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Glossary
Blue water

Water abstracted from the environment and applied to crops (as
well as domestic and industrial uses)

Green water

Water held within the soil profile (from rain/dew) and used in crop
production but not directly applied or managed by human activity

Decoupling

The breaking of the link between economic and population growth
and the increase in water supplied from the national freshwater
environment

Economic decoupling

The breaking of the link between economic growth and water use

Food trade decoupling

The breaking of the link between total national food needs and
internal water use through importing agricultural production

Water-intelligent food trade

Increasing the unit tonne impact of decoupling by importing the
most water-intensive aspects of production

Recoupling

Resumption of link between growth in economy and food needs
and water requirements

Water intensity

Water used per unit of agricultural production

Internal blue water intensity

Blue water used per tonne of food production within the country

External blue water intensity

Blue water used per tonne of imported food production

Percentage of blue water imports

Annual percentage of total national blue water food needs derived
from imported food

Percentage of food tonnage imports

Annual percentage of total national food needs derived from
imported food
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Executive Summary
This research examines the relationship between semi-arid lands and national economic development, and the
potential of food/agricultural trade to buffer semi-arid land vulnerability and mitigate water scarcity. It investigates a
key assumption in development thinking – that water limits in semi-arid areas constrain economic growth. The
research findings question whether future investment should be targeted at semi-arid lands directly, or whether
wider national institutional and capacity considerations, including food trade, should be given more attention as a
means of mitigating the vulnerability of people, land and economies to climate change.
The research utilises recently developed analysis of the ‘decoupling’ of water resources to investigate trends in
economic and water development. Decoupling asserts that growth in a nation’s population’s water needs can
delink from internal natural resources as a country develops. This decoupling can be achieved through economic
diversification and also through importing an increasing proportion of population food needs.
Three hypotheses are investigated:
•

Water is a constraint on economic growth, and countries with significant semi-arid areas have an identifiable
pattern of economic decoupling when compared with non-semi-arid economies.

•

Semi-arid developing economies are more likely to embrace food imports than non-semi-arid economies.

•

Food imports are focused on water-intensive crops, thereby presenting the potential to reduce dependence on
national semi-arid areas.

The analysis finds that semi-arid lands per se do not appear to influence the decoupling of economic growth from
water resource use, with no discernible difference in trends between semi-arid and non-semi-arid countries. This
finding questions the extent to which climate change resilience in countries with significant semi-arid lands should
focus on the semi-arid lands themselves, or on the wider social, political and economic factors within the country,
to enable economic take-off that is independent of the need to increase agricultural production and water use.
Semi-arid economies are not found to behave any differently to non-arid economies in terms of importing food to
meet growing population needs. However, the analysis finds that arid economies are increasingly embracing food
imports to meet their population and economic food needs, rather than expanding internal production and
unsustainable water resource use. The implication for climate change resilience is that economies with significant
semi-arid areas could do well to adopt a more arid-like response rather than a non-arid-like response to food policy
as a means of mitigating climate change vulnerability in their semi-arid areas. Further research on incentives and
risks involved in increasing import dependence to enhance environmental water security is needed.
In all six PRISE economies, the most water-intensive agricultural products are using above-global average levels of
water. National water demand could be more efficiently utilised if certain types of agricultural production were
imported. In Burkina Faso and Kenya, there is evidence of importing the most water-intensive elements of
agricultural production needs, thus reducing pressure on internal water resources. Pakistan, Senegal, Tanzania and
Tajikistan have considerable potential for more water-intensive production to be imported as a means of reducing
pressure on internal water resources; water intensity of internal production has been growing in recent years, while
intensity of imports has been falling. Reallocating internal water resources by focusing on water-intensive imports
could be a valuable alternative to expanding irrigation in semi-arid areas where climate change may reduce longterm water resource availability.
The findings point to the power of water resource decoupling in terms of helping some economies reduce the
impact of their national water scarcity, and the potential for strategic use of this behaviour through multiple
economic and policy instruments by national and international bodies to enhance climate change resilience in semiarid lands.
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1. Introduction
This research seeks to establish the
relationship between semi-arid lands
and national economic development,
and the potential of food/agricultural
trade to buffer semi-arid land
vulnerability and mitigate water
scarcity. It investigates a key
assumption in development thinking
– that water limits in semi-arid areas
constrain economic growth (OECD,
2013). The research has the
potential to influence future policy on
whether investment should be
targeted at semi-arid lands directly,
or whether wider national
institutional and capacity
considerations should be given more
attention as a means of mitigating
vulnerability.
The study compares economic
development and water growth
trends in developing economies as a
whole with those possessing
significant semi-arid areas (including
the six Pathways to Resilience in
Semi-arid Economies (PRISE)
targets). Through an analysis of
trends in internal and imported
agricultural production, it looks at
the use of trade to alleviate waterinduced limits on development. It
also assesses the net water footprint
of trade, and therefore the extent to
which trade has the potential to
alleviate vulnerability of semi-arid
lands. This represents a new
approach to understanding semiarid vulnerability, and circumvents
limitations on available water in an
innovative way.
Analysis of national and subnational
water and agricultural production is
hindered by absence of long-term
consistent subnational data. This
proposal uses long-term national
datasets from international agencies.
These national figures do not, on
their own, allow for subnational
analysis, yet this research aims to
determine whether comparative use
of these data can yield effective
insights into the impact of
14

subnational semi-arid areas.
Importantly, the use of data on
agricultural production as a proxy for
water use means rain-fed or ‘green
water’ production, comprising 80%
of global agricultural production, is
incorporated, as this water is seldom
included in national water statistics.
The research utilises recently
developed analysis of ‘decoupling’
of water resources to investigate
trends in economic and water
development (Gilmont, 2014).
Decoupling asserts that the growth
in a nation’s population’s water
needs can delink from internal
natural resources as a country
develops. The concept of
decoupling emerged in the resource
economics literature during the
1990s (OECD, 2001), with significant
application to carbon, energy and
non-renewable natural resources
during the subsequent two decades
(Steinberger and Roberts, 2010).
Recent work by the UN Environment
Programme (UNEP) (2011, 2012)
has created a general model for
resource decoupling. The concepts
employed draw on the idea of
relative and absolute decoupling.
The former involves reducing the
rate of resource growth relative to
economic growth, and the latter
halting or reversing resource growth
with continued economic growth
(Jackson, 2009).

2014.). The distributional challenge
is itself compounded by both climate
change, likely increasing disparities
between wetter and dryer areas
(Cisneros et al., 2014) and uneven
population distributions and growth
rates, and economic water uses,
which may act to exacerbate
distributional challenges in future
years (Vörösmarty et al., 2000). The
ability of a population to make use of
the global availability of water is
conditional on improved use of that
water, including agricultural
productivity and food trade
transferring virtual water between
water-rich and water-poorer areas
(Rockström et al., 2009).

In the context of countries with
significant semi-arid areas, a key
pressure is the expansion of
agriculture into marginal lands,
posing risks to land quality, water
availability and ecosystem services
through overexploitation of scarce
local water resources. Decoupling
provides a key solution to food
security while avoiding inappropriate
agricultural expansion. Through
importing food from potentially more
water-abundant areas, an economy
can decouple its population water
needs from locally available
resources. Jackson (2009) argues
that resource trade involves
displacement of impacts rather than
absolute decoupling. As such,
Jackson sees the apparent
While the concept is important and
decoupling of resource use at a
powerful for globally limited
national scale as being insignificant
resources or emissions (especially
in terms of reducing global pressure
for carbon and fossil-fuel derived
on resources or global needs to
energy), it lacks power to properly
reduce environmental impacts
explain the dynamics and behaviour
including carbon emissions. While
of water. Water, and with it
this argument is valid for certain
agricultural production, is generally
resources and impacts, the
accepted as being sufficient on a
challenges of local and national
global scale to meet future global
water scarcity versus global water
population needs (FAO, 2007;
sufficiency mean that, in the case of
Future Directions International, 2014).
water, trade and with it
Rather, the challenge relates to the
‘displacement’ of water impact must
distribution of those resources
be regarded as a key instrument of
(Future Directions International,
decoupling. Allan (2001, 2011) has
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demonstrated the importance of
food trade and the embedded
‘virtual water’ within traded crops in
delivering water security in waterscarce countries. The challenges for
regional and global water security
discussed above can therefore be
mitigated through the ‘displacement’
of water use through trade. This
operation does, however, depend

on a flow of trade from areas of
greater water availability (both blue
water – water applied to agriculture
through abstraction from the
environment – and green water –
water in the soil profile used by
crops and not directly manageable)
to areas of water scarcity. In order to
draw out the specific characteristics
of water resources, and to

powerfully illustrate the role trade,
resource recycling and desalination
are playing in reducing both relative
and absolute pressure on national
water resources, Gilmont (2014) has
developed a water-specific model of
decoupling. Figure 1 shows the
conceptual model of these
processes.

Figure 1: A conceptual model of decoupling showing decoupling of economic growth and decoupling of population
water requirements
Size of Economy
Total Population
Water Requirements
Total Natural Water
Demand in Domestic
Agriculture

Relative
Growth
First Decoupling of
economic growth
and
population/water
needs

1960

Second Decoupling of population
water needs and water supply from
local natural environment

1970

1980

1990

2000

2010

Time
Source: Developed from Gilmont (2014).

The decoupling principle is based on
the assumption that imports are
derived from more water-rich areas,
although in practice the data do not
allow this to be determined.
Important, however, is the
implication that adopting decoupling
involves a country abandoning or
weakening any commitment or
aspiration to food self-sufficiency,
and the resultant drive to expand
agricultural production to meet
economic and population growth
requirements. Even if actual
decoupling is therefore not facilitated
by imports from more water-rich
areas (e.g. Gulf imports of grain from
Saudi Arabia), the political-economic
foundations are in place to facilitate

such a move if decoupling trends
are observed.
The analysis focuses on food trade
as the prime means of
circumventing local water scarcity. It
is hypothesised that, if water
availability constrains development,
capacity for trade will be delayed.
Once trade is embraced,
development is less bounded by
resource availability. If used
effectively, intelligent trade should
allow a net increase in national water
capacity, with reduced necessity for
water-intensive development on
semi-arid lands. Using this analytical
framework, three hypotheses are
investigated:

•

Water is a constraint on
economic growth, and countries
with significant semi-arid areas
have an identifiable pattern of
economic decoupling when
compared with non-semi-arid
economies.

