

Response Type
No-regret reactions

Develop new export markets for farmed ﬁsh products, for higher farm prices
Develop standards to include improved climate- and water-related risk management
Construct water storage and diversion infrastructure to take into account uses of water by and risks to
aquaculture
Install water treatment equipment and storage pond with recirculating technology
Protective ﬂood dyke around ponds or hatchery
Shift production site to lower-risk location

29 Trade
30 Stand
31 Infra

32 Treat
33 Dyke
34 Shift

On-farm value-added processing
Integrate resource and waste reuse on farm to reduce input costs and dependencies on input suppliers
Establish early-warning systems for ﬂoods, droughts, and heat waves relevant to aquaculture
Establish mutual or weather-indexed insurance for aquaculture

Value
Integ
Warn
Insure

25
26
27
28

Explanation
Provide supplementary aeration as appropriate during periods of water- and climate-related stress
Harvest ﬁsh early in response to imminent threat of extreme weather event to reduce losses
Frequently monitor water conditions and ﬁsh behaviour during high-stress or high-risk periods
Share rearing knowledge in ﬁsh farming groups and networks
Adopt good disease management practices to reduce risks during periods of high climate-related stress
Adopt good feed management practices to reduce risks from climate-related stresses
Adjust stocking date or density to avoid ﬂoods and droughts
Pump groundwater when facing shortages
Adjust water infrastructure operations to regulate supply for aquaculture
Seek compensation assistance following disaster-related losses
Prepare shade roof over hatchery tanks or cages for use during heat waves
Strengthen cages to be less likely to be damaged by ﬂoods
Enter into contract farming arrangements
Switch species reared to suit water resource conditions
Allocate one farm pond to water storage to help cope with dry-season shortages and low quality
Protect and restore ecosystems for ﬂood protection, water storage, and water quality services
Mass selection and breeding for higher thermal tolerance
Research and development into new technologies at farm level to improve water productivity
Diversify income sources to subsidize risk-reduction investments
Increase savings to buﬀer household from losses and still make risk-reduction investments
Engage in community-based watershed management
Research and development to improve climate risk information systems and accessibility
Zone production so that aquaculture has suﬃcient volume and quality of water
Support Integrated Water Resources Management in which aquaculture stake is recognized

Strategy
Aerate
Harvest
Monitor
Group
Disease
Feed
Stock
Pump
Operate
Comp
Shade
Cages
Contract
Species
Store
Ecosys
Breed
WatPro
Divers
Save
CBA
Info
Zone
IWRM

ID
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Scale
Farm
Farm
Farm
Group
Farm
Farm
Farm
Farm
Group
Nation
Farm
Farm
Farm
Farm
Farm
Group
Nation
Nation
Farm
Farm
Group
Nation
Nation
Group/
nation
Farm
Farm
Nation
Group/
nation
Nation
Nation
Group/
nation
Farm
Farm
Farm

Long
Long
Long
Long

Time
Short
Short
Short
Short
Short
Short
Mid
Mid
Mid
Mid
Mid
Mid
Mid
Mid
Mid
Long
Long
Long
Mid
Mid
Long
Long
Long
Long

Infrastructural Long
Infrastructural Long
Infrastructural Long

Institutional
Long
Institutional
Long
Infrastructural Long

Technical
Technical
Informational
Institutional

Form
Technical
Technical
Informational
Institutional
Technical
Technical
Technical
Technical
Institutional
Financial
Technical
Technical
Financial
Technical
Infrastructural
Institutional
Informational
Informational
Financial
Financial
Institutional
Informational
Institutional
Institutional

Table 2. Examples of possible adaptation responses to risks of climate change impacts on water resources important to the proﬁtability of the aquaculture
sector. Classiﬁed according to patterns in adaptation costs and risk-reduction beneﬁts over time (response type) and scale of response.
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during emergencies (Table 2). In the medium term, the management of water-related
infrastructure (dams, weirs, water-gates) is very important. For river-based cage aquaculture, the construction and operation of small weirs for local irrigation are important
to manage ﬂow depths during critical periods in the dry season, especially in the upper
Ping River (Lebel et al., 2015a). In other river reaches, the management of water releases
from large hydropower dams has a major inﬂuence on risks of low ﬂows and depths as
well as potentially destructive high ﬂows close to the dam site (Lebel et al., 2015b). For
earthen-pond culture, local water management and its governance at the community
level also have major consequences for the capacity of ﬁsh farmers to manage water
shortages and low-water-quality risks (Kengkaj, 2015). In reservoirs, ﬁsh farmers
emphasize the importance of maintaining good relations with other stakeholders,
including oﬃcials responsible for reservoir water management (Lebel et al., 2016a).
At the sectoral and national levels, agencies need to provide timely warning information and relief resources to local authorities. In the mid-term, the network of
spatially distributed government hatcheries in Northern Thailand allows some scope
for shifting production base in response to seasonal constraints on hatchery operations
(Uppanunchai et al., 2015). Important long-term strategies are for government to
support improved climate information systems, and to invest in culture of alternative
species and genetic improvement. These strategies can also beneﬁt from international
cooperation, but progress is slow and has so far been disconnected from the aquaculture sector (Uppanunchai et al., 2016).

Methods
Data sources
This article draws on published research (summarized above), local community assessment meetings, expert advisory group meetings, and a multi-stakeholder dialogue event
based on activities carried out in 2012–16. A series of participatory local assessment
meetings and related activities were carried out with groups of pond and cage farmers
in two locations: Chiang Mai and Phayao. In these facilitated meetings, ﬁsh farmers
discussed and jointly evaluated the performance of speciﬁc practices (AQUADAPT,
2014). These evaluations included estimates of costs relative to expected beneﬁts, and
observations on how conditions and situations of individual farms can inﬂuence these
calculations. The views of scientiﬁc experts, policy and private-sector practitioners were
also solicited through in-depth interviews and six stakeholder advisory group meetings.
A few long-term strategies, like ecosystem management, zoning, species selection,
development of standards, and export markets, were proposed by oﬃcials (often as
part of existing policies) or experts; farmers in meetings expressed views on some of
these options, but for others had no position as details of the strategies were not
familiar. Two strategies were proposed by the authors: ecosystem restoration and
water productivity research. The information collected using these various methods
guided the identiﬁcation of short-, mid-, and long-term climate risk management
options, and the identiﬁcation of adaptation strategies for further analysis. The main
ﬁndings of the assessment were presented and discussed at a multi-stakeholder event at
the end of 2015, and distributed in report form in the Thai language for improved
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accessibility (Lebel & Chitmanat, 2015). Feedback on the proposed strategies informed
the ﬁnal version of the rule-based assessment model used in this article.
Analytical framework
The information gathered for the assessment was organized following the XLRM
analytical framework used in robust decision support studies (Mehta, Depsky, Forni,
Purkey, & Betancourt, 2013). X refers to external factors or drivers, some of which may
be uncertain. In this study, these were the three scenario dimensions, of climate change,
ﬁsh demand growth, and water demand growth (see below). L refers to policy or
management levers, which in this study were the adaptation strategies listed in
Table 2. R refers to relationships between various variables, captured here as lists of
assumptions and implemented as a simple rule-based model (Tables S1–S4). M refers to
robustness metrics, conceptualized here as an indicator of the number of diﬀerent
conditions under which risk-reduction beneﬁts exceeded adaptation costs and aquaculture was still proﬁtable (see below).
Climate change scenarios
Four qualitative climate change scenarios (Wetter, Drier, More Seasonal, Less Seasonal)
were constructed to capture key uncertainties in future climate in Northern Thailand
(Table S1) based on an earlier study on climate change impacts on hatcheries
(Uppanunchai et al., 2015). Under the Wetter scenario, rainfall increases in both wet
and dry seasons; in the Drier scenario it decreases in both seasons. In the More Seasonal
scenario, rainfall increases in the wet season and decreases in the dry season; in the Less
Seasonal scenario, the pattern is reversed. The risks of ﬂoods, prolonged cloud cover,
intense rainfall, heat waves and droughts follow on from these assumptions. A ﬁfth, ‘no
change’ scenario (current climate variability) was also included in some analysis to
assess relative changes. In joint assessment meetings with ﬁsh farmers, these scenarios
were explained and understood as being similar to historical patterns of climate
variability, where in some decades it rained a lot in the wet season, causing many
ﬂoods, whereas in other decades, drier conditions and droughts were more common,
but also potentially more extreme.
To help deﬁne plausible boundaries for individual climate scenarios and the diﬀerences among scenarios, we analyzed historical and projected climate data from the
Integrated Study on Hydro-Meteorological Prediction and Adaptation to Climate
Change in Thailand (Kotsuke et al., 2014; Watanabe et al., 2014). Modelled climate
projections downscaled for 2040–59 under the RCP4.5 and RCP8.5 emission scenarios
were compared to the 1981–2010 baseline. The wettest and driest climates from nine
diﬀerent models were used to set indicative average levels of change for total rainfall of
+15% for the Wetter scenario and −5% for the Drier scenario. The model with the
lowest and highest combined rainfall in May and October (the transition months
between seasons in Northern Thailand) were used to set indicative average levels of
change for those two months: −20% for More Seasonal and +10% for Less Seasonal. In
the More Seasonal scenario, the rain deﬁcit is imagined as being transferred to the wet
months (June–Sept.); in the Less Seasonal scenario it is shifted to the dry months
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(Nov.–April). Temperature increases and the risks of heat waves were assumed to be
smaller in the Less Seasonal scenario (+0.5 °C) than in the other three scenarios (+1.5 °
C). Periods with heat waves and extreme high water temperatures were assumed to be
more likely in the hottest period of the year, typically around May.

Water demand and ﬁsh demand scenarios
Scenarios were developed for 35 years into the future (to 2050) for water and ﬁsh
demand to complement the ﬁve climate scenarios, yielding a total of 20 (2 × 2 × 5)
scenarios. High-water-demand-growth scenarios assumed that demands for water from
other sectors (such as irrigated rice, industry, tourism and urban areas) increase
substantially (+50%) relative to current demands levels within Northern Thailand. A
no- or low-water-demand-growth scenario (+5%) appears much less likely, but may
arise in situations where the rice export market collapses or a slowdown in overall
economic activity occurs.
The high-ﬁsh-demand-growth scenario assumed that demand for aquaculture products doubles (+100%) relative to current levels (ca. 40,000 tonnes/year), and that
eﬀorts to meet this demand are pursued vigorously in Northern Thailand. It was also
assumed that high ﬁsh demand results in higher farm-gate prices and increased
production. The low-ﬁsh-demand-growth scenario (+10%) is less likely, but possible
if for instance, strong health or environmental concerns were to come up and incite a
consumer backlash against aquaculture products. Similarly, a large inﬂux of cheaper
imports of farmed ﬁsh, such as frozen pangasius from Vietnam, or greater product
knowledge could signiﬁcantly shift consumers’ purchase intentions (Nguyen, Dang, Do,
& Mai, 2015).

Assessing robustness of adaptation strategies
A simple, rule-based model was developed to help codify and synthesize information
and beliefs on the eﬃcacy and costs of adaptation options under diﬀerent conditions,
and to assess the relative robustness of diﬀerent strategies. The model relates performance to the value of risk reduction beneﬁts, the costs of those measures, and the levels
of climate-related risks – all measured in units of baht/kg, where the denominator is
interpreted as the expected production given the inputs. The advantage of this formulation is that it captures the risks and interests from the perspective of an average
ﬁsh farmer. The disadvantage is that it does not address issues or constraints related to
aggregate decisions, such as total production volumes. The model was developed and
run as a syntax ﬁle in SPSS to allow easy exploration of multiple scenarios and the
eﬀects of combining multiple assumptions. We now describe the key features of the
rule-based assessment model. Further details on parameter estimates are included in the
online supplementary material (Tables S1–S4, https://doi.org/10.1080/02508060.2017.
1416446). Performance of each strategy was captured by three outcome metrics: proﬁtability, net proﬁt diﬀerence, and robustness.
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Net proﬁtability with adaptation
The ﬁrst measure of performance, net proﬁtability with adaptation (NPadapt ), was
conceived as the diﬀerence between sale price (SP), input costs (IC), ﬁxed costs (FC),
adaptation costs (ACs ) and excess risk (ERs ) for a particular strategy (s):
NPadapt ¼ ðSP  IC  FC  ACs Þ  max ð0; ERs Þ

(1)

Sale price is assumed to increase with ﬁsh demand, and vary slightly among culture
systems given diﬀerences in typical species reared (Table S2). Costs of inputs and ﬁxed
costs are assumed to be constant and at 2015 prices. The excess risk (ERs ) from climate
change after taking into account adaptation (Figure 2(a)) was deﬁned as the diﬀerence
between the sum of the initial risk (IR) and the baseline risk (BR), and the risk
reduction factor associated with adopting a particular adaptation strategy (RRs ).
ERs ¼ ðIR þ BRÞ  RRs

(2)

The baseline risks for ﬂoods, droughts, and heat waves followed the logic of each
climate change scenario (θcc ). For example, under a Wetter scenario, ﬂood risk
increases while drought risks declines (Table S1), with further adjustment for other
factors as follows:
BRcr ¼ θcc þ θwd þ θsy

(3)

Note: If BRcr þ IR < 0 then BRcr ¼ IR.
Two other sets of assumptions were made to describe baseline risks. First, under a
high-water-demand (θwd ) scenario, drought and heat-wave risks increased while there
was no change in ﬂood risk. Second, risks from ﬂoods and droughts were increased in

Figure 2. Schematic showing relationships between risk components (a) and a classiﬁcation of ﬁve
strategy types (b–f) based on patterns of risk-reduction (RR) beneﬁt and costs (Cs) over time.
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rivers but not for other systems (θsy ), while for heat waves risks were higher in nonriver systems. If the estimated BRcr was negative (easier conditions than the present)
then BRcr was constrained to not go below  IR, as this would mean a negative total
risk (Figure 2(a)).
The levels of risk reduction (RR) beneﬁt for each speciﬁc adaptation strategy (s) was
a rule-based function in the form of:
RRs ¼ f ðαcr þ αcc þ αwd þ αfd þ αsy þ αsz þ αst Þ

(4)

Several speciﬁc rules were derived, as the following examples illustrate. When climate
changes (αcc ), strategies that improve information (Strategies 14, 22, 27 in Table S4) or
the institutional framework for management of water (Strategies 24, 30) become more
beneﬁcial. When water demand (αwd ) is high and there is drought risk, then strategies
which store water help reduce risks (Strategies 15, 31). When ﬁsh demand (αfd ) is
higher, market strategies work better (strategies 29, 32). A few strategies were more
important for small farms than for large farms (αsz ), such as forming groups (Strategy
4) or diversifying income sources (Strategy 19), particularly if ﬁsh demand is also low.
Others were better for large farms (Strategies 29, 30, 32). Some strategies were culturesystem (αsy ) speciﬁc. For instance, strengthening cages was not relevant to hatcheries or
ponds, and so was excluded in estimating means for the performance indicators. The
full list of ﬁnal rules is given in Table S4.
Returning to Eq. (1), important assumptions were made about how adaptation costs
(ACs ) and risk-reduction beneﬁts (αst ) varied over time. To this end, ﬁve response types
were identiﬁed (Figure 2(b–f)). For instance, up-front strategies such as building water
infrastructure cost a lot initially, but provide substantial beneﬁts later, whereas no-regret
and low-regret responses cost a little each year and provide smaller beneﬁts. Easier early
strategies require progressively higher investments to maintain beneﬁts as risks increase
over time. Future-beneﬁts strategies require ongoing investments; the ﬂow of beneﬁts is
low initially and then increases with time. ‘Reactions’ and ‘tactics’ have much shorter
investment horizons than ‘strategies’, and have correspondingly lower costs, but also
lower beneﬁts, especially if risks increase greatly. AC values were largely ﬁxed at a
constant value for each strategy type, with one exception, infrastructure, with a higher
cost (Table S4). In this study, the start year (t = 0) was taken as 2015, and model
estimates were made for various variables for 2020, 2030, 2040 and 2050. A second
classiﬁcation of strategies used in some analyses was to group them as infrastructural,
institutional, ﬁnancial, informational, or technical.
Net proﬁt diﬀerence
The second measure of performance used was net proﬁt diﬀerence (NPdiff ) or the
diﬀerence between net proﬁt with adaptation (NPadapt ) and without (NPbase ).
NPdiff ¼ NPadapt  NPbase

(5)

where the net proﬁt in the absence of adaptation is given by:
NPbase ¼ ðSP  IC  FCÞ  maxð0; BR þ IRÞ

(6)
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Robustness index
The third measure of performance was a robustness index. A strategy was considered
worthwhile if adopting it increased proﬁts compared to not doing so (NPdiff > 0) and
aquaculture was proﬁtable (NPadapt > 0). We add the proﬁtability criterion because a
strategy might appear worthwhile in the sense that it reduces risks eﬃciently, but if it
does not make a net proﬁt (NPbase ), then it is better not to do aquaculture at all. One
strategy was considered more robust (for a particular culture system) than another if it
was worthwhile under more combinations of conditions, and conversely, more vulnerable if it was not. Thus, the robustness index (RBI) was deﬁned as:
X


RBI ¼
NPadapt > 0 and ðNPdiff > 0Þ N
(7)
where N is the total number of distinct conditions considered in a particular analysis.

Results
In this section, we use a rule-based assessment model to explore the potential performance of individual responses and response types (Table 2) under a wide range of
climate, water-demand, and ﬁsh-demand conditions.
Baseline risk
Figure 3 shows how baseline risks (without considering adaptation actions) for ﬂoods,
droughts and heat waves were captured in the assessment model. The More Seasonal
climate scenario represents the most challenging set of conditions, with all risks high in
2050. The Less Seasonal scenario is the most benign, with risks of both ﬂoods and
droughts less than current conditions (‘no change’). In a Drier or More Seasonal
climate, drought is by far the largest risk, especially when water demand is also high.
Even with no change in climate, drought risks in a high-water-demand scenario
increase by a projected 10 baht/kg, which can be benchmarked against the 8 baht/kg
price premium farmers received in 2015 for rearing ‘antibiotic residue-free’ ﬁsh for
major retailers. Flood risks are highest under the Wetter scenario. In contrast to water
demand, ﬁsh demand does not have much inﬂuence on baseline risks. Heat wave risk
varies less among scenarios than ﬂood or drought risk.
Changing beneﬁts and costs
As response types diﬀer in how risk-reduction beneﬁts and costs change over time
(Figure 2), so does their performance, once baseline risks or costs are taken into
account. Under the More Seasonal scenario, all three climate risks increase substantially; thus it becomes increasingly diﬃcult to maintain proﬁtability out to 2050,
regardless of response type (Figure 4(a)). As expected, projected proﬁtability is high
in the two relatively benign climate scenarios (no change and Less Seasonal), and under
such conditions no-regret and low-regret responses perform best. The proﬁtability of
future-beneﬁt strategies does not decline as strongly with time as it does for other
strategy types under challenging conditions (Wetter, Drier, and More Seasonal),
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Figure 3. Projected total baseline risks in 2050 from ﬂoods (Fl), droughts (Dr), and heatwaves (HW)
under combined climate change, ﬁsh-demand, and water-demand scenarios. Risks are given distinct
colours to aid comparison across cells.

because beneﬁts, like risks, increase over time. Setting aside the impacts of climate
change, proﬁtability is also squeezed more with time during high water demand and
low ﬁsh demand (Figure S2). In this situation, prices are low, and water for aquaculture
is limited. Patterns of proﬁtability of the strategy types over time were not strongly
inﬂuenced by farm size or culture system.

The added value of adaptation
Performance was also assessed by calculating the diﬀerence in proﬁts with and without
the adaptation action. Thus, the consistent and positive proﬁt diﬀerence for no-regret
and low-regret strategies suggests that they are worthwhile under all climate scenarios
(Figure 4(b)), with the caveat that proﬁtability declines substantially by 2050 under
more challenging scenarios, and therefore aquaculture itself may no longer be worth
pursuing (Figure 4(a)). Easier-earlier strategies declined to low or negative values for
proﬁt diﬀerence in all scenarios, as risks increase with time, whereas future-beneﬁts
strategies increased to high positive values over time in challenging scenarios (Figure 4
(b)). In a Less Seasonal scenario, up-front strategies such as infrastructure are the least
worthwhile approach to adaptation, as they cost a lot and there is only a small risk to
adapt to.
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Figure 4. Projected mean proﬁtability (a) and diﬀerence in proﬁtability with and without individual
adaptation strategies (b) by climate change scenario and strategy type (2020–50).

An examination of the mean proﬁt diﬀerence over time for individual strategies in
each culture system helps understand the broader patterns by type, but also some of the
internal heterogeneity in performance (Figure 5). First, the up-front strategy type
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Figure 5. Estimated mean proﬁtability diﬀerence with and without individual adaptation strategies
in four culture systems, 2015–50. Strategy abbreviations and numbering are as in Table 2.
Completely blank entries indicate a strategy is not relevant and so not applied to that culture
system.

included two individual construction-based strategies (32, treatment; 33, dykes) that
were on average either irrelevant or not worthwhile in any culture system. Second, a few
individual strategies were proﬁtable only in the one or two systems for which that
practice was relevant (15, water storage for pond culture; 12, strengthen cages for river
cage culture). Third, no-regret and low-regret responses yielded positive proﬁt diﬀerences in all culture systems for which they were relevant. Fourth, future-beneﬁts
strategies varied substantially from each other and across culture systems, implying
that overall, averages for this group should be treated carefully.
Classifying strategies by content domain (Figure 6) highlights the low expected value
of ﬁnancial strategies for all culture systems, and that overall, the strategies assessed
help hatcheries less than other culture systems (in part because they are less at risk). It
also shows that infrastructure solutions are of no use to ﬁsh farms already in dams,
while institutional, informational and technical strategies are of similar value on average
in terms of proﬁt diﬀerence.
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Figure 6. Projected mean proﬁt diﬀerence of strategy forms for four culture systems, with mean and
95% conﬁdence intervals.

Robustness of strategies under uncertain conditions
On average, the mean robustness of diﬀerent strategy types over time was inﬂuenced
more by assumptions about future ﬁsh demand and climate change than by water
demand (Figure S3). When ﬁsh demand was high, strategies were more robust, reﬂecting the higher prices farmers received. On average, no-regret strategies were the most
robust, and future-beneﬁts the least. Individual strategies with high robustness included
several no-regret strategies: 2, harvest early; 4, form groups; 7, stocking (Figure 7).
Several easier and earlier strategies were also robust (28, insurance; 24, IWRM; 25,
adding value). The robustness of individual adaptation responses (Figure 7) largely
parallel patterns of proﬁt diﬀerence (Figure 5).

Discussion
The ﬁndings of this assessment underline that successful adaptation in aquaculture will
need to consider climate risk management practices at multiple spatial and temporal
scales. Short-term reactions before, during and after critical events (droughts, ﬂoods,
heat waves) are and will remain important to reducing risks. This includes tactics like
adjustments to rearing practices, providing aeration, withholding feed and moving ﬁsh,
as well as sharing information about extreme ﬂow or weather conditions and helping
each other cope with extreme events. Likewise, mid-term tactics related to timing,
siting, stocking and harvesting decisions each year are important under both current
and future climate variability. These short- and medium-term practices are an important component of the existing adaptive capacity of ﬁsh farms and communities, and
have been recognized as such in previous research studies and assessments (Bell et al.,
2013; De Silva & Soto, 2009).
However, it is long-term strategies that distinguish current climate risk management
from what is needed for adapting to a changing climate in the future. Attention to
temporal patterns in the distribution of potential risk-reduction beneﬁts and adaptation
costs in this analysis revealed that long-term strategies are important in at least three
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Figure 7. Projected mean robustness index of individual adaptation strategy types in four culture
systems. Strategies are numbered as in Table 2. Open circle indicates strategies considered irrelevant
to a particular culture system.

distinct ways. First, an initiative may have a long lead time, that is, it takes time before
any beneﬁts will be apparent (future beneﬁt). Second, an action might be taken up
relatively quickly, but will have consequences for many decades into the future (upfront), when climate may no longer be the same. And third, an action might need to be
repeated or sustained indeﬁnitely, but with monitoring and ﬂexibility to adjust to
changing risks (easier early). Current policy thinking on climate change adaptation
strategies has often neglected these distinctions, even though they have very diﬀerent
implications for patterns of investment in adaptation (Felgenhauer & Webster, 2013;
Hallegatte, 2009).
Many of the expected adverse impacts of climate change on inland aquaculture are
mediated by how water resources are managed, which in turn is inﬂuenced by water
demand. Fish farmers recognize that key water quality and ﬂow-related risks also need
to be managed at the watershed or community level, and that this is diﬃcult without
the cooperation of other stakeholders. In a drier climate, risks of water shortages and
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droughts will be greatly ampliﬁed if water demand is also high, putting extreme
pressure on water allocation for aquaculture. One existing constraint in the Thai
context is that aquaculture’s stake in water resources development and management
has not been well articulated, and thus is rarely acknowledged. Even for government
hatchery centres, water allocation is vague and not guaranteed (Uppanunchai et al.,
2015). This remains an important barrier to adaptation strategies, requiring better
integration and policy coordination across ﬁsheries, agriculture, and water management
policy domains (Uppanunchai et al., 2016).
Management focused on climate and water that takes into account the long term and
the watershed level, while necessary, is unlikely to be a suﬃcient response. Under
current climate variability, ﬁsh farmers do not manage individual climate-related risks
in isolation from other risks, and hence in the future, the need for similar practices
seems inevitable. Financial sources of risks such as debt repayment, high interest rates
on loans, market prices for ﬁsh, costs of inputs, and maintaining adequate savings also
need to be carefully managed (Ahsan & Roth, 2010; Lebel et al., 2015a). The analysis of
robustness of strategy types suggests that ﬁsh demand and prices may have a larger
impact than water demand and climate change, at least in 2040–59. The inclusion of
low and high ﬁsh demand growth scenarios in this analysis helped capture only some of
the gross features of a complicated set of ﬁnancial and market-related factors and risks
(Navy, Minh, & Pomeroy, 2017; Rodríguez-Rodríguez & Bande Ramudo, 2017).
Climate change could, for example, drive increases in feed costs – a key input – if it
reduces ocean ﬁsh stocks that are used to make ﬁsh meal (Deutsch et al., 2007).
The large uncertainties about future climate, water demand, and farmed ﬁsh demand
favour strategies that are robust and worth pursuing under multiple conditions, and
which are valid for multiple climate-related risks. For some response options, this can
be interpreted in two ways. First, responses may make farms more robust to future
conditions from the perspective of ﬁsh farmers. Second, responses may make institutions or policies themselves more robust, that is, likely to continue to perform adequately under a range of future conditions. One could question, for example, whether a
privately run crop insurance scheme would survive in a future world with higher ﬂood
and drought risks (Aerts & Botzen, 2011), even if such a scheme would be beneﬁcial to
ﬁsh farmers by making their operations more robust.
The model developed in this assessment helped us make explicit assumptions and
expectations. It also helped us explore the consequences of combining assumptions. The
model is simplistic, however, and the estimates it produces are crude and hard to
validate. We see a couple of promising ways to take this semi-qualitative approach to
robust decision analysis forward in evaluating sets of adaptation options. First, to
improve realism there is a need to consider combinations of strategies ranging from
those which might act largely independent to those for which there are synergies or
trade-oﬀs. Some strategies are likely to reinforce each other if pursued in parallel, like
improving early-warning systems and climate information systems. Other strategies
may interact more negatively, like investments in infrastructure and ecosystem restoration. Second, to improve reproducibility and validity, a more systematic set of validation exercises with independent experts is needed. Although it is unlikely that there will
ever be enough accurate information on costs and risk-reduction beneﬁts, rank-based
measures might turn out to be good enough for these types of exploratory analyses.
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Third, the model focused on the average farmer’s proﬁt per kilogram of ﬁsh, a highly
individual perspective on returns on investment under risks that does not take into
account feedback from high aggregate demand on water resources arising from higher
total production volumes and so on. As resources become constrained, this is not
realistic. Fourth, the assessment model was based entirely on linear changes in averages,
and thus did not take into account inter-annual or inter-decadal variability in climate
and associated risks. Doing so would result in more periods where investments in a
strategy would have been inadequate or overkill. Climate variability would also make it
much harder to learn and adjust strategies over time. But the current version of the
model does not allow abandoning or switching strategies, or any form of learning.
The methods and ﬁndings of this study have international signiﬁcance beyond the
geographic area of Northern Thailand. First, the three classiﬁcations of strategies
proposed in this study (temporal-spatial scales, cost-beneﬁts over time, content
domain) are generalizable to diverse possible culture systems and locations. Analysis
at this level, we propose, is helpful for policy framework development and screening
response options. Second, the highly seasonal climate and water resources conditions
for aquaculture in Northern Thailand are comparable to other monsoonal locations in
the Asia-Paciﬁc where inland aquaculture is practised. The high level of commercialization of the sector in Thailand provides an early insight into how the industry may
develop in other countries as demand for farmed ﬁsh grows. Third, the semi-quantitative modelling approach adopted here to help synthesize ﬁndings and expert views for
the assessment may be suitable for other locations where detailed impact and cost
information is not available, but where there are experiences to draw upon.
The ﬁndings are also signiﬁcant for current debates on the role of climate risk
management in adaptation outside the aquaculture sector. On the one hand, this
study shows the practical value of better understanding of speciﬁc climate-related
risks for their management. Fish farmers who understand how drought risks change
with seasons are able to make timely adjustments to stocking calendars and practices, in
anticipation of future water resource conditions. The participatory elements of the
assessment also underlined the strong appreciation of the importance of climate
variability in decision making. What remains is to ﬁnd better ways to develop and
share information about past climate and the next season. On the other hand, the study
also suggests that more broadly framed resilience-based approaches to climate risk
management are also worthwhile. These include, for example, long-term strategies to
restore and manage aquatic ecosystems and watersheds so that they continue to support
aquaculture activities and buﬀer them from extreme weather events, and diversiﬁcation
of livelihood activities beyond farming ﬁsh so that household income is not overly
aﬀected by climate-related disaster losses.

Conclusions
Extreme weather events and climate change already have signiﬁcant impacts on the
production and proﬁtability of aquaculture in Northern Thailand. Future climate, water
demand and ﬁsh demand are three important factors for longer-term viability of this
sector. Because they are diﬃcult to project with certainty, their aﬀects were explored
using scenarios. Using a novel, rule-based assessment model derived from published
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research and stakeholder consultations, this study showed how various individual as
well as classes of adaptation strategies are likely to be relatively more or less robust. As
might be expected, these evaluations vary with aquaculture system and on how far into
the future you look. A key policy implication is that adaptation pathways in the
aquaculture sector must be diverse enough to cater to the diﬀerent risk proﬁles of
culture systems, and ﬂexible enough that over time, strategies can be abandoned,
switched or combined, or innovations introduced, as conditions and knowledge continue to change.

Disclosure statement
No potential conﬂict of interest was reported by the authors.

Funding
The work was carried out with the aid of a grant [10787] from the International Development
Research Centre, Ottawa, Canada, as a contribution to the AQUADAPT project.

ORCID
Louis Lebel

http://orcid.org/0000-0001-6187-6418

References
Aerts, J. C. J. H., & Botzen, W. J. W. (2011). Climate change impacts on pricing long-term ﬂood
insurance: A comprehensive study for the Netherlands. Global Environmental Change, 21(3),
1045–1060.
Ahmed, N., Bunting, S. W., Rahman, S., & Garforth, C. J. (2013). Community-based climate
change adaptation strategies for integrated prawn-ﬁsh-rice farming in Bangladesh to promote
social-ecological resilience. Reviews in Aquaculture, 5, 1–16.
Ahsan, D., & Roth, E. (2010). Farmers’ perceived risks and risk management strategies in an
emerging mussel aquaculture industry in Denmark. Marine Resource Economics, 25(3), 309–
323.
Anderies, J. M., Janssen, M. A., & Ostrom, E. (2004). A framework to analyze the robustness of
social-ecological systems from an institutional perspective. Ecology and Society, 9(1), 18.
AQUADAPT. (2014). Report of participatory assessment workshops on climate risk management with ﬁsh farmers in northern Thailand [in Thai]. Retrieved from Chiang Maihttps://
aquadaptorg.ﬁles.wordpress.com/2017/10/ﬁsh-farmers-group-meeting-report-th.pdf.
Beach, R. H., & Viator, C. L. (2008). The economics of aquaculture insurance: An overview of the
U.S. pilot insurance program for cultivated clams. Aquaculture Economics and Management,
12(1), 25–38.
Bell, J. D., Ganachaud, A., Gehrke, P. C., Griﬃths, S. P., Hobday, A. J., Hoegh-Guldberg, O., . . .
Waycott, M. (2013). Mixed responses of tropical Paciﬁc ﬁsheries and aquaculture to climate
change. Nature Climate Change, 3(6), 591–599.
Belton, B., & Little, D. C. (2011). Immanent and interventionist inland Asian aquaculture
development and its outcomes. Development Policy Review, 29(4), 459–484.
Bostock, J., McAndrew, B., Richards, R., Jauncey, K., Telfer, T., Lorenzen, K., . . . Corner, R.
(2010). Aquaculture: Global status and trends. Philosophical Transactions of the Royal Society
B: Biological Sciences, 365, 2897–2912.

278

L. LEBEL ET AL.

Boyd, C. E., Li, L., & Brummett, R. (2012). Relationship of freshwater aquaculture production to
renewable freshwater resources. Journal of Applied Aquaculture, 24(2), 99–106.
Bush, S. R., Van Zwieten, P. A. M., Visser, L., Van Dijk, H., Bosma, R., De Boer, W. F., &
Verdegem, M. (2010). Scenarios for resilient shrimp aquaculture in tropical coastal areas.
Ecology and Society, 15(2), 26.
Cai, Y. P., Huang, G. H., Tan, Q., & Yang, Z. F. (2011). An integrated approach for climatechange impact analysis and adaptation planning under multi-level uncertainties. Part I:
Methodology. Renewable and Sustainable Energy Reviews, 15(6), 2779–2790.
Chaibu, P., Ungsethaphand, T., & Maneesri, S. (2004). The costs and returns of Tilapia and
Tubtim (Red Tilapia) cage culture in Chiang Mai Province, Thailand. [in Thai]. Journal of
Fisheries, 57(3), 244–250.
Chitmanat, C., Lebel, P., Whangchai, N., Promya, J., & Lebel, L. (2016). Tilapia diseases and
management in river-based cage aquaculture in northern Thailand. Journal of Applied
Aquaculture, 28(1), 9–16.
De Silva, S., & Soto, D. (2009). Climate change and aquaculture: Potential impacts, adaptation
and mitigation. In K. Cochrane, C. De Young, G. Soto, & T. Bahri (Eds.), Climate change
implications for ﬁsheries and aquaculture: Overview of current scientiﬁc knowledge. FAO
Fisheries and aquaculture technical paper 530 (pp. 151–212). Rome: FAO.
Department of Fisheries. (2013). The strategic plan for working capital for aquatic animal
production 2014-2016 [in Thai]. Bangkok: Ministry of Agriculture and Cooperatives.
Deutsch, L., Gräslund, S., Folke, C., Troell, M., Huitric, M., Kautsky, N., & Lebel, L. (2007).
Feeding aquaculture growth through globalization: Exploitation of marine ecosystems for
ﬁshmeal. Global Environmental Change, 17, 238–249.
Dilling, L., & Lemos, M. (2011). Creating usable science: Opportunities and constraints for
climate knowledge use and their implications for science policy. Global Environmental
Change, 2, 680–689.
Divakar, L., Babel, M. S., Perret, S. R., & Gupta, A. D. (2011). Optimal allocation of bulk water
supplies to competing use sectors based on economic criterion - An application to the Chao
Phraya River Basin, Thailand. Journal of Hydrology, 401(1–2), 22–35.
Felgenhauer, T., & Webster, M. (2013). Multiple adaptation types with mitigation: A framework
for policy analysis. Global Environmental Change, 23(6), 1556–1565.
Friend, R., & Funge-Smith, S. (2002). Focusing small-scale aquaculture and aquatic resource
management on poverty alleviation. Bangkok: FAO Regional Oﬃce for Asia and the Paciﬁc.
Hallegatte, S. (2009). Strategies to adapt to an uncertain climate change. Global Environmental
Change, 19, 240–247.
Handisyde, N., Telfer, T. C., & Ross, L. G. (2017). Vulnerability of aquaculture-related livelihoods to changing climate at the global scale. Fish and Fisheries, 18(3), 466–488.
Hanjra, M. A., Blackwell, J., Carr, G., Zhang, F., & Jackson, T. M. (2012). Wastewater irrigation
and environmental health: Implications for water governance and public policy. International
Journal of Hygiene and Environmental Health, 215(3), 255–269.
Kengkaj, W. (2015). Sources of social capital in the networks of ﬁsh-pond farmers and their
implications for adaptive capacity. (AQUADAPT Working Paper 19). Chiang Mai: Unit for
Social and Environmental Research, Chiang Mai University.
Kobayashi, M., Msangi, S., Batka, M., Vannuccini, S., Dey, M. M., & Anderson, J. L. (2015). Fish
to 2030: The role and opportunity for aquaculture. Aquaculture Economics & Management, 19
(3), 282–300.
Kotsuke, S., Tanaka, K., & Watanabe, S. (2014). Projected hydrological changes and their
consistency under future climate in the Chao Phraya River Basin using multi-model and
multi-scenario of CMIP5 dataset. Hydrological Research Letters, 8, 27–32.
Lacombe, G., Hoanh, C., & Smakhtin, V. (2012). Multi-year variability or unidirectional trends?
Mapping long-term precipitation and temperature changes in continental Southeast Asia
using PRECIS regional climate model. Climatic Change, 113, 285–299.

WATER INTERNATIONAL

279

Lavorel, S., Colloﬀ, M. J., McIntyre, S., Doherty, M. D., Murphy, H. T., Metcalfe, D. J., . . .
Williams, K. J. (2015). Ecological mechanisms underpinning climate adaptation services.
Global Change Biology, 21(1), 12–31.
Lebel, L., & Chitmanat, C. (2015). Climate change and aquaculture in Northern Thailand: An
assessment of risks and adaptation options. AQUADAPT Project. Retrieved from https://
aquadaptorg.ﬁles.wordpress.com/2017/10/aquadapt-assessment-report.pdf.
Lebel, L., & Lebel, P. (2016). Emotions, attitudes, and appraisal in the management of climaterelated risks by ﬁsh farmers in Northern Thailand. Journal of Risk Research, 1–19. doi:10.1080/
13669877.2016.1264450
Lebel, L., Lebel, P., & Lebel, B. (2016a). Impacts, perception and management of climate-related
risks to cage aquaculture in the reservoirs of northern Thailand. Environmental Management,
58(6), 931–945.
Lebel, P., Sriyasak, P., Kallayanamitra, C., Duangsuwan, C., & Lebel, L. (2016b). Learning about
climate-related risks: Decisions of Northern Thailand ﬁsh farmers in a role-playing simulation
game. Regional Environmental Change, 16(5), 1481–1494.
Lebel, P., Whangchai, N., Chitmanat, C., & Lebel, L. (2015a). Climate risk management in riverbased Tilapia cage culture in northern Thailand. International Journal of Climate Change
Strategies and Management, 7(4), 476–498.
Lebel, P., Whangchai, N., Chitmanat, C., & Lebel, L. (2015b). Risk of impacts from extreme
weather and climate in river-based Tilapia cage culture in Northern Thailand. International
Journal of Global Warming, 8(4), 534–554.
Lebel, P., Whangchai, N., Chitmanat, C., Promya, J., Chaibu, P., Sriyasak, P., & Lebel, L. (2013).
River-based cage aquaculture of Tilapia in northern Thailand: Sustainability of rearing and
business practices. Natural Resources, 4(5), 410–421.
Lebel, P., Whangchai, N., Chitmanat, C., Promya, J., & Lebel, L. (2015c). Perceptions of climaterelated risks and awareness of climate change of ﬁsh cage farmers in northern Thailand. Risk
Management, 17, 1–22.
Lempert, R. (2013). Scenarios that illuminate vulnerabilities and robust responses. Climatic
Change, 117(4), 627–646.
Mehta, V., Depsky, N., Forni, L., Purkey, D., & Betancourt, E. (2013). Robust decision support for
integrated water resources planning in the Yuba river basin, California. Final report. Boston:
Stockholm Environment Institute.
Navy, H., Minh, T. H., & Pomeroy, R. (2017). Impacts of climate change on snakehead ﬁsh value
chains in the Lower Mekong Basin of Cambodia and Vietnam. Aquaculture Economics and
Management, 21(2), 261–282.
Nguyen, P. V., Dang, N. H. X., Do, Q. L. N., & Mai, K. T. (2015). The impacts of consumers’
familiarity on their behavioral intentions towards frozen pangasius products: A study in Ho
Chi Minh City, Vietnam. Review of European Studies, 7(7), 97–108.
Paukert, C. P., Lynch, A. J., Beard Jr., T. D., Chen, Y., Cooke, S. J., Cooperman, M. S., . . .
Winﬁeld, I. J. (2017). Designing a global assessment of climate change on inland ﬁshes and
ﬁsheries: Knowns and needs. Reviews in Fish Biology and Fisheries, 27(2), 393–409.
Pickering, T., Ponia, B., Hair, C., Southgate, P., Poloczanska, E., Patrona, L., . . . De Silva, S.
(2011). Vulnerability of aquaculture in the tropical Paciﬁc to climate change. In J. Bell, J.
Johnson, & A. J. Hobday (Eds.), Vulnerability of tropical paciﬁc ﬁsheries and aquaculture to
climate change (pp. 647–731). Noumea, New Caledonia: Secretariat of the Paciﬁc Community.
Pimolrat, P., Whangchai, N., Chitmanat, C., Itayama, T., & Lebel, L. (2015). oﬀ-ﬂavor characterization in high nutrient load tilapia ponds in northern Thailand. Turkish Journal of Fisheries
and Aquatic Sciences, 15, 275–283.
Pimolrat, P., Whangchai, N., Chitmanat, C., Promya, J., & Lebel, L. (2013). Survey of climaterelated risks to Tilapia pond farms in northern Thailand. International Journal of Geosciences,
4, 54–59.
Rodríguez-Rodríguez, G., & Bande Ramudo, R. (2017). Market driven management of climate
change impacts in the Spanish mussel sector. Marine Policy, 83, 230–235.

280

L. LEBEL ET AL.

Setboonsarng, S., & Edwards, P. (1998). An assessment of alternative strategies for the integration
of pond aquaculture into the small-scale farming system of north-east Thailand. Agriculture
Economics and Management, 2(3), 151–162.
Sin-Ampol, P. (2015). Mobility as a response for ﬁsh cage farming households in Northern
Thailand to multiple risks in the dry season (AQUADAPT Working Paper 34). Chiang Mai:
Unit for Social and Environmental Research, Chiang Mai University.
Sriyasak, P., Chitmanat, C., Whangchai, N., & Lebel, L. (2013). Eﬀects of temperature upon water
turnover in ﬁsh ponds in northern Thailand. International Journal of Geosciences, 4, 18–23.
Sriyasak, P., Chitmanat, C., Whangchai, N., Promya, J., & Lebel, L. (2015). Eﬀect of water destratiﬁcation on dissolved oxygen and ammonia in tilapia ponds in Northern Thailand.
International Aquatic Research, 7(4), 287–299.
Travis, W. R. (2014). What is climate risk management? Climate Risk Management, 1, 1–4.
Troell, M., Naylor, R. L., Metian, M., Beveridge, M., Tyedmers, P. H., Folke, C., . . . De Zeeuw, A.
(2014). Does aquaculture add resilience to the global food system? Proceedings of the National
Academy of Sciences, 111, 13257–13263.
Uppanunchai, A., Apirumanekul, C., & Lebel, L. (2015). Planning for production of freshwater ﬁsh
fry in a variable climate in northern Thailand. Environmental Management, 56(4), 859–873.
Uppanunchai, A., Chitmanat, C., & Lebel, L. (2016). Mainstreaming climate change adaptation
into inland aquaculture policies in Thailand. Climate Policy, 1–13. doi:10.1080/
14693062.2016.1242055
Watanabe, S., Hirabayashi, Y., Kotsuki, S., Hanasaki, N., Tanaka, K., Mateo, C., . . . Oki, T.
(2014). Application of performance metrics for climate models to project future river discharge in Chao Phraya River Basin. Hydrological Research Letters, 8, 33–38.
Weaver, C., Lempert, R., Brown, C., Hall, J., Revell, D., & Sarewitz, D. (2013). Improving the
contribution of climate model information to decision making: The value and demands of
robust decision frameworks. WIREs Climate Change, 4, 39–60.
Wongsupap, C., Weesakul, S., Clemente, R., & Das Gupta, A. (2009). River basin water quality
assessment and management: Case study of Tha Chin River Basin, Thailand. Water
International, 34(3), 345–361.
Yamprayoon, J., & Sukhumparnich, K. (2010). Thai aquaculture: Achieving quality and safety
through management and sustainability. Journal of the World Aquaculture Society, 41(2), 274–280.

The effects of membership and moderation style in aquaculture Facebook
groups on knowledge and management of climate-related risks
Louis Lebela*, Khin Maung Soeb, Vo Nam Sonc, Hap Navyd, Anousone Sisouvonge, Tuantong
Jutagatef, Nguyen Quynh Anhg, Yin Yin Phyuh, Phimphakan Lebela, Michael Akesterb, Boripat
Lebela
aUnit

for Social and Environmental Research, Department of Social Science and
Development, Faculty of Social Sciences, Chiang Mai University, Chiang Mai, Thailand;
bWorld Fish, Myanmar;
cCan Tho University, Vietnam;
dInland Fisheries Research and Development Institute, Cambodia;
eNational University of Laos, Lao PDR;
fUbon Ratchathani University, Thailand;
gCentre of International Cooperation on Science and Technology Policy, National Institute for
Science and Technology Policy and Strategy Studies, Vietnam
hGreenovator, Myanmar
Corresponding author: Louis Lebel* (louis@sea-user.org, louis.lebel7@gmail.com);

Abstract

Understanding of climate-related risks and knowledge of ways these risks can be managed is
important to the sustainability of aquaculture and enhanced by sharing in groups and social
networks. <Communities of practice > Advances in information and communication
technologies generate opportunities to build communities of practice that are, in part,
virtual. This experimental study tests the proposition that membership in an online
Facebook group improves farmers’ knowledge and management of climate-related risks in
five countries. It also examined the effects of deliberative versus authoritative style group
moderation. The findings show individual learning was enhanced in all countries by group
membership, while effects on social learning, knowledge, and intentions to seek further
information or take preparatory actions, varied in more complex ways among countries and
with group moderation style. For the most part, deliberative-style posts and moderation
were preferred in Thailand, whilst in Laos, Cambodia, and Vietnam there was no difference
or authoritative was preferred. In Myanmar, the findings were more complex. The findings
of this study suggest that information helpful to improving the management of climaterelated risks in aquaculture can be shared in online groups, but cultural familiarity with
online engagement and moderation styles also makes a difference to effectiveness.
Keywords: climate-related risks; online groups; moderation; aquaculture; Mekong Region
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Introduction

In the aquaculture sector, growers’ groups often play an important role in the spread of
information about market prices, disease risks, farming techniques, new technologies and
management practices. In Sri Lanka, information shared in local shrimp cooperatives is
important to community development and social-ecological sustainability (Galappaththi et
al., 2016). In Southern Thailand, formal shrimp growers’ associations meet regularly, host
technical seminars and arrange demonstrations (Lebel et al., 2016). Belonging to groups
helps growers validate knowledge claims of suppliers based on their experiences with
products. Small-scale farm access to certification and associated market channels may
1

depend on forming cooperatives to maintain production volumes and reduce training,
auditing and other transaction costs (Nguyen and Jolly, 2020). In Argentina, members of
cooperatives innovate more than vertically integrated firms, which tend to buy established
technologies (Garrido and Moreira, 2017).
Being a member of a growers’ group may be important to understanding of climate-related
risks and for sharing knowledge about how those risks can be managed. A study of the
management practices of fish and shrimp farmers in 5 countries in the Mekong Region
found that those belonging to growers’ groups were 1.4 times as likely to use information
and communication technologies (ICT), but less likely to use conventional weather forecasts
(anon et al.). Advances especially in the rapid growth in ownership of smartphones and
availability of internet services have created opportunities to support and expand groups,
which were once restricted to those able to meet face-to-face. Lee and Suzuki (2020)
studied the motivation for sharing of information among members of a closed Facebook
group for shrimp farmers with more than 17,000 members. From analysis of posting and
post engagement behaviors, they find evidence that reciprocity and professional reputation
are important motivations. They consider the online group a virtual community of practice.
A study in Central Java, Indonesia found that members of an aquaculture community
Facebook group had more knowledge of farm practices and did better financially than nonmembers in the same region (Elfitasari et al., 2018). As an observational study, it is not
possible to unequivocally attribute knowledge and financial benefits to group membership.
It is possible, for instance, that farmers who already have more knowledge make more use
of ICT and join online groups, and likewise, were already wealthier. The only way to
rigorously separate these alternative explanations is through experimentation.
In a recent survey of fish and shrimp farmers in the Mekong Region, ….. smart phones as a
technology with high potential to be useful for sharing information about climate-related
risks with fish farmers. Facebook is already popular in most countries of the region and
smart phone ownership is growing rapidly. This operational research study was designed to
test the proposition that information helpful to improving management of climate-related
risks in aquaculture can be effectively shared in online groups.
We also sought to experimentally investigate the effects of message format, for instance,
use of images or videos, and style of moderation on behavior of subjects in groups. Among
social marketing experts, it is well known that Facebook posts with images and videos
attract a lot more attention than text-only posts. It is less clear if the same applies in the
case of technical information (Saez et al., 2018). There has been very little study of influence
of moderation approaches, but we suspect it may be very important to the quality of
interaction in groups. One HIV intervention study in Peru, for instance, demonstrated that
including pro-active peer leaders in a Facebook group increased the likelihood of
participants getting tested for HIV almost threefold (Young et al., 2015). Gray (2005) found
in her study of an education council that the moderator played a key role in moving the
otherwise informal online group from simply sharing information to generating new,
knowledge based on experiences – earning the community of practice label (Duguid, 2005).
Based on these findings, we propose to compare the merits and limitations of more
authoritative vs. deliberative styles of moderation.
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Ultimately, if we find Facebook groups helpful to farmers then we intend to support the
dissemination of good practices in forming and supporting such groups in the Mekong
Region.
This study addresses two research questions:
1. Does being included in an aquaculture Facebook group improve understanding of climaterelated risks and management or alter intentions to seek information or take preparatory
measures?
2. Do the style of moderation or post language and format, influence engagement,
understanding, perceptions or behaviors?

2
2.1

Methods
Study Design

2.1.1 Recruitment of group members
To be included in the study, a subject must have an aquaculture farm and own or have
regular access to a smartphone. If they did not have a Facebook account this was created,
and basic instructions on use given. 1 Individuals were recruited into 9 groups in each
country. Groups were based on geographical proximity and dominant culture systems,
reflecting existing patterns of interaction in some countries, and a likely way groups would
be created in the future by a fisheries office. We did not attempt to standardize group
composition (by gender, age or wealth) but allowed this to vary among groups.
Group size is an important design issue. If a group has too few members there is a risk of
inadequate interaction and lack of operational realism; if a group has too many members,
then the number of replicates becomes too small for meaningful comparisons. We opted for
an initial target group size of 20 individuals as a compromise between need for realism and
replication; but in the end had to allow some variation around this due to differences in
number of eligible participants in different growing regions and the wish to include all
relevant farms (Table 1).
Table 1. Group characteristics by country.
Standard
Facebook Members
posts per
+ Control
per
group
Groups
group

Local
posts
per
group

Member
posts
per
group

Female
a

(%)

Age
50+
(%) a

Species
reared

How many people had to have new accounts created for them?
VN: In VN, all members have Facebook account but with different skill of interaction such as like, comment,
post,…
TH: Block 1 (Ubon Ratchathani and Sisaket) T 2 = 12, T3 = 14; Block 2 (Mukdaharn and Nakhon Phanom) T2=11,
T3=12; Block 3 (Sakhonnakhon) T2 = 9, T3 = 11.
CA: No new FB account created. This study was used grower groups/farmers own account.
LA: About 5 people.
MY: All members already have FB accounts, only explained them how to respond to the appropriate posts of
(T2) and (T3)

1

3

Cambodia
Laos
Myanmar
Thailand
Vietnam
a

6+3
6+3
6+3
6+3
6+3

20 (0)b
15 (2)
32 (7)
27 (12)
20 (1)

24 (0)
24 (0)
24 (0)
24 (0)
24 (0)

43 (4)
24 (0)
30 (15)
37 (19)
26 (0)

2.7
0
4.0
2.8
2.2

21
19
9
48
8

8
15
37
42
9

Finfish
Finfish
Finfish
Tilapia
Shrimp

based on exit survey sample of all groups; b Mean (SD)

2.1.2 Group treatments
There were three treatments: control, authoritative, and deliberative. In the authoritative
treatment the language of posts by the moderator was assertive, often in the form of
instructions; whereas in the deliberative treatment posts were more deferential, asking
farmers about their experiences and views towards an option (See examples A and B in
Table 2). In interacting with comments and post by members there were also differences in
moderator practices in terms of levels of engagement (Table 2).
We considered two possible control treatments: (1) receiving information in Facebook
group line feed format, but without any interaction with others or the moderator; and (2)
receiving no extra information in any form and not being included in a Facebook group. We
opted for option 2 as being the most informative type of control as it allowed estimating the
effect of joining a Facebook group.
Table 2 Key elements of the authoritative and deliberative treatments
Feature
Language of moderator
posts

T2 Authoritative
Impersonal, assertive
Instructions

T3 Deliberative
Personal, deferential
Options

Engagement with
comments on own posts

Only consider responding to
queries directed at moderator.
Typically, clarifications and
elaborations of post.
Usually none; only in direct
response to requests for
information.

Encourage discussions or reactions by
all, if does not happen by itself. 2

Engagement with post
threads from members

Intervene to facilitate discussion/clarify
when it would help

Was this done? And if so, how?
VN: In first time, moderator encourage the members via phone messages, and ask the member for how to
improve the interaction among the members in each group.
TH: 1. Made understanding on the importance of discussion before launching the FB-experiment; 2. Asked for
their relevant experience about the post in “comment”; 3. Click “like” or “comment” to any “posts” and
“comments” of the group members; 4. Asked directly to someone in the group, whom had relevant experience
to the post, to make comments; 5. Ask the group members on their daily activities on fish farming.
CA: Yes, T2 were post photos with meaning and follow the format from USER and T3 were post photos and
video with meaning of them. And sometime, we post information related to the real situation – i.e. Weather
forecast, fish disease, fish market price etc.
LA: Yes, some of them are request more post on new aquaculture technique, fish disease and prevention
technique as well as market channel. Farmers request more graphic or figure together with text explain with
simple words or sentence that make it easy for them to understand.
MY: Generally, it was effectively shared the knowledges relating to the climate change risks. Farmers positively
reacted. In summery the two treatments had improved farmers knowledge on aquaculture. Total of T2 and T3
combine was 1539 seen, 845 likes, and 275 comments. An overall total reached was 3659.
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Responsiveness to
requests for new types of
information posts
Example A

Example B

None
If the fish rises to the water surface,
behaving as if it were drawing air,
this is a sign that the water is in a
state of low oxygen, and that there
is a high chance that death will
follow. Aerators should be used to
help maintain dissolved oxygen
levels in the water
To manage climate-related risks
effectively, should follow weather
forecasts, and stay alert to early
warnings for floods (including high
river discharges and dam releases),
heat waves, cold spells, and
droughts.

If plausible then create additional posts
in response to member articulated
needs, otherwise indicate not possible 3
When fish rise to the water surface,
behaving as if it were drawing air, it is a
sign that the water has low oxygen. In
this situation using aerators can help a
lot. Do you use aerators at your farm?

Many farmers follow the weather
forecasts, as it helps them to manage
climate-related risks. They also listen to
early warnings for floods, heat waves,
cold spells, and droughts. Who are your
sources for climate-related information?

2.1.3 Replication and blocking
We had 3 replicates of each group-level treatment in each country. It should be noted that
most past studies of Facebook group have had no group-level replication, raising questions
about the reproducibility of intervention findings.
Treatments were randomly assigned to groups within a block. To reduce spatial bias and
make setting up the study easier we used blocking. A block had one replicate (or group) of
each treatment ensuring good interspersion of treatments. A block was a larger
geographical region in one country (e.g. province or collection of districts). Blocks were thus
nested within countries. All treatments in a block were, as much as possible, run in
synchrony, while different blocks could have different start and end times.
2.2 Content and Scheduling of Posts
The 24 standardized posts were all photographs with accompanying texts. Texts for
standardized posts were translated into the local written language, but as much as possible,
the same with some minor adjustments for differences in aquaculture systems (e.g. fish
cage/pond vs. shrimp pond in case of Vietnam). The 24 standard posts were sent, spaced

Were there any requests? About what topic? How did you respond?
VN: the bad weather condition such as extreme high or low temperature could not kill shrimp but it can
reduce the immunity of shrimp causing low growth or shrimp disease, therefore Facebook members can ask
moderators question for specific posts. In this case, many additional posts related to shrimp disease and
minerals uses were added regarding to the request of Facebook members.
TH: Yes, there was a case in Group 2 about fish feed selection according to the fish size/age and responded by
answering to the comment box of the group and made the relevant post in the local post of Saturday, general
knowledge other standard post.
CA: Yes, there is requested such as posted as video than photo posts. Farmers were asked to post more
information related to fish disease and weather.
LA: Yes, we were respond all the topics that there request.
MY: Yes, received 30 questions. The topics related to pond structure, water quality problems, natural produce
in fish ponds, decline fish growth, fish stocking density and species composition, utilize salt to disinfect fish
pond, farming climbing perch, swamp eels and other small indigenous species. Yes, the questions were
answered.
3
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out in time, to all individuals in all groups over an 8-week period. Standard posts were
effectively a factor nested under the moderation style factor.
Local posts varied in format and content as appropriate to country 4 specific conditions
(Table S2). Local posts were based on views of local and project experts (the moderator),
whereas for deliberative groups local posts could also be made in response to requests 5 for
information by members (Table 2). The language of local moderator posts was adjusted
according to whether the group was under authoritative or deliberative treatment (see
Table 2).
In each country a group of experts, starting with project team members, was created to help
design & validate draft local posts, as well as check proposed technical responses made by
moderator on behalf of the team. The scope of content of scheduled messages was
anything relevant to managing climate-related risks, including both shorter and longer-term,
as well as individual and collective actions.
Members in both deliberative and authoritative treatment groups were free to make their
own posts and thus start new topics for discussion. In the deliberative groups such initiative
was encouraged, whereas in the authoritative treatment the moderator was indifferent.
Experimental posts across the 30 groups were released between 5 November 2018 and 31
March 2019. In this region this corresponds to the dry season.
2.3

Data collection and analysis

2.3.1 Post engagement statistics
Most reactions to posts occurred soon after posting, but to keep enumeration simple we
recorded engagement statistics after 10 weeks, 2 weeks after end of the experimental
Were any local posts shared with just a subset of groups within a country?
VN: posts of sediment, toxic gas management and aeration is specific post, which is published after moderator
getting the request from members
TH: Yes, the announcement by the DoF or other relevant agencies about the urgent topics in particular areas,
e.g. upcoming harsh weather condition, leaking of pollutants, informing DoF activities in the areas.
CA: Yes
LA: Yes, the information related to topics that they request.
MY: Yes, it was. Farmers from Nay Pyi Taw and Shwebo recognized and acknowledged the posts. Farmers
have sharing the experiences and their finding through the FB. Farmers in Maubin are large-scale operators.
However, practice fish farming based on local experiences. Through the FB experiments, they started to
understand the value of Facebook for information sharing (normally they use FB only for the social
communication). Every members of the experiment requesting to continue such information sharing by any
means. However, even understanding the value of information sharing by FB, some member farmers are
reluctant to respond the posts other than mentioned the likes.
5
Did this happen? How often?
VN: Some response to requests is from active member with long time in shrimp culture experience.
TH: Not frequent, about 7-8 times in each group during the experiment period, mostly about the day when
some fish were found death and the information provide is about how to cope with the problems, e.g.
aeration, use of drug and chemical.
CA: 3 posts per week and 2 to 3 times per day
LA: Not frequent, about 3-5 times in each group during the experiment period.
MY: Total local posts (also the standard post) have been sharing with the three local FB pages. The outstanding
posts were such as the infesting of sucker fish (Pleco) in the carp farming over the Delta and CDZ, integration
of fish and vegetables for more incomes and food supplies, homemade fish feed etc.
4
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period. Four types of engagement were recorded for each post: likes, post views,
comments, and video views.
2.3.2 Coding of posts
Standard and local posts were coded as having (=1) or not having (=0) references to
particular climate-related risks or management practices. Apart from content, we also
coded the inclusion (=1) or not (=0) of photographs, video clips or diagrams.
2.3.3 Exit survey & Outcome measures
Starting approximately two weeks after the experimental posting period had ended, a
sample of members from each treatment group including control groups were interviewed.
Exit survey interviews were completed between 4 January 2019 and 30 April 2019. A key
part of the survey was sets of questions to evaluate the effects of group membership (Table
3).
Table 3 Composite measures used in analysis. Mean scores on a 1-5 agreement scale (1 = disagree
completely, 2 = disagree somewhat, 3 = neither agree, 4 = agree somewhat, 5 = agree fully). For the set of
statements with those indicated as negative (-) scores were reversed.
Recent learning

In the last 2 months …
1. I learnt things about aquaculture from others that I did not know before
2. My understanding of climate-related risks increased
3. My understanding of how to manage climate-related risks improved
4. My understanding of climate change has not improved (-)

Risk
management
knowledge

Your views on …
1. Reducing stocking densities from high levels reduces fish stress and thus risks of
death in unfavorable conditions
2. Delaying stocking to avoid exposing fish to high risk periods is useful for reducing
risks of losses
3. When fish are stressed should provide more feed so they feel better and grow fast ()
4. Stocking larger fingerlings to reduce the time they are exposed to potentially
unfavorable conditions is a useful risk practice
5. Selecting healthy fingerling is key to reducing risks if conditions become unfavorable
6. Frequent monitoring of fish behavior is a waste of time in high risk times (-)
In preparation for next season …
1. I intend to seek more information about climate-related risks
2. I intend to seek more information about how to manage climate-related risks.

Seek
Information
Intentions to
act

Sense of
community

In preparation for next season …
1. I intend to prepare for climate-related risks in the upcoming season
2. I intend to invest in my farm so it is less vulnerable to climate-related risks
3. I intend to adjust stocking practices so my farm is less vulnerable to climate-related
risks
In the last 2 months …
1. I felt a sense of belonging to a community of fish farmers
2. I did not interact much with others because their experience were not relevant to
my farm (-)
3. I shared information with other fish farmers because I expected to benefit from
doing so

7

Benefits of
group
membership

2.3.4
•
•

3

As a member …
1. Being a member of a Facebook group made me more confident in managing my fish
farm
2. Reading and responding to posts takes too much time (-)
3. Other group members were friendly and helpful
4. The information posted by others was often useful
5. The information posted by the moderator was often difficult to understand (-)

Statistical procedures

Anova hierarchichal design
Logistic regression

Results

3.1 Learning to practice
People who participated for 8 weeks in a Facebook group, regardless of facilitation style or
country, perceived more strongly that they had learnt new things about climate and
aquaculture in the previous two months than those in control groups (Figure 1A). 6 Mean

Any illustrative quotes (testimonials) from group members interviewed that illustrate learning?
VN: Context of VN case: Brackish water shrimp farming has been operated about 20 years, most shrimp
farmers have very good basic techniques acquired through training courses, farming practices and the media
(TV, radio); however, techniques that people applied in ponds mainly follow traditional techniques, lack of
modern scientific explanation (explain mechanism, phenomenon). Therefore, although there are many
Facebook groups of shrimp farmers have been operated, mainly Facebook groups have focused on the use of
drugs and chemicals in the pond (lack of explanation and how to preventing the negative impact of climate risk
related). Therefore, when there was a Facebook group of AQUADAPT with the support and more scientific
explanation of experts through the T2 and T3 groups, it have fed more new knowledge to enforce the
technical/analysis compared to "control" group; however, shrimp farmers in the T2 and T3 groups can receive
the new information of both communication methods at the mean score in Learning/. Climate change and
weather information is reported on the media (TV, radio) every day. However, the explanation and prevention
of negative impacts from weather impacts is not yet available in the specific cases.
TH: “very interesting information, I will try to do so”; “If the DO is good, the fish is good, I should better use the
aerator”; “I had well and better preparation of my fish farms to the upcoming harsh conditions, according to
the information and knowledge I got from the group”.
CA: Before no information sharing but now farmers illustrated that they were learning from this FB group.
LA: (1) Facebook is one of the good communication channel in the Lao PDR, people who live in town and city
are often use it for contact with other people, access to internet for information that they are need, share the
experience with other family members and friends. (2) Farmers in city and town are strong recognized on
benefit of use Facebook for communicate on promote aquaculture farm production and marketing as well as
the exchange information and experiences with other farmers, local government and other organizations. (3)
Learn more on aquaculture techniques and climate change related to aquaculture issues, it is not only for the
post of moderators’ team but they are also learn from others members in the group. (4) However, in B1 and
B3 area, owner of aquaculture farm are not often use Facebook due to some obstacles as above mention but
according to discussion during exit Facebook survey, farmers recognize benefit of using Facebook for their
aquaculture production and they are interested to improve in future.
MY: Reportedly, farmers have applying the knowledge gained from the experiments such as create pond water
aeration with innovated venturi aeration and circulating system.
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scores near 3 for controls in all countries apart from Myanmar suggest not much other
information was disseminated during the experimental period.7
Members of Facebook groups also had better knowledge of how to manage climate-related
risks (Figure 1B) than the controls in Cambodia and Thailand (Figure 1B) although effects
were smaller than for learning.8 Intentions to seek more information about climate-related
risks increased in Thailand and Myanmar in group members relative to controls, while there
was no difference between moderation treatments (Figure 1C). Intended climate risk
management practices were increased by group memberships in Myanmar, while being not
significant in other countries (Figure 1D).

Any idea why controls may also have gained knowledge?
VN: Interviewed farmer in T2 and 3 have got new information about root of climate risk relates (CRR) impact
such as high/low temperature, extreme weather condition can make the suitable water condition for shrimp
disease (high temperature promotes bacteria disease; low temperature promotes virus disease), or when they
take apart from Facebook group, they can get more information about the technique culture form other
member /or moderators immediately via Facebook or phone.
LA: No.
MY: Fish farmers expect and always seeking for improving. The control farmers and the members of the
Treatment Groups have close communication in person. Hence, the control group could have gained the
knowledge from the friends of members in the experimental groups.
8
Any ideas/evidence why better knowledge scores in treatment groups than controls in some countries but
not others?
VN: With more than 10 years in shrimp culture and technical assistances from local government as cropping
calendars/agricultural weather forecasts on local radios /TVs, the members in “control” group had knowledge
of how to management CRRs as T2 and 3.
TH: Both T2 and T3 were encouraged to learn and get information as well as sharing information and
experience within group. Both groups got the information on time, especially weather forecast and water
condition, and had been advised through the group on how to cope the upcoming problem.
CA: Because treatment groups got post information from the FB experiment for both T2 and T3.
LA: No.
MY: It was expected the treatment groups to gained knowledge than the control group. But in the practical
ground of Myanmar, the control group also gained better knowledge. It may most probably due to the close
contact among the farmers regardless of membered to T2, T3 or Control groups.
7
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Figure 1 Estimated marginal mean and 95% CI of indices for (A) Recent Learning, (B) Climate knowledge, (C)
Seek information, (D) intended practice. Indices are based on levels of agreement with multiple statements
and range from 1 (completely disagree) through 3 (neither agree or disagree) to 5 (fully agree).

3.2 Community & group membership
The effects of moderation treatment on sense of community was only significant for
Thailand where deliberative treatment was higher than authoritative (Figure 2A) and not
significant in other countries. Most farmers (85%) agreed that “being a member of a
Facebook group made me more confident in managing my farm.” 9 Overall, Lao farmers were
the least enthusiastic about the benefits of being a member of an online Facebook group
(Figure 2B). Farmers in Myanmar were the most enthusiastic about group benefits. No
differences among treatments or by gender and age group were detected.
Looking to the future, all respondents who were members of the experimental Facebook
groups wanted them to continue in some form or other, and most (92%) wanted groups to
Any illustrative quotes on how FB group supported (or distorted) sense of community?
VN: Facebook group have supported the farmers by explaining many root (principle e.g dissolved oxygen in
pond, or how to employ aeration with higher efficient) of problems when shrimp culture; they can learn
“again” culture technical from member and moderator it make they feeling more confident in shrimp farming.
TH: “very interesting information, I will try to do so”; “Following the posts, my fish can grow better”; “Good to
have a group to discuss and share experience, other than neighbors or salespersons or DoF staffs”.
CA: FB group supported sense of community by sharing information and experiences together among farmers
in the community, whereas before individually.
LA: Very useful information for farmers. Received useful information quickly. Learned from other farmers
experience.
MY: The sense of the aquaculture community has gained basic aquaculture management knowledge.
Reportedly, farmers committed to follow management regime of water quality, pond bottom cleanliness,
feeding and the needs and properly apply pond aeration with improvise means and methods.
9

10

include more members. Two thirds (68%) recommended more posts, and the other third
(30%) a similar level of posts by the moderators. Half (50%) wanted longer posts and a third
(35%) shorter posts.
Figure 2 Participant reflections on (A) Sense of community and (B) benefits of group. Estimated marginal
means and 95% confidence intervals. Country means with same letters are not significantly different from
each other (Tukey’s HSD).

3.3 Post engagement
Total post engagement was calculated as sum of post views, likes, comments, and video
views. Associations between post engagement and facilitation style were studied using 3way ANOVA (country, facilitation-style, post-type) with number of group members as a
covariate. A highly significant interaction term between facilitation style, country and post
type was found for total engagement.10 The number of engagements for both standardized
and local posts in deliberative style was higher than authoritative style in case of Thailand
and lower for the case of Vietnam (Figure 3). For Myanmar, authoritative was higher for
standard posts and deliberative higher for local posts. 11
Any evidence/illustrations from posts that had high engagement?
VN: In VN, shrimp farmers in Facebook group have interesting about information of shrimp health and water
quality management (with high engagements); due to culture shrimp in ponds with shallow water depth
(average of 1.2 m), therefore the fluctuation of water condition effect to shrimp health and water quality
strongly. The basic information about CCRs effects to shrimp is lower interesting compared to how to manage
negative effects of it.
TH: Among the high-engagement posts were aeration, stocking density, juvenile quality, drug & chemical and
network’ water quality. T3 posts were, normally, got more than 25 engagements, likes and comments, and
lower in T2. Among the high-engagement posts were with pictures.
CA: Video, disease treatment, and fish market price information post had high engagement
LA: There are two main topics include 1) fish disease and prevention; and 2) Fish production technique to
reduce negative impact from climate risk.
MY: Farmers expect more to gain the knowledge. Thus, authoritative farmers have engaged more with the
posts. While, the farmers in the deliberative group has less experiences and most of them have not intact with
the subject that posted. This is the reason for the higher engagement of the authoritative group with the
standard posts.
11
Any evidence/argument why may be difference between std and local posts?
LA: There are two main factors affect to farmers engagement on Facebook group during experiment: (1)
Education level and lifestyle; and (2) Aquaculture Experience or Background.
MY: The farmers are familiar to local experience. Also the deliberative style of posts are opened to discussion
and pursue the query. Hence it seems more engagement of deliberative groups with the local post However,
10
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Figure 3 Farmers’ engagement with (A) Standardized posts and (B) Local posts under authoritative and
deliberative moderation treatments. Estimated marginal means and 95% confidence intervals. Number of
group members was a covariate.

Another rarer form of engagement with a group was for members to make their own posts
(Table 1). This was most common in deliberative groups in Myanmar and Thailand (Table
S1). In Cambodia and Vietnam authoritative totals were marginally higher than deliberative
ones, while no posts were made in either treatment in Laos. 12

3.4 Post format and subject
High post engagement was defined as >40. Associations with high post engagement was
explored using binary logistic regression. After adjustment for country, video posts were
more than 4-times as likely (O.R.=4.23; C.I. 2.78-6.43) and posts with photos more than 2times as likely (O.R.=2.11; C.I. 1.26-3.54), to be a high engagement post than those without
such visuals.13 Posts about stocking were more likely (O.R.=1.60, C.I. 1.02-2.50) and about
some information relating the climate and weather conditions is important, thus the posts as an authoritative
style has engaged also.
12
Any explanation for this reluctance to post?
LA: No.
MY: The deliberative style of posts is opened to the farmers for discussion and pursue the query. However,
some information relating the climate and weather conditions is needed, thus the posts were issued as an
authoritative style, but it is less comparably.
13
Any evidence in post-experiment interviews or from how posts were commented and discussed that helps
explain the emphasis on visuals?
VN: shrimp farmer in Facebook like video and photo because they think it is real information (with
moderators, technical from DOF or University), and beside that the video and photo assistance is attractive
/easy to understand and apply for their farms.
TH: Understanding better with picture and some members also responded back by picture. “Picture and
infographic is easy to be understood, no need to read a whole long paragraph”.
CA: Diseases post had more comments and discussed
LA: Understand better with photos and other visuals.
MY: Currently Myanmar has continuing upload the post and responded the comments through the following
three Facebook pages: i. “The Ayeyarwady Delta Fish Farmers On-line Group” with 1400 members, the merged

12

climate less likely (O.R.=0.66. C.I. 0.44-0.99) to be high engagement. There was no
association with disease, feeding or aeration content.
3.5 Post-experimental period
As of 21 July 2020, or approximately 18 months after the experiment was completed, we
followed up the fate of all groups. In Vietnam, the nine groups were merged into a single
public group for shrimp farmers and had grown to 354 members. In Myanmar, the
treatment groups in the same geographical area, namely, Nay Pyi Taw and Shwe Bo, merged
and expanded their membership, while that in the third area, Ma U Bin, had closed. In
Cambodia, three new area-based groups (Lower Mekong, Upper Mekong, Tonle Sap) were
formed, drawing on the relevant experimental groups which also remained open but
relatively inactive. In Thailand the experimental groups were still running, unchanged, at a
low level of interaction, while all the groups in Laos had closed.
4 Discussion
The findings of this study suggest that forming online Facebook groups can contribute to
improving the management of climate-related risks in aquaculture. Members of the
experimental Facebook groups, in all 5 countries studied, perceived that they had learnt
more in the last two months than controls not belonging to these groups, and most gained
confidence in managing their farms. For other specific outcome measures, the effects of
membership in Facebook groups varied among countries. Knowledge of risk management
practices was only higher relative to controls in Thailand and Cambodia, while intentions to
adopt management practices were only higher in Myanmar. Intentions to seek more
information about climate-related risks increased in Thailand and Myanmar in group
members relative to controls.
The effects of moderation style, in particular, the wording style of individual posts varied by
country. Farmers in Thailand engaged more with both standard and local posts when
presented in the deliberative style than in the authoritative style, whereas for farmers in
Vietnam the pattern was reversed. In Myanmar, authoritative was higher for standard posts
and lower for deliberative posts. In Thailand, membership in a group moderated in
deliberative style led to a higher sense of community than those in the authoritative group.
Some of these country differences in the effects of group moderation style might be
explained by differences in political and cultural history. Vietnam has had a paternalistic
state (Gainsborough, 2010), whereas in Thailand the private sector is prominent (Belton and
Little, 2011), suggesting farmers in the former are more used to depending on authorities
for advice. The findings for Myanmar are more complex, perhaps reflecting the Federal
history and a sector in transition. In Laos, members were cautious in expressing their views,
preferring to listen or view.
>> feed vs discussion groups

of T2 and T3 from the experiments’ area Maubin Block (include Twantay Township, a border of the
Ayeyarwady and Yangon Region); ii. “The Upper Ayeyarwady Fish Farmers On-line Group” currently with 2000
members has merged the T2 and T3 members from Shwebo and Nay Pyi Taw Blocks; iii. The USER managed
AQUADAPT-MM page.
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Lee and Suzuki (2020) consider the large online group they studied a virtual community of
practice because …
<theory>
This study had some important limitations. First, although every effort was made to ensure
the meaning of standard posts would be as similar as possible across languages, there may
have been some residual challenges in translating moderator writing styles. Deliberative
wording of messages, for example, intended to invite exploration of an idea, with small
shifts can sound like a lack of confidence in the value of advice. The similarity, in responses
to standard and local posts by the group moderator however, suggests that this was not
likely to be a major problem.
Second, that even with 30 experimental groups spread across 5 countries, the statistical
power of this study to demonstrate the value of group membership at the group level, as
opposed to the post level, was limited.
This study demonstrated that private online Facebook groups were helpful to aquaculture
farmers. We believe the findings apply to other social media platforms which allow posting
of text, images and videos to be shared and viewed by group members. As other studies
have also found, use of videos and photographs increases engagement with posts. It is not
however, clear what impacts different formats have on learning, retained knowledge or
practice.
To conclude we offer some suggestions on key design tradeoffs in the establishment and
support of online groups in the aquaculture sector. 14

Any other suggestions on issues important to forming good on-line groups?
VN: (1) With development of video editor apps on smartphone; the short clip can be produced by leader of
member / aquaculture technician to publish on Facebook or other private video canals as YouTube. (2) There
are things to consider to form an on-line group. First, a good moderator whose interaction is actively with
members, having time for group management and have good knowledge of the field. In Vietnam, he/she could
be researcher working on the aquaculture applied technology or retired aquaculture extension officer from
DOF for example. The on-line platform should be ones that farmers are most familiar with (e.g. Zalo in VN).
TH: Training and making agreement before starting the group; Finding the 1-3 “active and role-model”
farmer(s) to be member of the group; The moderator keeps the FB-group alive, encourage on
discussing/comments at least once a day; Supporting internet / WIFI; Encourage inviting new member to be in
group, more ideas more comments.
CA: The important issue were don’t know how to read/typing for comments.
LA: No.
MY: The existing local Facebook pages stand as a sources of aquaculture and fisheries knowledge information
sharing. There are increase of farmers engagement to the posts and received comments with encourage to
continue these FB pages without reluctant. Also the top management: the Department of Fisheries has
constantly provide constructive and positive comments to the posts. In this context, it has arranged to
continue these pages in collaboration (co-manage) between the Department of Fisheries and the WorldFish.
This arrangement would support to narrow the information gaps on fisheries managements, and technical
inputs to aquaculture and fisheries and its related fields. Through this, institutional capacity building on
utilization of ICT tools (start from the Facebook) is enhanced and improved.
14

14

First, is with respect to moderation effort: deliberative style is superior in drawing on more
knowledge sources and experiences, whereas the authoritative (or group feed) style is that
it is less time-consuming and reduces knowledge uncertainties.
Second, is content scope: rearing system
Third, is group size:
Fourth, is visibility: (Public groups, on the other hand, which make all posts visible, may have
different dynamics and role.)

