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INTRODUCTION
Environmental and social changes are imposing great challenges in many parts of the
world. Decision making under the uncertainties and unpredictability imposed by
changing climates is one of the critical challenges that rural societies in developing
countries are facing at all scales of decision making. Local inhabitants, authorities and
policy-makers have to make important resource management decisions that will impact
future adaptive capacity. In Latin America, natural and social complexities are
magnifying the difficulties of decision-making in the face of recent climatic challenges.
There are great challenges imposed by climatic stressors in Latin America over water,
agriculture and biodiversity already affecting many populations in the continent. Recent
study assessing the needs on climate change adaptation in Latin America emphasize the
need for innovative governance structures and institutions due to the complexity of multisector challenges. This assessment also recognizes that decision makers understanding,
capacity and authority to take action related to climate change is limited. The study notes
that limiting factors hindering effective decision-making are the organizational
weaknesses, and the lack of information. Also, lack of integration of scientific finding
into decision-making processes has been highlighted as hindering factor for adaptation to
climate change. They find as key bottlenecks for adaptation in the continent the lack of
dissemination, access to, and use of information (FFLA, 2008).
On the other hand, IPCC (2001, 2007)) recognizes that adapting to climate changes will
require responses from all levels of decision-making. Unfortunately in developing
countries there is seldom an agreement between local people’s needs, policy
development, and program implementation. Even at the local level, authorities’
understanding of different household realities and constraints can be poor.
Thus, the lack of bottom up approaches to decision making and the already limiting
information factors makes imperative to offer alternatives to decision makers. Bridging
these gaps is important for achieving effective preparedness and successful adaptation to
future climatic changes.
Participatory Scenario Modeling is an innovative and interactive way of looking at the
future to explore potential, proactive decisions (Petterson et al., 2003; Van der Heijden,
1996). This framework and its associated tools offer the possibility of bridging gaps
between scientific knowledge and the knowledge and values of non-scientists. Thus, the
uses of this method can help incorporate knowledge gained in rural communities with
policy-making considerations and local planning.
Objectives
This project’s final aim is to design and test, with the participation of local authorities and
rural households, an integration of modeling tools for system understanding and decisionmaking in the face of climatic stress. Appropriate understanding and representation of the
vulnerability aspects of the socio-ecological system is crucial. Repetition of a
longitudinal survey done by the Southern Yucatan Peninsula Project (Turner II, et al.,
2004) in 1997 and 2003 will be the first step to understanding of vulnerability aspects.
Fallowing, the development of two scenario-based modeling tools to simulate the
Calakmul socio-ecological system will be done using survey data inoformation. The
Ethnographic Linear Programming (ELP) model (Hildebrand and Cabrera, 2006;
1

Hildebrand and Sullivan 2002) will simulate household-scale decision-making and
resource allocation under various climate scenarios and within specific communities.
Parallel to the construction and analysis of an ELP model, the Questions and Decisions
(QnD) scenario modeling platform (Kiker et al., 2006) will simulate higher scales of
decision making as well as the broader environment (biophysical, hydrological,
geographic, market, climate). Next, these tools will be integrated to simulate selected
elements of the Calakmul socio-ecological system responses and feedbacks under
different future climatic and social scenarios.
This technical report will layout the background and explain the activities done during
2009 under the internship awarded by IDRC in 2009 towards the final aim of this project.
BACKGROUND
Climate Change and Adaptation
The IPCC (2007), refers to climate change as “any change in climate over time, whether
due to natural variability or as a result of human activity” (Pp. 22). Rather than
emphasizing its causes, this concept tells us that the identification of any changes in the
climate over a considerable period of time can be considered as climate change, rather
than defining it by its causal factors, which often can decrease research inertia due the
difficulty of assessing causality. The IPCC alerts the global community that many
ecosystem’s resilience will be threatened in the near future by combination of climatic
and global changes. The report points out that impacts of climate changes are inevitable,
and adaptation is the only alternative, especially for near term effects. Moreover, they
urge that unmitigated climate change effects would hinder adaptation capacity of natural
and human systems in the long run. Thus, they recommend, as a way of increasing
adaptive capacity, the consideration of climate changes in development planning (IPCC.
2007). On the other hand, the UNDP (2007) recognize that widespread successful
adaptation encounters barriers, limits, and costs at multiple scales, especially at the local
level as governments increasingly devolve rights and responsibilities to localities in
developing countries.
The IPCC (2007) points out that the most vulnerable societies are those whose economies
are closely linked to climate sensitive resources and those prone to extreme weather
areas. This is often the case in many rural populations in developing countries where
livelihoods are based upon natural resources. In addition, poverty can increase their
vulnerability since they tend to have limited adaptive capacities and are highly dependent
on local water resources and food supply.