•

Semi-arid developing economies
are more likely to embrace food
imports than non-semi-arid
economies.

•

Food imports are focused on
water-intensive crops, thereby
presenting the potential to
reduce dependence on national
semi-arid areas.

The sections in this Working Paper
look at each of the hypotheses in
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turn. Section 2 examines the
decoupling of economic growth from
population food requirements (i.e.
water needs). It demonstrates there
are no statistical differences in
behaviours between countries with
significant semi-arid lands and
thosewithout, in terms of timing and
rate of decoupling. There is,
however, a non-statistically
significant tendency for semi-arid
economies to decouple earlier, but
at a slower rate, than arid or
temperate economies. While data
limitations mean this does not refute
assertions that water availability
constrains economic growth, it does
point to any differences in growth
rates having multiple causes
requiring action. Certainly, in terms
of initiating economic diversification,
this research demonstrates that
semi-arid and arid lands do not
appear to retard economic
diversification, and efforts focused
specifically on semi-arid lands may
not be the most effective means of
building economic growth and
climate resilience. Rather, the wide
spread of timing and pace of
economic decoupling suggests
factors other than potential
agricultural constraints will have a
more significant influence over
economic development take-off and
economic resilience. The policy
implications are that building
resilience in semi-arid lands may be
more powerfully targeted at
supporting overall economic health
and adaptive capacity, rather than
focusing specifically on solutions
targeted to semi-arid areas
themselves.
Section 3 examines the adoption of
food-trade decoupling. It finds a
non-statistically significant tendency
for a shorter lag between economic
and food-trade decoupling in arid
and semi-arid economies than in
temperate economies. Percentage
shifts in food trade through
decoupling indicate no difference
between temperate and semi-arid
economies, although a noticeable
(and marginally statistically
significant) greater decoupling is
observed for economies with a
16

majority of arid lands. Maximum
food imports recorded in any one
year are remarkably similar for semiarid and temperate economies but
statistically different for arid
economies. Combining this with the
other analysis in Section 3, it is
suggested that economies with
significant semi-arid lands are
adopting food production and trade
policies more aligned with those of
temperate economies and less with
those of arid areas. The greater
relative dependence on internal
agricultural production to meet
growing food needs could therefore
leave these economies more
vulnerable to erosion of production
capacity through climate change
and to continued expansion of
agriculture into unsuitable areas. The
analysis therefore suggests there is
scope for semi-arid behaviour to be
aligned more with that of arid rather
than temperate economies, and to
be more respecting of the limits and
vulnerabilities of semi-arid areas and
to enhance water security and food
supply through imports.
Section 4 examines trends in waterintelligent food trade, a behaviour
that sees the more water-intensive
food needs derived from imports
rather than national production.
Focusing on the six PRISE
economies, it demonstrates the
ability and potential for countries to
enhance the water impact of their
decoupling trends through importing
the most water-intensive elements of
production (water-intelligent food
trade). The analysis isolates trends in
blue water and green water.
Through importing the most blue
water-intensive crops, countries can
further increase the water impact of
increases in proportions of imported
foods. Conversely, importing the
least water-intensive products could
result in undue additional pressure
being placed on national freshwater
resources and agricultural land.
Section 4 analyses the six PRISE
economies and concludes as
follows:
•

Burkina Faso has seen a
significant intensification of blue
water, while internal blue water

intensity stayed very stable
between 1961 and 2009. Given
the relatively large increase in
external intensity, there would
appear to be potential to reduce
internal intensity through further
strategic use of imports.
•

Kenya has seen an
intensification of blue water, with
over 45% of national blue water
needs met through imports of
15% of agricultural tonnage.
Further import of the most
water-intensive crops could be
used to reduce internal blue
water use and further enhance
decoupling trends.

•

Pakistan has seen a decline in
intensity of blue water imports,
while internal intensity has
remained constant. Water
footprints are therefore retarding
the water impacts of decoupling.
It is proposed that pressure on
water resources in semi-arid
areas be actively mitigated
through an outsourcing of
intense water production and
subsequent rebalancing of
national production

•

Senegal has maintained a
historically high intensity of
imports, but this has not
stopped a recent rise in internal
blue water intensity, which acts
to regard the impact of
decoupling. It is suggested that
trade be used to offset
increasing water demands that
are currently seeing increasing
internal water intensity.

•

Tajikistan has insufficiently long
data for any insights into trends.
However, at present it is
importing less water-intensive
crops than it produces internally,
retarding the impacts of trade on
its water scarcity, although
internal blue water intensity has
declined.

•

Tanzania has historically higher
external blue water intensity,
although, like Senegal, there
would appear to be scope to
mitigate recent increases in
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internal intensity through
additional trade.
There is therefore notable waterintelligent food trade, but also a
variable potential for the PRISE
economies to further reduce their
internal water requirements through
trade and enhance the water impact

of decoupling. This is especially the
case for Pakistan and Tajikistan,
which currently import the least
water-intensive elements of their
food needs. There would appear to
be scope in all PRISE countries to
seek to import some of their most
water-intensive agricultural

production and reduce pressure on
expanded agricultural areas into
semi-arid regions and to better
prepare for increased hydrological
variation under climate change
scenarios.
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2. Water and economic growth: do semi-arid lands
constrain national economic take off?
Hypothesis 1: Water is a constraint on economic growth, and countries with significant semi-arid areas have an
identifiable pattern of economic decoupling when compared with non-semi-arid economies.

2.1 Methodology of
analysis
Initial work focused on assembling
key data for the analysis. A list of
developing countries from the
International Monetary Fund (IMF)
(2014) was used, which formed the
basis of those countries included at
the start of the analysis (Table 1).
Data on arid and semi-arid land
were initially to be obtained from
Food and Agriculture Organization
(FAO) country profiles, but, while
some countries quantified their land
area, quality of reporting varied
between countries, with insufficient
data available. Instead, a GISderived analysis of arid and semiarid land was used from an online
source at Harvard (Harvard
Dataverse Network, 2010). This
dataset gives the percentage of land
area and the percentage of
population within climate zones. For
the purposes of this study, Zone BS
(semi-arid) and Zone BW (arid) were
isolated, with both hot and cold
environments included in each
classification. Countries later in the
analysis are either classified
according to presence or absence of
semi-arid area or classified as arid or
semi-arid based on which of these
two classifications comprise a larger
area. Those countries without any
arid or semi-arid lands identified are
described as non-arid.
FAO Food Balance Sheets (FBSs)
from 1961 to 2009 were used (FAO,
2013), with many countries covering

18

the entire range, but a significant
number a lesser range, because of
either data availability issues or the
fact that they were created during
the time period. Where countries reformed during the period, and were
presented as two entities in the FAO
database, despite generally similar
territorial extent (a prominent
example being Ethiopia), the two
time series were combined,
checking for general consistence
between the last and first years of
the two datasets. The country FBS
data were then pasted into a
spreadsheet that calculated total
commodity production, import and
export, based on commodity totals
towards the bottom of the FBS. It
was attempted to use the updated
FBSs running to 2012. It was
discovered that the updated sheets
were slightly reformatted, including
extra commodity total rows and in
some cases new commodities. A
new analysis spreadsheet was
created for Uganda, but, when
applied to other countries, it was
found that the number of commodity
categories, and therefore
spreadsheet rows, was not
consistent between countries for the
updated FBS. Significant time would
have been required to homogenise
each country dataset, or to
programme a new spreadsheet to
accommodate a variable size food
balance sheets. It was therefore
decided to restrict the analysis to the
older FBS issue.

was the World Bank gross national
income (GNI) dataset, running from
1962 to 2012 (World Bank, 2013).
Where the World Bank time series
for a particular country commenced
after 1970, the UNStat National
Accounts Main Aggregate Database
for GNI (US$) was consulted as an
alternative (UN, 2013). A further
source of GNI data was the
IndexMundi database, which was
used as a third option where it
extended beyond the historic limits
of the other datasets. In some
instances, IndexMundi gross
domestic product (GDP) data were
used to verify longer coupled trends
than were visible in the other
datasets. Even though IndexMundi
cites the World Bank as its source, it
often presents longer time series
than are available from the World
Bank itself. Tests for various
countries indicated identical or close
matches between World Bank, UN
and IndexMundi data. Overall, trends
were generally found to be identical
even if disparities existed between
exact numbers for single years.
Where disparities existed between
World Bank and UN data, World
Bank data were prioritised, with UN
data used only to confirm presence
of coupling in instances were
observed coupling on the World
Bank time series was insufficiently
long to determine trends. Through
the combination of these three
datasets, the longest time series
available for GNI were used.

Economic growth was sourced from
three datasets. The primary dataset
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Table 1: List of developing countries, with percentage in semi-arid (BS) and arid (BW) climate zones (where
available) listed respectively in parenthesis after country name
Commonwealth
of Independent
States

Emerging and
developing Asia

Emerging and
developing
Europe

Latin America
and the
Caribbean

Middle East,
North Africa,
Afghanistan,
Pakistan

Sub-Saharan
Africa

Armenia (16%,
0%)

Bangladesh
(0%, 0%)

Albania (0%,
0%)

Antigua and
Barbuda

AfghanistanAC
(17%, 29%)

Angola (12%,
4%)

Azerbaijan
(39%, 0%)

BhutanAB (0%,
0%)

Bosnia and
Herzegovina
(0%, 0%)

Argentina (28%,
16%)

Algeria (6%,
87%)

Benin (56%,
0%)

Belarus (0%,
0%)

Brunei
Darussalam

Bulgaria (0%,
0%)

The Bahamas

BahrainA

Botswana
(99%, 1%)

DjiboutiA (0%,
100%)

Burkina Faso

(0%, 0%)
Georgia (0%,
0%)

Cambodia (0%,
0%)

Croatia (0%,
0%)

Barbados

Kazakhstan
(49%, 42%)

China (16%,
18%)

Hungary (0%,
0%)

Belize (0%, 0%)

Egypt (0%,
100%)

Burundi (0%,
0%)

Kyrgyz
Republic (14%,
0%)

Fiji

KosovoAB

Bolivia (0%,
0%)

Iran (34%, 43%)

Cabo Verde

Moldova (58%,
0%)

India (17%,
10%)

Lithuania (0%,
0%)

Brazil (0%, 0%)

IraqA (10%,
84%)