5
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Table S1. Posts by members
Cambodia

Laos

Myanmar

Thailand

Vietnam

15

Total posts by members in
Authoritative groups
Total posts by members in
Deliberative groups

10

0

9

2

8

6

0

15

15

5

Water quality problems
Disease problems
Stocking / fingerlings
Feeding
Harvesting / sale offers
Pond construction
Mineral addition
Market prices
Weather
Other

X
X
X
X
X

X

X

X

X

x

x
x
x

x
x

x
x
x
x

Table S2. Topics of local posts made by moderators (% total posts)
Water management
Sediment management
Disease management
Stocking / fingerlings
Feeding
Aeration
Weather/climate
Video format

Cambodia
45
42
24
31
29
2
48

Laos
24
2
41
77
31
21
63

Myanmar
15
10
7
8
22
17
30

Thailand
25
0
15
15
13
5
44

Vietnam
69
8
38
12
8
8
19

24

18

51

49
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Abstract
This paper assesses the signiﬁcance of stakeholder discourses on uses of water by aquaculture for public policy. Our
discourse analysis focuses on the experiences with inland aquaculture in Thailand, drawing from interviews with
stakeholders, and evidence in public documents such as newspapers and television news reports. A key ﬁnding is that ﬁsh
farms suffer signiﬁcant losses from polluted run-off entering water bodies where ﬁsh are grown. Mass mortality events in
river cage culture, in particular, attract media attention and are the core of the aquaculture-as-victim discourse. Fish farms are
also adversely impacted by river management and current water allocation policies. Inland shrimp farming has received more
negative media and scientiﬁc attention than ﬁsh farming, and is the focus of the aquaculture-as-villain discourse. A third,
aquaculture-as-benign discourse, is used widely to describe ﬁsh pond culture, and more rarely to promote aquaculture in
low-quality water bodies or as part of integrated nutrient and waste re-use farming systems. The ﬁndings strongly imply that
aquaculture farmers should be included as a stakeholder in the management of watersheds and rivers, as well as the
negotiation and allocation of water resources. They also suggest a need for aquaculture development policies to pay closer
attention to water quality and allocation issues.
Keywords Aquaculture Mass mortality Water pollution Water use Discourse
●

●

●

Introduction
The merits and limitations of aquaculture development are
often widely debated. Typically, a highly critical discourse
of “environmental damage” or “industry corruption” is
pitted against supportive “best management” or “alternative
livelihood” discourses. The inﬂuence of these debates on
aquaculture development and governance seems to have
varied greatly among countries and over time.
Looking at shrimp farming, which has taken place primarily in developing countries, Bene (2005) contrasted a
political ecology discourse of an industry producing few
beneﬁts for the rural poor with the best management
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discourse that acknowledges past problems and promises to
address them with better techniques. In the case of Thailand, the best management discourse for shrimp has helped
to de-politicize industry development through the standardization of practices and an emphasis on technical expertise
(Lebel et al. 2008). In the salmon industry in Chile, discourses of best practices were similarly used by growers and
their supporters to defer direct regulation (Barton and
Fløysand 2010).
A study of how Norwegian newspapers have covered
debates around salmon aquaculture identiﬁed two opposing
alliances with distinct discourses and character roles
(Osmundsen and Olsen 2017). The ﬁrst includes journalists,
sports ﬁshers and private individuals, and is highly critical
of the sector, making claims about environmental impacts
and corruption. The second includes more government,
industry and some large environmental NGOs, and sees
aquaculture favorably but with environmental challenges
that need to be addressed if the sector is to become more
sustainable. The two framings in the Norwegian media
debates appear to be in a deadlock with positions and discourses not evolving over time.
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Debate over aquaculture development in Canada has also
been polarized (Pigeon and Létourneau 2014). Environmental NGOs have led the opposition to industrial aquaculture with a discourse built around concerns over
environmental health, local communities and “respect for
wilderness”. Experts in this debate support public participation as a way to strengthen expert claims, but are highly
critical when the public reinterprets their claims (Young and
Matthews 2007).
Public perceptions of risks and concerns with planning
and management have constrained the development of
aquaculture sector in Australia, where conservation groups,
informed public, ecotourism industries, local governments
and some state agencies tend to focus on negative risks from
aquaculture (Mazur and Curtis 2006); they seek planning
and management that would reduce those risks, but if these
are perceived as high, then there is also a tendency not to
trust government or aquaculture industry management
activities. In many parts of the world where aquaculture
production is limited, the poor image of the sector has been
created by media reports focused on pollution and mangrove destruction, while contributions to poverty alleviation
and economic development go un-reported (Chuenpagdee
et al. 2008).
Water use is an important underlining component of
these aquaculture debates. In the environmental damage
discourse, the salmon industry in Norway exploits and
degrades “pristine waters” (Osmundsen and Olsen 2017). In
Chile, good water quality in freshwater locations for
hatcheries and nurseries were important in justifying the
establishment of industry (Barton and Fløysand 2010). The
claims made about the impacts of aquaculture on the quality
of water available for other users and ecosystems have
inﬂuenced public policies on aquaculture development, for
instance, in the form of stricter regulations (Abate et al.
2016). Evidence of the converse is less clear; one possible
example comes from New Zealand, where there is pressure
to improve management of dairy production in coastal
watersheds, because of the threat run-off poses to “clean
and green” salmon aquaculture (McGinnis and Collins
2013).
These examples show that there is a lot of variation in
how aquaculture has developed in different countries, and
that competing discourses are often present. Past studies
also hint at a range of discursive strategies through which
actors promote their concerns around water uses. It is
unclear however, to what extent the content or dynamics of
competing discourses can help explain the evolution or
diverse outcome of associated public policies on aquaculture and water use (Lebel et al. 2018).
To address this problem, in this paper we ﬁrst distinguish
three aquaculture discourses (villain, victim, benign) around
water uses by aquaculture in Thailand, noting who

articulates them and where. We then attempt to trace the
consequences and implications for politics and policy. The
aquaculture sector in Thailand is particularly suitable for an
investigation of aquaculture discourses, since it has a welldeveloped aquaculture sector with many small-scale farms,
as well as large private companies (Belton and Little 2011),
and water resources are under pressure from multiple uses
(Panuwet et al. 2012; Schwantes et al. 2009). The aim of
this paper is to draw out the implications of these stakeholder discourses on water uses by aquaculture for water
resources management and aquaculture development
policies.

Methods
This study used discourse analysis to categorize dominant
lines of spoken or written reasoning, and the situations in
which they were used (Hajer and Versteeg 2005). To make
the analysis more tractable we paid special attention to
exchanges around claims of impact; either of aquaculture on
water conditions or of activities of other users on
aquaculture.
We drew on a combination of interviews, surveys,
public documents and media reports over a period of just
over 2 decades (1995–2017). Drawing on observations
from this period allowed consideration of infrequent
mass mortality events and climate extremes. The period
was also sufﬁcient to explore how public discourses
and policies have evolved and been inﬂuenced by
discourses.

Interviews
This study drew on in-depth interviews collected primarily
for other purposes, but including information about water
quality issues, pollution events, and river or watershed
management by the authors between 2005 and 2017. Set A
was made up of 82 interviews done in July 2005–June 2007
with ﬁsh farmers and other stakeholders in the Upper Ping
River Basin in Northern Thailand (see Lebel et al. (2013)).
Set B included 68 in-depth interviews conducted in 2013 at
various locations in Northern Thailand with river-based ﬁsh
cage farmers and other stakeholders (Lebel et al. 2015a). Set
C included 5 in-depth interviews with government ofﬁcials
conducted in June–August 2017 to update information on
the implementation of new Fisheries and Navigation Acts.
Key government ofﬁcials interviewed included representatives from the departments of Fisheries, Irrigation, Water
Resources, as well as local governments. All interviews
were conducted in Thai, fully transcribed and coded in Thai,
and only translated into English in drafting the written
manuscript.
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Surveys
Apart from in-depth interview sources we also analyzed three
quantitative surveys for additional information. Set D was a
quantitative survey of 662 river cage ﬁsh farmers carried out
in October 2012–March 2013, which provided information
about the prevalence of different perceptions of risks from
pollution and water management operations (Lebel et al.
2015b). Set E was from a quantitative survey of 97 reservoir
cage ﬁsh farmers between March–April 2015 (Lebel et al.
2016). Set F was from a quantitative survey of 585 pond ﬁsh
farmers in April–July 2013 (Pimolrat et al. 2013).

Media Reports and Public Documents
Media items and public documents about water quality issues,
pollution incidents, and river or watershed management disputes involving pond or cage aquaculture in inland (noncoastal) settings were searched using Google, YouTube, and
online archives of English and Thai language newspapers
from Thailand. Search terms were chosen to cover ﬁsh and
shrimp culture water use issues in Thailand, and included
aquaculture, mass mortality, water pollution, ﬁsh kills, dam
operations, water conﬂict, shrimp farm, and ﬁsh farm.
A total of 398 candidate items, of which 75 were video
clips, were collected. In terms of language, 71% were in Thai
and 29% in English. Text summaries posted along with clips
were used, if available, and supplemented with brief notes as
needed for coding. The majority of items (72%) were newspaper articles or online TV channel news reports; rarer were
journal articles and agency reports. The original publication
dates of items ranged from 1995 through to 2016. News items
from archives of two English language dailies were used to
study trends over time, as they were a relatively complete
subset compared to other sources. In extracting impact claims
for further analysis, emphasis was placed on direct quotes and
paraphrased statements of aquaculture stakeholders, including
ﬁsh or shrimp farmers, government ofﬁcials and affected
individuals interviewed by reporters.

Analysis
The analysis of documents, summaries, and interview
transcripts was done using NVIVO software as follows.

First, statements were coded as being about either the risks
to aquaculture from other water users, or the impacts of
aquaculture water use. Second, sources of impacts were
recognized, including industry, shrimp ponds, and dams.
Third, the identity of the person making the claims was
classiﬁed into broad stakeholder categories. Fourth, statements and surrounding text were scanned for references to
accepting or rejecting the authority of a stakeholder as
evidence of perceived legitimacy.

Results
Three discourses around aquaculture water use were identiﬁed (Table 1) based on grouping information on claims
about impacts and their sources.

Aquaculture-as-victim
The aquaculture-as-victim discourse is most prominent in
media coverage of mass ﬁsh mortality events in rivers
(Table 1). In 2013, mass ﬁsh mortality events in the Ping
River, downstream from Chiang Mai City and Lamphun
industrial estate, killed 100,000 ﬁsh worth 4 million baht
(ThaiPBS 2013a). Farmers attributed the losses to polluted
water from the Mae Kha Canal that drains storm water and
domestic wastewater from urban Chiang Mai (ThaiPBS
2013a). Not surprisingly, surveys show that wastewater
from industry and human settlements are a major source of
worry for cage aquaculture in rivers and reservoirs of
Northern Thailand (Fig. 1). In the central region, pollution
in Saraburi ﬂowing into Ayutthaya in 2015 caused 500
million baht in losses (RYT9 2015). The provincial governor later acknowledged to protesting ﬁsh farmers that the
mass mortality of ﬁsh in cages in the Pasak River was
caused by ethanol factories illegally discharging wastewater
(ThaiPBS 2013b). A promise was made to enforce penalties
until the factory met efﬂuent standards.
Wastewater from sugar mills has been blamed for several
mass mortality incidents in the Chao Phraya River. In 2007,
experts initially attributed a mass mortality event in the
Chao Phraya River near Angthong to the capsizing of a boat
carrying reﬁned sugar which resulted in high BOD; other
experts argued that the amount of sugar was insufﬁcient to

Table 1 Concise summary of key features of three aquaculture water use discourses in Thailand
Discourse

Culture system most frequently
targeted

Water use related impacts given most
attention

Aquaculture-as-victim

River cage culture

Mass ﬁsh mortality from industry pollution Mass media, ﬁsh farmers
of waterways

Aquaculture-as-villain

Pond shrimp culture

Aquaculture-as-benign Pond ﬁsh culture

Stakeholders typically articulating
discourse

Salinization of rice paddies

Environmental NGOs, rice interests

Rarely mentioned

Fisheries Ofﬁcials, livelihood NGOs
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Fig. 1 Fish farmer perceptions
of the risk from water pollution
to the proﬁtability of their ﬁsh
farms, and the importance given
to managing agriculture
chemical run-off. Percentage of
ﬁsh farmers in rivers (n = 662),
reservoirs (n = 97), and ponds
(n = 585)

have the huge impacts observed (The Nation 2007b). Fish
farmers blamed a local factory producing monosodium
glutamate (MSG) (The Nation 2007a). To encourage government action against polluting ﬁrms, farmers did more
than merely voicing their concerns; they also dumped
nearly a ton of smelly dying ﬁsh at the entrance of one of
the factories (Khaosod 2007), and dug up discharge pipes
allegedly used by factories to illegally release wastewater
into the river (The Nation 2007a). In the aftermath, the
Pollution Control Department (PCD) inspected four factories to obtain samples of wastewater to determine the
causes of ﬁsh death. Meanwhile, the Director-General of the
Department of Fisheries said “the dead ﬁsh were neither
toxic nor was the water in the Chao Phraya River; ﬁsh died
because of lack of oxygen” (Khaosod 2007). The Agriculture Ministry initially offered generous compensation for
each cage of ﬁsh lost, but then reduced it to a much lower
standard amount of emergency relief, arguing that the polluting ﬁrm should be the one to compensate, and this should
only be pursued after PCD completes its report (The Nation
2007a).
This retreat from initial hardline statements on industry
practices to a need for more samples and studies is a
common discursive tactic following suspected pollution
events, and consequently reinforces the perception in many
communities that:
… the authorities tend to be biased in favor of
industrialists at the expense of farming communities.
(The Nation 2007a)
Moreover, court cases against polluters are rare. Under
Thai civil law, the burden of proof lies with the person
making the complaint, which can be difﬁcult given the often
multiple potential sources. One exception was a case in
Bangkok in 2009, where the owner of a ﬁsh farm and restaurant successfully sued a manufacturer of vehicle spare
parts for discharging untreated wastewater into a public
waterway and killing all their ﬁsh (Bangkok Post 2014).
In 2016, in Northeastern Thailand, polluted wastewater
discharged by a factory into the Pong River killed 15 tons of
ﬁsh in river cages (TNN24 2016), leaving ﬁsh farmers “in
tears” (NBT KhonKaen 2016). In Kalasin province,

polluted water from sugar and cassava factories in
November 2016, for instance, was suspected by ﬁsh farmers
to be the cause of a mass mortality event that resulted in 17
tons of dead ﬁsh (Thai Rath 2016a). However, ofﬁcials
found nothing unusual in the water samples collected after
the event, and thus suggested that farmers collect water
samples during subsequent events. Ofﬁcials also recommended reducing stocking densities. Shifting responsibility
or blame back on ﬁsh farmers is a common discursive tactic
of government authorities, reducing their legitimacy among
farmers.
In the Upper Ping River in 2006, efﬂuents from pig farms
was an issue as it killed ﬁsh, but farmers could not get the
attention of ofﬁcials and dared not speak out against the
well-connected owners (Lebel et al. 2013). In the Central
Plains region, pollution from pig farms in Ratchaburi province released into public waterway was blamed for
harming freshwater ﬁsh and shrimp in two provinces
downstream (Bangkok Post 2017). Aquaculturalists rallied
at the provincial hall demanding authorities take action.
In surveys across Northern Thailand, many ﬁsh farmers
with cages in rivers, and to a lesser extent, cages in reservoirs or earthen ponds, believe it is important to properly
manage use and run-off of pesticides from orchards and
crop ﬁelds (Fig. 1). Chemicals used in agriculture ﬂowing
into waterways can have acute effects, killing all ﬁsh
quickly [B57], leaving ﬁsh farmers no time to do anything
to reduce losses [B33]. Ofﬁcials from the Department of
Fisheries believe it is impossible to stop rice farmers from
using the pesticides that impact ﬁsh farms [B04], and thus:
… it is getting more difﬁcult to rear ﬁsh because water
quality is declining from fertilizers and chemicals
used in agriculture that wash into rivers when it
rains…in public water bodies, it is impossible to
manage the chemical inputs, but in ponds on private
land they can be controlled. [B06]
In practice, as ﬁsh ponds often obtain water from streams
or canals, they are also susceptible to upstream activities. In
the Lake Phayao region, farmers interviewed told us about
losses in pond culture systems following spraying of pesticides in surrounding rice ﬁelds. Some rice farmers counter
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by saying that it is the ﬁsh farmers themselves who are
poisoning their aquaculture with too much medicines and
vaccines (Janchitfah 2011). Growers of the giant river
prawn (Macrobrachium rosenbergii) identify agriculture as
the most important source of external pollution affecting
their farm operations (Schwantes et al. 2009).
The operations of large dams to generate electricity,
irrigate ﬁelds and reduce ﬂood risks have signiﬁcant
impacts on ﬁsh farms. As ﬂoating systems, river cage culture is well-suited to modest changes in water depths and
ﬂow velocities, but extreme changes in these parameters
arising from river regulation can have devastating impacts.
In Northern Thailand, 88% of surveyed ﬁsh cage farmers
rated water releases and storage by dams as “very important” to managing risks to the proﬁtability of their farms
(Lebel et al. 2015c).
In 2016, ﬁsh cage farmers in Ayutthaya lost more than 1
million ﬁsh following water releases from Chainat Irrigation
Dam (TVChannel 8 2016). During high ﬂow periods, the
actions of the Irrigation Department are under close scrutiny. Diversions using irrigation infrastructure to protect
ﬁelds or settlements in one area can severely impact other
areas, including those with ﬁsh ponds, a problem compounded when dams break, as occurred in Singburi and
Ayutthaya in 2006 (The Nation 2006).
Dam releases have also been reported to have transboundary impacts (TVChannel 7 2016). Water released
from dams may be of low quality even without external
sources of pollution upstream, and this can also cause mass
mortality events as reported for cages in the Nan River in
Phitsanulok province (Phitsanulokhotnews 2013). Opening
of ﬂood gates in the Pak Phanang River, allowing large
volumes of freshwater into the brackish conditions downstream, changes water quality conditions too rapidly for ﬁsh
to adjust, killing both wild ﬁsh and sea-bass reared in cages
(ASTV Manager 2014).
Very low ﬂows when dams upstream hold back water for
future storage, or when they divert ﬂows from main channels to irrigation schemes, can also have large impacts.
Disrupting ﬂows into the Pattani River had serious impacts
on tilapia farms in 2012 (Sanook 2012), and again in 2016
(Thai Rath 2016b). In 2015, in a village in Surin where ﬁsh
farming is a major livelihood, farmers organized a meeting
with reporters because “they had written several times to the
Irrigation Department but got no response” (GooSiam
2015).
In the Upper Ping River, small weirs used to divert water
for irrigation create important deep-water refuges in the dry
season for river cage culture. These weirs are so useful that
ﬁsh farmers helped lobby for the repair of a key weir
damaged by ﬂoods in 2005–2006. As ﬁsh pond farmers
may draw water from irrigation canals, they can be
impacted by the release and allocation priorities of the

Irrigation Department. In Payao province, ﬁsh ponds on
private land are located within an area served by a
community-managed irrigation system (Kengkaj 2015). The
local policy was that areas near the main canal in the irrigation area was zoned for rice, and when several ﬁsh
farmers joined together and made a written request to the
local irrigation leader, or “Kae Muang”, for an allocation of
water during a period with low ﬂows, their request was
rejected. When they complained to the local government
they were told that they had to reach an agreement with the
irrigation leader.
In summary, the aquaculture-as-victim discourse was
primarily targeted at river cage culture. The source of pollution is usually identiﬁed as “industry” in mass media,
though in interviews ﬁsh farmers are convinced that urban
and agricultural run-off is also important. Operation of dams
to meet irrigation or ﬂood management objectives also have
impacts on aquaculture. The aquaculture-as-victim discourse has perhaps grown in latter periods (Fig. 2), but has
had limited inﬂuence on government policy on water
management or pollution control beyond the short-term
reactions to mass mortality events. The key policy implication from this state of affairs is that aquaculture should be
a recognized water user in stakeholder consultations and
negotiations.

Aquaculture-as-villain
The aquaculture-as-villain discourse draws attention to
water use and wastewater discharge of aquaculture activities. Inland farming of the Paciﬁc white shrimp, in particular, has been a controversial issue in Thailand, as it
requires the importation of saline water for use in early
stages of culture (Flaherty et al. 2000). In the dispute over

Fig. 2 Prevalence of three aquaculture water use discourses in three
time periods. Proportion of news items in English daily newspapers
from Thailand referring to at least one discourse (n = 45)
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inland shrimp farming, those opposed to aquaculture argued
the importance of preserving the central region as the “rice
bowl” of Thailand. Yadfon, an environmental NGO, argued
that:
We should not let the country’s best rice land become
threatened by salinization. Its impact could be
immense, as no one can speculate how much effect
the leaked salt water will have on nearby rice farms
and canals. (The Nation 1998)
Earlier, the head of the PCD announced that “shrimp
farms and other aquaculture will be listed as a source of
pollution in line with the 1992 Environment Act” and called
for management plans (Bangkok Post 1995). In 1998, PCD
ofﬁcials convened a study which concluded that:
Inland prawn farming is potentially damaging to the
ecological system and should be banned until it can be
proven that it poses no threat to the environment.
(Bangkok Post 1998b)
Shrimp farming communities strongly opposed the ban
and questioned the credibility of the science it was based on
(Bangkok Post 1998b). Farmers decided to ignore the ban,
and were supported in part by ofﬁcials from the DOF, who
emphasized the commercial importance of the sector in their
arguments and disagreed with the board’s proposed ban
(Bangkok Post 1998a).
The directive in 1998 that banned “inland” shrimp
aquaculture was worded in a way that left some ﬂexibility in
implementation for provincial governors. Later, further
changes in the deﬁnition of the salinity threshold meant that
some inland areas might then be considered suitable for low
salinity white shrimp culture, since they would be reclassiﬁed as “non-freshwater” zones (Bangkok Post 2011).
A combination of seepage, pond discharges, and sediment ﬂushing meant that much of the salt introduced to
shrimp ponds enters adjacent canals and rice paddies
(Braaten and Flaherty 2001). Total water use per hectare per
crop was estimated at only 10% of total agricultural water
use in the Bang Pakong Basin (Szuster and Flaherty 2002).
Apart from salinization, there are some other potential
deleterious effects from shrimp pond efﬂuents on the water
quality of receiving environments. Measurements made
near shrimp farms in freshwater parts of the Songkhla Lake
Basin, suggest that discharge of pond efﬂuents also
increases BOD and high total suspended solids in nearby
water bodies (Tanavud et al. 2001). A spatially explicit
material ﬂow analysis identiﬁed aquaculture as the largest
source of nitrogen and phosphorus inputs to the Bang
Pakong Basin (Kupkanchanakul et al. 2015), where there is

substantial ﬁsh but also crocodile, shrimp and artemia culture (Soontornprasit and Meksumpun 2008).
The need for better policy coordination for the aquaculture sector with other water users is well illustrated by
the controversy caused by the introduction (in early 2017)
of the new Thai Navigation Act (No. 17) by the Marine
Department (formerly Navigation and Harbors) of the
Ministry of Transport [C405]. Under the new legislation,
ﬁsh farmers had 120 days to register their river-based farms
and pay both ﬁnes for previous use and “compensation
fees” based on ﬁsh cage areas. Those who failed to do so
would face even larger ﬁnes and even imprisonment. Fish
farming groups around the country, sometimes with support
from provincial National Farmers Federation branches,
wrote protest letters to various government agencies calling
for delays in implementation, removal of past ﬁnes and
reduced fee rates for ﬁsh-farm uses of river space [C403]. In
early July 2017, the Director-General of the Marine
Department announced a revision of Act 17 so as not to
impact inland ﬁsh farms; but observers expect more twists
and turns in the future.
In summary, the aquaculture-as-villain discourse was
primarily targeted at inland shrimp ponds because of
their impacts on salinization; river cage culture has also
been criticized from time-to-time for its nutrient contributions. The aquaculture-as-villain discourse has had
substantial inﬂuence on policy, triggering regulations
and zonation, but these initiatives have been contested
by aquaculture interests resulting in a complex set of
compromises and other outcomes. Peak interest in this
discourse with respect to shrimp culture was about 2
decades ago and seems to be declining (Fig. 2). The key
policy implication from this discourse is that aquaculture
water uses need to be regulated—for instance through
standards or zoning.

Aquaculture-as-benign
Most stakeholders we interviewed believe that ﬁsh farming
in ponds on private land is invariably a benign activity; and
in rivers, at current levels, a relatively benign activity. In
this discourse, accumulated waste inputs are quickly diluted
and dispersed with uneaten feed eaten by wild ﬁsh. In
Northern Thailand, the impacts from ﬁsh farming on water
quality are often argued to be lower than some other human
activities [A66], noting that “if they rear pigs, it smells, and
disturbs others for 2–3 km around” [A91]. Contributing to
the local community helps secure the social license to
operate. Having ﬁsh farms nearby meant one “gets to eat
ﬁsh cheap and do not have to travel to get it” [A92]. The
right to a livelihood is also emphasized by other farmers
with orchards or rice paddies:
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Fish farming does not have impacts. Fish farms ﬂoat
in the river. They do not block the water; water can
ﬂow past. In my view there are no impacts. It is their
livelihood. If they did not farm ﬁsh, they would not be
able to make money. [A84]
At current levels of production, adverse impacts on water
quality are most visible during low ﬂow periods in the dry
season [A54], but as one ofﬁcial told us, there is selforganizing correction at work as “the impacts are felt
directly by ﬁsh farmers: their ﬁsh die” [A53]. Looking to
the future, however, several informants in different categories of stakeholders expressed concern that expansion and
intensiﬁcation could create water quality problems [A53,
A71]. Experts note the potential for ﬁsh culture to be integrated with production of livestock (Pant et al. 2004), highvalue hydroponic vegetables (Kardsakun et al. 2014), or as
part of wastewater re-use systems (Bunting and Edwards
2018), potentially shifting the benign discourse even further
to one of aquaculture-as-hero.
In summary, the aquaculture-as-benign discourse is used
predominantly to describe ﬁsh pond culture on private land.
This discourse ignores the inter-connectivity often present
with other water users, for instance, in local irrigation
schemes. The aquaculture-as-benign discourse has been
ignored by water management policy as it justiﬁes the
existing low priority of aquaculture as a water user, but has
attracted modest attention from aquaculture development
programs to support alternative, low external input or
organic pond culture. The discourse has grown more prominent over time (Fig. 2). The main policy implication of
this discourse is that it is often reasonable to ignore aquaculture water uses, while in some locations and years, it
would be beneﬁcial to include aquaculture stakeholders in
water management bodies.

Discussion and Conclusion
Claims about risks to aquaculture water use from other
activities have been widely reported in popular media, as a
consequence of costly and visually disturbing mass mortality events in cage culture in rivers. Evidence from
interviews conﬁrm media reports that ﬁsh farms face signiﬁcant risks of losses from polluted run-off and efﬂuent
entering waterways or bodies where ﬁsh are grown. The
sources of pollution causing mass mortality events in rivers
or reservoirs is often suspected but difﬁcult to prove, and
rarely leads to ﬁnes or compensation. Typically, ad hoc
sampling is done after a mass mortality event. The ﬁndings
are rarely published in full, and consequently, the ﬁndings
are often inconclusive. Fish farms are also adversely
impacted by river management, including both sudden

releases of large volumes of water and storage, or diversion
operations that drastically reduce river ﬂows. The impacts
of ﬂow modiﬁcation on aquaculture farms is reported in
mass media, especially when it results in mass mortality
events and large commercial losses. Despite this, engagement of ﬁsh farmers in water resources management is very
limited, and much less than established users like rice paddy
farmers. Experts have been relatively silent on these issues,
and there has been no signiﬁcant public policy change. The
discourse of aquaculture-as-victim has grown more prominent, but so far has not been inﬂuential in policy development related to water use.
Claims about the impacts of aquaculture water use on
water quality and the environment have received relatively
more attention from academics and experts in the bureaucracy. Claims about adverse impacts of shrimp production
on water resources far exceed those about ﬁn-ﬁsh, and are
similar to aquaculture-as-villain discourses identiﬁed in
other countries (Bene 2005; Osmundsen and Olsen 2017;
Pigeon and Létourneau 2014). In the case of shrimp pond
impacts on salinization, this attention was mirrored in the
mass media and led to a controversial ban (Flaherty et al.
2000). Two opposing coalitions quickly formed and were
maintained for several years. Policy was inﬂuenced by
advocacy from both sides, ﬂip-ﬂopping between bans and
lifting of bans, and re-deﬁnition of freshwater zones. As in
other parts of the world, the aquaculture-as-villain discourse has provoked regulatory responses (Lebel et al.
2018); but in Thailand these have been resisted, and thus
incompletely implemented.
An unusual feature of this study from Thailand, for
scholarship on aquaculture discourses, is that the discourses
supporting and opposing aquaculture water uses have largely run in parallel, rather than in direct contest with each
other. This situation arose because different culture systems,
despite being all inland, had distinct water use issues. This
has made, for example, “generalized critiques” of aquaculture by environmental NGOs hard to sustain. Another
signiﬁcant feature is the alignment of private companies
with ﬁsh farming interests that work in parallel with conventional agriculture extension work by the state (Belton
and Little 2011). This lends a certain ﬂuidity to “livelihood
security” versus “commercial beneﬁt” justiﬁcations for
aquaculture water uses.
There are several important implications for public policy on aquaculture water uses in Thailand—and potentially
for other countries in the Mekong Region with established
or rapidly growing aquaculture sectors—that emerge from
this analysis of stakeholder perceptions and discourses.
First, aquaculture should be treated as another water use,
and thus ﬁsh and shrimp farmers as water users, in negotiations over the management of watersheds and rivers
(Lebel et al. 2018). From the perspective of ﬁsh farmers,
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both water quality and volume allocation issues are
important. Fish cage farms in rivers are dependent on good
water quality, and thus have signiﬁcant, but underrecognized shared interest with those supporting healthy
rivers and the conservation of aquatic ecosystems. Fish cage
and pond farms in irrigation areas also have strong interests
in the allocation of dry season water ﬂows, and the diversion and storage of wet season ﬂows, as these can greatly
impact water depths and volumes available for use by
aquaculture. Fish and shrimp farmers need to be part of the
planning and management of local water supplies
(Schwantes et al. 2009).
Second, having recognized the aquaculture stake in water
management, existing laws and regulations to control pollution of waterways need to be much better implemented.
The overall legal framework is provided by the 1992
“Enhancement and Conservation of National Environmental Quality Act B.E. 2535”. But greater effort is needed
to control discharges of inadequately treated domestic and
industrial wastewater (Boontanon et al. 2013; Simachaya
2009), as well as addressing the management of non-point
sources of pollution, in particular, from agricultural activities in watersheds (Schwantes et al. 2009). Water quality
monitoring programs need to be strengthened and polluters
held accountable for impacts of infringements. In-stream
aquaculture is in many ways a sentinel activity for water
quality, and given the substantial media attention mass
mortality events generate, the aquaculture-as-victim discourse should be useful in justifying stronger measures
against polluters for the beneﬁt of all water users.
Third, aquaculture as a recognized stakeholder in water
management must itself take greater responsibility for its
impacts on water quality in public waterways and water
bodies. This will require a combination of awareness raising, monitoring and regulation. All farms should be registered with local district ﬁsheries ofﬁces, so that good
practices in water management and other extension support
can be provided. The DOF has, for instance, developed and
promoted its own standards as a way to improve aquaculture practices, ensure food safety and protect the industry
in export markets. In areas with many ﬁsh farms, water
quality monitoring programs should be established in collaboration with ﬁsh farmers, as problems of self-pollution
and disease are often greatest within the aquaculture sector.
In some locations, ﬁsh farming should not be allowed; thus,
Section 50 of the 2015 Fisheries Act gives substantial
responsibility to the Provincial Fishery Committee to
“determine zones or areas in which aquaculture is prohibited” (DOF 2015).
In conclusion, the claims made by various actors
regarding the impacts of water uses by aquaculture are
signiﬁcant for the social acceptance and environmental
sustainability of the sector in Thailand. On the one hand,

aquaculture discourses shape public opinion on the desirability of aquaculture development; on the other hand, these
discourses also tend to reinforce rather than bridge the
coalitions supporting and opposing different forms of
aquaculture. The key to improving the governance of
aquaculture water use is to make aquaculture farmers stakeholders in water and watershed management.
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Climate risk management practices of fish and shrimp farmers in the
Mekong Region
As comparative, multi-country, studies are rare, not much is known about the
effects of regional differences in social-ecological conditions on the adoption of
climate risk management practices in aquaculture. This study is based on a largescale survey of practices of aquaculture operators in Cambodia, Laos, Myanmar,
Thailand and Vietnam. Climate-related risks to profits of aquaculture farms in the
Mekong Region are typically managed alongside water-related and other

Fo

business risks. Farmers who were more concerned with risks to profitability had a
history of undertaking more risk management practices. Farmers growing shrimp
(rather than fish), or adopting more intensified production systems, had more risk

rP

management practices. Wealthier and more educated farmers had experience with
more practices for dealing with current risks, as well as recognized the need for

ee

strategies to adapt to a changing climate in the future. Information access is a
factor in the adoption of new practices and strategies. Adoption of aeration or use

rR

of information-communication technologies to manage climate-related risks, for
example, was more likely among more educated and wealthy farmers who

ev

belonged to growers’ groups. The findings also suggest that attitudes towards
innovation, levels of investment and social norms influence adoption of

iew

technological, organizational and informational practices.
Keywords: climate-related risks; risk management; aquaculture; Mekong Region;
innovation; climate change adaptation
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Most studies of management of risks to aquaculture activities have emphasized disease
(Fischer et al., 2017, Bergfjord, 2009, Alam and Guttormsen, 2019), market (Joffre et
al., 2018), and regulatory risks (Asche et al., 2016, Su et al., 2017, Ismail et al., 2017),
often in response to concerns with food safety (Sapkota et al., 2008) or environmental
impacts (Bottema, 2019). A few, mostly recent, studies have shown that aquaculture is
impacted by extreme weather, and that important climate-related risks to be managed
can include floods (Rutkayová et al., 2018, Seekao and Pharino, 2016), droughts (Lebel
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et al., 2015b, Ahmed and Diana, 2016, Anh, 2016), storm surges (Dubey et al., 2017),
heavy rainfall events (Navy et al., 2017), temperature extremes (Gustafson et al., 2017),
and dense cloud cover episodes (Sriyasak et al., 2015, Lebel et al., 2016). It is also
increasingly acknowledged that climate-related risks are changing (Dubey et al., 2017,
Steeves and Filgueira, 2019, Lebel et al., 2015c), and that future climate changes may
have very significant impacts on aquaculture production in the absence of adaptation
(Handisyde et al., 2017, Lazard, 2017). Sea-level rise, for instance, would negatively

Fo

impact current aquaculture sites and supporting coastal wetlands along the western coast

rP

of Bangladesh (Mehvar et al., 2019) and pangasius culture in the Mekong delta in
Vietnam (Anh, 2016). Although most studies anticipate adverse impacts, a few suggest

ee

moderate changes may have positive impacts on production in some locations. Thus,

rR

Bell et al. (2013) analysis for the Pacific Island countries suggests freshwater
aquaculture may benefit, whereas coastal aquaculture may not. In the Mekong delta,

ev

Vietnam, the majority of shrimp (Mai et al., 2016) and snakehead fish (Tuan et al.,

iew

2014) farmers acknowledge that climate change has already impacted on practices.
A few studies have documented fish and shrimp farmers’ efforts to respond to
climate-related risks. Work in Northern Thailand, for instance, showed that farmers

On

manage climate-related risks together with market risks, adopting combinations of
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shorter-term reactions, seasonal tactics, and longer-term adaptation strategies (Lebel et
al., 2018). Examples of short-term reactions include early harvest of fish given an
imminent flooding event (Lebel et al., 2015a), or providing feed supplements or
medicines after stressful conditions commence (Shameem et al., 2015). Seasonal tactics
include reducing stocking densities, as well as delaying stocking or stocking larger fish
fry to avoid high risk periods (Anh, 2016, Lebel et al., 2015a). Longer-term strategies
include investing in water storage infrastructure, building productive dykes (Shameem
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et al., 2015), or developing new strains more tolerant of changed conditions (Lazard,
2017). Risk management therefore includes technical practices, often related to water
and stock management, informational practices, such as paying attention to weather
forecasts, as well as organizational practices, like maintaining savings or building
relations with firms the in value chain as illustrated by studies of snakehead catfish in
Cambodia and Vietnam (Navy et al., 2017). While many actions can be undertaken at
the level of an individual farm, like providing shade to cages or exchanging water in a

Fo

pond, others require collective action, like cooperation or lobbying around the operation

rP

of community-based or even larger-scale water infrastructure (Ahmed and Diana,
2016). Useful risk management practices, it should be underlined, may not be adopted

ee

for a variety of reasons, including lack of reliable information, concerns with costs and

rR

reliability, conflict with social norms, unwillingness to alter habits, or constraints on
use arising from existing laws and regulations (Joffre et al., 2017, Garrido and Moreira,
2017, Shameem et al., 2015).

iew
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As comparative, multi-country studies are rare, not much is known about the
effects of regional differences in climate, ecology and socio-political factors for the
adoption of climate risk management practices and their contribution to adaptation to
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changes in climate. This study extends previous, primarily local studies, to
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systematically examine the effects of regional differences in climate, socio-economic
settings and common aquaculture systems for the management of climate-related risks,
through a large-scale survey of practices of aquaculture operators in five countries in the
Mekong Region. This Region is well-suited to such an analysis because of the high or
growing importance of aquaculture to livelihoods and food security and the varied
climatic, ecological and social settings across the region. The aquaculture sectors in
Thailand, Vietnam and Myanmar often rank in the top-10 global producers or exporters
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with annual aquaculture production levels in excess of one million mt.; Laos and
Cambodia, where inland capture fisheries remain extremely important to livelihoods
and nutrition, aquaculture production is less but growing (FAO, 2014). Inland and delta
areas of the Region are exposed to different climate-related risks and water flow
conditions. The inland water resources of the region, like the Mekong and Ayeyarwady
river basins are often identified as vulnerable to the combined impacts of hydropower
and irrigation infrastructure, which impact environmental flows and connectivity

Fo

(Conallin et al., 2019), and interact with changes in land-use and climate change (Lauri

rP

et al., 2012). The coastal and delta areas of the region are often identified as vulnerable
to climate change, in particular, increased storm intensities and sea-level rise, because

ee

of impacts on inundation of low lying areas and salinity intrusion (Dinh et al., 2012).

rR

Although there may be short-term benefits from areas inundated with salt water for
shrimp production.

ev

Perceptions of risks also matter as they influence motivation to adopt risk
management practices.

iew

A multi-country survey of risk perceptions of fish and shrimp

farmers in the Mekong Region revealed large geographic differences, with aquaculture
operators in Laos perceiving less risk overall than those in Cambodia, Vietnam,
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Myanmar or Thailand (Lebel et al., 2019), possibly because they were exposed to fewer
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extreme events – Laos’ climate risk ranking (89th), based on impacts in the period
1998-2017, was much lower than the other four countries (3rd-19th) (Eckstein et al.,
2018). Experience of losses and uncertainty regarding future conditions, together with
perceptions of historical change in climate, may all influence how much concern
farmers have for climate-related risks, and thus the need to take action. Thus, farmers
with fish cages in reservoirs in Thailand that had recently experienced negative impacts
from drought, heat waves, cold spells or dense cloud cover, were subsequently more
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concerned with those risks and placed more emphasis on actively managing them
(Lebel et al., 2016). This study builds on the past work on perceptions and management
of climate-related risks to address the following questions for the Mekong Region:
(1) How are climate-related risks to aquaculture activities currently managed? Who
adopts different risk management practices?
(2) What strategies do aquaculture farmers adopt to adapt to changing climaterelated risks? Who pays lesser or greater attention to adaptation?

Methods
Survey instrument

ee

rP

Fo

The survey instrument covered: climate-related and other risks; risk management

rR

practices; adaptation strategies; and attributes of the farm and farmer. Practices were

ev

classed with respect to time horizons as reactions (hours-days), tactics (seasonal) or
strategies (inter-annual). Questions about reactions and tactics asked if that practice had

iew

ever having carried out, whereas for strategies questions addressed the level of
importance of the strategy to the farmer. In asking about strategies in the future,

On

responses are about intentions. When asking about strategies in the past, a response that
a practice was very important implies that it was followed, whereas a response of ‘not
important’ implies it was not.
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Most practices examined were potentially useful in most culture systems; a few
questions addressed practices only relevant to cage or to pond culture. The management
of disease and climate-related risks in the aquaculture sector, following trends in the
livestock sector, has in some cases moved intensive, high value production indoors. In
this study, we focus on aquaculture activities that still takes place primarily outdoors.
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Additional baseline information was collected about 3 specific areas of innovation: ICT,
aeration, and risk sharing.
Information was also collected about candidate predictors of the adoption of risk
management practices, such as years of aquaculture experience, education levels,
gender, information sources, membership in groups, and levels of intensification.
The questionnaire was first drafted in English then translated into 5 languages
(Lao, Khmer, Vietnamese, Thai, Burmese) and pre-tested. Substantial changes were

Fo

made to lists of practices based on knowledge of research teams in each country, and to

rP

wording and sequencing based on results of pre-tests.

Data collection

rR

ee

To reduce sampling biases, subjects were either randomly sampled from lists of
registered farms, or when this was not available or judged too incomplete, by complete

ev

sampling of all farms in a randomly or haphazardly chosen cluster.

iew

Surveys were done in face-to-face interviews with aquaculture operators using
the SURVEYGIZMO software application on hand-held tablets. The respondent was
usually the owner and manager responsible for rearing decisions.

On

Altogether, 3311 valid records were retained for analysis, distributed across 6
country-regions as follows: Delta Myanmar (454), Dry Zone Myanmar (650), Northeast
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Thailand (686), Delta Vietnam (601), Cambodia (579), and Laos (341).

Data analysis
Outcome Measures
Overall attention to risk management was measured by counting the number of
practices, from a list of 12, that had ever been used to address climate-relate risks. In
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some analyses, scores of 4 or 5 on a 5-point scale of importance (where 5 represents
very important and 1 is not important at all) of another 9 current strategies were also
interpreted as having adopted, at some time, the practice.
Overall importance of adaptation to deal with future climate changes was
measured as the average of responses to 20 questions about innovative and more
conventional technological and business management strategies. Again, each individual
question was scored on a 5-point Likert scale of importance.

rP

Predictors

Fo

All candidate predictor variables were converted to categorical form if they were not

ee

already so, typically to 3 or 5 levels to allow exploration of non-linear associations in
case of ordinal variables.

rR

Innovativeness was measured by averaging levels of agreement on a 5-point

ev

Likert scale with the following four statements: I like trying out new practices; I try

iew

different or innovative rearing practices before anyone else I know; I buy new, different,
or innovative technologies before anyone else I know; I feel comfortable improvising in
new situations.

ly

Statistical procedures
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ANOVA of linear models was used to analyze how number of climate risk management
practices, or average importance of adaptation strategies, was associated with a list of
candidate predictors. These analyses are reported using estimated marginal means.
Logistic regression was used to analyze how the adoption of a risk management
practice, like using aeration, was associated with a list of candidate predictors. These
analyses were reported using odds ratios. All predictor variables were categorical; those
not significantly (P<0.05) contributing to model fit were dropped. Analyses were
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carried out using SPSS 25.

Results
Management of climate-related risks
Overall management intensity
Factors associated with overall importance given to managing climate-related risks,

Fo

measured by the number practices were explored using linear ANOVA models (Table
1). As might be expected, farmers who were more concerned with risks to their farm,

rP

also had more risk management practices. Farmers who had experienced significant

ee

losses in the past, more information sources, higher education and greater aquaculture
experience used more risk management practices. It should be noted that years of

rR

experience is also a measure of the ‘time exposed’ to risks of extreme events and to

ev

learn new practices. Farms with ponds (rather than cages), shrimp (rather than fish) and
intensified (rather than extensive) production also had more practices. Wealthier

iew

farmers used more practices, whilst those inclined towards innovation used less (of the
conventional practices). Women used fewer risk management practices than men. From

On

the survey, women were involved in many more decisions (87%), mostly jointly, and
were responsible for a lot more tasks (74%) on Cambodian farms than those in other
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countries with the lowest participation being in the Dry Zone Mynamar (28%).
Geographically, the broad pattern was for more practices in Cambodia and Delta
Myanmar and the least in Delta Vietnam.

Prevalence of individual practices
The prevalence of some individual practices varied across major culture systems or with
time-frame of threat or response (Figure 1). To deal with short-term, imminent risks
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from poor weather or water conditions, farms with shrimp ponds or fish cages reacted
with feed supplements and medication more often than those with fish ponds. In terms
of preparing for expected conditions in the upcoming season, many farms adopted the
tactic of reducing stocking densities, while stocking larger fry was another, less
common option for fish farmers (Figure 1). For longer-term, farmers adopted technical
strategies like testing and selecting good quality feed or stock to match conditions, and
organizational strategies like building relations with other stakeholders. The conditions

Fo

under which farmers in different situations adopt an illustrative subset of these practices

rP

will be examined in detail after first describing the broad patterns for responding to
changing and future risks.

Adaptation to changing risks

Overall importance of adaptation

ev

rR

ee

As for reactions, tactics and strategies to deal with current risks, variation in the mean

iew

importance of a set of adaptation strategies to deal with future risks, was explored for
the same set of candidate predictors using linear models, again adjusting for overall

On

level of concern with current risks (Table 1). The highest level of importance given to
strategies was in Northeast Thailand and lowest in Laos. Cage farms, those culturing
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shrimp (rather than fish), as well as with more intensified production systems, gave
greater importance to adaptation strategies. Farmers that were wealthier, had more
information sources, or a more positive attitude towards innovation, also perceived
strategies as more important. Women perceived greater needs for adaptation strategies
than men, perhaps a consequence of their fewer current practices as noted above. Those
who had experienced significant losses perceived marginally fewer adaptation needs,
perhaps reflecting the greater number of risk management practices already adopted.
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Importance of specific strategies
The importance of individual strategies varied substantially among country regions
(Figure 2). Information on selling price, for example, ranked highly in Delta Vietnam
but not elsewhere. Maintaining savings was relatively important in Northeast Thailand
and Delta Myanmar, while it ranked relatively low in Laos and Delta Vietnam.
In summary, farms that adopt more risk management practices and give greater
importance to adaptation strategies are those which, overall, are more concerned with

Fo

climate-related risks. Once this overall concern with risks is adjusted for, there were still

rP

a few shared strong associations detected, for instance, wealthier households and those
with shrimp, a higher value commodity than fish, had tried more practices and gave

ee

greater importance to adaptation strategies. Those with intensified culture systems also

rR

had more practices. In the following sections we look in more detail at who adopts

ev

technological, informational and organizational practices.

Technical practices
Water management

iew
On

Exchanging water was a common (35% of farms surveyed) risk reduction measure in
reaction to extreme weather or poor water conditions, especially among farmers who
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had experienced losses from floods, droughts, intense rainfall events or high
temperatures (Table 2). Well-informed, educated and experienced farmers growing fish
in ponds with less intensified systems were more likely to have used this practice.
Farms in most country regions were more likely to exchange water than those in Delta
Vietnam, apart from those in Dry Zone Myanmar, which were half as likely to do so
due to the scarcity of water at the peak of the dry season in Myanmar’s central dry zone.
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Use of aerators (22% of farms) was studied in more detail (Table 2) because of
its importance in maintaining suitable conditions for fish and shrimp when production
practices intensify, and because weather conditions can have multiple influences (e.g.
light, wind, temperatures) on dissolved oxygen concentrations. Farmers concerned with
low D.O. conditions were 2.1 times, and with drought or low flows 1.4 times, as likely
to have used aerators. Farmers whom had experienced losses from floods in the past
were more likely than farmers who were still concerned with floods today, to adopt

Fo

aeration. Farmers that were wealthier or belonged to groups were more likely to have

rP

ever used aerators to manage risks from extreme weather or poor water conditions.
Farms that were growing shrimp were 6.4 times as likely than those growing fish to

ee

have ever used aerators. Those with intensified systems were 2.2 times more likely than

rR

not intensified, and those using cages were half as likely as those with ponds, to have
ever used aerators. Women were less likely to use aerators than men. After adjusting for

ev

all these other factors, the likelihood of aerator use relative to Delta Vietnam was

iew

highest in Cambodia followed by Northeast Thailand. The reasons given for never using
aerators in the survey were: too costly (46%); no need as water quality high (25%); did
not think it would help (22%); no need as stocking density low (19%); and the species
of fish reared are tolerant of low DO (6%).
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Using the latest water management technologies (80% of farms) was more likely
to be seen as an important adaptation strategy by farmers concerned with drought, low
temperatures, rapid temperature changes and water pollution (Table 2). Farms with
shrimp were 2.5 times, and intensified 1.7 times more likely, to support this strategy.
Well-informed, higher educated and innovative farmers were also more likely to favor
this strategy, as were those in Delta Myanmar.
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Stock management
To deal with short-term, imminent risks from poor weather or water conditions, many
(44%) farms have at some stage used feed supplements or medication (Table 2). Thus,
farmers concerned with low D.O. or water pollution were 1.3 times more likely to
provide supplements or medicine, as were those with a history of losses from flood
events, high temperatures, rapid changes in temperature, storm surges and intense
rainfall events. Those with cage culture were more likely to follow this practice. Well-

Fo

informed, experienced or group members were also more likely to provide supplements.

rP

Adoption of these practices was not associated with being ‘innovative’.
In terms of preparing for expected conditions in the upcoming season, farms that

ee

had experienced losses from intense rainfall events, high temperatures, rapid changes in

rR

temperature or storm surges, were more likely to choose to stock larger fry and to
reduce stocking densities (Table 2). Concern with cold spells (low and rapidly changing

ev

temperatures) was also associated with stocking larger fry. Stocking larger fry (30% of

iew

farms) and reducing stocking densities (40% of farms) was less likely among shrimp
than fish growers. Intensified farms were 2.2 times more likely to reduce stocking

On

densities, and 0.4 times less likely to stock larger organisms. Farmers with more
experience, as well as with a higher education, were more likely to adopt these tactics to
reduce risks. These practices were not seen as innovative.
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Informational practices
Information sources
Accurate and timely information is often thought to be important to improving
management of climate-related and other risks. As noted above in Table 1, farmers with
more information sources paid greater attention to risk management. Thus, access to
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information about weather and seasonal climate forecasts, as well as flood and pollution
risks, each ranked highly in several country regions (Figure 2). According to the survey,
the vast majority (92%) of farmers had at some point received information about
weather conditions useful to managing their farms. Useful information about water
condition in rivers, reservoirs or canals is received by fewer farmers (80%) than for
weather. Fish farmers obtain important information about the weather from television
(74%) and other fish farmers (67%); these were also key sources for information about

Fo

water or river conditions. Radio (50%) and internet (46%) were also important for

rP

weather information.

Access to reliable weather forecasts two days in advance was out a couple of

ee

days were seen as an important adaptation strategy by farmers concerned with risks

rR

from droughts, intense rainfall, low D.O. and high temperature events, as well as those
who had suffered losses from rapid temperature changes (Table 3). Better informed,

ev

educated, innovative, and those not belonging to groups members were more likely to

iew

perceive this strategy as important, as were those with intensified culture systems.

ICT use

On

Ownership of mobile phones was very high among aquaculture farmers in all country
regions (Supplemental Material Figure 3A). Overall, approximately 60% of fish farmers
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have received an SMS and 47% have sent one. Just over a quarter (27%) have sent a
photo. A high proportion of farmers also use social media, like Facebook, but relatively
less so in Vietnam. Fish farmers in Vietnam access the internet to get information about
fish prices and disease, but not the weather or fish farming methods (SM Figure 3B).
The association between ICT use, here defined as using any device to access
information for fish farming (49% of farms), and a set of predictor variables was
explored using logistic regression (Table 3). Having experienced losses from drought,
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intense rainfall, rapid temperature changes and storm surges, as well as concern with
high temperatures, was associated with an increased likelihood of ICT use. Wealthier,
educated, innovative, and more experienced farmers were significantly more likely to
use ICT. Women were 0.78 times less likely than men to use ICT. Farmers belonging to
groups or with intensified production systems were also more likely to use ICT.
Farmers in Cambodia were the least likely to use ICT, after adjustment for all other
factors.

Fo

Disease management

rP

Awareness of the latest disease management technologies (77%) was more likely to be

ee

seen as an important adaptation strategy by farmers concerned with rapid temperature
changes, water pollution, drought, and low D.O. episodes (Table 3). Farmers of shrimp

rR

were 2.2 times more likely than farmers of fish to view using the latest disease

ev

technologies as an important strategy. Those with intensified culture systems,
innovative in outlook, and better informed were also more likely to use the latest disease
technologies.
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Organizational practices

iew

Important organizational practices included financial tactics or strategies like reducing
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costs of production, maintaining saving and maintaining relations with other firms or
government officials (Figure 1). Differences in organizational practices among the main
culture system types were small. The importance of future strategies in some cases
however, ranked differently between countries (Figure 2). Thus, maintaining savings
was relatively important in Thailand and Delta Myanmar, while it ranked relatively low
in Laos and DT Vietnam. Information on selling price ranked highly in Vietnam but not
elsewhere.
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Three organizational practices were selected for more detailed analysis of the
conditions and situations under which they were more likely to be adopted – reduced
production costs (68% of farms), built relations with firms (52%), and buy insurance to
adapt (59%). All three strategies were more likely among farmers concerned with water
pollution or low D.O., as well as those with more information sources and a positive
attitude towards innovation (Table 3).
In addition, reduced costs were associated with concerns with and losses from

Fo

drought, and concerns with low temperatures and strong winds. Shrimp farmers and

rP

those with more aquaculture experience also favored this tactic. The tactic of building
relations with firms was more likely to be adopted by farmers concerned with drought,

ee

rapid temperature changes and strong winds, or who had suffered losses from dense

rR

cloud cover and low temperature events. Shrimp farmers, those belonging to groups and
better informed, were also more likely to adopt this tactic and strategy. Adopting crop

ev

insurance was viewed as an important strategy for the future by farmers with several

iew

additional climate-related concerns, but not positively associated with experiences of
losses from climate events.

Summarizing the analyses of associations between the adoption of specific

On

technical, informational and organizational risk management practices, and perceptions
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of risk, showed the importance of resource, knowledge and attitude variables for
adoption. Wealth, for instance, was associated only with adoption of practices requiring
purchase of specific items of equipment (aerators and mobiles or computers), whereas
having many information sources was associated with almost all the analyzed practices.

Discussion
Aquaculture farmers that adopt more risk management practices and pay more attention
to adaptation strategies are more concerned with climate-related risks overall. These
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associations remained strong after adjustment for years of experience. Two broad
explanations are likely: farms with many sources of concern may be in riskier locations,
and thus need more risk management practices to be successful; or alternatively, these
at-risk farms may be run by farmers who simply worry more, and thus pay more
attention to risk management. The more detailed analysis of factors associated with
adoption of individual practices, as will be discussed below, implies both processes are
at work.

Fo

Climate-related risks to profits of aquaculture farms in the Mekong Region are

rP

typically managed alongside water-related and other business risks. Thus, high levels of
concern with an individual climate-related risk was often associated with multiple

ee

management practices and adaptation strategies. For instance, risks from drought or low

rR

flows was associated with aerator and ICT use, as well as strategies to use the latest
technologies while reducing production costs. Likewise, some individual risk

ev

management practices, such as use of supplements or medication, were associated with

iew

being concerned with multiple risks, in this example, low D.O., intense rainfall, and
pollution. Yet other practices, such as reducing stocking densities, were associated with
experiences of losses from multiple sources (drought, intense rainfall, high
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temperatures, storm surges). Thus, there is often not a simple one-to-one
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correspondence between climate-related risks and management practices or adaptation
strategies.
Factors associated with adoption were related to knowledge, attitudes,
investment and norms. Access to knowledge, as measured by having many rather than
few information sources, was associated with adoption of many of the individual risk
management practices and strategies examined in detail, as well as overall. In a separate
analysis of risk perceptions, having many sources was related to recognizing changes in
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climate and a history of climate-related losses (Lebel et al., 2019). Awareness of both
risks and measures to reduce them is not inevitable. Having multiple sources of
information, a higher formal education, and more experience in aquaculture were all,
independently, associated with a number of risk practices; one or more of these
knowledge indicators were also significant predictors for adoption of practices.
Knowledge variables, including training, are often found to be important to adoption of
innovations (Salazar et al., 2018, Karim et al., 2016).

Fo

To try and capture the attitude towards innovation in this study, we created a

rP

simple index based on responses to a set of statements. Our measure of innovativeness
was associated with fewer risk management practices overall, but more importance

ee

given to adaptation strategies. In terms of individual practices, the association was

rR

positive with adoption of innovative information systems and business strategies, but
negative or not significant for 5 of the 6 water and stock management practices

ev

analyzed. These findings suggest farmers view informational and organizational, as

iew

much as technological, innovation as particularly important for adaptation to climate
change in the future. Attitude, or orientation towards innovation and change, is
infrequently examined in aquaculture studies, but appears to be important for adoption

On

of novel practices (Tain and Diana, 2007). Further research is needed on the generation
and spread of innovations relevant to adaptation.
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Investment costs are often found to be central to adoption decisions. In this
study, shrimp farms adopted more risk management practices, and paid greater attention
to adaptation strategies, than fish farms, probably because shrimp are higher value
products than fish, requiring more investment on inputs, especially in intensified
systems. Wealthier households invested in slightly more risk management practices and
adaptation strategies than less wealthy ones including equipment such as aeration and
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information-communication technologies. Issues of cost and credit are one of the most
commonly identified obstacles to adoption of innovation (Tain and Diana, 2007).
The importance of social norms was also suggested by findings related to gender
and residual country differences. Women are more concerned with existing risks and
identified more adaptation needs for future risks than men but had experience with
fewer risk management practices and were less likely to use ICT innovations. This
suggests there may be gender inequalities with respect to accessing important resources.

Fo

Women were involved more in decisions and tasks on aquaculture farms in Cambodia

rP

than elsewhere; in Myanmar, there was a gap between contributions to work and being
involved in decisions.

ee

Many other country differences were identified in this study, even after

rR

adjustment for many other variables, including concerns with climate-related risks and
experiences of loss. This strongly suggests that geographic differences in socio-cultural

ev

context, not just physical climate or water conditions, are important to the management
of climate-related risks.

iew

A key limitation of this study’s design arises from the difficulties of ascertaining
the historical order of events in a cross-sectional survey. We could not be certain, for

On

example, that a practice was adopted after, and therefore potentially influenced by,
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concerns with a risk. Another limitation, arising more from the multi-country ambitions
of the study, is that many questions about risk management practices were more generic
than if the study had focused on the culture of a particular species in one location,
limiting more precise understanding of the generation, adoption and modification of
novel practices.
Nevertheless, a couple of implications for extension projects and programs
aimed at improving management of climate-related risks follow on from the findings.
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First, prescriptive approaches that unilaterally promote a specific technology,
information source, or organizational form to address climate-related risks should be
repackaged as options suitable for farmers to consider under particular conditions,
alongside needs to manage other market and production risks. Second, and related,
aquaculture farmers vary in their attitudes towards both risks and proposed innovations
in practices, whether technical, informational or organizational. Thus, extension
activities need to respect these differences and be flexible enough to cater for them.

Fo

Third, building adaptive capacity is not only about collecting technical practices it is

rP

also about strengthening financial and business skills.

Conclusions

rR

ee

The findings of this regional study are of broader significance to understanding
adaptation to climate change beyond the aquaculture sector in the Mekong Region in

ev

three important ways. First, they demonstrate the importance of considering multiple

iew

risks simultaneously when exploring the adoption and usefulness of risk management
practices of women and men. Second, they confirm the value of thinking about the
management of climate-related risks at multiple time-scales, from short-term reactions

On

through mid-term tactics and longer-term strategies. Third, they underline a need to
consider not only technical innovations, but also informational and organizational
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innovations, especially in the context of changing market, water resource and climate
conditions.

Acknowledgements
This study was supported by the International Development Research Centre, Ottawa (Grant
No. 108526).

URL: http://mc.manuscriptcentral.com/uaqm Email: frank.asche@ufl.edu

Page 20 of 33

Page 21 of 33

References
Ahmed, N. and Diana, J.S. (2016) Does climate change matter for freshwater
aquaculture in Bangladesh? Regional Environmental Change, 16(6), 1659-1669.
Alam, M.A. and Guttormsen, A.G. (2019) Risk in aquaculture: farmers’ perceptions and
management strategies in Bangladesh. Aquaculture Economics & Management,
23(4), 359-381.
Anh, N.L. (2016) Impacts of climate change on Pangasius farming sector in the Mekong
delta, Vietnam and adaptation measures. [In Vietnamese]. Journal of Fisheries
Science and Technology, (2), 130-137.
Asche, F., Roheim, C.A. and Smith, M.D. (2016) Trade intervention: Not a silver bullet
to address environmental externalities in global aquaculture. Marine Policy, 69,
194-201.
Bell, J.D., Ganachaud, A., Gehrke, P.C., Griffiths, S.P., Hobday, A.J., Hoegh-Guldberg,
O., Johnson, J.E., Le Borgne, R., Lehodey, P., Lough, J.M., Matear, R.J.,
Pickering, T.D., Pratchett, M.S., Gupta, A.S., Senina, I. and Waycott, M. (2013)
Mixed responses of tropical Pacific fisheries and aquaculture to climate change.
Nature Clim. Change, 3(6), 591-599.
Bergfjord, O.J. (2009) Risk perception and risk management in Norwegian aquaculture.
Journal of Risk Research, 12(1), 91-104.
Bottema, M.J.M. (2019) Institutionalizing area-level risk management: Limitations
faced by the private sector in aquaculture improvement projects. Aquaculture,
512, 734310.
Conallin, J.C., Baumgartner, L.J., Lunn, Z., Akester, M., Win, N., Tun, N.N., Nyunt,
M.M.M., Swe, A.M., Chan, N. and Cowx, I.G. (2019) Migratory fishes in
Myanmar rivers and wetlands: challenges for sustainable development between
irrigation water control infrastructure and sustainable inland capture fisheries.
Marine and Freshwater Research, 70(9), 1241-1253.
Dinh, Q., Balica, S., Popescu, I. and Jonoski, A. (2012) Climate change impact on flood
hazard, vulnerability and risk of the Long Xuyen Quadrangle in the Mekong
Delta. International Journal of River Basin Management, 10(1), 103-120.
Dubey, S.K., Trivedi, R.K., Chand, B.K., Mandal, B. and Rout, S.K. (2017) Farmers’
perceptions of climate change, impacts on freshwater aquaculture and adaptation
strategies in climatic change hotspots: A case of the Indian Sundarban delta.
Environmental Development, 21, 38-51.
Eckstein, D., Hutfils, M.-L. and Winges, M. (2018) Germanwatch, Bonn.
FAO (2014) Food and Agriculture Organization of the United Nations, Rome.
Fischer, C., Guttormsen, A.G. and Smith, M.D. (2017) Disease Risk and Market
Structure in Salmon Aquaculture. Water Economics and Policy, 03(02),
1650015.
Garrido, S. and Moreira, A.J. (2017) Farming together, learning together, and
improving together: The socio-technical trajectory of the development of the
inter-cooperative fishfarming projects in Argentina. Innovation and
Development, 7(1), 119-132.
Gustafson, S., Joehl Cadena, A., Ngo, C.C., Kawash, A., Saenghkaew, I. and Hartman,
P. (2017) Merging science into community adaptation planning processes: a
cross-site comparison of four distinct areas of the Lower Mekong Basin.
Climatic Change, 1-16.
Handisyde, N., Telfer, T.C. and Ross, L.G. (2017) Vulnerability of aquaculture-related
livelihoods to changing climate at the global scale. Fish and Fisheries, 18(3),
466-488.

iew

ev

rR

ee

rP

Fo

On

ly

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Aquaculture Economics & Management

URL: http://mc.manuscriptcentral.com/uaqm Email: frank.asche@ufl.edu

Aquaculture Economics & Management

Ismail, N.A.H., Wee, S.Y. and Aris, A.Z. (2017) Multi-class of endocrine disrupting
compounds in aquaculture ecosystems and health impacts in exposed biota.
Chemosphere, 188, 375-388.
Joffre, O.M., Klerkx, L., Dickson, M. and Verdegem, M. (2017) How is innovation in
aquaculture conceptualized and managed? A systematic literature review and
reflection framework to inform analysis and action. Aquaculture, 470, 129-148.
Joffre, O.M., Poortvliet, P.M. and Klerkx, L. (2018) Are shrimp farmers actual
gamblers? An analysis of risk perception and risk management behaviors among
shrimp farmers in the Mekong Delta. Aquaculture, 495, 528-537.
Karim, M., Keus, H.J., Ullah, M.H., Kassam, L., Phillips, M. and Beveridge, M. (2016)
Investing in carp seed quality improvements in homestead aquaculture: Lessons
from Bangladesh. Aquaculture, 453, 19-30.
Lauri, H., De Moel, H., Ward, P.J., Räsänen, T.A., Keskinen, M. and Kummu, M.
(2012) Future changes in Mekong River hydrology: Impact of climate change
and reservoir operation on discharge. Hydrology and Earth System Sciences,
16(12), 4603-4619.
Lazard, J. (2017) Aquaculture systems facing climate change. Cahiers Agricultures,
26(3).
Lebel, L., Lebel, P., Chitmanat, C., Uppanunchai, A. and Apirumanekul, C. (2018)
Managing the risks from the water-related impacts of extreme weather and
uncertain climate change on inland aquaculture in Northern Thailand. Water
International, 1-24.
Lebel, L., Lebel, P. and Lebel, B. (2016) Impacts, perception and management of
climate-related risks to cage aquaculture in the reservoirs of northern Thailand.
Environmental Management, 58(6), 931-945.
Lebel, L., Lebel, P., Soe, K.M., Phuong, N.T., Navy, H., Phousavanh, P. and Jutagate,
T. (2019) Aquculture farmers' perceptions of climate-related risks in the
Mekong Region. AQUADAPT Working Paper.
Lebel, P., Whangchai, N., Chitmanat, C. and Lebel, L. (2015a) Climate risk
management in river-based Tilapia cage culture in northern Thailand.
International Journal of Climate Change Strategies and Management, 7(4), 476498.
Lebel, P., Whangchai, N., Chitmanat, C. and Lebel, L. (2015b) Risk of impacts from
extreme weather and climate in river-based Tilapia cage culture in Northern
Thailand. International Journal of Global Warming, 8(4), 534-554.
Lebel, P., Whangchai, N., Chitmanat, C., Promya, J. and Lebel, L. (2015c) Perceptions
of climate-related risks and awareness of climate change of fish cage farmers in
northern Thailand. Risk Management, 17, 1-22.
Mai, L.T.P., Son, V.N., Hai, T.N. and Ni, D.V. (2016) Evaluation of impacts and
solutions to deal with the climate change in the rice - shrimp system in the
Mekong Delta. [In Vietnamese]. Scientific Journal of Can Tho University. Part
B: Agriculture, Fisheries and Biotechnology, 41, 121-133.
Mehvar, S., Filatova, T., Sarker, M.H., Dastgheib, A. and Ranasinghe, R. (2019)
Climate change-driven losses in ecosystem services of coastal wetlands: A case
study in the West coast of Bangladesh. Ocean & Coastal Management, 169,
273-283.
Navy, H., Minh, T.H. and Pomeroy, R. (2017) Impacts of climate change on snakehead
fish value chains in the Lower Mekong Basin of Cambodia and Vietnam.
Aquaculture Economics and Management, 21(2), 261-282.

iew

ev

rR

ee

rP

Fo

On

ly

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

URL: http://mc.manuscriptcentral.com/uaqm Email: frank.asche@ufl.edu

Page 22 of 33

Page 23 of 33

Rutkayová, J., Vácha, F., Maršálek, M., Beneš, K., Civišová, H., Horká, P., Petrášková,
E., Rost, M. and Šulista, M. (2018) Fish stock losses due to extreme floods –
findings from pond-based aquaculture in the Czech Republic. Journal of Flood
Risk Management, 11(3), 351-359.
Salazar, C., Jaime, M., Figueroa, Y. and Fuentes, R. (2018) Innovation in small-scale
aquaculture in Chile. Aquaculture Economics & Management, 22(2), 151-167.
Sapkota, A., Sapkota, A.R., Kucharski, M., Burke, J., McKenzie, S., Walker, P. and
Lawrence, R. (2008) Aquaculture practices and potential human health risks:
Current knowledge and future priorities. Environment International, 34, 12151226.
Seekao, C. and Pharino, C. (2016) Assessment of the flood vulnerability of shrimp
farms using a multicriteria evaluation and GIS: A case study in the Bangpakong
Sub-Basin, Thailand. Environmental Earth Sciences, 75(4).
Shameem, M.I.M., Momtaz, S. and Kiem, A.S. (2015) Local perceptions of and
adaptation to climate variability and change: the case of shrimp farming
communities in the coastal region of Bangladesh. Climatic Change, 133(2), 253266.
Sriyasak, P., Chitmanat, C., Whangchai, N., Promya, J. and Lebel, L. (2015) Effect of
water de-stratification on dissolved oxygen and ammonia in tilapia ponds in
Northern Thailand. International Aquatic Research, 7(4), 287-299.
Steeves, L. and Filgueira, R. (2019) Stakeholder perceptions of climate change in the
context of bivalve aquaculture. Marine Policy, 103, 121-129.
Su, H.C., Liu, S., Hu, X.J., Xu, X.R., Xu, W.J., Xu, Y., Li, Z.J., Wen, G.L., Liu, Y.S.
and Cao, Y.C. (2017) Occurrence and temporal variation of antibiotic resistance
genes (ARGs) in shrimp aquaculture: ARGs dissemination from farming source
to reared organisms. Science of the Total Environment, 607, 357-366.
Tain, F.H. and Diana, J.S. (2007) Impacts of Extension Practice: Lessons From Small
Farm-Based Aquaculture of Nile Tilapia in Northeastern Thailand. Society &
Natural Resources, 20(7), 583-595.
Tuan, T.H., Loc, N.T., Hien, H.V., Minh, T.H., Hai, T.N. and Pomeroy, R.S. (2014)
Assessment on production efficiency and weather change impacts on snakehead
pond culture in An Giang and Tra Vinh provinces [In Vietnamese]. Scientific
Journal of Can Tho University. Special Issue on Fisheries, 2, 141-149.

iew

ev

rR

ee

rP

Fo

On

ly

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

Aquaculture Economics & Management

URL: http://mc.manuscriptcentral.com/uaqm Email: frank.asche@ufl.edu

Aquaculture Economics & Management

Table 1. ANOVA of models for number of conventional risk management practices, and
importance of adaptation strategies. Values in columns are estimated marginal means.
Abbreviations: For variables with 3 or more levels, means with the same letter are not
significantly different.
Predictor variable
Risk
Important Adaptation
Management
Strategies
Practices
Country Region
***
***
Cambodia
3.67a
3.71b
Laos
1.90d
3.10e
NE Thailand
2.74c
3.94a
DZ Myanmar
1.84d
3.62c
DT Myanmar
3.40b
3.70b
DT Vietnam
1.09e
3.44d
Significant losses
***
**
Experienced
3.10
3.56
Not Exp.
1.78
3.61
Culture in
***
*
Cage
2.10
3.61
Pond
2.77
3.56
Reared
*
***
Shrimp
2.59
3.72
Fish
2.29
3.44
Intensified
***
***
Yes
2.69
3.63
No
2.18
3.54
Education
***
n.s.
Tertiary
2.77a
Secondary
2.43b
Primary
2.11c
Gender
***
**
Woman
2.31
3.61
Man
2.57
3.56
Asset Wealth
**
**
High
2.67a
3.62a
Intermediate
2.38b
3.61a
Lower
2.26b
3.53b
Aquaculture Exper.
***
n.s.
>5 years
2.94
≤5
1.94
Information sources
*
***
Many
2.54
3.82
Fewer
2.33
3.34
Innovativeness
*
***
High
2.34
3.74
Lower
2.53
3.42
Overall Risk concern
**
***
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Predictor variable

Risk
Important Adaptation
Management
Strategies
Practices
≥ 4.00
2.65a
3.79a
3.00 – 3.99
2.49b
3.62b
2.00 – 2.99
2.26c
3.48c
< 2.00
2.35bc
3.45c
Model Summary
F=93 df=20
F=156 df=17
R2=0.36
R2=0.45
***=P<0.001; **=P<0.01; *=P<0.05; ns = not significant
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Table 2. Logistic regression models for adoption of water- and stock-based risk management practices associated with a farmer’s history of
climate-related losses and other factors. Practices are classified as responses (R), tactics (T) and strategies (S). Tabulated values are odds ratios.
Predictor variable
Exchanged
Aerator used
Use latest water
Supplements or
Stocked larger
Reduced Density
water (R)
(T)
technology to
Medication (R)
(T)
(T)
adapt (S)
Concerned (vs. not) with
Flood or high flow
0.43***
0.78 *
0.61***
*
***
Drought or low flow
1.42
1.47
Intense Rainfall
1.37 *
**
***
High Temperature
0.69
0.64
*
***
*
Low Temperature
1.32
1.49
1.39
0.79 **
*
**
1.36
1.49
Rapid Change Temperature
Storm surges
*
***
0.76
0.65
Dense cloud cover
Low D.O.
2.14***
1.25 *
***
*
2.09
0.64***
Water pollution
1.25
Experienced (vs. not) loss
Flood
2.38***
1.37 *
1.95***
*
Drought
1.58
1.77***
1.63***
1.64***
Intense Rainfall
0.68***
1.41 **
1.65***
*
***
***
***
1.42
1.60
High Temperature
0.67
2.07
1.89***
Low Temperature
0.60***
Rapid Change Temperature
1.31 *
1.31 *
1.69***
2.15***
***
***
5.00
Storm surges
3.50
2.09***
0.67 *
Cloud cover
Low D.O.
Water pollution
***
***
***
Culture in cages (vs. ponds)
0.01
0.52
1.46
0.60***
Shrimp reared (vs. fish)
0.47***
6.43***
2.48***
0.35***
0.57***
***
***
***
***
Intensified (vs. not)
0.61
2.20
1.67
0.41
2.15***
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Predictor variable

Belongs to group (vs. not)
Many (vs. few) information
sources
Education high (vs. low)
Aquaculture experience
high (vs. low)
Innovativeness high (vs.
low)
Women (vs. men)
Asset Wealth High (vs. low)
Country
Cambodia
Laos
Dry Z Myanmar
Delta Myanmar
NE Thailand
Delta Vietnam

Exchanged
water (R)

Aerator used
(T)

1.28 *
2.32***

1.54 **
-

1.50***
2.01***

1.40 **
-

Fo
6.67***
2.52***
0.50***
3.18***
2.76***
1

rP

ee

Use latest water
technology to
adapt (S)
1.88***

-

1.24
-

rR

0.80 *
2.05***

8.47***
1.22ns
0.01***
0.14***
3.31***
1

Supplements or
Medication (R)
1.27
1.32

*
*

**=P<0.01; *=P<0.05; ns

Reduced Density
(T)

1.61 **

1.24
-

*

*

1.85***

1.31 **
3.97***

1.27 *
5.52***

3.79***

0.68***

-

0.70***

-

-

-

0.71***
-

0.76 *
0.50***
0.22***
0.31***
0.58***
1

12.3***
3.98***
13.0***
18.2***
6.56***
1

3.46***
1.19ns
2.33***
1.64 *
2.11***
1

R2=0.38

R2=0.29

ev

iew

2.21***
0.90ns
0.86ns
10.2***
2.00***
1

On

Model Summary
R2=0.51
R2=0.42
R2=0.31
R2=0.31
***=P<0.001; **=P<0.01; *=P<0.05; ns = not significant; ‘-‘ = not significant and dropped from model
;

Stocked larger
(T)

ly

= not significant; ‘-‘ = not significant and dropped from model
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Table 3. Logistic regression models for adoption of informational and organizational risk management practices associated with a
farmer’s history of climate-related losses and other factors. Practices are classified as responses (R), tactics (T) and strategies (S).
Tabulated values are odds ratios.
Predictor variable
ICT used
Weather
Latest disease
Reduced
Built relations
Buy
(R+T)
forecast
management
Production
with firms
insurance to
(S)
technologies (S)
Costs
(T+S)
adapt (S)
(T)
Concerned (vs. not) with
Flood or high flows
0.53***
***
*
*
**
Drought or low flows
1.58
1.29
1.30
1.33
**
Intense Rainfall
1.43
1.48***
***
***
High Temperatures
0.68
1.68
0.76 *
Low Temperatures
1.44***
***
**
Rapid temperat. change
1.75
1.33
1.43 **
*
*
***
Wind storm
0.74
1.30
1.71
Dense cloud cover
1.39 **
Low D.O.
1.68***
1.27 *
1.86***
1.34 **
1.45***
***
*
***
Water pollution
1.77
1.27
2.05
2.26***
Experienced losses from
Floods or high flows
0.70 **
0.73 **
***
**
**
Drought or low flows
1.57
1.65
0.66
***
*
**
*
Intense Rainfall
1.72
0.71
0.69
0.78
0.73 *
High Temperatures
0.59***
0.70 **
*
***
Low Temperatures
0.73
1.48
***
***
*
Rapid temperat. change
1.75
1.63
0.79
0.60***
Storm surges
1.78 *
0.17***
0.30***
*
Dense cloud cover
1.56
***
Wind storm
0.53
Water pollution
Cultured in cages (vs.
ponds)
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Predictor variable

Shrimp (vs. fish) reared
Intensified (vs. not)
Belongs to group (vs.
not)
Many (vs. few)
Information sources
Education high (vs. low)
Aquacult. Experience
high (vs. low)
Innovativeness high (vs.
low)
Women (vs. men)
Asset Wealth High (vs.
low)
Country
Cambodia
Laos
Dry Z Myanmar
Delta Myanmar
NE Thailand
Delta Vietnam
Model Summary
***=P<0.001

ICT used
(R+T)

Weather
forecast
(S)

Latest disease
management
technologies (S)

1.75***
1.42***

1.44 **
0.70 **

-

Fo

rP

2.71***
1.50***
1.94***

Built relations
with firms
(T+S)

Buy
insurance to
adapt (S)

2.20***
1.57***
-

Reduced
Production
Costs
(T)
1.73***
-

1.76***
3.01***

-

1.51 **

2.09***

1.95***

3.58***

2.35***

1.50***
-

-

1.97***

-

-

2.17***

2.36***

2.02***

-

1.23 *
-

-

1.78***
0.51***
1.30ns
1.09ns
1.38 *
1

7.28***
1.90 *
2.60***
3.93***
10.2***
1

R2=0.32

R2=0.42

ee

rR

2.42***

ev

3.53***

iew

0.78 **
1.71***

-

-

0.58***
2.40***
1.43 *
0.88ns
1.03ns
1

3.02***
0.75ns
0.74ns
12.7***
2.00***
1

1.97***
1.04ns
0.65 *
6.14***
1.42 *
1

R2=0.25

R2=0.31

R2=0.28

On
2.58***
1.09ns
2.64***
8.80***
2.99***
1

ly

R2=0.36
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Figure 1. Proportion of aquaculture farms that have ever adopted particular risk management
practices to reduce climate-related risks to the profitability of farms when faced with an
immediate risk or seasonal risk and treating as important in the past particular longer-term
strategies.
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Figure 2. Level of importance given to technical (open circles), informational (dark circles), and organizational (grey circles) practices for
managing climate-related risks and adaptation in the future in six country regions. Importance was assessed on a 5 point-scale from not
important at all (1) through to extremely important (5).
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Figure 3. Use of mobile technologies and social media (a) and use of internet to get
information relevant to aquaculture operations (b). Percentage of aquaculture farmers
surveyed in five countries.
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ABSTRACT
The study aimed to assess the production efficiency and electricity
consuming of white-leg shrimp and black tiger shrimp of intensive and
improved extensive farming systems in the Mekong Delta, in order to
estimate the demand of electricity to develop the network of electricity
supply and use in sustainable shrimp farming. The result indicated that the
yield of white-leg shrimp cultured in lining pond was averaged 47±19
ton/ha/crop higher than that of shrimp cultured in earthen ponds (10±11
ton/ha/crop), followed by intensive system culture of black tiger shrimp
with shrimp yield of 5±3 ton/ha/crop, and the lowest was the improved
extensive system (0,39±0,23 ton/ha/year). White-leg shrimp cultured in
lined pond consumed 3,235 kW.h/ton of shrimp (electricity cost of VND
5,085/kg of shrimp) that was higher than that of white-leg cultured in
earthen pond 2,914 kW.h/ton of shrimp (VND 4,514/kg of shrimp); but
lower than that of intensive black tiger shrimp 4,173 kW.h/ton of shrimp
(VND 6,560/kg of shrimp); meanwhile improved extensive of black tiger
shrimp did not use electricity.
TÓM TẮT
Nghiên cứu này đánh giá hiệu quả sản xuất và sử dụng điện của các mô
hình nuôi tôm thẻ chân trắng (TCT) và tôm sú thâm canh (TC) và quảng
canh cải tiến (QCCT) để ước lượng nhu cầu sử dụng điện của các mô hình
nuôi tôm này làm căn cứ cho phát triển hệ thống cung cấp và sử dụng điện
trong nuôi tôm theo hướng bền vững. Kết quả cho thấy năng suất của mô
hình nuôi tôm TCT lót bạt (47±19 tấn/ha/vụ) cao hơn tôm TCT nuôi trong
ao đất (10±11 tấn/ha/vụ), mô hình nuôi tôm sú thâm canh (5±3 tấn/ha/vụ),
và thấp nhất là mô hình tôm sú QCCT (0.39±0.23 tấn/ha/năm). Mô hình
nuôi tôm TCT trong ao lót bạt có tiêu hao điện là 3.235 kW.h/tấn tôm (chi
phí điện là 5.085 đồng/kg tôm) cao hơn so với nuôi tôm TCT trong ao đất
là 2.914 kW.h/tấn tôm (4.514 đồng/kg tôm), nhưng thấp hơn mô hình nuôi
tôm sú TC là 4.173 kW.h/tấn tôm (6.560 đồng/kg tôm); trong khi đó ao
nuôi tôm sú QCCT không sử dụng điện.

Trích dẫn: Võ Nam Sơn, Đào Minh Hải, Nguyễn Thế Diễn, Vũ Văn Thùy, Đinh Xuân Lập, Nguyễn Đỗ Quỳnh
và Nguyễn Thanh Phương, 2019. Phân tích hiệu quả sản xuất và sử dụng năng lượng điện trong
nuôi tôm sú (Penaeus monodon) và thẻ chân trắng (Litopenaeus vannamei) thâm canh và quảng
canh cải tiến ở Đồng bằng sông Cửu Long. Tạp chí Khoa học Trường Đại học Cần Thơ. 55(1B):
69-79.
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thành sản xuất (Anh, 2018) và cải thiện tính bền
vững của nghề nuôi tôm nước lợ là rất cần thiết.
Phân tích hiệu quả sản xuất và sử dụng năng lượng
điện trong nuôi tôm nước lợ tại Đồng bằng sông Cửu
Long càng trở nên quan trọng làm căn cứ để ước
lượng sự phát triển nhu cầu sử dụng điện và hệ thống
cung cấp, sử dụng điện năng phục vụ cho nghề nuôi
tôm nước lợ bền vững hơn.