Vulnerability to Climate Change
Climate research sees as important factors determining the climate change’s challenges to
Socio-ecological Systems (SES), their sensitivity and vulnerability. Vulnerability is
defined in the IPCC (2207) report as “the degree to which a system is susceptible to, or
unable to cope with, adverse effects of climate change, including climate variability and
extremes (2007:22). This definition explains the concept as a function of the external
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shock’s (e.g. climate change) characteristics, the system’s exposure, sensitivity and
ability to adapt.
In addition, Walker et al., (2004) defines adaptability as “the capacity of actors in the
system to influence resilience”; they specify that SES adaptability can be defined in terms
of actors’ capacity to manage the system. They argue that since human action dominates
SES their adaptability is based upon the actors managing the system. Thomas et al.
(2005), after studying the characteristics and process of adaptation to climate change in
various African SES, defined adaptation as “the adjustment of a system to moderate the
impact of climate change, to take advantage of new opportunities or to cope with the
consequences”. They found that adaptation required changes in the SES to increase its
coping range. On the other hand, the IPCC (2001) report points out that planned
anticipatory adaptation has the potential to reduce vulnerability and realize opportunities
related to climate change. Thus, it is vital that adaptation is based upon actors’ ability to
manage and make adjustments to their system.
Study Site Description
Geographic location
The Calakmul reserve is located in the south of the Yucatan peninsula, and at the
southeast region of Mexico. Politically, it is divided between the states of Campeche and
Quintana Roo. Its geographic coordinates are between 19-17 North latitude and 90-89
West longitude (Gates et al., 1999). Its altitude varies from approximately 60 to 360
meters above sea level.
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Brief history of the region:
Calakmul and Escarcegas are new municipalities that have been created due to the
demographic changes in the state of Campeche in the last 4 decades. More interest in
colonizing the interior and south frontiers of the state emerged from populations in other
Mexican states, which experienced land or productive resources constraints. It has been
estimated that immigrants in the region are coming from about 26 of the 32 Mexican
states (Pat and Ku, 2000)
Initially Mayas populated the area and eventually mestizos and other indigenous groups
have established more recently in this area. Forest exploitation was initiated in the area in
the early 1900’s. Lands were initially sold to foreign investors for forest exploitation.
During the First World War chewing gum and wood extraction initiated forest
exploitation in the area. By the 1930’s forest extraction was mainly done by small
national companies. The government gave land parcels of between 5,000-50,000 to local
entrepreneurs. Thus human settlements emerged in the area and agriculture, ranching and
forest exploitation increased. Chewing gum extraction was intensified during the Second
World War. In the mid 1960’s the international chewing gum market decreased and the
lands that were given to private entrepreneurs were then designated as “Ejidal” lands.
Some Ejidos existed earlier than 1960’s. Ejidos are the local regulatory entities, (Konrad,
1999). They constitute the communal land tenure system used to give land access to
many inhabitants of rural Mexico.
In this period the population increased in the area and slash and burn agriculture was used
to expand the milpa cultivation, livestock operations and other agricultural activities. The
national timber market increased in this period as well and substituted for the chewing
gum extraction in forest exploitation. The creation of new roads to the area and
transportation vehicles also influenced the increase of timber extraction in the region
(Konrad,1999).
In the 1970’s government initiate the influx of programs aiming at food security in rural
areas through agricultural development. Through the Ejido system agricultural
technologies were introduced to expand commercial crops. This in some instances
brought to the region a form of cultivation dependent on external inputs and in many
cases ecologically inappropriate technologies (Gates, 1999).
In the end of the 1950s new Ejidos were created and those already existing were
expanded with the purpose of advancing the agricultural reform (Pat and Ku, 2000). In
contrast to the Ejido system the Calakmul Biosphere Reserve was recently established as
such in 1989. This has created many land management conflicts since there are ejidos
currently inside the reserve boundaries. Land and resource use rights are differentiated
between communities depending on their
Because of its history of immigration during the last decades the area is culturally very
diverse. In general indigenous groups concentrate in the southern part, including local
“Maya Yucatecos” or from other regions of the country. The indigenous population was
around 19% in 1999; from which 6% do not speak Spanish. From these 6% the majority
speaks Maya (81%) and the rest speak 44 languages different than Maya Yucateco or
Spanish. Among these 44 languages are the Chol, Kanjobal and Mam (Sanchez, 1999),
Tzetal, and Totonaco (Pat and Ku, 2000).
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Biophysical Characteristics
The Yucatan Peninsula- the Aquifer and hydrology
The aquifer of the Yucatan peninsula karstic system in which highly localized clay
patches can be found. The aquifer in predominantly unconfined with the exception of a
band a long to the coast. In general the aquifer is highly permeable with a low hydraulic
gradient. The peninsula is also characterized by the absence of major river systems.