Cameroon (7%,
1%)

Russia (2.85%,
0%)

Indonesia (0%,
0%)

FYR Macedonia
(0%, 0%)

Chile (3%, 28%)

Jordan (18%,
76%)

Central African
Republic (4%,
0%)

Tajikistan (30%,
0%)

Kiribati

Montenegro
(0%, 0%)

Colombia (1%,
0%)

Kuwait (0%,
100%)

Chad (17%,
76%)

Turkmenistan
(19%, 80%)

Lao P.D.R (0%,
0%)

Poland (0%,
0%)

Costa Rica
(0%, 0%)

Lebanon (0%,
0%)

Comoros

Ukraine (41%,
0%)

Malaysia (0%,
0%)

Romania (0%,
0%)

Dominica

Libya (2%,
97%)

Democratic
Republic of the
Congo (0%,
0%)

Uzbekistan
(20%, 67%)

Maldives

Serbia (0%,
0%)

Dominican
Republic (0%,
0%)

Mauritania
(10%, 90%)

Republic of
CongoAB (0%,
0%)

Marshall
IslandsAB

Turkey (17%,
0%)

Ecuador (0%,
0%)

Morocco (30%,
10%)

Côte d’Ivoire

MicronesiaA

El Salvador
(0%, 0%)

OmanAB (0%,
100%)

Equatorial
GuineaA (0%,
0%)

MongoliaAB
(17%, 56%)

Grenada

Pakistan (24%,
56%)

Eritrea (24%,
61%)

Myanmar (0%,
0%)

Guatemala (0%,
0%)

Qatar (0%,
100%)

Ethiopia (24%,
61%)

Nepal (0%, 0%)

Guyana (0%,
0%)

Saudi Arabia
(0%, 98%)

Gabon (0%,
0%)

(88%, 1%)
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Commonwealth
of Independent
States

Emerging and
developing Asia

Emerging and
developing
Europe

Latin America
and the
Caribbean

Middle East,
North Africa,
Afghanistan,
Pakistan

Sub-Saharan
Africa

PalauAB

Haiti (0%, 0%)

Sudan (21%,
55%)

The Gambia
(1%, 0%)

Papua New
GuineaB (0%,
0%)

Honduras (0%,
0%)

Syria (33%,
34%)

Ghana (17%,
0%)

Philippines
(0%,0%)

Jamaica (0%,
0%)

Tunisia (11%,
68%)

Guinea (1%,
0%)

Samoa

Mexico (29%,
24%)

United Arab
Emirates (0%,
100%)

Guinea-Bissau
(0%, 0%)

Solomon
Islands

Nicaragua (0%,
0%)

Yemen (0%,
86%)

Kenya (26%,
15%)

Sri Lanka (0%,
0%)

Panama (0%,
0%)

Lesotho (0%,
0%)

Thailand (0%,
0%)

Paraguay (0%,
0%)

Liberia (0%,
0%)

Timor-LesteA

Peru (0%, 12%)

Madagascar
(16%, 5%)

TongaAB

St Kitts and
Nevis

Malawi (0%,
0%)

TuvaluA

St Lucia

Mali (29%,
67%)

Vanuatu

St Vincent and
the Grenadines

Mauritius

Vietnam (0%,
0%)

Suriname (0%,
0%)

Mozambique
(10%, 0%)

Trinidad and
Tobago (0%,
0%)

Namibia (64%,
36%)

Uruguay (0%,
0%)

Niger (20%,
80%)

Venezuela
(12%, 3%)

Nigeria (20%,
4%)
Rwanda (0%,
0%)
Sao Tome and
Principe
Senegal (73%,
0%)
Seychelles
Sierra Leone
(0%, 0%)
South Africa
(37%, 28%)
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Commonwealth
of Independent
States

Emerging and
developing Asia

Emerging and
developing
Europe

Latin America
and the
Caribbean

Middle East,
North Africa,
Afghanistan,
Pakistan

Sub-Saharan
Africa

South Sudan
Swaziland (0%,
0%)
Tanzania (7%,
0%)
Togo (31%,
0%)
Uganda (0%,
0%)
Zambia (14%,
0%)
Zimbabwe
(56%, 0%)
Source: IMF (2014).

Notes:
A. Not included in study owing to lack of GNI data.
B. Not included in study owing to lack of food balance data.

2.2 Decoupling sample
results and analysis of
country trends
FBS data for a complete country
were inserted into an Excel
workbook. The workbook summed
total vegetable and animal products
and the imports, exports and
domestic production for each year of
reported food data. The result was
three time series of food import
tonnage, food production tonnage
and export tonnage. No data are
given by FAO on the proportion of
exports comprising domestic
production and that of re-exported
imports. The assumption was made
that all exports were derived from
domestic production, especially in
the majority of countries where
domestic production far exceeds
imports. Exports were therefore
subtracted from domestic
production totals, giving net
domestic food production, exported
(assumed domestically produced)
food production and imports. It is
noted that this assumption may not
be correct for all countries,
especially some Gulf economies,
where the methodology severely
diminishes domestic production.

C. Food balance data not available in correct format.
D. Excluded by IMF from its list owing to insufficient data.

However, unlike a weighted
calculation of exports (based on
proportion of commodity
domestically produced and
proportion imported), the method
adopted leaves the total domestic
production readily identifiable
through combining net domestic
and exports.

requirements and GNI. Figure 3
gives examples of the resulting
graphical analyses, including results
for Tanzania, indicating decoupling
around 1972 followed by recoupling
around 1981 and regression in 1978
back to a baseline that closely tracks
agricultural production, with a
second decoupling observed around
1994. Attempting to establish the
The annual production totals were
year of decoupling for both GNI and
then plotted as a bar graph, with
food trade by graphical means was
annual population on a secondary yfound to be highly subjective,
axis. These plots illustrated the
especially for GNI where, owing to
relationship between population
the significant scaling involved, early
growth and agricultural requirements,
decoupling trends were
and changes in dependence on
imperceptible in the context of the
internal versus imported production
full time series. More robust analysis
to meet population food needs.
was used involving calculating the
Figure 2 gives two examples of
GNI/tonne of food and food imports
these plots: Senegal has moderate
as a percentage of total food
food decoupling evident from the
requirements. These indicators
late 1960s and Kenya has
capture the decoupling effect very
significantly less, emerging in the late
well, in illustrating the change in
1970s.
ratios of indicators that decoupling
For economic decoupling, the
represents. The point at which the
appropriate time series was scaled
ratios departed from constant (or
to the earliest possible year (normally regularly fluctuating) trends was
1962), with other indicators being
deemed the start of decoupling.
appropriately scaled, so as to start
Figure 4 gives examples of these
with a value of 1. The resulting time
trend plots.
series then presented a picture of
relative growth of population, food
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Figure 4: Decoupling trends of GNI relative to agricultural production and percentage of total national food supply
derived from imports
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There was a big drought in 1971/72 across the Sahel.
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he analytical methodology was
applied to all developing countries
for which sufficient data existed.
Those countries excluded are noted
(with reasons) in Table 1. Where no
coupling trends for GNI and food
production were visible within the
available data, decoupling was
noted as having occurred prior to
the first year of the dataset. Where
coupling was observed, it was said
to occur at the first year of a strong
deviation or trend away from a
previous average coupled value.

reported as a false positive of
decoupling.

2.4 Post results filtering
and initial analysis of
results on timing of GNI
decoupling

In investigating the hypothesis that
semi-arid lands act as a constraint
on economic growth, timing of
economic decoupling between
those countries with semi-arid lands
and those without was compared.
Where decoupling was not observed,
2.3 Determining
either because trends began before
decoupling trends
the range of available data or
The timing and subsequent evolution because no decoupling trend is
identified, the countries were left out
of decoupling can only be based on
departure from an observed coupled of the analysis. The Commonwealth
trend. For the purposes of this study, of Independent States (CIS)
countries were also excluded from
and given the nature of available
GDP and FAO data, a coupled trend the analysis, given the short GDP
and GNI data available since their
is defined as any flat-line of three or
establishment as independent states
more years, or observed oscillation
from 1989. Nearly all exhibited very
around a mean for a period of three
strong GNI decoupling in the early
years or more. Coupling also
1990s, so inclusion would have
included a very gradual steady
clustered a large number of
increase in GDP or food ratios, on
decoupling events in the early 1990s,
the basis that a long-term ‘drift’ in
very obviously driven by data
trends is not equivalent to a
limitations and a major political driver.
conscious, potentially policy-driven,
decoupling. In these circumstances, Former Eastern Bloc states in
Europe were also excluded from the
graphical tracking between scaled
final analysis, for similar reasons of
indicators was used to guide the
bounds of statistical analysis. Drift is economic growth the decoupling
being highly influenced by the breakexemplified in extremis for Ethiopia,
up of the Soviet Union. The collapse
where a gradual drift occurred
of the Soviet Union both caused
throughout much of the post-1970
severe economic dislocation and
period, but cannot qualitatively be
regarded as decoupling until political allowed economies to start to grow
independently of their previous
changes of the 1990s resulted in a
centrally planned umbrella. The
sudden acceleration of the trend.
impact of these political and
The mean and standard deviation of institutional shocks on economic
the coupled period were determined. growth can give insights into the
Decoupling is defined as the first
potential of political reform and
year when the statistic positively
economic adjustment to aid
departs from the mean+1 standard
decoupling, inviting further analysis
deviation for a period of five or more of this possible causal relationship
years. The use of a five consecutive
for other countries. Similarly, food
years of departure is important is
trade patterns are affected following
confirming a long-term, perpetuated the Soviet collapse, although there is
trend. It also ensures years within
no systematic response in trends,
the coupled period that, out of
with some countries experiencing a
statistical nature, fall outside the
rapid decoupling and others a rapid
mean+1 standard deviation are not
reduction in exports in the postindependence period.
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Four sets of analysis were carried
out focusing on decoupling versus
percentage of semi-arid land, total
semi-arid and arid land, percentage
of population living in semi-arid lands
and percentage of population living
in arid lands. Given the low
agricultural and economic potential
of arid land, a further check was
carried out, calculating semi-arid
land as a percentage of total humid
and semi-arid (excluding arid). This
later analysis yielded very little
difference and was not perpetuated.
Table 2 shows the numerical results
and Figure 5 an example of the
graphical trends. The analysis
revealed that states with semi-arid
lands tended to decouple three to
four years earlier than states without
semi-arid lands. This would suggest
semi-aridity is not holding back
economic development, but rather
economies with semi-arid lands tend
to embrace economic growth and
diversification faster than those with
without the challenge of semi-aridity.
These trends can only be taken as
indicative. There is no statistically
significant difference in the
distribution of decoupling timing
between the set of semi-arid and
non-semi-arid states, based on
comparison of difference in mean
decoupling occurrences and the
standard deviations. Furthermore,
there appears to be no noticeable
correlation between timing of
decoupling and percentage of arid
area or population. Notwithstanding,
for both percentage area analyses,
very weak positive correlation
coefficients are seen – that is, the
more semi-arid areas the later the
economic decoupling. For both
percentage populations analyses, a
very weak negative correlation exists
– that is, the more semi-arid
population the earlier the economic
decoupling. The regression Rsquared factors for decoupling year
and percentage aridity indicators are
in all cases negligible.
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Table 2: Results of analysis of timing (years) of GNI decoupling with semi-arid land and population values
% Semi-arid lands
Decoupling year