1 GIỚI THIỆU
Việt Nam là một trong những nước xuất khẩu
tôm lớn trên thế giới với hai loài nuôi chính là tôm
sú (Penaeus monodon) và tôm thẻ chân trắng (TCT)
(Litopenaeus vannamei). Năm 2017, tổng diện tích
nuôi tôm cả nước là 721.100 ha (tôm sú: 622.400 ha
và tôm TCT: 98.700 ha); với tổng sản lượng là
683.400 tấn (tôm sú: 256.400 tấn và tôm TCT:
427.000 tấn) đạt giá trị xuất khẩu 3,85 tỷ USD. Sự
phát triển của ngành tôm được dự báo sẽ còn tiếp tục
tăng trung bình 8-10%/năm (VASEP, 2018). Theo
Anh (2018), trong nuôi tôm thâm canh (TC) thì năng
lượng được dùng cho máy bơm nước, máy cung cấp
oxy, máy hút bùn và các thiết bị khác. Theo Quyết
định 79/QĐ-TTg ngày 18/1/2018 và kế hoạch giai
đoạn 2020–2025, diện tích nuôi tôm nuôi tôm sú TC
tăng 5,92% và tôm TCT tăng 7,91% với sản lượng
tăng 7,96% (tôm sú) và 7,84% (tôm TCT) nên nhu
cầu năng lượng (chủ yếu từ điện) phục vụ cho sản
xuất càng phải gia tăng. Năm 2017, tổng diện tích
nuôi thủy sản của 10 tỉnh phía Nam (Cà Mau, Sóc
Trăng, Bạc Liêu, Kiên Giang, Trà Vinh, Bến Tre,
Tiền Giang, Long An, Bà Rịa - Vũng Tàu và Ninh
Thuận) đạt hơn 428.495 ha và phải sử dụng điện
khoảng 11.980 triệu kW.h và dự báo năm 2020 thì
diện tích nuôi của 10 tỉnh trên là 651.266 ha và
lượng điện tiêu thụ sẽ tăng lên khoảng 30% so với
năm 2017 (Anh, 2018).

2 PHƯƠNG PHÁP NGHIÊN CỨU
2.1 Thời gian và địa điểm nghiên cứu
Nghiên cứu này được thực hiện trong thời gian
từ tháng 01/6 đến 30/07/2018 tại 03 tỉnh Sóc Trăng
(huyện Mỹ Xuyên và Thị xã Vĩnh Châu), Bạc Liêu
(thành phố Bạc Liêu, huyện Đông Hải, thị xã Giá
Rai và huyện Hòa Bình) và Cà Mau (huyện Cái
Nước và huyện Đầm Dơi).
2.2 Thu thập số liệu
Số liệu thứ cấp được thu thập từ kết quả của các
nghiên cứu, báo cáo và tài liệu của các cơ quan quản
lý. Số liệu sơ cấp được thu thập thông qua việc
phỏng vấn trực tiếp 03 chuyên gia trong ngành điện
lực và thủy sản tại các tỉnh và phỏng vấn trực tiếp
150 nông dân sử dụng các mô hình nuôi tôm TCT
(lót bạt – ao đất), tôm sú thâm canh (TC) và quảng
canh cải tiến (QCCT) thông qua phiếu phỏng vấn
soạn sẵn (Bảng 1). Bên cạnh đó, quá trình thu thập
và kiểm chứng thông tin còn được thông qua quá
trình thảo luận với 3 nhóm nông dân (1 nhóm/tỉnh).
Các hộ nuôi được chọn theo tiêu chí có các ao nuôi
tôm không bị dịch bệnh làm mất trắng hay phải thu
hoạch sớm (năng suất thấp bất thường) nhằm xác
định hiệu suất sử dụng, chi phí điện và nhiên liệu
khác trong trường hợp bình thường.

Theo Mungkung (2005), trong nuôi tôm, việc sử
dụng năng lượng cho sục khí là nguyên nhân tiềm
ẩn làm gia tăng sự nóng lên của trái đất. Vì thế, kế
hoạch phát triển và sử dụng điện hiệu quả trong nuôi
tôm sú và tôm TCT nhằm tiết kiệm điện, giảm giá
Bảng 1: Phân bố hộ nuôi tôm được phỏng vấn
Tỉnh
Sóc Trăng
Bạc Liêu
Cà Mau
Tổng

Tôm TCT ao lót bạt
2
8
9
19

Mô hình TC
Tôm TCT ao đất
46
12
18
76

Tôm sú ao đất
5
5
5
15

Tôm sú QCCT
0
36
4
40

2.3 Phân tích số liệu

Các biến chính đã được thu thập bao gồm: (i)
biến kỹ thuật gồm diện tích ao nuôi (m2), mật độ thả
(con/m2), cỡ thu hoạch (con/kg), tỉ lệ sống (%), năng
suất (kg/ha/vụ hoặc năm), hệ số tiêu tốn thức ăn
(eFCR) và lượng điện tiêu thụ (kW.h/ha/vụ), tiêu
hao điện (kW.h/tấn tôm); và (ii) biến tài chính gồm
tổng chi (triệu đồng/ha/vụ), tổng thu (triệu
đồng/ha/vụ), giá bán (đồng/kg tôm), giá thành
(đồng/kg tôm), lợi nhuận (triệu đồng/ha/vụ), tỉ suất
lợi nhuận, cơ cấu chi phí giá thành (%), chi phí điện
(VND/kg tôm).

Số liệu thu thập đã được phân tích bằng phần
mềm SPSS 16.0 với các phương pháp thống kê mô
tả (trung bình, độ lệch chuẩn); thống kê so sánh hiệu
quả kỹ thuật – tài chính và hiệu quả sử dụng điện
giữa 2 nhóm mô hình nuôi bằng kiểm định T- mẫu
độc lập (Independent samples T - test), giữa 3 nhóm
bằng phân tích phương sai một nhân tố và phép thử
Tukey (p<0,05); và mối tương quan tuyến tính giữa
các biến được xác định bằng phương pháp Pearson
(p<0,05).
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trung bình 5 tấn/ha/vụ. Trong khi đó, ao nuôi tôm sú
QCCT có diện tích trung bình lớn 16.300 m2, mật độ
tôm thấp, duy trì số tôm trung bình trong ao nuôi 2,4
con/m2, năng suất trung bình 390 kg/ha/năm (áp
dụng kỹ thuật thu hoạch và thả giống nhiều lần/năm
hay “thu tỉa - thả bù”) (Bảng 2). Trong mô hình nuôi
tôm TCT ao lót bạt và ao đất, trung bình số vụ nuôi
khoảng 3 vụ/năm. Trong khi đó, ao nuôi mô hình
tôm sú TC tối đa được 2 vụ/năm và nuôi tôm sú
QCCT thì tôm thả nuôi quanh năm và ao chỉ cải tạo
vào thời điểm từ tháng 12 đến tháng 1 dương lịch
năm sau.

3 KẾT QUẢ VÀ THẢO LUẬN
3.1 Đặc điểm kỹ thuật và tài chính của các
mô hình nuôi tôm
3.1.1 Đặc điểm kỹ thuật của các mô hình nuôi
tôm TCT và tôm sú

Mô hình nuôi tôm TCT lót bạt và ao đất có diện
tích trung bình ao nuôi lần lượt là 1.346 m2 và 2.422
m2. Mật độ thả nuôi của ao lót bạt (303 con/m2) cao
hơn so với ao đất (67 con/m2) nên năng suất trung
bình tương ứng là 47 tấn/ha/vụ và 10 tấn/ha/vụ. Mô
hình nuôi tôm sú trong ao đất có diện tích ao trung
bình 2.608 m2, mật độ thả 20 con/m2, năng suất nuôi
Bảng 2: Đặc điểm kỹ thuật của các mô hình nuôi tôm TCT và tôm sú
Thông số
Tổng diện tích ao (ha/hộ)
Độ sâu ao (m)
Độ sâu mặt trảng (m)
Độ sâu mương bao (m)
Diện tích ao (m2)
Mật độ thả (con/m2)
Thời gian nuôi (ngày)
Tỉ lệ sống (%)
Cỡ thu hoạch (con/kg)
Năng suất (tấn/ha/vụ)
eFCR

TCT thâm canh
Ao lót bạt
Ao đất
1,36±1,31
1,50±1,44
1,15±0,14
1,31±1,25
1.346±593
303±114
89±20
76±15
49±11
47±19
1,23±0,16

2.422±867
67±63
85±24
80±17
59±20
10±11
1,16±0,17

Tôm sú
Ao đất TC
0,87±0,51
1,22±0,16
2.608±1.014
20± 10
145±31
78± 17
35±10
5±3
1,52±0,28

QCCT
1,93±1,08
1,30±0,17
0,60±0,10
1,35±0,30
16.300±9.712
2,4±0,7
102±17
20±13
36±15
0,39±0,23 (*)
0,02±0,11

Giá trị trong bảng được trình bày là trung bình ± độ lệch chuẩn; (*) tấn/ha/năm

đất đều sử dụng năng lượng là điện và dầu (diesel)
cho hoạt động cung cấp nước (bơm nước), cung cấp
oxy (máy đạp nước, sục khí đáy) và các hoạt động
khác. Chi phí điện và dầu cho ao nuôi tôm TCT lót
bạt lần lượt là 236 triệu đồng/ha/vụ và 25 triệu
đồng/ha/vụ cao hơn so với mô hình tôm TCT ao đất
tương ứng là 42 triệu đồng/ha/vụ và 12 triệu
đồng/ha/vụ.

3.1.2 Đặc điểm tài chính của các mô hình
nuôi tôm TCT và tôm sú
Tôm TCT: Mô hình nuôi tôm TCT ao lót bạt có
chi phí đầu tư cho xây dựng ao và trang thiết bị cao
(chủ yếu là chi phí đào ao, lót bạt và hệ thống cung
cấp oxy như hệ thống quạt nước hay sục khí ở đáy
ao). Chi phí khấu hao ao là 138 triệu đồng/ha/vụ và
khấu hao thiết bị là 182 triệu đồng/ha/vụ cao hơn
của mô hình nuôi tôm TCT ao đất tương ứng là 26
triệu đồng/ha/vụ và 35 triệu đồng/ha/vụ. Mật độ tôm
nuôi cao nên chi phí giống là 495 triệu đồng/ha/vụ
và thức ăn là 1.735 triệu đồng/ha/vụ của ao tôm TCT
lót bạt cũng cao hơn ao tôm TCT ao đất tương ứng
là 75 triệu đồng/ha/vụ và 369 triệu đồng/ha/vụ. Giá
thành sản xuất tôm của ao tôm TCT lót bạt là 72.438
đồng/kg cao hơn so với ao tôm TCT ao đất là 64.631
đồng/kg.

Tôm sú: Mô hình nuôi tôm sú TC cho lợi nhuận
trung bình 480 triệu đồng/ha/vụ với chi phí điện và
dầu lần lượt là 37 triệu đồng/ha/vụ và 6 triệu
đồng/ha/vụ. Trong canh tác tôm sú QCCT, việc sử
dụng năng lượng là rất thấp chủ yếu người nuôi sử
dụng dầu để bơm nước ở một số ao do không thể lấy
được nước vào ao nuôi bằng thủy triều. Lợi nhuận
trung bình của mô hình nuôi tôm sú QCCT là 42
triệu đồng/ha/năm với chi phí dầu là 1,4 triệu
đồng/ha/năm (Bảng 3).

Trong 2 mô hình, nuôi tôm TCT ao lót bạt và ao
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Bảng 3: Đặc điểm tài chính của các mô hình nuôi tôm TCT và tôm sú
Tôm TCT
Tôm sú
Ao lót bạt
Ao đất
Thâm canh
QCCT(*)
Tổng chi (TC) (triệu đồng/ha/vụ)
3.341±1.206
655±854
483±245
23±12
Tổng thu (triệu đồng/ha/vụ)
5.743±3.176
1.288±1.701
964±474
65±41
Lợi nhuận (NI) (triệu đồng/ha/vụ)
2.401±2.312
633±905
480±353
42±37
Tỉ suất lợi nhuận (NI/TC)
0,69±0,43
1,02±0,70
1,16 ± 0,68
2,06 ±2,35
Giá bán (đồng/kg)
120.211±24.174 122.289±24.887 202.385±40.064 169.625±29.665
Giá thành (đồng/kg)
72.438±11.399 64.631± 17.199 99.290± 26.691 76.076±40.719
Chi tiết các loại chi phí (triệu đồng/ha/vụ)
Khấu hao ao
138±70
26±67
20±16
3,6±2,0
Cải tạo ao
61±133
19±36
16±122
6,1±5,8
Khấu hao thiết bị
182±137
35±48
27±20
3,8±3,2
Hóa chất
383±247
79±124
76±47
1,1±1,8
Con giống
495±537
75±88
50±73
6,6±3,2
Thức ăn
1.735±786
369±503
255±131
0,4±2,0
Dầu
25±38
12±34
6±8
1,4±1,1
Điện
236±128
42±49
37±30
Lao động(**)
99±105
10±40
Thông số

(*) mô hình QCCT được tính theo đơn vị là: triệu đồng/ha/năm; (**) lao động gia đình không được tính vào trong các
mô hình nuôi tôm sú

3.1.3 Đặc điểm trang thiết bị sử dụng điện và
dầu trong ao nuôi tôm

suất trung bình là 5,6 kW/cái), kết hợp quạt nước
động cơ điện (trung bình 2,1 cái/ao với công suất
trung bình là 1,7 kW/cái). Bên cạnh đó, dàn sục khí
đáy với động cơ điện cũng được sử dụng (trung bình
0,2 máy thổi khí điện/ao với công suất động cơ trung
bình là 4,6 kW/cái).

Nhìn chung, trang thiết bị dùng trong bơm nước
và sục khí có công suất nhỏ và được lắp đặt riêng lẻ
cho từng ao, ít có trường hợp gắn hệ thống trung tâm
cung cấp oxy cho toàn trang trại nuôi. Phương pháp
này có thể làm tăng thêm chi phí đầu tư trang thiết
bị và tiêu hao nhiều năng lượng hơn. Tuy nhiên, việc
chia nhỏ từng cụm trang thiết bị cũng giúp người
nuôi chủ động trong việc vận hành từng cụm riêng
lẻ khi tôm bị bệnh chết hoặc không thả nuôi toàn
trại.

Trong cơ cấu chi phí giá thành sản xuất, chi phí
điện chiếm trung bình khoảng 7,05% và 6,28% lần
lượt ở ao tôm TCT lót bạt và ao tôm TCT ao đất, xếp
thứ 4 sau chi phí thức ăn, con giống và thuốc - hóa
chất. Tỉ lệ chi phí điện dùng cho cung cấp oxy và
bơm nước lần lượt là 64,71% và 7,24% ở ao lót bạt
và 82,00% và 5,25 % ở ao đất. Hầu hết chi phí dầu
dùng để bơm nước hoặc chạy máy quạt nước khi cúp
điện. Năng lượng điện còn sử dụng cho các hoạt
động chiếu sáng, cho ăn và các hoạt động khác (cải
tạo ao và sửa chữa thiết bị) (Bảng 4 và 5).

Mô hình nuôi tôm TCT: ao nuôi tôm lót bạt có
số động cơ dầu dùng cho bơm nước trung bình là 0,7
cái/ao (ao có diện tích trung bình là 1.346 m2) với
công suất trung bình 16,6 kW/cái. Trong khi đó, số
động cơ điện dùng trong quạt nước trung bình là 5,5
cái/ao với công suất trung bình là 2,1 kW/cái. Số
động cơ điện dùng trong quạt nước thường kết hợp
với động cơ dầu để đề phòng trường hợp bị cúp điện
(trung bình 0,3 cái máy dầu/ao với công suất trung
bình là 6 kW/cái). Số động cơ điện dùng cho dàn sục
khí đáy trung bình là 1,3 cái/ao với công suất trung
bình là 3,9 kW/cái.

Mô hình nuôi tôm sú: Hệ thống quạt nước cung
cấp oxy trong ao nuôi tôm sú TC được lắp đặt trung
bình 2,3 động cơ điện/ao (ao có diện tích trung bình
là 2.608 m2) với công suất 1,7 kW/cái. Trong khi đó,
động cơ dầu được trang bị cho máy bơm (trung bình
0,5 cái/ao, công suất trung bình 6,8 kW) và cho hệ
thống quạt nước (trung bình 0,4 cái/ao, 6,9 kW/cái).
Chi phí điện cho sản xuất tôm là 7,00% trong tổng
chi phí, trong khi chi phí dầu chiếm 1,22%. Trong
cơ cấu năng lượng, chi phí điện chủ yếu được dùng
trong việc cung cấp oxy cho tôm nuôi (73,1%,) và
bơm nước (5,81%); trong khi đó có 92,3% chi phí
dầu sử dụng cho bơm nước và 7,69% dùng cho cung
cấp oxy (Bảng 4 và 5).

Khi nuôi ao đất, số máy bơm dầu được sử dụng
trung bình là 0,9 cái/ao (ao có diện tích trung bình
là 2.411 m2) với công suất máy trung bình là 6,7
kW/cái. Tương tự trong ao nuôi tôm TCT lót bạt,
tôm TCT nuôi ao đất cũng được lắp đặt động cơ dầu
cho dàn quạt nước (trung bình 0,4 cái/ao với công

72

Tạp chí Khoa học Trường Đại học Cần Thơ

Tập 55, Số 1B (2019): 66-79

Bảng 4: Đặc điểm các thiết bị sử dụng năng lượng trong mô hình nuôi tôm TCT và tôm sú
Mục
Số máy bơm dầu (cái/ao)
Công suất máy bơm dầu (kW/cái)
Số máy bơm điện (cái/ao)
Công suất máy bơm điện (kW/cái)
Số máy quạt nước dầu (cái/ao)
Công suất máy quạt nước dầu (kW/cái)
Số máy quạt nước điện (cái/ao)
Công suất máy quạt nước điện (kW/cái)
Số máy sục khí đáy điện (cái/ao)
Công máy sục khí đáy điện (kW/cái)
Số bóng đèn điện (cái/ao)
Công suất bóng đèn (W)

Tôm TCT
Ao lót bạt
Ao đất
0,7±1,3
0,9±0,9
16,6±17,0
6,7±3,2
2,7±4,4
0,9±0,9
2,3±0,3
1,9±1,0
0,3±0,8
0,4±0,8
6,0±2,1
5,6±1,8
3,5±1,7
2,1±1,3
2,1±0,4
1,7±0,7
1,3±1,5
0,2±0,5
3,9±1,8
4,6±4,6
4,8±5,8
2,7±2,6
46,0±11,7
46,2±13,5

Tôm Sú
TC
0,5±0,52
6,8±1,47
1,0± 0,82
2,0±0,9
0,4±0,7
6,9±0,7
2,3±1,6
1,7±0,4
3,9±4,8
45,5±13,0

QCCT
1,6±1,2
5,3±1,8
-

“-”: không có

Bảng 5: Cơ cấu (%) chi phí giá thành, điện và dầu trong các hoạt động nuôi tôm
Mục
Cơ cấu chi phí giá thành (%)
Chi phí khấu hao ao
Chi phí cải tạo ao
Chi phí khấu hao thiết bị
Chi phí hóa chất
Chi phí con giống
Chi phí thức ăn
Chi phí dầu
Chi phí điện
Chi phí lao động
Tổng
Cơ cấu chi phí điện (%)
Tỉ lệ điện dùng cho cung cấp oxy
Tỉ lệ điện dùng bơm nước
Tỉ lệ điện thắp sáng
Tỉ lệ điện cho tôm ăn
Khác
Tổng
Cơ cấu chi phí dầu (%)
Tỉ lệ dầu dùng cho cung cấp oxy
Tỉ lệ điện dùng bơm nước
Tổng

Tôm TCT
Ao lót bạt

Ao đất

Tôm Sú
TC

QCCT

4,12
1,80
5,42
11,4
14,8
51,7
0,73
7,05
2,94
100

3,86
2,89
5,24
11,9
11,3
55,3
1,76
6,28
1,44
100

4,137
3,24
5,63
15,7
10,3
52,8
1,22
7,00
100

15,7
26,6
16,3
4,96
28,5
1,74
6,15
100

64,7
7,24
2,32
2,34
23,4
100

82,0
5,25
2,18
0,79
9,78
100

73,1
5,81
2,04
19,1
100

100

100

4,38
95,6
100

7,69
92,3
100

-

“-”: không có

Boyd et al., 2017 và Paterson, 2018) (Bảng 6). Bên
cạnh, tiêu hao điện để sản xuất tôm dao động từ
2,62-8,540 kW.h/tấn tôm thành phẩm với chi phí
tiêu thụ điện từ 955-8.000 VND/kg tôm. Hệ thống
nuôi tuần hoàn (RAS) dù có thể tiết kiệm sử dụng
nước nhưng chi phí năng lượng cao hơn các mô hình
khác. Theo Mungkung (2005), để sản xuất 1 tấn tôm
cần khoảng 3.000 kW.h điện (ao nuôi TC) trong khi
đó ở hệ thống RAS là 4.300 kW.h cao hơn 1,4 lần.

Theo Vong (2018), người nuôi tôm phải chi 50200 triệu đồng/ha/vụ tiền điện (khoảng 10% tổng chi
phí sản xuất). Chi phí năng lượng cho các mô hình
nuôi tôm sú QCCT khoảng 4,2% tổng chi phí giá
thành. Trong khi đó, mô hình nuôi tôm bán thâm
canh và thâm canh tôm sú và tôm TCT dao động từ
4,0-9,8% (Cao et al., 2011, Son, 2011; Phùng Thị
Hồng Gấm và ctv., 2014; Navghan et al., 2015,
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Bảng 6: Cơ cấu (%) chi phí năng lượng – điện trong sản xuất tôm tại Việt Nam và trên thế giới
Loài và mô hình nuôi
Tôm Sú QCCT
Tỉ lệ chi phí năng lượng (%) (Dầu diesel và điện)
Chi phí năng lượng (đồng/kg tôm)
TC và bán TC tôm sú
Tỉ lệ chi phí năng lượng (%) (Dầu diesel và điện)
Chi phí năng lượng (đồng/kg tôm)
Tôm TCT TC – mô hình bón carbon hữu cơ
Tỉ lệ chi phí năng lượng (%) (Dầu diesel và điện)
Chi phí năng lượng (đồng/kg tôm)
Tôm TCT TC – mô hình truyền thống
Tỉ lệ chi phí năng lượng (%) (Dầu diesel và điện)
Chi phí năng lượng (đồng/kg tôm)
Tôm sú TC (TC)
Tỉ lệ chi phí năng lượng (%) (Dầu diesel và điện)
Chi phí năng lượng (đồng/kg tôm)
Tôm TCT TC
Tỉ lệ chi phí năng lượng (%) (Dầu diesel và điện)
Chi phí năng lượng (đồng/kg tôm)
Tôm sú TC (TC)
Tỉ lệ chi phí năng lượng (%) (Dầu diesel và điện)
Chi phí năng lượng (đồng/kg tôm)
Tôm TCT bán TC và TC
Tiêu hao điện (kW.h/tấn tôm)
Tiêu hao dầu diesel (Lít/tấn tôm)
Tôm TCT và tôm sú TC
Năng lượng tiêu thụ (kW.h/tấn tôm):
- Tiêu hao điện (kW.h/tấn tôm)
- Tiêu hao dầu diesel (kW.h/tấn tôm)
Tôm sú
Năng lượng tiêu hao (kW.h/tấn tôm)
Tôm sú TC
Tiêu hao điện (kW.h/ tấn tôm)

Nguồn và thông tin chi tiết
Tại Việt Nam [Son, 2011]
4,2
2.604
Tại Việt Nam [Son, 2011]
4,0
2.108
Tại Việt Nam [Phùng Thị Hồng Gấm và ctv., 2014]
7,15
5.538
Tại Việt Nam [Phùng Thị Hồng Gấm và ctv., 2014]
4,82
3.942
Tại Việt Nam [Phùng Thị Hồng Gấm và ctv., 2014]
9,24
8.800
Tại Ấn Độ [Navghan et al., 2015]
5,2: (điện: 4,8; dầu: 0,4)
3.489 (điện: 3.196; dầu: 292)
Tại Ấn Độ [Navghan et al., 2015]
9,8% (điện: 8,7; dầu: 1,1%)
7.455 (điện: 6.653; dầu: 802)
Tại Trung Quốc [Cao et al., 2011]
Bán TC: 548±88/ TC: 2.550±220
Bán TC: 23,9±2,8/ TC: 7,08±1,04
Tại Thái Lan và Việt Nam [Boyd et al., 2017]
Thái Lan: 9.060±1.530; Việt Nam: 2.750±330
- Thái Lan: 8.540±1.440; Việt Nam: 2.620±320
- Thái Lan: 520±90; Việt Nam: 130±20
Việt Nam: 1.500±810
Tại Australia; [Paterson 2018 in www.aqtinfo.com]
Năm 2000: 3.753; Năm 2010: 3.900
với các trụ đỡ hình “móc câu” (hình chữ J) và chữ U
hay con lăn (do Sở Điện lực Sóc Trăng thiết kế để
giảm ma sát) đã cho kết quả tiết kiệm điện khác nhau
(áp dụng con lăn tiết kiệm được 15,2%; áp dụng con
lăn kết hợp với trục thẳng tiết kiệm được 38,7%
lượng điện tiêu thụ). Tỉ lệ tiết kiệm này lớn cần được
tiếp tục nghiên cứu hoàn thiện và áp dụng rộng rãi
cho các mô hình nuôi tôm TC.

3.1.4 Hiện trạng sử dụng tiết kiệm điện
Trong các hệ thống ao nuôi tôm TCT và tôm sú
thâm canh, máy quạt nước được sử dụng rộng rãi,
ngoài các bộ phận phải mua như động cơ, dây điện,
cánh quạt, các phần còn lại thường được người dân
tận dụng các vật liệu sẵn có và rẻ tiền (như gỗ tạp)
để sử dụng, do đó hiệu quả sử dụng năng lượng thấp
do ma sát cao. Người nuôi tôm quy mô nhỏ chưa
trang bị đồng bộ các máy móc – thiết bị điện khiến
cho ưu điểm việc sử dụng điện 3 pha chưa được phát
huy; thêm vào đó, một số hộ có điện 3 pha nhưng lại
tách riêng từng pha để sử dụng động cơ 1 pha gây
lãng phí và kém hiệu quả. Hầu hết các ao nuôi tôm
đều được lắp đặt các động cơ điện (dùng cho máy
quạt nước) có công suất nhỏ (trung bình 2,14-2,31
kW/cái). Theo Vong (2018), các động cơ có công
suất dao động từ 1,50-2,25 kW/cái có hiệu suất sử
dụng điện thấp hơn các động cơ điện có công suất
lớn hơn. Hiện nay, giàn đạp nước được lắp đặt 2 kiểu
cánh quạt nước là cánh bằng và cánh muỗng kết hợp

Cần nghiên cứu lắp đặt các sản phẩm chuyên
dụng cho nuôi tôm với độ an toàn và hiệu suất sử
dụng (SAE – Standard Aeration Efficiency – kg O2
hòa tan vào nước/kW.h) cao hơn. Theo Limsuwan
and Chunratchakul (2004), năng lượng được sử
dụng cho hệ thống sục khí chiếm 20% chi phí sản
xuất và quá trình cung cấp oxy cho ao nuôi tôm
chiếm khoảng 80% năng lượng sử dụng. Vì vậy, cần
phải có phương án sử dụng hợp lý các loại cánh quạt
nước khác nhau kết hợp với điều chỉnh vòng quay
(tốc độ quay của cánh quạt) để có hàm lượng oxy
hòa tan phù hợp, tránh sử dụng quạt nước quá mức
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với nuôi tôm TCT ao lót bạt (3.235 kW.h/tấn tôm)
và tôm sú TC ao đất (4.173 kW.h/tấn tôm) (p<0,05).
Mặc dù lượng điện tiêu thụ của mô hình nuôi tôm sú
TC ao đất (21.540 kW.h/ha/vụ) thấp hơn không có
ý nghĩa thống kê (p>0,05) so với nuôi tôm TCT ao
đất (27.132 kW.h/ha/vụ) nhưng thấp hơn có ý nghĩa
thống kê so với ao tôm TCT lót bạt (150.2
kW.h/ha/vụ) (p<0,05). Tuy nhiên, chi phí điện cho
sản suất tôm sú TC trung bình 6.560 đồng/kg tôm
cao nhất và khác biệt có ý nghĩa thống kê so với nuôi
tôm TCT ao đất (4.514 đồng/kg tôm) (p<0,05),
nhưng khác biệt không có ý nghĩa thống kê (p>0,05)
so với ao tôm TCT lót bạt (5.085 đồng/kg tôm)
(Bảng 7). Điều này cho thấy, hiệu quả sử dụng điện
của ao nuôi tôm sú thâm canh thấp nhất, kế đến là
tôm TCT ao lót bạt và cao nhất là nuôi tôm TCT ao
đất.

cần thiết gây lãng phí điện. Theo Peterson (2002),
khi bắt đầu chạy máy quạt nước thì hàm lượng oxy
hòa tan tăng mạnh, sau đó tăng chậm lại và đạt đến
hàm lượng khoảng 6,8 mg/L (điểm bão hòa). Theo
giá trị của SAE, hiệu quả đưa oxy vào nước ao nuôi
của máy đạp nước phụ thuộc vào tốc độ vòng quay,
số lượng cánh quạt, đặc điểm cấu tạo (lớn, nhỏ, khả
năng tạo bọt khí và dòng chảy) của cánh quạt cũng
như thời gian hoạt động của hệ thống đạp nước này.
Vì thế, nếu thêm bộ điều chỉnh tốc độ quay của cánh
quạt theo thời gian khi mà oxy hòa tan trong nước
đã bão hòa thì có thể tiết kiệm điện hơn nữa.
3.2 So sánh hiệu quả sử dụng điện các mô
hình nuôi tôm TC

Bảng 7 cho thấy tiêu hao điện năng của mô hình
nuôi tôm TCT trong ao đất là thấp nhất (2.914
kW.h/tấn tôm) và khác biệt có ý nghĩa thống kê so
Bảng 7: So sánh hiệu quả sử dụng điện của 3 mô hình nuôi tôm TCT ao lót bạt, tôm TCT ao đất và tôm
sú TC ao đất
Chi tiết
Diện tích ao nuôi (m2)
Mật độ thả (con/m2)
Năng suất tôm (tấn/ha/vụ)
Lợi nhuận (triệu đồng/ha/vụ)
Lượng điện tiêu thụ (kW.h/ha/vụ)
Nhu cầu tiêu thụ điện (kW.h/ha/năm)(*)
Tiêu hao điện (kW.h/tấn tôm)
Chi phí điện (triệu đồng/ha/vụ)
Chi phí điện sản xuất (đồng/tấn tôm)

TCT ao lót bạt
1.346±593a
303±113b
47± 19b
2.401± 2.312b
150.282±81.624b
450.846±244.871b
3.235±1.333a,b
236±128b
5.085±2.096ab

TCT ao đất
2.422±867b
67±63a
10±11a
633±905a
27.132±31.138a
81.396±93.414a
2.914±1.434a
42±49a
4.514±2.145a

Tôm sú TC ao đất
2.608±1.014b
20±10a
5±3a
480±353a
21.540±19.665a
43.080±39.330a
4.173±2.709b
37±30a
6.560±4.259b

Các giá trị trung bình trong cùng 1 hàng có 1 chữ cái giống nhau thì khác biệt không có ý nghĩa thống kê (p>0,05). (*)
Ước lượng tôm TCT nuôi 3 vụ/năm và tôm sú nuôi 2 vụ/năm

Nguồn điện 1 pha được sử dụng trong nuôi tôm
có từ nguồn điện phục vụ cho sản xuất và điện sinh
hoạt. Ưu điểm của các nguồn điện sản xuất là giá
thấp và ổn định về điện áp. Tuy nhiên, ở một số nơi
điện áp 3 pha không đều nhau khiến cho động cơ 3
pha hoạt động chưa ổn định. Mặc dù, việc sử dụng
nguồn điện 3 pha mang nhiều lợi thế cho sản xuất
tôm, nhưng người nuôi cần phải đầu tư đồng bộ
trang thiết bị (động cơ 3 pha, cầu dao 3 pha) để có
thể phát huy lợi thế này. Khả năng phát triển điện 3
pha phục vụ cho nuôi tôm được người dân và các
chuyên gia cho là có tính khả thi cao. Tuy nhiên, cần
có sự hợp tác giữa nhà quản lý, điện lực và người
nuôi tôm trong việc đầu tư cơ sở hạ tầng điện vì một
số vùng nuôi cách xa đường dây cao thế, hay khu
vực nuôi có nhiều hộ nuôi quy mô nhỏ nên việc phát
triển lưới 3 pha mang lại hiệu quả kinh tế không cao
cho nhà đầu tư.

Bảng 8 cho thấy sự khác biệt giữa sử dụng điện
1 pha và 3 pha cho ao nuôi tôm TCT lót bạt là lợi
nhuận trung bình của các hộ nuôi tôm TCT ao lót
bạt sử dụng điện 3 pha là 2.476 triệu đồng/ha/vụ tốt
hơn có ý nghĩa thống kê (p<0,05) so với nhóm hộ
nuôi sử dụng điện 1 pha là 2.192 triệu đồng/ha/vụ.
Các chỉ tiêu còn lại khác biệt không có ý nghĩa thống
kê (p>0,05).
Ở mô hình nuôi tôm TCT ao đất, các hộ sử dụng
điện 3 pha có năng suất (29 tấn/ha/vụ) và lợi nhuận
(2.214 triệu đồng/ha/vụ) cao hơn có ý nghĩa thống
kê nhóm hộ sử dụng điện 1 pha (p<0,05) (năng suất:
8 tấn/ha/vụ và lợi nhuận: 447 triệu đồng/ha/vụ). Kết
quả này có thể là do mật độ thả của các nhóm hộ
nuôi sử dụng điện 3 pha cao hơn và có các trang thiết
bị tốt hơn (Bảng 9) nhưng cũng cho thấy sử dụng
điện 3 pha có hiệu kỹ thuật và kết quả tài chính tốt
hơn ở ao nuôi tôm TCT trong lót bạt và ao đất.
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Bảng 8: So sánh hiệu quả sử dụng điện 1 và 3 pha trong ao nuôi tôm TCT trong ao lót bạt
Đặc điểm chính của ao nuôi tôm TCT
Sử dụng điện 1 pha
Sử dụng điện 3 pha
2.076± 680
1.086±257
310±152
301±104
39±17
50±19
2.192±1.490a
2.476±2.587b
118.521±70.529
161.625±84.663
355.564±211.586
484.876±253.988
2.940±1.138
3.340±1.421
186±111
254±133
4.622±1.788
5.250±2.233

Chi tiết
Diện tích ao nuôi (m2)
Mật độ thả (con/m2)
Năng suất tôm (tấn/ha/vụ)
Lợi nhuận (triệu đồng/ha/vụ)
Lượng điện tiêu thụ (kW.h/ha/vụ)
Nhu cầu tiêu thụ điện (kW.h/ha/năm)(*)
Tiêu hao điện (kW.h/tấn tôm)
Chi phí điện (triệu đồng/ha/vụ)
Chi phí điện sản xuất (đồng/tấn tôm)

Các giá trị trung bình trong cùng 1 hàng có các kí tự mũ (a, b) khác nhau thì khác biệt có ý nghĩa thống kê (p<0,05). (*)
Uớc lượng tôm TCT nuôi 3 vụ/năm

Bảng 9: So sánh hiệu quả sử dụng điện 3 pha trong ao nuôi tôm TCT trong ao đất
Đặc điểm chính của ao nuôi tôm TCT
Sử dụng điện 1 pha
Sử dụng điện 3 pha
2.454±827
2.150±1.188
60±52
124±110
78±17a
95±4b
a
8±6
29±25b
a
447±366
2.214±2.076b
21.289±14.890
76.068±71.386
63.867±44.669
228.203±214.158
2.930±1.369
2.778±2.010
34±23
117±114
4.606±2.153
3.742±2.041

Chi tiết
Diện tích ao nuôi (m2)
Mật độ thả (con/m2)
Tỉ lệ sống (%)
Năng suất tôm (tấn/ha)
Lợi nhuận (triệu đồng/ha)
Lượng điện tiêu thụ (kW.h/ha/vụ)
Nhu cầu tiêu thụ điện (kW.h/ha/năm)(*)
Tiêu hao điện (kW.h/tấn tôm)
Chi phí điện (triệu đồng/ha/vụ)
Chi phí điện sản xuất (đồng/tấn)

Các giá trị trung bình trong cùng 1 hàng có các kí tự mũ (a, b) khác nhau thì khác biệt có ý nghĩa thống kê (p<0,05) (*)
Uớc lượng tôm TCT nuôi 3 vụ/năm

năng suất tôm nuôi, tổng chi, tổng thu và lợi nhuận.
Tuy nhiên, diện tích ao nuôi (m2) có mối tương quan
nghịch có ý nghĩa thống kê (p<0,05) với lượng điện
tiêu thụ (kW.h/ha/vụ), điều này cho thấy ao nuôi có
diện tích nhỏ có hiệu quả sử dụng điện thấp hơn ao
có diện tích lớn. Ngoài ra, ao nuôi tôm có độ sâu lớn
sẽ tiêu hao điện nhiều hơn do hệ thống máy đạp
nước được sử dụng nhiều hơn.

Ở ao nuôi tôm TCT lót bạt, lượng điện tiêu thụ
(kW.h/ha/vụ) có mối tương quan đồng biến có ý
nghĩa thống kê (p<0,05) với mật độ thả tôm, năng
suất nuôi tôm, tổng chi phí và tổng thu. Kết quả này
cho thấy, khi mật độ thả tôm càng tăng thì lượng
điện tiêu thụ (kW.h/ha/vụ) càng tăng và ngược lại,
khi đó năng suất tôm nuôi, tổng chi và tổng thu tăng.
Trong khi đó, tiêu hao điện (kW.h/kg tôm) có tương
quan đồng biến có ý nghĩa thống kê (p<0,05) với giá
thành sản xuất, có nghĩa là hao điện tăng sẽ tăng giá
thành sản xuất tôm.

Tại mô hình nuôi tôm sú TC, lượng điện tiêu
thụ (kW.h/ha/vụ) tương quan đồng biến có ý nghĩa
thống kê (p<0,05) với mật độ thả và tổng chi.
Điều này cho thấy khi mật độ nuôi tôm cao thì lượng
điện tiêu thụ tăng và làm gia tăng chi phí nuôi tôm
(Bảng 10).

Trong mô hình nuôi tôm TCT ao đất, có sự tương
quan đồng biến có ý nghĩa thống kê (p<0,05) lượng
điện tiêu thụ (kW.h/ha/vụ) với các yếu tố mật độ,
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Bảng 10: Hệ số tương quan (Pearson) giữa các biến “hiệu suất sử dụng điện” với biến kỹ thuật - tài
chính của các mô hình nuôi tôm TC

Chỉ tiêu
Độ sâu ao nuôi (m)
Diện tích ao nuôi
(m2)
Mật độ thả (con/m2)
Thời gian nuôi
(ngày)
Năng suất tôm
(tấn/ha/vụ)
eFCR
Tổng chi (triệu
đồng/ha/vụ)
Tổng thu (Triệu
đồng/ha/vụ)
Lợi nhuận (triệu
đồng/ha/vụ)
Giá thành (đồng/kg)

Tôm TCT lót bạt
Tôm TCT ao đất
Tôm sú TC ao đất
Tiêu hao
Tiêu hao
Lượng điện Tiêu hao điện Lượng điện
Lượng điện
điện
điện
tiêu thụ
(kW.h/tấn
tiêu thụ
tiêu thụ
(kW.h/tấn
(kW.h/tấn
(kW.h/ha/vụ)
tôm) (kW.h/ha/vụ)
(kW.h/ha/vụ)
tôm)
tôm)
0.308
-

-

-0.393

-

-

-

0.503

-

0.688

-

0.602

-

-

0.468

-

-

-

-

0.591

-

0.862

-

-

-

-

-

0.509

-

-

-

0.745

-

0.903

-

0.697

-

0.467

-

0.868

-

-

-

-

-

0.779

-

-

-

-

0.589

-

-

-

-

Hệ số tương quan Pearson (p<0,05); (-) Tương quan không có ý nghĩa thống kê (p>0,05)

từng năm khác nhau. Vì vậy, ước lượng nhu cầu điện
tăng thêm cho giai đoạn 2016-2020 và 2020-2025
dựa vào sản lượng tôm nuôi tăng thêm là hợp lý hơn.
Tuy nhiên, theo sản lượng tôm nuôi tăng thêm và
mức tiêu hao điện năng (kW.h/tấn tôm nuôi), nên
chỉ đưa ra được nhu cầu tối thiểu điện năng tăng
thêm cho thời gian tới cho các mô hình nuôi tôm TC,
nếu tỉ lệ rủi ro (mất mùa) do dịch bệnh hay thời tiết
tăng thì nhu cầu điện sẽ tăng nhiều hơn giá trị ước
lượng này để có thể đạt sản lượng tôm nuôi đã đề ra
theo kế hoạch phát triển.

3.3 Nhu cầu điện trong thời gian tới
Căn cứ các chỉ tiêu tính toán hiệu suất sử dụng
điện bao gồm (i) lượng điện tiêu thụ (kW.h/ha/vụ);
(ii) nhu cầu tiêu thụ điện (kW.h/ha/năm); và (iii) tiêu
hao điện (kW.h/tấn tôm thành phẩm; và kết hợp với
kế hoạch phát triển tăng diện tích và sản lượng của
các mô hình nuôi tôm TC, để ước tính nhu cầu sử
dụng điện tăng thêm phục vụ cho việc phát triển
nghề nuôi tôm đến năm 2020 và 2025. Theo Quyết
định 79 của Thủ Tướng Chính phủ (2018), diện tích
nuôi tôm (bao gồm ao nuôi tôm thịt, ao lắng, ao
chứa, trại, bờ bao, …) và sản lượng tôm sẽ tăng vào
năm 2020 và 2025 (Bảng 11), nếu sử dụng diện tích
nuôi tôm tăng thêm kết hợp với nhu cầu tiêu thụ điện
(kW.h/ha/năm) mà hoạch định nhu cầu điện tăng
thêm là chưa hợp lý do biến nhu cầu điện tiêu thụ
(kW.h/ha/năm) được tính trên diện tích ao nuôi (chỉ
là ao nuôi tôm thịt) mà không phải là tổng diện tích
của trang trại nuôi.

Theo sản lượng tôm tăng thêm với các kịch bản
phát triển nuôi tôm TCT ao đất và ao lót bạt cũng
như nuôi tôm sú TC thì nhu cầu tối thiểu lượng điện
tăng thêm vào năm 2020 và 2025 được thể hiện qua
Bảng 11. Nếu kịch bản tăng sản lượng tôm TCT
nuôi bằng hình thức ao lót bạt thì nhu cầu tối thiểu
năng lượng điện tăng thêm (năm 2020 là 280,1 triệu
kW.h và năm 2025 là 712 triệu kW.h) sẽ cao hơn
nuôi trong ao đất (năm 2020 là 252 triệu kW.h và
năm 2025 là 641 triệu kW.h); trong khi đó nhu cầu
tối thiểu điện tăng thêm của mô hình nuôi tôm sú TC
là 168 triệu kW.h (2020) và 292 triệu kW.h (2025)
(Bảng 11).

Bên cạnh đó, tỉ lệ diện tích ao nuôi tôm thịt, ao
lắng, xử lý, kênh cấp, thoát và các công trình phụ
trong trang trại nuôi khác nhau giữa các mô hình
nuôi và quy mô của hộ nuôi; và tỉ lệ thành công của
ao nuôi cũng khác nhau và phụ thuộc vào nhiều yếu
tố như dịch bệnh và thời tiết theo từng vùng và qua
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Bảng 11: Ước lượng nhu cầu tối thiểu điện tăng thêm (kW.h) vào năm 2020 và 2025 dựa vào sản lượng
tôm nuôi theo quyết định 79/TTg năm 2018 (*)
Chi tiết
Tôm sú TC
Tiêu hao điện năng (kW.h/tấn tôm)
4.173
Sản lượng tôm (tấn) theo QĐ 79/TTg (2018)
2016
109.770
2020
150.000
2025
220.000
Sản lượng tôm (tấn) tăng thêm
2020 (so với 2016)
40.230
2025 (So với 2020)
70.000
Nhu cầu điện tăng thêm (triệu kW.h)
2020 (so với 2016)
167,9
2025 (So với 2020)
292,1

Tôm TCT

Tôm TCT lót bạt
3.235

Tôm TCT ao đất
2.914

280
712

252
641

393.429
480.000
700.000
86.571
220.000

(*) Số liệu ước tính dựa trên “Kế hoạch hành động quốc gia phát triển ngành tôm Việt Nam đến năm 2025 tại Quyết
định số 79/QĐ-TTg ngày 18 tháng 01 năm 2018 của Thủ tướng Chính phủ và số liệu điều tra (Bảng 6)

về điện áp biến động và thiếu kiến thức sử dụng điện
an toàn và tiết kiệm.

4 KẾT LUẬN VÀ ĐỀ XUẤT
4.1 Kết luận

 Dựa vào sản lượng tôm nuôi tăng thêm, ước
lượng nhu cầu tối thiểu điện năng tăng thêm cho (a)
nuôi tôm sú TC là 168 triệu kW.h (năm 2020 so với
2016) và 292 triệu kW.h (2025 so với 2020); và (b1)
cho tôm TCT ao lót bạt tối thiểu là 280 triệu kW.h
(2020) và 712 triệu kW.h (2025); hoặc (b2) trường
hợp chỉ tăng sản lượng tôm TCT ao đất thì nhu cầu
tối thiểu điện năng tăng thêm là 252 triệu kW.h
(2020) và 641 triệu kW.h (2025).
4.2 Đề xuất

 Năng suất và lợi nhuận của mô hình nuôi tôm
TCT lót bạt (47±19 tấn/ha/vụ và 2.401±2.312 triệu
đồng/ha/vụ) có xu hướng cao hơn tôm TCT nuôi
trong ao đất (10±11 tấn/ha/vụ và 633±905 triệu
đồng/ha/vụ), kế đến là mô hình nuôi tôm sú TC (5±3
tấn ha/vụ và 480±353 triệu đồng/ha/vụ) và thấp nhất
là mô hình tôm sú QCCT (0,39±0,23 tấn/ha/năm và
42±37 triệu đồng/ha/năm).
 Chi phí điện trong nuôi tôm TCT lót bạt
chiếm 7,05% tổng chi phí giá thành, kế đến là tôm
sú TC (7,00%) và tôm TCT trong ao đất (6,28%).
Hộ nuôi tôm TCT sử dụng điện 3 pha cho lợi nhuận
(2.192±1.490 triệu đồng/ha/vụ) cao hơn hộ sử dụng
điện 1 pha (2.476±2.587 triệu đồng/ha/vụ).

 Cần phát triển lưới điện 3 pha với điện áp ổn
định phục vụ sản suất, kết hợp với việc tập huấn cho
nông dân sử dụng các trang thiết bị điện một cách
an toàn và hợp lý.
 Cần nghiên cứu các hệ thống cung cấp oxy
(sục khí đáy và quạt nước) với hiệu suất sử dụng
năng lượng điện (SAE) cao nhất, phù hợp với thực
tế sản xuất tại Việt Nam đáp ứng được sự phát triển
của tôm nuôi.

 Trong 2 mô hình nuôi tôm thẻ chân trắng
trong ao lót bạt và ao đất, lượng điện sử dụng của ao
nuôi tôm TCT lót bạt là 150.282 kW.h/ha/vụ, với
tiêu hao điện trung bình là 3.235 kW.h/tấn tôm (chi
phí điện là 5.085 đồng/kg tôm) cao hơn so với nuôi
trong ao đất có lượng điện tiêu thụ là 27.132
kW.h/ha/vụ, tiêu hao điện là 2.914 kW.h/tấn tôm và
chi phí điện là 4.514 đồng/kg tôm. Mô hình nuôi tôm
sú TC có lượng điện tiêu thụ là 21.540 kW.h/ha/vụ,
tiêu hao điện là 4.173 kW.h/tấn tôm và chi phí điện
là 6.560 đồng/kg tôm; và ao nuôi tôm sú QCCT
không sử dụng điện cho nuôi tôm.

 Cần nghiên cứu ứng dụng các trang thiết bị
chuyên dùng trong việc cung cấp oxy cho ao, đặc
biệt là các cải tiến về con lăn và trục thẳng kết hợp
(giảm lực ma sát) với các hệ thống điều chỉnh vòng
quay của mô tơ điện, kết hợp các thiết bị quan trắc
và đo đạt oxy hòa tan nhằm tốt ưu hóa việc sử dụng
điện trong hoạt động sục khí và quạt nước.

 Trang thiết bị sử dụng điện chưa đồng bộ và
có hiệu suất tiết kiệm năng lượng và tính an toàn
chưa cao do động cơ điện 1 pha có công suất nhỏ,
người nuôi vận hành sục khí theo cảm quan dẫn đến
tình trạng lãng phí điện. Người nuôi gặp khó khăn
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Introduction
Limited information about the upcoming of extreme weather events, such as flood, drought
and storm as well as unusual climate variability, due to the climate change, would make consequent
in significant losses of agricultural productions and vulnerability to value chains of the products
(Lebel et al., 2016; Navy et al., 2017). The impacts of climate change on aquaculture are more
complex than those on terrestrial agriculture (Brander, 2007; Williams and Rota, 2013). Small scale
aquaculture has been contribute less to the cause of climate change but is among the first
agricultural commodities that severely impacts, either to the fishes per se or to the water-body that
they depend, which eventually the falling of the productions (Williams and Rota, 2013). To cope with
these extreme events and changes, the fish farmers require the trustworthy and timely sources of
information on weather forecast as well as communication channels on mitigation and farm
management from these risks.
Experience and perception on the risks from extreme weather events and climate change to
the fish farming may vary region by region, locations as well as scale and type of the culture systems
(Nguyen et al. 2015; Uppanunchai et al., 2015; Joffre et al., 2018). Lebel et al. (2015) stated that
good understanding of risk perception is a key in improving climate risk management, and
adaptation to climate change. For the freshwater fish farmers in the Lower Mekong Basin, the
awareness on these climate-related risks are getting higher because the frequent phenomena of
these risks, which including rapid changes in temperature, intense rainfall events and floods (Lebel
et al., 2015; Lebel et al., 2020). In Thailand, in the northern and northeastern regions, the farmers,
both hatcheries and grow-out farms, underwent number of harsh climate conditions, for example

intense rainfall, drought as well as extreme high and low temperatures, which impact to their
productions (Uppanunchai et al., 2015; Lebel et al., 2016; Lebel et al., 2020). The recent findings in
Lao PDR is very interesting because the fish farmers less concerned on the climate-related risks to
their productions (Lebel et al., 2020). Meanwhile the study in Cambodia and Vietnam showed that
not only the fish farmers but all the stakeholders in the value chain, i.e. from seed producers,
farmers, traders and processors, perceived the impacts of climate-related risks to their businesses
(Navy et al., 2017; Lebel et al., 2020). Moreover, more risky to the freshwater fish farms were
observed and perceived impacts in the striped catfish farms in the Mekong delta, due to various
types of climate-related risks associated to coastal zone such as storm surge and salt intrusion
(Nguyen et al. 2015).
Accessibility to weather forecast is among the key factors that necessary to farmers to
improve their farm management and to prevent the problems from climate-related risks to their
production (Hu et al., 2006; Bryan et al., 2009). Information in both short term weather fluctuations
and long term climate-related trends allows the farmers to make the right decision to manage their
farms. In Thailand, the common communication channels in weather forecast to fish farmers include
newspapers, radio and television. Other than the formal media, information on upcoming weather
could be from the neighbor farmers and experts, e.g. salesperson and fisheries officers (Lebel et al.,
2020). In the present day, Information sharing through the Information and Communication
Technologies (ICTs) is considered as high potential to support farmers to improve their products and
sustainability. Many relevant organizations in Thailand, so far, have provided many ICT service
platforms, for example, the website on weather forecast (https://www.tmd.go.th/index.php) from
Thai Meteorological Department, website on water and irrigation condition
(http://www2.rid.go.th/main/) and smartphone application WMSC for Water-watch and Monitoring
System from Department of Irrigation and smartphone application “Tilapia 4.0” from Kasetsart
University, which display the weather forecast as well as tilapia farm management under different
weather situation.
In this study, we aim to (1) examine the preference sources of forecast communication
among different fish farmer groups and (2) to examine how does culture systems, ages, genders,
educations or experience influence the perception of climate related risks and using the ICs to help
their farm management practices?
Materials and methods
Study area

This study pinned the survey area in the northeastern of Thailand, the region of the country
that 85% of the area lies within the Lower Mekong Basin. It is a region where smallholder farming
prevails and operates under environmental constraints (Tipraqsa et al., 2007). Small scale
aquacultures are in the large water bodies and rained zone, which much relied on irrigation (Pant et
al., 2004). The climate in NE of Thailand is tropical semi-humid dry-savannah climate, where the
average low- and high- air temperatures are 20 and 33 °C, respectively. The summer is between
February to May while the rainy season is from June to October and the remaining 3 months are
cool season. The average annual rainfall varies from 1270 to 2000 mm within the region (Pant et al.,
2004; Tipraqsa et al., 2007). Similar to other regions in Thailand, NE of Thailand faces significant
increase in temperature and both drought- and flood- events are more frequent in the past 2
decades (Bhaktikul, 2012).
Choices of the farmers and survey methods
Six hundred and eighty-six (686) fish farmers across the NE of Thailand from 19 districts in 6
provinces were interviewed through the questionnaire. The questionnaire was pre-tested to refine
the questions, which covered information of the respondents on concerns and experiences on
climate-related risks, attitudes towards risk and innovation as well as sources and usefulness of
information (detail in Lebel et al., 2020). The respondents were selected through the simple random
sampling from the list of registered fish farmers in each province. The survey team firstly called to
the respondents to ask their availability and made appointment. The questions used in this study
were covered background and farming practices of the respondents, including the dichotomous, i.e.
yes and no, question of using the internet (8 questions) and questions regarding sources and
usefulness of information were (a) 2 questions are about the important of the sources of
information about expected short- and long- terms weather conditions; (b) 8 questions are about
how to manage climate- -related risks The questions in group (a) and (b) were designed as a Likerttype question and (c) a question on accessed information from the internet.
Data analyses
The data was stored, cleaned and coded using Microsoft-Excel. Descriptive statistics were
carried out to explain the background of the respondents. Preference the sources of information on
various issues was presented by radar diagram and statistical differences of the preference of
different farmer groups were analyzed by Kruskal-Wallis test and the Dunn’s post –hoc test was
applied when the difference was statistically significant (P<0.05). Classification and Regression Tree

(CART: Breiman et al., 1984) was used to explain the condition of using mobile phone and internet
for looking for information in farm practices. The cost-complexity pruning was used to prune the
tree (Breiman et al., 1984). Data analysis was conducted by using Program R (R Development Core
Team, 2019) using packages ‘‘stats’’ (R Development Core Team, 2019) and ‘‘rpart’’ (Therneau &
Atkinson, 2010)
Results
Background of the respondents
There were four major fish farming activities of the respondents as cage (386) - and pond
(224) -cultures of tilapia and pond culture of giant fresh (70). The remaining 6 respondents were
polyculture in pond. The cultured area ranged between 3 and 22,750 m2 with median of 229.5 m2.
The respondents were quite balance between sexes, i.e. male (59.7 %) and female (40.3 %). Over
half of the respondents were senior (age over 50 years old = 56.4 %), 28.3 % were aged between 4049 years old and the remaining was less than 40 years old. Only 5.7 % of the fish farmers educated in
the college level, meanwhile 29.0 % and 63.3 % finished secondary- and primary- schools. Majority
of the respondents (39.4 %) was experience from 1 to 5 years of fish farms. The novices, i.e. less than
1 year of experience, and the veterans, more than 15 years of experience, were 3.2 % and 17.2 %
respectively. The remained respondents were experience between 6 – 15 years.
Sources of information and concerns
Televisions plus other farms and growers group were the most important sources for
expected weather condition both for the short term (Fig.1) and the upcoming season (Fig. 2). Radio
was considered as somewhat important, i.e. Linkert score closes to 3, for the short term weather
and climate conditions. Magazines and newspapers were received very low score, i.e. Linkert score
closes to 1, as for the important sources of information. Among the farmer groups, it was clearly
seen that the cage cultured group more relied information from other farms and growers group,
meanwhile it was television for the farmers of giant freshwater prawns.
Concerns on climate-related risks to the profitability of the fish farm were varied in each
clause and different among the farmer groups (Fig. 3). It is interesting that the concern levels on
climate-related risks were significantly lower than other farmer groups in every clause. Floods,
extreme low temperature and intense rainfall were more concerned by the “pond’ farmers, both
tilapia and giant freshwater prawn. The tilapia-cage farmers showed very concerned in drought, high
temperature, rapid changes in temperature and high wind storm.

Internet uses
A little more than half (53.5 %), of the total respondents, had the experience in accessed the
internet to find information about their farm management. The searched information and the
percentage of total experience respondents were weather forecasts (61.9 %), fish farming methods
(61.0 %), Fish diseases (51.2 %), climate change (48.2 %) and fish prices (41.7 %). The CART results
(Fig. 4) showed that education is the major factor for the first split as the non-used internet farmers
were educated at primary level. However, with the lower area and higher experience of culture, the
number of farmers, whom accessed to the internet, was also getting higher. For those whom
experience on accessing the internet and obtained high school level or higher. In this group, if they
are younger age and higher area of culture, the number of the farmers, whom accessed the internet
for farm management, was got higher.

Figure 1 Radar chart showing the preference sources of information for expected weather condition
in the short term.

Figure 2 Radar chart showing the preference sources of information for expected weather condition
for the upcoming season

Figure 3 Differences in concerns on the climate related risks of any group of fish farmers. Number in each box shows the median value of Linkert’s scale and
difference number in each clause indicate significantly different at α = 0.05

Figure 4 CART model to predict the condition of fish farmers, whom accessed the internet to find
information about their farm management
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Abstract
This study aims to determine climate-related risk impacts, responses of farmers, and assistant
activities in tilapia cage culture (TC), striped catfish nursery (SCN), striped catfish production (SCP),
improved extensive (IES), and intensive shrimp (IS) farming systems. A survey with 601 farmers in the
Mekong Delta (MKD), Vietnam, was conducted. Intense rainfall events and rapid changes in
temperature affected all five surveyed systems. Extreme high temperature impacted TC, IES and IS. On
the other hand, extreme low temperature impacted the striped catfish groups (SCN and SCP). Striped
catfish systems were more sensitive to low temperature in comparison to shrimp and tilapia. For risk
management, increase dyke height was applied in SCN and SCP. Increase pond depth was the response
of SCN, SCP and IS systems. The IS and SCN had higher counts of additional pond contruction.
Monitoring water quality and use feed supplements/medicines were implemented by farmers in all five
systems; however, these were higher for SCN, SCP and IS than TC and IES. Reduce stocking density
was the response of TC, SCN, SCP and IS; whereas it was not for IES. Use of aerators or mixers was
highest in IS systems. For source of information about climate-related risks, television was the most
important; neighboring farmers and Department of Fisheries (DOF) were also important. Price of
marketable size fish, diseases, feed and fingerlings were issues of high concern. Rapid changes in
temperature, high and low temperature were the main environment parameters that had high concern
level.
Keywords: adaptation, climate-related risks, shrimp, striped catfish, tilapia, Vietnam
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INTRODUCTION
Climate change is expected to increase frequency of droughts, hot weather, heavy rain, and

highly variable rainfall patterns. Extreme weather conditions will increase in high latitudes and may
decline in most subtropical regions (United States Environmental Protection Agency - USEPA, 2012).
The impact of drought and rising temperature causes evaporation that reduces freshwater in rivers and
bays where it is affected by tides to increase salinity in estuarine areas (USEPA, 2012). In 2070, the
rainfall in Vietnam will increase 0-5% in the dry season and 0-10% in the rainy season (United Nations
Framework Convention on Climate Change - UNFCCC, 2003). In the Mekong Delta (MKD), rainfall
will decrease 10-20% at the early rainy season and increase at the end of rainy season (Tuan and
Suppakorn, 2009). Global temperature increased by 0.74oC in 1906-2005 period and is expected to
increase to about 0.2oC per decade in the next 20 years (Intergovernmental Panel on Climate Change
IPCC - IPCC, 2007). It is estimated that by 2050 and 2070 the average temperature of coastal and inland
of Vietnam will increase to 1.1-1.5oC and 1.8-2.5oC, respectively (UNFCCC, 2003). In the MKD, the
highest temperature in dry season will increase by 2oC (to 35-37oC) in the period of 2030-2040 (Tuan
and Suppakorn, 2009). It is predicted that sea level will increase by 33 cm and 1.0 m by 2050 and 2100,
respectively (UNFCCC, 2003). It is estimated that when the sea level rises up 40 cm, about 20 million
people in Southeast Asia will be affected by floods. Most of the MKD area has a topography <2 m above
sea level (Vietnam National University - HCM City and Geomatics Center, 2019), therefore this area is
most affected by rise of sea (Nicholls, 2006). The flooded area will increase towards the Ca Mau
peninsula; and the risk of occurrence and landing of storms and tropical depressions will be higher by
the end of the year (Tuan and Suppakorn, 2009).
Vietnam's economy ranked 27th in terms of vulnerability to climate change impacts on the
fisheries sector (Allison et al., 2009), and the most vulnerable groups are farmers in the rural and coastal
areas (Nhan et al., 2010). In MKD, the farming of striped catfish (Pangasianodon hypophthalmus), red
tilapia (Oreochromis sp.) and brackish shrimp (Penaeus monodon and Litopenaeus vannamei) are
among the key species that contribute significantly to export and improve the living standards of local
people. The culture areas of striped catfish and red tilapia (cage culture) stretches from the upstream

provinces to the areas adjacent to brackish water, meanwhile the shrimp area occupies a large area of
coastal provinces. This study aims to determine the current status of climate-related risks and its impacts
on these aquaculture farming systems, and the response of farmers to improve adaptive activities in
terms of farming techniques of these systems toward sustainable development.
2

METHODS

2.1 Data collection
An in-depth, structured questionnaire survey was carried out from 25 January to 30 March of
2018 with 601 farmers. The culture systems chosen for the study included striped catfish production or
grow-out (SCP) (107), striped catfish nursery (SCN) (97), red tilapia cage production (TC) (198),
intensive shrimp production (IS) (139), and improved extensive shrimp production (IES) (60) (Table 1).
Site numbers refer to locations in Figure 1.
Table 1: The locations and sample size of surveyed farmers
Province

Sample size [Site number]
SCP

An Giang

30 [1, 2]

SCN

TC

24 [5]

38 [6]

Can Tho

20 [7]

27 [7]

Vinh Long

15 [8]

43 [6]

40 [9]

Tien Giang

36 [10]

Ben Tre

41 [11]
10 [13]

Soc Trang

8 [14]

IES

32 [1, 2] 38 [3, 4

Dong Thap

Tra Vinh

IS

40 [12]

99 [14, 15, 16]

Bac Lieu

30 [17]

Ca Mau

30 [18]

Total

107

97

198

139

60

③⑥
⑥
⑤⑨
②④
⑦
⑧
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Figure 1: The location of sampling sites for in-depth survey in the Mekong Delta – Vietnam
(Blue number: striped catfish; black number: Tilapia; and red number: shrimp)
Table 2: The option questionnaire selected by farmers and codes
Variable

Nominal/or ranking
[Coded value]

A. Background of farming systems

Nominal

Gender

Male [1], Female [2]

Farming experiences (year)

1-5 [1], 6-10 [2], 11-15 [3],
>15 [4]

Source of water supply

Irrigation [1], river [2]

Pond used for storage water

Yes [1], No [0]

B. Climate change risk-related (CCR) causes

Nominal

Floods or high flows, droughts or low flows, extreme high

Yes [1], No [0]

temperature, extreme low temperature, rapid changes in
temperature, long period with dense cloud cover, intense rainfall
events, storm surges

C. Negative impacts of CCR causes on farming systems

Nominal

Many fish died, many fish escaped, equipment damaged, fish

Yes [1], No [0]

grew slowly
D. Issues concerned to CCR causes to the profitability of

Concerning ranking

farmers
Floods or high-flows, droughts or low-flows, extreme high

Not concerned at all [1],

temperatures, extreme low temperatures, rapid changes in

Slightly concerned [2],

temperature, long period with dense cloud cover, intense rainfall

Somewhat Concerned [3],

events, high wind storms

Moderately concerned [4],
Very concerned [5]

E. Responses of farmers against to CCR causes

Nominal

E.1. Modifying pond construction
Lined ponds to better retain water, increased height of bunds,

Yes [1], No [0]

made pond deeper, dug an additional pond,
E.2. Techniques applied

Nominal

Monitored water quality, used aeration or mixers, harvested crop

Yes [1], No [0]

early, used feed supplements/medicines, exchange water, moved
fish between sites
E.3. Adjust techniques in the upcoming season

Nominal

Prepared or repaired aerators or mixers, reduced stocking

Yes [1], No [0]

density, stocked larger fingerlings, delayed stocking for a month
or more, stored additional water, moved fish between sites
F. Important information sources to adapt CCR causes

Important ranking

Farmers, department of fisheries (DOF), officials from local

Not at all important [1],

government, companies, group of farmers, TV, Internet, radio,

Slightly important [2],

news

Somewhat important [3],

Important [4], Very
important [5]
2.2 Data analysis
The different characteristics (importance and frequency) among surveyed farming systems were
compared using non-parametric ANOVA (Kruskal-Wallis) and correlation (cross-table, chi-square)/and
Chi-square Automatic Interaction Detection (CHAID) methods (decision tree) (p<0.05) using SPSS
22.0.
3

RESULTS

3.1 Background information
In general, the five farming systems are operated mainly by men with longer than 5 years of
farming experience. The sources of water for ponds were mainly from the irrigation and main river.
However, these farming systems had low percentage of using storage pond, only 21.6% of IS farms use
storage pond for shrimp farming; beside that TC and SCP do not use storage pond. The low percentage
of storage pond for fish and shrimp culture resulted in low capacity of water exchange (with good water
quality) in case of emergency caused by CCRs or fish disease; thus these farming systems are highly
dependent on the weather, environment condition in river or irrigation systems. Figure 2 shows there
was a correlation between different farming systems (TC, SCN, SCP, IS, IES) with gender, farmers’
experience, water use of irrigation canal, river and storage pond (p<0.05).
Farmer’s gender: four farming systems showed both women and men functioning as owner
and management. However, men dominated women in all five farming systems. Percentage of female
ownership of TC (20.7%) and IS (27.3%) were higher than those of SCN (8.2%), SCP (13.1%) and IES
(6.8%) systems (p<0.05).
Farming experience: most farmers of the five farming systems had experience more than 5
years. Farmers with 6-10 years of experience were highest in TC (42.4%) and SCN (37.1%). In the SCP
farmer group, most (42.1%) had 11-15 years of experience. In the IES and IS farmer groups, experience
of farming longer than 15 years was 49.2% and 29.5%, respectively. This result shows that the farming

experience of shrimp farming is longer than that of striped catfish and tilapia because the shrimp farming
model has a longer history of development than that of striped catfish and tilapia in MKD.
Irrigation system: many SCN farmers used freshwater from irrigation (63.9%) and river system
(63.9%). However, the SCP (82.2%), IS (66.2%) and IES (67.8%) used water from river. Most TC farms
were located in the main flow of the Mekong River, however, some TC farms had nursing ponds and
used irrigation canal for water supply.
Pond used for storage water: a small percentage of farmers engaged in SCN, IS and IES had
water storage pond to supply water into culture ponds, 1.0%, 21.6% and 1.7%, respectively.
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Value is percentages (%), Chi-square test for relationship different farming systems (row) crossing with
farmer’s background parameters (column). Cross table – Chi-square. H/L: higher/lower expected
percentage significantly (p<0.05).
Figure 2: Background information of five farming systems
3.2 Impact of climate change related risk on farming systems
Rainfall issue: Intense rainfall event (Yes answer of TC: 16.2%, SCN: 79.4%, SCP: 48.6%,
IES: 44.1% and ISP: 42.4%) and rapid changes in temperature (Yes answer of TC: 18.2%, SCN: 43.3%,
SCP: 31.8%, IES: 37.3% and IS: 38.1%) were the main three causes that affected the five farming

systems. Meanwhile, extreme high temperatures highly affected TC (35.9%), IES (32.2%) and IS
(28.8%); and extreme low temperature was a serious issue for the striped catfish group (SCN: 54.36%
and SCP: 54.2%). The results indicated that the striped catfish were more sensitive to low temperature
compared to shrimp and tilapia.
Flood issue: Floods or high flows caused more serious problems for TC, SCN and SCP (affected
by flooding water from the Mekong River) compared to brackish water farming systems located in the
coastal areas (IES and IS). For farms located in the Mekong River, low flows impacted TC more than
SCN, SCP, IES and IS systems. In the dry season, low flows result in shallow water in upstream
provinces (e.g. An Giang province) and risk of salinity intrusion in downstream province (e.g. Ben Tre
province).
Temperature issue: Extreme high temperatures were of greatest concern for TC (cause of
bacterial disease occurrence) and IES (shallow pond) systems than the other three remaining farming
systems. Rapid changes in temperature and intense rainfall events greatly affect TCP because this
farming system is based in rivers with huge volumes of water body. Meanwhile, the SCN, SCP, IES,
and IS are more sensitive to intense rainfall and temperature change due to a wide range of salinity and
temperature fluctuations.
Extreme low temperatures and long periods of dense cloud cover impact SCN and SCP systems
the most, because such events lead to parasite diseases in striped catfish. Storm surges highly affect TC
and IS due to these systems are typically located in large rivers and coastal areas, respectively, with
weak ability of weather resistant.
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Figure 3: Negative impact of CCR causes suffered significant losses in the five farming systems
Suffered production issue: The survey results showed that due to negative impact of CCRs, a
high percentage of farmers suffered losses such as “many fish died” and “slow growth” in all five
farming systems (>89,9% and >30.9%, respectively), while other losses of “many fish escaped” and
“equipment damaged” had low percentage (<6.1%, < 7.2%, respectively). Fish and shrimp crop
damaged by “many fish died” in SCP, IS and IES had higher percentage (p<0.05) compared to that of
TC and SCN. Losses of “fish grew slowly” in TC and SCN systems was higher than the other systems
(p<0.05). Although low percentage of farmers who answered that “many fish escaped” in all farming
system, due to tilapia cultured in cage and nursing pond closed to river, TC system had high percentage
of losses of “many fish escaped” compared to that of SCP, SCN, IS and IES systems (p<0.05) (Figure
4).
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Figure 4: Crop damaged by negative impact of CCR in the five farming systems
3.3 Impact of climate-related risks to the profitability of farming systems
Results indicated that the concerned level differences of CCRs and other risks from surrounding
environment was higher than 2.5 (ranked from 1: not concerned at all to 5 very concerned) effect to
profit of their farms were identified in Table 3. There were no significant differences in levels of concern
to climate-related risk between the five culture systems (p>0.05). However, the highest concerned score
effect to profit of TC farm belonged to “extreme high temperatures” (with suitable condition for
development of bacteria diseases), following as “extreme low temperature” in SCP farms (causing
parasite diseases). SCN farms had problems in “Intense rainfall events” (causing fluctuation of water
quality because of shallow water depth); meanwhile, IS and IES were affected by “rapid changes in
temperature” (causing virus diseases). These CCRs impact may cause poor survival rate, yield and spend
more costs for fish/shrimp health management.
In the group of other risks effecting to profit of fish and shrimp farms, “spread of fish diseases”
was ranked in highest concerned level, but the difference was not found, significantly (p<0.05).

Meanwhile, “pollution from other activities” was highest concerned level in SCP farms compared to
that of TC, IS, IES and SCP, significantly (p<0.05); and “low dissolved oxygen” was highest concerned
level in the SCP and IS farms compared to that of TC, IES and SCN, significantly (p<0.05); these
differences is due to SCP and IS farms have high stocking density leading to higher risk of low dissolved
oxygen and water pollution compared to TC, IES and SCN systems (Table 3).
Table 3: Concerning levels of CCRs and other risks to the profitability of fish farm
Impact

TC

SCP

IS

IES

SCN

Floods or high-flows

2.9±1.1

3.2±0.9

2.9±0.8

2.8±0.8

3.0±1.1

Droughts or low-flows

3.3±1.1

2.7±1.0

3.3±1.0

3.2±1.0

2.6±1.3

Extreme high temperatures

3.8±1.1

2.6±1.3

3.9±1.0

4.2±1.0

2.8±1.3

Extreme low temperatures

2.8±1.1

4.3±1.0

3.9±0.9

4.0±0.9

4.0±1.0

Rapid changes in temperature

3.4±1.1

3.9±0.9

4.2±0.8

4.4±0.6

4.0±0.6

2.6±0.9

3.3±1.0

3.1±0.9

3.3±0.8

3.7±0.9

Intense rainfall events

3.2±1.1

4.1±0.8

4.1±0.9

4.1±0.9

4.3±0.7

High wind storms

3.5±1.0

3.6±0.8

3.9±0.8

3.8±0.9

3.5±1.1

CCRs

Long period with dense cloud
cover

Other risks be caused by CCRs/or surrounding environment
Spread of fish diseases

4.0±0.7

4.2±0.6

4.2±0.5

4.1±0.4

4.1±0.7

Pollution from other activities

3.4±0.9a

4.0±1.1b

3.5±1.0a

3.5±1.0a

3.2±1.1a

Low dissolved oxygen

2.8±1.0a

3.2±1.0b

3.2±0.8b

3.1±0.8ab

2.8±1.1a

Ranking value coded as 1: not concerned at all, 2: slightly concerned, 3: somewhat concerned, 4:
Concerned, 5 very concerned. (MeanStd. dev.) (mean in the box with different superscript letters are
significant difference, Kruskal-Wallis test (p<0.05)).
3.4 Responses of farmers to negative impacts of CCRs
3.4.1. To enhance pond construction

Enhancement pond construction is one of the main responses to reduce the negative impacts of CCR;
percentage of farmers increasing dyke height in SCN is 11.3% and SCP (24.3%). Besides that,
increasing the depth of ponds for SCN was 15.5%, SCP (11.2%) and IS (7.2%); and having dug
additional ponds of IS farmer was 5.8%. Most TC farmers had no responses in enhancing pond
construction due to fish cage located in river (except very few farms had fingerling nursing ponds).
Figure 5 shows the relationships between responses of farmers and farming systems (p<0.05). Increased
the height of pond dyke in SCN and SCP was higher than that of other farming systems (p<0.05).
Meanwhile, increase water depth of pond/cage was the response of SCN, SCP and IS systems with high
frequency compared to that of TC and IES (p<0.05). The IS and SCN had higher percentage of digging
additional ponds since they had stocked at higher density compared to that of TC, SCP and IES (p<0.05)
(Figure 5).
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Figure 5: The response of farmer in enhance the pond construction to CCR causes
3.4.2 To improve farm management at present

To eliminate immediately the negative impact of CCRs: To maintain the water quality against
to CCR impacts during operation the fish/shrimp ponds, farmer had to apply immediate action to
improve the health of fish/shrimp. Monitoring water quality and using feed with supplements/medicines
were main responses of farmers in the five farming systems. However, these measures were adopted
particularly higher for SCN, SCP and IS than TC and IES (p<0.05). Water exchange was another
measure frequently implemented, with high frequency for SCN (43.3%), SCP (61.7%) and IES (27.1%)
systems, compared to that of TC and IS (p<0.05). Farmers of IS had the highest percentage (85.6%) of
using aerators or mixers to improve water quality due to high stocking density (Figure 6).
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Figure 6: Responses of farmers to immediate reduction CCR impacts
3.4.3 Activities to reduce risks in the coming season
With upcoming responses, reducing stocking density will be applied in four systems, including
TC (30.3%), SCN (60.8%), SCP (34.6%) and IS (33.8%). High stocking density resulted in poor water
quality, and thus affecting the health of fish and shrimp. For these reasons, farmers in the four systems
took significantly higher actions than those of the IES system (0%) (p<0.05). A half (49.6%) of farmers

of the IPS system would employ aerators or mixers for ponds. This application is significantly greater
than that of TC, SCN, SCP and IES (p<0.05). In particular, “prepared or repaired aerators or mixers”
and “reduced stocking density” will be solutions of many farmers; especially for the IS system. To
reduce the stocking density will be done by TC, SCN, SCP and IS farmers with 30.3, 34.6, 60.8 and
33.38% respectively, in which this action will be done with highest percentage by farmer of SCP and
SCN (SCP and SCN farmer will apply high stocking density) (Figure 7).
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Figure 7: Measurements of farmers to reduce CCR impacts in upcoming season
3.4.2 Relationship between farmer’s responses with CCR impacts and farming systems
The immediate response of farmers to negative impacts of CCRs is water quality monitoring
(“monitored water quality” option selected). Weather condition effects fish and shrimp by making
unflavored water quality parameters such as water temperature, dissolved oxygen, pH, salinity
fluctuation, therefore monitoring water quality is an important immediate action by farmers for
management of fish and shrimp ponds. In general, many farmers (47.6%) applied “monitored water

quality”. In which, 32.6% farmers applying water quality monitoring did not think about “rapid changes
in temperatures”. In farmer group has thought that “rapid changes in temperature”, frequency of farmers
applied water quality monitoring was different among five farming systems. Firstly, the relationship
between five farming systems with applying “monitored water quality” is showed in Node 1 to 3, 4 and
5; It indicates that the SCN and SCP farmers have high percentage applying water quality monitoring
(60.2%), meanwhile, the IS was 36.0% and TC and IES was 13.5%. Secondly (Node 3 to 8, 9), 80.3%
SCN and SCP farmers applied “exchange water” had higher percentage of water quality monitoring
(80.3%) compared to that of without “water exchanged” farmer group. Firstly (Node 4 to 10, 11, 12), in
the TC and IES farmers will employ the “optimizing the stocking density” as the strategy of risks
management. In this group, the farmers thought that adjusting stocking density is in range of (2- slightly
important to 3-somewhat important] was 33.9% of applying “monitored water quality”, higher that of
remaining farmer groups. In the opposite, the group of farmers has thought that “rapid changes in
temperatures” as one of CCRs, they have applied “water quality monitoring” as a tool to reduce the
impact of CCRs with high percentage (80.7%), but without differences percentage of applying water
quality monitoring among five farming systems (Figure 8).
Figure 9 demonstrates that the immediate response of “used aerators or mixers” could be divided
into 3 groups, in which almost IS farmers used aerators to improve water quality of ponds (85.6%), next
to SCN and IES farmers (7.0%) and SCP farmers (1.3%) (node 0 to 3, 1 and 2). The IS farmers will
employ “prepared or repaired aerators or mixers” to reduce the negative impact of CCRs at 97.1% (Node
3 to 9).

Figure. 8: “Monitored water quality” as immediate responded to CCRs

Figure 9: “Used aerators or mixers” as immediate response to CCRs
3.5 Importance of information sources and future activities to eliminate CCRs
Important sources of information related to climate, weather and water conditions ranked by
farmers of the five surveyed systems (TC, SCN, SCP, IES and IS) are shown in Table 4. Firstly, source
of information from television (TV) at present and for upcoming seasons had the highest score. SCP
farmers thought that the information from TV is very important. Secondly, helpful, secondary ranked
information source for farmers was from neighboring farmers, in this source of information, TC farmer
significantly ranked lowest (low important level) compared to SCN, SCP, IES and IS farmers (p<0.05).
Officials from department of fisheries (DOF) was the third most important source of information,
especially for SCP. Almost all sources of information were ranked low important level by TC and IES
farmers, that indicates the TC and IES farmers have no strong relationships with mentioned
organizations during their farming activities (Table 4).