Thus, the only fresh water resources in the peninsula are mainly the cenotes ( Steinich
and Marin, 1997). Another source of fresh water are the man made wells. Thus, wells and
cenotes are what allows access to the region’s main water supply, the ground water
(Luzzadder-Beach, 2000).
Surface water is only found in a form of seasonal accumulations or inundation of the
karst savannas (Luzzadder-Beach, 2000). This limitations in surface water availability,
makes ground water resources critical for the domestic, economic activities in the region.
Climate
The peninsula is located to the south of the Tropic of Cancer and within the intertropical
belt. Its climate is predominantly hot subhumid and average annual temperatures of 26
degree Celsius (Graefe, 2003)). According to Gates and others (1999) in the southern part
of the peninsula the mean temperatures is also, around 26 degrees Celsius, tending to be a
little warmer in the north side. According to the classification of Koeppen, cited by
(Graefe, 2003), the climate of the peninsula can be divided into three predominant
climates subtypes, according to humidity levels (Aw= less humid, Aw1= intermediate,
and Aw2= more humid. The southern part is closer to the intertropical convergence
(Graefe, 2003). This region present a subtropical and warm climate (Gates at al., 1999).
This can be observed in the following figure:

Figure 2. Koeppen climate classification of the Yucatan peninsula. Source Graefe (2003)
Rainfall
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In general in the peninsula a 70% to 80 % of the rainfall occurs during the wet season,
between May and October. The wettest period is during September and the driest months
between March and April. Between July and August a dry period (canicula) represent a
concern for local farmers (Graef, 2003).
The unpredictable distribution of rainfall is a factor of great uncertainty for farmers who
depend on it for the growing of crops (Graef, 2003). There is a great variability gradient
of rainfall along the peninsula. The following figure illustrates this variations.

Figure 3. Annual rainfall gradient in the Yucatan peninsula
From the figure above it can be observed how there is a remarkable decrease of rainfall
from southeast (1200 mm/yr) to northwest (500 mm/yr) (Graef, 2003). In the southern
region of the peninsula the annual precipitation varies from 1,100 and 1500 mm, from
which 83% occurs between May and November. The rainiest season is between June and
October. The dry season is between December and April, however 50 mm of rain occur
in January (Gates et al., 1999). The hurricanes season occurs between June and
November (Gates et al., 1999).
Rainfall can be limited or badly distributed (Luzzadder-Beach, 2000; Pat and Ku, 2000)
A study conducted between 1998 and 1999 by Lawrence and Foster reports very high
annual rainfall variation within relatively short distances. As Lawrence and Foster (2002)
reports, in this region the “precipitation increases by more than 50% over 120 Km from
the northeastern border of Calakmul Biosphere to Guatemalan border” (400). In the
article authors do not clearly refer to the causes of this variation. It is likely that this is
related to the dramatic land use changes in the region in previous years to their study.
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Figure 5. Total annual rainfall gradient in three villages located at short distance (120 Km
apart) within Calakmul municipality, 1998-1999. Source: Lawrence and Foster, 2002.
This is related to the permeability of the soil and relative elevation (Pat and Ku, 2000).
As another source of fresh water for consumption is the one that can be harvested and
stored from rainfall. In addition to water supply for domestic use, productive activities
like animal rearing also use rainfall water harvesting.
Rainfall trends and indications of climate change influences in the area
Recent research by Peralta-Hernandez and Balling (2009) on the main climatic anomalies
in the Yucatan peninsula have found a significant relationship between extreme rainfall
events the ENSO and Pacific Decadal Oscilation. Extreme rainfall events often occurred
during the positive phase la Niña (SOI) and the PDO. In consistency with the IPCC report
and other studies they have found that extreme rainfall events have increased in
frequency and intensity over the past 50 years.
Examining the variability of temperature and rainfall in the Yucatan Peninsula PeraltaHernandez et al. (2009), have found an increase in diurnal temperature of 0.160 degree
Celsius per decade. They have also found a slight downward trend in precipitation , but
not with statistical significance.
For the Calakmul area, looking for long term patterns of different weather variables can
be challenging due to the lack of data. There currently five weather stations, but only two
with long term data of over 30 years. Here a simple trend graphs shows two months
rainfall on two of the weather stations.