Mean

Median

Mode

STd Dev

Semi-arid regression coefficient

Semi-arid (n=35)

1970.9

1971

1972

2.512846

0.8793

Non-semi-arid (n=35)

1975.3

1972

1972

10.39934

R-squared

Difference (years)

3.4.35

0.0066

% population in semi-arid lands
Decoupling year

Mean

Median

Mode

STd Dev

Semi-arid regression coefficient

Semi-arid (n=34)

1970.3

1971

1972

2.536826

-1.178

1974.568

1972

1972

10.1777

R-Squared

Non-semi-arid (n=37)
Difference (years)

4.27

0.0149

% Arid + semi-arid lands
Decoupling year

Mean

Median

Mode

STd Dev

Semi-arid regression coefficient

Arid and semi-arid (n=40)

1971.15

1971

1972

5.22822

2.8471

Non-arid and semi-arid
(n=31)

1974.29

1972

1972

10.10344

R-Squared

Difference (years)

3.14

0.0384

% Population in arid + semi-arid Lands
Decoupling year

Mean

Median

Mode

STd Dev

Semi-arid regression coefficient

Arid and semi-arid (n=40)

1971.13

1971

1971

5.3

0.4654

Non-arid and semi-arid
(n=32)

1974.75

1972

1972

10.22

R-Squared

Difference (years)

3.62

0.001

Source: Author’s analysis based on FAO food balance and national GNI datasets.

GNI Decoupling (year)

Figure 5: Plot of percentage semi-arid area against date of GNI decoupling, along with date of GNI decoupling for
non-semi-arid countries
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Source: Author’s analysis based on FAO food balance and national GNI datasets.
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The standard deviation of semi-arid
countries decoupling timing is, for all
indicators, around half that of nonsemi-arid countries, reflecting a
considerable clustering of semi-arid
decoupling around the 1965-1975
period. For the non semi-arid
sample, there are a number of
occurrences of decoupling in the
1990-2005 period, comprising
Myanmar, Vietnam, Lebanon,
Yemen and Guinea-Bissau. For
some of these countries, there was
significant political change and the
introduction of new regimes and
stability, which would have facilitated
previously stunted economic growth.
What is interesting, however, is that,
despite the arid/semi-arid sample
split being about 50/50, only one

semi-arid economy, Ethiopia,
experiences a late decoupling, again
likely associated with political
reforms of the period.
Further analysis was undertaken on
the percentage increase in
decoupling in the first decade of GNI
decoupling (Table 3). During that
decade, countries with semi-arid
lands tended to have increased GNI
relative to food production by 285%,
whereas the non-semi-arid sample
had increased by 306%. A further
test was undertaken in only
analysing those countries with semiarid areas comprising over 35% of
their land area, and the GNI change
was 287%. As with timing of
decoupling, the data are not

statistically significant relative to the
overall distribution of rates of growth.
The raw data do, however, indicate
a slower rate of GNI decoupling for
semi-arid than for non-semi-arid
countries. Given the decoupling of
semi-arid economies occurs four
years earlier than non-semi-arid
countries, the calculation was
repeated moving the 10-year
window four years to control for
global economic conditions. In this
case, semi-arid decoupling
increased 175%, markedly down
from the first 10 years of decoupling.
Further investigation of these trends
is necessary to establish robust
findings.

Table 3: Average factor of change in decoupling over first 10 years of observed GNI decoupling, and regression
parameters for semi-arid countries with reference to percent semi-arid area
Average factor of change in decoupling
in first 10 years (ratio of t to t+10y)
Semi-arid

2.839222

Median

2.491126

Mode

#N/A

STd Dev

1.749053

Regression coefficient
1.0227
R-Squared 0.0197

Non-semi-arid

3.079497

Difference

0.240276

Semi-arid > 35% land
area

2.869376

2.31712

2.536359

#N/A

1.925914

1.283529

Source: Author’s analysis based on FAO food balance and national GNI datasets.

Further investigation of these trends
using analysis of variance (ANOVA)
of scaled decoupling (where all years
are scaled to the year prior to
decoupling) indicated a statistical
difference between semi-arid and
non-semi-arid economies in their
observed decoupling trends.
Average decoupling for non-semiarid economies, averaged over all
years analysed, was 4.5 (i.e. a 450%
rate of imports relative to predecoupling levels); for semi-arid
economies it was 3.77. Using
absolute numbers (changes in
28

GNI/tonne) rather than a percentage
of coupled levels no statistical
difference was identifiable through
an ANOVA test. The result from
ANOVA may be influenced by the
different state of the economies prior
to decoupling. On average, semiarid economies were at $457 per
tonne of food whereas non-semiarid economies were at $362. This
21% difference would be reflected in
scaling, with non-semi-arid
economies experiencing greater
decoupling relative to their starting
point. Further work is required to

come to robust conclusions on
patterns of decoupling after their
initiation.
The hypothesis that semi-arid lands
constrain development cannot be
statistically proven on the basis of
this analysis. There is no statistical
difference between decoupling
timing in countries with or without
semi-arid lands. However, detailed
interrogation of the non-statistically
significant analysis summarised in
Figure 5 suggests countries with
semi-arid lands tend to economically
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decouple sooner than those without
semi-arid lands. Key instances of
decoupling in the 1990s-2000s
seem to preferentially involve nonsemi-arid economies, pushing the
sample as a whole towards a later
decoupling than in semi-arid
economies Both the findings on
absence of constraint and a
tendency of semi-arid economies to
decouple sooner are important in
that they point to factors other than
presence or otherwise of semi-arid
and therefore vulnerable lands
negatively impacting on
development trends. Further
research is needed into differences
in rates of decoupling progress.

2.5 Analysis of Gini
coefficient data: does
decoupling-based
development have
different signatures in
semi-arid and non-semiarid countries?
Two sets of analysis were carried
out to see if development
trajectories between semi-arid and
non-semi-arid countries exhibited
any differences in inequality. The
analysis used the Gini coefficient, an

indicator of income distribution
within a country’s population, such
that 0 represents perfect equality
and 100 perfect inequality (World
Bank, 2014). The World Bank Gini
coefficient data do not report for
every country in every year. With the
focus of this research on providing
present baselines, 2009 was chosen
as the most recent year available
within the bounds of decoupling
data. Where 2009 data were not
available, the nearest available prior
year was taken. The Gini values
were plotted against semi-arid area
to assess any differences in equality
of development between the two
categories of countries. Semi- arid
economies were found to have an
average coefficient of 43.03,
whereas non-semi-arid countries
were found to have 42.31. This
difference is not statistically
significant. Furthermore, when
analysing only economies with over
35% semi-arid land area, the
average Gini coefficient was, at 42.1,
closer to that of the non-semi-arid
economies.
A further analysis was undertaken on
degree of economic decoupling for
the year of Gini reporting (Figure 6).
Differences between semi-arid and
non-semi-arid economies were

observed, although, again, these
were not statistically significant.
Non-semi-arid economies exhibited
a very weak negative trend between
increased GNI decoupling and Gini
coefficient, indicating that increased
decoupling did lead to a more equal
development. By contrast, semi-arid
economies exhibited the opposite
trend, with increased decoupling
tending towards higher population
inequality. It should be noted that
the non-semi-arid data were strongly
influenced by the outlier of
Nicaragua, and when this datapoint
was removed both datasets
suggested increased decoupling
had a tendency to lead to increased
inequality. This could have
implications for patterns of
decoupling in all developing
economies, particularly the
marginalisation of particular
agricultural entities in the drive for
exports. However, given the very
small regression coefficients for both
samples, it is argued there will be
much stronger factors influencing
income equality trends than
decoupling. As such, there is no
clear evidence semi-aridity itself
significantly impacts the equality of
development trends.

Figure 6: Plot of Gini coefficient against measure of semi-arid decoupling
Semi-Arid Areas (n=38)
Non Semi-Arid Areas (n=37)
Linear (Semi-Arid Areas (n=38))
Linear (Non Semi-Arid Areas (n=37))
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Source: Author’s analysis based on FAO food balance and national GNI datasets.
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2.6 Conclusions and
policy recommendations
Hypothesis 1 set out to investigate
any differences in decoupling
behaviour and impact between
countries with semi-arid lands and
those without. A number of different
analytical approaches were taken
and no statistically significant results
were obtained. Within the limits of
the methodology, it can be stated
that the presence and challenges of
agricultural production in semi-arid
lands do not appear to constrain
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economic development. The high
spread of data within the samples
for both semi-arid and non-semi-arid
economies indicates numerous
other factors are likely exerting
stronger influences over economic
decoupling and growth rates. These
findings question the extent to which
focusing on specifically semi-arid
resilience to climate change should
indeed be targeted specifically on
actual semi-arid areas of a country,
or on other socio, political and
economic factors within the country
and its economy as a whole. The

findings suggest economic capacitybuilding for climate change in PRISE
countries would do well to give
attention to wider economic
condition, and diversification may be
the most effective way of building
resilience. The findings also draw
further attention to the challenges
across developing economies in
terms of the apparent tendency for
inequality to increase as economies
shift away from a dependency on
agriculture.
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3. Circumventing environmental limits: do semiarid lands embrace food trade quicker and with
greater strength than other areas?
Hypothesis 2: Semi-arid developing economies are more likely to embrace food imports than non-semi-arid
economies.