Table 4: Important sources of CCR information expected by farmers
Source information

TC

SCN

SCP

IS

IES

Other fish farmers

3.2±0.9a

3.7±0.8b

3.6±1.1b

3.7±0.8b

3.6±0.9b

Officials from department of fisheries

2.7±0.7a

2.9±0.9a

3.2±0.8b

3.2±0.7b

2.6±0.6a

Officials from local government

2.6±0.9a

2.8±0.8ab

2.9±0.9b

3.3±0.8c

2.8±0.7ab

Agents from private companies

2.3±1.0b

2.3±1.1b

2.7±1.1c

2.4±1.1bc

1.4±0.6a

Bank or savings group

1.7±0.8

1.7±1.0

1.8±0.8

1.5±0.5

1.4±0.5

Television

3.8±1.1a

3.8±1.0a

4.1±1.1b

3.7±1.0a

3.8±1.1a

Internet

2.2±1.1a

2.8±1.1b

2.8±1.3b

2.2±1.1a

1.9±1.1a

Radio

1.7±1.0a

2.6±1.1c

2.1±1.0b

2.2±1.1b

2.1±0.9b

Magazines or newspapers

1.4±0.7a

1.8±1.1b

1.6±0.9b

1.7±0.8b

1.6±0.6b

Ranking value coded as 1: not at all important, 2: slightly important, 3: somewhat important, 4:
important, 5 very important. (MeanStd. dev.)(mean in the same row with different superscript letters
is significant difference, Kruskal-Wallis test (p<0.05)).
4. Discussion
According to Mai et al. (2016a.), almost IES farmers (92 - 99%) recognized about negative
impact climate change on their farms. Meanwhile, snakeskin gourami farming (Trichogaster
pectogalis), range of 59 – 84% farmers had thought of the heavy rain fall, temperature fluctuation as
CCRs (Mai et al., 2016b). Almost farmers (90%) in rotational tiger shrimp - rice farming had awareness
of negative impact of CCRs. The farmers selected solution of techniques (using medicines/and shifting
cropping calendar) (70.1 – 95.5%) more than the others to deal with the changes of rainy season, rainfall,
low and high temperature, low and high salinity and low tide. To reduce negative of low salinity issue,
the shifting of cropping calendar resulted in higher shrimp yield and net income (0.5 ton/ha/crop, 52.5
million VND/ha/crop) compared to that of the other farmer groups (Mai et al., 2015).
In IES farmer group, range of 70-90% of farmers had used drug/and chemical to manage water
quality and shrimp health as technical solution (Mai et al. (2016a.). In this study, the farmers have
applied monitoring water quality, use of supplements/chemical drugs and water exchange as important

activities in all farming systems. Besides, IS system having high percentage of farmers applied aeration
and harvesting crop early. In the coming season, farmers of these farming systems will choose the
solution to reduce the stocking density to adapt to CCRs (except IES), while the IS model continues to
employ "prepared or repaired aerations or mixers" (33.8%), "delayed stocking time" (12.2%) and stored
additional water (10.8%). In addition, farmers also appreciated the solution to choose better seeds and
feed combined with working with other groups of farmers to better responses to CCRs. These current
or upcoming responses of farmers are technical solutions, that are depended on their technical skills/
cost investments; and these expected solutions may be cost consuming and to reduce the benefit of
shrimp and fish farming. To overcome the CCRs, the farmers need more helps from government/nongovernment agencies to re-enforcement farm construction, to improve adaptive technical skill. Besides,
the government should to release CCRs forecast for specific farming system and crop insurance to
reduce the negative impact of CCRs.
4

CONCLUSION
Intense rainfall events and rapid changes in temperatures highly affect tilapia cage culture (TC),

striped catfish nursery (SCN), striped catfish production (SCP), improved extensive (IES), and intensive
shrimp (IS) farming systems in the Mekong Delta, Vietnam. Striped catfish farming is more sensitive to
low temperatures compared to shrimp and tilapia. Percentage of increase height of pond dike as a
response to CCR impact in SCN and SCP systems was higher than that of IS and IES systems. Increasing
pond depth, digging additional pond, monitoring water quality, and using feed supplements/medicines
were commonly implemented responses in all five systems; but noticeably greatest in intensive pond
systems (SCN, SCP and IS). Reducing stocking density was also implemented in TC, SCN, SCP and IS
systems.
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Abstract (220)
The importance and role of government policy in innovation in the aquaculture sector is
debated. Some analyses point to the pivotal role of national regulations and investment in
research, while other studies suggest government policy is largely reactive and trails
innovation driven by the private sector.
The purpose of this paper is to better understand the influence of the policy environment
for innovation and aquaculture development in the Mekong Region Region in the context of

1

a variable and changing climate. By policy environment we mean the set of government
policies which, directly or indirectly, promote, regulate or restrict sectoral development.
We draw on evidence about innovation cases from published studies, newspaper
statements, policy documents and original interviews in Cambodia, Laos, Myanmar,
Thailand and Vietnam. This multi-country design provides a range of policy environments
and aquaculture development drivers and outcomes over the last three decades in which to
explore the importance and role of government policy.
Policies on food safety, sustainable production, increasing productivity, and adding value
were prominent elements in evolving policy environments, and as they aimed at changing
farmer practices, potentially relevant to innovation. The influence of the policy environment
on the generation and adoption of technological innovations differed among countries
according to core policy values, capacities for research and governance, and whether the
aquaculture product was intended for export or domestic markets.
The significance of this study ….
1 Introduction (610)
It is widely accepted that innovation is important to the competitiveness and sustainability
of aquaculture under changing regulatory, market and climate conditions (Asche 2017,
Diana et al 2013). There is less of a consensus regarding the importance and exact role of
government policies in driving or supporting innovation (Asche & Smith 2018, Belton & Little
2011). Some of this disagreement relates to the diversity of policies, countries and sectors
studied, whilst some relates to difficulties of attribution and forecasting when multiple
policies, time lags and diverse drivers are at play. The latter implies a need to go beyond the
design features of individual policies to consider the effects of complex, not necessarily
coherent, mix of instruments.
The purpose of this paper, therefore, is to better understand the workings of the policy
environment around aquaculture development and innovation in the Mekong Region in the
context of a variable and changing climate. By policy environment we mean the set of
government policies which, directly or indirectly, promote, regulate or restrict sectoral
development. Potentially relevant policies range from national and sector development
strategies and plans, through specific laws, regulations and standards, to incentives and
financial support as well as public-private partnerships. By innovation we mean novel
applications of an idea, from discovery and early development, through information
dissemination, to adoption and use. We draw on the experiences of five countries
(Cambodia, Laos, Myanmar, Thailand, Vietnam) spanning a range of policy environments
and aquaculture development outcomes over the last three decades.
A few studies of the aquaculture sector outside the Mekong Region have mentioned the
importance of the policy environment at different scales. In a global review, Subasinghe et
al (2009) observe improvements in management practices and conclude that “Aquaculture
needs an enabling policy environment to grow in a sustainable manner”. Lane (2010), using
a similar term, argues that an adaptive “policy setting” and technological innovation to
support sustainability are critical for responding to the impacts of climate change in the
aquaculture sector. <critique or gap>

2

The policy environment in Europe supports sustainable development of the sector through
“maximizing the quality and health benefits of farmed products, whilst improving resource
efficiency and minimizing impacts” (Bostock et al 2016). Low competitiveness could be
addressed with a focus on “technical and management innovations that reduce the costs of
production” (Bostock et al 2016). The European Technology and Innovation Platform
established in 2008 brings together multiple stakeholders to define research and innovation
agendas (Bostock et al 2016), an example, of an international mechanism shaping the policy
environment. <expand>
In Egypt, the consensus is that the legal and policy environment should be strengthened
(Soliman & Yacout 2016), for example, with regards to monitoring and enforcing quality
standards in the aquaculture feeds sector (El-Sayed et al 2015). There is also a need for
“increased investment in technological innovation and transfer” in many areas including use
of aeration, disease control and fry quality (Soliman & Yacout 2016). <Norway> These
examples of global, regional and national studies of the aquaculture sector illustrate the
importance of considering multiple policies but do not say much about how the policy
environment matters.
Previous work on policy environments in other sectors has shown that: supporting and
disabling policies may exist side-by-side (Celata & Coletti 2019); private or donor-driven
initiatives may overwhelm, complement or contradict public policy (Chataway et al 2004);
cross-border decisions and pressures may interact with domestic plans or actions (Walt et al
2008); cross-sectoral conflicts may make coordination of innovation initiatives difficult (Hou
et al 2018, Puppim de Oliveira 2019); and, uncertainty may discourage private investment in
research and development (Mei & Wang 2019). These tensions are likely to be important in
the aquaculture sector.

2 Methods (310)
To better understand how the policy environment has affected innovation in the
aquaculture sectors in the Mekong Region we undertook two analyses.
First, to evaluate the importance given to aquaculture development and innovation, we
counted and interpreted cross-references to key terms in recent National Development
Plans, paying special attention to appeals to core values, like growth, inclusiveness,
competitiveness , sustainability, and adaptation.
Second, to assess how innovation was influenced (or not) by the policy environment, we
analyzed evidence of interaction in a small set of innovation cases drawing on a combination
of published studies, newspaper statements, policy documents and original interviews.
Cases were selected based on availability of information and to provide diversity of
innovation types and country settings (policy environments) and thus included innovation in
hatchery techniques, aquatic feeds, disease control, and waste management.
In some countries there is very little research and development activity (e.g. Laos), and thus
evidence is mostly with respect to dissemination and adoption of technologies developed
elsewhere; whereas in other countries there is significant levels of R&D (e.g. Thailand) and
evidence could also be gathered about the generation of innovations as well.
3

Interviews were made with at 5-10 individuals knowledgeable about the aquaculture sector
and government policy in each country: Cambodia (), Laos (), Myanmar (), Thailand () and
Vietnam (11). Subjects included a mix of government decision-makers (), representatives of
the private sector (), and academic researchers (). The interviews focused on the
government policies which respondents thought had the largest influence on, in turn,
aquaculture development, innovation and adaptation. Subject views on negative and
positive impacts, including who benefitted and who did not, as well as significant revisions
of policy were also explored. Interviews were conducted in local languages, taped and
transcribed. Summaries, including key quotes, were then prepared in English and used as
the primary source for the analysis in this paper.
3 Aquaculture in national development
In this section we assess the relative importance given to aquaculture development,
innovation and adaptation in recent national development strategies, what values and
visions they imply, and whether these three issue areas are linked. These national Plans,
insofar as they provide a policy framework (Table 1), are potentially a significant part of the
policy environment.
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Table 1 Orientation towards aquaculture and innovation in national development plans
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Vietnam (250)

The overall goal of the Vietnam Plan is “macroeconomic stability” with “higher economic
growth” (Government of Vietnam 2016). The agriculture sector is urged to “widely adopt
new varieties of farming techniques with high yield, quality, efficiency and adapted to
climate change” (p81). The private sector should “support and promote research and
development” to improve competitiveness and integrate into international value chains
(p85). A review of science, technology and innovation capacities in Vietnam however,
concluded that national innovation system was fragmented with R&D still “a peripheral
activity, both in the business and the public” (OECD & World Bank 2014).
The aquaculture development program for 1999-2010 strongly supported the expansion of
shrimp farming in Vietnam, transforming government from regulator to investment
facilitator (Ha & Bush 2010). Important supporting policies to 224/1999 1 decision were
changes to land use laws allowing conversion of low productivity and uncultivated areas to
aquaculture (09/2000/NQ-CP) and support for larger, industrial-scale production
(03/2000/NQ-CP). A policy review released in 2005 noted that “the policy environment for
aquaculture is complex, influenced by policies implemented within MOFI, and other
Ministries” (MOFi & World Bank 2005). The Fisheries Development Strategy 2013-2020
again set ambitious targets for aquaculture growth (Khanh Nguyen et al 2019), while the
Master Plan for through 2020 and vision to 2030 for fisheries and aquaculture development
sets high export targets that analysts conclude will be challenging to meet sustainably (Hong
et al 2017).
3.2

Myanmar (110)

The Myanmar Plan emphasizes economic growth in which “innovation which will contribute
to the development of a modern economy. Creativity and innovation are important drivers to
enable Myanmar to leapfrog into the 21st century, creating opportunities for the generation
to come, while allowing us to catch up with our peers within the region” (Government of
Myanmar 2018) (p39). Cross-references to aquaculture emphasize capacity building,
1 Government of Vietnam. Approval of Aquaculture Development Plan Period from 1999–2010, Decree no. 224/1999/QDTTg.
Government of Vietnam, Hanoi. 1999 (in Vietnamese).
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mechanization, creating markets and stimulating private investment. Within the agriculture
sector, fisheries have become a low priority of successive government, receiving only 0.8%
of the Ministry of Agriculture, Livestock and Irrigation regular budget, despite fisheries being
an important source of revenue in some regions (Tezzo et al 2018).
3.3

Thailand (170)

The 12th Plan for Thailand places a strong emphasis on innovation (Table 1), and argues
“research and technological transfer” as key to “improve quality and create value-added
products” in the aquaculture sector (NESDB 2017). The plan promises an “environmentallyfriendly” aquaculture development project to be implemented by the Department of
Fisheries and educational institutions. Strategy 4 of the Plan promises to enhance the
“capacity for climate change adaptation and management in order to reduce risks from
natural disasters” (p132) and enhance “the capacity of R&D in science, technology and
innovation (ST&I) to support climate change adaptation … while applying local wisdom”
(NESDB 2017).
A core strategy of the latest Master Plan for Aquaculture of Thailand is to “Promote and
develop the competitiveness of aquaculture through innovation and technology”(DOF 2017).
Innovation is referenced 41 times in the 45 page document, usually next to the word
‘technology’. The vision is that "Aquaculture goes forward to market with products that are
safe, farmers quality of life is improved and resources are balanced and sustainable. "
3.4

Cambodia (110)

The latest available Development Plan for Cambodia mentions aquaculture and climate
change frequently (Table 1) (Government of Cambodia 2014). The Plan sets an annual target
of 15% increases for the aquaculture sector “in order to help ensure food security” and
“preserve fish resources”. The promotion of livestock and aquaculture are depicted as part
of the “rectangular strategy” with an emphasis on new technologies and mechanization to
improve yields and diversify into high value aquaculture “in an environmentally sustainable
manner” through enhancement of “R&D in areas such as breeding, animal health and feed
production” and building human resources (Government of Cambodia 2014).
The National Strategic Plan for Aquaculture Development 2016-2030…
3.5

Laos (190)

The 2016-2020 Plan for Laos talks of economic development “focusing on quality rather
than quantity by increasing productivity, investment and efficient use of resources
“(Government of Lao PDR 2016). The Plan mentions aquaculture once, noting the presence
of cage culture in the Mekong River, while climate change is mentioned frequently and
linked to innovation: “Establish national fund for climate change research as key financial
mechanisms in response to climate change impacts, conduct a study in areas vulnerable to
disasters and promote research and innovation in the sector” (Government of Lao PDR
2016). Up until 2008 there was no separate legislation for fisheries and aquaculture (Cacaud
& Latdavong 2009). In 2009, a comprehensive Fisheries Law was enacted.
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In 2015, the Agricultural Development Strategy 2025, under which targets set are to be
pursued by “developing and disseminating good aquaculture technology as well as promote
all types of fish raising systems” (FAO 2018). In 2016, the Law on Investment Promotion
placed aquaculture as eligible for the highest level of tax and duty incentives (FAO 2018)
suggesting that the policy environment is becoming more supportive of aquaculture
development and innovation.
3.6

Comparison

At the level of national strategic plans, the importance given to aquaculture development
varies widely among countries, with the Laos Plan paying the least attention to the sector
and Cambodia and Myanmar the greatest (Table 1). The emphasis on innovation in general,
and for aquaculture specifically, was highest in Thailand and lowest in Lao. Nevertheless,
sector growth was a shared core value, nuanced distinctly in each country with references
to other values such as quality of growth (Laos), competitiveness (Vietnam), modernization
(Myanmar), food security (Cambodia), and sufficiency (Thailand).

4 Innovation and policy environments
In this section we …
Safe food, sustainably produced, and high value (affordable)
Policies on food safety, sustainable production, increasing productivity, and adding value
were prominent elements in evolving policy environments, and as they aimed at changing
farmer practices, potentially relevant to innovation.
4.1

Increased production (740)

“Innovation is very important to the future. Today we have a lot of challenges. Unlike
before, when we had clean water to provide fish, there was no flooding, no diseases,
no viruses, no bacteria, or only a small amount, and more importantly, farming is not
dense, it doesn’t require much technology, but today we need high productivity. So
we are going to have to provide feed, innovate to increase efficiency by genetic
selection.” (T002)

The goal of increased production implies expansion or intensification. The associated
concerns are access to land and water, increasing productivity and maintaining
competitiveness. Land-use regulations and zoning policies have often been barriers to the
expansion of aquaculture, especially areas traditionally used to grow rice as it is seen as
being critical to food security. The 2012 Farm-Land Law in Myanmar states land-use changes
are “not to affect the sufficiency of rice which is the staple crop of the State” (Tun et al
2015). To convert agricultural land to ponds users must apply to change the land title
document and this must be approved by multiple department at different administrative
levels (Belton et al 2018). Land designated as paddy must first be downgraded as being of
low quality before conversion to ponds can be requested (Tezzo et al 2018). Land use
policies that prioritize rice production have hindered the expansion of small- and mediumscale aquaculture. In contrast, the 1989 “Aquaculture Law” resulted in a handful of
agribusinesses gaining access to large areas of untitled ‘wastelands’ to create large-scale
aquaculture farms (Belton et al 2018). In 1999 a decree and associated supporting policies
made land conversion to aquaculture in Vietnam much easier and was a significant factor in
8

the rapid increase in production (Ha & Bush 2010). The policy environment for the inclusion
of aquaculture in the landscape is fragmented and complex.
Apart from access to land, access to sufficient water is another key constraint on adoption
of aquaculture practices year-round (Richardson & Suvedi 2018a) and is influenced by water
allocation and other water-use policies (Lebel et al 2019). In Thailand, successful new
procedures to acclimatize juvenile black tiger prawn to progressively lower salinities led to
an expansion of inland shrimp farms which, in turn, led to high profile conflicts with ricegrowers concerned with salinization (Flaherty et al 2000). The policy environment was in
turmoil with bans being extended and removed in different areas depending on local and
national politics (Braaten & Flaherty 2001, The Nation 1998). The conflict later extended to
include white shrimp (Bangkok Post 2011) which acclimatize to even lower salinity
conditions <ref>. This example shows how the interaction of innovation and the policy
environment can work in both directions.
Finally, there is access to input technologies and commodity markets. The development of
farmed fish value chains in Myanmar was greatly facilitated by the rapid expansion of
transport services (Belton et al 2018), underlining the importance of transport infrastructure
and logistics. In Cambodia, clustering of farmers and local networks to link to seed suppliers
were beneficial to establishing value-chains (Joffre et al 2010).
Innovations in hatcheries have contributed substantially to increases in production (and
productivity) across the Mekong Region. The Department of Fisheries in Thailand played a
key role in the generation and dissemination of new techniques and fish strains that have
helped increase aquaculture production (Belton & Little 2008), but technology transfer has
not always been straightforward. Techniques to produce mono-sex Tilapia seed took 12
years to be institutionalized in the Department of Fishery despite numerous trainings for
private sector and government (Belton 2012). It took many more years before the private
sector adopted the technology in their hatcheries and this came about because of personal
relationships rather than official training support (Belton 2012). In Vietnam, efforts to
introduce innovative techniques for producing mono-sex Pangasius seed in hatcheries
depended on side-stepping efforts to block “the spread of proprietary knowledge” (Belton
2012). These two examples illustrate the importance of informal mechanisms as opposed to
formal state policies; the policy environment played a modest role.
A consortium of CP Aquaculture, Mahidol University (CENTEX Shrimp/BIOTEC), Department
of Fisheries (DOF) Thailand, shrimp associations worked on genetic improvement of shrimp
for several years (Bueno 2018). While the private sector has turned towards genetic
improvement, research institutes continue to explore the use of alternative, native, species.
In Laos, a number of international research and donor organizations have supported Living
Aquatic Resources Research Center (LARReC) efforts to domestic and breed fish from the
Mekong River.
4.2

Safe food (590)

“The first, and most important, issue is to make products safe to eat. Consumers must
be confident that eating farmed shrimp and fish from Thailand is safe.” (T001)

Food safety remains a core value in the policy environment, at least for the export-oriented
part of the aquaculture sector, in all countries. “Now it is basic that all producers must pay
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attention to food safety“ (T002). Concerns with food safety rose high on the agenda in
Thailand after the detection of residues of banned substances in farmed shrimp exported to
the EU led to import bans and costly rejection of entire consignments. Farmers had turned
to high and inappropriate use of antibiotics and other drugs and chemicals to manage
disease outbreaks that became more serious as production intensified and expanded
(Gräslund & Bengtsson 2001). Recognizing the risks from anti-biotic resistance, government
policy has been “to reduce the use of antibiotics, through campaigns advising farmers that
you only need to use the drug sparingly” (T002) and as instructed by veterinarians.
Interviews in 2020 confirmed that maintaining food safety remains a priority issue for both
government officials and business managers
“Food safety is a basic matter that must be addressed in all production “ 2(T002). In
international traded commodities, traceability is essential. (T002). Residue testing prior to
export, food safety standards, Good Aquaculture Practice (GAP) and Good Manufacturing
Practice (GMP) guidelines, alongside mandatory Movement Documents that helped improve
traceability (Yamprayoon & Sukhumparnich 2010), became important element of the policy
environment for farmed shrimp in Thailand as a key export commodity. The combination of
measures, and on-going threat of loss of export markets for failed compliance, induced
innovation in the sector to find other ways to reduce risks of disease and better manage
outbreaks when they occurred.
The industry in Vietnam similarly upgraded processing in response to having to meet food
safety standards but rejections of consignments persisted, as awareness and capacities of
growers to meet standards was uneven and the traceability system under-developed
(Yoshida 2017).
(El Sheikha & Xu 2017) traceability
(Dong et al 2019) on traceability from Vietnam to importers
First vaccine licensed for salmonid fish was in US in 1976. The first commercial vaccine in
Vietnam was for Pangasius in 2011 (Gudding & Van Muiswinkel 2013). There is also a
vaccine available for Streptococcus iniae in Tilapia (Sommerset et al 2005), while vaccines
for A. agalactiae in Tilapia are under development (Liu et al 2016). Investment in basic and
applied research and development outside the Mekong Region (Gudding & Van Muiswinkel
2013) has been critical to innovations adopted by the aquaculture industry within the
Region.
Identification of organism causing early mortality syndrome (EMS) in shrimp, development
of PCR-based detection protocol done by a consortium: CENTEX Shrimp, Mahidol University
in association with National Chen Kung University, Taiwan; DOF, Thailand in association with
Tokyo University of Marine Science and Technology, Japan (Bueno 2018)
These included a shift from black to white shrimp (Lebel et al 2010), as stock of the latter
could be provided by hatcheries as being specific-pathogen-free. Formal approval to import
white shrimp followed growing popularity with shrimp farmers.[Oupatham] The hatchery

ปลอดภัยทางด้านอาหาร ตอนนีม้ นั ถือเป็ นเรื่องพืน้ ฐานไปแล้ว ทุกการผลิตคุณต้องคํานึงถึงความ
ปลอดภัย
2
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procedures developed in the USA in the early 1990s (Dastidar et al 2013) were eventually
transferred to key hatcheries in Thailand. <more>
Biotechnologies for rapid and early detection of infectious agents such as monoclonal
antibodies (Klesius et al 2006), PCR and real-time PCR
(Tran et al 2018) antimicrobial
4.3

Sustainably produced (570)

“Now, when it comes to aquaculture, the key is sustainability. Sustainability is a very
big word, cutting across many issues.” (t002)

Sustainability is a core value in aquaculture development policies which, in the Mekong
Region, has diverse interpretations. The key environmental concern in coastal settings was
the conversion of mangroves to shrimp ponds, while in coastal areas as well as further
inland, water pollution has continued to be a prominent concern, with aquaculture both a
victim and a culprit (Lebel et al 2019). Governments addressed the former with land-use
regulations, and the latter with effluent standards. When these seemed insufficient to
retailers and consumers, private certification schemes were also tried. In Thailand, “the
drivers of policy and strategies that have an impact on work and practice, mostly come
from the private sector” (T001). 3 “The pressure to implement environmental policies mostly
come from the market”, this is especially clear in the example of shrimp that are mostly
exported. (T001) 4
Sustainability standards and certification developed with non-state actors have become
part of the governance of pollution from aquaculture activities that formerly was reliant on
ineffective state regulations (Anh et al 2011, Loc et al 2010). Legitimacy among consumers is
achieved through certification schemes that cover process or product standards and imply
traceability. In the case of intensified Pangasius farming in the Mekong Delta of Vietnam,
some farms treat and reuse substantial amounts of discharged wastewater demonstrating
that improved practices are feasible (Anh et al 2010). In Vietnam, “organic certification in
shrimp-forest integrated farming systems in Ca Mau holds the potential to link farm-level
management to landscapes sustainability” (Ha et al 2012).
The significance of the environmental (sustainability) gains from process changes are less
clear and consistent than the improvements in food quality and safety of the products
arising from certification (Bush & Belton 2011, Tran et al 2013). Early analysis of schemes for
Pangasius catfish found they would likely exclude smaller farms from access to key
international markets (Belton et al 2011, Marschke & Wilkings 2014) and that “any local
environmental gains produced may be of relatively minor significance” (Belton et al 2011).
The costs for upgrading and auditing as well as the complex documentation requirements

การขับเคลื่อนทางด้านนโยบาย ทางด้านกลยุทธ ของการทํางาน การปฏิบตั ิ ส่วนใหญ่จะมาจาก
ภาคเอกชนเองมากกว่าครับ
4 แล้วแรงกดดันที่จะทําให้เกิดนโยบายด้านสิ่งแวดล้อมก็ตาม หรือ อะไรก็ตามที่ตอ
้ งทํา ส่วนมากจะมาจาก
3

ตลาดครับ ถ้าให้ยกตัวอย่างก็จะเป็ น กุง้ ทะเล เราจะเห็นได้ชดั ครับ
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associated with gaining certification “are beyond the financial and technical means of small
enterprises or community-based institutions such as producer cooperatives”(Anh et al 2011).
In Thailand, the Department of Fisheries developed its own guidelines, Good Aquaculture
Practice (GAP) and Code of Conduct (CoC), for sustainable shrimp culture in 1999
(Yamprayoon & Sukhumparnich 2010). Following registration of farms, legally mandatory,
the Department followed with efforts to certify that farms met the new standards. Private
and international voluntary standards and certification schemes emerged and evolved in
parallel with the national scheme.
(Marschke & Wilkings 2014) certification and smallholders
(Little et al 2012) consumers in eu
In Thailand, the local adaptation and expansion of recirculating aquaculture systems, with
greatly reduced or no water exchange during a crop, was in part a way to avoid disease risks
from the in-take of water, and partly a technique to meet pressures to reduce pollution
loads and their environmental impacts. In Thailand, this has led to interest in superintensive systems such as bio-floc and aquaponics. Although based on ecological principles,
they are not yet considered ‘organic’ systems, a recognition which would likely expand their
popularity with consumers.
Cambodia (Richardson & Suvedi 2018b)
(T104)
(Joffre et al 2019)
(Jackson et al 2019)
(Coloso et al 2017)
(Le et al 2018) land use change in Mekong Delta
Ngo 2016 provincial policy in land allocation -> clam farming
Wang 2019 land use change in Laos
5 Discussion (410)
The influence of the policy environment on innovation in the aquaculture sector in the
Mekong region varied among countries, markets and rearing systems. Strong support for
aquaculture development was apparent in national development strategies in all countries
apart from Laos. The emphasis given to innovation in terms of increasing production and
improving productivity, was higher in Thailand and Vietnam than it was in Myanmar, Laos or
Cambodia, reflecting the size of the sectors and capacities for governance and science. Key
areas for regulation include land and water uses. Key areas of technological innovation
relate to feeds and stock enhancement.
Aquaculture products intended for export markets, as opposed to domestic markets, were
strongly influenced by the requirements of retailers in importing countries, with concerns
with food safety driving innovation and the adoption of alternative disease risk
management practices. Key areas for governance include traceability and GAP certification.
Key areas of practice innovation relate to standardization.
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Concerns over environmental impacts drove innovation in recirculating aquaculture
systems, organic production, as well as techniques to improve feed use efficiency in
conventional rearing systems. Regulation by governments has unfolded in parallel with
voluntary standards and certification schemes with an increasing emphasis on
sustainability.
Aquaculture policy environments in the Mekong Region have grown more complex as policy
goals evolved from just increasing production by expansion, to increasing productivity of
safe foods that are sustainably produced. Addressing these refined goals requires a
combination of conventional technology transfer and the fostering of local innovation.
Public policies on science, technology and innovation (STI) often fail to deliver or produce
unexpected results. One reason, supported by the findings of this study, is that insufficient
attention is given to how these will interact with existing policy environment. Another
reason is that most policy retains the simplistic transfer-of-technology logic (Intarakumnerd
& Chaminade 2011) and thus does not address systemic institutional and support problems
for innovation (Chaminade et al 2012).
In 2016, for example, the ‘Thailand 4.0’ campaign was launched with the intention of exiting
the ‘middle-income trap’ in which technology upgrading is resisted by firms (Intarakumnerd
2017), because “Thai industries are mostly locked in short-term profit-seeking, and
dependent on foreign technologies”, whilst the “science community of universities and
research institutes is isolated from industry” (Lim et al 2020). Vietnam is heading towards a
similar trap as the “national innovation system is in a nascent, fragmented state”, while
“research and development is still a peripheral activity” (OECD & World Bank 2014).
Analyzing ‘policy environments’ also has limitations.

6

Conclusion
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Abstract
Public health measures aimed at reducing the spread of the COVID-19 virus, such as
lockdowns, quarantine, and other restrictions on movement can have adverse ‘knock-on’
effects on food systems. In this paper we assess the early impacts of the COVID-19
pandemic on aquaculture producers in selected parts of five countries in the Mekong
Region. A total of 1,019 farmers were surveyed. This study found that disruptions to
supplier and produce logistics, volatile markets and financial measures arising from
government responses to the COVID-19 outbreak each had significant impacts on
aquaculture producers, greatly reducing net income and increasing the likelihood of making
a net loss in the first half of 2020. Coping strategies included adjustments to stock
management practices, finding new markets, reducing input costs and borrowing money.
Easier loan conditions and direct cash handouts by governments helped in some locations
and were desired in others. Large farms were twice as likely to have made a profit than
smaller farms. Significant differences among countries in impacts and responses reflect
market and trade dependencies, as well as government capacity and willingness to support
the aquaculture industry.
Keywords: COVID-19; Mekong Region; aquaculture;
1 Introduction
Understanding the ‘knock-on’ effects on livelihoods and food security of public health
measures to reduce risks of transmission of the COVID-19 virus is important to the design of
interventions to reduce such negative impacts. Restrictions on movement of people and
produce, for instance, disrupted the provision of inputs, supply of agricultural labor and
farmers’ physical access to markets (Laborde et al., 2020). Loss of income and restrictions on
movement also make it more difficult to buy food (Béné, 2020). Taken together, the knockon effects on food systems may pose serious risks to food security if not addressed.

1

In this paper we assess the impacts of the COVID-19 pandemic on aquaculture producers’
mobility, access to inputs and markets, and net income up to the end of June 2020 in
selected parts of five countries in the Mekong Region. We also document farmers’ coping
strategies, expectations and needs for support.
In the aquaculture sector, the closure of international borders in response to the COVID-19
outbreak greatly restricted international trade (Kakoolaki et al., 2020). In Thailand,
estimates put the losses for February to April 2020 for shrimp exports at 11-20 million USD
or 95% of expected value (Siam Rath, 2020). In Myanmar, the Myanmar Fisheries Products
Processors & Exporters Association, noted that “exports have collapsed” in May and was
projecting the largest losses ever in the coming months. 1 However, by mid-June, trade with
China resumed, and overall fish exports surged for the period October 2019 to June 2020,
the first 9 months of the fiscal year. 2 This demonstrates the sensitivity of the export market
when it is largely dependent on one major importer, in this case China, which takes 60% of
Myanmar’s fishery sector exports.
In the United States 90% of aquaculture businesses surveyed in mid-2020 had been
impacted, with lost sales, domestic and foreign, the key challenge over the three months
prior to the survey (van Senten et al., 2020). Many farms also noted problems with acquiring
inputs such as fish feed and stock (fingerlings). Similar reports of the impacts on movement
of workers, inputs and produce have been made in other countries around the world (FAO,
2020). In response to these negative impacts, governments have promoted domestic
markets and provided financial support to producers (FAO, 2020). In many countries, loan
repayments were re-scheduled and interest rates lowered. In Thailand, producers without
experience in online marketing were encouraged to look for buyers through an online
market platform, the ‘Fisheries Shop’ (DOF, 2020). In Myanmar, online marketing of fish was
limited to high value products from capture fisheries like hilsa and hilsa roe 3; while
aquaculture products were not offered. A systematic survey is needed to disaggregate
impacts.
2 Methods
4 The approach
2.1 Data collection
Informants were drawn from the same geographic areas surveyed for a study of climaterelated risks in 2017-18 (Lebel et al., 2020). Interviews in Myanmar were done by phone,
whereas in other countries they were conducted face-to-face, between 29 June and 4
August 2020. The survey instrument covered practices and impacts from the 1 January 2020
up to the end of June 2020. The first confirmed cases in the region were: Thailand (13
1

https://thefishsite.com/articles/myanmars-aquaculture-exports-hit-hard-by-covid-19

https://mmbiztoday.com/fishery-export-surges-by-100-million-despite-covid-19
https://www.facebook.com/MyanmarSouvenirs.co/posts/myanmarfood-homemadefried-hilsa-roe-160g-s18320g-s34ingredientshilsa-roe-turmer/2340329162754245/
4
CTH: Should have something general about the methods first rather than start with Data collection. A flow
chart to show the methods with steps would be clear and useful, e.g. some details in each step of survey additional interview – data analysis – reporting.
2
3

2

January), Vietnam (23 January), Cambodia (27 January), Myanmar (23 March), and Laos (24
March)
Half of the 1,019 aquaculture farmers surveyed were over 50 years old, while more than
60% had secondary or higher education (Table 1). A quarter of the respondents were
women. Apart from the basic characteristics of the respondent and aquaculture system, the
questionnaire covered impacts of the COVID-19 outbreak on farm activities, supply and
produce logistics and markets, financial impacts, response measures, and expectations for
the future. Interviews took around 30 minutes to complete.

Table 1 Selected characteristics of surveyed farmers and their farms (n=1,019).
Characteristic
Age
<30
30-39
40-49
50-59
60+
Experience
0-5
6-10
11-15
15+
Education
No formal
Primary
Secondary
Tertiary
Gender
Women
Men

% respondents
5
19
27
31
18
25
22
28
25
4
35
49
12
25
75

Table 2 5
Culture system
Pond
Other
Intensified
Yes

Cambodia

Laos

Myanmar

Thailand

Vietnam

77
23
27

CTH: In the results and discussions later, we refer to many differences among countries, therefore we will
need brief descriptions here: 1. Aquaculture systems (shrimp or fish, cultural technique, farm size, market…) at
these sites in each country

5
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No
Shrimp or prawn
Yes
No

73
26
74

<<MAP>> The geographical region within each country was as follows: Provinces in
northeast Thailand (Kalasin, Nakhon Phanom, Mukdahan, Sisaket, Sakon Nakhon, Ubon
Ratchathani); Provinces in the Mekong Delta of Vietnam (Bac Lieu, Ben Tre, Ca Mau, Soc
Trang, Tien Giang); Provinces in Laos (Savannakhet, Xieng Khouang, Xayaboury, Oudomxay,
Vientiane Capital); Myanmar (Magway Division, Mandalay Division, Ayeyarwady Region, Nay
Pyi Taw council, Kachin State, Kayin State); Provinces in Cambodia (Kampong Cham, Tbong
Khmum, Kampong Chhnang, Kampong Thom, Siem Reap provinces (the great lake Tonle Sap
region), and Phnom Penh city and Kandal province (lower Mekong Region)). 6
In addition to the survey of fish and shrimp farmers we also conducted a small number of indepth interviews with other stakeholders (Table SM2).
Table SM2 In-depth interviews conducted in preparation or as follow-up to survey 7
Subjects interviewed /
FDG about COVID-19
Farmers
Officials
Academics/Researchers
Businesses

Cambodia Laos

Myanmar

Thailand

Vietnam

20
2
2
0

2
1
1
1

40
28
0
0

10
2
2
4

Myanmar

Thailand

3
3
2
3

Table Measures9
Measures

Cambodia

Laos

Vietnam

CTH: In the results and discussions later, we refer to many differences among countries, therefore we will
need brief descriptions here: 1. Aquaculture systems (shrimp or fish, cultural technique, farm size, market…) at
these sites in each country
7
BL: I think most partners just had informal discussion, I don't think we gave them an in-depth interview guide
questionnaire? even so, we didn't ask them to record or transcribe. Thus, I think we should just cut out this
table?
8
TJ: I did unofficially discuss about the impact of COVID-19 to aquaculture with the Provincial fishery officer of
Ubon Rtachathani and Director of Inland Aquaculture Division of DoF
9
CTH: The Covid-19 outbreak and government measures in each country (including calendar applied at the
survey sites).
6
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2.2 Data Analysis
2.2.1 Modeling strategy 10
Univariate exploration – graphical inspection by logistics, markets, finance (Fig 1, 2, 3
Three main steps in multivariate analysis.
First, explore associations of net income measures with farm characteristics and covid-19
economic impact factors. <table 3>
Second, explore association of economic impact factors with farm characteristics. <table 4>
Third, explore responses with farm characteristics and economic impact factors <table 5>
Removal of extreme 11outliers
ANOVA/general linear models
Logistic regression
2.2.2 Measurement
Net income - The impact of the COVID-19 outbreak on farm income was measured as the
difference between actual and expected net income for first 6 months of 2020. Actual and
expected net income were calculated from sales and itemized expenses (stock, feed, labor,
others). Respondents were also asked directly about actual and expected net income, giving
a way to cross-check. This six-month period was adopted to assist with recall and cater for
differences in exact timing of government measures in response to the COVID-19 outbreak. 12
Other measures based on responses to multiple questions are defined here:
•
•
•
•
•
•
•
•

Large farm 13– Farms with expenses greater than 25,000 USD in total in first 6 months of
2020 (4 questions).
Intensified – Farms that regularly fed fish with pellet feeds and sold most of their harvest (3).
Market Impacts – Farms experiencing reduced fish prices or lower demand for fish (2).
Market access – farm cannot sell fish or buyer cannot come and collect (2).
Farm access – farms experiencing difficulties in visiting cages or ponds to monitor or feed
fish (2)
Input logistics – farms impacted by any of the following problems: feed undelivered, stock
undelivered, cannot go and get feed, cannot go and get stock (4).
Input prices – farms impacted by either high feed prices or high fish stock prices (2).
Adjust crop calendar – farmer adjusts stock management by doing any of the following:
delay harvest, delay stocking, harvest early, and reduce stocking density (4).

CTH: A strategy could be presented together with a flowchart, but these two are different.
VNS: Should be the initial step before multivariate analysis
12
CTH: This sentence is unclear and difficult to understand.
13
CTH: Is this “farm size” rather than “large farm”? Large farm is not equivalent to other measures as market
assess, input prices… In farm size we can have large farm and small farm, that will be discussed in the results
10
11
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3
3.1

Results
Impacts on mobility and logistics

The COVID-19 outbreak had impacts on logistics from both ends. Suppliers of inputs,
workers and buyers’ movements were disrupted more in Thailand, Vietnam and Laos than in
Cambodia or Myanmar (Figure 1) due to the restrictions/responses of the governments.
Shrimp producers were more likely to be impacted by disrupted supply logistics than fish
growers (Table 4, column 2). In Thailand, multiple check points delayed shipments, while for
farms in quarantine areas no transportation was allowed at all for a period. 14 15
The impacts of constraints on farmers’ mobility in relation to selling fish was important in all
countries (Figure 1). Intensive farms were more likely to be negatively impacted by
disrupted market access (Table 4, column 5). In response, in Thailand (19%) and Laos (3%)
some farms received special permission to transport fish. In Myanmar, 16the agriculture
sector, including fisheries, was declared an essential service under the COVID-19 Economic
Relief Plan (CERP), which was launched in late April 2020. This paved the way for the lifting
of some logistical bans, put in place in early April, by late May.
Restrictions on mobility of producers impacted ability to monitor ponds or cages in a
modest fraction (12%) of farms (Figure 1). Farmers with large farms or elderly were more
likely to have reduced access to farms for monitoring and feeding (Table 4, column 6).
Women were less likely than men to have their access to ponds or cages disrupted (Table 4,
column 6).

ALL: Any specific examples of sub-national COVID-19 measures with impacts on aquaculture logistics?VNS:
With low demand of shrimp products in both overseas and domestic markets and lockdown transportation of
imported material/ and shrimp exported products, the selling price of shrimp was increased, but the price of
inputs tend to increase due to shortage of supply. Exporting delay causes increase the restoration costs in
warehouse resulted in the processing companies have decreased the farm gate price of shrimp.
15
TJ: 1. The small routes, in particular from sub-district to sub-district, are also closed that made longer period
for logistics and more gas-consumption for the suppliers.
14

2. Shortage of labor, for the supplier side, also makes difficulty for logistics.
16
MA: Comment on the establishment of the Covid-19 Economic Relief Plan (CERP) in late April
https://reliefweb.int/report/myanmar/how-improve-myanmar-s-covid-19-emergency-relief-program
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Figure 1. 17COVID-19 outbreak impacts on farmer (hatched) and supplier or buyer (solid)
mobility and logistics.

Table 4. Impacts on logistics, markets and access. Entries in table are odds ratios from
logistic regression models.
Predictor variables
Country

Input
logistics

Input
prices

Market
demand

Market access

1
7.81
3.47
1.44
0.76

1
20.1
1.08
3.18
3.30

1
0.08
0.68
0.31
0.98

1
0.13
1.67
0.20
0.34

Cambodia
Laos
Myanmar
Thailand
Vietnam

Shrimp
2.84
Gender=women
Elderly 60+
Experienced (>15 yr)
0.69
Intensified
Large farm
*** P<0.001; ** P<0.01; * P<0.05.

4.41

3.14

2.44
2.84

2.36
0.50

Farm
access
n.s.

0.45
2.05
0.48
7.49

3.2 Impacts on input and commodity markets
Almost two-thirds (60%) of all farms reported sale prices for fish/shrimp were lower (Figure
2) as a result of the outbreak reducing demand or restricting exports, with largest impact for
shrimp in Vietnam (86%), where farm gate prices 18decreased by 10-20%. Shrimp producers
17
18

MA: Modify ‘stock’ to ‘seed’
BL: not sure what this means?

7

were more than four times as likely to be impacted by market problems than those that
grew finfish (Table 4, column 4). In Thailand, reduction in guaranteed prices were reported
for farmers with contracts with buyers, and closing of the service sectors such as hotels,
restaurants have affected the demand of fish/shrimp. In Cambodia, closing of restaurants,
the ban on public meetings and large gatherings such as wedding ceremonies, contributed
to the reduced demand. For snakehead and catfish, lack of demand led to farmers delaying
harvests, resulting in increased expenditure on feeds and thus reduced net incomes. In
Thailand, similar impacts from closures were observed with especially large losses in April
with the cancellation of Songkran (New Year) festivities. In Myanmar, ponds which typically
are drained and all fish harvested in the February to April period, were only partially
harvested because of reduced demand from domestic and export processors. 19
About 5% of farms overall experienced positive higher sales prices for fish, ranging from a
high in Laos (13%) to low in Vietnam (1%). 20Higher input prices for feed and stock were
important impacts in Laos (Figure 2). Large farms were impacted more by high input prices
(Table 4, column 3). Across the region, prices of fish stock and fish feed was expected to
increase in the next six months (McNemar Tests, all P<0.001) 21. 22 23
Figure 2. Experienced (solid) and anticipated (stippled) impacts from the COVID-19 outbreak
responses on produce and key input markets. Percentage of farms in each country.

In response to market access problems (and opportunities) farmers sought new markets,
especially in Cambodia (Table 5, Column 3). Large farms were three times as likely to seek
new markets. Experienced farmers, however, were less likely to do so. In Thailand (30%),
Q25 o futures
BL: not sure I understand. Is this saying that the price of fish/kg became higher?
21
VNS: Should be confirmed in data analysis
22
TJ: The farmers felt not sure when the COVID situation will be end, during the period of interviewing, and
afraid that situations on higher price of input and lower price of fish will be continued. Number of farmers
were reluctant to start the new crops.
23
ALL Any interview responses that explain why anticipate conditions to worsen in 2nd half of 2020?VNS: Low
market demand (oversea and domestic market) due to uncertain pandemic covid-19, all most shrimp culture
farmers think that the price/profit of shrimp culture will be decreased. Beside that, the lock down action can
restrict quantity of input material imported for shrimp culture due to reduce transportation/shipment
frequency between imported and exported country and lack of input products from exported country.
19
20
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Vietnam (20%) and Cambodia (8%) some farmers received assistance from government
agencies in accessing domestic markets.
Table 5. Farm characteristics (predictors) associated with selected responses to the COVID19 outbreak. Entries in table are odds ratios from logistic regression models.
Predictor variables
Country

Cambodia
Laos
Myanmar
Thailand
Vietnam

Experienced (>15 yr)
Gender=women
Market access
Market impacts
Large farm

Adjust Crop
Calendar

Seek new
Markets

Borrow
Money

Benefit from
easier loan
conditions

1
2.00*
0.05***
1.43
15.2***

1
0.24***
0.12***
0.38***
0.38***

1
0.18***
0.90
0.48***
0.12***

1
0.24
2.44*
8.69***
49.1***

.54**

-

1.56*

1.88**

3.31***

3.03***

2.18***

*** P<0.001; ** P<0.01; * P<0.05.

1.60*
1.57*
1.64*

3.3 Financial coping measures
Direct financial assistance was only provided in Thailand and Vietnam (Figure 3). For all
financial support measures, more anticipated a need in the future than had received
assistance in the past. In Thailand (45%) registered with the Department of Fisheries so they
could access financial assistance of 15000 Baht (ca. 500 USD) paid out in three installments 24.
25 In Myanmar, the Ministry of Agriculture Livestock and Irrigation (MoALI) provided 26 2,000
fish seed per acre (4,940/ha equivalent) of fish production ponds for a total of 15,000 acres
(6,079ha) of fish grow-out ponds using a MMK 6 billion 27budget. The only requirement
being that the ponds had to be registered and licensed for fish production.
A third (33%) of farmers overall responded to the COVID-19 outbreak by borrowing money,
while 40% drew on savings. Borrowing was most common in Cambodia (50%) and Myanmar
(47%). Adjusting for country, farms that had suffered from market impacts were twice as
likely to borrow than those not so affected (Table 5, column 4). 28 29
BL: not clear.
TJ: (i.e, 5,000 THB a month for 3 months)
26
MA: http://www.thaibizmyanmar.com/en/news/detail.php?ID=3401
27
BL: should we use USD currency?
28
TJ: The interest rate of loan is 6.500% according to the Bank of Agriculture and Agricultural Cooperation
(BACC) but can be over 10% if borrow from the loan sharks. Be noted that, according to the pandemic of
Covid-19 and its impact to the farmers, the interest rate of BACC has been reduced to 6.250% since June 2020
29
ALL: Any information about loan interest rate numbers? How they changed?VNS: Due to lower selling price
compared to that of last year (some time the selling price was at breakeven point, that the farmer stop
stocking new crop to wait for the better price; however, they have also pay the loan of the previous crop.
Although the government have released policy to stand by interest loan (0% interest rate for 3 months, but
need to pay principal debt) for 3 months during lock down time, the shrimp farmer expected to easier loan
condition or some farmer need to debt relief for new loan to investment for new shrimp crop
24
25
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Altogether 39% of those who had borrowed money in response to outbreak impacts had
difficulties making repayments. Difficulties repaying loans were most frequently
encountered in Thailand (30%), Myanmar (17%) and Vietnam (14%). Again, adjusting for
country and other predictors, farmers with more experience (O.R.=1.6) were more likely,
while those with intensified systems less likely (O.R.=0.52), to have debt repayment
problems. Farms with other income sources were more likely to have repayment problems
(O.R.=1.6), while farm size made no difference. Other financial measures more rarely undertaken by farmers included selling major assets (4%).
Benefits from easier loan conditions (Figure 3) were most likely in Vietnam and Thailand,
and least likely in Laos 30(Table 5, column 5). Women were more likely to benefit from
relaxed loan conditions than men. Farmers with market access or market price impacts were
also more likely to have benefitted (Table 5, column 5).

Figure 3. Experience with financial assistance measures (solid) and anticipated or desired in
the future (stippled). Percentage of farms surveyed in five countries.

3.4 Adjustments to rearing practices
Adjustments to fish stocking practices were less common in Myanmar than the other
countries (Figure 4). Large farms and those impacted by market access problems were more
likely to adjust practices (Table 5, column 1). Overall, 7% said they had stopped rearing fish,
while 36% had delayed stocking. Farmers in Thailand found that partial harvests, in response
to lower demand, increase stress and mortality rates of fish left behind. Partial harvest in
the first half of 2020 in Myanmar led to delays in preparing ponds for the next production
cycle, which alongside reductions in stocking densities, imply lower than usual production
was expected in the second half of 2020.
Thailand was the only country which a significant (12%) fraction of farms adopted postharvest processing as a way to deal with impacts. The Cambodian Government encouraged
30

BL: not clear?
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salting, drying, fermenting and smoking as ways to add-value for domestic markets, but this
policy was not reflected in the responses of surveyed farmers. 31
Information about coping strategies during the COVID-19 outbreak were received more in
Thailand (30%) than in other countries: Laos (7%), Vietnam (6%), Cambodia (6%), and
Myanmar (2%). One coping strategy suggested to fish farmers in Cambodia was to shift to
species with shorter production cycle.
Figure 4. Farm practice responses to the COVID-19 outbreak during first six months of 2020
in five countries (% farms surveyed).

3.5 Consequences for net income
Most farms (89%) had a lower net income than anticipated 32 for the first six months of 2020
(Table 2).
Table 2. Distribution of net income measures by country. 33 34
Country

Median
Actual

Median
Net income
Impact

Median
Relative Net

CAM: Any explanation? Could discussVNS: In VN, shrimp farmers have delayed cropping and reduce stocking
density is both action to reduce the costs and waiting for recovering demand from oversea market.
32
CTH: The estimation of anticipated or expected profits are important for the assessment of impacts,
therefore we need discussion on how this profit was estimated and possible bias.
33
Add 95% CI or mean/SD / per month?VNS: Profit/month (VND)
Mean: 5,003,788 VND/month
SD: 13,521,172 VND/month
Min:-50,000,000 VND/month
Max: 166,66,667VND/month
31

Please convert to USD with the same exchange rate used before
34
TJ: If the median is to be presented in Table 2, the SD is not appropriate to be used but the values at 1st and
3rd quartile would be better, I think.
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Cambodia
Laos
Myanmar
Thailand
Vietnam
Overall

Net
income
(USD)
3414
-11
2492
-354
864
-1010

(USD)a

income Impact
(%)b
-436
-670
-8072
-1310
-1318
-1448

-42
-35
-75
-21
-45
-26

Negative net income impacts were larger in Myanmar than other countries after adjusting
for significant associations with several other predictors. Large farms’ net incomes were
reduced more than those for smaller farms (Table 3). Farms that noted that the COVID-19
outbreak had resulted in lower demand and prices for fish suffered greater negative impacts
on net incomes. Unexpectedly, farms experiencing disruptions to input logistics (stock, feed)
had smaller net income impacts (Table 3). Experienced farmers’ net incomes were
negatively impacted more than those of less experienced farmers.
Farms whose input logistics were disrupted and access to markets reduced, or which had
other income sources, were all about as half as likely to have made a profit (Table 3). The
largest farms were twice as likely to have made a profit. Altogether 11.6% of farms made a
profit during the first half of 2020. Gender, education and age were not associated with
either net income impact or net income.

Table 3 Associations with net income impact (actual-expected) based on general linear
modelling, and for profit made based on logistic regression.
Predictor variable

Net income impact
(USD)

Profit made
(odds ratio)

-280
-2722
-14888***
1235
0

3.92***
10.6***
1.72
4.71***
1

Large farm (>25000 USD)
Experienced (15+ yr)
Other income sources

-22622***
-5891**
-4645*

2.28**
-0.47***

Market access disrupted
Market demand down
Input logistics disrupted

---7262***
4127*

0.50**
-0.64*

F=31.9 df=9,966
R2=0.23

-2 Log likelihood=632
R2=0.15

Country

Cambodia
Laos
Myanmar
Thailand
Vietnam

Model summary
*** P<0.001; ** P<0.01; * P<0.05.

Relative net income
impact (%)
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4 Discussion 35
Logistic, market and financial disruptions arising from government responses to the COVID19 outbreak had significant impacts on aquaculture producers, reducing net incomes and
increasing the likelihood of making a net loss in the first half of 2020. Farmers with problems
getting access to markets were half as likely to have made a net gain. In response they
adjusted crop calendars, sought new markets and benefitted from easier loan conditions.
Farmers impacted by low market prices (and low demand) made much less net income than
expected, borrowed money and also benefited from easier loan conditions. Farmers
affected by input logistics were less likely to have made a net gain, but did better than they
had expected.
Large farms (as defined by investment) were more likely to have made profit, while the
reduction in expected to actual net incomes was high. Large farms had more problems
accessing their farms, and responded by adjusting stocking calendar and seeking new
markets. Gender differences were uncommon. Women however had less problems with
accessing ponds or cages, and were more likely to benefit from relaxed loan conditions.
Associations with having had a lot of experience in aquaculture were common but difficult
to interpret.
Differences among countries in impacts and responses were often detected. Farms in
Vietnam were the least likely to have made a profit, and were also the most likely to be
impacted by low sale prices (for shrimp). Farmers in Thailand, the most likely to have loan
repayment problems, were assisted by government the most, including direct payments,
assistance in finding new domestic markets (including online domestic markets) and
granting permission to transport produce. Cambodian farmers faced high feed and stock
prices, and half borrowed money. They were more likely to seek new markets. In Myanmar,
median net incomes were high but so were negative net income impacts. Impacts on input
logistics were small for both Cambodia and Myanmar. Overall, the differences among
countries reflect market and trade dependencies, as well as government capacity and
willingness to support the aquaculture industry.
It is important to note that most of the aquaculture producers in these 5 countries, as
shown in this study (73.5 per cent), have other sources of income which might have also
been affected by COVID-19 outbreak, and it means that they are more vulnerable in coping
with such impact.

CTH: In the results and discussions we mainly present the comparison across countries “with Covid-19” case.
However, some differences may also truth for “without Covid-19” case, because reactions by farmers are not
new but learnt from past experiences, for example, reducing stocking density when market price reduced.

35

The discussions of this paper will be more interesting if we can make clear what are different between impacts
of Covid-19 outbreak with impacts of other events that occurred, even farmer reaction could be same.
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The policy implications 3637 38of the findings of this study ….
•
•
•
•
•
•
•
•
•
•

Low risk of transmission transport logistics (Amjath-Babu et al., 2020)
Alternative markets, value-adding for extended life
Value of economic relief for food producers 500 ISSD about half of median loss
Provide training and resources to ensure safe, hygienic operation of businesses throughout
the fish supply chain
Provide clear guidelines on criteria for businesses to access assistance programs
Provide financial support to businesses in fish supply chains (not only producers) – e.g. tax
holidays, rebates on utility bills.
Unconditional cash transfers for vulnerable groups to stimulate demand and increase fish
consumption
Avoid restrictions on imports of inputs (e.g. feed, feed ingredients) and exports of fish to
help prices remain stable
Take the opportunity to invest in better market infrastructure 39

Going beyond pandemics… other disruptive events: flooding and road logistics, drought and
river transport; aq disease outbreaks
At the end of April 2020, the Myanmar COVID-19 Economic Relief Plan included fish farming
and fisheries as one of six ‘essential businesses’.
Limitations – recall bias in net income impact measure as well as expense history ->
imprecise measures of financial impact; attribution of change or expectation error dure to
COVID vs. seasons and other factors
It is evident that COVID-19 outbreak has affected the food-supply chain for aquaculture
products: less demand, increasing cost of animal feed, access to animal feed, and limitations
of logistics, particularly across international borders. It is likely that each country has to be
self dependent in terms of coping machanisms during the outbreak. More research need to
be done on this matter so that lessons from each country can be learned and exchanged.
The regional corporation will then have a major role in supporting aquaculture industry in
terms of regional market expansion in the latter stages although there is an urgent need for
regional policy initiative.
Significance
Conclusions
financial assistance
TJ: Subsidy to some inputs by the Government
MA: See also https://www.tni.org/en/article/how-to-improve-myanmars-covid-19-emergency-reliefprogram
38
ALL: VNS: it is time to: (i) adjust or apply the appropriate technologies to reduce the production costs in
shrimp culture, (ii) improve quality of shrimp product/and added values, (iii) central government continues to
release prevent actions for covid-19 with lower negative impacts to shrimp culture/and other life activities
39
MA: Taken from “COVID-19 Impacts on Fish Value Chains in Myanmar; Yin Yin Phyu, Aung Than Oo, Christine
Wai, Don Griffiths, Ei Ei Phyo, Goutam Dhar, Khin Maung Soe, Kyaw Moe Oo, Kyaw Win Khaing, Kyi Thar Myint,
Leah Rosen, Mike Akester, Saadiah Gazali, Sai Noot, Yu Maung, Ben Belton”
36
37
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•
•

assistance to shrimp farmers – 3months-request budget
license/registration fee waived https://www.thaigov.go.th/news/contents/details/33680

big business strategies
•

•

cp business strategy
https://www.efinancethai.com/LastestNews/LatestNewsMain.aspx?ref=A&id=a3hmeStlMTJ
vdk09
need to adapt to ‘turbulence’ ehttps://gnews.apps.go.th/news?news=56157
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Improving Better Understanding of Local Fish Growth Out
Farmer of Snakehead Culture in Pond and Cage Through
Water Monitoring

By Cambodian Research Team

I. Introduction
Water quality is a critical factor when culturing any aquatic organism. Optimal water quality varies by
species and must be monitored to ensure growth and survival. The quality of the water in the production
systems can significantly affect the organism’s health and the costs associated with getting a product to
the market. Water quality parameters that are commonly monitored in the aquaculture industry include
temperature, dissolved oxygen, pH, alkalinity, hardness, ammonia, and nitrites. Depending on the culture
system, carbon dioxide, chlorides, and salinity may also be monitored. Some parameters such as alkalinity
and hardness are fairly stable, but others like dissolved oxygen and pH fluctuate daily. It is important to
establish a standardized water quality testing protocol for your particular situation. Know the tolerance
range for your culture species, establish critical levels, and be prepared to act if a problem occurs. The
chart below indicates the water quality preferences for some commonly cultured species. For more
information about a particular parameter, click one of the links below. If you need assistance in this area,
contact your local Cooperative Extension office.

II. Objective of the protocol
The main objective of the protocol is to design for better understanding the temporal change in quality of
water quality between aeration and non-aeration pond during the period 24 hours.

III. Methodology:
3.1. General information about water quality
Physical parameter has been well known as a main significant factor for fish and other aquatics life (animal
and aquatic plant). Sampling was focused on the physical parameter which carried out in every two hours
within 24 hours. The physical parameters recorded were dissolve oxygen (mg/l), water velocity (cm/sec),
pH, turbidity and temperature (oC). All the physical parameters are measured in situ in every two hours
interval. All variables recordings will be measured at three different depths at x1 cm, x2 cm and x3 cm by
using D.O meter XX, serial number XX, (plate 4) and test kid by using XXX serial No………………………….
3.2. Calibration process
Before conducting field water sampling make sure that all equipment are calibrated. The Conductivity
Standard Solutions (CSS) and pH Buffers are properly used for factory calibration of water quality testers.
Regular use of these solutions is recommended to ensure specified instrument accuracy. Frequency of
conductivity recalibration depends upon use, but once every month should be sufficient for an instrument
used daily. pH models, depending upon use, should be recalibrated with pH 7 Buffer every 1-2 weeks, and
checked with pH 4 and/or 10 Buffers at similar intervals. There are 8 water parameters will be focused and
followed as below sampling protocol:
3.1. Dissolved oxygen:

3.2. pH
3.3. Water temperature
3.4. chlorophyll-a
3.5. Amonia (NH4)
3.6. Nitrite nitrogen
3.7. Secchi disk transparency
3.8. Total alkalinity
3.3. Water quality sampling activities
As the proposed work plans to be carried out in every two hours interval within 24 hours period, it is strongly
recommended that at least 4 people needed so that they could routine their work. The routine schedule
should be done in every 4 hours so that they rest and continue the work within 24 hours of water quality
sampling. It is recommended that, two sets of test kids and D.O meters should be prepared in case there
is some problem or error. Before conducting the water sampling, field work people should be trained on
how to operate the equipment such as calibration and data recording. Water quality sampling should be
carried out at three different depths of water layers (10, 20 and 30 cm) in order to investigate the different
variation according to the depth. The data should be recorded properly at two decimals so that the error
standard can be minimized.
3.4. Study site
The study was conducted at two sites (Figure 1). Snakehead culture in pond was conducted in ….., Prey
Veng Province whereas another sites was conducted on snakehead cage culture at Phat Sanday
commune, xx district, Kampong Thom Province.
3.5. Data entry and analysis
All recorded data in every two hours interval within 24 hours will be properly stored in excel database and
then extracted into R Programme for advance analysis. The main analysis will focus on the temporal
change in water quality parameters within 24 hours monitoring and then cross- correlation between each
parameter will be applied for this assignment. We further apply Principle Correspondent Analysis (PCA) to
investigate the main water quality parameter that influence to the temporal change within 24 hours.
III. Result of 24 hour waters quality monitoring
3.1. Pond with assisting aeration operation

The result of water quality monitoring during the period of 24 hours, with 2 hours interval indicated in Figure
1. The result of dissolved oxygen (DO) investigation at three water columns, within 24 hours indicated that
all investigated water layers were increased during the day while the decrease of dissolved oxygen was
relatively low from 6:00 PM to x early morning.
pH is one of the key water quality parameters because pH can affect the dynamic of the water body,
influencing the physiology of aquatic organisms. Result of pH investigation within 24 hours was strongly
fluctuated at all water levels. It was observed that, pH was drop down from 21:00 PM to 22:00 PM at all
water levels observation.

The investigation of NH4 trend was observed with 24 hours, in every two hours interval. The concentration
of NH4 was observed to be high between 9:00 am to 2:00 PM for 30 cm and 50 cm water depth while more
fluctuation was observed for 10 cm water depth. The was dropped down during the midnight from 11:00
PM to early morning at 2:00 am to 5 am. For nitrate (NO3) observed to be increased from 9:00 am to 10:00
and for all water depths. It is also observed that, nitrate at 30 water depth was more stable 9:00 am to 7:00
pm and relatively dropped down at 8:00 pm for the whereas at 10 cm and 50 cm water depth was relatively
dropped down from 1:00 pm until 5:00 am. In addition, the concentration of nitrogen dioxide (NO2) al all
water depths were observed zero during the period of 24-hour investigation.

Figure 2: Indicates water quality investigation within 2 hours interval during the period of 24 hours
3.2. Pond with non-aeration operation assistant
The result of water quality monitoring for 24 hours, with a 2-hour interval for non- aeration operation pond
indicated in Figure 2. Dissolve oxygen was observed to be high from 7:00 am until 3:00 pm at all water
depths and started to drop down during the night time from 7:00 pm until 5:00 am. It is also observed that
pH concentration at all water depths was more fluctuated with the 24-hour investigation, particularly at 10
cm meter depth. At 50 cm water depth, pH was more stable and ranged between 7.4 to 7.5 and started to
dropped down 9:00 pm until 1:00 am and increased from 3:00 am to 5:00 am in the early morning.
The ammonia concentration (NH4) was observed to fluctuate during the period of 24-hour investigation at
all water depth. At 30 cm water depth, the NH4 was more relatively stable and dropped down at 11:00 am
and 9:00 pm whereas at 50 cm water depth was stable from 9:00 to 10:00 am and increased close to 1
from 11:00 am to 1:00 pm. At 10 cm water depth, the ammonia concentration was relatively higher
compared to other water depths investigation, averaged between 0.4 to 1. For nitrate (NO3) was observed
to be low from 9:00 am to 6:00 pm at all water depth observed and started to increase dramatically from

7:00 pm to 3:00 am in the early morning. Furthermore, the concentration of nitrate at 30 and 50 cm water
depth was highly increased and stable from 9:00 pm to 12:00 pm.

Nitrogen dioxide (NO2) at all water depth found to be dropped down from 9:00 am to 1:00 pm and started
to jump up from 3:00 pm to 8:00 pm. The concentration of NO2 dropped down again from 9:00 pm to 3:00
am and started to increase again in the early morning.
3.2. comparison of water quality between pond using aeration and aeration
The result of water quality comparison between aeration and non-aeration pond operation indicated in
Figure x. The result from Kruskall-Wallis test revealed significant differences of water quality, except for
ammonia (NH4), nitrate (NO3) and nitrogen dioxide (NO2). The main water parameters which significantly
differed between the aeration and non-aeration operation were dissolve oxygen (DO), pH and water
temperature (WT).

P<0.012

P<0.012

P<0.0355

P<0.575

P<0.431

P<0.001

Figure x: Boxplot indicates the comparison of water quality observed during the period of 24 hours
between aeration and non-aeration snakehead-pond culture

The principle correspondent analysis (PCA) The first two axes explain 84.1% of the data variance, which
is a satisfactory percentage

Figure x: Principle Correspondent Analysis (PCA) indicates temporal change in 24 hour of DO, pH and
NH4-non aeration (pond Culture)
Table 1: Summary of GLM model showing the determinants of Dissolved Oxygen changes. air. tep= Air
Temperature; Humi=Humidity; ClC= cloud cover; WS= Wind Speed; Stock density; SF=size of fish;
SP=size of pond; PD= Pond depth; N.A= number of aerator.
Table 1:

Multiple R-squared: 0.599,

Adjusted R-squared: 0.5857

Table 2: Summary of GLM model showing the determinants of pH changes. air.tep= Air Temperature;
Humi=Humidity; ClC= cloud cover; WS= Wind Speed; Stock density; SF=size of fish; SP=size of pond;
PD= Pond depth; N.A= number of aerator.

variable

Estimate

Std. Error

t value

Pr(>|t|)

air.tep

0.049

0.016

3.085

0.002

Humi

0.003

0.004

0.773

0.440

ClC

0.000

0.001

-0.082

0.935

WS

-0.016

0.008

-1.872

0.062

.

STD

0.000

0.000

-4.170

0.000

***

SF

-0.244

0.318

-0.768

0.443

SP

0.002

0.000

4.090

0.000

***

PD

0.803

0.219

3.668

0.000

***

N.A

-0.252

0.126

-2.003

0.046

*

Multiple R-squared: 0.1245,

**

Adjusted R-squared: 0.09543

Table 3 Summary of GLM model showing the determinants of NH4 changes. air.tep= Air Temperature;
Humi=Humidity; ClC= cloud cover; WS= Wind Speed; Stock density; SF=size of fish; SP=size of pond;
PD= Pond depth; N.A= number of aerator.
Variables

Estimate

Std. Error

t value

Pr(>|t|)

air.tep

0.044

0.048

0.922

0.357

Humi

0.001

0.012

0.105

0.917

ClC

-0.010

0.003

-3.038

0.003

WS

0.028

0.026

1.105

0.270

STD

0.000

0.000

2.372

0.018

*

SF

-3.441

0.960

-3.584

0.000

***

SP

-0.002

0.001

-1.356

0.176

PD

-1.560

0.661

-2.358

0.019

N.A
1.253
0.381
3.289
0.001
Multiple R-squared: 0.4753, Adjusted R-squared: 0.4579

**

*
**

Table 4 Summary of GLM model showing the determinants of NO2 changes. air.tep= Air Temperature;
Humi=Humidity; ClC= cloud cover; WS= Wind Speed; Stock density; SF=size of fish; SP=size of pond;
PD= Pond depth; N.A= number of aerator.

variables

Estimate Std. Error

t value

Pr(>|t|)

air.tep

0.011

0.006

1.899

0.059 .

Humi

0.004

0.002

2.826

0.005 **

ClC

0.000

0.000

0.594

0.553

WS

-0.005

0.003

-1.694

0.091 .

STD

0.000

0.000

-6.244

0.000 ***

SF

0.169

0.117

1.446

0.149

SP

0.001

0.000

6.365

0.000 ***

PD

0.318

0.080

3.957

0.000 ***

N.A

-0.037

0.046

-0.792

0.429

R-squared: 0.415

Table 5 Summary of GLM model showing the determinants of NO3 changes. air.tep= Air Temperature;
Humi=Humidity; ClC= cloud cover; WS= Wind Speed; Stock density; SF=size of fish; SP=size of pond;
PD= Pond depth; N.A= number of aerator.
Variables

Estimate

Std. Error

t value

Pr(>|t|)

air.tep

0.352

1.796

0.196

0.845

Humi

0.202

0.469

0.430

0.667

ClC

-0.051

0.125

-0.403

0.687

WS

-1.606

0.967

-1.661

0.098

STD

-0.044

0.004

-10.259

SF

166.700

36.210

4.603

SP

0.487

0.049

9.953

PD

174.400

24.940

6.993

0.000

***

N.A

-62.450

14.370

-4.347

0.000

***

< 2e-16
0.000
< 2e-16

.
***
***
***

R-squared: 0.5681

Table 6 Summary of GLM model showing the determinants of Water Temperature changes. air.tep= Air
Temperature; Humi=Humidity; ClC= cloud cover; WS= Wind Speed; Stock density; SF=size of fish;
SP=size of pond; PD= Pond depth; N.A= number of aerator.

Variables Estimate Std. Error

t value

Pr(>|t|)

air.tep

0.141

0.064

2.224

0.027

*

Humi

-0.033

0.017

-1.976

0.049

*

ClC

-0.005

0.004

-1.206

0.229

WS

-0.063

0.034

-1.844

0.066

STD

0.000

0.000

1.127

0.261

SF

-3.837

1.280

-2.998

0.003

SP

-0.002

0.002

-0.993

0.321

PD

-0.530

0.882

-0.601

0.548

N.A

1.839

0.508

3.621

0.000

R-squared: 0.6844

V. Discussions and Recommendations

.
**

***
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Inception Workshop Report (DRAFT)
13-15 December 2017, Chiang Mai, Thailand

Summary
This report summarizes the activities, deliberations and decisions arising from the Inception
Workshop for the AQUADAPT-Mekong Project. The main achievement of the workshop was to gain
agreement and common understanding of how the project will be managed and activities in the five
countries coordinated. Excellent progress was made on refining the baseline risks and needs survey
instrument and data collection plans. A plausible vision and approach to developing a smart phone
app for fish farmers across the region was agreed to based on the model and experiences with the
Green Way Agri-mobile app. Much more work of course needs to be done, but at week 6 of the
project, the Inception Workshop showed that the AQUADAPT Mekong project has already launched.
The report largely follows the sequence of the workshop sessions with some collecting of closely
related information into a single section.

Aims
To agree on details of how the project will be implemented, including expected roles, deliverables
and agile-inspired coordination of teamwork within and across countries.

Team
Skills & experience
Participants at the workshop were asked to introduce themselves in terms of the most important
skills and experience they bring to the project. These reflections were written down on
individualized cards and grouped against thematic areas where skills and knowledge likely to be
needed based on the proposal (Figure 1).

Experience & Skill
Area

No. of
people

Aquaculture

13

Innovation

3

Climate

6

Value-chains

2

Policy-planning

5

Other

5

Figure 1. Self-assessed skills and experience of the participating team members.
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Strengths & weaknesses
According to these self-assessments the team has much more knowledge and experience about
aquaculture than about other domains (Figure 1). The facilitated discussion revealed a couple of
areas of possible concern in team composition:





Insufficient skills or knowledge of software design (4 team members)
Not enough members with experience in business (3 participants)
Not enough members with experience in studying innovation (5 team members)
Uneven distribution of some less common skills across country teams

In response, it was suggested that the teams draw on the wider pool of students and individuals in
their networks. The SC in particular would be helpful in this matter. The solution experts facility will
help this too (A4.3). Another strategy will be to form cross-country working groups.

Project
Objectives
The project objectives were briefly presented (Figure 2) and discussed to remind participants of key
terms in use; in particular, the meaning of the word “fish” were discussed, and most participants
agreed that it should include fin fish and shell fish given the importance, for instance, of shrimp in
brackish waters of the deltas and its high commercial value. Other terms discussed included
innovation, climate change and sustainability. It was acknowledged that what counts as an
innovation is context specific, and that innovation could be related to the technology or product as
well as how that technology is made accessible or the service.

Figure 2. The overall and three specific objectives of the AQUADAPT-Mekong project. 1

Structure
Other elements of this report refer to specific activities in the project proposal document. These are
summarized for convenience in Figure 3. The workshop did not revisit the project structure as team
members are satisfied that what is laid out in the proposal is reasonable way to structure activities.
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Figure 3. Activity structure of the AQUADAPT-Mekong project. 2

Partner Coordination (A4.1)
As the first workshop to bring the 5 country teams and coordination unit together since the project
formally started on the 1 November 2017, project coordination was a key part of the agenda.

Agile ideas
One session of the workshop was allocated to learning more about the Agile approach to project
management, starting with commonly listed principles (Figure 4). The workshop was designed and
tracked using Kan Boards to familiarize participants with the tool and the idea of short planning and
review cycles – in the meeting context, daily, with tracking (Figure 5).

Agile Principles
1. Prioritize customer satisfaction through early and continuous delivery of valuable
(acceptable) outputs.
2. Welcome changing requirements, even late in development - harness change for the
eecompetitive advantage.
3. Deliver acceptable outputs frequently, from a couple of weeks to a couple of months, with
a preference to the shorter timescale.
4. Stakeholders and team members work together daily throughout the project.
5. Build projects around motivated individuals. Provide a supportive environment and trust
them to get the job done.
6. The most efficient and effective method of conveying information to and within a
development team is regular and effective communication .
7. Agile processes promote sustainable development. The sponsors, developers, and users
should be able to maintain a constant pace indefinitely.
8. Simple solutions often save time and work.
9. Continuous attention to technical excellence and good design enhances agility.
10. The best architectures, requirements, and designs emerge from self-organizing teams.
11. Teams must reflect on how to become more effective, then tunes and adjusts behavior at
regular intervals

Figure 4. Agile Principles for continuous innovation.3
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Figure 5. Partner Leaders and the Project Leader run a quick planning meeting at the Workshop
Kanboard on the tasks for the Inception Workshop itself.

Agile AQUADAPT
The AQUADAPT-Mekong project had adopted a two-week planning and review cycle to help
coordinate work across countries as whole and in specific working groups (Figure 6). As of week 6 of
the project the team was still exploring the best ways to be agile in a multi-country and institutions
setting where many meeting must take place virtually.

Local users, Team,
Stakeholders
Entrepreneurs
Partner
Leaders

Project Leader

Project
Coordinator

Team Scrum
Assistants

2-3
days

Innovation Teams

2

AGILE
AQUADAPT
Figure 6. Planning cycle in AQUADAPT has two levels. At regional project level and then at country
level or in special time-bound working groups.4

4|

AQUADAPT-Mekong

Inception Workshop

One of the drawbacks of Agile approach is the introduction of odd terms or jargon for projects not
solely centred on commercial software development; for example “scrum” and “sprint”. On the
other hand, use of special terms makes people think more carefully about what they would normally
be doing, and see if it can be improved. Table 1 summarizes how we interpret and use some of the
key terms.
Table 1 How Agile concepts are used in AQUADAPT-Mekong project
Term or
concept
Principles

Meaning in AQUADAPT

Sprint

A two week planning cycle. Tasks are introduced
only at start of cycle and should all be completed
by end. Large tasks should be broken down into
smaller tasks. Achievements and problems are
reflected upon before planning next sprint.

1. Frequent short planning & review meetings
Set of 7 or 11 principles
to coordinate & adapt to change (2,6,11)
condensed into 4 (see Figure
2. Most of the work is done in small teams given 4).
autonomy to carry out tasks their way (5,10)
3. Research contributes to technical excellence,
good design and testing (9)
4. Stakeholders give frequent inputs on needs
and feedback on working versions (1,3,4,8)

Backlog

A list of tasks that probably need to be done
some time but have not yet been assigned to a
sprint.

Kan board

A board to visually and simply show progress of
tasks with four main lanes (backlog, planned, in
progress, completed). Higher priority tasks are
placed higher up in a lane.

Scrum

A short meeting among team members to inform
others of issues or concerns that need to be
addressed.

Lean Coffee

Comment

A short facilitated meeting in which participants
nominate agenda items by writing them on
posted cards and then vote to prioritize. Time
limit set on each item.5 This is one option for
more formal scrum meetings when they are
needed.

At regional level we have
combined planning-reviewretrospective into a single
skype call.
At country team level
recommend run separate
planning and review
meetings each sprint
We have kept the agile term
rather than “to do list”
because it is okay to drop
things out of the list.
We have opted to use
Smartsheet to create and
share boards at regional and
within country level. Some
individuals & working groups
also use their own boards.
Scrums only frequently occur
in country teams.
At regional level they are
used by topic specific
working groups
Exploring on-line version
using chat box in Skype or
shared Smartsheet screen
run by facilitator
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Experience
In the first 6 weeks of the project we ‘held’ 4 regional meetings using skype. The Project Leader
prepared a suggested list of priority tasks to add to the next sprint and put them in the backlog on
the AQ-MEKONG Smartsheet.6 Most of the meeting time was taken up the by Project Leader
explaining the proposed tasks to participants. In the future expect there will be more discussion of
priorities and nuances of implementation in different countries.
At the workshop we effectively held a retrospective session on the experiences so far with new
planning approach and tools. The problems encountered and actions taken already or suggested
solutions for follow-up are listed in Table 2.
Table 2 Evaluation of problems in first four regional on-line planning meetings
Problems encountered
Connectivity problems from the
coordination unit launching
group calls
Connectivity problems with
participants
Too many individuals with no
clear role joining regional Skype
call making conversation hard to
follow
Inadequate preparation for
meeting

Actions taken or recommended
 New router with much more reliable internet connection
for coordination unit in new office
 Monitor and re-try other conferencing software if Skype
continues to not perform adequately
 Check audio/microphone settings and connectivity of
device prior to each call
 Only invite and send reminders to Partner Leaders
 Others, like advisors can be included for specific calls for
a specific reason



No representative from country
team joining meeting




Partner Leaders did not fully
understand Kan Board or
Smartsheet





Partner Leaders should check Smartsheet before meeting
starts including attachments to tasks
Project Leader should send any other key and late agenda
information to Partner Leaders by email beforehand
Coordinator to send reminders to Partner Leaders about
upcoming meetings
Partner Leaders inform Coordinator via email or a
messaging application if unable to participate, and ensure
that there is a representative from the team who
participates in the call and is briefed beforehand
Short tutorial videos prepared specifically for the project7
Further demonstrations and training provided at
Inception workshop
Follow-up demonstrations and assistance via Skype

Information-Communication systems
Apart from the standard electronic tools like e-mail, skype and chat tools (messenger and Line) the
project has already adopted a set of platforms to serve different purposes (Figure 7).
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Figure 7. Tools to support sharing of information by the AQUADAPT-Mekong project. 8

Stakeholder Advisory Group (A4.4)
The Stakeholder Advisory Group meeting (Figure 8) was attended by seven individuals and was run
in parallel with a session on ICT development requiring some division of labor. The meeting was
chaired by Dr. Oopatham and included three current government officials (Dr. Juradee, Ms. Kaing
Khim and Dr. Yin Yin Moe), a presentative of the private sector (Dr. Adit), an international
organization (Mr. Michael) and the project leader (Dr. Louis). As this was just the Inception
Workshop and the advisory group members had also participated in the main project meeting the
purpose of this session was to allow some independent reflection on the project direction as a whole
and to clarify role of the Group.

Figure 8. Stakeholder advisory group meeting attended by persons from different sectors
The Group praised the proposal and found plans sound. Most of the suggestions made were on
technical issues to look out for during the project:
•

In examining different ways to manage risks to profits do not neglect consumer end of the
value-chain. Good quality products fetch higher prices.

•

Conversely, reducing risks by lowering input costs does not work if it also means lower
quality feed or fingerling inputs; i.e. “You have to spend money to make money”.
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•

Pay attention to extreme events which may occur during product period. They could provide
important tests of value of interventions.

•

Farmers need to be given options and tools to assess their own specific situations. Consider
including rapid assessment of local conditions in assessing risks.

•

Convening small working groups including external experts should be a good way to solve
some types of technical problems. Steering committee members offered to make
introductions to relevant persons on behalf of country teams and the coordination unit.

The Stakeholder Advisory Group, it should be noted, is often referred to by the project members as
the Steering Committee. These are one and the same body.

Risks & needs survey (A1.1)
Survey instrument
During the first 6 weeks of the project prior to the inception workshop most of the technical effort
went into drafting the survey instrument under Activity 1.1 (Table 3). The version discussed at the
workshop was near final and was immediately updated based on discussions at the event.9
Table 3. How Research Questions in Proposal are covered by the baseline survey instrument
Activity

Research question in proposal

A1.1 Baseline

(1) What are the main climate-related risks to the
profitability of aquaculture farms in the target
areas?
(2) How have these risks changed and how are they Q51, Q85
expected to change in the future?
(3) How are these climate-related risks currently
Q15,21,52managed and is there any evidence of adaptation to 53,55,84,86,87
future climate?

A1.1 Baseline
A1.1 Baseline

A1.1 Baseline

Relevant survey
questions
Q14,22,44-45,46-51

(4) What are the most important needs for
innovation with respect to the management of
climate-related risks?
(1) How are information-communication
technologies and social media tools currently used
by fish farmers?

Q68,77,82, 83

A2.2 aeration

(1) Under what seasonal and weather conditions
and aquaculture settings is the risk of low DO
episodes an important risk?

Q45:8, Q38:2, Q44:6,
Q48:6, Q62:2

A2.2 aeration

(2) Is aeration currently used to address this risk,
and if so, is it effective, and if not, why not?
(1) What innovative business models are already
being tried which are intended to share or transfer
risks?

Q56-68, 84:5, 86:7-10

A2.1 ICT

A2.3 Risk
sharing

Q69-77 (86:1-6) (87:4)
Q38-43, 54

Q78-82, (87:6-9)

The first half of the survey was discussed in detail paying attention to results of pre-tests done
before the meeting as well as some new reflections by participants in revisiting the questionnaire.
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Dr. Tuangton pointed out some problems in the earlier version of the survey when using tablets like
not being able to leave all options in a list blank when in fact none may apply in some cases. This was
resolved by re-checking whether the question was marked as ‘requiring an answer’ or inserting an
‘none of the above’ option.

Sites and culture system selection
The following figures summarize the proposed survey plans of each country team made at the
Inception Workshop (Figure 9). Three key and common issues are highlighted.
First, was the challenge of which culture systems and areas to include the study. There is a diversity
of species reared across the region reflecting history, regulatory and water resource condition
including lower as well as higher commercial value products like shrimp in case of Vietnam (Figure
13). Culture practices differ with respect to levels of intensification, rearing of multiple species, and
whether or not they are part of integrated system with poultry or livestock. After some discussion
the decision was made to always include tilapia in ponds or cages and then add other systems
depending on their importance to that aquaculture development in each country.