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Monthly precipitation trends for two stations based within the Calakmul municipality, 1950’s- Mid 2000’s
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In addition to long term tendencies in rainfall, the Calakmul municipality has suffered
three consecutive years of climatic extremes. The year 2007 was characterized by the
impact of hurricane Dean in the municipality. The fallowing year, 2008, many locals
also expressed being affected by drought in certain areas. While the ENSO phenomenon
of 2009 has seriously affected all the communities. It started with a difficult hot season,
with significant increase in frequency and areas under fire, and a long prolonged drought
that extended until the end of the year. Local authorities manifested fears of a harder fire
season due to long dry period for year 2010.
Livelihoods and resources:
This area is very favored with the great forest and wildlife resources which provide
income and consumption opportunities for households. Forest extraction (timber,
chewing gum, and precious woods) is still a very important resource. Wildlife is also
sometimes extracted through hunting for home consumption.
Another resource that can be important is the access to machinery and fuel for forest
extraction. Some communities will have limited access to these. That can make a
difference on how much they can benefit from forest extraction. In a similar manner
tourism and the proximity of the communities to tourist areas, with archeological sites or
attractive forest resources is a resource exploited by some communities. One limiting
factor is financial resources, credit or loans, for agricultural or timber extraction
investment. Due to the impossibility to use land tittles or ownership of land by Ejidatarios
credit is impossible to get. In response to this, the government has facilitated the
availability of many government development programs that give incentives for
production (agriculture or animals) to ejidatarios.
Forest Extraction:
There are three main types of Ejidos with regards to forest exploitation:
1. Those that have extension of forest lands inside the reserve.
2. Those that have an important forest parcel outside of the reserve.
3. Those that have small reserves inside of their Ejidos.
Forest exploitation is regulated by the government through a sort of quotas given to the
Ejidos; each Ejido gets a certain quantity of wood that can be extracted. The government
demands from Ejidos forest diversity studies and environmental impacts assessments in
order to give rights to exploit the forest. Many of the restrictions and bureaucracy
involved in the process means that some Ejidos get into the illegal exploitation of forest
or abuse of quotas or sub-utilize their quotas. Some Ejidos sell their quotas to private
companies that export the timber or process the wood for the national market. Some
Ejidos put the labor to extract the wood from forest and sell it to private companies.
There are also nine Ejidos that have their forestlands in the buffer zone but their
population centers are in another municipality. By law no forest exploitation can happen
in the core zone of the reserve (Pat and Ku, 2000). Some communities have also a mill
and locals can benefit from having a job at the mill. Other related sources of income are
carpentry, machinery repair, inventory work, forest management tasks, nursery work and
replanting work. In some cases the forest exploitation creates other income sources for
some households in the community. Families that own a truck can benefit from the
9

transportation fees that are paid for carrying the timber from community to buyers or
market.
Agricultural Activities in the area
In the present days the area presents a very diversified livelihood system. Agriculture and
animal husbandry are still very important parts of it. The agricultural and animal
production in the area tends to be very diversified as well. The production of cash crops
such as chili, allspice, chihua, citric, a variety of fruits, and sometimes corn when yields
are good supply for home consumption and for selling in the market. Also pastures are
another crop characteristic of the area (GTZ/CONANP, 2008). According to Schmook et.
al. (2003) 50% of the families have pastures even if they do not have livestock; this may
be related to the production of a pasture that is sold for roof construction (palapas).
There is production of calves to sell to larger companies that raise the animals for a
longer time. This area is not very appropriate for cattle and the access to this market is
more difficult. Thus people have opted for production of small calves to be sold for
further growth to other companies that are better located and have more resources for
raising the livestock. This is more profitable for the households than investing their
limited resources in fully raising the animals.
In addition to this large livestock, there is a great variety of small livestock such as hogs,
sheep and goats that is produced in this area. People have taken advantage of the
adaptability to topographically irregular terrain and dry conditions of these small
livestock and produce them to trade them in the market as well as for home consumption.
In addition poultry production (turkey, chicken) is very common as well for home
consumption or trade in the market. Also, bees are raised to exploit their honey
production. This is a very common activity as well and most households will have some
quantity of bees. This type of product is also very adaptable to the area and resists many
of the environmental limitations of the area, such as hurricanes.
A regional NGO, Pronatura had promoted in the past the cultivation of crops that help
soil to recover some nutrients such as mucuna beans, and canavalia. These provide some
nitrogen fixation for soil nutrients recovery. They have also promoted the system of
planting over the previous crop residues to improve nutrient cycling and soil protection.
However, in this area most people tend to employ fallow as a soil recovery strategy.
Since soils are very fragile even 15 years for fallow can be used (Pat and Ku, 2000).
Main consumption / sometimes cash crop: maize
Traditionally the area has been dominated by the subsistence farming of milpa. The
farmers in the area include maize, beans, and squash in their milpa. In the last decades
chili cultivation has expanded as a cash crop. Slash and burn maize cultivation in
association with squash (chihua) is the main cultivation system for subsistence
(GTZ/CONANP, 2008; Klepeis et al., 2004).