3.1 Methodology
Assessing Hypothesis 2 involves
further interrogation of the food
balance data. Trade-based
decoupling can be seen to occur
when the ratio of internal food
production to food imports declines,
whereas total food supply generally
tracks population growth. As well as
offering a graphical plot of food
balance over time, plotting the ratio
of internal to imported supply will
enable a numerical analysis of the
occurrence of decoupling. The
strength of that decoupling can be
determined by looking at the pace of
transition from internal to external
food production, with comparisons
being made between areas with
significant semi-arid lands and those
without. This comparison will be
based on timing, pace of change
and maximum percentage of
agricultural production imported.
To analyse this hypothesis, we
explored five indicators:
1. The raw number of semi-arid
and non-semi-arid economies
experiencing decoupling;

2. The time lag between GNI
decoupling and food-trade
decoupling;
3. The shift in percentage of food
imports from prior to
decoupling to either an
observed recoupling or the
most recent datapoint (year
2009);
4. The average shift in food
imports per year during
decoupling, giving the rate of
decoupling;
5. The maximum food imports for
any single year.
The statistical methodology for
determining food-trade decoupling
was the same as that applied to GNI
decoupling – namely, the first year of
a string of five where the value
departs from a previous mean plus 1
standard deviation. Additionally, in
order to understand the net change
during the decoupling process in the
percentage of food needs imported,
instances of recoupling were also
determined. These initially were
visually determined using the
graphed trends at the year when
trends returned to an identifiable
average. An average was calculated
over the period of observed

recoupling. The date of recoupling
was the first year when trade
percentages were within 1 standard
deviation of the new mean, with at
least one other year within five years
of that year also within 1 standard
deviation.

3.2 Economies
experiencing food-trade
decoupling
In total, 74 economies had sufficient
food-trade and climate data to be
included in the analysis, with
continuing exclusion of CIS and
Eastern Bloc states as discussed
above, along with countries that did
not experience GNI decoupling.1 Of
these 74, 34 economies included
semi-arid areas. In the case of nine
of the 74 economies, no period of
initial coupling could be identified in
the data. These are therefore
assessed to have commenced
decoupling prior to the range of FAO
data (Table 4) and were excluded
from some of the subsequent
analysis that required access to the
entire range of decoupling activity.
1

Bangladesh, Equatorial Guinea, Mali, Togo and
Uganda.
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Table 4: Countries with no observable coupling
(i.e. decoupling prior to available FAO data)

Table 5: Countries with no observable food-trade
decoupling during periods of available data

Country

Decoupling prior to:

Semi-arid areas?

Country

Semi-arid areas?

Malaysia

1961

No

India

YES

Sri Lanka

1961

No

Lao

No

Vietnam

1961

No

Myanmar

No

Jordan

1961

YES

Belize

No

Kuwait

1961

No

Brazil

No

Lebanon

1961

No

Chile

YES

Libya

1961

YES

Paraguay

No

Lesotho

1961

No

Pakistan

YES

Côte d’Ivoire

1961

No

Burundi

No

Chad

YES

Madagascar

YES

Malawi

No

Zambia

YES

*For a further 13 of the 74 economies, no statistically identifiable food-trade
decoupling was present (Table 5).
Source: Author’s analysis based on FAO food balance and national GNI datasets.

Source: Author’s analysis based on FAO food balance
and national GNI datasets.

In total, 82% of the 34 semi-arid
economies experienced food-trade
decoupling, whereas 83% of the 40
non-semi-arid economies
experienced food-trade decoupling.
This analysis demonstrates an
identical occurrence of food-trade
decoupling between those
economies that contain notable
semi-arid lands and those that do
not. This absence of difference
between these semi-arid and nonsemi-arid economies characterises
the entire analysis of food-trade
decoupling, as we demonstrate
below.

3.3 Analysis of the time
lag between GDP and
food-trade decoupling
among semi-arid and
non-semi-arid
economies
The research hypothesis asserts that
having decoupled food needs from
GNI growth (economic decoupling),
semi-arid economies will adopt food
trade to alleviate pressures of their
environmental condition. It is
hypothesised that food-trade
decoupling will therefore follow GDP

decoupling more closely than in
non-semi-arid economies. For the
purposes of analytical rigour,
economies where arid lands take up
a greater area than they do in semiarid lands were considered
separately as ‘arid economies’.
Those with neither arid nor semi-arid
lands were broadly classed as nonarid – that is, all countries without
any noted arid or semi-arid lands.
This analysis excludes any countries
where GNI decoupling was not
observed.

Table 6: Analysis lag (years) between economic and food-trade decoupling and semi/arid land area
Average decoupling

Median

Mode

STd Dev

Regression coefficient

Semi-arid (n=22)

7.636364

4

4

11.40864

-5.3245

Non-arid (n=23)

8.956522

10

14

12.84339

—

Arid area > semi-arid (n=12)

2.583333

2.5

0

12.03373

-12.701

Source: Author’s analysis based on FAO food balance and national GNI datasets.
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Lag between initiation of GNI and
Food-Trade decoupling (years)

Figure 7: Lag between GNI and food-trade decupling, plotted against arid and semi-arid areas
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Linear (Arid Areas (n=12))
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Source: Author’s analysis based on FAO food balance and national GNI datasets.

The analysis did not reveal any
statistically significant differences in
the mean lag between the two
decouplings across the three
categories. However, arid
economies were seen to have the
shortest lag, with semi-arid and nonarid between five and six years
longer (Table 6). Of note is that the
lag time was, as would be expected,
negatively correlated with
percentage of semi-arid or arid area,
with a relatively stronger correlation
seen for arid areas (Figure 7). The Rsquared is, however, low for both
categories.
Statistically, owing to the large
standard deviations of the datasets,
we cannot say aridity or semi-aridity
lead to faster embracing of foodtrade decoupling. However, the raw
data suggests there is a tendency

for countries with significant arid
areas to embrace food-trade
decoupling sooner after GDP
decoupling than other countries.
There is also a slight tendency for
semi-arid countries to embrace
food-trade decoupling sooner than
non-arid countries.

3.4 The shift in
percentage of food
imports from prior to
decoupling to either an
observed recoupling or
the most recent
datapoint (year 2009)
The average percentage of food
imports prior to observable
decoupling was calculated. That for
any observed recoupling was also

calculated, or that for the most
available year in a continuing
decoupling trend was noted
(normally 2009). The difference
between pre-decoupling average
and most recent or post-decoupling
rate was calculated, to assess the
net change in food import
percentage during the decoupling
process. As with the lag time
analysis, the standard deviations
were considerable, but there was a
notable difference between arid and
other countries (Table 7). Countries
with significant arid areas experience
the greatest net increase in
percentage imports, whereas there
is negligible difference between
semi-arid and non-arid countries.

Table 7: Shift in percentage imports during decoupling process
Average decoupling

Median

STd Dev

Regression coefficient

Semi-arid

0.097005

0.060113

0.102777

0.0559

Non-arid

0.105649

0.08277

0.086195

—

Difference

0.008644

Arid > semi-arid

0.172495

—
0.087016

0.155293

0.2856

Source: Author’s analysis based on FAO food balance and national GNI datasets.
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Difference between pre and post food
decoupling food import percentages

Figure 8: Change in food imports during decoupling against arid and semi-arid area
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Source: Author’s analysis based on FAO food balance and national GNI datasets.

Regression analysis of percentage of
aridity or semi-aridity demonstrates
a positive correlation in both cases,
with a greater transition to import
dependence evident with greater
percentage of semi-arid or arid
areas. The regression has a notable
degree of strength only for arid areas,
with an R-squared of 0.374 (Figure
8).

3.5 Average shift in
food imports per year
during decoupling, giving
rate of decoupling
Analysis of the net change in import
percentage pre- and post-

decoupling as above does not
provide insights into the pace of
transition. Further analysis was
undertaken looking at the average
transition per year of decoupling.
This used the net changes
discussed above divided by the time
between commencement of foodtrade decoupling and either
recoupling or the most recent
available year of decoupling data.
The analysis reveals no statistically
significant difference between nonarid economies and those with
significant semi-arid lands. The
average rate of decoupling in nonarid economies (0.89%/year) is,
however, nearly double the average

rate of those that include semi-arid
lands (0.5%/year). This suggests
that, within the limitations of
statistical insignificance, semi-arid
economies tend to decouple at a
slower rate. Arid economies do
present a statistically different
behaviour as a group, food-trade
decoupling progressing at an
average rate of 2.4%/year during
decoupling. This value is influenced
by three outliers of Algeria, Iran and
the United Arab Emirates (UAE)
(Table 8, Figure 9).

Table 8: Average decoupling/year during decoupling period
Average decoupling

Median

STd Dev

Regression coefficient

Semi-arid (n=19)

0.00495

0.002624

0.005081

-0.0008

Non-arid (n=23)

0.008893

0.005833

0.010209

—

Difference

0.003942

Arid > semi-arid (n=11)

0.023746

—
0.008838

0.030181

0.0085

Source: Author’s analysis based on FAO food balance and national GNI datasets.
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Increase in percentage food imports/
year averaged over decoupling period

Figure 9: Average decoupling per year against semi-arid and arid percentage area
Semi-Arid Areas (n=19)

10%

Non-Arid (n=23)

9%

Arid Areas (n=11)

8%

Linear (Semi-Arid Areas (n=19))

7%

Linear (Arid Areas (n=11))

6%
5%
4%

y = 0.0085x + 0.018
R² = 0.0081

3%
2%

y = -0.0008x + 0.0052
R² = 0.00224

1%
0%
0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

Percentage Semi-Arid or Arid National Land Area
Source: Author’s analysis based on FAO food balance and national GNI datasets.

3.6 Maximum food
imports for any single
year
This analysis is designed to identify
extremes peaks in food imports to
assess whether they are influenced
by environmental conditions in an
economy. As with other indicators,
average values for semi-arid and

non-arid economies are very similar.
The average for arid areas is
statistically different to that for nonarid and semi-arid areas, with a
moderate correlation with
percentage arid area with an Rsquared of 0.56. (Table 9, Figure 10).
The moderate correlation for arid
areas is not surprising, especially if it
is assumed that peak imports occur
during drought years, when in high

percentage arid areas there is little
non-arid land to buffer the drought
impacts. Of note is that regression
for semi-arid areas is heavily skewed
by The Gambia, an area with a small
semi-arid area but a peak import of
58%. If The Gambia is removed, the
R-squared becomes 0.43.