Area 1

Area 2

Mekong River
Provinces

Tonle Sap Lake
and River
Provinces
High depth floods

Salinity intrusion

Pond /cage
Include all common fish, expect:
Tilapia, snakehead, pangassius, silver
barb
n=300
n=300
Innovation intervention

No. days to complete
survey
Estimated costs (USD)

ITC
Aeration & DO monitoring
Risk sharing
30

Introduce/pilot
Introduce/pilot
Introduce/pilot

5740
Figure 9. Cambodia proposed survey plan10

Second, was finding a practical way to select farms to be interviewed. As Ms. Hap Navy pointed out
in ideal situation should draw sample from lists of registered farmers. Across countries however it
was recognized that lists were not always available, may be out of date or seriously incomplete.
From a practical logistical perspective stratification and cluster sampling approaches should be
considered. In previous work, Dr. Phimphakan observed that pre-arranging meetings of groups of
fish farmers at a central location made travel logistics of survey team much more efficient.
Stratification by culture types, Dr. Louis, recommended in situations where a system of interest is
much rarer than others and this unlikely to be adequately represented in a normal random sample.
Third, was dealing with the high costs of field logistics in some countries relative to the budget
allocated in first six months when the field and people intensive survey needs to be completed. Dr.
Phouvin, for example, pointed out that costs for van rentals were much higher in Laos than in
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Thailand (Figure 11), although it might be possible to make use of a vehicle from the university to
reduce costs a little. It was agreed after discussion that the project should provide a small travel
allowance, mobile phone credit, or culturally appropriate gift for participation in the survey.

Area 1

Area 2

Ayeyarwady Delta
Flood
Salinity intrusion

Central Dry Zone
High temp
Water availabilty

Mono- and poly culture
Include all common fish, expect: Tilapia, carps, catfish,
SIS
n=
n=

Innovation intervention

ITC
Aeration &
DO
monitoring
Risk sharing

Introduce/pilot
Introduce/pilot

Introduce/pilot

No. days to complete
survey
Estimated costs (USD)
Figure 10. Myanmar proposed survey plan.11

Innovation
intervention

No. days to
complete survey
Estimated costs
(USD)

ITC
Aeration & DO
monitoring
Risk sharing
30

North

Central

South

Pond mostly not
intensive
Few
Cage
Oudomxay
Sayabouly

Pond incl.
intensive
More
Cages
Vientiane
Khammouane

Pond mostly not
intensive
More cages

N=95

N=110
Introduce/pilot
Introduce/pilot

N=95

Sekong
Champasack

Introduce/pilot

9025
Figure 11. Laos proposed survey plan

One other issue not fully resolved during the workshop was realistic time schedules to complete
data collection. Many of the proposed plans were ambitious. In follow-up exchanges we suggested
that completion of all data collection by end of March would be acceptable as opposed to original
goal of mid February.
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Area 1

Area 2

Area 3

Area 4

Ubon &
Sisaket

Sakhon
Nakorn

Mukdaharn

Kalasin

flood / high
flow / high
temperature /
dense cloud

flood /
drought /
high
temperature
/ dense
cloud

flood / high
flow / high
temperature
/ dense
cloud /
storm

flood /
drought /
high
temperature
/ dense
cloud

Cage

Pond/cage

Pond/cage

Pond

Include all common fish, expect: Tilapia,

Giant
freshwater
prawn

n=700
Innovation
intervention

No. days to
complete survey
Estimated costs
(USD)

ITC
Aeration & DO
monitoring
Risk sharing
18

Introduce/pilot
Introduce/pilot
Introduce/pilot

4095
Figure 12. Thailand proposed survey plan

Area 1

Area 2

Salinity intrusion
High temp
Pond /cage
Include all common fish, expect:
Tilapia, catfish, shrimp
n=
n=

Innovation intervention

No. days to complete
survey
Estimated costs (USD)

ITC
Aeration & DO monitoring
Risk sharing
20

Introduce/pilot
Introduce/pilot
Introduce/pilot

4920
Figure 13. Vietnam proposed survey plan. 12

Dr. Phuong justified the sites selected for the survey and possible innovation interventions based on
different climate and climate change related risks like floods and salinity intrusion due to sea-level
rise (Figure 13).
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ICT Product-Service Innovation (A2.1)
User stories
In the AQUADAPT approach to Agile management the perspectives of fish farmers and other
stakeholders on what features an innovative technology product-service should have drive the
development process. Our discussion of ICT product-service innovation began with telling and
writing out stories based on initial interviews or experiences in past projects (Figure 14). Dr. Anuwat
started the session by reading out a summary of an interview he made with a pond fish farmer
closely associated with the phase 1 AQUADAPT project.
A smart phone app for fish farmers would be very useful if it
shared timely and good quality information about disease
outbreaks, weather conditions, the operations of water
infrastructure, and daily fish prices. The main obstacles would
be access and learning how to use the application, so it is
important that officials clearly explain how to use it. (Fish
cage farmer, Thailand)

Fish farmers already use line-chat groups to
share information that could be expanded to
cover operations of infrastructure, disease
outbreaks, water quality conditions, and fish
market prices. This information would help fish
farmers make better stocking decisions and plan
ahead for different times of the year.

Figure 14. Examples of user stories – written and spoken.

Existing systems – Green Way
Mr. Thein Soe Min explained the overall design and key features of the Green Way mobile app for
farmers in Myanmar (Figure 15).13 The strategy of using the app to link farmers to sources of
different kinds of information such as technical experts was of great interest to workshop
participants. The Greenway app is clearly a system that the AQUADAPT Mekong project should build
on in developing a tool tailored towards fish farmers.

Figure 15. Greenway application14
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Implementation plan
Dr. Charlotte helped facilitate the break-out session on the smartphone app (Figure 16). Mr. Thein
Soe Min provided a lot of technical and planning suggestions for group to consider based on his
experience with developing the Green Way app. When creating the app, two factors that affect fish
farms need to be taken into account. Internal: water quality, stocking density, DO, feed,
temperature. External: weather, flood-drought, market. The app’s input is symptom or problem, and
the output is possible solutions.
The next steps that the group agreed upon and proposed to project as a whole to follow were:










identify country lead;
country teams prepare basic information according to list of system parameters, including
information about government agencies and extension services;
user interface design;
workshop to translate basic app structure for all five countries;
user testing;
refine design;
final testing;
maintain and upgrade; and
training for extension services and officers.

Figure 16. Group discussion about ICT product-service

Aeration and DO-monitoring Innovation (A2.2)
Current aeration technology in use include: paddle wheel, bubble, fountain, and pump circulation.
Sustainable sources of energy to power the aerators are: hydro, solar, wind, and wave. Innovative
aeration technology: hybrid system (bubbles at the bottom and fans to circulate the water), bicycle
(exercise early morning when DO is low). Reasons fish farmers might not adopt aerators might be
due to: capital cost, maintenance cost, and limited knowledge about farm management and water
quality. Other adaptation options include: species selection, and monitoring (bio-indicator, smell,
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color). This break-out session was facilitated by Dr. Joon (Figure 17). Ms. Amornrat and Mr. Adit
contributed significant technical inputs to help shape the discussions. The strategic steps that the
group agreed on and recommend for development of this activity, is a combination of:


education or awareness raising;



demonstrations and field testing of new-to-location technologies;



and arranging extension or support services.

Figure 17. Group discussion about aeration and DO-monitoring

Risk sharing institutional innovation (A2.3)
Risk sharing was defined as various formal and informal institutions that may support risk sharing
like insurance. Ms. Hap Navy raised the example of micro-credit which if provided by loan sharks
may increase financial risks because of high interest rates. Conversely, community savings group
may help share risks if able to keep interest rates low. Dr. Louis pointed out that one of the
problems with local mutual insurance and related schemes is that in the case of extreme weather
adverse impacts tend to happen to all members in the group at the same time (Figure 18). In
situations when losses are spatially correlated it is difficult to set up a viable insurance scheme.
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Figure 18. Group discussion about risk sharing

In practice past experience with and existing formal schemes directly for aquaculture appear nil or
very limited.
Recognized will be little time of team members in first 6 months to work on Activity 2.3. So careful
not to be too ambitious. As next steps agreed to:




Include additional risk sharing questions in survey and/or in-depth interview guides
Form a working group of those interested
Prepare two concept notes for projects on insurance and standards & certification schemes
for discussion at next project workshop

Supporting research
Research studies need to be identified and designed that will help the innovation process around the
interventions in ICT smart phone app, DO management and Risk sharing schemes (Activity 2). An
example of how research findings might fit into the work and knowledge flows for the ICT case are
illustrated in Figure 19. More specifically, Ms. Quynh Anh noted that in previous work she has done
in the Vietnam Mekong Delta using video to experimentally assess effective ways of communicating
climate and climate change risks should be useful for developing supporting research for the ICT
innovation. Dr. Phimphakan and Dr. Anuwat had some similar experience with experiments looking
at influence of differently worded SMS-type messages on intentions to adopt risk reduction
practices.
Research is thus a part of the AQUADAPT project strategy to deliver innovative product-services that
help manage climate-related risks to fish farms:15
•

Build on existing to deliver working version early on

•

Iteratively deliver more functions based on user feedback & do-ability

•

Do research to inform & evaluate design of entire “product-service” chain
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•

Use shared product-service as far as possible but with country specific data links & maybe
feature

•

Partner with others for long-term sustainability of product-service

Figure 19. Some of the ways in which targetted research (R) could inform the development of the
ICT product-service

Administration (A4.1)
Six-monthly activity reports
In this session Dr. Louis went through the various templates that have been prepared to streamline
project reporting. 16 The activity report is centred on achievements under relevant project activities
(Table 4) and accumulated outputs (Table 5). The templates were accepted.
Table 4 Summarize activities in table focusing on activities carried out in or completed in last 6month reporting period. 17
Activity

Achievement

1.1 Climate risks &
innovation needs

Brief summary of completed risks & needs survey dataset and
accompanying in-depth interviews

2.1 Information
communication technology
innovation

Brief summary of user stories collected, composition of local stakeholder
group consulted and other activities**

4.2 Nodal partners

Evidence of regular meetings held by country teams. Summary of social
media and related communication activities.
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Table 5 Summarize outputs in table(s) accumulating outputs from start of project while clearly
indicating those added in last 6-month reporting period.
Type

Outputs & outcomes

Conference Presentations

Date, presenter, title of presentation, name of event, location

Working Papers

Authors, title

Submitted Journal articles

Authors, title, journal submitted

Newspaper or mass
media spots

Date, format, title, source, link

Product-service
development

Project contribution to product-service innovation enhancement etc.

Product-service use

Evidence of use or uptake by target groups

Expenses
Some agreed basic financial rules included:




Expenses should be in-line with agreed budget
Meals and daily field allowances should not both be claimed (no double dipping)
Meeting catering should not include alcohol

The importance of documentation was emphasized in the workshop:




All receipts must be kept and documented in financial reports; in the rare instance where no
receipt is available from the service provider a signed declaration of expense incurred must
be made. Issuing a counter-signed retreat however should be the norm.
Purpose for all sets of expenses should be stated & clear on page receipt is mounted or in
cover sheet to a set of receipts

Financial reports
At the end of every 6 months Partner Leaders are required to submit two financial documents to the
Project Leader: an expense sheet summarizing and documenting all purchases from the past 6
months (Figure 20); and a proposed budget table for the next 6 months (Figure 21). Note: exchange
rate used in reports is that based on amount actually received in the partner’s account and thus
includes various bank transfer fees.
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Figure 20. Example of a financial report summarizing documented expenses of a partner over the
previous six months.18

NAME OF ORGANIZATION

Code
RT
RP
IF1
IF2
IF3
RA1
RL
RG
RC

Expense type
International Travel
Partner Leader (name)
Innovation Facilitators 1
Innovation Facilitator 2
Innovation Facilitator 3
Research Assistant
Casual labor
Local Travel
Consumables

RE

Equipment

ID

TOTAL
Indirect Costs (7%)
GRAND TOTAL

BUDGET
(THB)
76,483
91,394
121,859
121,859
121,859
91,394
36,712
61,186
45,890

BUDGET
(USD)
2,500
2,987
3,983
3,983
3,983
2,987
1,200
2,000
1,500

15,297

500

Amount expected (THB)
Amount to be received (USD)
Effective exchange rate (BahtUSD)

783,930
54,875
838,805

Justification

Salary for 20% time (36 months) @ 15,000 per month
Salary for 40% time (36 months) @ 20,000 per month
Salary for 40% time (36 months) @ 20,000 per month
Salary for 40% time (36 months) @ 20,000 per month
Salary for 60% time (36 months)@ 15,000 per month

25,624
1,794
27,418

826,012
27,000
30.5930

Figure 21. Example of a budget proposal table for the next 6 months19

Timely reporting
One of the challenges with the current grant is that funds are provided in installments with each
payment scheduled after reports have been approved. Thus, the team will need to plan ahead to
send in reports as soon as possible otherwise partners may face long financing gap after each 6month period ends during which may be unable to pay staff or reimburse expenses (Table 6).
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Table 6. Timely reporting to avoid funding gaps
Deadline

Responsible

To whom

Deliverable

12 Jun 2018

USER

Partners

2nd installment of partner allocation

5 Jun 2018

IDRC

USER

2nd installment of funds

5 May 2018

USER

IDRC

Final compiled financial report
Final activity report

2 May 2018

Partners

USER

Updated final financial report

28 Apr 2018

Partners

USER

Updated final activity report

7 Apr 2018

Partners

USER

Near final draft of activity & financial
reports

Next Steps
Immediate follow-up
A few tasks were agreed to for immediate follow-up in the 5-10 days following the workshop most
falling into the same sprint as the workshop or the one after (Figure 22).

Figure 22. Workshop follow-up actions this SPRINT
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Next 6-monthly project meeting
Decisions




To be hosted by the team in Laos
Luang Prabang proposed, location to be finalized pending assessment of costs
Late April or early May, dates to be finalized as soon as possible

Program






Findings from baseline survey & in-depth
ICT innovation research, product-service progress
Initial findings from research studies
Next set of supporting research proposals
Format will shift to more small working group sessions and more speaker time to team
innovation facilitators and partner leaders

Long-term plan
The longer-term plan for the AQUADAPT project had been discussed in separate pre-workshop
meetings with each partner leaders and selected other team members. In these meetings it was
agreed to shift to a schedule in which the team of 5 (partner leader, 3 innovation facilitators and 1
research assistant or some similar structure) work throughout the 3 years of the project eventhough
the specific innovation themes (ICT, DO, Insurance) would be introduced in staggered phases.
The evolving roadmap for the project has been uploaded into Smartsheet (Figure 23). In this plan the
time line is broken into quarters and the tasks or cards are “epics” or collection of much smaller
tasks used to plan 2-week long sprints.
Figure 23 The first half of the first version of the longer-term roadmap for the project.20
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Key outstanding issues
1. Likelihood of funding gaps that may impact partner activities due to tight budget and a
payment schedule with no ‘room’ to cover expenses in anticipated 4-10 week period
between submitting integrated 6-month reports and 5 individual country teams receiving
their next installment.
2. Allocation in first 6 months within countries needs to be adjusted among categories within
the Partner Grant allocation to allow more for survey and increased by addition of funds
held at USER-CMU and reserved for this purpose as per initial plan (under Activity 1.1). There
are no immediate implications or changes for the budget as reported in the Grant
Agreement Document with IDRC.
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Appendix
Agenda
Inception Workshop 13-15 December 2017, Chiang Mai
Purpose of meeting: To agree on details of how the project will be implemented, including expected
roles, deliverables and agile-inspired coordination of teamwork within and across countries.
Pre-meeting preparation: The success of the meeting will depend on all individuals coming
prepared. Please go through the agenda to identify places where you or your team will be expected
to provide inputs. Partner Leaders should divide the preparatory work among their team members
recognizing it will not be possible for everyone involved in the project to physically attend the
meeting. While most participants were closely involved in developing the proposal there will be
some advisors and new members less familiar with the project’s history - it is strongly recommended
that they read through the proposal carefully before coming to the workshop.
Format: For most items on the agenda the Project Leader will briefly introduce the implementation
issue, propose how it be addressed, and then turn the floor over to participants for facilitated
debate and discussion. Key points agreed upon and concerns requiring further debate will be
recorded on mounted cards around room. Everyone will get a chance to contribute.
DAY 1
0900-1030

Agenda Items
S1. Why we are here, who we are
 Welcome remarks (Charlotte)
 Aims of the meeting (Louis)
 What skills or experience I bring to project (all participants by team)
 Our strengths and capacity needs (group analysis, each team)

1030-1100
1100-1230

Break
S2. How we work together
 Introduction to Agile (Charlotte)
 Coordinating work within and among small teams (Louis)
 Interactive planning and review group exercise using smartsheet

1230-1330
1330-1430

Lunch
S3. What we expect to achieve by when
 Proposal objectives and outcomes
 Deliverables and products
 Responsibilities and roles
 Key project concepts

1430-1500

S4. Risks and needs survey (A1.1)
 Updates on pretest and survey design (each team)

1500-1530
1530-1630

Break
S4. Risks and needs survey (A1.1) CONT.
 Quality control and coordination team visits
 Schedule to complete surveys
 Indepth interviews

1630-1700

What we have learnt, what is still of concern
 Review day 1.
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DAY 2
0900-1030

1030-1100
1100-1230

S5. ICT product-service development (A2.1)
 Summary of user stories (each team)
 Mobile use and internet access constraints and trends (each team)
 Existing climate risk information systems (each team)
 Supporting research needs
Break
S6 AQUADAPT-Mekong Steering
S5B. ICT product-service design working
Committee Meeting
group
(Chair: Oopatham)
(Chair: Joon)






1230-1330
1330-1700

DAY 3
0900-1015
1015-1030

Revise plan for day 2.

Comments on proposal and
workplan for months 2-6
Links to key stakeholders
Mentoring of country teams
Identification of solution experts
Other matters





Analysis of options
Vision of version 1.0 of smart phone
application
Integration with other social media
tools.

Lunch
S7. Field visit
 Fish farm using bio-floc innovative technologies
 Conventional cage culture
S8A. ICT Product Service S8B. DO – Aeration
(A2.1)
(A2.2)
S9. Innovation and adaptation reviews (A1.2)
 Theoretical and conceptual matters
 Significance for research components

S8C. Risk sharing (A2.3)

1030-1100
1100-1230

Break
S10. Project administration
 Regulations & guidelines
 Financial management and reporting
 Progress reporting template
 Human resources management
 Partner sub-contracts
 Solution team experts

1230-1330
1330-1500

Lunch
S11. Country team plans and reflections
 Partner leader country short presentations (each team)
S12. Outstanding issues, next steps
 Summary of key action points
 Adjusted work plan, proposal
 Upcoming virtual and physical meetings
 Next project meeting (late apr/eary may)
 Close meeting

1500-1530
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Venue for meeting and accommodation : Kantary Hills, 44/1-2 Nimmanhaemin Road, Chiang Mai
50200. Tel: 053 222 111. Short 10 minute trip from airport.
https://kantarycollection.com/kantaryhills-chiangmai/
Funding of participants: The AQUADAPT-Mekong project will reimburse costs for air or land travel,
accommodation and provide a modest allowance to cover local incidental expenses for participants
travelling from within the Mekong Region. Participants are encouraged to buy tickets in advance
and to use lower cost airlines whenever possible so they will have more travel budget for future
events.
Participants: Approximately 25 individuals will participate physically in meeting including the
coordination unit. A few other individuals will join particular sessions via video-conferencing links. A
separate list with up to date contact information for all participants will be circulated.
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Sources
1

Louis Lebel. Presentation, Day 1.

2

USER-CMU. AQUADAPT Mekong Proposal.

3

Charlotte MacAlister. Intro to Agile. Presentation, Day 1.

4

Louis Lebel. Presentation, Day 1. Modified from: http://www.neonrain.com/

5

Charlotte MacAlister. Intro to Agile. Presentation, Day 1.

6

See AQUADAPT-MEKONG Smartsheet:
https://app.smartsheet.com/b/publish?EQBCT=c62231b22d32431ea95fcfedf9f211a6
7

Set of project-specific short video explaining how to do different things in Smartsheet have been prepared
and can be viewed at:
https://www.youtube.com/watch?v=xb2MQ1zq6hQ
https://www.youtube.com/watch?v=JlPFWym61o0
https://www.youtube.com/watch?v=XiuW6W_GjnM
https://www.youtube.com/watch?v=DF4YvknMZHE
8

Louis Lebel. Presentation, Day 1.

9

The survey is implemented with on-line platform Surveygizmo so that it can be used on tablets in the field for
data collection. At time of writing this report this was the latest version of the English language master:
http://www.surveygizmo.com/s3/4078604/AQUADAPT-Mekong-En171220
10

Hap Navy. Sampling plan. Presentations, Day 1 and 3.

11

Dr. Khin Maung Soe, Sampling plan. Presentations, Day 1 and 3.

12

Nguyen Thanh Phuong . Sampling plan. Presentations, Day 1 and 3.

13

To download app on your mobile go to: www.bit.ly/greenwaymyanmar

14

Thein Soe Min. Presentation, Day 2.

15

Louis Lebel. Presentation, Day 2.

16

Louis Lebel. Presentation, Day 3.

17

See AQUADAPT-Mekong Inception Workshop Folder:
https://www.dropbox.com/sh/ou1d93rm29datec/AACF3V1Icsw_rWFJE19Tje9Ra?dl=0
18

See AQUADAPT-Mekong Inception Workshop Folder:
https://www.dropbox.com/sh/ou1d93rm29datec/AACF3V1Icsw_rWFJE19Tje9Ra?dl=0
19

See AQUADAPT-Mekong Inception Workshop Folder:
https://www.dropbox.com/sh/ou1d93rm29datec/AACF3V1Icsw_rWFJE19Tje9Ra?dl=0
20

See AQUADAPT-Roadmap sheet:
https://app.smartsheet.com/b/publish?EQBCT=b537be22f7a3486c9d4f5852f6e26247
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AQUADAPT-Mekong
Climate Adaptation and Innovation in Mekong Aquaculture

Luang Prabang Workshop Report
16-18 May 2018, Luang Prabang, Laos

Summary
This report summarizes the activities, presentations and discussions arising from the second workshop
of AQUADAPT-Mekong; a research project focusing on innovations that can help the aquaculture sector
in the Mekong Region (Vietnam, Cambodia, Laos, Myanmar, Thailand) adapt to climate change. The
workshop took place in Luang Prabang, Laos, 16-18 May 2018. The main purpose of the workshop was
to review progress of the past six months; to go over baseline survey results; to discuss about the
communication research; and to agree on deliverables for the next six months. Team members from all
partner countries attended the workshop, including Thailand (3), Cambodia (4), Vietnam (3), Laos (4),
and Myanmar (6). Also, there were members of the Steering Committee (7), the Coordination Unit (4),
and solution experts (2).
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Sessions 1&2: Climate risks & innovation needs
Mr. Fongsamoth Suthammavong, Dean of the Faculty of Agriculture at the National University of Laos,
welcomed all participants to Luang Prabang. He encouraged the exchange of thoughts and experiences
during the workshop, and wished the AQUADAPT-Mekong project success.
After the warm welcome, the first session started in which each of the country teams gave a
presentation about their methods, experiences, obstacles, and key findings from the baseline survey and
in-depth interviews. After each presentation there was time for questions and clarifications.
Some interesting discussions during the session included: length of the interviews, gender
representation, selection of respondents, difficulties and experiences of insurance in aquaculture,
registered versus non-registered farms, problems of duplicate responses, differences in definitions,
contract versus non-contract farmers, range shifts and changing where farmers grow their fish,
separation between different aquaculture
ecosystems, zoning separation, and to what
extent different species are able to adapt to
climatic changes. A subject that was brought up
a few times was concern about the use of the
tablets and offline application for collecting the
baseline information. As this was new to the
teams, training interviewees to use the survey
with this technology before going out into the
field was crucial. In general, it was expressed
that the software helped save a lot of time
compared to hand-writing, but some important
limitations to this method were also discussed.
Project Leader, Dr. Louis Lebel, complimented the groups for presenting a good amount of detail,
but also emphasizes the importance of writing down which methods have been used, how the data is
collected, and which problems have been encountered. He explained that this was very important for
comparisons, for our analysis, for being able to explain to other people how we did our research, and
to be able to reflect on what we did. It was agreed that the country teams put this in writing as soon
as possible.
At the end of the session, the different team members said that it had been quite useful to listen to
the other country teams’ presentations to be able to learn from each other, after which everybody
was invited to informally reflect and discuss the session over lunch.
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Session 3: Comparative analysis of risk perceptions and management
practices

In this session Dr. Louis Lebel wrapped up the morning session and presented a more general and
regional perspective in which he compared the data from the different countries. During this
presentation, the following topics were covered:

He furthermore stipulated that the analysis of the data is driven by the following questions:
•
•
•
•
•

What are the main perceived climate-related risks to the profitability of aquaculture farms?
How have these risks perceived to have changed in the past and how are they expected to
change in the future?
How are these climate-related risks currently managed?
How is adaptation expected to occur in the future?
What are the most important needs for innovation with respect to the management of
climate-related risks? (information, technical, institutional)

Thus, the analysis during this session was
mostly about differences between the
project countries, such as: different
aquaculture systems, different aquatic
ecosystems, different languages, different
cultures, etc. To clearly illustrate the
differences between countries he used
many figures in his presentation. He further
underlined that the “country” factor is very
important when analysing data, and also
adds and shows that it is important to have
a model that knows how to deal with other
factors, such as assets, education level,
shrimp or fish, the experience of past losses from climatic events, etc. Moreover, he emphasized the
importance to always consider interpretation problems and limitations.
After the presentation, the group expressed that it was very helpful to see the country differences.
Also, the group was informed that if anyone would be interested in analysing the different countries
or their own country and contribute to writing a paper about it, a 2-day training course could be
arranged for them. Lastly, it was mentioned that if anyone wanted to be involved with the regional
papers, the coordination unit would be more than happy to welcome co-authors.
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Session 4: Green Way aquaculture application
Representatives from the Green Way app, Ms. Yin Yin Phyu and Mr. Thein Soe Min, gave a thorough
presentation to the group, explaining the current state of the app, including interesting details. They
explained that initially the app was for agriculture farmers in Myanmar, though recently they had
partnered with WorldFish to create an aquaculture branch within the same app. It was this latter new
addition that they presented about. They showed by means of visuals in their PowerPoint presentation
what the design of the app looked like, how to click through the different menu options, and showed
and explained a whole range of relevant features for aquaculture farmers. They explicitly explained the
importance of user registration, so that each individual can get unique support, depending on their
location and situation.
A few interesting points of discussion were the following: it was discussed whether the users should pay
for the app or that it should be made freely available. Another interesting discussion followed after,
whereby concerns were expressed about what would happen if the app would give the wrong advice to
farmers in a specific
situation. It is agreed that it
is an important dilemma
and that one always needs
to be careful as nobody has
the complete knowledge.
Trust building is crucial in
such a situation. It was
furthermore questioned
whether the app would be
easy for farmers to
understand, after which it
was explained that the app
on purpose has a very
simple design as a result of
focus group discussions
with farmers on this topic.
Lastly, a short discussion
followed about regulations,
permission, and legal aspects within Myanmar that could influence the app. All in all, the group
perceived the application to be quite promising and innovative.
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Session 5&6: ICT innovation activity proposals
During this session, each of the country teams presented their ICT proposal. After each presentation
there was time for some questions and clarifications, and at the end of the session there was time for
reflections and discussions. In general, it was difficult for the country teams to design a feasible
proposal at this stage; with the exception of Myanmar, where they were working with Green Way.
Nonetheless, it was stipulated that we are just at the beginning of this activity, and that it is therefore
not uncommon that we are still searching for the right approach. The most important point was that
overall, the proposals were too ambitious. Thus, some suggestions and thoughts that were expressed
during reflections and discussions included:

1. Focus on a simple application, for instance just for one species. It’s better to do a good job
on a few things, then to lose focus on many things.
2. Combine (some of) the country groups together instead of all separated, to combine the
knowledge and expertise. However, language could be an issue here.
3. Think carefully about who the users of the developed product in each country will be.
4. The proposal does not have to be a smartphone app. ICT can mean many things, so there is
flexibility in what the teams can choose to do.
It was furthermore stated that
even developing an app, simple
or not, and get it working, that is
already a success within the
AQUADAPT project. The group
also mentioned that instead of
developing an app, they could
develop the knowledge base for
existing applications. Thus, in
that case focus on consultation
and developing expert logic in
which we focus on one or two
topics and really push that
specific knowledge. The session
was concluded with some time
for the individual country teams to reflect on the proposals and discussions over coffee.
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Session 7&8: Design of ICT research study
After listening to all the country team proposals and discussing them on the first day, during this session
Dr. Louis presented his ICT research and development ideas to the group, using the input from the day
before. He started by reminding everybody about the goal and purpose of this activity and followed up
by explaining that the proposals should be evaluated by the following criteria:

•
•
•
•
•

Is it an innovation?
Is it relevant to climate change
adaptation?
Does it make use of ICT?
Does it address unmet needs?
Is it feasible, plausible and does it
have potential?

He then proposed three ideas on R&D design to the group. As Myanmar already has a well-developed
proposal, and because Facebook is not used a lot in Vietnam, these proposals are mostly meant for the
other three countries:
1. Operational research with Facebook groups
2. Message-based learning on country pages
3. Simulated “Facebook Group” experiments
After explaining the differences and some details of the three options, everybody was invited to give
critique after which a fruitful discussion followed. It was talked about if we should try all three options,
or just one or two; what the length of the interventions would be per option; who will be coordinating
the country pages; if number two and three can be combined; what kind of farmers will be the users;
how to deal with digital literacy; if another platform than Facebook should be used; the size of the
groups; and the importance of reliable quality information. Overall, everybody seemed to be interested
in these options, and there is agreement in principle to develop some Facebook related research
activity. To move forward, we need to assign specific persons per team who are really interested in
communication to start working on this.
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Session 9: Towards design of aeration/water quality component of
project
In his presentation, Dr. Chua Chong Joon introduced the subject of aeration, dissolved oxygen (DO), and
diffusion to the group, by explaining the technicalities and physical processes that are relevant to
understand the different applications and specific needs. He explained that many variables need to be
considered when applying aeration in aquaculture, as different types of aquatic life require different
approaches. The project therefore needs to know more about the specific needs for the species that we
work with. He continued by explaining all the different factors that affect DO in the water, such as
seasonality and the type and number of organisms among many others, leading to the conclusion that it
is a very difficult problem to study, and that it is even more complex when looking at different types of
aquaculture such as cages or ponds. After going over the main types of aerators, he highlighted a
creative and innovative type of aerator that might be relevant for our project: a solar updraft aeration
system.
One of the key messages was that despite the
complexity, we need aeration in aquaculture,
and that many studies have shown that
aeration increases yield and net profits.
However, the most important reasons currently
for not using aerators concern capital and
maintenance costs, and limited knowledge on
farm management and water quality. He
concluded by stating that we know a lot about
DO and about the benefits of aerators, but the
next step is optimizing how to use it, in which
monitoring plays a crucial role.
Moving forward, he proposed the following key points:
1. Work with local environment/water authorities to set up monitoring programs (DO, pH, turb.,
salinity, temp., WL).
2. Publish a BMP manual (simplified; based on existing literature): dominant aquaculture products,
location-specific.
3. Where there is a knowledge gap, carry out studies/experiments (Thailand & Vietnam).
In the discussion that followed, everyone was reminded that in the design of our project, aeration is a
technical innovation to help farmers adapt to climate change. Also, the situation in Myanmar was
discussed and how they would be able to apply aeration, as a lot of their ponds are very big in size.
Towards the end we discussed whether we will be doing field experiments or for instance surveys in
existing situations, after which it was agreed upon to work with farmers that want to measure
equipment that they already have, and help them monitor, and that we won’t be investing in new
systems. However, it was stated that this is just a first discussion, but to go forward we need a working
group that starts designing the aeration project.
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Session 10: Communication for impact and support
Facilitated by Boripat Lebel, during this session each of the country teams gave a short presentation
about their engagement with social media and specifically the use of their country’s AQUADAPT
Facebook page. During the presentations, some of the differences between the countries became
apparent, but also good points came up from which the other teams could learn from.
After some comments and questions, Dr. Louis Lebel explained that the Facebook pages are distributed
to each of the country teams
in a standardized format, but
that USER doesn’t control
them. This means that each
team can do with their page
what they think is best, such
as changing the name or logo
into something more suitable
for their situation and
purpose. Going hand in hand
with this discussion, it was
agreed that all teams should
think more about their
purpose and what they want
to do with their page.
Another discussion concerned
the question whether we
should also be looking at other channels. Boripat Lebel stated that the reason we started with Facebook
was because it is the easiest and has the widest number of users. If we want, we can expand to other
channels too.
Another point of concern in most countries is the distribution of likes and followers from men and
women. It was agreed that we need to think more about strategies and try to make this more equal.
Related to that, the discussion brought forward that it would be a good idea to post more stories from
different user groups (men & women, young & old), and thus introducing more qualitative posts instead
of mainly quantitative.
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Session 11: Communication for coordination and project management:
smartsheet, agile method, reporting
During this session the project management and coordination systems were evaluated and reviewed.
Firstly, the country teams discussed separately with their own group members about their project
management issues, by filling out a table in which they wrote down the overall evaluation, key
observations and issues, and agreed actions on the following topics:

Evaluation topics

•

Agile fortnightly meeting cycle
for regional coordination
Messenger group for
instant/chat coordination
Use of simplified Smartsheet
for planning within countries
Within country coordination
meeting cycles
Individual workloads

•

Capacity development

•
•
•
•

•

Activity reporting

•

Share deliverables

•

Financial management

•

Financial reporting

•

Workshop hosting
expenses

After the country group discussions, all country teams returned to the large group to talk about the
different issues and topics, and to agree on action points. It was decided that all the management and
coordination systems will be continued as they have proven to be useful. Each team for instance had
their own personal country coordination meeting cycles and were using different types of channels that
worked well for them. Also, the teams were positive about the simplified Smartsheet interface. With
regard to the agile fortnightly meeting cycle for regional coordination, it was agreed that it is useful to
know what everyone is doing and to learn from each other’s issues. However, it was expressed that the
meetings could be more efficient, for instance by sending an e-mail beforehand with the points of
discussion. The group also decided that each country representative should take notes during these calls
and share them with each other
afterwards. Other agreed actions
concerned the importance of timely
submitting activity reports and other
deliverables. One of the last points made
was that the coordination unit would be
happy to provide advice and suggest
strategies on how to divide work more
equally within the teams; especially now
that the project is getting more complex
and the workload greater.
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Session 12: Conclusions and next steps
Steering Committee Chair Dr. Oopatham started the conclusion session by stating that after this project
is finished, he doesn’t want it to fade away. It is therefore important to connect with policy makers or
the right persons within the five countries to distribute the project so that they can follow up on it and
use it. Dr. Louis added that we have a few things planned already, but that it certainly is a good idea to
create a strong policy program. Also, during this session, the engagement of the private sector was
discussed again, after which it was agreed that it will be more likely for the private sector to have a real
interest in involvement in individual innovations such as aerators or ICT products, rather than in the
overall project. The Vietnam team was already in contact with a telecommunication company; Myanmar
is working together with Green Way; and there are certainly more opportunities to be found in the
region.
Furthermore, a topic that has
been proven a relevant point of
discussion during the workshop is
gender. It was agreed that we
should keep paying attention to
and making sure that gender
issues are sufficiently reflected in
the project activities.
A next discussion that followed
on was whether the country
teams should set a target of
publishing papers about the work
that they have been doing, now
that we are a bit further into the
project. It was stated that the
country teams won’t be pushed
into this as this might create unnecessary pressure, but that everyone is more than welcome to do so
and that they will be supported by the coordination unit. It is however important to not lose focus on
the innovation work that needs to be done when setting these targets.
After asking the group where the next workshop will be held, Vietnam volunteered to host the next
workshop, which will take place in early December 2018, and likely to be in Ho Chi Minh City. Towards
the end of the session, Dr. Louis summarized some of the action points that are relevant in the next one
to two weeks, concerning reports, ICT proposals and other deliverables. Dr. Oopatham then closed the
session by thanking everybody for all their thoughts, experiences and discussions, and stating that it all
has been very interesting and helpful for the project.
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Session 13&14: Steering committee meeting
On the third day of the project workshop, members of the steering committee and partner leaders sat
down together to discuss about the performances of the teams so far, the expected obstacles while
moving forward, and how the project can create policy impact and connections to decision-makers,
among other things. Dr. Louis started the meeting with a quick review, summarized in the figure below:

Afterwards, the following questions were raised and discussed:
What are your most important concerns with the project?
We are doing good, but it is important to create more opportunities for creating real policy impact. Also,
more emphasis on capacity development is needed in order to achieve our goals.
Are there any new opportunities that require adjustment of project design or plans?
With regards to the ICT proposals and intended future products, it was observed that it would be great if
the products could be co-produced with the users, and more importantly, the users can take over and
organize it by themselves once the project has ended. Dr. Louis also added that in a few weeks each
team needs to decide whether they accept his ICT proposal, or otherwise they have to come up with a
new proposal themselves.
Moreover, it was strongly recommended to use more qualitative tools in research activities. For this
purpose, it was agreed that there will be a one-day workshop to learn about and increase knowledge on
qualitative tools.
Have we achieved an appropriate power balance between coordination unit and partner teams?
There were also a few comments and suggestions on the Skype-group meetings every 2 weeks and if for
instance the frequency, time, and amount of people should change, but after hearing some pros and
cons the group decided to keep it the same way according to the agile method.
How can we better engage the policy process?
In regards to creating policy impact, one good strategy suggested was to visit the senior official of the
department of fisheries to explain the whole project so that they could assign someone officially to
follow the project.
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Moreover, the Myanmar Partner Leader expressed interest to learn from Vietnam about their
government policies, whereby Dr. Louis emphasized that this project is very much an opportunity for
cross-learning through sharing of experiences and even exchange trips.
How can we engage private sector in innovation process?
The involvement of the private sector was discussed quite intensively. The main conclusion after the
discussion was that we don’t have a good strategy yet on how to include this sector, and that we should
explore the possibilities on how to do this. It was also agreed that private sector engagement may be
mostly relevant for specific parts of the project, such as ICT or aeration, rather than at the level of the
whole project.
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Appendix
Appendix 1 Agenda for the Luang Prabang Workshop, 16-18 May 2018.
DAY 1
0900-1030

Agenda Items
S1. Climate Risks & Innovation Needs: Findings from Baseline Survey and Indepth Interviews
Welcome: Phouvin
Facilitator: Oopatham
Presenting Teams: Cambodia, Vietnam, Myanmar
• Each country team presents on methods, experiences, obstacles, and key
findings from the baseline survey and in-depth interviews (20 minutes
presentation + 10 minutes discussion)

1030-1100
1100-1200

Break
S1. Climate Risks & Innovation Needs: Continued
Facilitator: Oopatham
Presenting teams: Thailand, Lao PDR

1200-1230

S2. Reflect on implications of survey findings
Self-facilitated country tables
• What are 3-5 most important implications for the design of ICT
innovation activity in your country?

1230-1330
1330-1415

Lunch
S3. Comparative analysis of risk perceptions and management practices
Facilitator: Khin Maung Soe
Presenter: Louis (25 min presentation + 20 min discussion)

1415-1500

S4. Greenway Aquaculture Application
Facilitator: Tuantong
• A representative from Greenway presents to the group the aquaculture
application (25 min presentation + 20 min discussion)
Break
S5. ICT innovation activity proposals
Facilitator: Kanokwan
Presenting Teams: Lao PDR, Vietnam, Cambodia, Thailand, Myanmar
• Country teams present their ICT proposals paying close attention to
objectives, actions and expected outcomes (10 min each).
• Project Leader and participants give comments or ask questions (5 min)
• General discussion at end (15 min)
S6. Reflect on comments received
Facilitator: Self-facilitated in country table groups
• How should design of ICT innovation work be refined or changed?

1500-1530
1530-1715

1645-1715
DAY 2
0900-0915

S7. Reflections on Day 1, Plans for Day 2
Facilitator: Oopatham
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0915-1030

S8. Design of ICT research study
Facilitator: Hoanh
Presenter: Louis (15min, initial idea)
• Design options for a supporting, multi-country, research project on
innovative information communication technologies
• Possibly divide into 2-3 groups to assess and refine proposed research
study

1030-1100
1100-1145

Break
S9. Towards design of aeration/water quality component of project
Facilitator:
Presenter: Joon
• Overview on aerators and water quality monitoring technologies (20 min
presentation + 25 min discussion)

1145-1230

S10. Communication for impact and support
Facilitator: Boripat
• Very short presentation (5min) by each team describing their
engagement beyond the project including via social and mass media
• Followed by general discussion evaluating project communication
strategies and agreement on 3-5 action points
Lunch
S11. Communication for coordination and Project Management: Smartsheet,
Agile Method, Reporting
Facilitator of Plenary: Louis
• Evaluate in country groups (45min):
o use of Smartsheet Kan Board
o 2-weekly regional skype meeting system
o Within-country coordination among team members
o Reporting templates
o Any other project management issues
• Report back, discuss and decide on changes (45 mins)
Break
S12. Conclusions and next steps
Facilitator: Oopatham
• Any other outstanding issues, concerns or opportunities
• Which country will host the next workshop?

1230-1330
1330-1500

1500-1530
1530-1615

DAY 3
0900-1030

1030-1100
1100-1230
1230-1330

S13. Steering Committee Meeting
Facilitator: Oopatham
• Comments about performances of country teams
• Obstacles moving forward
Break
S14. Steering Committee Meeting CONT
Facilitator: Oopatham
• How to create policy impact, connections to decision-makers, etc.
Lunch
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Appendix 2 Directory of Participants at the Luang Prabang Workshop.

Dr. Louis Lebel
Project Leader (USER)
louis@sea-user.org
llebel@loxinfo.co.th

Dr. Phimphakan Lebel
Research Fellow (USER)
phimphakan@sea-user.org

Mr. Boripat Lebel
Project Coordinator (USER)
boripat@sea-user.org
boripatlebel@gmail.com

Ms. Lenore Sturm
Research Assistant (USER)
lenore@sea-user.org
lenoresturm@gmail.com

Dr. Tuantong Jutagate
Partner Leader (Thailand)
tuantongj@gmail.com

Dr. Amornrat Rangsiwiwat
Innovation Facilitator (Thailand)
rangsiwiwat.a@gmail.com

Mr. Niran Warin
Research Assistant (Thailand)
niranwarin5@gmail.com

Dr. Nguyen Thanh Phuong
Partner Leader (Vietnam)
ntphuong@ctu.edu.vn

Ms. Quynh Anh Nguyen
Innovation Facilitator (Vietnam)
anh.quynh.nguyen@gmail.com

Mr. Vo Nam Son
Innovation Facilitator (Vietnam)
vnson@ctu.edu.vn

Dr. Khin Maung Soe
Partner Leader (Myanmar)
m.khin@cgiar.org

Dr. Yin Yin Moe
Innovation Facilitator
(Myanmar)
yinyinmoedof@gmail.com
training.dof@gmail.com

Dr. Kyi Thar Myint
Innovation Facilitator (Myanmar)
kyithar.myint.dr@gmail.com

Ms. Yin Yin Phyu
Innovation Facilitator (Myanmar)
yphyu@greenwaymyanmar.org

Ms. Hap Navy
Partner Leader (Cambodia)
hapnavy@yahoo.com

Ms. Kaing Khim
Innovation Facilitator
(Cambodia)
kaingkhim@online.com.kh

15

AQUADAPT-Mekong

Luang Prabang Workshop

Mr. Seng Samphal
Innovation Facilitator
(Cambodia)
samphals@gmail.com

Mr. Sobot Soth
Research Assistant (Cambodia)
sobothjupiter@yahoo.com

Dr. Phouvin Phousavanh
Partner Leader (Laos)
phousavanh_win@yahoo.com

Dr. Sinsamout
Ounboundisane
Innovation Facilitator (Laos)
sinsamout@fishbio.com

Mr. Latsamy Soulivongsa
Innovation Facilitator (Laos)
soulivongmee@gmail.com
l.soulivongsa@nuol.edu.la

Mr. Bounsong Vongvichith
Research Assistant (Laos)
bounsong76@gmail.com

Dr. Oopatham Pawaputanon
Na Mahasarakam
Steering Committee Chair
oopatham@yahoo.com

Dr. Kanokwan Manorom
Steering Committee
Member (Thailand)
kanokwan.m@ubu.ac.th

Dr. Oudom Phonekhampheng
Steering Committee Member
(Laos)
oudomg@yahoo.com
oudomp@yahoo.com

Dr. Chu Thai Hoanh
Steering Committee Member
(Vietnam)
c.t.hoanh@cgiar.org

Mr. Thein Soe Min
Guest from Myanmar team
tsmin@greenwaymyanmar.org

Mr. Kyaw Thu Tun
Guest from Myanmar team
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Dr. Chuah Chong Joon
Solution Expert (Singapore)
chuahjoon@gmail.com
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AQUADAPT-Mekong
Climate Adaptation and Innovation in Mekong Aquaculture

3rd AQUADAPT-Mekong Workshop Report
16-18 January 2019, Da Nang, Vietnam

Summary
This report summarizes the activities, presentations and discussions arising from the 3rd AQUADAPTMekong workshop that took place in Da Nang, Vietnam on 16-18 January 2019. The main purpose of the
workshop was to review achievements from Year 1; to reflect on the Facebook groups experiment; and
to discuss and plan the aeration innovation activity for Year 2. Participants were team members from five
countries in the Mekong Region, including Thailand (3), Cambodia (4), Vietnam (6), Laos (3), and Myanmar
(5); as well as members from the Steering Committee (4), and the Coordination Unit (4).
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Session 1: Achievements of the partner countries
Steering Committee Chair Dr. Oopatham opened the workshop meeting by saying he was happy to see
everyone again since the last meeting in Luang Prabang, after which he gave the word to the host country
leader. Vietnam Partner Leader Dr. Phuong welcomed all attendees to the beautiful city of Da Nang and
said that the Vietnamese team is very happy to have collaborated with USER to organize this project
meeting in Vietnam. He shared some interesting details about the city, along with some recommended
places to visit. Lastly, he said he hoped that we will have a very productive meeting the next few days and
wished everyone a good stay.
After the warm welcome, the first session started, in which each of the country teams gave a presentation
of their achievements from the first year. Each presentation contained the following items:
•
•
•

Overview of the baseline survey
Interviews with farmers
Facebook groups experiment

•
•
•

Engagement with stakeholders
Collaborations with other organizations
Outputs & products

After each presentation there was time for questions and clarifications. Interesting discussion topics
throughout the whole session included the following: the differences of the water source for irrigation
systems between countries; how an aquaculture boom has been made possible in Cambodia;
the amount of stocking per farm each year and the effect that has on market prices; whether or not
market prices should be protected with policies or should be left alone; the importance of helping fish
farmers to network with fish producers and fish traders; how we can interact with farmers on Facebook
without the risk of losing face later; how we can continue the Facebook groups experiment after it has
finished; how to engage farmers on Facebook and the different styles available; the value of having in
depth interviews to get more information to strengthen the interpretation of statistics; why fishery
production in Laos is low and what policies could help to improve that; the (in)accuracy of data in Laos
because of difficulties with keeping a record; foreign investments in Laos and the choice between native
species and exotic species; biosecurity problems from fish going across borders and risks for ongoing
aquaculture activities; the impact of dam construction on aquaculture in Laos; the issue of internet access
and coverage; irrigation systems for
aquaculture and priorities in Vietnam; the
planning of a big sea dike in Vietnam;
unexpected challenges during the
Facebook experiment such as fake news
and misinformation or over-active farmers;
and last but not least, the importance of
distinguishing between the terms “climate
change” and “climate related risks” so that
we don’t miscommunicate our findings. Dr.
Oopatham closed the session by thanking
everyone for their presentations and for
the valuable contributions to all the
discussions.
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Session 2: Papers and research
During this session, Project Leader Dr. Louis presented a clear overview of past, present and future papers
and research for the AQUADAPT-Mekong project. He started with reminding everyone what the research
publication strategy of the project is. A few key points are, for instance, to draft working papers really
early, and that the Coordination Unit leads the writing of synthetic and multi-country papers, but will also
support and help with any individual country papers. He then continued by saying that he would really
like the partners to co-author the papers, but preferably only one member per team per paper. He also
noted that we don’t have to publish our papers in journals with very high impact factors. Normal journals
would do just fine. Firstly, because we have very specific information, and secondly, to lower the chances
of getting rejected.
In the next part of his presentation, Dr. Louis went over three papers that have already been published
thus far, and several drafts that are work in progress. He carefully summarized what they were about,
who primarily worked on it or is working on it now, along with some interesting and useful findings. He
also asked the team members to think about which drafted papers they would like to co-author. For one
of the papers based on findings
from the baseline survey, Dr.
Louis proposed to make each of
the Partner Leaders a co-author.
He justified this by saying that
the Partner Leaders put in a lot
of effort and put a lot of work in
the baseline survey, both in
terms of management as well as
intellectual contribution.
What
followed
was
an
important train of thought on
one of the working papers, along
with some homework for the
group. He started by saying that
there are opportunities to learn about social as well as technical elements, by using a multivariate
approach. So rather than only paying attention to statistics, we should look at trends. He showcased a few
clear examples of what our data can tell us and explained that we need to think of multiple factors at the
same time, or otherwise our conclusions might be wrong. With this approach, he explained that we can
write a new paper about risk management practices and strategies of aquaculture farmers in the Mekong
region.
Aside from contributing to academia, Dr. Louis also noted that work on the ground is very important.
Other interesting points of discussion regarded open access journals and funding, predatory journals, and
writing local papers in local language. Dr. Louis closed the session with the message that within a week
after the workshop, every team should be clear about who will co-author which papers and that USER is
very happy to have people contribute, as it can hopefully serve as a valuable learning experience.
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Session 3: Green Way app update
Co-founder of the Green Way app Ms. Yin Yin Phyu gave a clear and lively presentation to the group. She
guided us through all the new updates of the aquaculture feature within the Green Way app. But first she
wanted to highlight that her team has received great help from WorldFish to
integrate aquaculture and fisheries into the app, as they supported them a lot
by providing content and suggesting who they should communicate to. She
then continued to explain the updates using visuals in her PowerPoint
presentation of what the app looks like on a smartphone screen. She
explained that the app can now provide very precise local weather
information to farmers by using an open weather map from the United Sates.
This is a great new feature, as the government of Myanmar can only provide
regional weather information at the moment. She also showed how easy it is
now to navigate through the app and get to the subject that you’re looking
for.
Another update is that farmers now have the option to save articles offline to
their phone, so that they can read it later without needing internet. What has
furthermore changed is that there are Q&A categories now, for more specified
and easier search results. She also explained how important it is for farmers
to receive reliable and trustworthy information from the app, and that they
therefore now are using the so called GreenMark verification from experts. When information is
accompanied by such a mark, it means that expert has been verified by WorldFish. What’s more, is that
farmers can receive notifications with important messages and alerts. A last noteworthy update that she
shared with the group, is that organizations or projects can now send customized surveys to farmers
through the app.
After the presentation, some confusion was expressed about the differences between the terms
aquaculture and aqua/livestock. It was then explained that this had to do with language and translation,
but that the same thing was meant by it. Following this was a short discussion about how much time it
takes for farmers to get a response in
case of an emergency, and what kind of
services the app has available for those
instances. The session ended with a
short discussion about how much
manual intervention needs to be done
for a request, and how much is
automated by software, along with
some expectations and suggestions for
the future.
All in all, the group was very impressed
with the new aquaculture feature and
its subsequent updates.
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Session 4: Facebook groups experiment
This session was facilitated by Steering Committee Member Mr. Michael Akester. He stated that this
session is all about looking at the lessons learned, and then from those lessons looking at what is useful
for policy in terms of climate related risks. He encouraged country teams to get a flipchart and try to
answer the following questions:
•
•
•

What worked and what didn’t?
What were the main issues?
Were there any surprises?

•

How do we engage the Department of
Fisheries in relation with the Facebook
groups?

Each of the country teams had very lively and value-packed discussions on these topics for the duration
of 30 minutes. After the individual discussions ended, the whole group would gather around each of the
flip boards to listen to a 5-minute summary presentation per team. After each presentation, there was
room for some questions to keep the discussion going during the whole session. At the very end, Mr.
Michael Akester gave an excellent concluding summary of what we can learn from all this.
Overall, country teams agreed that the Facebook groups have been useful in bringing farmers together.
The group furthermore discussed issues such as confidentiality for participating farmers, or what the ideal
group size should be. Another important point of discussion related to the role of moderators, and how
to make sure that the Facebook groups can ultimately become self-sustaining, self-facilitating and selfregulated. He continued by saying that we need to keep in mind that farmers worldwide are usually
concerned with day-to-day issues. So that when we encourage them to think about foresights of what will
happen in 5 or 10 years, meanwhile they are concerned about what’s happening today or tomorrow, then
that’s going to be an issue. This
relates to the following: if they
post an emergency photograph
for which they need an answer
right away, if we can’t reply to
them immediately, then their
interests in our service may
drop off. Thus, it’s essential to
get this kind of feedback from
the Facebook groups.
One of his last remarks was
about the differences and
similarities between Facebook
and smartphone applications.
While
both
are
indeed
interlinked, we need not forget that Facebook is first and foremost a social media platform, as opposed
to applications like Green Way which tend to be more technical. He finalized the session by saying that it
was impossible to summarize all the interesting things that have been mentioned, but thanked the group
for their great effort and sharing their experiences during this session.
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Session 5: Presentation of aeration innovation activity options
During this session, Project Leader Dr. Louis presented several ideas to the group concerning the Year 2
aeration innovation activity. He started by reminding everyone what kind of outcomes and outputs we
promised in our project proposal for Activity 2.2. He added that the project is designed to understand
more about innovation and adaptation to maximize our learning. To do this we try to pick different types
of innovations to learn. One of the technologies that we have chosen is aeration. Not because it is the
only innovation option out there, but because there are some clear links to climate related risks.
In the process of designing
our activity, he explained that
there are several scoping
considerations to take into
account. Things to consider
are for instance: which type of
technology? Which type of
aerator for which country?
For who are we doing this
work? Who are potential
adopters that could benefit?
He said that when trying to
answer these questions, it’s
important to keep in mind
that this project is not about
getting everyone to do
aeration, but rather for people who would benefit from it and for whom it would be appropriate. To
answer these questions and considerations, he mentioned that it could help to use data from the baseline
survey. For that reason, he presented some very interesting slides with comparisons from the already
collected data to give some ideas about interesting target groups.
He continued his presentation by saying that for this activity, we are going to need many different kinds
of expertise. Not just technical, but certainly also social. For this reason, he said, it is very important for
the future of the project to openly discuss and debate all the options. To be able to do that, this second
work shop day is all about mix and match: alternating to work together in groups, and then also share
everything with the rest of the group. To get the discussions started, Dr. Louis presented three options to
consider. These were the three provided options in a nutshell:
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After summing up the three options, he thoroughly described each of them in separate PowerPoint slides
with some very clear examples and suggestions. He emphasized that the teams do not have to choose
one of these, but that they can go through them to think about what is doable and what is meaningful.
Another aim of presenting these options is to help the teams figure out together what might be relevant
for each country, and what might be relevant across the five countries. The session ended with an
interesting discussion on the potential timeline of the activity, about trade-offs between costs and quality,
and about risks accompanied with our choices along with the justifications for all of that.
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Session 5: Aeration innovation activity discussions and plans
This topic took a big part of the second day and had various consecutive sessions in one. After Dr. Louis
presented his options and ideas about the aeration innovation activity, it was time for the country teams
to each take a flipchart and start the first round of discussions. During this round, they were asked to
discuss and brainstorm about the following:
•
•

What are the strengths and
limitations of each option?
How can each option be improved?

•
•

Which of the options would be most
achievable for your country?
Which option(s) should your country aim for?

After this first round of brainstorming, every team presented their first ideas with their flipchart based on
their discussions. What became clear was that the situation in Myanmar and Laos is completely different
from the other three countries. Dr.
Louis therefore mentioned that we
might want to consider doing two
kinds of projects. He gave a clear
recap of the presentations to see
where we are heading, after which
the whole group spent about 10
minutes together to think about
how we can benefit from working
together
and
coordinating
between the groups, and what
would be beneficial for the project.
It became apparent that a
combination of option 1 and 3 was
popular, where 1 was going to be
very country specific, and 3 can be
coordinated among the countries.
For the next part of this topic, all the groups were invited to go back to their flipcharts again for a second
round of brainstorming. This time they were asked to discuss what their thoughts on the activity are, now
that they’ve listened to the other groups. They were furthermore asked to draft a plan to carry out the
aeration innovation activity. Elements that were part of this draft were:
•
•
•

Objectives
Methodology
How to approach and include the private
sector for this activity

•
•

Potential study sites
Types of aerators to focus on

Followed by this round of fruitful brainstorming, each of the country teams presented the plan that they
had just drafted accompanied with their flipcharts. The presentations showcased that all the teams
already had quite clear and creative ideas of the direction that they would like to go. Afterwards, Dr. Louis
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thanked everyone for their great input, with which he was able to create a proposal version 1. He
explained that it’s impossible to fit everything perfectly for all the countries, but that he tried to make an
overall framework. He proposed the following 5 steps, clearly demonstrated on one of his PowerPoint
slides:

While explaining the proposed protocol, he said that the focus of the activity will be to increase adoption
of aeration where it’s likely to be beneficial, rather than improving aerators themselves. He also
mentioned that like this, it won’t be a full academic experiment, but rather a bit more modest with a
practical side that’s still within our budget. He also justified that we are thus not going for a brand-new
technology, but rather with an existing one so that we have some confidence in the one we choose as we
would already have information on it. He continued by repeating that it may not fit exactly what the teams
think may fit their case, but that there is of course scope for variation between the countries. At the end
of the session, he thanked everyone for their great participation during the consecutive sessions with lots
of interesting presentations, ideas and discussions.
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Session 6: Reflections on project management
This session was facilitated by Steering Committee Member Mr. Michael Akester. He asked that country
teams discuss amongst themselves and answer the following questions:
•
•

What went well, what didn’t go so well,
and how can your group improve?
What are the solutions to existing and
potential management issues?

•

What recommendations would you make
to the management of the project on how
to improve?

After the groups vividly discussed these questions separately, everyone came back for a plenary session
in which each of the teams shared their experiences and suggestions with the whole group. Overall, the
teams were rather positive about the project management within their teams, as well as with the
Coordination Unit. In particular, the bi-weekly Skype meetings was regarded as very useful for all the
country teams. Vietnam Partner Leader Dr. Phuong suggested to include more team members in those
meetings sometimes, instead of only the Partner Leaders.
Another interesting point that was brought up related to attending international conferences. It was
noted that when we finish the baseline survey and the Facebook experiment, we can perhaps find some
funding so that our team members can go to international conferences to share our outcomes: an
important step in information dissemination. Many agreed that attending such conferences would indeed
be a good opportunity to present our data and project results. Project Leader Dr. Louis replied that he can
certainly help with presentations at conferences and that attending such conferences is included in the
budget. He asked the group if they would like to attend the same meetings as a group, or if they would
rather go to separate meetings. It became clear that both were useful for different purposes. He continued
by saying that we are ready now and that we should aim to give talks and panels. We can start writing
proposals already and we will very likely be accepted for conferences in the region.
At the end of the session, Dr.
Louis shared some lessons that he
learned, including the agile
management that we tried to
implement since the start of the
project. There are a few things
that we kept, of which the most
important one is our regular and
frequent meetings. He concluded
by saying that we trimmed away
the elements that are not useful
for this project, and that we kept
the important parts.
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Session 6: Lessons learned on project management
Steering Committee Member and WorldFish Myanmar Country Director Mr. Michael Akester shared some
very interesting lessons on project management that we can learn from other projects and from a
WorldFish perspective. He first dived into the question what can be considered good management
practices. He for instance explained the importance of justification, to learn from experiences, and to
continuously make adjustments. He stated that that’s exactly what we have been doing with the
AQUADAPT-Mekong project: we reflect during workshops, report often, and have bi-weekly meetings to
help with that feedback process. A few other examples of good management practices that he gave are
finding clear roles and responsibilities for the different teams, to focus on creating products, such as
quality research and publications, and to share those products with a wide audience as much as possible.
A last good example is for projects to be managed by stages. AQUADAPT is again a good example of this,
as we have controllable units and decision points after each unit.
He continued his presentation by demonstrating a graph on how it can be predicted whether or not a
project will be financially viable in terms of what it plans to achieve. That being said, AQUADAPT forms an
exception to this rule, as it brings five countries together and it generates a lot of goodwill for all the
entities involved.
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Session 7: Conclusions and next steps
Steering Committee Chair Dr. Oopatham opened the last group session in which he formed a conclusion
about all the things we have discussed during the two days of the workshop. He said that during the first
day, all the teams gave clear presentations about the work they had done for the past 12 months. Fruitful
discussions and presentations have also taken place concerning the Facebook experiment, of which the
results will be analysed after completion. He mentioned that the founder of Green Way app from
Myanmar kindly explained their application and its modifications to apply it for aquaculture. He then
reminded everyone that Dr. Louis pointed out that we should not confuse the term “climate change” with
“climate related risks” and that we must use these terms very carefully.
He further thanked all the country teams for
discussing the ICT activity and for sharing
with everyone what worked and what didn’t
work. He said that Mr. Michael Akester made
a very good conclusion of this section at the
end of that meeting, and that he rightfully
suggested that the lessons learned should be
introduced to policy makers up at the
national level in each country.
Lastly, it was expressed that the presentation
by Dr. Louis on aeration innovation activity
options was very useful. With the help of that
presentation, the country teams were able to
come up with a first round of proposals for
this future activity.
Followed by Dr. Oopatham’s concluding remarks was a short discussion about where the next workshop
will take place. It was proposed and decided that the next host country would be Cambodia, and the
location will be the iconic city of Siem Reap. Cambodia Partner Leader Ms. Hap Navy explained that this
city is ideal, because in Siem Reap we can also visit the cage culture and the great Tonle Sap Lake with the
whole group. It was mentioned that we should take the rainy season into account, and that late June or
early July 2019 would be the perfect time to do the next workshop.
After that was decided, Dr. Louis reminded everyone that there will be some immediate follow up steps
for the group, of which the most important one will be for the Partner Leaders to make a list of who should
be included in which papers as potential co-authors. He acknowledges that finishing a paper takes a lot of
effort, but he urged people not to be scared of the process. Within the next couple of days, he planned to
share the risk perception paper with the Partner Leaders, so that people can start giving feedback on it,
after which it can be finished and submitted.
Regarding the proposal for the aeration work, he noted that of course we did not solve everything yet,
but that we certainly made enough progress in understanding each other, and that it now will be his job
to circulate a proposal with the steps, and then for the country teams to provide feedback on that.
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Finally, he shared some last words on the workshop itself: he wanted to thank everyone very much for
their participation, effort and input. He thought that it was great that the workshop had a lot of content
with a lot of design discussions, instead of just having to plan things.
The last word of the workshop was given to the host country. Vietnam Partner Leader Dr. Phuong said
that time went by very fast and that our two-day workshop has already come to an end. He hoped that
everyone enjoyed their stay in the city of Da Nang, and wished everybody a safe trip back home.
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Session 8: Steering Committee meeting
On the third day of the project workshop, members of the Steering Committee and country Partner
Leaders sat down together to discuss about the performances of the teams so far, which strategies the
project can use to create policy impact in relation to the Facebook groups for fish farmers, and about
coordination/management issues. However, before the actual Steering Committee meeting began, the
group wanted to make use of the time and first continue to discuss some more about the aeration
innovation activity protocol. Each of the agenda points are summarized below.
Concerns and suggestions regarding the aeration protocol
Project Leader Dr. Louis
explained that on the second
day we were so focused on
aeration design, that it would
be a good idea to get that out
of the way first. He wanted to
take advantage of the fact that
all the Partner Leaders were
here together now. He tried to
explain each of the proposed
steps in more detail, including
justifications and a broad time
plan.
After that, some fruitful discussions took place. It was for instance debated whether we should also look
at water quality monitoring as we promised in the project proposal, and which indicators and factors to
include and how. Some concerns were expressed about the quality of the equipment that will be used,
especially in terms of calibration and trustworthiness. Related was the discussion on how to organize the
teams or students so that they are trained well in using the equipment. Furthermore, there were several
comments on sampling. It was for instance expressed that there are huge differences between intensified,
intensive and semi-intensive culture systems; that results differ depending on the size of the shrimp or
fish, but also depends on the sensitivity of species. Dr. Louis said he appreciated all the points made, and
that it indeed matters a lot how we sample. He said therefore that these are just suggestions, but that
everyone should do what’s appropriate for their location. But we design together, so that we can combine
all our expertise from the different teams. This part was concluded with everyone agreeing that we want
to create a guideline at the end in which we can tell farmers if they need aeration or not, under which
conditions, and how to use it.
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Country team performance
Dr. Louis started by saying that each country team has their own working schedule. But from his
observation, overall, team performances have been good.
Steering Committee Chair Dr. Oopatham brought up the topic of publications, and noted that writing and
publishing is not easy. He suggested that it would be a good idea for the senior team members to teach
the students how to write a paper. Each of the country Partner Leaders then gave some interesting
insights into the situation of their team, they explained the type of publications that are useful in their
country, and shared some ideas about publishing in local language or English, or both.
Policy impact strategies for Facebook experiment
During the discussions about the policy impact strategies, some very interesting points were made. It was
agreed that if teams wanted to, they could run the experiment a bit longer and continue to support the
groups. Questions to consider were: do we want small groups or amalgamate them into bigger groups?
Whichever way we choose, it is important to take the findings of the usefulness of this experiment to the
local government, as well as to the national level. It was agreed that that would be quite strategic. In that
way, we can show them that we believe it’s useful and why.
Dr. Louis observed that by doing the experiment, we can figure out what kind of moderation style and
posts are more useful. We can take these insights and transfer them to the new moderators. Whether we
go for smaller or bigger groups, will be different for each country. Doing pilots per Province would be
helpful to see what works. He finished this agenda point by saying that the AQUADAPT-Mekong project
should have impact on the ground. If we can show adoption of a Facebook group, then that would be a
great success in terms of ICT innovation.
Coordination/management issues
For this agenda topic, there were only a few concerns expressed. One of the issues discussed was that we
got the budgets several months late and that we therefore asked for a one-month extension of reporting,
but not a delay of the project. Dr. Louis thanked everyone for their patience and that they kept working
even without the arrival of the budgets. He furthermore said that the financial report was submitted
before the new year, and that all reports are produced.
Before Dr. Oopatham closed the session, several members expressed their gratitude towards the
Coordination Unit for their great management and hard work, and that they are all very positive about
the project that we are doing together.
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Participants of the 3rd AQUADAPT-Mekong workshop in Da Nang, Vietnam
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Dr. Mélanie Robertson
Senior Program Officer, IDRC
(Canada)
mrobertson@idrc.ca
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Appendix 2
Country partner teams workshop: 16-17 January 2019
DAY 1
0900-1030

Agenda Items
S1. Achievements: Partner countries
Welcome: Nguyen Thanh Phuong
Facilitator: Oopatham Pawaputanon
Presenting teams: Cambodia, Thailand
• Each country team presents achievements from Year 1 (30 min
presentation + 15 min discussion)
o Baseline survey (overview)
o Interviews with fish farmers (innovation experiences)
o Facebook groups experiment (methodology)
o Engagement with stakeholders through Facebook country
page, field trips to study sites, trainings with fish farmers,
etc.
o Collaborations with other organizations: DoF, private sector,
NGOs, etc. (contact with other actors besides farmers)
o Outputs: papers, working papers, reports, etc.
o Products: infographics, briefs, posters, videos, app, etc.

1030-1100
1100-1230

Break
S1. Achievements: Partner countries
Facilitator: Oopatham Pawaputanon
Presenting teams: Laos, Myanmar

1230-1330
1330-1415

Lunch
S1. Achievements: Partner countries
Facilitator: Oopatham Pawaputanon
Presenting teams: Vietnam

1415-1500

S2. AQUADAPT papers and research
Facilitator: Louis Lebel
Presenting: Louis Lebel
• Overview of published papers and working manuscripts (30 min
presentation + 15 min discussion)
o Results from baseline surveys and other studies
o Setting targets for publications
o Feedback from audiences welcome
o Express interests in becoming a co-author

1500-1530
1530-1600

Break
S3. Green Way app update: Aquaculture feature
Facilitator: Khin Maung Soe
Presenting: Yin Yin Phyu
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•

Introducing the new aquaculture feature in the Green Way app (20
min presentation + 10 min discussion)
o Responses from farmers and other stakeholders so far about
the newly launched feature
o Future plans for the aquaculture feature, i.e. what’s next?

1600-1730

S4. Facebook groups experiment: Lessons learnt and policy impact
Facilitator: Michael Akester
Presenting teams: Laos, Vietnam, Cambodia, Thailand, Myanmar
Mode: Flip charts
• Country teams discuss amongst themselves about the lessons learnt
from the Facebook group experiment so far and how these might be
used to inform policy (40 min team activity)
o What worked and what didn’t?
o What were the main issues?
o Were there any surprises?
o How do we engage the DoF about Facebook groups?
• Each country team shares their reflections with the group (10 min
presentation)

DAY 2
0900-0950

Agenda Items
S5. Aeration innovation activity
Facilitator: Louis Lebel
Presenting: Louis Lebel
• Presentation of aeration innovation activity options (40 min)
o Option 1
o Option 2
o Option 3
• General discussion about the options (10 min)
o Immediate questions or concerns

0950-1030

S5. Aeration innovation activity
Facilitator: Louis Lebel
Mode: Flip charts
• Country teams discuss amongst themselves about the aeration
innovation activity options (40 min team activity)
o Strengths and limitations of each option?
o How can each option be improved?
o Which of the options is most achievable for your country?
o Which one should we do?

1030-1100
1100-1140

Break
S5. Aeration innovation activity
Facilitator: Chu Thai Hoanh
Presenting teams: Vietnam, Thailand, Laos, Myanmar, Cambodia
• Each country team shares their feedback about the aeration
innovation activity options (5 min presentation)
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•

General discussion about the options (15 min)
o Questions or concerns
o Finalize and agree upon which option to do

1140-1230

S5. Aeration innovation activity
Facilitator: Chu Thai Hoanh
• Country teams discuss amongst themselves and draft a plan to carry
out the aeration innovation activity (50 min team activity)
o Objectives
o Methodology
o Potential study sites
o Types of aerators that will focus on
o How to approach and include the business/private sector for
this activity?

1230-1330
1330-1500

Lunch
S5. Aeration innovation activity
Facilitator: Chu Thai Hoanh
Presenting teams: Myanmar, Cambodia, Laos, Vietnam, Thailand
• Each country team presents their aeration innovation activity plan
(10 min presentation + 5 min discussion)
• General discussion about the plans (15 min)

1500-1530
1530-1630

Break
S6. Project management: Country team reflections
Facilitator: Michael Akester
Mode: Flip charts
• Country teams discuss amongst themselves about their project
management (25 min team activity)
o List out the positives and negatives of Year 1 management
o What are the solutions to existing and potential
management issues?
o Management resolutions for Year 2
• Each country team shares their experiences with the group (5 min
presentation)
• General discussion about project management (10 min)

1630-1710

S6. Project management: Lessons learnt from other projects
Facilitator: Michael Akester
Presenting: Michael Akester
• Examples of good management practices from other projects (30 min
presentation)
o From WorldFish, other organizations, etc.
o What do projects with good management practices have in
common?
• General discussion (10 min)
o Any lessons we can adopt or should try for our own project?
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S7. Conclusions and next steps
Facilitator: Oopatham Pawaputanon
• Concluding remarks
o Any other outstanding issues, concerns or opportunities?
• Agree on which country will host the next workshop
o Candidate city for next workshop
Goodbye: Nguyen Thanh Phuong

Steering Committee Meeting: 18 January 2019
DAY 3
0900-1030

Agenda Items
S8. Steering committee meeting
Facilitator: Oopatham Pawaputanon
• Comments about performances of country teams
• Obstacles moving forward
• Strategies to create policy impact
o Facebook groups for fish farmers

1030-1100
1100-1200

Break
S8. Steering committee meeting
Facilitator: Oopatham Pawaputanon
• Other suggestions and concerns
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AQUADAPT-Mekong
Climate Adaptation and Innovation in Mekong Aquaculture

AQUADAPT-Mekong 4th Workshop Report
11-12 July 2019, Chiang Mai, Thailand

Summary
This report summarizes the activities, presentations and discussions arising from the fourth workshop of
AQUADAPT-Mekong; a research project on climate change adaptation in the aquaculture sector in the
Mekong Region (Vietnam, Cambodia, Lao PDR, Myanmar, and Thailand). The workshop took place in
Chiang Mai, Thailand, 11-12 July 2019. The main purpose of the workshop was to review the regional
results of the Facebook groups experiment; to exchange information and plan the aeration innovation
activities; and to jointly evaluate the progress of the project thus far. Team members from all partner
countries attended the workshop, including Thailand (5), Cambodia (3), Vietnam (4), Laos (3), and
Myanmar (3). Also in attendance were members of the Steering Committee (3), the Coordination Unit (5),
and a Senior Program Officer from IDRC, Canada.
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Session 1. Regional results of the Facebook groups experiment

In the first session of the workshop, Dr. Louis Lebel presented the regional results of the moderation style
Facebook experiment and the results of the exit survey. He started by thanking everyone for their work
and input, and said that it is a risky innovation that we ran for 10 weeks. He mentioned that his goal now
is to give an initial analysis of the regional data collected from the five participating countries. He
emphasized that this analysis is of the regional work only, and that he did not yet look at the local posts
per country.
During the first part of his presentation, Dr. Louis discussed the effects of facilitation style on engagement
with standard posts, i.e. the difference between the deliberative and the authoritative style. He did this
by sharing interesting statistics and showing insightful charts. For several different topics he tried to show
and interpret the differences in results between the five countries. He stipulated that it was very
important to look at interaction also, and not just at the treatment or the country. In addition, he clarified
that this is the reality and that the differences between the countries are in most cases relevant and
require interpretation and attention.
He then continued his presentation by showing the effects of being included in a Facebook group and the
effects of facilitation style on the individual perceptions of the following topics: recent learning about
climate-related risks; sense of community; knowledge of climate risk management options; and intentions
to manage climate-related risks. Again, he supported his story with insightful statistics and charts.
In the next part of his presentation, Dr. Louis shared some interesting numbers that represented the
suggestions of participants of the experiment on future operations of the Facebook groups. It became
2

AQUADAPT-Mekong

4th Workshop

clear that 92% suggested more members, 68% suggested more frequent posts, 50% suggested longer
posts, 35% opted for shorter posts, and that a total of 100% suggested that the Facebook groups should
continue after the experiment is finished.

During the last part of Session 1, Dr. Louis recommended to go through the following 4 questions together
as a group:
•
•
•
•

What was the engagement like for local posts?
How did engagement differ among types of posts?
Post-experiment: what has happened to the Groups?
How do our DoF-colleagues evaluate the usefulness of Groups?

Guided by these 4 questions, an interesting discussion followed in which each of the country teams shared
their thoughts and their experiences on their specific situation. It became apparent that there are quite
some differences between the countries, but also several similarities.
Following this discussion, Dr. Louis said that as a follow-up to this workshop, Mr. Boripat will send
everyone a set of questions about their local posts in order to do another broad analysis. He said that it is
the job of the Coordination Unit to then compare the results between the different countries. The
Coordination Unit also promised to follow-up after the workshop by asking who would be the co-authors
of the research papers. Dr. Louis finished by urging everyone to not stop here, but keep on doing anything
they can that has proven useful from our evaluation.
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Session 2. Aeration innovation activity

In this session, each of the country teams took turns to present and give the group an update about their
aeration innovation activities. During these presentations, they all gave extensive and detailed
information on what they had learned so far from the interviews with different stakeholders. They made
a distinction between these different stakeholders, such as: farmers, businessmen, academics, and
experts, since they all have varying perspectives. They explained what type of information they received
from which type of stakeholder. In addition, they also explained the different types of aeration
technologies they came across, and for what kind of farmers and culture systems they are used. This was
often followed up by an explanation about how their chosen aeration techniques work, along with ideas
about development, potential barriers, and how to promote adoption of the chosen technique. In the
second part of their presentations, each country team notified the group about their plan and status
regarding the aeration follow-up survey. Topics that were discussed included: the chosen aeration
technology; the user group; site selection; the time frame; farming models and sample sizes; the progress
of the survey; expected respondents; and preliminary results.
In-between and after the country presentations there were fruitful discussions with country teams sharing
experiences and asking about each other’s situations to learn from each other. An example was a valuable
exchange between Myanmar and Thailand about using solar panels and batteries in combination with
aeration. Dr. Louis noted that this is exactly what our project is supposed to be doing: to facilitate
innovation. He said that rather than re-inventing the wheel, we can learn from each other and share
findings across countries and places. He said that the coordination team would therefore also be very
happy to help bring people from one country to another to help each other with their cases.
Another point that was brought up by Dr. Tuantong regarded the use of hardcopy versus a tablet to do
the surveys. He and Dr. Phouvin stated that their teams prefer to use them half-half. Dr. Louis answered
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that the overall experience is that working with tablets saves a lot of time for closed questions. He
therefore discouraged using hardcopy, although he understood the need to take notes for open questions.
He therefore opted for a hybrid system where the survey questions are answered on the tablet, but the
notes are taken in a field-notebook on the side. He finished by saying that these notes, just like pictures,
can be added to the tablet data afterwards.

A topic that came back several times during this session was understanding how innovation development
and adoption happens. Dr. Louis encouraged the teams to make case studies of interesting new
technologies that they come across. He added that even just identifying technologies that are taking place
is already very useful for our project. He explained that we are trying to look for insights: how innovation
occurs in the aquaculture sector; and that even if we won’t work with it, it helps us to understand how
adoption happens. He continued by saying that he realized that we need more structured case study
reporting to draw these lessons more clearly, and that he will follow up with questions to structure this.
He furthermore specifically stated that he also wants to hear about each country team’s cases, instead of
just other cases, as those will be the most helpful for our project and the most in-depth. A great example
is Vietnam with their transition to the 2-stage process, which was an idea of their Partner Leader Dr.
Phuong, and was then taken up by someone else. Dr. Louis explained that this is very interesting for our
project, and that we can learn a lot from this.
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Session 3. After the aeration follow-up survey

The third session was opened by Dr. Louis by sharing some reminders of why we are doing what we are
doing. He noted that during the Da Nang workshop, as a group we developed a protocol for the aeration
study. The preparatory interviews with relevant stakeholders were an important first step and he said
that we made some good progress on that. The next step was the follow-up survey, which is what we
talked about during the second topic of this workshop. He continued by saying that during this session,
he wants everybody to think of the tasks after that, namely: technology assessment, dissemination, and
demonstration. He explained that questions that should be answered for those points are for example:
“how do we know if the technology is worthwhile? And if it is worthwhile, how are we going to spread it
out? And how can we demonstrate the successful innovation?” He added to keep in mind that the
situation per country might be quite different. Dr. Tuantong then invited each country to split into groups
and draft their plans on a flipchart.
After each team had drafted their plans, the group came back together and gathered around each country
board for the presentations. It became clear that every country team had thought their plans through
quite well, all with their unique approach suited for their specific situation. What was also interesting to
note is that the Vietnam team changed the order of the dissemination and demonstration tasks to better
suit their situation, and that the Myanmar team even took a completely integrated approach where the
three tasks are intertwined rather than executed separately. After each country presentation, an
interesting discussion followed, and useful feedback was given by the other teams.
As a response to the round of presentations, Dr. Louis wanted to share a few of his thoughts. He said that
despite having done great work with coming up with a plan, he thinks that all the groups are in danger of
trying to do too much. He then instructed each team to write up their plans properly by Monday. He
explained that the three tasks should all be completed in 6 to 8 months, so to also consider time
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constraints. He added that each group should be aware of their budget constraints as well, and if they
have any issues with costs, they should tell him and make their case. He then stipulated that we can’t do
everything, but that we should at least do some parts well and focus on the innovative parts. He clarified
that the current plans are good ideas, but that we need to prioritize, because it might be too much to
handle. Dr. Louis concluded the session and also the first day of the workshop by thanking everybody for
their inputs that day and for coming well prepared.
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Session 4. Proposed aquaculture app in Myanmar

Dr. Louis opened the second day of the workshop by saying that we will start the morning by going over
the progress of the smartphone app of the Myanmar team. This topic was started by a presentation from
the Myanmar Partner Leader, Dr. Khin Maung Soe. He stated that we are now halfway through the project,
that we have done a lot during our journey so far, and that the completion of our project is getting closer
and closer.
During the first part of his presentation, he gave a clear overview of the fisheries sector in Myanmar.
Topics that were covered included the role of aquaculture in the country, the different fisheries
institutions that are present in Myanmar, and the potential and challenges of aquaculture development
in Myanmar. He also explained what the Myanmar team learned so far from the AQUADAPT project, and
specifically the ICT application to support aquaculture extension in Myanmar. He furthermore shared
valuable insights on capacity building, and how the Greenovator pioneers organized numerous amounts
of farmers all over the country.
For the next part of his presentation, he began by saying that there are excellent and outstanding
agriculture apps in Myanmar, including the Greenway app. However, he then explained why there is a
need of a new ICT application, namely an information sharing and networking platform specifically for
aquaculture in Myanmar. He followed his explanation by sharing a list of clear objectives and how to
implement them to accomplish that idea, but he also requested backup from Coordination Unit (USER)
and the AQUADAPT-Mekong teams to make it happen. Dr. Khin Maung Soe concluded his presentation
by sharing a list of ten features that will at least be included in the proposed aquaculture app in Myanmar.
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Co-founder of Greenovator, Ms. Yin Yin Phyu, thanked him for the presentation and opened the discussion
by inviting the participants to comment. The first question that popped up was to clarify if this new app
would replace the fisheries module in the Greenway app. It was then established that that module would
still be continued, but that another app specifically for aquaculture will be created in addition. After that,
an interesting discussion followed on the fact that there are many different features proposed for the new
app, and how the data input will be taken care of to keep everything up to date. A topic that came up
during that discussion is how the application team will be payed and how they can keep a neutral position
in the case that they are funded by business sponsors.