Principal Cash Crop: Chili
Chili has become the main cash crop and its cultivation; commercialization is a source of
income for laborers and private enterprises (Keys, 2004b; Pat and Ku, 2000). Chili
receives the majority of the external inputs. In 1998 a yield of 5 tons/ha was registered. In
10

mechanized operations the yield achieved 15 tons/ha. The crop is affected by several
pests, such as nematodes, and white fly; thus pesticides are heavily used in this crop
(Keys, 2004a). Some negative consequences of chili production in the area are the
increasingly resistant pest populations, disappearance of natural enemies to pests, and the
most problematic--deforestation of many hectares of forest.
Animal production:
Animal production is generally extensive and generally implies the clearing of
forestlands to plant pastures. Animal production is of plays its role as source of proteins
and income for households The main animals raised in the area are livestock, sheep, hogs
and poultry as well as bees (GTZ/CONANP, 2008). In some communities and some areas
the production is greater while in others it is only very small scale (few animals in the
backyard). In general, most households have combinations of small animals because of
their short-term benefits and less demand of resources such as water and feed, especially
in dry seasons and drought periods (Pat and Ku, 2000). Many households are also
engaged in honey and bees production. However lack of marketing options, low prices
and lack of good marketing strategies are the main constraint for this activity (Pat and
Ku, 2000).
Other Activities
In the past two decades the diversification of economic activities increased. In recent
years tourism has been expanded in the coastal zone and more Maya ruins have been
discovered engagement in the tourism job market is another important source of income.
This industry creates demand in the market for certain raw materials that are used in
tourism. Many households engage in the production of a grass utilized to build roof
called palapas and is characteristic of the area thus used to make buildings more attractive
to tourists. In addition off farm work in the local market, and craft activities
(embroideries) are important cash generating activities. Some of these activities are
described bellow.
Government Programs:
Also, important sources of cash are the variety of government programs that aim at
agricultural development and subsidize the production of some crops or animals
(PROCAMPO, Alianza para el Progreso, Pro-Arbol, Empleo Temporal, Oportunidades).
People from these Ejidos have all the rights to use and exploit the land but do not really
own it in a sense that can be traded or used as guarantee to get loans or credits that could
be used to invest in agricultural enterprises. Thus when government tried to advance
agriculture in the area, many programs where created that mainly subsidize the
production of some crops or animals. In times of crisis or bad years when production is
low, these programs are utilized by beneficiaries to supply basic need. Other programs
are actually intended to help to integrate women in production activities.
Many women engage in the production of embroideries as well; these are sold to
intermediaries or directly to close consumers. Especially in times of agricultural failure or
other crisis this can be an important source of cash for many households.

11

Institutional context
This municipality is characterized by the presence of many government agencies that
interact in various ways with local municipal government. Both conservation and
development oriented NGO’s and government agencies have physical presence and
implement various programs in this area. At the same time the ejidal authorities are the
intermediaries between any institution and the local households.
Under all those institutional influences, local ejidatarios have to make land management
decisions (Vance et al., 2004) within government regulations and under the influence of
various incentives. Moreover, the ethnic diversity between communities has traditionally
imposed great challenges for the success of such programs. Such diversity represents a
significant challenge for authorities at state and even at municipal level during policy
design and implementation. Thus, often policies and programs are designed with little
understanding of local ejidatarios’ needs and constraints, and often in a reactive fashion.
In addition, all these decision-making institutions are already facing the challenges of a
very uncertain climate. Declining rainfall trends during rainy season months coupled with
frequent hurricane events are threatening the socio-ecological system. Paradoxically, the
area’s hydrological and geographic characteristics produce greater vulnerability to dryer
conditions than in the rest of the Yucatan peninsula.
METHODS
During 2009 this project focused on: the identification of the potential user for the
decision making tool and their worldviews and perspectives. Increase our understanding
of the use and importance of forest resources for household subsistence and income
generation. And the development and application of a survey instrument designed to
measure the aspects of vulnerability to climatic extremes like drought, hurricanes and
higher temperatures.
Project was presented to local and state level decision makers in order to find an
institution that could have interest to use the decision support system and take the
outcomes of the project in consideration for future planning in the region. The Calakmul
Biosphere Reserve (RBC) manifested great support for the project and also worked as a
link to present it to other organizations.
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Figure . Organizational map for the Calakmul municipality highlighting the main partner
institution.