Table 9: Peak percentage imports for semi-arid, arid and non-arid economies
Average decoupling

Median

STd Dev

Regression coefficient

Semi-arid

0.196526

0.121365

0.173332

0.2571

Non-semi-arid

0.198251

0.187937

0.152463

—

Difference

0.001725

Arid > semi-arid area

0.459523

—
0.500958

0.303583

0.7445

Source: Author’s analysis based on FAO food balance and national GNI datasets.
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Figure 10: Maximum recorded imports (% total food needs) against % semi-arid area
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Source: Author’s analysis based on FAO food balance and national GNI datasets.

3.7 Conclusions and
policy recommendations
There is little evidence to support the
hypothesis that economies with
significant areas of semi-arid lands
decouple through food trade more
strongly than those with no areas of
semi-arid conditions. There is
reasonable evidence to suggest that
economies with significant arid areas
do have a signature relating to the
rate of decoupling and the maximum
recorded percentage food imports in
any single year. This finding itself
shows the ability of the methodology
to identify trends where such are
present in the data.
The general similarity between the
patterns of semi-arid and non-arid
lands and the contrasting
differences of arid lands are
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important. They would appear to
suggest that, from a policy
perspective, economies with semiarid areas are adopting behaviours
akin to those of non-arid economies
rather than those of arid economies.
It might be that this strategy is
placing increased burden on
vulnerable semi-arid areas within
these countries and will leave these
economies ill-equipped to deal with
instances of climate change eroding
the productivity of semi-arid areas.
While not always statistically
significant, the evidence presented
above in all indicators assessed
does demonstrate that arid
economies appear to be taking a
path of greater dependence on
external trade. In terms of policy
pathways, economies with
significant semi-arid areas could do
well to adopt a more arid-like

response rather than a non-arid-like
response to food policy as a means
of mitigating climate change
vulnerability to their semi-arid areas.
Further analysis of policy histories
and present food production and
trade policies would be required to
understand why semi-arid
economies are failing to recognise
the fragility and limits of agricultural
production. Given that arid
economies do appear to be
accepting and responding to their
stark limits, it does seem to be
politically socially possible to
embrace greater food trade as a
means of circumventing
environmental limits. Further
research is needed on why semi-arid
economies are not, on the basis of
this analysis of food trade trends,
embracing sensitivity to their arid
characteristics.
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4. Water-intelligent food trade: are the PRISE
economies maximising the water potential of
their decoupling trends by importing their most
water-intensive food needs?
Hypothesis 3: Food imports are focused on water-intensive crops, thereby giving potential to reduce dependence
on national semi-arid areas.

4.1 Methodology
To analyse trends in the water
contribution of food imports trends
requires the relative water
requirements of crops to be
assessed, rather than merely FAO
crop tonnage. Such an analysis has
the effect of weighting crops
according to their water intensity,
thereby increasing the impact of
water-intensive production in the
national trends.
Data from the Water Footprint
Network was combined with FAO
food tonnage in order to identify
likely water embedded within
agricultural production. The countryspecific water footprint benchmarks
used contain a weighting factor for
imports that itself is derived from
trade data (Mekonnen and Hoekstra,
2011). Mekonnen and Hoekstra
calculate the stated blue and green
water footprint for a particular crop
in a given country by combining the
water used in domestic production
and the water used in the country of
origin of any imports of that crop.
The water footprint data therefore
include a weighting for trade. Raw
country agricultural water footprint
data are available through
Mekonnen and Hoekstra (2010),
which could be combined with UNComtrade or FAO trade flow data.
Such an analysis would, however,
involve separately weighting
numerous different and changing
source countries for every crop for
every year, which is beyond the
resources of this study, although it
represents a possible refinement for

future country-specific research.
Even if included, the trade data
themselves have significant waterauditing limitations – namely, that
the origin of any exports cannot be
disaggregated to domestic exported
production or re-exported import
production. Therefore, the UNComtrade data allow crops to be
traced only one step back in the
global food trade network
(Mekonnen and Hoekstra, 2011).
There are key limitations to the
benchmarking in terms of both water
footprint and trade weighting. The
water footprint benchmarks are
based on average figures for 19962005. This means they do not allow
for changes in water efficiency over
time. Calculations prior to 1996 will
likely underestimate the true amount
of water involved in production.
However, with the caveat of
recognising variable efficiency
changes between crops, it is argued
that overall proportions of domestic
and imported water footprints will be
representative. Furthermore,
efficiency gains in many of the
countries analysed are thought to be
limited compared with major
advances in developed economies
in the 20th century. The static
benchmarking also means the inbuilt footprint trade weighting is tied
to the benchmarked period. This
means that, if a crop is imported but
historically was domestically
produced, the water footprint will
underestimate the historic domestic
water footprint (assuming imports
are from less water-intensive
locations). Similarly, where products

are both domestically produced and
imported in equal measure at
different water intensities, there will
be distortion to both internal and
external water contents. Where they
are majority internal or external, the
overall distortion will be
consequentially less. All these
limitations mean the assessments
should not be taken as insights into
historic water use but as indications
of changes in broad relative trends in
water intensity owing to shifts in
crop type and the external/internal
split of production.
The Mekonnen and Hoekstra (2011)
water footprint values for both blue
and green water for each agricultural
product were multiplied by their
particular FAO tonnage for each
PRISE country. These numbers are
based on both crop water
requirement and an assessment of
how much of a particular crop
production is irrigated or rain-fed in a
particular country Using the water
footprint data, one set of
calculations for blue and green,
respectively, was carried out for
each country. The only unreported
water footprint was for honey,
generally a small product with only
an incidental water footprint in its
production. Non-food alcohol was
also not available through
Mekokonnen and Hoekstra (2011),
and is not included. Non-food
agricultural water (including
horticulture) is not included as these
data are not included in the FAO
FBSs. For Kenya, horticulture is a
significant water user.
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To avoid double counting of water in
the national assessments, the water
footprint of feed crops was
subtracted from the water footprint
of animal products. This was done
only for annual totals of animal
product, not individual animal
product types. The FAO food
balance gives tonnage of particular
commodities diverted to feed but
not the origin of that tonnage
(domestic or imported). The feed
crops were therefore apportioned as
domestic or imported according to
the ratio of the particular commodity
supply from imports and domestic
sources. A sum of the total food
blue and green water footprints was
calculated for each country, with
internal and external components
determined. This enables a
calculation of the percentage of
internal and external water footprints
relative to total food water needs.
This allows for an assessment of the
relative intensity of internal and
external water needs and their
changes over time, indicating
whether trade has been and is being
used to enhance decoupling trends.

Gilmont and Allan (2014) have
verified the food balance footprinting
methodology for Israel and Jordan,
two countries with known (and, in
the case of Israel, generally reliable)
agricultural allocations. While
disparities were found for the late
1990s, the latter half of the
benchmark period 2001-2005 was
found to represent on average 89%
of quoted agricultural blue water use.
For 2006-2011, the water footprint
crop tonnage averaged 100% of the
recorded blue water (range 93108%). For Jordan, the 2000-2005
representation was on average 96%
of quoted, falling to 84% for 20062009. Allowing for errors within all
datasets, water footprinting FAO
food balances appears to be
relatively methodologically robust.
For the six PRISE countries, the
calculated blue water footprint was
compared with annual agricultural
allocations from FAO AQUASTAT
(2014), with the results shown in
Table 10. Generally, the two
datasets are of the same order of
magnitude, but their agreement

varies both between countries at
different times and within countries.
Burkina Faso exhibits a reasonably
stable match throughout the
available data range. Kenya has
significant variability in agreement,
as does Pakistan. Senegal and
Tajikistan show poor but stable
matches, with Tanzania offering both
the best and worst matches.
Examining the causes for this
variation is beyond the scope of this
research, though we can note that
both the FAO food balance and
agricultural water withdrawals rely on
collation and reporting from country
offices, themselves dependent on
analysis and reporting from other
administrative levels. In addition, the
FAO food balance data do not
include non-food crops. Thus, where
there is significant irrigation of fibre,
a discrepancy will emerge, with
Tajikistan and its cotton production
a major case in point. The
discrepancy between water and
water footprint calculations is thus is
not surprising, but the stability of
much of the water footprint data is
encouraging.

Table 10: FAO-stated agricultural water allocations compared with FBS water footprinted blue water calculations
Country

Burkina Faso

Kenya

Pakistan

Senegal
Tajikistan
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FAO Year

FAO agricultural
withdrawal (mcm)

WFP for FAO year
(mcm)

WFP as % FAO

2005

420.7

361.5

85.92%

2001

420.7

324.1

77.04%

1992

303

237.7

78.46%

1985

230

170.6

74.18%

2003

2165

962.1

44.44%

2000

1010

874.8

86.61%

1990

1566

859.1

54.86%

2008

172400

88500.0

51.33%

2000

162700

72859.5

44.78%

1991

150600

52436.6

34.82%

1975

150300

32982.8

21.94%

2002

2065

295.6

14.32%

1987

1251

231.9

18.53%

2006

10440

4110.3

39.37%

2000

10960

2724.8

24.86%
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Country

FAO Year

FAO agricultural
withdrawal (mcm)

WFP for FAO year
(mcm)

WFP as % FAO

Tajikistan

1994

10960

3796.3

34.64%

2002

4632

1653.1

35.69%

1994

1040

944.0

90.77%

Tanzania

Source: Author’s analysis based on FAO food balance data (FAO 2013) and Water Footprint Network national blue water footprints (Mekonnen and Hoekstra
2011).

4.2 Burkina Faso
Blue water
Prior to decoupling up to 1970,
Burkina Faso already imported more
than twice the percentage of water
needs (7.9%) compared with food
tonnage needs (3.2%). Following
decoupling of food tonnage, Burkina
Faso significantly increased its
percentage of blue water needs met
from imports, averaging 29.6% from
2000 to 2009, whereas food
tonnage averaged 6.9% (Figure 11).
When compared with tonnage,
marked changes in water intensity
resulted. Blue water intensity of

domestic production is relatively
stable around 54 m3/t throughout
the 1961-2009 period. Blue water
intensity of imports transitions from
144 m3/t (1961-1970) to 310 m3/t
(2000-2009) (Figure 12). The
anomalies in food balance (and
import water intensity) in the 19721974 period, coinciding with the
Sahel drought, appear to owe to
120,000 t/year millet imports
(average for other years 2000 t),
which have no blue water footprint.
Burkina Faso has enhanced its
decoupling when assessed in terms
of blue water footprint. It has
strongly favoured imports of more
water-intensive agricultural produce.