What followed next was a lively discussion on ownership of the app and the sustainability that comes with
it. There were a few opposing viewpoints with quite strong ideas on whether it should be business or
government owned and why. It was opted that all perspectives should be taken into account and that all
options should be considered. However, the Myanmar team already seemed to have a very clear idea why
they want the app to be government owned, rather than making it a business application. Dr. Louis
concluded that specific discussion by saying that the most important question here is: “how do we sustain
an activity?”. He added that if they have a sustainable model, they should go for it. And otherwise it is
important to make comparisons between different options.
At the end of the session, Dr. Louis made some important notes for the team to take home. He said that
he is very much interested in the story behind this app: “why is it so useful and successful in Myanmar as
opposed to other countries?”. He explained that we are learning by doing, and that this also holds true
for the other country teams. He stated that it is therefore important that we document our stories, so
that we can learn and understand how the innovation process works, and what the barriers and obstacles
are. He made the observation that most things fail at the first try, but that from modifications and learning
by doing is where we can draw important lessons.
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Session 5. Project assessment: ICT innovation
Dr. Louis opened the next topic and said that we are now going to evaluate activity 2.1: what have we
achieved and what still needs work? The promised outcome for this activity is as follows: “Knowledge
about climate-related risks and their management increased in target areas as a result of innovations
in the use of ICT.” He explained that each team is going to assess and evaluate this activity by using the
table on their boards that is laid out for them. The reason that Dr. Louis decided to cut it up in pieces, is
that the promised outcome is quite big. So instead of looking at this as a whole, each of the teams is
invited to write down and reflect on:
•
•
•
•
•

inputs
activities
outputs
outcomes
actions
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After the introductory talk in which Dr. Louis explained each of the reflection points, the country teams
separated, and each team went to their own board. There they discussed their ideas quite intensively and
along the way filled in their different board sections with written cards. Once everyone was finished, each
of the country teams presented the results of their assessment. All the workshop participants gathered
around each country board during those subsequent presentations.
After the country presentations, Dr. Louis shared some general insights that he extracted from this
session. He thanked everyone for trying, but admitted that not every team understood the assignment
the same way. He continued by saying that there were a few noteworthy points to share with the group.
Firstly, he said that it is important that we evaluate our outcomes, and that even though we did it
differently from each other, at least everyone learned from it. Secondly, he said that he had the
impression that everyone is already thinking about the next platform, or the next step, but that we have
not learned enough yet from our current Facebook experiment. So before thinking about a follow up, we
need to make sure that we know our lessons learned and think carefully first. He then apologized for not
being clear enough about the execution of this evaluation, and opted that it would be a good idea for each
team to re-do this exercise and to think more carefully about the target their team set and what they
learned.
During the last part of this session, Dr. Louis wanted to take some time to go over some things that still
needed to be done, i.e. the immediate next steps for the project. Several points were named and
explained, both for the Coordination Unit, as well as the individual partner teams.

He concluded the session by sharing two longer-term next steps. First, is for everyone to decide who is
going to co-author which journal article; and the second, is for everyone to start thinking about activity
2.3. He clarified that we need to prepare this for the next meeting, so that we have a draft plan and can
showcase a proposal in Cambodia. He mentioned that we can’t expect the partner leaders to do
everything, and that the work should be divided between several different people.
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Session 6. Steering Committee meeting

Dr. Louis opened the Steering Committee (SC) meeting by thanking everyone for their effort and their
input during the workshop. He explained that most of the SC-members unfortunately were not available
for this workshop, but he added that at least all the partner leaders attended, so that we therefore will
have a short meeting that is open to all participants, rather than a closed meeting. He continued by saying
that this SC-mini meeting is to see if there are any organization or management issues, and that everyone
is invited to be totally open and honest. Each of the country teams then took turns to express some of
their thoughts.
Thailand
Dr. Tuantong started off on behalf of the Thai country team by saying that everything in terms of
coordination and management has been good so far. He had no comments in regards to that. However,
he did have another type of request or suggestion. He said that he would like the USER-team and the Thai
country team to coordinate together with Dr. Oopatham to go to Department of Fisheries (DoF) to inform
them of our AQUADAPT activities. Dr. Louis replied that this would indeed be very important and also
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doable. He added that they have been able to meet with Thai and Myanmar senior officials in the past,
and with the help of Steering Committee Chair, Dr. Oopatham, it is quite possible to meet with senior
members of the DoF. Hence, he therefore agreed that they should do it.
Laos
Dr. Phouvin from the Laos team mentioned that the communication with and support from the
coordination team has been good. He also added a request regarding a strategy to create policy impact.
He explained that Laos does not have a Department of Fisheries, but that they do have another
department that works on agricultural extension. He therefore wanted to invite the Coordination Unit to
come to a workshop in Laos where they would have the chance to invite this department to introduce
them to our project in the hope that they will join us. Dr. Louis answered that the USER team would be
happy to go there, and that it would even be possible to invite people from the other country teams. He
encouraged the Laos team to design such an event and set a date.
Vietnam
Dr. Phuong from the Vietnam team said that they had a bit of a problem with selecting farmers for the
Facebook groups, but that it worked out in the end. Another important obstacle that they faced was
transferring the Facebook groups to the Department of Fisheries. He explained that the reason for that is
that Vietnam doesn’t have a Department of Fisheries at a provincial level, but that they just have
departments for agriculture, livestock and rural development. Therefore, they only have a very small
number of people who are specialized in and working on fisheries. He finished by saying that in terms of
policy impact, they will try to develop something from their study and try to transfer that to the local
people and local authorities through different channels.
Cambodia
Ms. Hap Navy started by saying that the coordination and management of our project has been good. She
then continued by saying that one of their current obstacles is related to the sustainability of the Facebook
groups. She noted that they don’t think they can transfer the groups in Cambodia, but that they will keep
it and work closely with the aquaculture department research stations. She furthermore said that she is
not sure yet about future problems and obstacles, but that it would be a good idea to focus on
sustainability of the project after it finishes, and that it would be important to link with the private
aquaculture sector.
Ms. Kaing Khim added that their country team is already working with the government and the research
institute, so that it is therefore not difficult for them to hand over the project activities to the Fisheries
Administration. She also stipulated the necessity of policy impact documentation, as aquaculture
development in Cambodia is very important. For this development, they need to see how the results from
our project will work out, and that this documented output from our project would prove to be very
useful. She noted that this especially holds true for the innovation of Facebook groups and also the
mitigation of climate risks by using aeration to better manage aquaculture in Cambodia.
Myanmar
Dr. Khin Maung Soe observed that so far everything has been going well. He said that both their vertical
relations with the government and their horizontal relations with Greenway are good. He continued by
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saying that the willingness in Myanmar is not the problem, but that their main problem is too little
capacity.
Furthermore, he also mentioned that in terms of policy impact strategies, it is normal to have differences
from country to country. He explained that this is the nature of working with different countries. He
continued by saying that we should not just think within the time-frame of our project, but also how to
continue afterwards, and that we should take responsibility to hand it over after the project has finished,
so that it keeps going on. He stipulated that we should take into account that each of our countries has
different institutions and departments, and therefore different ways to extend the policy drives to reach
the government level. He added that he thinks the workshop idea in Laos is a very good way to inform the
relevant institutions, and to make them ready for the future, so that they can sustain and continue our
project.
Final words
After all the country teams had shared their thoughts, Dr. Mélanie Robertson from IDRC thanked all the
participants for their hard work. She said that she had learned a lot during this workshop and that she is
very impressed by this ambitious project. She added that it is always very rewarding to meet the people
with whom they are working, as those people are the ones that are making a difference. She also
mentioned that it is always great and useful to see a project up close, rather than far away from Canada.
She finished by thanking everyone for their warm welcome and for their patience with her, and said she
can’t wait to attend the next workshop.
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Session 7. Field trip to Maejo University
In the afternoon, all workshop participants were driven
to Maejo University, Chiang Mai. After arrival, the group
was first welcomed in a meeting room by Dr. Chanagun
Chitmanat. He gave an introductory talk during which
he showed a videoclip about the Faculty of Fisheries
Technology and Aquatic Resources. Topics that were
covered in the video included history, their mission,
staff, research, academic service and extension, and
student affairs. After this, Dr. Chanagun explained what
he is going to take the group for a tour around the
faculty.
The first project that the participants visited was seabass culture. Interesting aspects that were shown
and explained were, for instance, their greenhouse, oxygenating techniques, an aerator attached to a
solar panel, and a future biofloc project. The next stop of the tour was a student program. In this program,
students participate in growing vegetables and culturing several species of fish and frogs in exchange for
study tuition. The last stop of the tour that took place outdoors was another greenhouse, but this time it
concerned organic tilapia culture. It was explained what can and can’t be done in order for it to deserve
the name ‘organic’, followed by some details on fish and animal welfare. After that, the participants went
inside the faculty building where they were welcomed by
Dr. Aphinun, who showed the group around the Maejo
Aquatic Natural Resource Museum, where an impressive
collection of aquatic animal remains were showcased. He
enthusiastically answered any questions the participants
had, and also shared remarkable details about their
collection.
At the end, the group gathered again in the meeting
room where participants had the opportunity to ask
any last questions. After this discussion, Dr. Tuantong
thanked Dr. Chanagun and Dr. Aphinun very much for
their time and effort on behalf of the whole
AQUADAPT team. Dr. Aphinun was also very kind to
offer the Laos team a set of academic books on
aquaculture, as they are now starting up their own
aquaculture department at the National University of
Laos. Lastly, Dr. Chanagun concluded the afternoon
by saying that there will be three relevant
conferences next year hosted by Maejo University
and that everybody from the AQUADAPT team is invited.
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Appendix
Participants of the 4th AQUADAPT-Mekong workshop in Chiang Mai, Thailand

Dr. Louis Lebel
Project Leader (USER)
louis@sea-user.org
llebel@loxinfo.co.th

Dr. Phimphakan Lebel
Research Fellow (USER)
phimphakan@sea-user.org

Mr. Boripat Lebel
Project Coordinator (USER)
boripat@sea-user.org
boripatlebel@gmail.com

Mr. Chatta Duangsuwan
Research Assistant (Thailand)
kaychatta@gmail.com

Mrs. Lenore Sturm
Note taker (USER)
lenore@sea-user.org
lenoresturm@gmail.co
m

Dr. Khin Maung Soe
Partner Leader
(Myanmar)
m.khin@cgiar.org

Dr. Kyi Thar Myint
Innovation Facilitator
(Myanmar)
kyithar.myint.dr@gmail.co
m

Ms. Yin Yin Phyu
Innovation Facilitator
(Myanmar)
yphyu@greenwaymyanmar.or
g

Dr. Tuantong Jutagate
Partner Leader
(Thailand)
tuantongj@gmail.com

Dr. Amornrat Rangsiwiwat
Innovation Facilitator
(Thailand)
rangsiwiwat.a@gmail.com

Mr. Niran Warin
Research Assistant
(Thailand)
niranwarin5@gmail.com

Mr. Rueangrit Hanmontree
Research Assistant (Thailand)
h.rueangrit@gmail.com

Dr. Nguyen Thanh
Phuong
Partner Leader
(Vietnam)
ntphuong@ctu.edu.vn

Ms. Quynh Anh Nguyen
Innovation Facilitator
(Vietnam)
anh.quynh.nguyen@gmail.co
m

Mr. Vo Nam Son
Innovation Facilitator
(Vietnam)
vnson@ctu.edu.vn

Mr. Nguyen Do Quynh
Innovation Facilitator
(Vietnam)
ndquynh@ctu.edu.vn

16

AQUADAPT-Mekong

4th Workshop

Ms. Hap Navy
Partner Leader
(Cambodia)
hapnavy@yahoo.com

Ms. Kaing Khim
Innovation Facilitator
(Cambodia)
kaingkhim@online.com.kh

Ms. Anousone
Sisouvong
Research Assistant
(Laos)
sisouvonga@yahoo.com

Mr. Santhi Khonedavong
Research Assistant (Laos)
toum9952@gmail.com

Mr. Sobot Soth
Research Assistant
(Cambodia)
sobothjupiter@yahoo.com

Dr. Mélanie Robertson
Senior Program Officer,
IDRC (Canada)
mrobertson@idrc.ca

17

Dr. Phouvin Phousavanh
Partner Leader (Laos)
phousavanh_win@yahoo.com

AQUADAPT-Mekong

4th Workshop

The workshop agenda
DAY 1
0900-1000

Agenda Items
S1. Regional results of the Facebook groups experiment
Facilitator: Nguyen Thanh Phuong
Presenting: Louis Lebel
• Analysis of data collected from the five countries (40 min presentation
+ 20 min discussion)
o Performance of Authoritative vs Deliberative posts
o Differences between countries
o Lessons learnt

1000-1030

S2. Aeration innovation activity
Facilitator: Kaing Khim
Presenting teams: Thailand
• Each country team presents an update about their aeration activities
(20 min presentation + 10 min discussion)
o What information was gathered from the in-depth interviews
with stakeholders (farmers, businesses, experts)?
o Did you come across any interesting aeration technology?
o What is the plan and status of the aeration follow-up survey?

1030-1100
1100-1200

Break
S2. Aeration innovation activity (continued)
Facilitator: Kaing Khim
Presenting teams: Laos, Vietnam

1200-1300
1300-1400

Lunch
S2. Aeration innovation activity (continued)
Facilitator: Kaing Khim
Presenting teams: Myanmar, Cambodia

1400-1500

S3. After the aeration follow-up survey
Facilitator: Tuantong Jutagate
Mode: Flip charts
• Each country draft plans for the next three tasks after the follow-up
survey, according to the aeration activities proposal:
o Technology assessment
o Dissemination
o Demonstration

1500-1530
1530-1700

Break
S3. After the aeration follow-up survey (continued)
Facilitator: Tuantong Jutagate
Presenting teams: Thailand, Vietnam, Cambodia, Myanmar, Laos
• Each country presents their plans to the whole group (10 min
presentation + 5 min discussion)
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DAY 2
0900-0930

Agenda Items
S4. Proposed aquaculture app in Myanmar
Facilitator: Yin Yin Phyu
Presenting: Khin Maung Soe
• Plans for an aquaculture-specific mobile application in Myanmar (20
min presentation + 10 min discussion)

1000-1030

S5. Project assessment: ICT innovation
Facilitator: Louis Lebel, Boripat Lebel
Mode: Flip charts, cards
• Each country team reflects on the ICT innovation activity in terms of:
o Inputs
o Activities
o Outputs
o Outcomes
o Actions
(Note: can continue to do this task during the break)

1030-1100
1100-1130

Break
S5. Project assessment: ICT innovation (continued)
Facilitator: Louis Lebel, Boripat Lebel
Presenting teams: Myanmar, Laos, Thailand, Vietnam, Cambodia
• Each country team presents their assessment (4-5 min)
• Project Leader concludes project assessment (10 min)

1130-1200

S6. Steering Committee meeting
Facilitator: Khin Maung Soe
• Comments about performances of country teams
• Obstacles moving forward
• Strategies to create policy impact
• Other suggestions and concerns
• Concluding remarks

1200-1300
1330-1700

Lunch
S6. Field trip
Facilitator: Chanagun Chitmanat
• Visit Maejo University to see interesting aquaculture projects
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AQUADAPT-Mekong
Climate Adaptation and Innovation in Mekong Aquaculture

AQUADAPT-Mekong 5th Workshop Report
16-17 January 2020, Siem Reap, Cambodia

Summary
This report gives a summary of activities, presentations, and discussions from the fifth workshop of
AQUADAPT-Mekong; a research project on climate change adaptation in the aquaculture sector in the
Mekong Region (Cambodia, Laos, Myanmar, Thailand, and Vietnam). The workshop was held in Siem
Reap, Cambodia, on 16-17 January 2020. It aimed to exchange information about the aeration innovation
activities in the five partner countries; to plan the risk sharing innovation activities for Year 3 of the
project; and to evaluate the progress of the project thus far. A total of 33 participants from all partner
countries attended the workshop, including Cambodia (7), Laos (4), Myanmar (4), Thailand (4), and
Vietnam (5). Also in attendance were members of the Steering Committee (2), the Coordination Unit (4),
Siem Reap provincial DOF officials (2), and an academic from the Royal University of Phnom Penh (1).
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Session 1: Aeration innovation activities
At the opening session of the workshop, Ms. Hap Navy, Nodal Partner Leader from Cambodia, gave
opening remarks and welcomed all partner countries. She addressed the importance of aquaculture
sector in Cambodia and its contribution to national economic development. Following this, Mr. Chu Thai
Hoanh, AQUADAPT-Mekong Committee member, presented the agenda and expectation of the
workshop.
In the first session of the aeration innovation activities presentation, Mr. Phouvin Phousavanh, Nodal
Partner Leader from Laos, presented aeration innovation activities and first draft results from field survey.
He started by presenting survey
methodology, which included
site selection, sample selection,
and data collection. He stated
that regarding the context of Lao
aquaculture, aeration innovation
system should be based on type
of aquaculture practices and
available material in the location.
Since the results of the survey
were still in the progress of
analysis, his team could not
suggest which kind of aeration
innovation system best suits the
farmers. He added that the
critical challenge of his team is
data analysis methods, because
data was collected from different times and locations.
Prior to showing aeration innovation video, Dr. Louis suggested that time and duration of experiment
might affect the results of the experiment. He mentioned that the experiment was conducted with low
density fish stock. This might be another factor affecting the results. Also, Dr. Oopatham commented that
data should be compared between pond with aeration system and pond without using aeration system.
Dr. Haonh added that fingerlings are also important for experiment. He suggested the Laos team to
consider which experiment can be improved? What are the benefits for farmers? During the presentation,
Mr. Michael also asked are there any effects on experiment if temperature changes? Finally, Dr. Louis
suggested the Laos team to consider 24-hour observation so that the team could see how different
conditions affect the results of the experiment, as well as to take more measurements.
Before the Vietnamese team presented their results, Dr. Louis suggested that experiments should not
focus only one methods. Instead, they should try different innovation activities because this project is
about innovation. Dr. Phuong presented the results from his aeration innovation experiment. The
Vietnamese team was interested in an aeration model that is environmentally friendly, economical,
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efficient, and the materials available in the region. He mentioned that Vietnamese team introduced new
aeration tools and will conduct experiment in the near future. During his presentation, Dr. Phuong stated
that challenges of experiment in Vietnam is due to extended dry season, lack of water, and saline water
level. These factors affected the results of the experiment.
Dr. Hoanh further explained why Vietnamese farmers have been applying aeration systems with shrimp
farm. He mentioned that shrimp farm has been providing high profits for Vietnamese farmers. Dr. Hoanh
stressed that not all farmers can apply aeration systems. Mr. Michael asked if changes in saturation and
oxygen affected farming or shrimp life or quality? Following this question, Dr. Khin Maung Soe, Myanmar
team leader, asked if the innovation is cost effective or not? And which one is the best for farmers? Are
there different effects in terms of different innovation systems? He suggested that aeration systems may
be applied to different fish species as well. Ms. Navy shared that Cambodia has three different aeration
practices.
The next presentation was conducted by Myanmar partner leader, Dr. Khin Maung Soe, sharing the results
of experiment from Myanmar team. During his presentation, he gave a brief summary of survey
methodology, key findings, and
aeration innovation systems in
Myanmar. From the results of
the survey, he observed that
providing excess feed might be
one of the root causes for water
quality deterioration. Dr. Soe
mentioned that based on
Myanmar experiment, aeration
should be put on the surface of
water. Thus, it could increase
level of oxygen in pond and
reduce fish stress. He suggested
that innovating aeration systems
should deem cost-effectiveness,
fish growth, and conditions of using the aerator. At the final stage of the presentation, he showed an
aeration innovation video, which illustrated what they have done so far as part of aeration intervention
activities.

3

AQUADAPT-Mekong

5th Workshop

At the end of his presentation, Dr. Louis asked that based on training programmes, what are some good
lessons learnt? Addressing this question, Dr. Soe stated that capacity training programmes have been
attracting farmers’ interests because they could gain better profit from the new innovation. Then Dr. Louis
shared his experience about new innovation in Thailand, whereby some farmers were not interested and
did not want to try new
innovations.
During
this
discussion,
Mr.
Michael
explained that providing training
to farmers might be an effective
way to attract them to
participate and adopt new
innovations. However, Mr.
Michael and Dr. Louis agreed
that cost-effectiveness of new
innovations
might
affect
farmers’ decision to apply such
new innovations. Dr. Hoanh
agreed that demonstration
should be good way to motivate new farmers to try new innovations. Dr. Soe added that it is very
important, as it links to sustainable development. Dr. Louis suggested that pushing new technology is
good, but need to make sure it works for farmers.
The next presentation was by Dr.
Tuantong Jutagate, Partner
Leader from Thailand, who
presented
his
team’s
experimental methodology and
results from the survey. The
content of his presentation was
similar to previous partner
countries. Dr. Tuantong stated
that it was surprising that about
50% of total respondents were
reluctant to use aeration. The
primary reason was cost
concerned and fish farming
conditions. He mentioned that doubt about effectiveness of using aeration was another factor that
discouraged farmers to apply aeration in aquaculture farms. He further observed that Tilapia farms were
learning about aeration from shrimp farms.
At the end of his presentation, Dr. Louis shared that some companies in Thailand are interested in new
designed aerator remote control systems. Next generation of aerators might be intensified by integrating
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new prototypes. Following that, Dr. Hoanh asked the Thai team if there were any forms of contract
farming between companies and farmers. He added that supplying aeration might depend on the types
of contracts. Furthermore, Mr. Michael mentioned that compliance to aeration system supply might be
part of aquaculture insurance.
The last presentation for Session
1 was given by Ms. Hap Navy,
Partner Leader for Cambodia,
and Dr. Heng Kong. The content
of the presentation was similar
to previous partner countries.
Regarding their experiment, Dr.
Heng Kong explained in detail
about the sample selection, site
selection,
data
collection
method, data analysis, and draft
results. He showed and
interpreted the results from the
experiment by using graphics
and charts.
After finishing their presentation, Dr. Louis observed that the results from their experiment was
interesting. He suggested that the data analysis should focus on one cage at one time and use unit analysis.
He further noted that this is an observation study, not technically an experiment. Adding to Dr. Louis’s
comments, Dr. Hoanh suggested that each team should check the definition of “experiment” and
“investigation”. It is completely different methods. Finally, it was concluded that the study should be
called an investigation.

Session 2: Upscaling aeration activities
As the facilitator for Session 2, Mr. Michael underlined the three main aspects that each team should
consider while planning the upscaling aeration activity: (1) selecting promising aeration innovation for
survey, (2) key activities, and (3) expected outcomes. He added that discussion should focus on:
•
•
•
•

Why did you select that aeration innovation system?
What kinds of benefits can we get from that innovation system?
How is the innovation important for farmers in terms of cost-effectiveness and application?
How does the innovation support farmers as they continue their fish culture?
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He then invited each partner
country to split into groups,
discuss, and draft their aeration
innovation activity. When the
time was over for group
discussion, all groups came back
together and gathered around
each country board for the
presentations. Each country
team selected a promising
aeration innovation system that
best suited their country context.
From
team
presentations,
Vietnam and Myanmar team
expressed their interests in applying venturi aeration system, while Cambodia and Laos team deemed
fountain as the best suited aeration system in their country. Only the Thai team was interested in
innovating supercharge diffuser for their aquaculture farmers.
During the presentations, each country team explained in detail the reasons for their selection, along with
the planned innovation activities and expected results. They made the case for why the selected aeration
system was suitable for farmers,
culture systems, and fish species.
At the end of each team’s
presentation, there was a
discussion
and
recommendations from the
audiences. For instance, after the
Vietnam team finished their
presentation, Dr. Louis observed
that their system was very
comprehensive. Nevertheless,
he was concerned that the plan
might be difficult to complete
within the project’s timeframe.
Therefore, his final suggestion to
all country teams was that they should come up with a good design and select some important activities.
Furthermore, he emphasized that the teams should consider cost of operation and maintenance, as these
could influence the adoption of selected innovation.
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Session 3: Update about ICT activities
During this session, each partner country was given an opportunity to share what they have learned from
Facebook page and groups, including successful stories and challenges. Starting with Myanmar team, Dr.
Soe mentioned that after a year
of creating the Facebook group,
it was a very successful and
effective
platform
for
communication
between
aquaculture agents and farmers.
Furthermore, the number of
group members has been
increasing. Similarly, the country
Facebook page was also a
success; whereby this platform
allowed farmers to receive
information by the project team.
He added that ICT has had a
significant impact on the process
of disseminating new technology and information. However, he noted that education level of farmers
might be a challenge for sharing information via Facebook page or group.
Turning to Vietnam team, they were currently operating a country Facebook page (AQUADAPT-Vietnam)
and a Facebook group (Shrimp-Vietnam-AQUADAPT). The page was used for the project team to upload
aquaculture-related information, while the group was open for members to upload information related
to shrimp farming. Regarding challenges, Dr. Phuong explained that Facebook users most of the time just
viewed information, but did not like or comment on posts.
Dr. Phouvin Phousavanh, Partner Leader from Laos, expressed that the Facebook page and group have
been an effective means of communication between aquaculture specialists and farmers. He shared his
team’s experience that to attract users his team posted photos and topics that would be of great
interest to farmers. Next step, his team will create videos, as he expects this to attract even more users.
Thinking long-term, Dr. Phouvin indicated that his team plans to integrate the AQUADAPT-Laos
Facebook page with their university’s ICT.

Dr. Tuantong from the Thai team observed that their country Facebook page, AQUADAPTThailand, is very active in terms of posting and sharing information, especially weather and
hydrology forecast. He added that diversified topics could attract a greater number of users.
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Following on from the Thai team, Ms. Navy from Cambodia mentioned that they were currently
maintaining both a Facebook page and group. However, the Facebook group is now not so active,
while the Facebook page
received some likes but no
comments. Thus, Ms. Navy
and her team was thinking of
posting and sharing a series of
aquaculture-related
information,
which
is
expected to push AQUADAPTCambodia Facebook page and
group to become more active.
She noted that topics relating
to weather and fish diseases
were highly attractive for
farmers. Furthermore, the Cambodia team will create professional video clips on the topic of
aeration and profitability to pond and cage cultures. In the long-term, her team will link
AQUADAPT-Cambodia Facebook page with Aquaculture Facebook page, which is run by the
Aquaculture Department, Fisheries Administration, Cambodia.

Session 4: Risk sharing innovation activities
At the beginning of Session 4, Dr. Louis reminded all partner countries what the project promised in the
proposal, in regards to activities, outputs, and outcomes for Year 3. In his presentation, Dr. Louis shared
some results from literature reviews about aquaculture insurance in some countries, such as Vietnam,
Myanmar, and China. He then went on to present results from the baseline survey that was done in Year
1 of the project in the five partner countries. Based on the results, Dr. Louis observed that not all climaterelated risks caused production losses and thus required farmers to have insurance. However, insurance
is an option for farmers to consider.
For Year 3, Dr. Louis proposed three main activities: (1) review in-country proposals, feasibility studies,
pilot schemes and program; (2) follow-up survey on interest/willing to pay for insurance (100-200
respondents; and (3) analyze and disseminate findings to key stakeholders at policy level. He added that
each country team should assign 1-2 members to work on insurance activities, while others continue work
on ICT and aeration activities.
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After the presentation, Dr.
Hoanh noted the differences
between “formal insurance” and
“informal
insurance”.
The
Vietnam team shared their
experience about aquaculture
insurance, emphasizing that
insurance should be from
companies,
not
by
the
government.
Mr.
Michael,
speaking from Myanmar context,
said that there were many types
of insurance run by companies.
However,
in
terms
of
aquaculture insurance, it was run by the government of Myanmar. Following this discussion, Dr. Louis
asked the group if the focus should be on formal insurance or informal insurance? It was decided that
they would focus on formal insurance.

Session 5: Plan the risk sharing innovation activities
For Session 5, Dr. Louis instructed each country team to get together, discuss, and draft a plan for the
activities, focusing on:
1. Review aquaculture-related literature
2. Planning for field data collection
3. Disseminating findings
In the next part of this session, each team presented the results of their team discussion on flipcharts. The
overall content of presentation was emphasized on series of literature review about aquaculture
insurance, survey activities and methods, and sharing key findings. During discussion, Dr. Tauntong
suggested that we should think outside the box; meaning not only review aquaculture insurance but also
other agriculture insurance. Dr. Heng Kong raised the point that insurance is best suited for contract
farming (extensive/intensive farming), but how about small-scale farmers? Is there any insurance/
contract for small-scale farmers from the government or companies? He further added that small-scale
farmers might not be able to afford insurance, and thus, are there any mechanisms or policies to support
them? Dr. Louis shared that forming groups/clusters among farmers might be a good idea to support
small-scale farmers.
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Following the Vietnam team’s presentation, Dr. Hoanh recommended that in terms of aquaculture
insurance, it involves three parties: farmers, companies, and governments. Thus, we should analyse the
point of view from these parties. From the Cambodia team, Mr. Seng Samphal stated that when talking
about insurance, we should think beyond aquaculture insurance, because there are many types of
insurance. Currently there is no formal aquaculture insurance in Cambodia yet, but there might be
informal insurance.
Dr. Phouvin from Laos mentioned that there is no aquaculture insurance for farmers in his country. He
further expressed his concern that the majority of farmers in Laos are small-scale and medium-scale, and
that this might increase the challenges for applying for insurance.
Dr. Oopatham noted that agriculture insurance is complicated. Dr. Hoanh added that in some countries,
such as Thailand, Cambodia, and Myanmar, are at the early stages of developing agriculture insurance.
This might cause some challenges for survey methods, especially sample selection. He suggests that the
survey should focus on informal insurance rather than formal insurance in this context.
In terms of Myanmar context, Mr. Michael said that aquaculture insurance should be suitable for intensive
farms, and we should learn this experience from Thailand. Nevertheless, he was also concerned about
Myanmar aquaculture insurance, because most farmers were small-scale.
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At the end of this session, Dr. Hoanh shared experience of aquaculture compensation in Vietnam. He
then continued by asking the group if compensation could be considered as aquaculture insurance or
not? Dr. Louis concluded that the literature review should not only focus on design schemes, but also on
policy development and environment. He added that we should also review other related sectors, such
as agriculture and livestock, that we can learn from.

Session 6: Steering committee meeting
Dr. Louis opened the discussion
by explaining about deadline of
project report submission, both
financial report and final project
report. He mentioned that all
project expenditure should be
finished by the end of October
2020, and there is no cost
extension. Some Partner Leaders
expressed concerned about the
deadline of final project report
submission. Dr. Hoanh shared his
experience that normally final
report can be extended based on
agreement with donor. He also suggested that each partner country should continue their work, even
though there is no cost extension. On the other hand, Mr. Michael recommended that country teams
should stick to deadline, because there is no cost extension. All Partner Leaders agreed that financial
report should be finished by October 2020, while final project report can be extended 3 months after the
project has finished.

Then, Dr. Louis moved on to the topic of the policy dialogue, as well as the next project workshop. After
some discussion, it was decided that the next project meeting be held in early July 2020 in Mandalay,
Myanmar. On the other hand, the policy dialogue would be organized in October 2020 in Bangkok,
Thailand.
On the topic of project performance, Dr. Oopatham and Dr. Hoanh agreed that the overall performance
of the project was very good. Likewise, Mr. Michael observed that the country teams have been working
very well, and the support team is also excellent. He noted that the project has strong capacity building
element, and he deemed this project a good example, because all implemented activities stuck to the
schedule and deliverables.
Talking about obstacles, Dr. Hoanh shared his concern over policy analysis, and suggested that the support
team should help partner countries analyze policy environment. Moreover, he noted that some of the
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schemes proposed by partner countries during the workshop might be too ambitious given the limited
timeframe. Dr. Louis then reminded partner countries that they should submit all research papers before
the end of January 2021, because the peer-review process could take a while.
At the end of the session, Ms. Hap Navy, Partner Leader from Cambodia, gave the closing remarks. She
observed that the workshop contained very fruitful discussions, constructive feedbacks, and results.
Finally, she wished all participants good luck, health, and success.

Session 7: Field trip to visit aquaculture farm in Tonle Sap
In the afternoon, workshop participants were invited to take a trip to visit an aquaculture farm in Tonle
Sap. The main purpose of this trip was to give partner countries an opportunity to gain insight into
aquaculture system and practices in Cambodia. Led by Ms. Hap Navy, participants got on a boat and were
taken to a snakehead fish farm. During this visit, participants were given an opportunity to ask the owner
of the snakehead farm many questions. The main topics covered during this visit were about snakehead
culture practices, profit, and aeration.
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Appendix
Participants of the 5th AQUADAPT-Mekong workshop in Siem Reap, Cambodia
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Project Leader (USER)
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Research Fellow (USER)
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Project Coordinator (USER)
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boripatlebel@gmail.com

Dr. Oopatham
Pawaputanon
Committee Chair
oopatham@yahoo.com

Mr. Michael Akester
Committee Member
(Myanmar)
M.Akester@cgiar.org

Mr. Chu Thai Hoanh
Committee Member
(Viet Nam)
c.t.hoanh@cgiar.org

Dr. Khin Maung Soe
Partner Leader
(Myanmar)
m.khin@cgiar.org

Dr. Kyi Thar Myint
Innovation Facilitator
(Myanmar)
kyithar.myint.dr@gmail.co
m

Ms. Yin Yin Phyu
Innovation Facilitator
(Myanmar)
yphyu@greenwaymyanmar.o
rg

Mr. Aung Than Oo
WorldFish
(Myanmar)
aungthanoo1111@gmail.co
m

Ms. Sirirat Uthaivat
Innovation Facilitator
(Thailand)
sirirat.uth@gmail.com

Mr. Chatta Duangsuwan
Research Assistant
(Thailand)
kaychatta@gmail.com

Dr. Tuantong Jutagate
Partner Leader
(Thailand)
tuantongj@gmail.com

Mr. Niran Warin
Research Assistant
(Thailand)
niranwarin5@gmail.com
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Innovation Facilitator
(Viet Nam)
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Ms. Hap Navy
Partner Leader
(Cambodia)
hapnavy@yahoo.com

Dr. Chhinh Nyda
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(Cambodia)
chhinh.nyda@rupp.edu.kh

Mr. Kem Sophanara
Researcher
(Cambodia)
kemsophannara93@gmail.co
m

Mr. Dao Minh Hai
Innovation Facilitator
(Viet Nam)
dmhai@ctu.edu.vn

Dr. Heng Kong
Consultant
(Cambodia)
kong_heng2002@yahoo.co
m

Mr. Seng Samphal
Innovation Facilitator
(Cambodia)
samphals@gmail.com

Mr. Sobot Soth
Research Assistant
(Cambodia)
sobothjupiter@yahoo.com

Ms. Chhun Sereyvan
Research Assistant
(Cambodia)
Sereyvanmom@yahoo.com

Mr. Tray Bunthan
Note Taker
(Cambodia)
traybunthan@gmail.com

Mr. Nith Saravuth
Fisheries Cantonment
(Cambodia)

Mr. Tea Theanpav
Fisheries Cantonment
(Cambodia)

Dr. Phouvin Phousavanh
Partner Leader
(Laos)
phousavanh_win@yahoo.co
m

Ms. Anousone Sisouvong
Research Assistant
(Laos)
sisouvonga@yahoo.com

Mr. Santhi Khonedavong
Research Assistant
(Laos)
toum9952@gmail.com
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Research Assistant
(Laos)
alounvanh_mine@yahoo.com
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The workshop agenda
AQUADAPT-Mekong 5th Project Workshop
16-17 January 2020, Siem Reap, Cambodia
Purpose of meeting: To exchange information about the aeration innovation activities in the five partner
countries; to plan the risk sharing innovation activities for Year 3 of the project; and to evaluate the
progress of the project thus far.
Country partner team workshop: 16-17 January 2020
DAY 1
0900-1030

Agenda Items
S1. Aeration innovation activities
Opening: Hap Navy
Facilitator: Chu Thai Hoanh
Presenting teams: Laos, Vietnam
• Each country team presents a summary of their aeration activities (30 min
presentation + 15 min discussion)
o Survey results and in-depth interviews with stakeholders
o Experiments (methodology, results, what next, etc.)
o Products (video clips, infographics, posters, papers, etc.)

1030-1100
1100-1230

Break
S1. Aeration innovation activities (continued)
Facilitator: Chu Thai Hoanh
Presenting teams: Myanmar, Thailand
Lunch
S1. Aeration innovation activities (continued)
Facilitator: Chu Thai Hoanh
Presenting teams: Cambodia
S2. Upscaling aeration activities
Facilitator: Michael Akester
Mode: Flip charts
• Each country drafts a plan on how the team will (further) upscale the
diffusion or adoption of at least one promising aeration innovation they
have been studying/evaluating o Select and justify innovation chosen
o List key activities and responsibilities of team or partners
o Declare expected outcomes

1230-1330
1300-1345
1345-1500

1500-1530
1530-1630

Break
S2. Upscaling aeration activities (continued)
Facilitator: Michael Akester
Presenting teams: Vietnam, Cambodia, Thailand, Myanmar, Laos
• Each country presents their plans to the whole group (5 min presentation)
• Summary and general group discussion on moving forward with upscaling
selected aeration activities (30 min discussion)

1630-1700

S3. Update about ICT activities
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0900-0930
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Facilitator: Chu Thai Hoanh
• What has been the outcomes? (30 min discussion)
Agenda Items
S3. Risk sharing innovation activities
Presenting: Louis Lebel
• Plans for the risk sharing innovation activities (20 min presentation + 10 min
discussion)

0930-1030

S4. Plan the risk sharing innovation activities
Facilitator: Oopatham Mahasarakam
Mode: Flip charts
• Each country team drafts a plan on risk sharing activities
o Methodology
o Outputs
o Outcomes
o Actions

1030-1100
1100-1130

Break
S4. Plan the risk sharing innovation activities (continued)
Facilitator: Oopatham Mahasarakam
Presenting teams: Thailand, Vietnam, Cambodia, Laos, Myanmar
• Each country team presents their plans (5 min presentation)

1130-1230

S6. Steering Committee meeting
Facilitator: Oopatham Mahasarakam
• Comments about performances of country teams
• Obstacles moving forward
• Strategies to create policy impact
• Other suggestions and concerns
• Concluding remarks

1230-1330
1330-1700

Closing: Hap Navy
Lunch
S6. Field trip
Facilitator: Hap Navy
• Visit aquaculture farms in Siem Reap
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AQUADAPT-Mekong
Climate Adaptation and Innovation in Mekong Aquaculture

AQUADAPT-Mekong 6th Workshop Report
5 August 2020, Virtual Meeting (Google Meet)

Summary
This report gives a summary of activities, presentations, and discussions from the sixth workshop of
AQUADAPT-Mekong. Due to COVID-19, the workshop was carried out online via Google Meet. It aimed to
present findings from the COVID-19 impact survey; reflect on important questions about the project’s
results and contributions; evaluate the progress of the project thus far; and discuss and brainstorm ideas
for possible future collaborations. A total of 28 participants from all partner countries attended the
workshop, including Cambodia (4), Laos (4), Myanmar (4), Thailand (4), and Vietnam (5). Also in
attendance were members of the Steering Committee (3) and the Coordination Unit (4).
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Session 1: COVID-19 impacts on the aquaculture sector
Impacts on mobility and logistics
The COVID-19 outbreak had impacts on logistics from both ends. Suppliers of inputs, workers and buyers’
movements were disrupted more in Thailand, Vietnam and Laos than in Cambodia or Myanmar due to
the restrictions/responses of the governments. Shrimp producers were more likely to be impacted by
disrupted supply logistics than fish growers. In Thailand, multiple check points delayed shipments, while
for farms in quarantine areas no transportation was allowed at all for a period.
Figure 1. COVID-19 outbreak impacts on farmer (hatched) and supplier or buyer (solid) mobility and
logistics.

The impacts of constraints on farmers’ mobility in relation to selling fish was important in all countries.
Intensive farms were more likely to be negatively impacted by disrupted market access. In response, in
Thailand (19%) and Laos (3%) some farms received special permission to transport fish. In Myanmar, the
agriculture sector, including fisheries, was declared an essential service under the COVID-19 Economic
Relief Plan (CERP), which was launched in late April 2020. This paved the way for the lifting of some
logistical bans, put in place in early April, by late May.
Restrictions on mobility of producers impacted ability to monitor ponds or cages in a modest fraction
(12%) of farms. Farmers with large farms or elderly were more likely to have reduced access to farms for
monitoring and feeding. Women were less likely than men to have their access to ponds or cages
disrupted.
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Impacts on input and commodity markets
Almost two-thirds (60%) of all farms reported sale prices for fish/shrimp were lower as a result of the
outbreak reducing demand or restricting exports, with largest impact for shrimp in Vietnam (86%), where
farm gate prices decreased by 10-20%. Shrimp producers were more than four times as likely to be
impacted by market problems than those that grew finfish. In Thailand, reduction in guaranteed prices
were reported for farmers with contracts with buyers, and closing of the service sectors such as hotels,
restaurants have affected the demand of fish/shrimp. In Cambodia, closing of restaurants, the ban on
public meetings and large gatherings such as wedding ceremonies, contributed to the reduced demand.
For snakehead and catfish, lack of demand led to farmers delaying harvests, resulting in increased
expenditure on feeds and thus reduced net incomes. In Thailand, similar impacts from closures were
observed with especially large losses in April with the cancellation of Songkran (New Year) festivities. In
Myanmar, ponds which typically are drained and all fish harvested in the February to April period, were
only partially harvested because of reduced demand from domestic and export processors.
Figure 2. Experienced (solid) and anticipated (stippled) impacts from the COVID-19 outbreak responses
on produce and key input markets. Percentage of farms in each country.

About 5% of farms overall experienced positive higher sales prices for fish, ranging from a high in Laos
(13%) to low in Vietnam (1%). Higher input prices for feed and stock were important impacts in Laos.
Large farms were impacted more by high input prices. Across the region, prices of fish stock and fish feed
was expected to increase in the next six months.
Financial coping measures
Direct financial assistance was only provided in Thailand and Vietnam. For all financial support measures,
more anticipated a need in the future than had received assistance in the past. In Thailand (45%)
registered with the Department of Fisheries so they could access financial assistance of 15000 Baht (ca.
500 USD) paid out in three instalments. In Myanmar, the Ministry of Agriculture Livestock and Irrigation
(MoALI) provided 2,000 fish seed per acre (4,940/ha equivalent) of fish production ponds for a total of
15,000 acres (6,079ha) of fish grow-out ponds using a MMK 6 billion budget. The only requirement being
that the ponds had to be registered and licensed for fish production.
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A third (33%) of farmers overall responded to the COVID-19 outbreak by borrowing money, while 40%
drew on savings. Borrowing was most common in Cambodia (50%) and Myanmar (47%). Adjusting for
country, farms that had suffered from market impacts were twice as likely to borrow than those not so
affected.
Figure 3. Experience with financial assistance measures (solid) and anticipated or desired in the future
(stippled). Percentage of farms surveyed in five countries.

Altogether 39% of those who had borrowed money in response to outbreak impacts had difficulties
making repayments. Difficulties repaying loans were most frequently encountered in Thailand (30%),
Myanmar (17%) and Vietnam (14%). Again, adjusting for country and other predictors, farmers with more
experience (O.R.=1.6) were more likely, while those with intensified systems less likely (O.R.=0.52), to
have debt repayment problems. Farms with other income sources were more likely to have repayment
problems (O.R.=1.6), while farm size made no difference. Other financial measures more rarely undertaken by farmers included selling major assets (4%).
Benefits from easier loan conditions were most likely in Vietnam and Thailand, and least likely in Laos.
Women were more likely to benefit from relaxed loan conditions than men. Farmers with market access
or market price impacts were also more likely to have benefitted.
Adjustments to rearing practices
Adjustments to fish stocking practices were less common in Myanmar than the other countries. Large
farms and those impacted by market access problems were more likely to adjust practices. Overall, 7%
said they had stopped rearing fish, while 36% had delayed stocking. Farmers in Thailand found that partial
harvests, in response to lower demand, increase stress and mortality rates of fish left behind. Partial
harvest in the first half of 2020 in Myanmar led to delays in preparing ponds for the next production cycle,
which alongside reductions in stocking densities, imply lower than usual production was expected in the
second half of 2020.
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Figure 4. Farm practice responses to the COVID-19 outbreak during first six months of 2020 in five
countries (% farms surveyed).

Thailand was the only country which a significant (12%) fraction of farms adopted post-harvest processing
as a way to deal with impacts. The Cambodian Government encouraged salting, drying, fermenting and
smoking as ways to add-value for domestic markets, but this policy was not reflected in the responses of
surveyed farmers.
Information about coping strategies during the COVID-19 outbreak were received more in Thailand (30%)
than in other countries: Laos (7%), Vietnam (6%), Cambodia (6%), and Myanmar (2%). One coping strategy
suggested to fish farmers in Cambodia was to shift to species with shorter production cycle.
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Session 2: Reflection on the project: questions from IDRC
What are the 5 most important results of this project and how have they been useful or innovative?
1. Important climate-related risks to aquaculture activities in 5 countries identified based on
experience of losses, levels of concern, and observations of change. Much of the information came
from a baseline survey of over 3000 farmers by the project.
2. Common practices and strategies to manage climate-related risks to aquaculture in 5 countries
documented by the project. Information came from a baseline survey of over 3000 farmers, direct
experience in helping facilitate innovative solutions, and sharing of practices between countries.
3. Innovative use of social media platform (Facebook groups and pages) to share information about
climate-related risks and their management and help support a community of practice were
developed by the project for use by fish and shrimp farmers in 5 countries.
4. Lower cost and more efficient enhancements to aeration devices were developed and refined by the
project in Vietnam and Myanmar and then shared with and adopted by farmers.
5. A number of lessons for organizations aiming to facilitate innovation in the aquaculture sector to
adapt to climate change were learnt from interviewing and observing innovators and innovation
facilitators in action during this project.
List up to 10 most important research outputs generated by the project. Where possible, provide the
link.
1. Lebel L, Lebel P, Soe KM, Nguyen PT, Hap N, Phousavanh P, Jutagate T, Akester M, Lebel B. 2020.
“Aquaculture farmers’ perceptions of climate-related risks in the Mekong Region”. Regional
Environmental Change. 20:95. (see here)
2. Lebel L, Lebel P, Lebel B, Uppanunchai A, Duangsuwan C. 2018. “The effects of tactical message
inserts on risk communication with fish farmers in Northern Thailand”. Regional Environmental
Change. 18, 2471-2481. (see here)
3. Lebel L, Lebel P, Chuah CJ. 2018. “Governance of aquaculture water use”. International Journal of
Water Resources Development. 35:4, 659-681. (see here)
4. Lebel L, Lebel P, Chuah CJ. 2019. “Water use by inland aquaculture in Thailand: stakeholder
perceptions, scientific evidence and public policy”. Environmental Management. 63, 554-563. (see
here)
5. Lebel L, Lebel P, Chitmanat C, Uppanunchai A, Apirumanekul C. 2018. “Managing the risks from the
water-related impacts of extreme weather and uncertain climate change on inland aquaculture in
Northern Thailand”. Water International. 43:2, 257-280. (see here)
6. Lebel L, Navy H, Jutagate T, Akester MJ, Sturm L, Lebel P, Lebel B. “Innovation and adaptation to
climate change in the aquaculture”. (in review)
7. Lebel P, Lebel B, Myint KT, Rangsiwiwat A, Soe KM, Ganjanapan S, Phuong NT, Navy H, Phousavanh
P, Jutagate T, Sturm L, Duangsuwan C, Lebel L. “Stakeholder perspectives on fostering innovation for
adaptation in Mekong Region aquaculture”. (in review)
8. Lebel L, Jutagate T, Phuong NT, Akester MJ, Rangsiwiwat A, Lebel P, Phousavanh P, Navy H, Soe KM,
Lebel B. “Climate risk management practices of fish and shrimp farmers in the Mekong Region”. (in
review)
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9. Lebel L, Phyu YY, Soe KM, Sisuvong A, Phousavanh P, Lebel P, Hanmontree R, Jutagate T, Son VN,
Quynh ND, Sobot S, Navy H, Lebel B. “The effects of membership and moderation style in
aquaculture Facebook groups on knowledge and management of climate-related risks”. (in prep.)
10. Lebel L, et al. “Aeration technology use and evaluation among fish and shrimp farmers in the
Mekong Region”. (in prep)
How does the project contribute to the field of study/research area?
1. Climate change adaptation: Improved understanding of climate-related risks and associated
management practices in the aquaculture sector in the 5 partner countries.
2. Innovation: Improved conceptualization of the ways technological, informational and institutional
innovation contributes to adaptation drawing on elements of Practice Theory.
3. Policy Sciences: Operationalize the idea of ‘policy environment’ and show how it is useful for
understanding divergent paths of aquaculture development in the Mekong Region.
4. Communication: Experimental and operational research methods to support communities of
practice around aquaculture development.
How would you compare the intended and actual results of the project? Why did it happen that way?
1. Research products: largely met as intended; insurance (Activity 2.3) was revised to shift focus to
COVID-19 impacts.
2. Comparative value: largely met as intended; country differences were sometimes large and
explainable by culture.
3. Local impact: largely met as intended; individual countries tailor solutions to address local versions
of their own problems, e.g. aeration.
4. Cross-country learning: Facebook groups and pages proved to be effective platforms to share
information with farmers and related stakeholders.
5. Innovation facilitation: very diverse, including technology development, applied for patent
(Vietnam) which was more than expected.
6. Project coordination: intensive use of chat groups with partner countries meant that the work could
proceed largely as intended, even though people were working in five different countries.
Are there any lessons or observations about the granting process, the financial performance of the
project, or IDRC’s administration of the project that could inform our future programming or Centre
processes?
1. Although 6-monthly activity and financial reports are very reasonable requests from project’s with
large grants, regional and involving multiple countries, delay periods inevitably arise, however,
during the time it takes for the reports to be submitted, corrected, approved, and the next
instalments transferred. Such gaps could significantly affect project activities, as partner countries
can be without operating funds for up to a few months. One suggestion to minimize impacts and
risks due to delay in funding is to move from 6-monthly to annual reporting.
2. During the project, there were some changes in the Grant Administrator responsible for the
financial reports. Thus, it was sometimes difficult for the Coordination Unit to keep up with who to
report to, as well as caused some confusion about the reporting or auditing requirements, as the
replacing Grant Administrator’s feedback sometimes did not align with the requirements
established earlier by the previous Grant Administrator. These misunderstandings oftentimes led to
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delays in financial reports getting approved, and thus delays in funding. One suggestion to minimize
potential confusion in the future is to have both a lead and co-Grant Administrator.
Are there any lessons arising from the assessment and management of research ethics in the project?
1. Creating options: When working and sharing new technologies with farmers, researchers must be
careful not to push too hard for adoption, but rather to provide options. Farmers already know a lot
about local conditions and their own capacities.
2. Working with firms: Working with social enterprise (Greenovator) and company (Happy Farm) was
very rewarding, even though there are ethical risks, which the researchers avoided by not holding
financial stake.
3. Gender balance: The research teams included major contributions by women. Research activities
explored gender differences.
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Appendix
Participants of the 6th AQUADAPT-Mekong workshop, Virtual Meeting (Google Meet)

Dr. Louis Lebel
Project Leader (USER)
louis@sea-user.org
llebel@loxinfo.co.th

Dr. Phimphakan Lebel
Research Fellow (USER)
phimphakan@sea-user.org

Mr. Michael Akester
Committee Member
(Myanmar)
M.Akester@cgiar.org

Mr. Chu Thai Hoanh
Committee Member
(Viet Nam)
c.t.hoanh@cgiar.org

Dr. Kyi Thar Myint
Innovation Facilitator
(Myanmar)
kyithar.myint.dr@gmail.com

Ms. Yin Yin Phyu
Innovation Facilitator
(Myanmar)
yphyu@greenwaymyanmar.o
rg

Dr. Amornrat Rangsiwiwat
Innovation Facilitator
(Thailand)
rangsiwiwat.a@gmail.com

Mr. Boripat Lebel
Project Coordinator (USER)
boripat@sea-user.org
boripatlebel@gmail.com

Mr. Myint Zin Htoo
Committee Member
(Myanmar)
myintzinhtoo@gmail.com

Mr. Aung Than Oo
WorldFish
(Myanmar)
aungthanoo1111@gmail.co
m

Mr. Niran Warin
Research Assistant
(Thailand)
niranwarin5@gmail.com

Ms. Sirirat Uthaivat
Innovation Facilitator
(Thailand)
sirirat.uth@gmail.com
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Mr. Chatta Duangsuwan
Research Assistant
(Thailand)
kaychatta@gmail.com

Dr. Khin Maung Soe
Partner Leader
(Myanmar)
m.khin@cgiar.org

Dr. Tuantong Jutagate
Partner Leader
(Thailand)
tuantongj@gmail.com

Dr. Nguyen Thanh Phuong
Partner Leader
(Viet Nam)
ntphuong@ctu.edu.vn

AQUADAPT-Mekong

6th Workshop

Ms. Quynh Anh Nguyen
Innovation Facilitator
(Viet Nam)
anh.quynh.nguyen@gmail.co
m

Mr. Vo Nam Son
Innovation Facilitator
(Viet Nam)
vnson@ctu.edu.vn

Ms. Hap Navy
Partner Leader
(Cambodia)
hapnavy@yahoo.com

Dr. Phouvin Phousavanh
Partner Leader
(Laos)
phousavanh_win@yahoo.co
m

Mr. Dao Minh Hai
Innovation Facilitator
(Viet Nam)
dmhai@ctu.edu.vn

Mr. Nguyen Do Quynh
Innovation Facilitator
(Vietnam)
ndquynh@ctu.edu.vn

Mr. Seng Samphal
Innovation Facilitator
(Cambodia)
samphals@gmail.com

Ms. Kaing Khim
Innovation Facilitator
(Cambodia)
kaingkhim@online.com.kh

Mr. Sobot Soth
Research Assistant
(Cambodia)
sobothjupiter@yahoo.com

Ms. Anousone Sisouvong
Research Assistant
(Laos)
sisouvonga@yahoo.com

Mr. Santhi Khonedavong
Research Assistant
(Laos)
toum9952@gmail.com

Ms. Alounvanh
Pakphommy
Research Assistant
(Laos)
alounvanh_mine@yahoo.co
m
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The workshop agenda
AQUADAPT-Mekong 6th Project Workshop
5 August 2020, Virtual Meeting (Google Meet)
Purpose of meeting: To present the experiences and preliminary findings from the COVID-19 impact
survey in the five partner countries; to reflect on important questions about the project’s results and
contributions; to evaluate the progress of the project thus far; and to discuss and brainstorm ideas
about possible future collaborations.
Note: time in agenda refers to Bangkok time.
DAY 1
0950-1000
1000-1230

Agenda Items
Country teams join meeting link, standby, confirm readiness
S1. COVID-19 impacts on the aquaculture sector
Opening: Director General (Department of Fisheries, Myanmar)
Facilitator: Michael Akester
Co-facilitator: Yin Yin Phyu
Presenting teams: Thailand, Laos, Vietnam, Cambodia, Myanmar
Format: 20 min presentation + 10 min discussion
• Each country team presents about the COVID-19 impact to
aquaculture sector survey
o Summary of COVID-19 impact survey (methodology, sample
size, site selection, obstacles, etc.)
o Preliminary findings from COVID-19 impact survey (overall
results, interesting findings)
o Lessons learnt from the survey (interpreting results, what
next, suggested actions)
Note: Presenters should be ready to share screen for presentations

1230-1330
1330-1420

Lunch
S2. Reflection on the project: questions from IDRC
Facilitator: Michael Akester
Co-facilitator: Yin Yin Phyu
Presenting teams: Vietnam, Laos, Cambodia, Thailand, Myanmar
Format: 5 min presentation + 5 min discussion per country
• What are the 5 most important results of this project and how have
they been useful or innovative?
Note: Presenters should prepare 1 PowerPoint slide with 5 dot points

1420-1510

S2. Reflection on the project: questions from IDRC (continued)
Facilitator: Michael Akester
Co-facilitator: Yin Yin Phyu
Synthesis on shared screen: Louis Lebel
Format: 50 min group discussion
• List up to 10 most important research outputs and contributions by
the project.
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How would you compare the intended and actual results of the
project?
Note: Partner Leaders come prepared with a list of outputs and contributions
•

1510-1530
1530-1600

Break
S3. Steering Committee and Partner Teams: meeting together
Facilitator: Khin Maung Soe
Co-facilitator: Boripat Lebel
Format: 30 min group discussion
• Provide comments about the performances of country teams and
progress of products
• What else needs to be done?
Note: Participants should look at the draft final project report (to be circulated)

1600-1640

S3. Steering Committee and Partner Teams: meeting together (continued)
Facilitator: Khin Maung Soe
Co-facilitator: Boripat Lebel
Brainstorming on shared screen: Yin Yin Phyu
Format: 40 min group discussion
• Group discussion and brainstorming about possible future
collaborations on other, new aquaculture-related projects
o Suggestions on topics and focus
o Funding opportunities
• Concluding remarks by Facilitator
Closing: Khin Maung Soe
Note: Participants may come prepared with concept notes
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2. รายชื่อผูเ้ ข้าร่วม
3. รายชื่อผูจ้ ดั ฝึ กอบรม
4. ที่มาและความสาคัญของโครงการ
5. สถานที่จดั อบรม
6. กาหนดการ/วาระการฝึ กอบรม
7. สรุปเนือ้ หาการฝึ กอบรม
8. ภาพการฝึ กอบรม
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รายชื่อผู้เข้ าฝึ กอบรม
1. คุณวีรยุธ ศรีโฮง
2. คุณสมพงศ์ เสาสุรนิ ทร์
3. คุณเกียรติศกั ดิ์ โทณะกุล
4. คุณประยูร แถววงศ์
5. คุณสิงโต สว่างแก้ว
6. คุณนที ภาศิริ
7. คุณธันวา บารุงรัตน์
8. คุณจิรทิปต์ กอบขุนทด
9. คุณมณีวรรณ ทองปน
10. คุณสีนวล ผลดา
11. คุณสายไหม นาคูณ
12. คุณมนัสนันท์ คาเพียร
13. คุณประมวล สุโภภาค
14. คุณราพัน สุโภภาค
15. คุณธนัชชา นาทอง
16. คุณงกไชย ขาเกิด
17. คุณวันชัย นาคูณ
18. คุณงามพิศ ขุนเพียร
19. คุณสมจิตร จวงจันทร์
20. คุณสมคิด เกีย้ วก้าว
21. คุณภัทรผล นาคูณ

22. คุณอานนท์ ฤทธิลน
23. คุณวรรณภา นาคูณ
24. คุณคาแพง มงคล
25. คุณทินกร จันทร์สมุด
26. คุณปรีชากร พันธุว์ ิเศษ
27. คุณอาทิตย์ แก้วพิมาย
28. คุณสวัสดิ์ บัวใหญ่
29. คุณทัศนีย์ จันดีทม
30. คุณบุญมี ยะพลหา
31. คุณสารอง เชือ้ โชติ
32. คุณสนธยา คงคูณ
33. คุณสุพฒ
ั น์ ทองโบราณ
34. คุณจาลอง ชื่นชม
35. คุณยุพิน สีหมอก
36. คุณสังคม ฝางคา
37. คุณบัวผัด ดอนสิงห์
38. คุณนายสาคร ศรีนา
39. คุณสุญญา ฝางคา
40. คุณสุรจิตร ศรีนา
41. คุณสุรยิ า แก้วดอน

รายชื่อผู้เข้ าร่วม
1. นายศุภกิตติ์ ใสกระจ่าง

ประมงจังหวัดอุบลราชธานี

2. นายวิชยั ชานาญเวช

ปลัดอาเภอสิรนิ ธร จังหวัดอุบลราชธานี

3. นายโรจนินทร์ กิตติยศอานันต์

หัวหน้าแผนกบารุงรักษาโยธา เขื่อนสิรินธร

4. นายนที ศรีสมรรถการ

หัวหน้างานประชาสัมพันธ์ฯ เขื่อนสิรนิ ธร

2

โครงการติดตัง้ ระบบตรวจวัดและรายงานผลคุณภาพนา้

รายชื่อผู้จัดฝึ กอบรม
1.
2.
3.
4.
5.
6.
7.

ศาสตราจารย์ ดร. ทวนทอง จุฑาเกตุ
ดร. พิมพกานต์ เลอเบล
อาจารย์อมรรัตน์ รังสิวิวฒ
ั น์
คุณศิริรตั น์ อุทยั วัฒน์
คุณเชษฐา ดวงสุวรรณ์
คุณนิรนั ดร์ วารินทร์
คุณอนุสรณ์ แซ่ต่าง

8. คุณวีระพันธ์ ตันสกุล
9. คุณอโณทัย พรหมกระแสร์
10. คุณฉัตรชัย เวชกิจ
11. คุณนพดล ศรีบญ
ุ
12. คุณวรรณภา นาคูณ
13. คุณภัทรพล นาคูณ
14. คุณอานนท์ ฤทธิลน

หัวหน้าโครงการ AQUADAPT-Thailand
นักวิจยั โครงการ AQUADAPT-Mekong
นักวิจยั โครงการ AQUADAPT-Thailand
นักวิจยั โครงการ AQUADAPT-Thailand
ผูช้ ่วยนักวิจยั โครงการ AQUADAPT-Mekong
ผูช้ ่วยนักวิจยั โครงการ AQUADAPT-Thailand
นักวิชาการประมง ศูนย์วิจยั และพัฒนาการเพาะเลีย้ ง
สัตว์นา้ จืดอานาจเจริญ
บริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด
บริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด
บริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด
บริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด (ช่างภาพและวิดีโอ)
ผูใ้ หญ่บา้ นแหลมสวรรค์ อ.สิรนิ ธร จ.อุบลราชธานี
เกษตรกรผูเ้ ลีย้ งปลานิล
เกษตรกรผูเ้ ลีย้ งปลานิล
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ทีม่ าและความสาคัญ
การเปลี่ยนแปลงอย่างรวดเร็วและรุนแรงของสภาพอากาศมีผลต่อการเพาะเลีย้ งสัตว์นา้ บ่อยครัง้
ที่เกษตรกรผูเ้ ลีย้ งปลานิลในกระชังในอ่างเก็บนา้ เขื่อนสิรินธรประสบปั ญหาปลาน็อคนา้ ตายเป็ นจานวน
มาก การเปลี่ยนแปลงอย่างฉับพลันของค่าคุณภาพนา้ เป็ นหนึ่งปั จจัยที่ส่งผลต่อการสูญเสีย โดยเฉพาะ
อย่างยิ่งค่าออกซิเจนที่ละลายได้ในนา้ (Dissolved Oxygen) อุณหภูมิของนา้ และค่าความเป็ นกรดเป็ นด่าง
ของนา้ เป็ นต้น การตรวจวัดคุณภาพนา้ อย่างสม่าเสมอเพื่อติดตามดูแนวโน้มการเปลี่ยนแปลงของค่า
คุณภาพเป็ นเรื่องที่สาคัญ อย่างไรก็ตามขัน้ ตอนในการตรวจวัดคุณภาพนา้ ค่อนข้างยุ่ งยากซับซ้อนและมี
โอกาสที่จะคลาดเคลื่อนจากตัวผูต้ รวจวัด

ระบบตรวจวัดและรายงานผลคุณภาพนา้ เป็ นเครื่องมือสาคัญช่วยให้เกษตรกรผูเ้ ลีย้ งปลารู ข้ อ้ มูล
การเปลี่ ยนแปลงของค่ าคุณ ภาพน ้า ตลอดเวลา โดยค่าคุณภาพนา้ จะถูกส่ง เข้าสู่ cloud server แล้วส่ง
ข้อความสัน้ ผ่าน Line app. ในกรณีท่ีค่าคุณภาพนา้ ในฟาร์มเลีย้ งมีค่าต่ากว่าเกณฑ์มาตรฐานที่กาหนด
ข้อความสั้นจะถูกส่ง ให้เกษตรกรในความถี่มากขึน้ เพื่อเตือนให้เกษตรกรได้รบั รู ถ้ ึงความเสี่ยงที่อาจจะ
เกิดขึน้ เพราะค่าคุณภาพนา้ ไม่เหมาะสม ทาให้เกษตรกรแก้ไขปัญหาได้ทนั ท่วงที เป็ นการบริหารจัดการเชิง
รุก ซึ่งจะช่วยแก้ไขปั ญหาปลาอ่อนแอ เนื่องจากทนต่อสภาพนา้ ที่ไม่เหมาะสมเป็ นเวลานาน จนปลาแสดง
อาการอ่อนแอในท้ายที่สดุ
เพื่อส่งเสริมให้ชุมชนผูเ้ ลีย้ งเข้าใจรับรูถ้ ึงผลกระทบของการเปลี่ยนแปลงของสภาพอากาศต่อการ
เพาะเลี ย้ งสัต ว์น ้า ร่ว มถึ ง แนวทางและวิ ธี ก ารป้อ งกัน แก้ไ ขปั ญ หา โครงการ AQUADAPT-MEKONG
Thailand ซึ่งเป็ นโครงการวิจัยภายใต้ หน่วยสังคมวิจัยสังคมและสิ่งแวดล้อม มหาวิทยาลัยเชียงใหม่ ได้
จัดทาโครงการฝึ กอบรมเชิงปฏิบตั ิการ โครงการติดตัง้ ระบบตรวจวัดและรายงานผลคุณภาพนา้ ในกระชัง
เลีย้ งปลา อ่างเก็บนา้ เขื่อนสิรินธร โดยได้รบั ความร่วมมือจากบริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด ให้ความ
อนุเคราะห์สนับสนุนเครื่องมือตรวจวัดคุณภาพนา้ ร่วมถึงการเป็ นวิทยากรฝึ กอบรมในโครงการ
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สถานทีจ่ ัดอบรม
อ่างเก็บนา้ เขื่อนสิรนิ ธร บ้านแหลมสวรรค์ อ.สิรนิ ธร จ.อุบลราชธานี
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กาหนดการ/วาระการฝึ กอบรม

โครงการติดตั้งระบบการตรวจวัดและรายงานผลคุณภาพน้ำ
ในกระชังผู้เลี้ยงปลานิล อ่างเก็บน้ำเขื่อนสิรินธร
วันเสาร์ ที่ 18 กรกฎาคม 2563 เวลา 13.00-16.00 น.
ณ ท่าบ้านแหลมสวรรค์
กำหนดการ
12.30 - 13.00 น.
13.00 - 13:20 น.
13.20 - 13.40 น.

13.40 - 14.00 น.

14.00-15.00 น.
15.00 – 15.15 น.
15.15 – 16.00 น.

กิจกรรม
ลงทะเบียน
กล่าวเปิดงาน โดย ประมงจังหวัดอุบลราชธานี
ชี้แจงวัตถุประสงค์ของโครงการ โดย ศ.ดร. ทวนทอง จุฑาเกตุ
คณะเกษตรศาสตร์ มหาวิทยาลัยอุบลราชธานี และ
หัวหน้าโครงการ AQUADAPT- Thailand
บรรยาย หัวข้อ “การหาแนวทางในการป้องกันและแก้ไขปัญหาจากการ
เปลี่ยนแปลงของสภาพอากาศต่อการเพาะเลี้ยงสัตว์น้ำ”
โดย อาจารย์อมรรัตน์ รังสิริวัฒน์ สาขาวิชาประมง คณะ
ทรัพยากรธรรมชาติ มหาวิทยาลัยเทคโนโลยีราชมงคลอีสาน วิทยาเขต
สกลนคร
บรรยาย หัวข้อ “การตรวจวัดและรายงานผลคุณภาพน้ำในการเพาะเลี้ยง
สัตว์น้ำ” โดย คุณวีระพันธ์ ตันสกุล บริษัท แฮปปี้ฟาร์ม เกิดผล จำกัด
พักรับประทานอาหารว่าง
การประเมินปัญหาแบบมีส่วนร่วมเพื่อช่วยเหลือผู้เลี้ยงปลารับมือกับการ
เปลี่ยนแปลงสภาพภูมิอากาศ
• ลักษณะปัญหาและผลกระทบ
• ความพยายามที่ผ่านมา ผลสัมฤทธิ์และอุปสรรค
• วิธีแก้ปัญหาและความช่วยเหลือที่ต้องการ.

ผู้เข้าร่วม * ประมงจังหวัดอุบลราชธานี * ประมงอำเภอสิรินธร * เกษตรกรผู้เลี้ยงปลาในกระชังในเขื่อนสิรินธร * ตัวแทนเขื่อนสิรินธร * โครงการ
AQUADAPT-Thailand * คณะเกษตรศาสตร์ มหาวิทยาลัยอุบลราชธานี * หน่วยวิจัยสังคมและสิ่งแวดล้อม ภาควิชาสังคมและการพัฒนา คณะ
สังคมศาสตร์ มหาวิทยาลัยเชียงใหม่ * บริษัท แฮปปี้ฟาร์ม เกิดผล จำกัด * บริษัท เบทาโกร จำกัด
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สรุ ปเนือ้ หาการฝึ กอบรม
การฝึ กอบรมจัดขึน้ ในวันที่ 17 - 18 กรกฎาคม 2563 กิจ กรรมแบ่ง ออกเป็ นสองวันดัง ต่อไปนี ้
วันที่ 17 คณะผูจ้ ดั อบรม ร่วมกับ บริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด ทาการติดตัง้ และทดสอบระบบตรวจวัด
และรายงานผลคุณภาพนา้ ในกระชังเลีย้ งปลานิล วันที่ 18 ฝึ กอบรมเชิงปฏิบตั ิการให้กับเกษตรกรผูเ้ ลีย้ ง
ปลานิลในกระชังในอ่างเก็บนา้ เขื่อนสิรนิ ธร โดยมีหวั ข้อในการบรรยายมีดงั ต่อไปนี ้

1. ประธานกล่าวเปิ ดงาน
ได้รับ เกี ย รติ จ าก นายศุภ กิ ต ติ์ ใสกระจ่ า ง ประมงจัง หวัด อุบ ลราชธานี พร้อ มด้ว ยเจ้า หน้า ที่
สานักงานประมงจังหวัดอุบลราชธานี ร่วมกิจกรรมอบรมถ่ายทอดองค์ความรูก้ ารติดตัง้ ระบบตรวจวัดและ
รายงานผลคุณภาพนา้ ในกระชังเลีย้ งปลา โดยได้กล่าวถึง ความสาคัญของการนาเอานวัตกรรมเข้ามาช่วย
ในระบบการเลีย้ งปลาในกระชัง ช่วยให้เกษตรกรรับรูถ้ ึงคุณภาพนา้ เพื่อป้องกันปั ญหาวิกฤติจากคุณภาพ
นา้ เปลี่ยนแปลงทาให้เกิดปลาน็อคตายเป็ นจานวนมาก เมื่อเกษตรกรผูเ้ ลีย้ งปลารับรูถ้ ึงคุณภาพนา้ ที่กาลัง
เปลี่ยนแปลง ก็สามารถเปิ ดเครื่อ งเติมอากาศ เครื่องตีนา้ ให้กับปลาที่เลีย้ ง เพื่อป้องกันความเสียหายที่
อาจจะเกิดขึน้

Figure 1 นายศุภกิตติ์ ใสกระจ่าง ประมงจังหวัดอุบลราชธานี กล่าวเปิ ดงาน , อธิบายถึงความสาคัญของนวัตกรรมในการเพาะเลีย้ งสัตว์น้า

2. ชีแ้ จงวัตถุประสงค์ของโครงการ
ศาสตราจารย์.ดร. ทวนทอง จุฑาเกตุ คณะเกษตรศาสตร์ มหาวิทยาลัยอุบลราชธานี หัวหน้า
โครงการ AQUADAPT-Thailand ชีแ้ จงวัตถุประสงค์ของโครงการ พร้อมทัง้ ที่มาและความสาคัญ ของการ
จัด ท าโครงการ ซึ่ ง โครงการ AQUADAPT-Thailand เป็ น โครงการวิ จัย ที่ มี เ ป้ า ประสงค์อ ยากช่ ว ยให้
เกษตรกรผูเ้ ลีย้ งปลามีความรูค้ วามเข้าใจเกี่ยวกับความเสี่ยงจากการเปลี่ยนแปลงของสภาพภูมิอากาศต่อ
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การเพาะเลีย้ งสัตว์นา้ อย่างถ่องแท้ ตลอดจนสามารถนาเอาองค์ความรูม้ าใช้ในการบริหารจัดการฟาร์ม ได้
อย่างชาญฉลาด ด้วยการปรับใช้องค์ความรูแ้ ละนวัตกรรมที่มีอยู่อย่างบูรณาการ
การฝึ กอบรมเชิงปฏิบตั ิการในครัง้ นีม้ ีวตั ถุประสงค์ เพื่อต้องการให้พ่นี อ้ งเกษตรกรรูเ้ ท่าทันถึงความ
ไม่แน่นอนของสภาพอากาศ เพื่อที่จะได้หาแนวทางในการป้องกันแก้ไขปั ญหาร่วมกัน ส่งเสริมให้มีการร่วม
กลุม่ เพื่อใช้เป็ นเวทีแลกเปลี่ยนเรียนรู ้ ระหว่างเกษตรกรด้วยกัน ตลอดจนหน่วยงานที่มีสว่ นเกี่ยวข้อง

Figure 2 ศ.ดร.ทวนทอง จุฑาเกตุ ชีแ้ จงวัตถุประสงค์ของโครงการ

3 . การหาแนวทางในการป้ อ งกันและแก้ไขปั ญหาจากการเปลี่ยนแปลงของสภาพ
อากาศต่อการเพาะเลีย้ งสัตว์น้า
การเปลี่ยนแปลงสภาพภูมิอากาศของโลก เกิดขึน้ และทวีความรุนแรงอย่างต่อเนื่อง ปรากฏการณ์
ที่เห็นได้ชัดและส่งผลกระทบขยายวงกว้างไปยังสิ่งมีชีวิตทุกระบบนิเวศรวมไปถึงวัฏจักรของสารอินทรีย์
และอนินทรีย์ ได้แก่ ปรากฏการละลายของภูเขานา้ แข็งเนื่องจากอุณหภูมิ โลกที่สูงขึน้ จากข้อมูลของ
สานักงานอุตนุ ิยมวิทยาแห่งสหราชอาณาจักร (Meteorological Office : Met Office) องค์การบริหารสมุทร
ศาสตร์และบรรยากาศแห่ง ชาติส หรัฐ อเมริกา (National Oceanic and Atmospheric Administration :
NOAA) และศูน ย์ภูมิ อ ากาศ กองพัฒ นาอุตุนิ ย มวิ ท ยาของประเทศไทย พบว่ า อุณ หภูมิ เ ฉลี่ย ของโลก
ระดับนา้ ทะเลเฉลี่ยและการสะสมความร้อนสะสมในมหาสมุทรเพิ่มขึน้ อย่างต่อเนื่อง โดยเฉพาะความเป็ น
กรดในมหาสมุทรตัง้ แต่ปลายปี ค.ศ. 1980 เพิ่มขึน้ ถึงร้อยละ 26 ส่งผลต่อระบบนิเวศในมหาสมุทรและ
ระบบนิเวศในแหล่งนา้ ขยายวงกว้างเพิ่มขึน้ อย่างไรก็ตามผลกระทบจากเปลี่ยนแปลงสภาพภูมิอากาศต่อ
การเพาะเลีย้ งสัตว์นา้ ที่สาคัญคือการเปลี่ยนแปลง อุณหภูมิ เนื่องจากสัตว์นา้ เป็ นสัตว์เลือดเย็น อุณหภูมิจะ
เปลี่ยนแปลงไปตามสิ่งแวดล้อม สัตว์นา้ จึงมีความจาเป็ นในการใช้พลังงานเพื่อการปรับตัวในกระบวนการ
ดังกล่าวเป็ นอย่างมาก เมื่ออุณหภูมิต่า การทางานของเอนไซม์ในระบบย่อยอาหารจะลดลง อาหารที่ปลา
กินไปย่อยได้ชา้ ทาให้ปลากินอาหารได้ลดลงด้วย ในขณะที่อุณหภูมิสูงอัตราการย่อยอาหารจะเพิ่มขึน้
อาหารที่กินไปเคลื่อนผ่านลาไส้และถูกขับถ่ายออกมาอย่างรวดเร็ว ทาให้ความสามารถในการย่อยอาหาร
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ประสิทธิภาพในการดูดซึมอาหาร การเก็บกักไนโตรเจนและการนาอาหาร ไปใช้ประโยชน์ลดลง ส่งผลให้
อัตราการเจริญเติบโตและ การเปลี่ยนอาหารเป็ นเนือ้ ลดลง
ในสภาวะที่อากาศนิ่ง หรือกระแสนา้ มี การพัดพาน้อย นา้ จะเกิดการแบ่ง ชั้นของอุณหภูมิ ต าม
ความสามารถในการสะสมความร้อนที่สมั พันธ์กบั ระดับความลึก ระดับความลึกที่มากขึน้ นา้ จะสะสมความ
ร้อน และการสังเคราะห์
แสงได้นอ้ ยลง ส่งผลให้อณ
ุ หภูมิและออกซิเจนที่ละลายได้ในลดต่า ลงไปด้วย นา้ ด้านล่างจึงอยู่ใน
สภาวะขาดออกซิเจนและมีการสะสมของเสียที่พืน้ บ่อ เมื่อฝนตกความเย็นของนา้ ฝนทาให้นา้ ชั้น บนมี
อุณหภูมิลดลงต่ากว่านา้ ด้านล่าง นา้ ชั้นบนที่มีนา้ หนักมากจะจมสู่ดา้ นล่างตามแรงโน้มถ่วงและดันนา้
ด้านล่างที่มีออกซิเจนต่าและมีการสะสมของเสียขึน้ สูผ่ ิวนา้ ส่งผลให้ปริมาณออกซิเจนในบ่อลดลงและของ
เสียบริเวณพืน้ บ่อกระจายทั่วบ่อ (พัชราวลัย และคณะ , 2554)1 เนื่องจากออกซิเจนที่ละลายได้ในนา้ ใน
ปริมาณที่เหมาะสม จะช่วยให้สตั ว์นา้ มีการเจริญเติบโตที่ดี และลดอัตราการตายได้ อีกทัง้ ยังช่วยลดความ
เป็ นพิษของแอมโมเนีย เพิ่มความเป็ นกรดเป็ นด่าง เพิ่มกาลังผลิตและลดการ แบ่งชัน้ ของอุณหภูมิของ
แหล่งนา้ ได้ การขาดออกซิเจนอย่างฉับพลันจะส่งผลโดยตรงต่อผลผลิตสัตว์นา้ ดังเช่นปั ญหาปลาน็อคนา้
ตายเป็ นจ านวนมาก วิธี การป้ องกันและแก้ไ ขปั ญ หา จากการเปลี่ ย นแปลงของสภาพอากาศต่ อ การ
เพาะเลีย้ งสัตว์นา้ อาจกระทาได้โดย การจัดการฟาร์มที่เหมาะสม การคัดเลือกสายพันธุท์ ่ีมีความแข็งแรง
การให้อาหารที่มีคุณค่าและปริมาณ ที่เพียงพอ และการตรวจวัดคุณภาพนา้ อย่างสม่าเสมอโดยเฉพาะ
อุณหภูมิและออกซิเจน

1

พั ช ราวลั ย ศรี ย ะศั ก ดิ์ นิ วุ ฒิ หวั ง ชั ย ชนกั น ต์ จิ ต มนั ส จงกล พรมยะและหลุ ย ส์ เลอเบล. 2554.
ผลกระทบจากสภาพอากาศและฤดูกาลต่อคุณภาพนา้ ในบ่อเลีย้ งสัตว์นา้ . KKU Res. J. 2014; 19(5):
743-751.
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4. การตรวจวัดและรายงานผลคุณภาพน้ำในการเพาะเลี้ยงสัตว์น้ำ
บรรยายโดย คุณวีระพันธ์ ตันสกุล บริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด

Figure 4 คุณวีระพันธ์ ตันสกุล อธิบายปั ญหาปลาน็อคน้าตาย,ระบบการตรวจวัดและรายงานผลคุณภาพน้า

เกษตรกรประสบปั ญ หาปลาน็อคนา้ ตายบ่อยครัง้ สร้างความเสียหายอย่างมากในหลายพื ้นที่
สาเหตุเกิดจากปรากฎการณ์นา้ ล้ม (upwelling) เป็ นผลให้เกิดการสลายการแบ่งชัน้ นา้ (De-stratification)
อัน เป็ น ผลให้เ กิ ด การเปลี่ ย นแปลงอย่ า งรวดเร็ว ของอุณ หภูมิ น ้า ออกซิ เ จนที่ ล ะลายได้ใ นน ้า รวมถึ ง
แอมโมเนียรวมที่เกิดขึน้ ในพืน้ นา้ การสลายการแบ่งชัน้ นา้ เกิดขึน้ ในเวลารวดเร็วภายในเวลาสัน้ ๆ ทาให้
สัตว์นา้ ปรับตัวไม่ทนั การแก้ไขปัญหาที่ดีท่ีสดุ คือการป้องกันไม่ให้เกิดปัญหา การตรวจวัดคุณภาพนา้ อย่าง
สม่ าเสมอช่ วยให้รูถ้ ึง การเปลี่ ยนแปลงของค่า คุณภาพนา้ ปั จ จุบัน ของแหล่ง น ้า ณ เวลานั้น รวมถึง ยัง
สามารถดูขอ้ มูลย้อนหลังเพื่อนามาประกอบการตัดสินใจในการบริหารจัดการฟาร์มสัตว์นา้
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ประชาสัมพันธ์โครงการ

สานักข่าวกรมประชาสัมพันธ์

โครงการ AQUADAPT-Thailand

http://thainews.prd.go.th/th/news/detail/TCATG200720153928692?fbclid=IwAR1Cj5w9YU
1CZ7nI0Ua2Gq2-

https://www.youtube.com/watch?v=Mu2Fbd0gi_8&fbclid=IwAR2cm3Mue1MDms7vQhNo
ohJp9WKTx3xLX9KrdRGW6XqYnQHZetmLBM0OsYY

สานักงานประชาสัมพันธ์จังหวัดอุบลราชธานี

คณะเกษตรศาสตร์ มหาวิทยาลัยอุบลราชธานี

https://www.youtube.com/watch?v=cQvSulfw84c&feature=youtu.be&fbclid=IwAR1y0ayuo
UmxasL1k9TNoWsvroE_XjoIBzCtboBy2Di7Qi6d8NqtiF_pnAc

http://www.agri.ubu.ac.th/album/view.php?GalleryID=0001498

การไฟฟ้ าฝ่ ายผลิตแห่งประเทศไทย
https://www.egat.co.th/egattoday/index.php?option=com_k2&view=item&id=11853%3A20
20-07-20-03&Itemid=129&fbclid=IwAR0H9A7-GZWIBhWz5ecyI3vw7CtqXTVNIb9Ii-w9Lkek20_Y3hz2eS60G4

คณะสังคมศาสตร์ มหาวิทยาลัยเชียงใหม่
https://soc.cmu.ac.th/shownotice232?fbclid=IwAR37y8YacOLBcpKM9HHEwVSNg4IJofrgIwX025JwDKndch3bWiaQP3Zs2s
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หนังสือพิมพ์ประชารัฐ ฉบับเดือน สิงหาคม พ.ศ.2563

คณะทรัพยากรธรรมชาติ มทร.อีสาน วข.สกลนคร

นิตยสาร สัตว์น้า ฉบับเดือน สิงหาคม 2563 (หน้า 44-49)
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ข้อมูลจาก
โครงการ AQUADAPT-Mekong (Aquaculture adaptation to climate change in the Mekong
Region) โดย หน่วยวิจยั สังคมและสิ่งแวดล้อม (Unit for Social and Environmental Research) ภาควิชา
สังคมศาสตร์กบั การพัฒนา คณะสังคมศาสตร์ มหาวิทยาลัยเชียงใหม่
ติดตามข้อมูลเพิ่มเติมได้ที่
https://aquadapt.org หรือ https://www.facebook.com/aquadaptthailand
ขอขอบคุณ
ทุนวิจยั จาก International Development Research Centre (IDRC) ประเทศแคนนาดา
ระบบตรวจวัดและรายงานผลคุณภาพนา้ จาก บริษัท แฮปปี ้ฟาร์ม เกิดผล จากัด
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AQUADAPT-MEKONG
Climate Adaptation and Innovation in Mekong Aquaculture
Technical Progress Report

ANNEX 6

Presentations and Seminars

Agro-Ecology in Aquatic Environment
Lesson learn from Mekong River Basin
By:
Phouvin Phousavanh
Department of Livestock and Fisheries
Faculty of Agriculture, NUOL
2012: PhD, Graduate School of Southeast Asian and Africa Area Studies, Kyoto University.
Title of thesis:
Aquatic Biodiversity in Lao PDR:
Fisheries Resource Utilization and Management in the Ou River Basin

China

Master of Science Program in Sustainable Development in the
Area of Hydropower Project
(6 Faculties: Agriculture, Water Resources, Social Sciences, Environmental Sciences, Natural
Sciences, Forestry and Graduate Office, NUOL)
Preparing the program: 2015-2018

Started teaching: 2019 (First batch: 9 students)

Natural Heritage Institute (NHI)
National University of Laos (NUOL)
2015-2017

• There criteria are simply measures for siting,
designing and operating hydropower projects
that avoid or counteract adverse impact on:
1. The passage of migratory fish both upstream
and downstream of the dams so they can
complete their life-cycle;
2. The natural variability in the flow patterns that
connect the river to its floodplains and provide
the cues for fish migration;
3. The flows of the sediment and associated
nutrients that sustain the morphology and
habitats downstream of dams.