The figure above shows a summarized organizational map for the municipality of
Calakmul. The RBC, is an institution strategically located and with a long-term
permanence of staff due its dependence of the federal government under the National
Commission of Protected Areas (CONANP). This institution is physically located in the
municipality and its aim is the protection of the reserve. In the mid 2009 this organization
redesigned it’s programming. The institution is conscious of the importance of their role
as mediators between communities surrounding the reserve and other institutional actors.
The new programming emphasizes the attendance of development needs of the
communities, which is seen as the most effective way of conserving forest. In addition
the lack of punishing and regulatory authority of this institution force it to negotiate and
work with communities as well as other local and upper level institutions for the
conservation and development of the area.
The RBC is also a link and center point of contact for most scientists working in the area,
mainly due to the long tradition of biological research done in the reserve. The institution
is increasingly aware of the importance of managing and having readily available
scientific databases and information. The organization manifested their complete support
and interest for this project and which presents a great opportunity for the project to be of
developed taking in consideration end-user views and priorities. This gives greater
probabilities of achieving applicable results.
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As main partner and mediating institution in the Calakmul municipality, the RBC
programming and priorities will be taken in consideration for the development of this
project. The new programming of the institution emphasized the attention to:
• Increase control over charcoal production activities: by establishment of a
management program, laws and norms, specification of species selection according
to protective codes. Create location inventory, support the efficiency and
profitability of the activity, estimate produced volume, and find impact
compensation mechanisms.
• Ovoid illegal logging through verification in high incidence ejidos and
increasing control such as establishment of more retention points
• Illegal and subsistence hunting: Increase vigilance and awareness of protected
species.
• Establish and enforce the rules and regulations for chicle extraction.
• Fires prevention and management: through awareness of burning calendar,
education about procedures when fires occurs; also, training of fire brigades in high
fire frequency ejidos. Enforce the fire management plan.
• Limit the growth of cattle ranching in unsuitable areas and reduce impact on
jaguar population.
• Reduce the impacts of slash and burn agriculture over forest resources as well
as negative impacts of mechanized farming.
Assessment of Importance of forest resources for local population
The understanding about the importance of these resources was important for a more
comprehensive representation of livelihood system. The assessment of the importance of
forest resources was carried out by consultation with local households. Free listing is an
anthropological method in which participants are asked to list all known item under a
certain category. In this project participants were asked to list all forest resources that
they utilized in any way either consumption as food medicines, fiber or as items they can
sell. Fallowing a pile-sorting exercise was used to ask participants about the importance
of the forest resources for either consumption or cash generation. Participants were
showed all the forest products mentioned in the free listing part, and asked to classify
them between very important and less important and non-important items. This same
question was done to assess products importance for home use or consumption; and to
assess products importance for income generation. Resources classified as most
important were assigned a score of 2, and those classified as most important were
assigned a score of 1.
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Picture. Free listing exercise a participant household.
The selection of communities for this purpose was considering two main types of
communities, those with large forestry ejidos and non-forestry ejdios. Large forestry
ejidos, are traditionally recognized as the main timber providers and count with permits
for forest exploitation. While the ejidos chosen as the non-forestry ejidos type are more
agriculture based ejidos, non recognized as timber seller.
Survey design and application
A survey done in year 1997 by the SYRP project was taken as base for the design of the
survey instrument. In addition, different sections were added in collaboration with the
RBC personnel. The final instrument covered the fallowing aspects in order to understand
various aspects of vulnerability to climate stressors:
• Family composition
• Socioeconomic indicators
• Assessment of current productive activities.
• Changes in livelihood strategies
• Agriculture seasons 2009 and 2008
• Natural resource use
• Land tenure, use, and cover
• Perception of exposure to rainfall changes, temperature increase, hurricanes
• Pest and wildlife competition for crops and livestock
• Water, availability, sources, consumption, uses, cost.
Survey sample:
The sample designed by the longitudinal SYRP project was fallowed, and in addition new
communities and participants were added to include communities representing different
land zoning categories, land tenure. In addition sample included communities located in
different areas along the rainfall gradient and included all economic activities. In total
about 235 surveys were completed by researcher and two assistants. The distribution of
the sample fallows the population sizes of the villages, thus the survey included more
participants from communities with larger populations, and less from smaller size
communities. The final sample included 54 in the northern area, 34 in the western part,
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40 in the border zone with Quintana Roo State, and 107 in te southern zone of the
municipality. A total of 20 communities were included.