The externalising of a growing waterintensive agricultural demand has
not, however, resulted in the
reduction of domestic agricultural
water intensity, which appears to be
remarkably stable.
The most water-intensive domestic
agricultural products are butter/ghee
and animal fats, both 1,204 m3/t
(above the global averages of 465
m3/t). The largest total user of blue
water is fermented beverages (92
mcm, at assumed global average of
138 m3/t), with rice the second
largest (45 mcm at 587 m3/t – global
average 341 m3/t).

Figure 11: Burkina Faso percentage of food tonnage imports and of blue water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
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Blue Water Intensity (m3/tonne)

Figure 12: Burkina Faso blue water intensity
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water
footprints (Mekonnen and Hoekstra 2011).

Green water
Burkina Faso has not intensified its
external green water. Green water
intensity is higher for internal
agricultural production. External
production has slightly increased its

green water intensity, but as a
percentage of national needs it
remains lower than imported food
tonnage (Figure 13).
Given the relative absence of
intelligent green water agricultural
imports, and the much larger total

green water needs (Table 11), the
combined blue and green water
trends exhibit only a small
decoupling of total water needs from
internal supply (Figure 14).

Figure 13: Burkina Faso percentage of food tonnage imports and green water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
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Figure 14: Burkina Faso total, internal and external agricultural water
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Table 11: Total internal and external blue and green water for Burkina Faso as calculated in 2009
Blue (mcm)

Green (mcm)

Total (mcm)

Internal

421

25,555

25,976

External

205

1,348

1,553

Total

626

26,903

27,529

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints (Mekonnen and
Hoekstra 2011).

4.3 Kenya
Blue water
Kenyan blue water imports are
generally higher as percentage of
total needs than imported tonnage,
although exhibit considerable
volatility (Figure 15). Prior to
decoupling in 1996, food imports
comprised on average 3.5% of food
needs, but incorporated 12.4% of
annual blue water needs. With
decoupling trends ongoing, in 2009
food imports comprised 14.2% of
food needs and 44.5% of blue water
needs. This demonstrates
considerable water-intelligent food
trade, with almost half the national
blue water needs now met through
imports.
Blue water intensity of domestic
production is highly stable,

averaging 51.1 m3/t between 1961
and 2009. Water intensity of imports
echoes the volatility of imported
tonnage. The average to 1995 is
210.5 m3/t, whereas the 1996-2009
period sees 304.9 m3/t, with a
maximum of 471.7 m3/t calculated
for 2004. A sudden decline in water
intensity of imports is noted in 2009
(Figure 16). The volatility in imported
water intensity during the 1980s
appears to be related to volatility in
cereal imports during that period,
prefacing a steady rise in cereal
imports from the late 1980s.

volatility, almost half the country’s
blue water needs are sourced
through imports.

Throughout the period of available
data, Kenya has been importing its
most-water intensive agricultural
needs. Decoupling appears to have
enhanced this trend, although
significant volatility is observed
throughout the dataset. Despite this

2

The most water-intensive domestic
production in 2009 was rice at 2,280
m3/t (above the global average of
341 m3/t). The largest total blue
water user is sugar (raw equivalent)
at 236 mcm (at 144 m3/t compared
with a global average of 455 m3/t),
followed by sugar cane at 101 mcm2
(at 18 m3/t compared with a global
average of 57 m3/t).
According to FAO (2013), FAO Item 2542 Sugar
(Raw Equivalent) and Item 2536 Sugar Cane are
not measuring the same factor. Sugar (Raw
Equivalent) includes commodity 158 Cane Sugar.
Sugar Cane includes Commodity 156 Sugar Cane.
It is therefore understood that the two sugar
categories are not double-counting the same crop.
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Figure 15: Kenya percentage of food tonnage imports and blue water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 16: Kenya blue water intensity
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Green water
As well as marked intensification of
Kenya’s blue water needs in
imported agriculture, a smaller but
marked intensification is observed in
its green water needs (Figure 17).
Owing to the presence of water42

intelligent food trade trends in both
blue and green water, the combined
water needs of Kenya exhibit only a
slight decoupling trend.
As a result of the greater magnitude
of green water (Table 12), the strong
water-intelligent food trade in blue
water is damped in when total water

is considered, since green water
comprises 96% of total national
water requirements. By 2009, 21%
of Kenya’s total food water needs
were derived from imports (Figure
18).
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Figure 17: Kenya percentage of food tonnage imports and green water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 18: Kenya total, internal and external agricultural water
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Table 12: Total internal and external blue and green water for Kenya as calculated in 2009
Blue (mcm)

Green (mcm)

Total (mcm)

Internal

1,163

40,369

41,532

External

934

10,068

11,001

Total

2,097

50,436

52,533

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints (Mekonnen and
Hoekstra 2011).
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4.4 Pakistan
Blue water
From 1961 to 1968, Pakistan
imported a higher percentage of its
blue water needs (6.4%) than it
imported food tonnage (3.3%). It has
not yet embraced any significant
form of food-trade decoupling.
However, from 1969 onwards, the
percentage of imported blue water
declined. From 1969 to 1999,
imports comprised on average 4.1%
of blue water, and from 2000 to
2009 3.0%, although considerable
volatility is noted. For 2000-2009,

total food imports to Pakistan
comprised on average 3.70% of
national food needs (Figure 19).
Therefore, Pakistan has moved from
a position of moderately waterintelligent food trade, whereby
imports are more water-intensive
than internal production, to one
where it is importing crops of lower
water intensity than its own
domestic production. This behaviour
in effect adds to overall water
pressures in Pakistan and could
compound pressure to perpetuate
and/or develop unsuitable
agriculture in semi-arid areas.

Blue water intensity for agriculture
within Pakistan is relatively stable
(Figure 20), averaging 587 m3/t.
Imported blue water intensity
averaged 1,148 m3/t from 1961 to
1968. By 2000-2009, it had declined
to 437 m3/t, below the water
intensity of internal production.
The most water-intensive domestic
agricultural product in the 20002009 period was sesame seed oil, at
7,106 m3/t (above the global
average of 1,183 m3/t). Wheat is the
largest total user of internal blue
water, using 28,480 mcm (1,368
m3/t, global average 342 m3/t).

Figure 19: Pakistan percentage of food tonnage imports and blue water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 20: Pakistan blue water intensity
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
44

Analysing the economic development impact of semi-arid lands, and mitigation through food-trade water resource decoupling

Green water
Food imports to Pakistan have
transitioned from being on parity
with the intensity of domestic
production (4.1% in 1961) to being

double it. They now comprise 10.2%
of green water needs through 5% of
food tonnage (Figure 21). A total of
8% of all Pakistan’s water needs
were met through imports in 2009

(Figure 22). Green water comprised
61% of Pakistan’s water needs in
2009 (Table 13).

Figure 21: Pakistan percentage of food tonnage imports and green water imports
14%

FoodBalance
WaterFootprint

12%
10%
8%
6%
4%
2%

19
61
19
63
19
65
19
67
19
69
19
71
19
73
19
75
19
77
19
79
19
81
19
83
19
85
19
87
19
89
19
91
19
93
19
95
19
97
19
99
20
01
20
03
20
05
20
07
20
09

0%

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 22: Pakistan total, internal and external agricultural water
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Table 13: Total internal and external blue and green water for Pakistan as calculated in 2009
Blue (mcm)

Green (mcm)

Total (mcm)

Internal

90,372

135,030

225,403

External

5,384

15,255

20,639

Total

95,756

150,285

246,041

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints (Mekonnen and
Hoekstra 2011).
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4.5 Senegal
Blue water
Prior to decoupling in 1969, Senegal
imported 17.7% of its food needs.
This food contained 62.5% of its
blue water needs, a very clear
example of water-intelligent food
trade. For the period 2005-2009,
average food imports comprised
32% of food needs and accounted
for 67% of blue water (Figure 23).
The externalising of blue water
requirements therefore remains

strong but has diminished slightly in
the period since 1969. Water
intensity of domestic production
increases steadily from an average
of 44.0 m3/t in 1961-1965 to 91.5
m3/t in 2009. Imported blue water
intensity is volatile with a slight
upward trend, averaging 354.0 m3/t
between 1961 and 2009, with a
maximum of 439.5 m3/t in 1999 and
a minimum of 250.5 m3/t in 1970
(Figure 24). Throughout, therefore,
Senegal has been using trade
effectively to mitigate its own water
limitations, but the instrument has

become marginally less effective, as
the increasing water intensity of
domestic production demonstrates.
For the 2005-2009 period, the most
blue water-intensive domestic
agricultural produce was oilcrops
(other), at 1,119 m3/t (global average
389 m3/t). The largest total user of
blue water was rice (milled
equivalent), using 152.3 mcm of blue
water/year (at 726 m3/t compared
with a global average of 341 m3/t).

Figure 23: Senegal percentage of food tonnage imports and blue water imports

80%
70%
60%
50%
40%
30%
20%

FoodBalance

10%

WaterFootprint

19
6
19 1
63
19
6
19 5
67
19
6
19 9
7
19 1
73
19
7
19 5
77
19
7
19 9
8
19 1
83
19
8
19 5
87
19
8
19 9
9
19 1
93
19
9
19 5
97
19
9
20 9
0
20 1
03
20
0
20 5
07
20
09

0%

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
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Figure 24: Senegal blue water intensity

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
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food water requirements (Table 14),
meaning the low historic intensity of
green water in imports and the
subsequent intensification have
considerable influence over the total
water picture, which shows that by

Green water
In Senegal, the intensity of green
water in imported food had
increased to parity with food
tonnage by 2009 (Figure 25). Green
water comprises 94.5% of Senegal’s

2009 27.2% of water needs were
derived externally, a decline from a
2002-2008 average of 34.9%
(Figure 26).