Balancing River Health and Hydropower
Requirements in the Lancang River Basin
• Cooperation project: ECOFISH (Canada); Yunan Univercity
(China) and National University of Laos (NUOL)
• MK22/ WLE program (2016-2018)
• River Health Assessment
• Improving River Health Through Mitigation and Monitoring
• Transboundary Environmental Effects of Hydropower (Hydrology,
Water Temperature, Sediment Transport and Geomorphology,
Fish Community)
• Changes in Women’s Livelihood in Areas Affected ny Hydropower
Projects
• Case study: Experience Sharing in Laos

AQAUDAPT-Mekong

Aquadapt-Lao Facebook page
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AQUADAPT Mekong-Laos

ຂຂອບໃຈ

AquaAdapt
PMU: The Unit for Social and Environmental Research (USER) based at the Faculty of Social Sciences, Chiang Mai University

Climate Adaptation and Innovation in Mekong Aquaculture – AQUADAPT Mekong
Project Objective: Improve the capacity of fish farmers in the Mekong Region to manage
climate-related risks and adapt to climate change through innovations that contribute to the
sustainability of aquaculture value-chains.
Mekong Region includes all the territory of the countries of Vietnam, Thailand, Lao PDR, Cambodia,
and Myanmar.

Objective 1. Improve understanding of climate
risks and priority needs for adaptation
innovation
Objective 2. Enhance the uptake of highpotential innovations
Objective 3. Share lessons learnt regarding
innovation and adaptation in the aquaculture
sector
Objective 4. Closely coordinate activities with
project partners so that other project activities
are achieved

AQUADAPT
Baseline survey questionnaire
Background
• Screening check (age, role+)
• Farm type (pond, cage, etc)
• Fish/shellfish species used
• Stocking
• Feeding
• Water management
• Access to information
• Disease outbreaks & control
• Weather information

Climate change
•
•
•
•
•
•
•
•
•

Warnings received? How?
Satisfied about warnings?
Flood/drought risks?
$ losses due to weather?
Noted any climate changes ?
Do you manage risks?
Use of aerators – type?
Use of insurance?
Use of Internet? Future?

Climate Adaptation and Innovation in Mekong Aquaculture
AQUADAPT Mekong (Myanmar Node)
DoF, WorldFish, YU and MFF

Presentation at
Workshop on Vulnerable Assessment Against Climate Change of the Fisheries
Sector
Fish Adapt Project (FAO)
Dr. Khin Maung Soe (WorldFish- Myanmar)
Department of Fisheries Yangon (9 Sept. 2019 Yangon)
Department of Fisheries (11 Sept, 2019 Pathein)

Climate Adaptation and Innovation in Mekong Aquaculture
( AQUADAPT –Mekong Project)
# Background:
i. Aquaculture in Mekong Countries: Myanmar, Cambodia, Lao PDR, Thailand and Vietnam
- Important: Economic, livelihoods and food security
- Contribute : Fish supplies and compensate declined capture-fisheries.
- Planning: To sustain and increase aquaculture production
ii. Myanmar, Thailand and Vietnam: among the top ten global aquaculture producers
iii. Extreme weather and climate changes: Exacerbated the risks of
- disease and water quality deterioration ( high temp , drought)
- fish escape from ponds, damage bunds and cages (flood and spate)

Objectives
# Overall Objectives: -

To assist fish farmers in 5 Mekong countries (Myanmar, Thailand, Lao
PDR, Cambodia and Vietnam): - better manage climate related risks,
- improve capacities to adapt to climate change
- jointly evaluating and
- support to develop and / or uptake promising innovations

# Specific Objectives

• To manage climate related risks and adaptation to climate change in the
aquaculture:
1. Prioritize needs for innovation
2. Identify, and enhance uptake of sustainable innovations
3. Share lessons learnt on innovation
4. Closely coordinate with partners to sufficiently achieve objective1 to 3

AQUADAPT-Mekong Partners
• Lead Organization:
Unit of Social and Environmental Research, Faculty of Social Sciences,
Chiang Mai University (USER-CMU)
• Member countries & institutions
(i) Lao PDR : National University of Laos, Vientiane. Lao PDR
(ii) Myanmar: WorldFish Center Myanmar
(iii) Thailand: Ubon Ratchathani University
(iv) Vietnam: Can Tho University

Myanmar Partners (AQUADAPT-MM)
Institution

Role

WorldFish Myanmar

Project Partner Leader,
Steering Committee Member,
Scientific Advisor

Department of Fisheries

Steering Committee Member ,
Information Facilitator (Innovation)

Yangon University

Information Facilitator (Innovation)

Greenovator/Greenway App

Information Facilitator (ICT)

Myanmar : Country activities update
# Climate risk and Innovation needs (Baseline information gathering)
- Survey Zigmo Off-line App
- 1107 farmers (11 Tsps from Delta ,Yangon, Nay Pyi Taw and CDZ)
(A) Fish farming systems
(i) Small-scle (0.01 – 1.0 Acres) ,
(ii) Medium 1.25 -10.0 Acres and
(iii) large-scales (11.0 -200 Acres)
(B) Climate risks:
(i) Increasing summer temp: was 30-32 C last 10-15 yrs, but increase to 38-42
(ii) Floods and heavy rains: more frequent

( C ) Freshwater fishes uses in aquaculture
1.

Mrigal (Cirrhinus cirrhosus)

2.

Rohu (Labeo rohita)

3.

Catla (Catla catla)

4.

Blue barb (Barbonymus goneonotus)

5.

Silver carp (Hypopthalmichthys molitrix)

6.

Grass carp (Ctenophyaryngodon idella)

7.

Tilapia (Oreochromis niloticus)

8.

Common carp (Cyprinus capio)

9.

Pacu (Piractus branchyponus)

10. Stripped catfish (Pangasius hypothelmus)

(D) Common species uses in Crustacean Aquaculture
- Giant freshwater Prawn
- (Macrobrachium rosenbergii)
- Tiger Shrimp
(Penaeus monodon)
- Veannamei Shrimp
(Litopenaeus vannamei)

- Mud Crab
- (Scylla spp)

(E) Impacts:
(i) Reduction of water from main sources ( creek, small rivers and irrigated canals)
(ii) Inadequate water to top up fish pond
(iii) Deterioration of pond water quality and depletion of DO2 leads death of bottom
fishes.
(iv) Prone to fish disease
(v) Reduction of stocking densities in Grow-out ponds from 3000 / A to 800-1000 / A.
(vi) Water sources are infested with agriculture chemicals drained from summer paddy
field.
(vii) Heavy rain and floods overwhelm fish pond and brake the bunds

# Aeration (Questionnaires survey)
(A) Interviewed 120 fish farmers (Yangon, Ayeyarwady Delta and CDZ)
(i) Use paddle wheels in intensive shrimp farming,
(ii) Few large-scale carp farms use paddle wheel.
(iii) Carps farms commonly recirculate water with pumps in summer

# Innovation needs
(i) Farmers affordable and sustainable aeration system (eg. Solar power)
(ii) Use of pelleted feed (sink and float)
(iii) Climate smart fish farming systems with short term culture species
(iv) Climate smart fish pond water management system.
(v) ICT innovation to assist fish farmers.

Aeration in aquaculture ponds

•
•
•
•

Innovation: Venturi aeration pipework for small and median siizes ponds

Width constriction of PVC pipework connected to pumping hose.
Create negative pressure at the point of air intake into the pumping water.
Pond from pond bottom with low DO2 level by engine pump (submersible pump)
The air –water mixed is ejected back to the pond as an oxygen supersaturated flow.

Demonstration and extension of venturi type aeration
# Area:
- Twanty Tsp (Yangon Rangion)
- MaubinTsp (Ayeyarwady Region)
- Shwebo, KhinOo, and MonYwar (Sagain Region- CDZ)

Aeration Innovation: Dissemination and demostration

# Information Communication Technology (ICT)
i. Extend existing aquaculture information using “Agriculture Livestock and Fisheries
Greenway / Greenovator mobile App”
ii. Experiments: Sharing knowledge and information of climate related risks using
Facbook group
- Farmers from Maubin, NayPyiTaw and Shwebo
- “T2 Authoritative” and “T3 Deliberative” Fb groups (Total 187 members)
iii. Up load 3 standard post for each treatments (T2 & T3) for 8 weeks (Total 48 posts)
iv. The posts informed (i) means of reducing risks (ii) Early warning and (iii) rearing
v. Between the two treatments T3 Fb group engaged more to that of T2 Fb group

# Observations from Exist survey on the use of Facebook to share information (N=127)

- Climate related risks: 9.3% with intense rainfall; 7.6% with flood, 2-3 % with drought
- Knowledge sharing: 57% mentioned, learned more that they didn’t know, 63% agreed the
benefits of knowledge sharing
- Climate related risks: 61% expressed the improve understanding
- Aquaculture management: 70% of the farmers agreed to adjust stocking densities, delay
stocking, reduce feeding and stock with larger fingerlings to reduce culture period
- As an member of Fb group: 77% have a wish and fully agreed
- Communication: 81% mentioned the members are friendly and helpful to avoid problems

Thank You

Climate Adaptation and Innovation in Mekong Aquaculture
AQUADAPT Mekong (Myanmar Node)
DoF, WorldFish, YU and MFF

Presentation at Workshop on
Scaling system and partnership for accelerating the adoption of Improved Tilapia Strains
by Small-scale farmers - SPAITS
(CGIAR Research Program on Climate Change: Agriculture and Food Security- CCAFS)
Myanmar Fisheries Federation (MFF)
13-14 Nov 2019

AQUADAPT –Mekong Project
# Aims to assist fish farmers in 5 Mekong countries (Myanmar, Thailand,
Lao PDR, Cambodia and Vietnam)
- better manage climate related risks,
- capacities to adapt to climate change
- jointly evaluating and
- support the development or uptake promising innovations

Objectives
• Overall: improving fish farmers capacity to manage climate- related risks and adapt to climate
change through innovations that contribute sustainability of aquaculture value chain.
• Specific:
1. Prioritize needs for innovation to manage climate related risks and adaptation to climate
change in the aquaculture in the target locations in Mekong countries
2. Identify, refine and enhance uptake of sustainable innovations with high potential to improve
farmers capacities to manage and adapt to climate change related risks
3. Screen out share lessons learnt on innovation for adaptation in aquaculture sector with
relevant private and public stakeholders
4. Closely coordinate activities with project partners in different countries so that object 1 to 3 are
efficiently achieved.

AQUADAPT-Mekong Partners
• Lead Organization:
Unit of Social and Environmental Research, Faculty of Social Sciences,
Chiang Mai University (USER-CMU)
• Member countries & institutions
(i) Lao PDR : National University of Laos, Vientiane. Lao PDR
(ii) Myanmar: WorldFish Center Myanmar
(iii) Thailand: Ubon Ratchathani University
(iv) Vietnam: Can Tho University

Myanmar Partners (AQUADAPT-MM)
Institution

Role

WorldFish Myanmar

Project Partner Leader,
Steering Committee Member,
Scientific Advisor

Department of Fisheries

Steering Committee Member ,
Information Facilitator (Innovation)

Yangon University

Information Facilitator (Innovation)

Greenovator/Greenway App

Information Facilitator (ICT)

Myanmar : Country activities update
A. Information gathering and sharing

i. SSA Base line survey 1200 farmers (Delta ,Yangon, Nay Pyi Taw and CDZ)
ii. Fb groups (information and discussion)
iii. Scaling up Fb groups (Upper Ayeyarwady and Downstream Ayeyarwady)
B. Innovation to mitigate climate change impact (SSA )

i. Measuring the characteristics of Dissolve Oxygen level in the fish ponds.
ii. Information gathering the use of aerators in fish / shrimp ponds
iii. Innovation of venturi type aeration system
C. Species selections to suite the scarcity of water for fish ponds.

A. Information gathering and sharing
Baseline Survey

AQUADAPT: Facts in Baseline Survey Questionnaire
# Background

# Climate change

•
•
•
•
•
•
•
•
•

•
•
•
•
•
•
•
•
•

Screening check (age, role+)
Farm type (pond, cage, etc)
Fish/shellfish species used
Stocking
Feeding
Water management
Access to information
Disease outbreaks & control
Weather information

Warnings received? How?
Satisfied about warnings?
Flood/drought risks?
$ losses due to weather?
Noted any climate changes ?
Do you manage risks?
Use of aerators – type?
Use of insurance?
Use of Internet? Future?

Preparation
Activities

Time line (2017)

1. Questionnaires adjustment

Jan

2. Questionnaires translation and introduced to partners (DoF,
MFF, Green way and Universities)
3. Role play off line app with enumerator teams

Jan /Feb
Feb /March

4. Field survey and upload

March /April (May)

5. Editing and upload

April / May

Survey Method
1.
2.
3.
4.

Organized survey team in different study areas
Training and role play exercise
Check and fixed off-line questionnaire app to the smart phones (Greenway)
Enumerators (27)
i. Ayeyarwady Delta - 9 ( 6 DoF and 3 WorldFish staff)
ii. Nay Pyi Taw- 9 (DoF Staff)
iii. Meikhtila - 4 (University students)
iv. Shwebo – 5 (Myanmarr Fisheries Federation)
5. Selection of respondents
Worked with local Officials from DoF, Myanmar Fisheries Federation (MFF) and
WorldFish in the selected areas

Existing Aquaculture (Ponds) in Myanmar
Type

Acreage

(%)

Finfish

245807

50.4

Shrimp /Prawn

241718

49.6

Overall country

487525

100.0

Main Finfish aquaculture in Myanmar (245807 A)
758 A (0.3%)
7902 A (3.2%)
3408 A (1.4%)

175 A(0.1%)
31121 A (12.7%)
67038 A (27.3%)
121811 A (49.6%)
Total in 7 States and Regions : 232213 A (95%)
Total in Remaining 8 States and Regions : 13594 A (5%)

Baseline information survey areas

1. Shwebo Township

(Medium-scale)

2. Meikhtila Township

(Small-scale)

3. Nay Pyi Taw Region

(Small-scale)

4. Twante Tsp (Large
scale)

5. Maubin Tsp (Large
scale),
6. Pyapon,
7. Daedayae
8.Bogalay.
9. Maw kyun Tsps (Smallscale)
# Interviewed Total
•Small and Medium-scale: 904 farmers (7 Tsps)
• Large-scale : 203 farmers (2 Tsps)
•Total : 1107 farmers (9 Tsps)

Survey Site Selection Justification
Criteria

1. Ayeyawady Delta

2. Yangon

3. Central Dry Zone

Dominant culture
system

1. Poly-culture
a. Carps
b. Carps & SIS (SSA)
c. Carps and Prawn

1. Fish and poultry
2. Mono-culture
(catfish, tilapia)

1. SSA (SIS, Tilapia
and carp)

Most important
climate-related risk

1. Flood
2. Saline intrusion

1. Higher temp
2. Water quality
deterioration

1. Higher temp
2. Adequate water
availability
3. Water quality
deterioration

1. Introduced and
expanded

1. Introduced and
expanded

1. Introduced and
Existing climate
service to be
expanded
enhanced/replaced /
expanded/ introduce
Aeration-DO /
water quality
monitoring tech to
be enhanced/
introduced/replaced

1. Introduced
2. Enhanced

1. Introduced
2. Enhanced

1. Introduced
2. Enhanced

Insurance …

1. No plan

1. No plan

1. No plan

Baseline Questionnaires Surveyed
Class

1. Small & 2.Medium
Scale

3. Large -scale
Total Interviewed

Farmers

Region

904

i.
ii.
iii.
iv.

203

i. Ayeyarwady &
ii. Yangon

1107

Ayeyarwady
Nay Pyi Taw
Mandalay,
Sagaing

5

Townships
i. Pyapon,
ii. Daedaye
iii. Bogalay
iv. Mawkyun
v. Meikhtila
vi. Naypyitaw
vii. Laeway
viii. Shwebo
ix. Wetlet
x. Khin Oo
xi. Maubin and
xii. Twante
12

6. Survey Team
i. Ms Mo Mo Aung (M&E Officer WorldFish Myanmar): Pyapon and Meikhtila
ii. Dr Yin Yin Moe (Innovation Facilitator-DoF): Nay Pyi Taw Region
iii. Dr Kyi Thar Myint (innovation Facilitator -YU): Ayeyarwady and Sagaing Region
iv. U Min Thu Thu Ko (Green Way /Greenovator)

In depth Interview (April 2018)
Region

Township

Type

Respondent

Mandalay

Meikhtila

Small-scale

4

Sagaing

Shwebo

Medium-scale

5

Ayeyarwady

Maubin

Large-scale

6

Observations
Aquaculture class
(A)Small - scale (0.01- 0.5 )
Acres
(B) Medium –scale (1 -5 A)
Acres

Issues
(innovation need)

Common practice
i.
ii.
iii.
iv.
v.

Using common aquaculture
species (fish)
Practice in wet season.
Home made mixed feed
High risk of disease
Wide information gap

i.

To narrow information gap
(farmers ICT groups: cross
learning )
ii. Limited by land use policy
iii. Micro-financing
iv. Insurance
v. Bio-security measures.
vi. Feed price increasing
vii. Insufficient water supply.
viii.High temperature.
ix. Introduce small -indigenous
species (SIS)
x. Extension services
xi. Routine M&E
xii. Identify SOP in different agroecology zones

Observations from baseline surveyed
Large scales (10-100s A)

Changing

1. Species uses

Carps , barb, tilapia and catfish since 1960s

2. Stocking

In beginning 3000 /A; Present : 800-1000/A

3. Pond sizes

i. Nursery: 1-2 Acres
ii. Rearing: 10-20 Acres
iii. Grow-out 10 -200 Acres

3. Feeding

a. Varied: (i) Rice Bran (ii) Rice bran and Peanut cake mixed (iii)
Pellet (iv) Alternate :Rice bran & Pellets
b. Apparent FCR: 2.5 – 8.0

4. Water source

(i) Mainly rain fed (ii) River (ii) creek (iii) Irrigation water

5. Water management

(i). Top up (5- 10 )’ in rainy season
(ii) Check if water color is green, applied Urea to increase
phytoplankton blooming
(iii) No fertilization

Observations from base line survey
Large scales (10-100s A)

Changing

6. Aeration

i. Not common with fin fish aquaculture
ii. Few fish farmers attempted but considered its not so effective
(Main reason assumed: hard to sufficiently agitate and circulate
water in huge fish ponds with (3-3.5) meters depth)
iii. Nevertheless, farmers started to applied paddle wheel (10 sets/
50 A pond) was observed
iv. Agitate pond water , when observed weak fish swimming on
the surface
a. driving long tail boat in the pond at morning
b. Pump bottom water up and return (recirculation)

7. Access to information

i.
ii.
iii.
iv.

Farmers to farmers,
Local Department of Fisheries.
MRTV , and Radios
Internet if it is accessible.

Observations from base line surveyed
Large scales (10-100s A)

Changing
(i) Inadequate availability from the main reserve water
source (small rivers and creeks become shallow)
Followed by the decline of water quality
(i) The higher temperature generate water pollution in ponds
with shallow water and dried after long lasting of 2-3
years

8. Climate change impact

(i) Discard of waste from fish processors and drain off
from agriculture fields with chemical residual boost up
water quality to decline.
(i) Fish ponds usually drained out and dried up once in 2-3
years suffered water quality related problems. Normally
death fish found in summer

Common finfish species used in aquaculture
Indigenous
Carps (6)

Other
Exogenous
(2)

Exogenous
Tilapia (1)

Exogenous
Catfish (1)

Indigenous SIS
(6)

1. Nile Tilapia

1. Pangasius

1. Walking catfish

1. Pacu

2. Mrigala

2. Stingy catfish

2. Blue barb

3. Catla

3. Feather back

4. Silver carp

4. Snake head

5. Grass carp

5. Climbing perch

6. Common
carp

6. Molar caplet

1. Rohu

Department of Fisheries :
Notification to avoid and reduce risks from high summer temperature
1. Avoid excess feeding and fertilization

2. Agitate pond water: showering / recirculate by pumps / paddle wheels / rowing canoes
3. Top up with quality water (or) reduce fish stock
4. Not to move/transfer fish in day times while temp at the peak
5. Avoid algae bloom in fish pond: control sacchi-disk visibility at 25-40 cm
6. Adjust feeding of brewery by-products while daytime temperature is higher
7. Check and monitor form excess feeding
8. Reserve quality water as much as possible for emergency top-up
9. Regularly check every morning at around 6 am for abnormalities of fish pond
10. Inform local DoF if any abnormality is observed in fish farming.

Myanmar Fisheries Federation MFF
Notification of avoid and reduce risks from high summer temperature
• Alert farmers to avoid risks and possible losses due to high temperature in
summer, and floods in rainy
• Suggested farmers to fabricate shower to agitate water surface in order to reduce
the risks of higher temperature in summer.

B. Innovation to mitigate climate change impact (SSA )
Innovation of venturi type aeration system

Innovation: Venturi aeration pipework for small and median siizes ponds
•
•
•
•

Width constriction of PVC pipework connected to pumping hose.
Create negative pressure at the point of air intake into the pumping water.
Pond from pond bottom with low DO2 level by engine pump (submersible pump)
The air –water mixed is ejected back to the pond as an oxygen supersaturated flow.

Aeration Innovation: Dissemination and distribution of Venturi
Pipeworks to DoF and Farmers in Shwebo (CDZ)

Thank You

Lesson Learns from the Studies in Aquatic Animal Food Bank
Tuantong Jutagate
Ubon Ratchathani University

ถอดบทเรียนเทคนิคและแนวทางการเพิ่มผลผลิต
สัตวน้ําโดยการปลอยเลี้ยงในแหลงน้ําชุมชน
ศ. ทวนทอง จุฑาเกตุ
คณะเกษตรศาสตร มหาวิทยาลัยอุบลราชธานี

เงื่อนไขทางกายภาพและชีวภาพของแหลงน้ํา: ระยะเวลาในการกักเก็บ

ระดับน้ํา

ประเมินผล
ปลอย
วางแผน

เลี้ยงใน
แหลงน้ํา

จับ

ผลผลิต (กิโลกรัม/ไร)

เงื่อนไขทางกายภาพและชีวภาพของแหลงน้ํา: ขนาดของบอและความลึก

บอที่ต้นื ไปเกิดการขยายตัวของพืช (และ
แพลงกตอนพืช) รวมทั้งเกิดความขุนงาย
เปนเหตุใหอาหารธรรมชาติลดลง
ขนาดบอ (ไร)

เงื่อนไขทางกายภาพและชีวภาพของแหลงน้ํา: กําลังผลิตในบอ

อัตราการตาย

เงื่อนไขทางกายภาพและชีวภาพของแหลงน้ํา: ปลาผูลาในบอ

ขนาดปลอย

5+ ซม.
10+ ซม.

PL20

การศึกษาอัตราการเติบโตของปลาปลอยในรอบ 4 เดือน (นาขาวอินทรีย)

อัตราปลอยและผลผลิต

ผลผลิต (กิโลกรัม/ไร)

ชนิดปลาที่นยิ มปลอยใน
(โตงาย/ โตไว/ 6-8 เดือน)
• ปลานิล
• ปลาตะเพียน
• ปลากา
• ปลาแกง
• ปลาสรอย
• ปลาไน
• ปลาซง
• ปลาลิ่น
• ปลาเฉา
• ปลากระโหเทศ
• นวลจันทรเทศ

อัตราปลอย (ตัว/ไร)

?

ปลาสวาย / ปลาชอน / ปลาดุก / ปลาหมอ

ชนิดพันธปลาที่ปลอยไมควรสืบพันธุและขยายพันธุในระบบ (โดยเฉพาะปลาตางถิ่น)

อัตราการเติบโต
อัตราสมบูรณเพศ

อยางไรก็ตาม..........

(Self Recruiting Species)

• ระวังในเรื่อง over-population ในกรณีบอ
น้ํามีพื้นที่จาํ กัด
• ไมพบผลกระทบอยางรุนแรงจากปลาตาง
ถิ่นที่นิยมปลอย (tilapia / Chinese &
Indian carps))
• นาสนใจในประเด็นปลอยปลากินเนื้อ

ชนิดพันธปลาที่ปลอย (ควร) ครอบคลุมทุกแหลงอาหารในแหลงน้ํา (บอประมงหมูบาน)

การจัดสรรแหลงอาหารและอยูอาศัยที่เฉพาะ (niche) ของปลาที่ปลอย
กินเนื้อ

กินพืช
หางฝง

ใกลฝง

การจัดสรรแหลงอาหารและอยูอาศัยที่เฉพาะ (niche) ของปลาที่ปลอย
กินเนื้อ

กินพืช
หางฝง

ใกลฝง

อื่นๆ ที่นาสนใจ: อุณหภูมิ

อื่นๆ ที่นาสนใจ: ที่หลบซอน

อื่นๆ ที่นาสนใจ: การสุมตรวจสอบความสมบูรณและคุณภาพน้ํา

อื่นๆ ที่นาสนใจ:

• ประเด็นการเปลี่ยนแปลงสภาวะภูมิอากาศ
AQUADAPT-Mekong

ผลจากการสํารวจการเปลี่ยนแปลงสภาวะภูมิอากาศจากเกษตรกรผูเพาะเลี้ยงสัตวน้ํา
Changes of climate or water conditions
Decreased: None
Stayed: Minimum temperatures in cool season, Frequency of intense rainfall events ,
Frequency of floods, Duration of floods, Depth of floods, Water quality during
floods, Frequency of droughts, Severity of droughts, Frequency of storm surges,
Severity of water salinity problems, Severity of fish disease epidemics
Increased: Maximum temperatures in hot season, Average temperatures, Variability in
climate

อื่นๆ ที่นาสนใจ:

• การแลกเปลี่ยนขาวสารเพื่อการจัดการแหลงน้ําของธนาคารสัตวน้ํา

อื่นๆ ที่นาสนใจ:

• การแลกเปลี่ยนขาวสารเพื่อการจัดการแหลงน้ําของธนาคารสัตวน้ํา

อื่นๆ ที่นาสนใจ:

• การควบคุมทางน้ําเขา-น้ําออก / การปองกันน้ําทวม
• ความรวมมือในชุมชนและขอตกลงในการใชประโยชนแหลงน้ํา
• ขอตกลงรวมในรูปแบบการจัดการ
• แหลงที่มาของลูกปลา / ลูกพันธสตั วน้ํา
• ประเด็นทางพันธุกรรม (ในการผลิตลูกปลา / ลูกพันธสัตวน้ํา)
 ควรมีพอแมพันธุที่หลากหลาย (หลีกเลี่ยงการเกิดเลือดชิด)
 ควบคุมระดับพอแมพันธุใหสมดุล (ใกลเคียงหรือเทากับ 1:1) / รวมทั้งการปลอย
 ในการผสมเทียมไมควรรวมน้ําเชื้อพอพันธุ
 ไมควรคัดเลือกพอแมพันธุ อาจทําใหความหลากหลายทางพันธุกรรมลดลง
 ฯลฯ

บรรยายพิเศษ
การปรับตัวของการเกษตรไทยต่อการเปลียนแปลงสภาพภูมิอากาศ

ศ. ทวนทอง จุฑาเกตุ
คณะเกษตรศาสตร์ มหาวิทยาลัยอุบลราชธานี
19 กันยายน 2562

“ผลกระทบจากโรคร้อนต่อระบบเกษตรไม่ได้
จ ากั ด อยู่ เ ฉพาะกั บ เกษตรกรเท่ า นั้ น แต่ ยั ง
ส่ ง ผลต่ อ เนื่ อ งถึ ง ทุ ก คนบนโลก เนื่ อ งจาก
ระบบเกษตรกรรม คือระบบผลิตอาหารให้กับ
มนุษย์หากระบบเกษตรล่มสลาย นั่นหมายถึง
การสั่นคลอนความมั่นคงทางอาหารของสังคม
มนุษย์ด้วย”
http://www.thaiclimatejustice.org

ภูมิอากาศ (Climate) คือ ลักษณะอากาศเฉลี่ยของภูมิภาคแห่งใดแห่งหนึ่งในช่วงระยะเวลาหนึ่ง โดยมี ค่าตัวแทนเชิง
ปริมาณของตัวแปรของลักษณะอากาศ (เช่น อุณหภูมิ ปริมาณฝน ความเร็วลม ฯลฯ) ของบริเวณใดบริเวณหนึ่ง ภายใต้
ช่วงเวลาที่ยาวนานพอสมควร (เช่น 30 ปี)

https://www.tcijthai.com/news/2017/19/scoop/7523; https://www.cartoonmovement.com/collection/16

The Climate Risk Index (CRI)
indicates a level of exposure
and vulnerability to extreme
events

https://www.tcijthai.com/news/2017/19/scoop/7523; Eckstein et al., 2018

โลกร ้อนกับภาค
การเกษตร

• เป็นภาคที่ได้รับผลกระทบโดยตรงจากการเปลี่ยนแปลงภูมิอากาศ
• เป็นภาคที่มีส่วนร่วมในการปล่อยก๊าซเรือนกระจก
• เป็นแหล่งที่มศี ักยภาพในการกักเก็บและดูดซับก๊าซเรือนกระจก

ผลกระทบ: ASEAN Perspective
• ผลผลิตเกษตรที่สาคัญของไทยและเอเชียโดยเฉพาะข้าวโพดจะ
ลดลงมากที่สุด รองลงมาคือ อ้อยและข้าว
• ผลกระทบต่อความหลากหลายทางชีวภาพและระบบนิเวศต่างๆ
• การเกิดพายุ Cyclone และอื่นๆ (ฝน / น้าท่วม) เพิ่มขึ้นอย่าง
น้อย 10 % มีผลต่อการเกษตรทั้งองค์รวม
• ช่วงฤดูแล้งที่ฝนทิ้งช่วงนานขึ้น
• การรุกรานของน้าทะเลเพิ่มระดับของน้าทะเลมีผลต่อ
การเกษตรทั้งองค์รวมบริเวณใกล้สามเหลี่ยมปากแม่น้า (แม่น้า
โขง /อิรวดี/ เจ้าพระยา ฯลฯ)
• อุณหภูมทิ ี่สูงขึ้น โดยเฉพาะอุณหภูมิตอนกลางคืนในช่วงที่ข้าว
กาลังออกดอก จะกระทบกระบวนการสังเคราะห์แสงของข้าว
ทาให้ผลผลิตข้าวลดลง
• การระบาดชองโรคและศัตรูพืช
www.unep.org/newscentre/graphics/deadwater
Yusuf and Francisco (2009); IDRC (2009).

ผลการจาลองภูมิอากาศของประเทศไทยในอนาคต (B2- Scenario)
ปริมาณฝนรวมรายปีเฉลี่ย
(มม./ปี)

จานวนวันที่ฝนตกมากกว่า
50 มม./วัน (เฉลี่ย)

ผลการจาลองภูมิอากาศของประเทศไทยในอนาคต (B2- Scenario)
อุณหภูมิสูงสุดเฉลี่ย (oC)

จานวนวันร้อน (>35 oC)
ในรอบปี

ผลการจาลองภูมิอากาศของประเทศไทยในอนาคต (B2- Scenario)
อุณหภูมิต่าสุดเฉลี่ย (oC)

จานวนวันเย็น (<16 oC)
ในรอบปี

การเปลี่ยนแปลงภายในรอบปีที่มีความท้าทายมากขึ้น


https://www.youtube.com/watch?v=sOyeQMF8Hqc

ผลกระทบ: ตัวอย่างผลกระทบในภาพกว้าง

้ ป
เป็ นทังผู
้ ระสบเหตุ

้ ก
เป็ นทังผู
้ อ
่ เหตุ

ผลกระทบ: พืช

ผลกระทบที่อาจเกิดขึ้น
• จานวนผลต่อต้นลดลงแม้อุณหภูมิเพิ่มขึ้นเล็กน้อย (เช่น มะเขือเทศ).
• ฤดูกาลเพาะปลูกที่สั้นลง / ผลผลิตมีความผันแปรสูง
• โอกาสที่เกิดปลายยอดไหม้บ่อยขึ้น
• สุกไวชี้น แต่ ขนาดผลเล็กลง และ คุณภาพเนื้อลดลง
https://www.slideshare.net/cvadheim/climate-change-amp-future-2016

ผลกระทบ: พืช

ภูมิอากาศทีมีผลต่อพฤติกรรมของพืช
• ปริมาณน้าฝนในช่วงฤดูกาลที่เหมาะสม
• จานวนขั่วโมงที่มีอุณภูมิต่ากว่าค่าเฉลี่ยในรอบปี
• จานวนวันที่มีอุณภูมิสูงกว่าค่าเฉลี่ยในรอบปี
• จานวนวันที่มีช่วงอุณหภูมิที่เหมาะสมอย่างต่อเนื่อง
• ความแตกต่างของอุณหภูมิระหว่างวันในช่วงฤดูกาลที่มีอุณหภูมิที่เหมาะสม

https://www.slideshare.net/cvadheim/climate-change-amp-future-2016;
https://www.khanacademy.org/science/biology/plant-biology/plant-responses-to-light-cues/a/phototropism-photoperiodism
https://www.slideshare.net/PRAVINDESHMUKH16/climate-change-effect-on-plant

ผลกระทบ: พืช
ผลกระทบของอุณหภูมิที่เพิ่มขึ้น
• เพิ่มอัตราการหายใจของพืช
• ลดขนาดของเม็ด (Grain)
• การพัฒนาของต้นที่เร็วขึ้น
• การส่งผ่านสารต่างๆ ที่ผลิตขึ้นไปยังส่วน
ต่างๆ ช้าและลดลง

ผลกระทบของ CO2 ที่เพิ่มขึ้น
• ลดอัตราการหายใจของพืช
• ความสามารถในการแลกเปลี่ยนแก๊สลดลงทั้ง
ในพืช C3 และ C4
• มีผลต่อความไม่สมดุลย์ของสัดส่วนระหว่าง
C:N ในใบพืช
• มีผลต่อประสิทธิภาพในการใช้น้าของพืช

https://www.slideshare.net/PRAVINDESHMUKH16/climate-change-effect-on-plant

ผลกระทบ: พืช
ผลกระทบของปริมาณน้าฝน
• มี ผ ลกระทบต่ อ การเติ บ โตของเซลล์ , การ
พัฒนาของเซลล์, และการสังเคราะห์โปรตีน
• ปากใบของพืชมีแนวโน้มที่จะปิด มีผลทาให้
การสังเคราะห์แสงลดลง
• การขาดน้ามีผลต่อการตรึง
และดูดซีมไนโตรเจนของพืช
• การขาดน้ามีผลต่อการสร้างฮอร์โมนที่สาคัญ
หลายชนิด เช่น cytokinin, gibberellic
acid และ indol acetic acid

ผลกระทบของลม
• ความแรงของลมที่เพิ่มขึ้น จะเพิ่มการคายน้า
ออกมาทางผิวใบมากกว่าปากใบ
• ความแรงของลมที่เพิ่มขึ้น จะมีผลให้การคาย
ระเหยเพิ่มขึ้น
• เกิดความเสียหายต่อลาต้น, กิง่ , ก้าน, ใบ

https://www.slideshare.net/PRAVINDESHMUKH16/climate-change-effect-on-plant

ผลกระทบ: แมลงศัตรูพืช
การเปลี่ยนแปลงภูมิอากาศทีมีผลต่อศัตรูพืช
• การขยายอาณาเขตของแหล่งที่อยู่อาศัย (Optimum Temp.)
• การเปลี่ยนแปลงของอัตราการเพิ่มประชากร (มีการประมาณว่า
อุ ณ หภู มิ ที่ เ พิ่ ม ขึ้ น 2 oC จะท าให้ แ มลงหลายชนิ ด เพิ่ ม จ านวน
ประชากรจาก 1 เป็น 5 รุ่นได้ต่อฤดูกาล)
• ระยะเวลาที่เหมาะสมในการดารงชีวิตในรอบปียาวนานขึ้น (เขต
อบอุ่น))
• อย่างไรก็ตาม การที่มีฝนปริมาณมากในบางช่วงจะช่วยควบคุม
การกระจายและปริมาณของประชากรแมลงบางชนิด หรือ
• อัตราการตายเพิ่มขึ้น เนื่องจากสภาวะแสดล้อมไม่เหมาะสม

Projected geographic pattern of change in crop yield losses to insect pests in a
2°C-warmer climate (Deutsch et al., 2018)
https://www.slideshare.net/RashmiranjanMoharana1/climate-change-and-crop-pest-scenario

ผลกระทบ: ปศุสัตว์

Chowdhury et al. (2016)

ผลกระทบ: ปศุสัตว์ (โดยละเอียด)

Melissa Rojas-Downing et al. (2017)

ผลกระทบ: การประมงและการเพาะเลี้ยงสัตว์น้า
> 95% of fish and OAAs are
cold-blooded animals

Allison et al., 2005.

ผลกระทบ: การประมงและเพาะเลี้ยงสัตว์น้า

NASA Goddard Space Flight Centre, www.gsfc.nasa/gov.)

ผลกระทบ: การประมงและการเพาะเลี้ยงสัตว์น้า

Response of Species

Changes in species distribution

Match-Mismatch Approach

Species 1
Species 2

Temperature

actual
Climatic scenarios

DT

futur

Cushing, 1990.

ผลกระทบ: การประมงและการเพาะเลี้ยงสัตว์น้า

พัชราวลัยและคณะ (2557)

แนวทางแก้ไข

การจัดการพื้นที่เพาะปลูกให้มีประสิทธิภาพ
• หลีกเลี่ยงการปล่อยหน้าดินให้ว่างเปล่า และปลูกพืชยืนต้น และ
พืชคลุมดิน (cover-cropping) และ การปลูกพิชแบบ
ผสมผสาน
• หลีกเลี่ยงการใช้ปุ๋ยเกินความจาเป็น ใช้ในเวลาที่เหมาะสมและ
ใส่ตาแหน่งที่ถูกต้อง และปลูกพืชหมุนเวียนโดนพืชตระกูลถั่ว
• ไม่เผาเศษพืชในไร่นา ใช้การไถกลบตอซังแทน
• ลดการไถพรวน เพื่อเพิ่มปริมาณคาร์บอนในดิน

การจัดการอื่นๆ ในการเพาะปลูก
• การคัดเลือกสายพันธุ์ที่เหมาะสมและมีความทนทาน
• การจัดเตรียมแหล่งน้าเสริมในกรณีแล้ง
• การปรับปฏิทินการเพาะปลูกข้าวเพื่อให้หลีกเลี่ยง
โอกาสการเกิดน้าลัง/น้าท่วม
• การเกษตรอินทรีย์?

https://www.youtube.com/watch?v=QOgDmQRPkUA

แนวทางแก้ไข
แนวทางการลดโลกร้อนในฟาร์มปศุสัตว์
1. การจัดการโรงเรือน ได้แก่ การป้องกันความร้อนในโรงเรือน เช่นการติดตั้ง
ฉนวนกันความร้อน และหลังคากันความร้อน, ระบบระบายความร้อนใน
โรงเรือน และอุปกรณ์ไฟฟ้าที่ประหยัดพลังงาน
2. ด้านอาหารสัตว์ โดยการตรวจสอบสูตรอาหารที่ใช้เลี้ยงให้เหมาะสม เช่นการ
นาวัตถุดิบอาหารสัตว์ที่มีในท้องถิ่น และราคาถูก มาผลิตเป็นอาหารข้นเป็น
อาหารเสริม ทาให้มีสมรรถนะในการผลิตเพิ่มขึ้น ใช้ระยะเวลาผลิตต่อหน่วย
ผลผลิตลดลง และสามารถลดการผลิตก๊าซมีเทนต่อหน่วยลดลง
3. การบาบัดของเสียในฟาร์ม
4. ผลิตและใช้พลังงานหมุนเวียนในฟาร์ม ซึ่งฟาร์มปศุสัตว์ขนาดใหญ่จะมีบ่อ
บาบัดของเสีย และผลิตพลังงานชีวมวล เพื่อใช้พลังงานความร้อนและ
พลังงานไฟฟ้าใช้ในฟาร์ม

ธารงศักดิ์, 2552

แนวทางแก้ไข
แนวทางที่ทาให้โค-กระบือลดการปลดปล่อยก๊าซมีเทน
• การใช้พืชอาหารสัตว์คุณภาพดีเลี้ยงสัตว์ ซึ่งแปลงพืชอาหารสัตว์ถาวร
(แปลงหญ้าอายุหลายปี) สามารถเป็นทั้งแหล่งผลิตอาหารสัตว์คุณภาพดี
และดูดซับคาร์บอนไดออกไซด์จากอากาศไปอยู่ในดินในรูปของ
อินทรียวัตถุและทาให้ดินมีความอุดมสมบูรณ์เพิ่มมาก
• ให้อาหารเสริมแก่โค-กระบือให้ได้รับโภชนะอย่างเพียงพอ ทาให้การ
ย่อยได้มากขึ้น สัตว์มีสมรรถนะการผลิตสูงขึ้น
• ใช้วัตถุดิบอาหารสัตว์ที่ทาให้เกิดก๊าซมีเทนในระหว่างการย่อยต่า
• เพิ่มประสิทธิภาพการย่อยอาหารสัตว์ โดยใช้สารเสริมอาหาร ปรับปรุง
สูตรอาหาร ใช้สารยับยั้งหรือชะลอการเพิ่มจานวนของแบคทีเรียที่
ก่อให้เกิดก๊าซมีเทน
• ใช้สารเร่งการเจริญเติบโต เช่น ฮอร์โมน

• ปรับปรุงพันธสัตว์ ให้สัตว์มผี ลผลิตสูงขึน้ ใช้ระยะเวลาเลี้ยงสั้นลง

แนวทางแก้ไข

https://ccafs.cgiar.org/blog/climate-change-and-farming-what-you-need-know-about-ipcc-report#.XYGxojYzZEY

https://www.youtube.com/watch?v=lUdNMsVDIZ0

เกษตรกรต้องปรับตัว คือ เกษตรกรต้องหาความรู้และข้อมูลให้มากมาก ต้องเข้าถึงเทคโนโลยีสมัยใหม่

Baseline survey: Climate Risks & Innovation Needs
• The total of 687 fish farmers were interviewed, in which about

75% were tilapia farmers with 3 major forms cultured system.
• More than 80% of interviewees experienced and concern

on

impact of climate- or water- related risks
Concern on risks to the profitability of farm
High feed costs > Low prices > Low DO > Diseases = Quality of fingerlings > Pollution
Less concerns on Regulations & Taxes
• About 80% of interviewees use the aerators in their farms, which the bubble- and
fountain- types are most popular.

Baseline survey: Climate Risks & Innovation Needs (as presented at LPB)
• More than 80% of interviewees own the mobile phones, in which half of them are

smartphones

• 93% Registered with the DoF
• 69% Received a license to operate
• 28% Certified as meeting a particular standard

Baseline survey: In depth Interviews (as presented at LPB)
• All interviewees (10) thought that technology/innovation can save their working hour in
farm and make more profit (due to less labor cost / better production)

• Concerned on using innovations were high cost of technology and less effective
innovations
• They were all interested in using

phone for their farm management

mobile

Baseline survey: Climate Risks & Innovation Needs
Product: Perception on climate related risks and ICT sources for weather information of the fish
farmers in NE of Thailand (Prepared manuscript, Target = Aquaculture International: IF = 1.283)
Rapid changes in temperature
a

a
b

b

Expected weather condition

Facebook groups experiment: Study design
• There were 3 group-level replications, i.e. block.
• Blocking was based on geographical proximity
• Each block consists of 2 groups (T2 and T3).
Additional, one control group is from Block-1 Zone
• No standardized in group composition (i.e. mixed in
gender, age, education level, culture-type etc.).
• In each block, there was one moderator, whom
responded in posting, communicating with the
groups member (20 each), for both T2 and T3
(+ Control)

• T2 = Classroom style (i.e. instruction) VS T3 =
Challenge and encouraging
• The experiment was conducted 8 weeks in a
row.

Facebook groups experiment: Before kicking off
• Meeting between the nodal leader and team (i.e.
moderators), to clarify the purpose and concept of
the experiment as well as their roles in the
experiment
• Informing the DoF officers (and Head of villages) in
each block about the experiment
• Meeting & recruiting the group members in each
block and training on creating FB-account and how to
use it for those whom had no FB-account.

• The WIFI package incentive (10 USD a month) were
promised/paid to all members
• All 24 standard posts (prepared by USER) were
translated into Thai-language and then circulated and
made agreement (on language styles) among the
Aquadapt-Thai team.

Facebook groups experiment: The posts (standard posts: Mon, Wed & Fri)

• If the written-styles complied to T2
and T3
• Any (translated) words were too
academe / too difficult to
understand by our farmers
• Should any illustrations be
changed?
• Same post on the same day for all
moderators

Facebook groups experiment: The posts (local posts: Tue, Thu & Sat)
Tuesday on hydrology or water-related risks

T2

T3

Facebook groups experiment: The posts (local posts: Tue, Thu & Sat)
Thursday on weather forecast or climate-related risks

T2

T3

Facebook groups experiment: The posts (local posts: Tue, Thu & Sat)
Saturday on local knowledge or innovations

Facebook groups experiment: The posts (poll: Sun)

Facebook groups experiment: Results
Total engagements of all 3 blocks

Facebook groups experiment: Results
Average engagements of all 3 blocks in standard posts
Recently
posted/
New Year?

Facebook groups experiment: Results
Average engagements of all 3 blocks in standard posts

P1: Stocking density

P2: Aerator

P3: Juvenile quality

P4: Diseases

P5: Drugs

P6: Acclimation

P7: Early harvest

P8: Farm mngt.

P9: Water quality

P10: Drought

P11: Flood

P12: D-season risks1

P13: D-season risks2

P14: Cold weather1

P15: Cold weather2

P16: Income sources

P17: Network1

P18: Network2

P19: Relation to F.O.

P20: Financial risjs

P21: Fish feeds

P22: News & info.

P23: W-forecast

P24: GAP

Average Comments of
all 3 blocks in standard
posts

Number of Comments

Average Likes of all 3
blocks in standard
posts

Number of Likes

Facebook groups experiment: Results

Facebook groups experiment: Results
Average engagements of all 3 blocks in local posts

Recently
posted? /
New Year?

Facebook groups experiment: Results

Average Likes of all 3
blocks in local posts

Average Comments of
all 3 blocks in local
posts

hydrology or
water-related risks

weather forecast or
climate-related risks

local knowledge or
innovations

Why T3 (Deliberative) NOT T2 (Authoritative)?
• (T3) The written style of T3, made the farmers felt confidence since we had asked them, we had
consulted them, through the posts. So the pleased to share their experiment and knowledge.
• (T3) Because we asked, the farmers felt comfort to comments not afraid to be reprimanded
• (T3) The more the responses, the closer the member in group. Then they became friend and felt
more comfort to talk among friends.
• (T2) The farmer did not want to interrupt the content since we had not asked their feedbacks
(just click “like” was OK). Also they may afraid to be wrong (This is very important to Thais “เสีย
อะไรก็ได ้ อย่าเสียหน้า”)
• (T2) The information in the posts are things that they already know and already do/implement. It
is information that already makes sense to them. Therefore they don't know what to comment or
ask what question in those post
• (T2) The farmers (as most Thai people) bore the Authoritative situation in Thailand?

Facebook groups experiment: Results
Polls of T2

L1

L2

L3

L4

L5

Wk1: I learnt something useful from the group
this week

1

1

1

5

17

Wk2: I find it easy to understand the
information posted by the moderator

0

0

0

3

22

Wk3: None

------------NA-----------

Wk4: I understand climate risks better than I
did a month ago

0

0

0

0

12

Wk5: I learnt something useful from others this
week

0

0

0

11

0

Wk6: None

------------NA-----------

Wk7: I learnt something useful from others this
week

0

0

0

0

16

Wk8: I like being in a Facebook group

0

0

0

0

9

Note L1 strongly disagree, L2 disagree, L3 neutral, L4 agree, L5 strongly agree

Facebook groups experiment: Results
Polls of T3

L1

L2

L3

L4

L5

Wk1: I learnt something useful from the group
this week

0

0

0

16

24

Wk2: I find it easy to understand the
information posted by the moderator

0

0

1

14

13

Wk3: Is there any topic that you would like to
hear more about in this group?

See next slide

Wk4: I understand climate risks better than I
did a month ago

0

0

0

3

7

Wk5: I learnt something useful from others this
week

0

0

0

20

0

See next slide

Wk6: Same as Wk 3
Wk7: I learnt something useful from others this
week

0

0

0

17

8

Wk8: I like being in a Facebook group

0

0

0

9

15

Note L1 strongly disagree, L2 disagree, L3 neutral, L4 agree, L5 strongly agree

Facebook groups experiment: Results
T3 - requested topics
• Trends and changes in (weekly) fish market prices / demand.
• How be smart farmers / How my farm being certified?
• Sources of loan (for farming activities)
• How to reduce the using of drugs and anti-biotic in fish?

การพัฒนาระบบการ
ให้อากาศ

AQUADAPT-Mekong (Thailand)

Meeting with the DoF

23 August 2019
Bangkok Thailand

Interview with the Farmers on Climate-related risks
• The total of 687 fish farmers were interviewed, in which about

75% were tilapia farmers with 3 major forms cultured system.
• More than 80% of interviewees experienced and concern
on impact of climate- or water- related risks
Concern on risks to the profitability of farm
High feed costs > Low prices > Low DO > Diseases = Quality of fingerlings > Pollution
Less concerns on Regulations & Taxes

• About 80% of interviewees use the aerators in their farms, which the bubble- and
fountain- types are most popular.

Interview with the Farmers on Climate-related risks
• More than 80% of interviewees own the mobile phones, in which half of them are
smartphones

• 93% Registered with the DoF
• 69% Received a license to operate
• 28% Certified as meeting a particular standard

Interview with the Farmers on Innovations
• All interviewees (10) thought that technology/innovation can save their working hour in
farm and make more profit (due to less labor cost / better production)

• Concerned on using innovations were high cost of technology and less effective
innovations
• They were all interested in using
mobile phone for their farm management

Interview with the Farmers on Innovations
•

The main reasons to use the aerators are (a) hot weather; (b) mass mortality; (c)
encourage by the salesperson and DoF staff

•

There are 4 common used aerator types (plus paddle wheels)

5

Using Social-media (Facebook) as communication innovation to farmers
• There were 3 group-level replications, i.e. block.
• Blocking was based on geographical proximity

• Each block consists of 2 groups (T2 and T3).
Additional, one control group is from Block-1 Zone
• No standardized in group composition (i.e. mixed in
gender, age, education level, culture-type etc.).
• In each block, there was one moderator, whom
responded in posting, communicating with the
groups member (20 each), for both T2 and T3
(+ Control)

• T2 = Classroom style (i.e. instruction) VS T3 =
Challenge and encouraging
• The experiment was conducted 8 weeks in a
row.

Facebook groups experiment: Before kicking off
• Meeting between the nodal leader and team (i.e.
moderators), to clarify the purpose and concept of
the experiment as well as their roles in the
experiment
• Informing the DoF officers (and Head of villages) in
each block about the experiment
• Meeting & recruiting the group members in each
block and training on creating FB-account and how
to use it for those whom had no FB-account.
• The WIFI package incentive (10 USD a month) were
promised/paid to all members
• All 24 standard posts (prepared by USER) were
translated into Thai-language and then circulated
and made agreement (on language styles) among
the Aquadapt-Thai team.

Facebook groups experiment: The posts (standard posts: Mon, Wed & Fri)

• If the written-styles complied to
T2 and T3
• Any (translated) words were too
academe / too difficult to
understand by our farmers
• Should any illustrations be
changed?
• Same post on the same day for all
moderators

Facebook groups experiment: The posts (local posts: Tue, Thu & Sat)
Tuesday on hydrology or water-related risks
T2

T3

Facebook groups experiment: The posts (local posts: Tue, Thu & Sat)
Thursday on weather forecast or climate-related risks
T2

T3

Facebook groups experiment: The posts (local posts: Tue, Thu & Sat)
Saturday on local knowledge or innovations

Facebook groups experiment: The posts (poll: Sun)

Facebook groups experiment: Results
Total engagements of all 3 blocks

Facebook groups experiment: Results
Average engagements of all 3 blocks in standard posts
Recently
posted/
New Year?

Facebook groups experiment: Results
Average engagements of all 3 blocks in standard posts

Average Comments of
all 3 blocks in standard
posts

Number of Comments

Average Likes of all 3
blocks in standard
posts

Number of Likes

Facebook groups experiment: Results

Facebook groups experiment: Results
Average engagements of all 3 blocks in local posts

Facebook groups experiment: Results

Average Likes of all 3
blocks in local posts

Average Comments of
all 3 blocks in local
posts

hydrology or
water-related risks

weather forecast or
climate-related risks

local knowledge or
innovations

Why T3 (Deliberative) NOT T2 (Authoritative)?
• (T3) The written style of T3, made the farmers felt confidence since we had asked them, we had
consulted them, through the posts. So the pleased to share their experiment and knowledge.

• (T3) Because we asked, the farmers felt comfort to comments not afraid to be reprimanded
• (T3) The more the responses, the closer the member in group. Then they became friend and felt
more comfort to talk among friends.
• (T2) The farmer did not want to interrupt the content since we had not asked their feedbacks
(just click “like” was OK). Also they may afraid to be wrong (This is very important to Thais “เสีย
อะไรก็ได ้ อย่าเสียหน้า”)

• (T2) The information in the posts are things that they already know and already do/implement. It
is information that already makes sense to them. Therefore they don't know what to comment
or ask what question in those post
• (T2) The farmers (as most Thai people) bore the Authoritative situation in Thailand?

Facebook groups experiment: Results
Polls of T2

L1

L2

L3

L4

L5

Wk1: I learnt something useful from the group
this week

1

1

1

5

17

Wk2: I find it easy to understand the
information posted by the moderator

0

0

0

3

22

Wk3: None

------------NA-----------

Wk4: I understand climate risks better than I
did a month ago

0

0

0

0

12

Wk5: I learnt something useful from others
this week

0

0

0

11

0

Wk6: None
Wk7: I learnt something useful from others
this week

------------NA----------0

0

0

0

16

Wk8: I like being in a Facebook group
0
0
0
Note L1 strongly disagree, L2 disagree, L3 neutral, L4 agree, L5 strongly agree

0

9

Facebook groups experiment: Results
Polls of T3

L1

L2

L3

L4

L5

Wk1: I learnt something useful from the group
this week

0

0

0

16

24

Wk2: I find it easy to understand the
information posted by the moderator

0

0

1

14

13

Wk3: Is there any topic that you would like to
hear more about in this group?

See next slide

Wk4: I understand climate risks better than I
did a month ago

0

0

0

3

7

Wk5: I learnt something useful from others
this week

0

0

0

20

0

17

8

9

15

Wk6: Same as Wk 3

See next slide

Wk7: I learnt something useful from others
0
0
0
this week
Note L1
strongly
disagree,
L2 disagree,
agree
Wk8:
I like
being in
a Facebook
group L3 neutral, L4 0agree, L5 strongly
0
0

Facebook groups experiment: Results
T3 - requested topics
• Trends and changes in (weekly) fish market prices / demand.
• How be smart farmers / How my farm being certified?

• Sources of loan (for farming activities)
• How to reduce the using of drugs and anti-biotic in fish?

Facebook: Aquadapt-Thailand (Page-Likes)

Facebook: Aquadapt-Thailand (Page-Likes)

Facebook: Aquadapt-Thailand (Video clips)

Tên báo cáo :
So sánh những khó khăn và sự thích ứng với biến đổi khí hậu của
các VN mô hình nuôi tôm nước lợ, cá tra và rô phi đỏ ở ĐBSCL
Dựa vào bài báo “Comparison of climate change-related risk adaptation in striped catfish, tilapia and shrimp
in the Mekong Delta, Vietnam”
Vo Nam Son, Dao Minh Hai, Nguyen Quynh Anh, Nguyen Do Quynh, Do Thi Thanh Huong, Boripat Lebel, Louis
Lebel and Nguyen Thanh Phuong

Người báo cáo: PGs.Ts. Võ Nam Sơn

1. Giới thiệu
•
•

•

Biến đổi khí hậu được họ là làm tăng tầng suất hạn
hán, nóng nực và mưa bất thường sẽ gia tang ở các
vùng có vĩ độ cao và vùng cận nhiệt đới (EPA, 2012).
Hạn hán và sự gia tăng nhiệt độ gây tăng sự bốc hơi
nước, giảm nước ngọt trên hệ thống sống, đầm, nơi
chịu ảnh hưởng của thủy triều làm gia tăng độ mặn ở
vùng cửa sông (EPA, 2012).
Việt Nam, năm 2070: dự đoán lượng mưa sẽ tăng 0-5%
vào mùa khô và 0-10% vào mùa mưa (UNFCCC,
2003). Tại ĐBSCL, lượng mưa giảm 10-20% vào đầu
mùa mưa và tăng vào cuối mùa mưa (Tuan and
Suppakorn, 2009).

1. Giới thiệu
•
•
•
•
•
•

•

Nhiệt độ toàn cầu đã tăng 0.74oC (1906-2005) và được dự đoán
là tăng 0.2oC /10 năm (2006-2025) (IPCC, 2007).
2050 – 2070, Việt Nam: Nhiệt độ tăng trung bình vùng ven biển và
nội địa lần lượt là: 1.1-1.5oC và 1.8-2.5oC (UNFCCC, 2003).
Tại ĐBSCL: nhiệt độ cao nhất sẽ tăng2oC (35-37oC) vào giai đoạn
2030-2040 (Tuan and Suppakorn, 2009).
Dự đoán mực nước biển sẽ tăng 33 cm vào năm 2050 và 1.0 m
vào năm 2100 (UNFCCC, 2003).
Ước tính khi mực nước biển tăng 40 cm, khoảng 20 triệu người
ở Đông Nam Á sẽ bị ảnh hưởng bởi lũ lụt.
Hầu hết các khu vực tại ĐBSCL có cao trình <2 m so với mặt
nước biển (Vietnam National University - HCM City and
Geomatics Center, 2019), do đó bị ảnh hưởng bời nước biển
dâng (Nicholls, 2006).
Vùng bị ngập lũ có thể tăng về hướng bán đảo Cà Mau; bảo và áp
thấp nhiệt đới ga tăng về cuối năm (Tuan and Suppakorn, 2009).

Bản đồ hiện trạng và dự đoán
xâm nhập mặn ở ĐBSCL (Monre
2009)

Mực nước biển dâng 1 m

1. Giới thiệu
•

•

•
•

Nền kinh tế Việt Nam xếp thứ 27 về mức độ dễ bị tổn thương do tác
động của biến đổi khí hậu đối với ngành thủy sản (Allison et al., 2009), và
nhóm dễ bị tổn thương nhất là nông dân ở khu vực nông thôn và ven
biển (Nhan et al., 2010).
Ở MKD, nuôi cá tra (Pangasianodon hypophthalmus), cá rô phi đỏ
(Oreochromis sp.) và tôm lợ (Penaeus monodon và Penaeus vannamei)
là một trong những hệ thống nuôi trồng thủy sản quan trọng góp phần cải
thiện mức sống và xuất khẩu.
Các khu vực nuôi cá tra và cá rô phi đỏ (nuôi lồng) trải dài từ các tỉnh
thượng nguồn đến các khu vực tiếp giáp với nước lợ, trong khi đó, khu
vực tôm chiếm diện tích lớn của các tỉnh ven biển.
Nghiên cứu này nhằm xác định hiện trạng liên quan đến rủi ro khí hậu và
tác động của nó đối với các hệ thống nuôi trồng thủy sản này và phản
ứng của nông dân để cải thiện các hoạt động thích ứng của các hệ thống
này đối với sự phát triển bền vững.

2. Methods
Data collection
•
•

Một cuộc điều tra câu hỏi chuyên sâu, có cấu trúc đã được thực hiện từ ngày 25 tháng 1 đến ngày 30
tháng 3 năm 2018 với 601 người nuôi cá.
Các hệ thống nuôi được chọn cho nghiên cứu bao gồm nuôi cá tra thịt (SCP) (107 hộ), ương cá tra
(SCN) (97), nuôi cá cá rô phi đỏ lồng (TCP) (198), nuôi tôm thâm canh (ISP) ( 139), và nuôi tôm quảng
canh cải tiến (IESP) (60).

2. Methods
Data collection
An Giang
Dong Thap
Can Tho
Vinh Long

SCP
30 farms
(sites: 1 and,
2)
24 farms
(site: 5)
20 farms (site
7)
15 farms
(site: 8)

SCN

TC

32 farms (site:
1 and 2)

38 farms
(sites: 3 and
4)

38 farms (site
6)
27 farms (site:
7)

43 farms
(site 6)

Tien Giang
Ben Tre
Tra Vinh
Soc Trang

10 farms
(site: 13)

40 farms
(site: 9)
36 farms
(site: 10)
41 farms
(site: 11)

IS

③⑥
⑥
⑤ ⑨
②④
⑦
⑧

①

40 farms
(site: 12)

Ca Mau
107

⑱

99 farms
(sites: 14, 15
and 16)

8 farms (site:
14)

Bac Lieu

Total

IES

97

198

139

30 farms
(site: 17)
30 farms
(site: 18)
60

⑰

⑪⑩ ⑫

⑬
⑭
⑭
⑯

⑮

2. Methods
Data analysis
•
•
•
•

Tần suất, mức độ quan trọng
Chi-bình phương (livelihood ratio)
ANOVA phi tham số bằng Kruskall – Walis (p<0,05)
Tương quan phi tham số CHAID (sơ đồ nhánh cây)

3. Kết quả và thảo luận
3.1. Thông tin chung
•
•
•
•
•

Nam chiếm thỉ lệ cao hơn
nữ
Kinh nghiệm nuôi tôm lâu
hơn, sau đó là cá tra và cá
rô phi đỏ
Nguồn nước nuôi chủ yếu
từ song (ngoại trừ cá rô
phi lồng)
Ít xử dụng ao chứa trừ tôm
thâm canh
Có sự khác biệt có ý nghĩa
thống kê giữa các mô hình
nuôi với các nhóm giới
tính, kinh nghiệm nuôi,
nguồn nước nuôi và ao
chứa (p<0,05)

Rô phi lồng

Ương cá tra

Cá tra thịt

Tôm thâm canh

%
100.0
90.0
80.0

L

H

H H
H

H

70.0

L

60.0
H

50.0
40.0
H

20.0

H
L

10.0

L L

Nam

HHH H

H

H

L

30.0

Tôm QCCT

Nữ

H HH
H
LH L

L

L

L

L
L

L L

L

1-5 năm 6-10 năm

Giới tính

H

L

L
L

-

< 1 năm

HHH

H

H

H

H

L

L

11-15
năm

H
H

L
L

L

LLL

L

>15 năm

Kinh nghiệm nuôi

Không

H

L

- -L L

L
Có

Không

Có

Nguồn nước nuôi từ Nguồn nước nuôi từ
kinh đào
sông
99.0
1.0
99.0
1.0

Rô phi lồng

79.3

20.7

0.5

22.2

42.4

28.3

6.6

Cá tra thịt

86.9

13.1

3.7

9.3

27.1

42.1

17.8

78.5

21.5

17.8

Ương cá tra

91.8

8.2

4.1

21.6

37.1

24.7

12.4

36.1

63.9

Tôm thâm canh
Tôm QCCT

72.7
93.3

27.3
6.7

1.4
-

24.5
18.3

16.5
10.0

28.1
23.3

29.5
48.3

61.2
65.0

38.8
35.0

Không

Có

Sử dụng ao chứa
100.0

-

82.2

100.0

-

36.1

63.9

99.0

1.0

33.8
33.3

66.2
66.7

78.4
98.3

21.6
1.7

3. Kết quả và thảo luận
3.2. Khó khăn về thời tiết, khí hậu và môi trường
•
•
•
•
•
•
•

Có sự tương quan giữa các yếu tố
thời tiết/khí hậu và môi trường tới
các mô hình nuôi (p<0,05).
Nước lũ có ảnh hưởng tới các mô
hình nuôi cá nước ngọt hơn so với
tôm nước lợ
Dòng chảy tác động nhiều đến nuôi
cá rô phi lồng
Nhiệt độ cao có ảnh hưởng mạnh
đến cá rô phi lồng và tôm quản canh
cải tiến
Nhiệt độ quá thấp/và Trời âm u có
ảnh hưởng tới 2 mô hình nuôi cá tra
so với 3 mô hình nuôi còn lại
Thay đổi nhiệt độ nhanh/và mưa quá
lớn có ảnh hưởng tới mô hình nuôi
trong ao (cá lồng ít tác động hơn)
Giông bão mạnh có tác động đến cá
rô phi lồng và tôm thâm canh hơn
các mô hình con lại

Rô phi lồng

%
100.0

HH
L
L L

Cá tra thịt

Ương cá tra

HHHH

H
H

H

80.0
70.0

L

HH

H

40.0
30.0
20.0
HHH
L-

10.0

Không
Có
Nước lũ/dòng
chảy mạnh
92.9
7.1

H
LL
L
L

Không
Có
Hạn hán/dòng
chảy yếu
87.9
12.1

H

L

H

L

LLLL
Không

Không
Có
Nhiệt độ quá
Nhiệt độ quá cao
thấp
64.1
35.9
96.0
4.0
Có

H

L
H
HH
H

L

H

H

LL
L

LL

50.0

HH H
L L

L

L

60.0

-

H

HH
L

Tôm QCCT

H H
H
L

H

L

90.0

Tôm thâm canh

L
Không
Có
Thay đổi nhiệt
độ quá nhanh
81.8
18.2

LL

L

H

HH

L

L
L

Không
Có
Trời âm u kéo
dài
97.5
2.5

H H
LL Không

Có

M ưa quá lớn

Không

Có

Giông/Bão mạnh

83.8

16.2

92.4

7.6

Cá tra thịt

94.4

5.6

97.2

2.8

83.2

16.8

45.8

54.2

68.2

31.8

86.0

14.0

51.4

48.6

99.1

0.9

Ương cá tra

93.8

6.2

97.9

2.1

71.1

28.9

45.4

54.6

56.7

43.3

73.2

26.8

20.6

79.4

96.9

3.1

Tôm thâm canh
Tôm QCCT

98.6
100.0

1.4
-

97.1
98.3

2.9
1.7

71.2
68.3

28.8
31.7

80.6
85.0

19.4
15.0

61.9
63.3

38.1
36.7

97.1
91.7

2.9
8.3

57.6
56.7

42.4
43.3

93.5
100.0

6.5
-

Rô phi lồng

3. Kết quả và thảo luận
3.3. Tác động của thời tiết, khí hậu và môi trường đến
trang trại nuôi
•

•

•
•

•

Có sự tương quan giữa hậu
quả của các yếu tố thời tiết/khí
hậu tới các mô hình nuôi
(p<0,05).
Tác độ tiêu cực làm cá/tôm
chết nhiều ở mô hình nuôi cá
tra thịt, tôm thâm canh và tôm
QCCT
Cá thoát ra ngoài nhiều ở mô
hình cá rô phi lồng
Hư hại trang thiết bị nhiều tại
mô hình cá rô phi lồng, c1 tra
thịt và ương cá tra so với các
mô hình còn lại
Cá lớn chậm ở mô hình nuôi
cá tra thịt, tôm thâm canh và
QCCT so với cá mô hình còn
lại

Cá tra thịt

Rô phi lồng

%
H

100.0

L

90.0

L

HH

L

Tôm thâm canh

Ương cá tra

HHHH

LL

L

H

Tôm QCCT

N

80.0

H

70.0

H

H

60.0

L

50.0

L

40.0

L

H

L
L

30.0
20.0
10.0
-

H
L

H

H

LL

Không
Có
Tôm/Cá chế nhiều

Không
Có
Tôm/cá thoát ra ngoài
93.9
6.1

Rô phi lồng

10.1

89.9

Cá tra thịt

1.9

98.1

99.1

Ương cá tra

8.2

91.8

Tôm thâm canh
Tôm QCCT

5.0
5.0

95.0
95.0

HH

LLLL

H

L

Không
Có
Hư hỏng trang thiết bị

N
Không
Có
Cá lớn chậm

96.5

3.5

55.6

44.4

0.9

96.3

3.7

43.9

56.1

100.0

-

92.8

7.2

69.1

30.9

98.6
100.0

1.4
-

100.0
96.7

3.3

47.5
41.7

52.5
58.3

H

3. Kết quả và thảo luận
3.4. Các biện pháp của người nuôi nhằm giảm tác
động của thời tiết, khí hậu và môi trường đến trang
trại nuôi
•
•

•
•
•
•
•

Có sự tương quan giữa biện pháp thích ứng
với các mô hình nuôi (p<0,05).
Theo dõi chất lượng nước tại các mô hình
nuôi cá tra thịt, ương cá tra và tôm thâm
canh được quan tâm cao hơn mô hình nuôi
cá rô phi lồng
Sử dụng sục khí được quan tâm hơn các
mô hình còn lại
Thu hoạch sớm là biện pháp tốt tại mô hình
ương các tra và tôm thâm canh so với các
mô hình còn lại
Sử dụng thức ăn bổ sung và thuốc… là biện
pháp được quan tâm tại 2 mô hình
ương/nuôi cá tra, tôm thâm canh
Thay nước là biện pháp tốt cho mô hình
ương, nuôi cá tra và tôm QCCT
Chuyển cá đi nơi khác là biện pháp của mô

TC

SCP

IS

SCN

IES

%
100.0
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0
-

HH
H H
H

H

L

L

H

H
L
H

H
H
H

L
L

H

H

L

H

Không
Có
Theo dõi chất lượng
nước
TC
71.2
28.8
SCP
36.4
63.6
SCN
28.9
71.1
IS
48.9
51.1
IES
65.0
35.0

LL
L
LL
Không

Không

Có

Sử dụng sục khí

Thu hoạch sớm

98.5
99.1
91.8
14.4
95.0

46.5
94.4
90.7
87.1
96.7

1.5
0.9
8.2
85.6
5.0

L

L

3.0
5.6
9.3
12.9
3.3

H
H

L
L

H

H
H
L
L
L

L L

Có

L

HH
H
L

H

L

H HH
L L

H

L

L
Không
Có
Sử dụng thức ăn bổ
sung và thuốc
41.9
58.1
27.1
72.9
29.9
70.1
32.4
67.6
71.7
28.3

Không

Có

Thay nước
99.0
38.3
56.7
95.7
73.3

1.0
61.7
43.3
4.3
26.7

H H
L LL
Không
Có
Chuyển cá/tôm đi
nơi khác
96.5
3.5
100.0
95.9
4.1
100.0
100.0
-

•

3. Kết quả và thảo luận
3.5. Các nguồn cung cấp thông tin quan trọng
cho nông dân – thờ tiết – khí hậu và chất lượng
nước song/kinh

Nguồn thông tin quan trong hiện
tại/và tương lai là từ TV, Nông dân
khác và cán bộ từ CCTS, KN

Rô phi lồng (TC)

Cá tra thịt (SCP)

Tôm QCCT (IES)

Tôm thâm canh (IS)

Ương cá tra (SCN)

TC
SCP
IS
IES
SCN
3.1±1.0 a 3.4±1.0 b 3.6±0.8 b 3.5±1.0 b 3.5±0.9 b

Sắp tới-Nông dân khác
TC
SCP
IS
IES
SCN
4.5
Hiện tại-Báo
Sắp tới-CCTS 2.8±0.9 a 3.2±1.0 bc 3.3±0.7 c 2.7±0.7 a 3.0±0.9 b
4.0
Sắp tới-Chính quyền địa phương
Hiện tại-Đài phát thanh
3.5

TC
SCP
IS
IES
SCN
1.4±0.7 a 1.6±0.9 b 1.7±0.8 b 1.6±0.6 b 1.8±1.1 b

TC
SCP
IS
IES
SCN
1.7±1.0 a 2.1±1.0 b 2.2±1.1 b 2.1±0.9 b 2.6±1.1 c

Hiện tại-Internet

3.0

TC
SCP
IS
IES
SCN
2.8±0.9 a 2.9±0.9 a 3.4±0.8 b 2.9±0.8 a 2.7±0.9 a

2.5

Sắp tới-Công ty

2.0

TC
SCP
IS
IES
SCN
2.2±1.1 a 2.8±1.3 b 2.2±1.1 a 1.9±1.1 a 2.8±1.1 b

TC
SCP
IS
IES
SCN
2.3±1.0 b 2.6±1.0 c 2.6±0.9 c 1.7±0.7 a 2.2±1.0 b

1.5
1.0

Hiện tại-TV

Sắp tới-Nhóm người nuôi

0.5

TC
SCP
IS
IES
SCN
3.8±1.1 a 4.1±1.1 b 3.7±1.0 a 3.8±1.1 a 3.8±1.0 a

TC
SCP
IS
IES
SCN
1.8±0.9 ab 1.9±0.9 c 1.8±0.8 ab 1.6±0.6 ab 1.7±1.0 a

-

Present-Nhóm người nuôi

Sắp tới-TV
TC
SCP
IS
IES
SCN
3.8±1.1 a 4.2±1.0 b 3.8±1.1 a 3.7±1.1 a 3.7±1.1 a

TC
SCP
IS
IES
SCN
1.7±0.8 1.8±0.8 1.5±0.5 1.4±0.5 1.7±1.0

Hiện tại-Công ty

Sắp tới-Internet

TC
SCP
IS
IES
SCN
2.3±1.0 b 2.7±1.1 c 2.4±1.1 bc 1.4±0.6 a 2.3±1.1 b

TC
SCP
IS
IES
SCN
2.2±1.1 a 2.7±1.2 b 2.3±1.0 a 2.0±1.0 a 2.8±1.2 b

Hiện tại-Chính quyền địa phương

Sắp tới-Đài phát thanh

TC
SCP
IS
IES
SCN Hiện tại-CCTS
2.6±0.9 a 2.9±0.9 b 3.3±0.8 c 2.8±0.7 ab 2.8±0.8 ab
TC
SCP
IS
IES
SCN
2.7±0.7 a 3.2±0.8 b 3.2±0.7 b 2.6±0.6 a 2.9±0.9 a

Sắp tới-Báo
Hiện tại-Nông dân khác

TC
SCP
IS
IES
SCN
3.2±0.9 a 3.6±1.1 b 3.7±0.8 b 3.6±0.9 b 3.7±0.8 b

TC
SCP
IS
IES
SCN
1.8±1.0 a 2.2±1.1 b 2.3±1.0 b 2.1±0.9 b 2.6±1.1 c

TC
SCP
IS
IES
SCN
1.5±0.8 a 1.6±0.9 ab 1.8±0.8 b 1.6±0.6 b 1.9±1.1 b

3. Kết quả và thảo luận
3.6. Các vấn đề/khó khăn/rủi ro của người nuôi
quan tâm
TC

•

SCP

IS

Các vấn đề quan tâm/khó khăn:
Giá bán, Nhiệt độ, Bệnh tôm/cá,
thức ăn, …

TC

SCP

2.9±1.1 3.2±0.9

IES

IS

IES

2.9±0.8

2.8±0.8

SCN

SCN
3.0±1.1

Lũ lụt

TC
2.8±1.0

SCP
a

IS

3.2±1.0

b

IES

DO

SCN

b

3.2±0.8 3.1±0.8

ab

5
4.5
4
3.5
3
2.5
2
1.5
1
0.5
0

2.8±1.1

a

Ô nhiễm
TC

SCP

IS

IES

SCN

3.4±0.9 a 4.0±1.1 b 3.5±1.0 a 3.5±1.0 a 3.2±1.1 a

Các quy định
TC

SCP

IS

IES

SCN

2.2±1.0 ab 2.5±1.2 bc 2.5±0.9 c 2.1±0.8 abc 2.0±1.2 a

Thuế
TC

SCP

IS

IES

Hạn hánTC

SCP

3.3±1.1

TC

3.9±0.9

ab

IS
c

bc

SCP

IS

4.3±1.0 4.1±0.8

TC

IES

SCN

4.0±0.5

3.8±0.8

IS

IES

3.1±1.6 3.9±1.0

3.9±0.7

4.0±0.7 4.0±0.6
TC
4.0±0.7

SCP

4.2±0.6 4.2±0.5

4.1±0.4

IES

SCN
2.8±1.3

4.3±1.0

IS

IES

3.9±0.9 4.0±0.9

SCN
4.0±1.0

Nhiệt độ thay đổi nhanh
SCP

3.4±1.1

3.9±0.9

IS

SCP

2.6±0.9

3.3±1.0

IES

4.2±0.8 4.4±0.6

Mây che

TC

SCN
ab

IS

3.9±1.0 4.2±1.0

SCP

2.8±1.1

Con giống
TC

2.6±1.3

TC

a

SCN
2.6±1.3

Nhiệt độ thấp

SCN

IES

SCP

3.8±1.1

Thức ăn
SCP

IES

3.3±1.0 3.2±1.0

Nghiệt độ cao

2.2±1.0 a 2.7±1.0 b 2.3±0.8 ab 2.1±0.9 a 2.1±1.1 a

TC

IS

2.7±1.0

IS

IES

3.1±0.9 3.3±0.8

SCN
4.0±0.6

SCN
3.7±0.9

Mưa
TC

Bệnh tôm

Gió
Giá bán cá/tôm

SCN

TC
3.5±1.0

4.1±0.7
TC
4.3±0.7

3.2±1.1

SCP
a

4.5±0.9

IS
b

4.2±0.7

IES
a

4.2±0.8

SCN
a

4.3±0.8 a

SCP
3.6±0.8

SCP

IS

IES

4.1±0.8

4.1±0.9 4.1±0.9

IS

IES

3.9±0.8 3.8±0.9

SCN
3.5±1.1

SCN
4.3±0.7

3. Kết quả và thảo luận
3.6. Các vấn đề/khó khăn/rủi ro của người nuôi
cần phát triển để giảm tác động
•
•

Phát triển các APP trợ giúp: Giá bán và trị bệnh,
điểu trị bệnh
Chiến lược phát triển con giống tốt, thức ăn, tạo
quan hệ với nông dân khác

TC

IS

SCP

3.8±0.8 a

TC

SC P 4.2±0.9 b
4.2±0.6 b

IS
IES

4.2±0.6

TC

SC P

IS

SCN

IES

IES

TC

SC N

2.8±1.0 a

SCP 2.6±0.9 a

2.9±1.0 ab 3.0±1.0 ab 3.1±0.8 b 2.7±0.6 a 2.9±1.0 ab

IS

3.1±1.0 b

IES 2.9±1.2 ab

b

SCN 2.7±1.0 a
Chiến lược-Đầu tư
TC 3.7± 0.9
4.5
Phá t tri ển App- Trợ gi úp điều tị bệnh
TC 2.9±1.0 a
Chiến lược-Tiết kiệm
SC P 3.9± 0.9
SCP 3.3±1.0 b
4
IS 4.1± 0.6
Phá t tri ển App-Trợ giúp kỹ thuật
Chiến lược-Nguồn thu khác
IS 3.3±0.8 b
3.5
IES 4.1± 0.5
IES 3.4±0.7 b
3
SC N 4.1± 0.7
SCN 3.2±1.1 b
2.5
Phá t tri ển App-Cảnh báo lũ
Chiến lược-Giảm sản lượng
2
TC
SCP
IS
IES
SCN
TC
SCP
IS
IES
SCN
a
a
b
b
a
1.5
3.0±1.0 a 3.1±1.0 a 3.4±0.7 b 3.4±0.7 b 3.1±0.9 a
3.6±0.8 3.6±0.8 4.0±0.5 3.9±0.3 3.4±1.0
1
Pha t tri ển App-Thời tiết 10 ngà y
Chiến lược-Con giống tốt
0.5
TC
SCP
IS
IES
SCN
TC
SCP
IS
IES
SCN
0
3.6±1.1 a 4.1±1.1 b 3.9±1.0 b 3.9±1.1 b 3.9±1.0 b
3.5±0.9 ab 3.4±0.8 a 3.8±0.7 b 3.6±0.5 ab 3.6±1.1 ab
SC N 4.3±0.7 b

a

b
b

b
b

Phá t tri ển App-Thời tiết 24 h
TC

SC P

IS

IES

Chiến lược-Công nghệ mới
TC

SC N

Phá t tri ển App-Dịch bệnh cá
TC

SCP

IS

IES

SCP

IS

IES

Chiến lược-Thức ăn tốt
TC

SCN

SCP

IS

IES

Chiến lược-Tạo mối quan hệ tốt
với cán bộ
Chiến lược-Tối ưu hóa mật độ
Chiến lược tạo mối quan hệ với
TC 2.9±0.9 a
nuôi
nông dân khác
TC 2.9±0.9 a
Chiến lược-Tạo mối quan hệ với
SCP 3.2±1.0 ab
SCP 3.2±0.9 bc
công ty
TC 3.2±1.0 a
IS 3.6±0.7 c

Phá t tri ển App-Giá cả cá bán

4.2±0.7 a

SCP 4.4±0.8 b
IS

4.3±0.6 a

IES 4.3±0.6 ab
SCN 4.2±0.7 a

IS

3.4±0.8 c

IES 3.3±0.8 bc
SCN 3.0±1.0 ab

SCN

3.5±1.1 a 4.0±1.1 b 3.9±0.9 b 3.2±1.5 a 3.9±1.0 b

3.9±0.7 a 4.3±0.7 c 4.2±0.6 bc 4.2±0.5 bc 4.1±0.7 ab

TC

SCN

2.5±0.9 a 2.7±0.9 ab 2.8±0.9 b 2.5±0.9 a 3.0±1.1 b

3.8±0.7 a 3.8±0.7 a 4.0±0.5 b 4.0±0.3 ab 3.8±0.7 a

TC

SCP

IS

IES

SCN

2.9±0.9 a 3.2±1.1 a 3.6±0.7 b 3.2±0.9 a 2.9±1.1 a

SCP 3.5±1.0 b
IS

3.7±0.7 b

IES 3.7±0.9 b

IES 3.3±0.8 b
SCN 3.1±1.0 ab

3. Kết quả và thảo luận
3.6. Mối tương quan giữa các biến quan trọng
•
•

•
•

Hoạt động giám sát chất lượng nước 47,6% (nút 0) trong tổng số
nông dân được phỏng vấn.
Trong nhóm nhận được tin nhắn SMS qua điện thoại di động, nông
dân SCN và SCP có 57,7% (nút 3) giám sát chất lượng nước; và
75,4% (nút 8) và 39,7% (nút 9) nông dân đồng ý với vấn đề này
thuộc về những người nông dân nghĩ rằng nhiệt độ trung bình tăng,
tương ứng ở mức tương đương / giảm.
Nông dân ISP đồng ý với giám sát chất lượng nước (31,9%, nút 5),
trong khi đó, TCP và IES ở mức thấp (8,5%, nút 4).
Trong nhóm không nhận được tin nhắn SMS, những người nông
dân phải đối mặt với những trận mưa lớn tin rằng họ cần theo dõi
chất lượng nước của trang trại nuôi cá / tôm của mình.