Ethical Procedures
The study is conducted following the ethical procedures of the University of Florida
Internal Review Board. Approval of the project ethical measures was obtained in 2008
and reevaluated and approved in 2009. Participants were given an oral introduction to the
intends of the project and asked their oral or written consent which was kept with every
survey instrument as record. Each participant was provided with a small description of
the project, involved institutions, length of interviews, clarification of rights to withdraw
at any moment from responding to any question or from the study. They were also
assured about the confidentiality of the information provided. Also, participants were
asked if they had any further questions about the project before to proceed to
interviewing them and were provided with contact information and name and contact
information of researcher and of the UF-IRB office in case they wanted to know any
additional detail or consult researcher about the project (See attached participants’
consent form)
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RESULTS
The Importance of Forest resources
A quick assessment of forest resources importance using free listing and pile sorting
techniques was conducted in forestry and non-forestry ejidos. A total of 39 participants
were interviewed by researchers at the end of dry season between end of May and early
June. Results from this part generated a list of more than 100 products used by
households for either sell or consume. These include wild fruits, leaves and animals,
honey; and timber for household construction, commercialization, charcoal making,
latex. Shown in the next graph the summed scores of each product, indicating that the
most important forest products for income generation are timber and honey, since more
people considered them as important and assigned a higher importance score. Fallowed
latex extraction was also mentioned to be important for the households that still extract
latex. Despite the low and decreasing number of chicleros (latex extractors) in the area
families still doing this activity can generate good income from it in a favorable season.
Almost equally important product is charcoal, which is a recently initiated activity and
many people have already engaged in it. Timber and charcoal activities have no
difference in importance for forestry or non-forestry communities.
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Figure. Forest products importance of income generation in Calakmul. 2009
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SURVEY RESULTS
Survey results have not been generated. However, below it is outlined the thematic
arrangement of issues that will be worth discussing from survey results in order to
understand the different aspects of vulnerability of Calakmul.
Livelihood Changes
Incorporation of new livelihood strategies
Many households have recently incorporated into their livelihood new economic
activities, mainly due to agricultural failure during the last years. Charcoal is one of the
newly initiated activities that keep expanding to more producers. Honey production, an
activity that many did years ago, is now being readopted or adopted for first time as there
are government support programs and a good market for export. Many are looking into
new options of selling products such as new types of grass for roofing materials in tourist
areas, selling seeds from exotic plants with good market like Xiate palm seeds.
Diversification of livelihood strategies
Some households have opted for adopting a broad array of productive and economic
activities to secure their livelihood and subsistence. A single household can be involved
in as many 5 or more different activities through the year. This also secures sources of
food and income through the different seasons in a year as well as during non-normal or
extreme conditions during certain season of the year, either extreme rainfall or lack of it.
Cattle Expansion
Cattle production, despite of being mainly an undeveloped productive activity is
spreading quickly in the region. Many households have as a goal to own at list some
cattle. Some households see it as more a income generation resource, but other also see
the activity as something more secure in to which they can recur in difficult times. In the
latter year a great spur of cattle expansion could have happened due the increasingly
lower yields in many important agricultural crops. One manifestation of that is the
initiative that many have taken to request water harvesting structures form the
government for their individual parcels, which have a intend to collect rainwater for cattle
production. The number of structures being requested and build has dramatically
increased in the latter years. On the other hand, there are many households that try to
engage in this activity gradually preparing land and water structures for it for years due
their lack of economic or labor resources.
Cattle production in a drought sensitive environment
Migration
Migration in this region has gone trough different stages probably due the different
drivers influencing the out flow of people. In the past many emigrated to US to earn cash
and send back to their families to speed their economic advancement. This pattern had
gradually changed and few do migrate to US in recent years. However, increased failure
of agricultural activities and lack of economic, labor and other resources necessary to
engage in other productive or economic activities still force family members to migrate.
Migration in recent year appears to be mainly temporal. Family members might migrate
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for few months after a bad growing season to tourist areas in the coast of Yucatan
peninsula.
Abandonment of Agricultural crops
Many agricultural crops are being abandoned, especially due to the lack of good yields.
After couple of years with large losses of their time, cash and other resources, many
farmers are frustrated and decide to look for other activities. Thus, complete
abandonment of agricultural activities occurs. However, many households cannot easily
engage in other activities and are left with the option of just reducing the amount of
resources invested in copping, or simple avoiding planting certain crop hat they deem
more risky under current climatic stressors.
Differential crop sensitivity
It was evident that there are differential sensitivity of the main cash and subsistence
crops. However this sensitivity to climatic stressors (lack of rainfall, erratic geographic
and time distribution of rainfall, late onset of rainfall), is not only linked to water crop
requirements but also linked to changes in pest incidence and very often heavily on
competition with wildlife. Especially the staple crop, corn, has been continuously
affected rainfall anomalies, on top of that, when some minimum yield is achieved pest
and wildlife attack can lead to complete crop loss.
Among the cash crops, which the main were chile (mainly jalapeño peppers), and chigua
(a local squash), the most sensitive to climatic stressors affecting is the chigua. Under any
climatic stress people have experienced consecutive losses in the past years. Thus many
farmers are not motivated to continue planting it. On the other hand, chile is less and less
attractive for many farmers. This due to climatic stressors contributing to lowers yields,
but also to increases on inputs prices and decreases in product prices. These factors make
the main cash crop of the region less attractive and highly risky to many farmers.
Many of the subsistence crops like beans and many some kinds of tubers, might also be
indirectly sensitive to climatic stressors due increased wildlife attacks.
Government assistance programs as safety nets
Families have expressed that the programs that are occasionally given from different
government agencies, even thought s very little does help them to cope with the bad
growing seasons. Programs like the “temporal employment”, which is offered by the
RBC, and the PROCAMPO which is a subsidy for certain agricultural crops, as well as
the Progresa program, a subsidy for kids education are often awaited by poor families in
time of economic and food scarcity. On the other hand, households that cannot access
these programs manifest having a hard time coping.
Water Resources
Traditional water resources have been scarce in this region due to its biophysical
characteristics. However under current climatic stress related to drought rapid
development of new structures to harvest rainwater have been implemented. Different
structures exist. Each source providing water for a specific use such as cattle production,
human consumption and other household needs. Each family harvests rain water, but also
rainwater is harvested communally. In times of great stress communal sources are used.
However in times of great scarcity or long dry seasons many households have to recur to
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purchase of water for home or even animal rearing. Which can pose a great economic
pressure on household’s limited budget.
In addition, the natural water bodies experience increased stress due to human, livestock
and wildlife competition. The RBC and local producers have manifested concerns for
sustainability of the scarce water bodies.
On other hand differential power structures between ejidos of the municipality leads to
the great disparities with regards to water governance. Water transport systems have been
built, but are mainly benefiting some communities while negatively affecting others or
making other profit from water transport in times of scarcity.
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Consentimiento del participante
Muy buenos días!. soy Joysee Rodriguez de la Universidad de Florida, estoy haciendo una investigacion en
colaboracion con la Reserva de la Biosfera de Calakmul. El estudio es financiado por el Centro de
Investigacion para el Desarrollo Internacional del Canada. Le estamos muy agradecidos por su voluntad e
interés en participar. El estudio es para comprender los problemas que estan ocasinanado los cambios de
clima (como sequias, huracanes, aumento del calor) en el municipio de Calakmul, asi como las maneras en
que la gente esta sobrellevando o las dificultades que estan sintiendo. Estaremos haciendo encuestas con
algunos hogares en algunas comunidades.
Las encuestas duraran mas o menos una hora o hora y media. La investigadora sera la unica persona que
tenga acceso a la informacion personal despues recoger la informacion será informacion confidencial al
concluir el estudio. Asi nadie puede asociar las respuestas a ninguna persona especifica.
Asi tambien, respetamos si usted prefiere no responder a todas las preguntas de la encuesta. Si usted
prefiere puede renunciar a su participación en cualquier momento y por cualquier razón.
No hay ningún riesgo, compensación u otros beneficios directos por su participación en esta entrevista. Sin
embargo, yo estoy muy agradecida por su participación en la entrevista y el tiempo que se ha tomado. Los
resultados de esta entrevista y otras actividades que estoy haciendo para completar mi proyecto de
estudios de doctorado y las recomendaciones para mejorar la prevención de impactos de fenómenos
climáticos en estas comunidades serán compartidos con su comunidad, La Reserva de la Bisfera de
Calakmul, las autoridades municipales.
¿Quiere usted dar su aprobación para participar en este estudio?
Nombre del participante(s):
Fecha de la entrevista:
Hora:
Consentimiento oral de participación (llenado por el entrevistador):
____Si
_____No
Consentimiento escrito, nombre: ______________________________________
……………………………………………………………………………………………………
Tarjeta informativa para los participantes
Gracias por su participación!, en el la investigacion “Adaptación a cambios de clima en Calakmul”. Sus
respuestas y participación son muy importantes para este estudio. Ninguna información personal (su
nombre o dirección) será mencionada en los reportes o compartida con nadie. Sus respuestas serán
usadas en una forma general para entender la problematica en el municipio.
Si usted tiene cualquier pregunta sobre el estudio, por favor siéntase en su derecho de preguntar a la
investigadora por teléfono: 983-1167404, correo electrónico: rodrijm@ufl.edu, jrodriguez@idrc.ca ). Usted
también puede discutir o preguntar sobre los derechos de los participantes con el comité de revisa y
asegura la etica en la Universidad de la Florida; por correo postal: UFIRB Office, University of Florida, PO
Box 112250, Gainesville FL, 32611-2250, teléfono: (352) 392-0433, fax numero (352) 392-9234; correo:
irb2@ufl.edu
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