3. Kết quả và thảo luận
3.6. Mối tương quan giữa các biến quan trọng
•

•

•

Việc sử dụng thiết bị sục khí hoặc máy trộn
là 22,3% (nút 0). Nông dân IS đồng ý với
việc sử dụng máy sục khí hoặc máy trộn
cho ao nuôi tôm (85,6%, nút 3).
Sau đó là SCN và IESP (7,0%, nút 1), và
nông dân SCP và TCP (1,3%, nút 2). Nhóm
nông dân đã trả lời xếp hạng quan trọng /
và rất quan trọng trong việc xây dựng mối
quan hệ tốt với các quan chức cho thấy
thỏa thuận sử dụng máy sục khí hoặc máy
trộn (16,9%, nút 5).
Bên cạnh đó, nút 8 và 9 với nguồn thông tin
quan trọng Các đại lý từ các công ty tư
nhân đã chỉ ra rằng không có ý nghĩa gì về
mức độ quan trọng được xếp hạng để phân
loại các nút này.

•

•

•

3. Kết quả và thảo luận
3.6. Mối tương quan giữa các biến quan trọng
Dựa trên tỷ lệ phần trăm của các loại
thuốc / chất bổ sung thức ăn đã sử dụng
(61,9%, nút 0),
Hình cho thấy mức độ quan trọng của
thực hành nuôi trồng thủy sản sử dụng ít
nhóm nước hơn (32,0%, nút 1 ) và chia
thành hai nhóm là SCN, SCP, IS cao
(50,5%, nút 4) và TC thấp, IES (4.2%,
nút 5).
Nút 2 chỉ ra rằng 67,4% nông dân sử
dụng thực phẩm bổ sung / thuốc thuộc
nhóm nông dân tin rằng việc sử dụng ít
nước cho nuôi trồng thủy sản có phần
quan trọng và rất quan trọng; trong khi
đó, 91,2% nông dân nghĩ về vấn đề này
không phải là hoặc hơi quan trọng sử
dụng thực phẩm bổ sung / thuốc.

3. Kết quả và thảo luận
3.6. Mối tương quan giữa các biến quan trọng
•

•

Các thiết bị sục khí được
chuẩn bị hoặc sửa chữa sử
dụng nhằm phản ứng với tác
động tiêu cực của biến đổi
khí hậu rất cao trong hệ thống
nuôi ISP (49,6%, nút 3), SCN
và IESP (5,7%, nút 1) và SCP
và TCP (1,0%, nút 2).
Nông dân nhận được thông
tin về nước dâng do bão hoặc
thủy triều cao đã thực hiện
hành động này (5,5%, nút 7).

4. Kết luận
•
•
•
•
•
•

Các sự kiện mưa lớn và thay đổi nhiệt độ nhanh chóng ảnh hưởng lớn đến nuôi cá rô phi (TCP), vườn
ươm cá tra sọc (SCN), sản xuất cá da trơn sọc (SCP), cải thiện (IESP) và hệ thống nuôi tôm thâm
canh (ISP) ở đồng bằng sông Cửu Long, Việt Nam.
Nuôi cá tra nhạy cảm hơn với nhiệt độ thấp so với tôm và cá rô phi. Tăng chiều cao của hoạt động bó
trong SCN và SCP cao hơn các hệ thống canh tác khác.
Tăng độ sâu của ao, đào thêm ao, giám sát chất lượng nước và sử dụng các chất bổ sung / thuốc là
những phản ứng thường được thực hiện trong cả năm hệ thống; nhưng đáng chú ý nhất trong các hệ
thống ao thâm canh (SCN, SCP và ISP).
Giảm mật độ thả giống cũng được thực hiện trong các hệ thống TC, SCN, SCP và IS. Trong khi đó,
một nhóm nông dân IS sẽ chuẩn bị máy sục khí hoặc máy trộn cho ao nuôi tôm.
Ba nguồn thông tin chính là truyền hình, nông dân lân cận và DOF.
Ba tính năng hàng đầu được chọn trong một ứng dụng điện thoại thông minh cho người nuôi cá bao
gồm giá thị trường cá, dịch bệnh và lời khuyên về bệnh.

Cảm ơn !

ĐỊNH HƯỚNG CÁC GIẢI PHÁP TIẾT
KIỆM NĂNG NƯỢNG TRONG NUÔI TÔM
VÕ NAM SƠN

1. GIỚI THIỆU
• Trong nuôi tôm năng lượng dùng để;

• Chế biến thức ăn và các sản phẩm đầu vào khác (thuốc, hoá chất, khoáng, bạt lót,…)
• Phục vụ bơm nước, quạt nước, sục khí, hút bùn,
• Quan trắc môi trường và các hoạt động khác.

• Năng lượng từ thúc ăn thực sự được sử dụng hữu ích (tích tụ trong tôm ) là
thấp 25% (thải 75%)

• Theo ước tính ban đầu, năng lượng chiếm khoảng 10% chi phí đầu tư cho vụ
nuôi, từ khoảng 50 triệu đến 200 triệu đồng tiền điện ha/vụ,

• Thay nước lớn hơn 16% sẽ tăng chi phí vận hành như nhiên liệu và tăng ô
nhiễm môi trường (García-Sanz , ctv., 2011)

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG

*: Son, 2011; **: Gam et al., 2013; ***: Navghan et al., 2015; TC: Thâm canh; BTC” Bán thâm canh

Hình 1: Năng suất và chi phí năng lượng trong nuôi tôm

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG

(a): Cao, et al., 2011; (b): Boyd et al., 2017; (c): www.aqtinfo.com; (x): Năng lượng
chung (điện+dầu); TC: Thâm canh; BTC” Bán thâm canh

Hình 2: Năng suất và tiêu hao điện năng trong nuôi tôm

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG
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Hình 3: Cơ cấu (%) chi phí giá thành trong ao nuôi tôm Hình 4: Cơ cấu (%) chi phí giá thành trong ao nuôi tôm
TCT ao lót bạt
TCT ao đất

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG
%

%
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Tỉ lệ điện thắp sáng
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Tỉ lệ điện cho ăn

Khác

Hình 5: Cơ cấu sử dụng (%) điện trong ao nuôi Hình 6: Cơ cấu sử dụng (%) điện trong ao nuôi tôm
tôm TCT ao lót bạt
TCT ao đất

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG
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Tỉ lệ điện cho ăn

Hình 7: Cơ cấu chi phí (%) giá thành sản xuất Hình 8: Tỉ lệ (%) cơ cấu sử dụng điện trong ao
tôm sú thâm canh
nuôi tôm sú thâm canh

32. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG

Hình 9. Quạt nước với loại móc treo J

Hình 10. Quạt nước với loại trụ đỡ chữ U

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG

Hình 11 : Máy sục khí đáy

Hình 12: Quạt nước với loại con lăn

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG

Hình 13: Máy cho ăn tự động

Hình 14: Hệ thống quạt nước dầu với trụ quay
gần “thẳng”

2. HIỆN TRẠNG SỬ DỤNG NĂNG LƯỢNG

Hình 15: Máy phát điện dự phòng

Hình 16: Che lưới cũng góp phần hạn chế sự biến
đông chất lượng nước (nhiệt độ,…)

3. CÁC NGHIÊN CỨU TIẾT KIỆM NĂNG
LƯỢNG
• Nghiên cứu:

• về cơ khí:
• phương pháp vận hành:
• cải tiến công nghệ:

Hình 17: Ba kiểu máy quạt nước (a) kiểu “Đài Loan”, (b) “Thái Lan 1” và (c): “Thái Lan 2”

3. CÁC NGHIÊN CỨU TIẾT KIỆM NĂNG
LƯỢNG

Hình 18: Kết quả về sự hòa tan oxy vào nước của 3 loại quạt nước

[Peterson, 2002]

4. THẢO LUẬN VÀ ĐỊNH HƯỚNG
• Ứng dụng công nghệ vào nuôi tôm mới ở bước đầu:
•
•
•
•

Máy móc chưa được thiết kế chuyên dụng cho nuôi tôm
Hiệu suất chưa cao
Đầu tư công nghệ ngắn hạn
Tận dụng quá mức trang thiết bị cũ <> chi phí cao

• Phương án vận hành máy móc chưa phù hợp:
• Do thiếu hệ thống quan trắc môi trường

4. THẢO LUẬN VÀ ĐỊNH HƯỚNG

Hiệu suất sử dụng
năng lượng khi
tăng mật độ nuôi

Năng lượng
Mật độ nuôi

Tương lai
Hiện tại

Ngày mai

Năng lượng bao gồm:
(i) Thức ăn
(ii) Hóa chất
(iii) Điện/dầu
(iv) Con giống
(v) Thiết bị
Hiệu quả nuôi tôm:
(i) Năng suất???
(ii) Lợi nhuận???
(iii) Hay tỉ xuất lợi nhuận???

4. THẢO LUẬN VÀ ĐỊNH HƯỚNG
• Trong giai đoạn nuôi cần áp dụng công nghệ:

• Sục khí siêu mịn/ (hướng tới “nano”???); tiết kiệm và sử dụng có hiệu quả thức ăn, hóa
chất. Khoáng,…

• Tối ưu (tránh lãng phí) năng lượng cung cấp oxy vào việc tạo dòng chảy quá mức,….
• Tránh sử dụng các sản phẩm không phải dùng cho nuôi tôm do hiệu suất năng lượng
không cao

• Cân nhắc mật độ tối ưu cho dài hạn để cải thiện lợi thế cạnh tranh so với các nước khác

4. THẢO LUẬN VÀ ĐỊNH HƯỚNG
• Trong giai đoạn nuôi cần áp dụng công nghệ:

• Sử dụng và tái sử dụng nguồn chất thải hữu cơ (phân tôm – khoảng 75%) nhằm tăng thu
nhập và bảo vệ môi trường (biogas, sử dụng chất thải nuôi các loài cá khác)

• Tái sử dụng nguồn nước (theo nguyên lý hệ thống lọc tuần hoàn)

• Cần nghiên cứu và áp dụng thực tế các công nghệ tiết kiệm năng lượng trong
nuôi tôm thâm canh và siêu thâm canh một cách toàn diện (tất cả các đầu vào
có liên quan)

• Shrimp aquaculture farm

Acuícola Polo, S.A. de C.V., is
located in northwest Mexico
(Figure 1).

• Trang trại có 3 module:

• Module 1 (M1): 34 ao đất
•

hình chữn nhật 1 ha (sâu
1.2 m, thể tích 12,000 m3)
Module 2 (M2): 30 ao
giống M1

• Module 3 (M3): 10 ao 3 ha
(sâu 1.5 m thể tích
46,500 m3).

Ramón Héctor BarrazaGuardado và ctv., 2015

Ramón Héctor Barraza-Guardado và ctv., 2015

Ramón Héctor Barraza-Guardado và ctv., 2015

Ramón Héctor Barraza-Guardado và ctv., 2015

Ramón Héctor Barraza-Guardado và ctv., 2015

Ramón Héctor Barraza-Guardado và ctv., 2015

• Chân thành cảm ơn !

COMPARISON OF CLIMATE CHANGE-RELATED RISK
ADAPTATION IN STRIPED CATFISH, TILAPIA AND SHRIMP
IN THE MEKONG DELTA, VIETNAM
Vo Nam Son, Dao Minh Hai, Nguyen Quynh Anh, Nguyen Do Quynh, Do Thi Thanh Huong, Boripat Lebel, Louis Lebel
and Nguyen Thanh Phuong
College of Aquaculture and Fisheries, Can Tho University
Unit for Social and Environmental Research, Chiang Mai University

Vietnam's economy ranked 27th in terms of vulnerability by climate change impacts on the fisheries sector (Allison et al., 2009), and the most vulnerable groups are farmers
in the rural and coastal areas (Nhan et al., 2010). In MKD, the farming of striped catfish (Pangasianodon hypophthalmus), red tilapia (Oreochromis sp.) and brackish shrimp
(Penaeus monodon and Penaeus vannamei) are among the key aquaculture systems that contribute significantly in export turn-over and improving living standards of local
people. The culture areas of striped catfish and red tilapia (cage culture) stretches from the upstream provinces to the areas adjacent to brackish water, meanwhile the shrimp
area occupies a large area of coastal provinces. This study aims to determine the current status of climate risk-related and its impacts on these aquaculture farming systems,
and the response of farmers to improve adaptive activities of these systems toward sustainable development.

Methodology
• An in-depth, structured questionnaire survey was carried out from 25 January
to 30 March of 2018 with 601 fish farmers. The culture systems chosen for
the study included striped catfish production or grow-out (SCP) (107), striped
catfish nursery (SCN) (97), red tilapia cage production (TCP) (198), intensive
shrimp production (ISP) (139), and improved extensive shrimp production
(IESP) (60).

• Data analysis: The characteristics (frequencies) of surveyed systems was
compared using non-parametric NOVA (Kruskal-Wallis) and correlation
(cross-table, chi-square)/and CHAID methods (decision tree) (p<0.05) using
SPSS 22.0.

Results

Losses of stocked fish/shrimp arising from
adverse weather, poor water conditions or diseases
Causes suffered significant losses related
to the extreme weather conditions
Responded actions to reduce climate or
water-related risks on fish/shrimp farms

Important sources of information about expected weather
conditions, climate-related risk and expected water or river
conditions to managing fish/shrimp farms

Concerned climate and other risks and how concerned
area you about the following other types of risks

Important strategies to manage risks from
weather/water conditions and important features of
new smart phone application for fish/shrimp farms

Conclusions
Intense rainfall events and rapid changes in temperatures highly affect tilapia cage culture (TC), striped catfish nursery (SCN), striped
catfish production (SCP), improved extensive (IES), and intensive shrimp (IS) farming systems in the Mekong Delta, Vietnam. Striped
catfish farming was more sensitive to low temperatures compare to shrimp and tilapia. Increased height of bunds activity in SCN and SCP
was higher than the other farming systems. Increasing pond depth, digging additional pond, monitoring water quality, and using feed
supplements/medicines were commonly implemented responses in all five systems; but noticeably greatest in intensive pond systems (SCN,
SCP and IS). Reducing stocking density was also implemented in TC, SCN, SCP and IS systems. Meanwhile, a haft of IS farmers will
prepare aerators or mixers for shrimp pond. The main three sources of information were television, neighboring farmers, and DOF. The
selected top three features in a smartphone app for fish farmers included fish market price, disease outbreak, and advice about disease.

18-22 November 2019, Kuala Lumpur

Tên Báo cáo: Ứng dụng các
phương pháp sục khí trong
nuôi tôm tại ĐBSCL
Báo cáo viên: Võ Nam Sơn
Nhóm nghiên cứu AQUADAPT

Các phần chính
1.
2.
3.
4.

Nguyên lý cơ bản
Các phương thức đưa oxy hòa tan vào trong nước hiện nay
Các dạng thiết bị tạo oxy hòa tan cho ao nuôi tôm
Thảo luận

Phân tử nước

1. Nguyên lý chung

Lực hút giữa
nước và oxy
Phân tử nước

1. Nguyên lý chung – hô hấp

1. Nguyên lý chung – nhu cầu oxy hòa tan
4 – 15 mg/L

1 – 6 mg/L

Nước ngọt
Ref: http://academic.keystone.edu/jskinner/Limnology/Water_Chemistry_LectureNotes.htm

Nước mặn

1. Nguyên lý chung – oxy ngoài môi trường tự
nhiên
(~21% of the atmosphere)

1. Nguyên lý chung – Oxy hoàn tan bảo hòa

1. Nguyên lý chung – oxy hoàn tan theo nhiệt
độ, độ cao

1. Nguyên lý chung – oxy hoàn tan theo nhiệt
độ, độ cao
Temperature
@ 25 0 °C

O2 conc. (Atm. pressure)
6.5 mg/L
8.6 mg/L
(600 mm Hg) (795 mm Hg)

Atm. Pressure
@ 760 mm Hg,
sea level

O2 conc. (Temp.)
14.6 mg/L
6.4 mg/L
(0 °C)
(40 °C)

Ref: USGS, 2013

Temp.
(°C)

O2
(mg/L)

15

10.1

25

8.2

35

6.9

1. Nguyên lý chung – nhu cầu oxy của sinh vật
khác ngoài tôm nuôi trong ao
Biến động oxy hòa tan

Vi khuẩn trong
nước + bùn
Động vật phù du

Tôm nuôi
Tôm nuôi

Rong + Tảo

Động vật phù du

Vi khuẩn trong
nước
+ bùn

Vi khuẩn trong
nước + bùn
Động vật phù du
Tôm nuôi
Tôm nuôi

Rong + Tảo

Động vật phù du

Vi khuẩn trong
nước

+ bùn

2. Các phương thức đưa oxy hòa tan vào
trong nước – các yếu tố ảnh hưởng
• Hiệu quả sử dụng
năng lượng/ kg O2
hòa tan phụ thuộc
vào nhiều yếu tố.
• Điều kiện bảo hòa
của oxy
• Các khí hòa tan
khác

• Cỡ bọt khí càng nhỏ khả năng hòa tan oxy cao
• BỌt khí hình cầu cho khả năng oxy hoàn tan thấp
hơn hình khác
• Diện tích xung quanh bọt khí lớn cho oxy hòa tan
cao

• Sự bố đồng đều của bọt khí sẽ cho khả năng
hòa tan oxy cao hơn
• Khi mật độ bọt khí quá cao sẽ có sự kết hợp
2 hoặc nhiều bọt khí mịn là thành bọt khí lớn
làm giảm khả năng hòa tan oxy

• Khí hòa tan khác cao sẽ làm khả
năng hòa tan oxy thấp
• Các hóa chất sử dụng cho ao
nuôi (có tạo bọt) có khả năng
làm oxy thiếu

• BỌt khí ở càng lâu trong nước sẽ
hòa tan nhiếu hơn
• Quảng đường đi càng xa sẽ hòa tan
nhiều hơn
• Áp suất bọt khí cao sẽ làm bọt
khí vỡ nhanh trên mặt làm
giảm hiệu suất sục khí

Áp suất của bọt khí

Oxy
hòa tan
• Nhiệt độ cao, oxy hòa tan thấp
• Nhiệt độ ao nuôi thấp, oxy hòa tan
cao

• Độ mặn cao, cho khả năng hòa
tan oxy thấp

• Công suất của thiết bị tạo bọt khí
• Năng lượng tạo dòng chảy
• Tiêu hao năng lượng vô ích

Hiệu quả sục khí trong ao nuôi tôm

2. Các phương thức đưa oxy hòa tan vào
trong nước – các kiểu tạo xy hòa tan
• Dạng trên mặt
nước
• Dạng chìm
• Dạng trọng lực

2. Các phương thức đưa oxy hòa tan
vào trong nước – dạng trên mặt nước
FLOATING AERATOR
O2

SURFACE AERATOR
WITH DRAFT TUBE

BRUSH, ROTOR OR
PADDLEWHEEL AERATOR

Ref: Colt, 2000

O2 O
2

O2 O2
O2

O2

O2

O2

O2
O2

2. Các phương thức đưa oxy hòa tan
vào trong nước – dạng chìm
U-TUBE

DIFFUSED

CONE
STATIC TUBE

AIR-LIFT
VENTURI

NOZZLE
Ref: Colt, 2000

2. Các phương thức đưa oxy hòa tan
vào trong nước – dạng trọng lực

Ref: Colt, 2000

2. Các phương thức đưa oxy hòa tan
vào trong nước – dạng n”ước chảy lên”

Source: Sur, 2017

Rod fin

Bent fin

Inverted prism

3. Các thiết bị tạo xy hòa tan cho ao nuôi
tôm ( trung bình 1 hp/500 kg tôm)
• Máy đạp/đâp nước (paddlewheel)
• Máy thổi “supercharge” qua ống xốp
• Sục lũi
• Venturi
• Kết hợp
• Clip

Clip về các dạng sục khí

3. Các thiết bị tạo xy hòa tan… venturi

(Baylar et al, 2006)
+ Tạo bọt khí mịn và dòng
chảy trong ao

+ Tăng lượng oxy hòa tan và cải thiện chất
lượng nước ao nuôi

3. Các thiết bị tạo xy hòa tan… venturi thương
mại

Thành phần cơ bản của hệ thống Venturi từ
công ty thương mại

3. Các thiết bị tạo xy hòa tan… venturi tự chế

Sục khí thường (DO ~ 7.8 mg/L )

Sục khí Venturi (DO ~ 7.7 mg/L

3. Các thiết bị tạo xy hòa tan… venturi tự chế
1. Máy bơm

Dựa vào hàm dự đoán này có thể dự đoán oxy bảo hòa sẽ đạt
vào thời điểm 62 phút sục khí ở nhiệt độ 29oC, 60 phút ở 30oC
và 58 phút ở 31oC. Bể 10 m3.

3. Đầu phun khí (quan trọng)
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2. Ống dẫn
khí trời

5. Thực nghiệm nuôi trên bể composite
• Thể tích: 100 m3
• Độ mặn: 15%o
• Mật độ: 16.000/100 m3
• Cỡ tôm 2.560 con/kg
• Lọc tuần hoàn

5. Thực nghiệm nuôi trên bể composite
7.08 mg/L (18.1%o) - 7.44 mg/L (9%o) oxy hòa tan tối đa ở
nhiệt độ 28oC
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28.0

7.65

27.9

Dưới bảo hòa

27.8

7.60

27.7
7.55

27.6
9

12

15

18

21

DO

Nhiệtđộ

0

3

6

NHiệt độ (oC)

Oxy hòa tan (mg/L hay ppm)

• Thể tích: 100 m3
• Độ mặn: 15%o
• Mật độ: 16.000/100 m3
• Cỡ tôm 2.560 con/kg
• Lọc tuần hoàn

5. Thực nghiệm nuôi trên bể composite
•
•
•
•
•
•

Thể tích: 100 m3
Độ mặn: 15%o
Mật độ: 16.000/100 m3
Cỡ tôm 2.560 con/kg
Lọc tuần hoàn
Sau 1 tháng hơn 30 ngày
nuôi: cỡ tôm khoang 90100 con/kg
• Cho ăn 7 kg thức ăn ngày
• Oxy 5 mg/L

4. Thảo luận

• Tính phù hợp cho tôm phát
triển
• Khả năng vận hành phù hợp
• Chi phí thấp

• Dể bảo trì
• Chi phí đầu tư hợp lý

-----Hết ------

PHÂN TÍCH HIỆU QUẢ SẢN XUẤT VÀ SỬ DỤNG NĂNG LƯỢNG ĐIỆN TRONG NUÔI
TÔM SÚ (PENAEUS MONODON) VÀ THẺ CHÂN TRẮNG (LITOPENAEUS VANNAMEI)
THÂM CANH VÀ QUẢNG CANH CẢI TIẾN Ở ĐỒNG BẰNG SÔNG CỬU LONG
NHÓM TÁC GIẢ:
- ĐHCT: PGS. TS. VÕ NAM SƠN, TH.S ĐÀO MINH HẢI, NGUYỄN ĐỖ QUỲNH, VÀ GS.
NGUYỄN THANH PHƯƠNG

- ICAFIS: NHÓM PHỐI HỢP THỰC HIỆN: TH.S. ĐINH XUÂN LẬP, TH.S NGUYỄN THẾ
DIỄN, VŨ VĂN THÙY

1. GIỚI THIỆU

• Năng lượng dùng để phục vụ bơm nước, quạt nước, sục khí, hút bùn, quan
trắc môi trường và các hoạt động khác.

• Theo ước tính năng lượng chiếm khoảng 10% chi phí đầu tư cho vụ nuôi, từ
khoảng 50 triệu đến 200 triệu đồng tiền điện ha/vụ, và khoảng 10-30% diện
tích nuôi tôm thâm canh/bán thâm canh bị thiếu điện.

• Năm 2017, tổng diện tích nuôi thủy sản của 10 tỉnh phí nam (Cà Mau, Sóc
Trăng, Bạc Liêu, Kiên Giang, Trà Vinh, Bến Tre, Tiền Giang, Long An, Bà Rịa Vũng Tàu, Ninh Thuận) đạt hơn 428.495 ha và phải sử dụng điện khoảng
11.980 triệu kWh.

1. GIỚI THIỆU

• Việc sử dụng điện hiệu quả trong nuôi tôm cần được đưa ra nhằm tiết kiệm
điện trong quá trình sản xuất cũng như là giảm giá thành sản xuất.

• Bên cạnh đó, theo quyết định 79/QĐ-TTg (18/1/2018), kế hoạch (2020 –
2025) gia tăng diện tích nuôi tôm nuôi tôm sú thâm canh 5.92% (sú) và 7.91%
(thẻ chân trắng - TCT) với sản lượng tăng 7.96% (sú) và 7.84% (TCT) sẽ làm
cho như cầu năng lượng (chủ yếu từ điện) phụ vụ cho sản xuất càng gia tăng.

• Theo Mungkung (2005), sử dụng năng lượng cho sực khí được ho là nguyên
nhân tiềm ẩn làm gia tăng sự nóng lên của trái đất.

1. GIỚI THIỆU
Mục tiêu chính của nghiên cứu này là đánh giá hiệu quả của các mô hình
tiết kiệm năng lượng trong nuôi tôm với các nội dung nghiên cứu chính
như sau:
• Phân tích đặc điểm kỹ thuật và tài chính của mô hình nuôi tôm sú và thẻ chân trắng thâm
canh và tôm sú quảng canh cải tiến

• Đánh giá hiệu quả của mô hình tiết kiệm năng lượng trong nuôi tôm được thúc đẩy áp
dụng trong quá trình triển khai dự án, qua đó làm tài liệu tổng kết khuyến cáo nhân
rộng.

• Đánh giá nhu cầu sử dụng năng lượng (điện) trong nuôi tôm làm căn cứ cho quá trình vận
động sự tham gia của các bên trong quá trình thúc đẩy phát triển ngành tôm.

2. PHƯƠNG PHÁP NGHIÊN CỨU

Thời gian và địa điểm nghiên cứu

•

Nghiên cứu này được thực hiện từ 1 tháng 6 đến 30
tháng 7 năm 2018 tài 03 tỉnh Sóc Trăng (Mỹ Xuyên
và Vĩnh Châu), Bạc Liêu (TP. Bạc Liêu, Đông Hải, TX.
Giá Rai và Hòa Bình) và Cà Mau (Cái Nước và Đầm
Dơi).
Thu thập số liệu/ Collecting data

•

Số liệu thứ cấp: bao gồm kết quả của các nghiên cứu
trong và ngoài nước, các báo cáo và tài liệu có sẵn
của các cơ quan quản lý ở các địa bàn nghiên cứu
và trung ương.

2. PHƯƠNG PHÁP NGHIÊN CỨU

• Số liệu sơ cấp: được thu thập thông qua việc phỏng vấn trực tiếp 03 chuyên
gia trong ngành điện lực và thủy sản (phỏng vấn sâu) tại các tỉnh và phỏng
vấn trực tiếp 1 nông dân nuôi tôm các mô hình nuôi tôm TCT (lót bạt – ao đất)
và sú (thâm canh và quảng canh cải tiến (QCCT)) thông qua phiếu phỏng vấn
soạn sản (Bảng 1 và Bảng 2).

• Bên cạnh đó, quá trình thu thập và kiểm chứng thông tin còn được thông qua
quá trình qua sát – ghi nhận hình ảnh thực địa và thảo luận kết hợp với 3
nhóm nông dân (1 nhóm/tỉnh).

2. PHƯƠNG PHÁP NGHIÊN CỨU
Bảng 1: Phân bố hộ được phỏng vấn
Loài

Thẻ

Sú

Bảng 2: Phân bố mẫu thu theo nguồn điện sử dụng

Mô hình nuôi
Lót bạt Ao đất

Tỉnh

Tổng
Tỉnh

Sóc
Trăng
Bạc Liêu
Cà Mau
Sóc
Trăng
Bạc Liêu
Cà Mau

Tổng
Tổng loài

Tổng
QCCT chung

2

46

0

48

8
9
19
0

12
18
76
5

0
0

20
27
95
5

0

Loài
Thẻ

0
0
19

5
5
15
91

36
5
41
41

41
10
56
151

Sú

Điện
sử
dụng
Tổng
Điện
sử
dụng

1 pha
3 pha

Mô hình
Lót bạt Ao đất
5
68
14
8
19

1 pha

Tổng
Tổng chung

19

Tổng
QCCT
73
22

76
15

41

95
56

15
91

41
41

56
151

2. PHƯƠNG PHÁP NGHIÊN CỨU

• Các biến chính đã được thu bao gồm:
• Kỹ thuật nuôi: diện tích ao nuôi (m2), mật độ thả (con/m2), cỡ thu hoạch (con/kg), tỉ lệ sống
(%), năng suất (kg/ha/vụ hoặc năm)

• Tài chính: Tổng chi (triệu đồng/ha/vụ), tổng thu (triệu đồng/ha/vụ), giá bán (đồng/kg tôm),
giá thành (đồng/kg tôm), lợi nhuận (triệu đồng/ha/vụ), tỉ suất lợi nhuận, cơ cấu chi phí giá
thành (%), chi phí điện (VND/kg tôm)

• Sử dụng điện: Hiệu quả sử dụng điện (kW.h/tấn tôm, kW.h/ha)

• Phân tích số liệu
- thống kê mô tả (trung bình, độ lệch chuẩn),
- thống kê so sánh hiệu quả kỹ thuật – tài chính và sử dụng điện kiểm định độc lập
(Independent samples T - test) và phân tích phương sai (ANOVA) - phép thử Tukey
(p<0,05)

- tương quan tuyến tính p<0.05.

3. KẾT QUẢ - THẢO LUẬN
3.2. CÁC NGHIÊN CỨU VỀ SỬ DỤNG NĂNG LƯỢNG ĐIỆN TRONG NUÔI TÔM

*: Son, 2011; **: Gam et al., 2013; ***: Navghan et al., 2015; TC: Thâm canh; BTC” Bán thâm canh

Hình 1: Năng suất và chi phí năng lượng trong nuôi tôm

3. KẾT QUẢ - THẢO LUẬN
3.2. CÁC NGHIÊN CỨU VỀ SỬ DỤNG NĂNG LƯỢNG ĐIỆN TRONG NUÔI TÔM

(a): Cao, et al., 2011; (b): Boyd et al., 2017; (c): www.aqtinfo.com; (x): Năng lượng
chung (điện+dầu); TC: Thâm canh; BTC” Bán thâm canh

Hình 2: Năng suất và tiêu hao điện năng trong nuôi tôm

3. KẾT QUẢ - THẢO LUẬN
3.3. MÔ HÌNH NUÔI TÔM THẺ CHÂN TRẮNG TRONG AO LÓT BẠT VÀ AO ĐẤT
Bảng 3: Đặc điểm kỹ thuật của mô hình nuôi tôm thẻ - ao lót bạt và ao đất
Thông số

Ao lót bạt
[Trung bình ± ĐLC]

Ao đất
[Trung bình ± ĐLC]

Tổng diện tích ao nuôi (ha/hộ)

1.36 ± 1.31

1.50 ± 1.44

Độ sâu ao nuôi (m)

1.15 ± 0.14

1.31 ± 1.25

Diện tích ao nuôi (m2)

1,346.32 ± 592.62

2,422.37 ± 866.96

303.16 ± 113.48

67.16 ± 62.97

Thời gian nuôi (ngày)

89.21 ± 19.82

84.71 ± 24.24

Tỉ lệ sống (%)

75.61 ± 14.64

80.10 ±17.22

Cỡ thu hoạch (con/kg)

49.16 ± 11.04

59.39 ± 20.12

Năng suất tôm nuôi (tấn/ha/vụ)

46.96 ± 18.66

10.03 ± 11.27

1.23 ± 0.16

1.16 ±0.17

Mật độ thả giống (con/m2)

FCR

3. KẾT QUẢ - THẢO LUẬN
3.3. MÔ HÌNH NUÔI TÔM THẺ CHÂN TRẮNG TRONG AO LÓT BẠT VÀ AO ĐẤT
Bảng 4: Đặc điểm tài chính của mô hình nuôi tôm thẻ - ao lót bạt và ao đất
Thông số
Tổng chi (TC) (triệu đồng/ha/vụ)
Tổng thu (TR) (triệu đồng/ha/vụ)
Lợi nhuận (NI) (triệu đồng/ha/vụ)
Tỉ suất lợi nhuận (NI/TC)
Giá bán (đồng/kg)
Giá thành (đồng/kg)

Chi phí khấu hao ao (triệu đồng/ha/vụ)
Chi phí cải tạo ao (triệu đồng/ha/vụ)
Chi phí khấu hao thiết bị (triệu đồng/ha/vụ)
Chi phí hóa chất (triệu đồng/ha/vụ)
Chi phí con giống (triệu đồng/ha/vụ)
Chi phí thức ăn (triệu đồng/ha/vụ)
Chi phí dầu (triệu đồng/ha/vụ)
Chi phí điện (triệu đồng/ha/vụ)
Chi phí lao động (triệu đồng/ha/vụ)
Điện sinh hoạt gia đình (KW.h/tháng)
Chi phí điện sinh hoạt (triệu đồng/tháng)
Tiêu thụ điện sản xuất (KW.h/ha/vụ)
Hiệu suất sử dụng điện (KW.h/tấn tôm)
Chi phí điện điện sản xuất (đồng/tấn tôm)

Ao lót bạt
[Trung bình ± ĐLC]
3,341.29 ± 1,206.20
5,742.55 ± 3,175.73
2,401.26 ± 2,311.87
0.69 ± 0.43
120,210.53 ± 24,174.32
72,438.15 ± 11,399.13

138.14 ± 70.23
60.51 ± 132.74
181.68 ± 137.45
383.12 ± 246.84
495.02 ± 536.99
1,734.65 ± 785.92
24.60 ± 38.37
236.24 ± 128.31
98.52 ± 104.87
275.72 ± 128.05
0.59 ± 0.35
150,282.16 ± 81,623.61
3,234.79 ± 1,333.34
5,085.10 ± 2,096.01

Ao đất
[Trung bình ± ĐLC]
655.28 ± 854.12
1,288.17 ± 1,701.22
632.89 ± 905.39
1.02 ± 0.70
122,289.47 ±24,887.38
64,631.40 ± 17,198.79

25.72 ± 67.25
19.25 ± 35.76
34.95 ± 48.02
79.44 ± 124.00
75.34 ± 88.51
368.68 ± 503.08
11.70 ± 33.64
42.38 ± 49.00
9.61 ± 40.13
188.64 ± 100.69
0.37 ± 0.25
26,775.15 ± 31,086.06
2,913.73 ± 1,434.17
4,513.72 ± 2,144.61

3. KẾT QUẢ - THẢO LUẬN
3.3. MÔ HÌNH NUÔI TÔM THẺ CHÂN TRẮNG TRONG AO LÓT BẠT VÀ AO ĐẤT
Bảng 5: Đặc điểm tcác thiết bị sử dụng năng lượng trong mô hình nuôi tôm thẻ - ao
lót bạt và ao đất
Thông số

Ao lót bạt
[Trung bình ± ĐLC]
0.68 ± 1.25

Ao đất
[Trung bình ± ĐLC]
0.87 ± 0.91

16.61 ± 16.98

6.66 ±3.16

Số máy bơm điện (cái/ao)

2.74 ± 4.38

0.87 ± 0.91

Công suất máy bơm điện (KW)

2.31 ± 0.28

1.89 ± 0.96

Số máy quạt nước dầu (cái/ao)

0.26 ± 0.81

0.38 ± 0.80

Công suất máy quạt nước dầu (KW)

6.00 ± 2.12

5.55 ± 1.84

53.± 1.71

2.14±1.27

Công suất máy quạt nước điện (KW)

2.14 ± 0.40

1.69 ± 0.66

Số máy sục khí đáy điện (cái/ao)

1.26 ± 1.45

0.15 ± 0.45

Công máy sục khí đáy điện (KW)

3.94 ± 1.77

4.63 ± 4.57

Số máy bơm dầu (cái/ao)
Công suất máy bơm dầu (KW)

Số máy quạt nước điện (cái/ao)

3. KẾT QUẢ - THẢO LUẬN
3.3. MÔ HÌNH NUÔI TÔM THẺ CHÂN TRẮNG TRONG AO LÓT BẠT VÀ AO ĐẤT

%
7.05

%
6.28

2.94 4.12 1.80

3.86
1.44

2.89

1.76

0.73
5.42

5.24
11.43

11.92

11.30

14.77
51.74

55.31

Chi phí khấu hao ao

Chi phí cải tạo ao

Chi phí khấu hao thiết bị

Chi phí khấu hao ao

Chi phí cải tạo ao

Chi phí khấu hao thiết bị

Chi phí hóa chất

Chi phí con giống

Chi phí thức ăn

Chi phí hóa chất

Chi phí con giống

Chi phí thức ăn

Chi phí dầu

Chi phí điện

Chi phí lao động

Chi phí dầu

Chi phí điện

Chi phí lao động

Hình 3: Cơ cấu (%) chi phí giá thành trong ao nuôi tôm Hình 4: Cơ cấu (%) chi phí giá thành trong ao nuôi tôm
TCT ao lót bạt
TCT ao đất

3. KẾT QUẢ - THẢO LUẬN
3.3. MÔ HÌNH NUÔI TÔM THẺ CHÂN TRẮNG TRONG AO LÓT BẠT VÀ AO ĐẤT
%

%
0.79
2.18

9.78

5.25

23.39

2.34
2.32
7.24

64.71
82.00

Tỉ lệ điện dùng cho cung cấp oxy

Tỉ lệ điện dùng bơm nước

Tỉ lệ điện dùng cho cung cấp oxy

Tỉ lệ điện dùng bơm nước

Tỉ lệ điện thắp sáng

Tỉ lệ điện cho ăn

Tỉ lệ điện thắp sáng

Tỉ lệ điện cho ăn

Khác

Khác

Hình 5: Cơ cấu sử dụng (%) điện trong ao nuôi Hình 6: Cơ cấu sử dụng (%) điện trong ao nuôi tôm
tôm TCT ao lót bạt
TCT ao đất

3. KẾT QUẢ - THẢO LUẬN
3.4. MÔ HÌNH NUÔI TÔM SÚ THÂM CANH TRONG AO ĐẤT VÀ QUẢNG CANH
CẢI TIẾN (QCCT NÓI CHUNG)
Bảng 6: Đặc điểm kỹ thuật của mô hình nuôi tôm sú thâm canh và QCCT
(*) Sú thâm canh (tấn/ha/vụ) QCCT: tấn/ha/năm)
Thông số

Tổng diện tích ao nuôi (ha/hộ)
Độ sâu ao nuôi (m)
Độ sâu mặt trảng (m)
Độ sâu mương bao (m)
Diện tích ao nuôi (m2)
Mật độ thả giống (con/m2)
Thời gian nuôi (ngày)
Tỉ lệ sống (%)
Cỡ thu hoạch (con/kg)
Năng suất tôm nuôi(*)
FCR

Thâm canh
[Trung bình ± ĐLC]
0.87 ± 0.51
1.22 ± 0.16

2,607.69 ± 1,013.63
20.08 ± 9.93
145.15 ± 31.34
77.68 ± 17.22
34.62 ± 10.15
4.97 ± 2.62
1.52 ± 0.28

QCCT
[Trung bình ± ĐLC]
1.93 ±1.08
1.30 ±0.17
0.60 ±0.10
1.35 ±0.30
16,300.00 ±9,711.74
2.42 ±0.66
101.63 ±16.92
20.00 ±12.78
35.75 ±14.70
0,390 ±0.232
0.02±0.11

3. KẾT QUẢ - THẢO LUẬN
3.4. MÔ HÌNH NUÔI TÔM SÚ THÂM CANH TRONG AO ĐẤT VÀ QUẢNG CANH
CẢI TIẾN (QCCT NÓI CHUNG)
Bảng 7: Đặc điểm tài chính của mô hình nuôi tôm sú thâm canh và QCCT
(**) QCCT: triệu đồng/ha/năm)
Thông số
Tổng chi (TC) (triệu đồng/ha/vụ)(**)
Tổng thu (TR) (triệu đồng/ha/vụ) (**)
Lợi nhuận (NI) (triệu đồng/ha/vụ) (**)
Tỉ suất lợi nhuận (NI/TC)
Giá thành (đồng/kg)
Giá bán (đồng/kg)
Chi phí khấu hao ao (triệu đồng/ha/vụ) (**)
Chi phí cải tạo ao (triệu đồng/ha/vụ) (**)
Chi phí khấu hao thiết bị (triệu đồng/ha/vụ) (**)
Chi phí hóa chất (triệu đồng/ha/vụ) (**)
Chi phí con giống (triệu đồng/ha/vụ) (**)
Chi phí thức ăn (triệu đồng/ha/vụ) (**)
Chi phí dầu (triệu đồng/ha/vụ) (**)
Chi phí điện (triệu đồng/ha/vụ)
Tiêu thụ điện sinh hoạt (KW.h/tháng)
Chi phí điện sinh hoạt (triệu đồng/tháng)
Tiêu thụ điện sản xuất (KW.h/ha/vụ)
Hiệu suất sử dụng điện sản suất (KW.h/tấn tôm)
Chi phí điện sản xuất tôm (đồng/tấn tôm)

Thâm canh
[Trung bình ± ĐLC]
483.77 ± 245.69
963.90 ± 473.57
480.13 ± 352.74
1.16 ± 0.68
99,289.65 ± 26,690.67
202,384.62 ± 40,063.57
20.18 ± 15.93
15.68 ± 11.62
27.25 ± 19.90
75.80 ± 47.22
49.57 ± 72.58
255.54 ± 130.61
5.88 ± 7.87
36.68 ± 30.49
751.63 ± 2,061.84
0.30 ± 0.11
21,540.15 ± 19,665.18
4,172.81 ± 2,709.35
6,559.66 ± 4,259.09

QCCT
[Trung bình ± ĐLC]
23.48 ±11.67
65.33 ±40.67
41.85 ±37.24
2.06 ±2.35
76,075.79 ± 40,719.33
169,625.00 ±29,664.52
3.63 ±1.96
6.13 ±5.85
3.76 ±3.16
1.14 ±1.77
6.57 ±3.20
0.40 ±1.98
1.42 ±1.10
197.28 ±71.14
0.37 ±0.18

3. KẾT QUẢ - THẢO LUẬN
3.4. MÔ HÌNH NUÔI TÔM SÚ THÂM CANH TRONG AO ĐẤT VÀ QUẢNG CANH
CẢI TIẾN (QCCT NÓI CHUNG)
Bảng 8: Đặc điểm các thiết bị sử dụng năng lượng của mô hình nuôi tôm sú thâm
canh và QCCT
Thông số
Số máy bơm dầu (cái/ao)
Công suất máy bơm dầu (KW)
Số máy bơm điện (cái/ao)
Công suất máy bơm điện (KW)
Số máy quạt nước dầu (cái/ao)
Công suất máy quạt nước dầu (KW)
Số máy quạt nước điện (cái/ao)
Công suất máy quạt nước điện (KW)

Thâm canh
[Trung bình ± ĐLC]
0.46 ± 0.52
6.81 ± 1.47
1.00 ± 0.82
1.95 ± 0.89
0.38 ± 0.65
6.94 ± 0.72
2.31 ± 1.55
1.73 ± 0.40

QCCT
[Trung bình ± ĐLC]
1.58 ±1.17
5.34 ±1.80
0
0
0
0
0
0

3. KẾT QUẢ - THẢO LUẬN
3.4. MÔ HÌNH NUÔI TÔM SÚ THÂM CANH TRONG AO ĐẤT VÀ QUẢNG CANH
CẢI TIẾN (QCCT NÓI CHUNG)

%

%
7.00
- 4.17
1.22

3.24

1.74
6.15
15.74

5.63

15.67

28.49
26.60

52.82

10.25

4.96

16.32

Chi phí khấu hao ao

Chi phí cải tạo ao

Chi phí khấu hao thiết bị

Chi phí khấu hao ao

Chi phí cải tạo ao

Chi phí khấu hao thiết bị

Chi phí hóa chất

Chi phí con giống

Chi phí thức ăn

Chi phí hóa chất

Chi phí con giống

Chi phí thức ăn

Chi phí dầu

Chi phí điện

Chi phí lao động

Chi phí dầu

Hình 7: Cơ cấu chi phí (%) giá thành sản xuất
tôm sú thâm canh

Hình 8: Cơ cấu chi phí (%) giá thành sản xuất
tôm sú QCCT

3. KẾT QUẢ - THẢO LUẬN
3.4. MÔ HÌNH NUÔI TÔM SÚ THÂM CANH TRONG AO ĐẤT VÀ QUẢNG CANH
CẢI TIẾN (QCCT NÓI CHUNG)

%

19.07
2.04
5.81

73.08

Tỉ lệ điện dùng cho cung cấp oxy

Tỉ lệ điện dùng bơm nước

Tỉ lệ điện thắp sáng

Tỉ lệ điện cho ăn

Khác

Hình 9: Tỉ lệ (%) cơ cấu sử dụng điện trong ao nuôi tôm sú thâm canh

3. KẾT QUẢ - THẢO LUẬN
3.5. SO SÁNH HIỆU QUẢ SỬ DỤNG ĐIỆN CỦA BA MÔ HÌNH NUÔI TÔM THÂM
CANH
Bảng 9: So sánh hiệu quả sử dụng điện của 3 mô hình nuôi tôm thẻ lót bạt, thẻ ao đất và sú ao đất thâm canh
Chi tiết

Diện tích ao nuôi (m2)
Mật độ thả (con/m2)

Tỉ lệ sống (%)
Năng suất tôm (tấn/ha)
Lợi nhuận (triệu đồng/ha)
Tiêu hao điện sản xuất (KW.h/ha/vụ)
Hiệu suất sử dụng (KW.h/tấn tôm)
Chi phí điện (triệu đồng/ha/vụ)
Chi phí điện sản xuất (đồng/tấn)

Thẻ lót bạt

Thẻ ao đất

Sú TC ao đất

1,346.32 ± 592.62a

2,422.37 ± 866.96b

2,607.69 ± 1,013.63b

303.16 ± 113.48b

67.16 ± 62.97a

20.08 ± 9.93a

75.61 ± 14.64

80.10 ± 17.22

77.68 ± 17.22

46.96 ± 18.66b

10.03 ± 11.27a

4.97 ± 2.6a

2,401.26 ± 2,311.87b

632.89 ± 905.39a

480.13 ± 352.74a

150,282.16 ± 81,623.61b

27,132.16 ± 31,138.15a

21,540.15 ± 19,665.18a

3,234.79 ± 1,333.34ab

2,913.73 ± 1,434.17a

4,172.81 ± 2,709.35b

236.24 ± 128.31b

42.38 ± 49.00a

36.68 ± 30.49a

5,085.10 ± 2,096.01ab

4,513.72 ± 2,144.61a

6,559.66 ± 4,259.09b

Các giá trị trung bình trong cùng 1 hàng có các kí tự mũ khác nhau thì khác biệt có ý nghĩa thống kê (p<0.05)

3. KẾT QUẢ - THẢO LUẬN
3.5. SO SÁNH HIỆU QUẢ SỬ DỤNG ĐIỆN CỦA BA MÔ HÌNH NUÔI TÔM THÂM
CANH
Bảng 10: So sánh hiệu quả sử dụng điện 3 pha trong ao nuôi tôm thẻ chân trắng lót bạt
Chi tiết

Đặc điểm chính của ao nuôi
Sử dụng điện 1 pha

Diện tích ao nuôi (m2)
Mật độ thả (con/m2)
Tỉ lệ sống (%)
Năng suất tôm (tấn/ha)
Lợi nhuận (triệu đồng/ha)
Tiêu thụ điện sản xuất (KW.h/ha/vụ)
Hiệu suất sử dụng điện sản suất (KW.h/tấn tôm)
Chi phí điện (triệu đồng/ha/vụ)
Chi phí điện sản xuất (đồng/tấn)

Sử dụng điện 3 pha

1.22 ±0.18

1.13 ±0.13

310.00 ±151.66

300.71 ±103.59

62.67 ±10.66a
39.24 ±16.90

80.23 ±13.21b
49.71 ±19.05

2,192.21 ±1,489.80a

2,475.92 ±2,587.41b

118,521.19 ±70,528.78

161,625.36 ±84,662.71

2,940.45 ±1,137.71
186.31±110.87
4,622.38 ±1,788.49

3,339.92 ±1,420.58
254.07±133.09
5,250.35 ±2,233.16

Các giá trị trung bình trong cùng 1 hàng có các kí tự mũ khác nhau thì khác biệt có ý nghĩa thống kê (p<0.05)

3. KẾT QUẢ - THẢO LUẬN
3.5. SO SÁNH HIỆU QUẢ SỬ DỤNG ĐIỆN CỦA 3 MÔ HÌNH NUÔI TÔM THÂM
CANH
Bảng 11: So sánh hiệu quả sử dụng điện 3 pha trong ao nuôi tôm thẻ chân trắng trong ao đất
Chi tiết
Diện tích ao nuôi (m2)

Mật độ thả (con/m2)
Tỉ lệ sống (%)
Năng suất tôm (tấn/ha)
Lợi nhuận (triệu đồng/ha)
Tiêu thụ điện sản xuất (KW.h/ha/vụ)
Hiệu suất sử dụng điện sản suất (KW.h/tấn tôm)
Chi phí điện (triệu đồng/ha/vụ)
Chi phí điện sản xuất (đồng/tấn)

Đặc điểm chính của ao nuôi

Sử dụng điện 1 pha
Sử dụng điện 3 pha
1.17 ± 0.13
2.50 ± 3.84
60.44 ± 52.43
78.39 ± 17.37a
7,78 ± 5.55a
446.92 ± 366.00a
21,289.11 ± 14,889.74

124.25 ± 109.58
94.60 ± 4.44b
29.17 ± 24.47b
2,213.64 ± 2,075.82b
76,067.67 ± 71,386.10

2,929.91 ± 1,369.41
33.97 ± 23.21
4,605.82 ± 2,152.71

2,778.25 ± 2,009.77
117.08 ± 114.38
3,742.41 ± 2,041.36

Các giá trị trung bình trong cùng 1 hàng có các kí tự mũ khác nhau thì khác biệt có ý nghĩa thống kê (p<0.05)

3. KẾT QUẢ - THẢO LUẬN
3.5. SO SÁNH HIỆU QUẢ SỬ DỤNG ĐIỆN CỦA 3 MÔ HÌNH NUÔI TÔM THÂM CANH
Bảng 12: Hệ số tương quan (Pearson) giữa các biến “hiệu suất sử dụng điện” với biến kỹ
thuật - tài chính của các mô hình nuôi tôm TC
Chỉ tiêu

Độ sâu ao nuôi (m)
Diện tích ao nuôi (m2)
Mật độ thả (con/m2)
Thời gian nuôi (ngày)
Năng suất tôm
(tấn/ha/vụ)
eFCR
Tổng chi (triệu
đồng/ha/vụ)
Tổng thu (Triệu
đồng/ha/vụ)
Lợi nhuận (triệu
đồng/ha/vụ)
Giá thành (đồng/kg)

Tôm TCT lót bạt
Lượng điện
Tiêu hao điện
tiêu thụ
(kW.h/tấn tôm)
(kW.h/ha/vụ)

Tôm TCT ao đất
Tôm sú TC ao đất
Lượng điện
Tiêu hao điện Lượng điện
Tiêu hao
tiêu thụ
(kW.h/tấn
tiêu thụ
điện
(kW.h/ha/vụ)
tôm)
(kW.h/ha/vụ) (kW.h/tấn
tôm)
0.308
-0.393
0.688
0.602
0.862
-

0.503
0.591

0.468
-

0.745

-

0.509
0.903

-

0.697

-

0.467

-

0.868

-

-

-

-

-

0.779

-

-

-

-

0.589

-

-

-

-

Hệ số tương quan Pearson (p<0,05); (-) Tương quan không có ý nghĩa thống kê (p>0,05)

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Hình 10. Quạt nước với loại móc treo J

Hình 11. Quạt nước với loại trụ đỡ chữ U

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Hình 12 : Máy sục khí đáy

Hình 13: Quạt nước với loại con lăn

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Hình 14: Máy cho ăn tự động

Hình 15: Hệ thống quạt nước dầu với trụ quay
gần “thẳng”

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Hình 16: Bệ đỡ bằng gỗ

Hình 17: Cầu dao chống “chạm mạch”

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Hình 18: Máy phát điện dự phòng

Hình 19: Mô hình con lăn/trục thẳng

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Hình 20: Che lưới cũng góp phần hạn chế sự biến Hình 21: Mô hình tiết kiệm điện (U) của Điện Lực
đông chất lượng nước (nhiệt độ,…)
Sóc Trăng

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Hình 22: Ba kiểu máy quạt nước (a) kiểu “Đài Loan”, (b) “Thái Lan 1” và (c): “Thái Lan 2”

3. KẾT QUẢ - THẢO LUẬN
3.6. ĐÁNH GIÁ HIỆN TRẠNG VÀ HIỆU QUẢ CỦA MÔ HÌNH TIẾT
KIỆM NĂNG LƯỢNG TRONG NUÔI TÔM

Phút

Hình 23: Kết quả về sự hòa tan oxy vào nước của 3 loại quạt nước
[Peterson, 2002]
Bảng 14. Hiệu suất sử dụng điện của 3 loại quạt nước
Loại
Tốc độ quạt Hiệu
suất
sục
khí
(vòng/phút)
kg.O2/KW.h)
Đài Loan
80-100
0.6
Thái Lan 1
80-100
1.1
Thái Lan 2
100-1120
1.6

(SAE),

3. KẾT QUẢ - THẢO LUẬN
3.6. NHU CẦU ĐIỆN TRONG THỜI GIAN TỚI
Bảng 13: Ước lượng nhu cầu tối thiểu điện tăng thêm (kW.h) vào năm 2020 và 2025 dựa vào sản lượng tôm nuôi theo
quyết định 79/TTg năm 2018 (*)
(*) Số liệu ước tính dựa trên “Kế hoạch hành động quốc gia phát triển ngành tôm Việt Nam đến năm 2025 tại Quyết định số
79/QĐ-TTg ngày 18 tháng 01 năm 2018 của Thủ tướng Chính phủ và số liệu điều tra
Chi tiết
Tôm sú TC
Tiêu hao điện năng (kW.h/tấn
tôm)
4.173
Sản lượng tôm (tấn) theo QĐ 79/TTg (2018)
2016
109.770
2020
150.000
2025
220.000
Sản lượng tôm (tấn) tăng thêm
2020 (so với 2016)
40.230
2025 (So với 2020)
70.000
Nhu cầu điện tăng thêm (triệu kW.h)
2020 (so với 2016)
167,9
2025 (So với 2020)
292,1

TC: Thâm canh; BTC: Bán Thâm canh; VN: Việt Nam

Tôm TCT

Tôm TCT lót bạt

Tôm TCT ao đất

3.235

2.914

280
712

252
641

393.429
480.000
700.000

86.571
220.000

4. KẾT LUẬN

• Năng suất và lợi nhuận của mô hình nuôi tôm TCT lót bạt (47±19
tấn/ha/vụ và 2.401±2.312 triệu đồng/ha/vụ) có xu hướng cao hơn tôm
TCT nuôi trong ao đất (10±11 tấn/ha/vụ và 633±905 triệu đồng/ha/vụ),
kế đến là mô hình nuôi tôm sú TC (5±3 tấn ha/vụ và 480±353 triệu
đồng/ha/vụ) và thấp nhất là mô hình tôm sú QCCT (0,39±0,23
tấn/ha/năm và 42±37 triệu đồng/ha/năm).

• Chi phí điện trong nuôi tôm TCT lót bạt chiếm 7,05% tổng chi phí giá
thành, kế đến là tôm sú TC (7,00%) và tôm TCT trong ao đất (6,28%).

•

Hộ nuôi tôm TCT sử dụng điện 3 pha cho lợi nhuận (2.192±1.490
triệu đồng/ha/vụ) cao hơn hộ sử dụng điện 1 pha (2.476±2.587 triệu
đồng/ha/vụ).

4. KẾT LUẬN

• Trong 2 mô hình nuôi tôm thẻ chân trắng trong ao lót bạt và ao đất,
lượng điện sử dụng của ao nuôi tôm TCT lót bạt là 150.282
kW.h/ha/vụ, với tiêu hao điện trung bình là 3.235 kW.h/tấn tôm (chi
phí điện là 5.085 đồng/kg tôm) cao hơn so với nuôi trong ao đất có
lượng điện tiêu thụ là 27.132 kW.h/ha/vụ, tiêu hao điện là 2.914
kW.h/tấn tôm và chi phí điện là 4.514 đồng/kg tôm.

• Mô hình nuôi tôm sú TC có lượng điện tiêu thụ là 21.540 kW.h/ha/vụ,
tiêu hao điện là 4.173 kW.h/tấn tôm và chi phí điện là 6.560 đồng/kg
tôm; và ao nuôi tôm sú QCCT không sử dụng điện cho nuôi tôm.

4. KẾT LUẬN

• Trang thiết bị sử dụng điện chưa đồng bộ và có hiệu suất tiết kiệm
năng lượng và tính an toàn chưa cao do động cơ điện 1 pha có công
suất nhỏ, người nuôi vận hành sục khí theo cảm quan dẫn đến tình
trạng lãng phí điện.

• Uớc lượng nhu cầu tối thiểu điện năng tăng thêm cho
• (a) nuôi tôm sú TC là 168 triệu kW.h (năm 2020 so với 2016) và 292 triệu kW.h
(2025 so với 2020);

• (b1) cho tôm TCT ao lót bạt tối thiểu là 280 triệu kW.h (2020) và 712 triệu kW.h
(2025);

• hoặc (b2) trường hợp chỉ tăng sản lượng tôm TCT ao đất thì nhu cầu tối thiểu
điện năng tăng thêm là 252 triệu kW.h (2020) và 641 triệu kW.h (2025).

5. ĐỀ XUẤT

• Cần phát triển lưới điện 3 pha với điện áp ổn định phục vụ sản suất,
kết hợp với việc tập huấn cho nông dân sử dụng các trang thiết bị
điện một cách an toàn và hợp lý.

• Cần nghiên cứu các hệ thống cung cấp oxy (sục khí đáy và quạt
nước) với hiệu suất sử dụng năng lượng điện (SAE) cao nhất, phù
hợp với thực tế sản xuất tại Việt Nam đáp ứng được sự phát triển của
tôm nuôi.

• Cần nghiên cứu ứng dụng các trang thiết bị chuyên dùng trong việc
cung cấp oxy cho ao, đặc biệt là các cải tiến về con lăn và trục thẳng
kết hợp (giảm lực ma sát) với các hệ thống điều chỉnh vòng quay của
mô tơ điện, kết hợp các thiết bị quan trắc và đo đạt oxy hòa tan nhằm
tốt ưu hóa việc sử dụng điện trong hoạt động sục khí và quạt nước.

CHÂN THÀNH CẢM ƠN! – THẢO LUẬN
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Aquaculture in northern Thailand
Tilapia and a few other species,
are reared in earthen ponds as
well as cages in rivers and
reservoirs

2

Extreme weather and climate-related risks

Extreme weather events, in
particular floods and droughts,
but also cold spells &
prolonged thick cloud cover,
can have significant impacts on
farm profits
3

Large-scale surveys, games and iterative group
consultations on climate-related risks
• risk perceptions and

appraisal
• management practices and
policy
• Mechanisms of impacts and
risk reduction interventions
• Estimates of benefits and
costs of a few tactics &
responses

4

Examples of “low-medium“ regret type options
for managing climate-related risks
Stock
Pump

Adjust stocking date or density to avoid floods &
droughts
Pump groundwater when face shortages

Operate

Adjust water irrigation infrastructure operations to
take into account aquaculture water uses
Compens Seek compensation assistance following disasterrelated losses
Cages
Strengthen cages so less likely to be damaged by
floods
Contract Enter into contract farming arrangements
Store
5

Allocate one farm pond to water storage to help cope
with dry season shortages and low quality

Reducing seasonally-varying risks through
stocking decisions ‘calendar’

6

Practice & policy problem

Are current or proposed alternative risk management practices
or strategies robust, that is likely to be worthwhile pursuing
under a range of plausible but highly uncertain future
conditions?

7

Scenarios derived from combinations of
assumptions about uncertain conditions

8

Derive simple rules for lever impacts under
different conditions (qualitative or ordinal)
Conditions

Implications for ‘water available to fish farms’ and
thus ‘YIELDS’ with vs. without infrastructure

Climate

R1 Infrastructure helps a lot if it is drier or more
seasonal otherwise it helps a little

Water demand

R2 Infrastructure helps a lot if water demand is high
otherwise it helps a little

Fish demand

R3 When fish demand is high production and profits
are higher and this effect is slightly larger when there is
infrastructure

Note implications for profits
(benefits:costs) not just yields

9

Baseline Risk 2050 (baht/kg)

Baseline risk without adaptation

10

Climate-related Risk

STRATEGY TYPE

Adaptation strategies should be robust

Projected
profitability
(Baht/kg)
11

Robustness
index
Or fraction of
conditions in which
is worthwhile
Mean for individual
strategies by culture
system
Some strategies are
irrelevant for
particular culture
system
12

Conclusions
• net benefits of different strategy types vary

substantially with water demand and fish demand, as
well as future climate
• No and low regret strategies are worthwhile under a
broad range of conditions, but may not be sufficient in
long-term
• Rule-based semi-qualitative models can be used in RDS
applications
• Collective strategies should be discussed (deliberated)
and negotiated
13

Types of adaptation strategies
A

IR: initial risk
BR: baseline risk
RR: risk reduction
ER: excess risk

B

D

14

C

Low Regret
tactics

F

Up Front
strategies

ER
RR

BR
IR

No Regret
reactions

CS

RR

Future Benefits
strategies

E

Easier early
strategies

Qualitative model of how conditions influence
relations
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Aquaculture’s contribution

Production
40 % of fisheries production
40 % freshwater / 60% marine
Rationale

Employment
2010 estimated at 360,000
jobs

Working Propositions
• Sustainable aquaculture can

co-exist with healthy aquatic
ecosystems and be
commercially viable
• Improving skills in climate
risk management will help
with adaptation to climate
changes
• Innovation is crucial to ongoing, successful adaptation
in the aquaculture sector
• Water management and
policy need to consider the
aquaculture stake
3

Aquaculture in northern Thailand
Tilapia and a few other species,
are reared in earthen ponds as
well as cages in rivers and
reservoirs

4
Rationale

Extreme weather and climate-related risks

Extreme weather events, in
particular floods and droughts,
can have significant impacts on
farm profits
5
Rationale

Climate-related risks in river cage culture
Extreme flow risks in rivers

Depend on river profile and water
infrastructure operations.
6
Problem

Site & flow manipulation

Can be managed by moving cages,
dredging or using flow deflectors.
[6]

Solution

Climate-related risks in pond culture
Low DO risks

Thermal stratification and high
oxygen consumption by
phytoplankton at night. Depends on
light, wind and temperature
[10]

7
Problem

Mixing & aeration

Can be managed effectively with
aeration, mechanical mixing and
avoiding excessive nutrient inputs
[6]

Solution

Reducing risks through stocking decisions

8
Problems

Solutions

Risks management is also about money and
relationships
1

2

3

4

5

Choose good stock
Keep good relations…
Maintain financial…
Reduce expenses
Follow weather news
Follow market news
Consult experts

Male FGD

Monitor water quality
Diversify income…
Seek government…

Figure. Farmer’s perspective on the
importance of selected farm-level risk
management practices in river-based cage
culture (n=662)

Stock staggered cohorts
Monitor 24 hours/day
Cooperatively sell…
Cooperate to purchase…
Reduce number of cages

9
Solutions

[4]

Iterative consultation leads to more
appropriate solutions
• Mechanism of impacts from

significant climate-related
risks better understood
• Alternative and innovative
response options compared
• Benefits and costs evaluated
under different conditions
• Effective response options
documented, demonstrated
and shared

10
Engaged
science

Value of innovation depends on context
Conventional

Innovations

Merits

Conditions

No aeration in
ponds

Aeration
Monitoring DO

Reduce risks of
low DO
episodes

Ponds with high
phytoplankton

Flimsy floating
river cages

Stronger cages, Reduce flow
better moorings, speeds and net
flow deflectors
deformation

Sites at risk from
high flows in wet
season

Mass media
weather
forecasts

Social media
(chat) on river &
canal conditions

Place and
culture specific,
timely

Variable water
conditions

Individual farms

Cooperatives
and groups

Knowledge
Bargaining

water resources
management

11
Solutions

[4,10]

Gender influences perceptions of risk
Levels
Women are slightly more
concerned about climaterelated risks and more likely
to prepare beforehand
Changes
Droughts are perceived to
have worsened
Climate change is happening
and a significant future threat
12
Challenge

[5]

Mixed methods help understand perceptions,
decisions and practices
• For slow-onset droughts women were

more likely than men to prepare
aerators and pumps (but not floods)

“Men sometimes get too excited,
irrational, men go ahead, use
more physical power. The risk
decreases because women stop
them by paying more attention
to details”
13

“Women pay more attention
to details than men. Men are
gruffer, and when they feed
fish they do so without
thinking about the weather
or climate; whereas women
are more observant about
weather and climate” (W)

Risk appraisal can be difficult
Role-playing Game
To improve understanding of
how farmers learn about risks
from experience and make
investment decisions in their
fish farms
Key finding
Hard to estimate risks when
they are high or increasing

14
Challenge

Experience and emotions matter too
• Emotions are also important

prior to stocking decisions,
and while waiting for the
harvest
• Fear of loss leads to greater
caution in stocking
decisions
• fear and anxiety prior to
harvest appears to help
motivate risk management
practices, such as close
monitoring and aeration
15

Communicating research findings
Practice Briefs
Briefs provide quick and easy
to understand information they were popular with
farmers and DOF officials.
Reports
Mostly read by DOF officials.
Journal Articles
Read by other researchers.
16
Communication

Social media tools help reach target audience
Chat tools
Mobile chat groups proved
valuable for crisis
communications
Facebook
Short videos on facebook on
risk management reached
large target audience when
shared strategically
17
Communication

What makes messages
persuasive and helpful?

[2]

Risk
management
at higher
spatial scales
is recognized by fish
farmers as very
important to
managing risks to
farm profitability
Usually requires
collective action…

18

Figure. Farmer’s perspective on the
importance of selected higher-level risk
management practices in river-based cage
culture in four river reach regions (n=662)

Water for fish
Mass mortality events
Polluted run-off from cities,
industry & orchards
Aquaculture sector has had
little influence on watershed
management
Seasonal shortages
Water shortages at end of dry
season impact aquaculture
Aquaculture water use is not
part of irrigation or allocation
19
Problems

Water policy has overlooked aquaculture
• Aquaculture will likely continue

to contribute significantly to
world food supplies and may
expand substantially
• Successful aquaculture
depends greatly on having
access to sufficient, good
quality water, and water
demand is rising
• But aquaculture activities can
degrade water quality and
impact ecosystems
20

Aquaculture policy has overlooked climate

Drier

More Seasonal

Less Seasonal

Existing aquaculture policies
rarely take into account
extreme weather events let
alone climate change

Wetter

Policy review

Flood

+

-

+

-

Drought

-

+

+

-

Heat waves

+

+

+

o

Climaterelated
risks

[13]

Policy engagement
Tools to deal with future
uncertainties and develop
longer-term strategies are not
widely known
21
Problem

Solution

Adaptation strategies need to be deliberated
a multi-stakeholder advisory
group built trust and longerterm relationships important
to innovation and adaptation
policy learning in wider
dialogue settings
A climate change adaptation
strategy is needed for the
aquaculture sector.
So we started process of
drafting one for the
department in an assessment
22
Policy

Conclusions
• Adaptation to climate change

in aquaculture sector is also a
sustainability challenge
• Research that engages with
stakeholders to solve
practical or policy problems
draws on multiple methods
and theories
• More work is needed on
sharing innovative practices
and collective management
of water use by aquaculture
23

Fish farmers of the North
Department of Fisheries
AQUADAPT advisory group and
research team
International Development
Research Centre, Canada

Selected publications
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Aeration Used in Ponds and Cages Culture Snakehead in Cambodia
Hap Navy, Kaing Khim, Seng Samphal, Soth Sobot and Chhun Sereyvan
Inland Fisheries Research and Development Institute, Cambodia

Email: info@ifredi-cambodia.org Web: www.ifredi-cambodia.org
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Methodology

Introduction

In the Mekong Region, adoption of aeration and circulation 120 farmers using and 30 non-using aerator were interview in the 3 main
technologies varies greatly among countries and species cultured. zones. Zone 1 Kompong Cham and Tbong Khmum Provinces (Upper

Many farms are intensifying their production systems but still do Mekong), zone 2 Kandal province and Phnom Penh (Lower Mekong) and
not yet use aeration technologies. Common reasons given include
concerns with costs of equipment, maintenance and energy

zone 3 Kompong Chhnang, Kompong Thom and Siem Reap provinces
(The Great Lake Tonle Sap).

supply, while others may be unfamiliar with aeration devices or do
not believe aeration is necessary or useful. Baseline survey
findings suggest however, that many farms suffer losses from
periods with dense cloud cover and are concerned with the risk of

Bubble diffuser System

low DO episodes, implying that adoption of aeration would
potentially be beneficial. This study proposes to evaluate various
aeration technologies for their likely effectiveness in different
situations, recognizing costs relative to benefits, and other criteria
important to adoption.

Objectives
To gather farmers’ experiences with and views on the performance of
different aeration and circulation technologies for managing risks of low
DO.

Fountain System

Snakehead Species

5. Reasons of non-using aerators for snakehead culture

Results
1. Water Quality Observation and Reason of using Aerator

2. Time and Frequency for using Aerators

3. Detail information about aerator usage and costs

Conclusion
•

Snakehead species feed fresh trash fish and produce more waste in
the pond

•

In Cages culture system farmers using air pump in low water flow
period and medication used for threat fish disease

•

exchange polluted water from bottom and produce DO in pond

4. Adoption of Using Aerators of Snakehead Farmers
•

Snakehead crop cycle: 8-10 months (Jul-Aug)

•

Harvest: Mar-May

•

Having 2 periods high risk:

especially, for fingerling and big size fish
•

•

Why use aerator: to reduce risk from low water quality

High stocking density – Farmers use aerator to remove waste and
improve water quality

•

- Nov-Jan (Cold and Dry)
- Feb-Apr (Hot and Dry) and fish growth big size

Snakehead culture farmer running exchange water system to

Snakehead Farmers mentioned that the aerators were easy to use,
install, set-up, low maintenance cost and safe to use

•

Even high cost on energy consumption, but had cost-effective in fish
production by improve water quality, reduce risk from bad weather
and increase growth rate

TẬP HUẤN TẠI TRANG TRẠI
AQUADAPT – Mekong

THIẾT KẾ VÀ VẬN HÀNH THIẾT BỊ
SỤC KHÍ VENTURI CẢI TIẾN
TRONG NUÔI TÔM
Sóc Trăng: 21/03/2020

Vo Nam Son, Dao Minh Hai, Nguyen Do Quynh, Do Thi Thanh
Huong, Nguyen Quynh Anh, Nguyen Thanh Phuong

Các phần chính
1.
2.
3.
4.
5.
6.
7.

Nguyên lý của hệ thống sục khí venturi
Hệ thống Venturi thương mại
Hệ thống Venturi cải tiến
Các bước tiến hành chế tạo đầu phun khí
Thực tế vận hành trên bể nuôi
Tiến hành làm trực tiếp
Thảo luận?

1. Nguyên lý của hệ thống venturi

(Baylar et al, 2006)
+ Tạo bọt khí mịn và dòng
chảy trong ao

+ Tăng lượng oxy hòa tan và cải thiện chất
lượng nước ao nuôi

Venturi (Danh, 2019).

Sục khí bình thường

1. Nguyên lý hệ thống venturi

Dòng chảy

Oxy

Sục khí Venturi

1. Nguyên lý của hệ thống venturi

Sục khí thường (DO ~ 7.8 mg/L )

Sục khí Venturi (DO ~ 7.7 mg/L

2. Hệ thống Venturi thương mại

Thành phần cơ bản của hệ thống Venturi từ
công ty thương mại

3. Hệ thống Venturi cải tiến

3.1 Các thành phần cơ bản của hệ thống Venturi cải tiến
1. Máy bơm

2. Ống dẫn
khí trời

3. Đầu phun khí (quan trọng)

3.2. Thành phần cơ bản để thiết kế đầu phun khí

7. Biến Ø 42-21
thứ 3

1. Ống Ø-21 2. Biến Ø 42-21
thứ 1

3.Ống nối khí

4. Biến Ø 42-21
thứ 2

6. Ống hơi (Ø-8mm)
5. Nối hơi (Ø-8mm)

3.3 Các dụng cụ cần thiết cho quá trình lấp ráp

4. Các bước tiến hành chế tạo đầu phun khí

Bước 1. Chuẩn bị đoạn ống Ø 21 dài 11 cm,
và biến Ø 42-21. Sau đó dùng keo dán lại với
nhau .

Bước 2. Dùng mũi khoan 4 mm, khoan dọc
chỗ nối giữa ống Ø 21 và đầu chuyển . Mục
đích là tạo đường lấy khí.

4. Các bước tiến hành chế tạo đầu phun khí

Bước 3. Lấy các lỗ vừa khoan gắn với các
ống nối khí

Bước 4. Dùng mũi (12 mm) khoan trên biến
chuyển Ø21-42 thứ 2, để gắn nối hơi vào.
Mục đích tạo bầu khí

4. Các bước tiến hành chế tạo
đầu phun khí

Bước 5. Gắn nối hơi vào biến chuyển Ø21-42
thứ 2

Bước 6. Gắn biến chuyển Ø21-42 thứ 2 vào
biến chuyển thứ 1. Mục đích tạo buồng khí

4. Các bước tiến hành chế tạo đầu phun khí

Bước 7. Gắn biến chuyển Ø21-42 thứ 3 vào

Bước 7. Gắn biến chuyển Ø21-42 thứ 3 vào

4. Các bước tiến hành chế tạo đầu phun khí

Bước 8. Gắn ống hơi vào

Bước 8. Gắn ống hơi vào

Phân tử nước

4. Các bước tiến hành chế tạo đầu phun khí
Chạy thử nghiệm

Lực hút giữa
nước và oxy
Phân tử nước

5. Thực nghiệm nuôi trên bể composite
• Thể tích: 100 m3
• Độ mặn: 15%o
• Mật độ: 16.000/100 m3
• Cỡ tôm 2.560 con/kg
• Lọc tuần hoàn

5. Thực nghiệm nuôi trên bể composite
7.08 mg/L (18.1%o) - 7.44 mg/L (9%o) oxy hòa tan tối đa ở
nhiệt độ 28oC
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7.70

Trên bảo hòa

28.0

7.65
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Nhiệtđộ
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NHiệt độ (oC)
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• Thể tích: 100 m3
• Độ mặn: 15%o
• Mật độ: 16.000/100 m3
• Cỡ tôm 2.560 con/kg
• Lọc tuần hoàn

6. Tiến hành làm trực tiếp
7. Thảo luận?
Địa chỉ hỗ trợ tư vấn:
+https://www.facebook.com/aquadaptvietnam/notificati
ons/
+ Võ Nam Sơn: vnson@ctu.edu.vn (0939705505)
+ Đào Minh Hải : dmhai@ctu.edu.vn (0987090672)
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THE PROJECT
Extreme weather has a significant
impact on aquaculture production. The
AQUADAPT-Mekong project aims to
assist fish farmers in five Mekong
countries (Thailand, Cambodia, Laos,
Vietnam, and Myanmar) better manage
climate-related risks, and thus capacities
to adapt to climate change, through
jointly evaluating and supporting the
development or uptake of promising
innovations. The project is led by the
Unit for Social and Environmental
Research (USER), School of Public
Policy, Chiang Mai University.

INNOVATIONS
Innovations are novel practices or new
applications of knowledge. While usually
they are thought of as technologies,
such as a pond aerator powered by
wind, for example, they may also be
institutions, as in weather index-based
insurance, or information-communication
systems. In this project, country
teams will work closely with farmers to
develop solutions to climate risk
management challenges that are
appropriate to local conditions and fish
culture systems. The expected outcome
is that fish farmers are better able to
manage climate-related risks and adapt
to climate change.

OBJECTIVES
Prioritize needs for innovation in
management of climate-related risks and
adaptation to climate change in the
aquaculture sector in target locations in
the Mekong countries.
Identify, refine, and enhance uptake of
sustainable innovations with high
potential to improve capacities to
manage climate-related risks and adapt
to climate change in the target locations.
Distill and share lessons learnt regarding
innovation for adaptation in the
aquaculture sector with relevant private
and public stakeholders.