Figure 25: Senegal percentage of food tonnage imports and green water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 26: Senegal total, internal and external agricultural water
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Table 14: Total internal and external blue and green water for Senegal as calculated in 2009
Blue (mcm)

Green (mcm)

Total (mcm)

Internal

518

16,534

17,053

External

774

5,599

6,373

Total

1,292

22,134

23,426

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints (Mekonnen and
Hoekstra 2011).
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4.6 Tajikistan
Blue water
Given the length of available data
(and the age of the country as a
single accountable entity), normal
decoupling analysis was not carried
out on it. Food imports declined
from a peak of 45.2% in 1995 to an
average of 22.1% between 1996
and 2009. The percentage of blue
water needs met through imported
food rose from 7.3% in 1992 to a
historic peak of 17% in 1995, falling

again, before averaging 15.8%
between 2007 and 2009 (Figure 27).
Significant fluctuations in food trade
occurred after the collapse of the
Soviet Union, but, despite a rise in
intensity of blue water in imported
food, there is significant potential for
the adoption of higher-intensity food
imports as a preference to
agricultural expansion into semi-arid
areas.
Internal blue water intensity does
decline in Tajikistan, from 1,798.1
m3/t (1992-1994) to 1,018 m3/t in

2009. However, this is double this
intensity of imported blue water,
which is calculated as 614.0 m3/t for
2009, having risen from 177 m3/t in
1992 (Figure 28).
The most water intensive agricultural
product recorded for 2009 is animal
fats at 26,112 m3/t (global average
465 m3/t). The highest user of blue
water in Tajikistan agriculture is
noted as apples, requiring 332.4
mcm of water in 2009 (intensity
2,246 m3/t, compared with a global
average of 113 m3/t).

Figure 27: Tajikistan percentage of food tonnage imports and blue water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
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Figure 28: Tajikistan blue water intensity

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
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Green water
Green water in Tajikistan’s imports
have remained generally stable and,
in parity with overall levels of food
imports, water intensity rose in the

period from 1993 to 2002, before
returning to the same intensity as
domestic production (Figure 29).
Green water comprised 75% of
Tajikistan’s water needs in 2009
(Table 15) and therefore dominates

the overall signal of internal and
imported water. In the short time
series available, there are no clear
trends evident in the impact of
changing external total water
contribution (Figure 30).

Figure 29: Tajikistan percentage of food tonnage imports and green water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 30: Tajikistan total, internal and external agricultural water
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Table 15: Total internal and external blue and green water for Tajikistan as calculated in 2009
Blue (mcm)

Green (mcm)

Total (mcm)

Internal

4791

13222

18,013

External

848

3865

4,713

Total

22,134

17,087

39,220

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints (Mekonnen and
Hoekstra 2011).
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4.7 Tanzania

countries in the region there is scope
to enhance the use of trade to the
benefit of national water security.

Blue water
Prior to decoupling in 1996,
Tanzania imported on average 2.1%
of its food needs, although this
fluctuated over the period from 1961
(Figure 31). In 2009, Tanzania was
importing 4.7% of its food needs.
Over the same periods, blue waterintensity of food trade, while highly
variable, rose from 9.4% to 13.5%,
although it exhibited a downward
average trend between 2000 and
2009. Tanzania is therefore
importing more water-intensive
elements of its national food needs,
although in comparison with other

Water intensity of domestic
production appears stable up to
1993, averaging 43.7 m3/t. From
1994 onwards commences an
upward trend, reaching 74.9 m3/t by
2009. Despite the adoption of
decoupling, internal blue water use
has intensified. At the same time, the
blue water intensity of imported food
needs has fluctuated around a longterm average of 227 m3/t (Figure 32).
Tanzania has historically imported
and continues to import food in a
way that reduces pressure on its

national blue water resources.
However, the advantage of this
behaviour is being eroded by an
increasing water intensity of
domestic production.
The most blue water-intensive
products recorded for 2009 are
butter/ghee and animal fats, each at
800 m3/t (global average 465 m3/t).
The largest single user of blue water
is bananas, using 640.6 mcm of
water in 2009 (intensity 199 m3/t,
global average 97 m3/t), followed by
rice (milled) at 518.9 mcm (583 m3/t,
global average 341 m3/t).

Figure 31: Tanzania percentage of food tonnage imports and blue water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 32: Tanzania blue water intensity
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).
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Green water
Tanzania has historically always
imported a greater proportion of its
green water needs than its food
tonnage, remaining relatively stable
except for an increase in the 1981-

1995 period (Figure 33). There is
therefore no long-term changing
trend. Green water comprises
95.7% of total Tanzanian water
requirements (Table 16). The
combination of both blue and green
water import trends is variable, with

no clear directional trend and an
average 4.32% of annual totals for
1961-2009, although it shows an
increase to 6.51% in the 2000-2009
period (Figure 34).

Figure 33: Tanzania percentage of food tonnage imports and green water imports
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Figure 34: Tanzania total, internal and external agricultural water
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Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints
(Mekonnen and Hoekstra 2011).

Table 16: Total internal and external blue and green water for Tanzania as calculated in 2009
Blue (mcm)

Green (mcm)

Total (mcm)

Internal

2,284

54,657

56,940

External

331

3,440

3,771

Total

2,615

58,097

60,711

Source: Author’s analysis based on FAO food balance (FAO 2013) and Water Footprint Network national blue and green water footprints (Mekonnen and
Hoekstra 2011).
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4.8 Conclusions
The six PRISE countries all have
different trends in the use of food
imports as a potential tool to
mitigate national and subnational
water scarcity. Focusing on blue
water as the prime resource in semiarid areas, and irrigation-led
expansion, Burkina Faso has
intensified its blue water in imported
crops, while holding domestic
production constant. This implies
increasing demands for waterintensive crops are being met
through imported production. This
represents an effective use of waterintelligent food trade and buffers
national blue water resources from
growing population needs. In terms
of a robust analysis of regional water
security for the regions of the PRISE
countries, further analysis would be
required on the sources of food
imports. This could be achieved
through the UN-Comtrade database,
but the data themselves will assume
all exports are domestically
produced, with no clear audit trail of
re-exported crops. The analysis as
stands indicates where countries
have reduced growth pressure on
their own internal water resources
through embracing international
trade. The regional and global net
benefits of this behaviour rely on the
assumption that present imports are
derived from more water-abundant
regions.
Kenya has also witnessed an
intensification of blue water in
imported production, also enabling
internal blue water intensity to be
held constant. The shift is striking,
with almost 45% of national blue
water needs being met through
imports (comprising 15% of
tonnage).
Pakistan has seen a decline in
imported blue water intensity, with
internal blue water intensity also
remaining constant. This inverse of
water-intelligent food trade suggests
there is considerable potential to deintensify internal production and reintensification of blue water could be
pursued to mitigate climate change
risks and obviate the expansion of
52

agriculture into semi-arid areas. In
contrast with blue water, external
green water has intensified.
Senegal has historically had a much
higher intensity of blue water in
imports than domestic production.
There was limited change in the
period 1961-2009. In contrast, the
blue water intensity of internal
production has increased by 50%.
There appears to be a lost
opportunity to have avoided internal
intensification though adjustments in
import patterns.
During the period of available data,
Tajikistan is not employing waterintelligent food trade. Rather, it is
importing less water-intensive crops
than it is producing internally,
although the intensity of its domestic
production has constantly reduced
since 1991.
Tanzania displays a similar pattern to
Senegal, with a higher but static
intensity of blue water imports and a
50% increase in intensity of
domestic production.
Out of the six PRISE countries, only
Tajikistan has experienced a decline
in intensity of internal blue water.
Senegal and Tanzania, despite
importing their most blue waterintensive agricultural needs, have
failed to continue to use trade to
avoid intensification of internal use.
Kenya and Burkina Faso have
embarked on water-intelligent food
trade, and have held internal blue
water intensity constant. There
would appear to be scope for further
using the trade instrument to reduce
intensity of internal blue water. A
similar approach could be
suggested for Pakistan, which has
maintained a constant internal blue
water intensity despite decreasing
external blue water intensities. With
percentage of blue water imports
now at parity with percentage of
food imports, re-adopting waterintelligent food trade could be an
effective means of reducing regional
and national blue water pressures.
For countries other than Pakistan
and Tajikistan, water-intelligent food
trade is presently acting to reduce

pressure on national blue water
resources. The use of trade
therefore mitigates the total
population water requirements being
met internally, and therefore
pressure to expand agriculture into
semi-arid areas. None of the
countries appears to have used food
trade to deliver an absolute
reduction in national water intensity,
although Burkina Faso and Kenya
appear to have kept internal intensity
steady through use of food trade,
pointing to the power of food trade
to influence internal behaviour.
In all countries, green water
comprises the majority of national
water needs in agriculture and its
trend dominates the national water
signal vis-à-vis internal and imported
water needs.

4.9 Recommendations
to policymakers
In all six PRISE economies, the most
water-intensive agricultural products
are using above-global average
levels of water. A net global saving
could be achieved if these products
were imported. It is recognised that,
in the case of animal products, there
is a likelihood of other animal-related
outputs being gained, for example
skins and meat, beyond the animal
fats produced. Two of the PRISE
case studies have identified
significant water-intelligent food
trade that appears to have assisted
with reducing the national impact of
population water intensification of
food. Such a strategy is worth
pursuing as part of an analysis of
alternatives to irrigation expansion
into semi-arid areas, particularly
where such expansion will lead to
livelihood disruption and climate
change vulnerability. The potential of
water-intelligent food trade is
especially clear in Pakistan, where
blue water intensity of imports has
declined; this decline could valuably
be reversed. Tanzania could similarly
reverse its recent decline in import
intensity, to buffer what appears to
be growing internal water intensity.
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5. Conclusions
This research aimed to investigate
the national-scale economic impact
of semi-arid lands on economic
growth and food production and
import patterns. Using and
developing the theoretical work on
decoupling in a water-specific way, it
reveals areas for potential policy
action and patterns that give further
insights into the environment–
economy relationship.
The research first discovered no
statistical difference in the timing of
decoupling of economic growth from
agricultural production. However,
non-significant trends do indicate
semi-arid economies decouple on
average nearly four years earlier than
other developing economies. Having
decoupled, their relative growth
rates are on average slower. The
spread of decoupling across all
countries dwarfs any variation
between country classifications,
meaning none of the findings is
statistically significant. This insight is
itself important, suggesting factors
beyond the presence of semi-arid
lands would appear to determine

timing and pace of decoupling.
Focusing on these wider trends
might be a more powerful means of
mitigating population and economic
impacts of climate change than
focusing on semi-arid elements of
development.
Second, the research found little
difference in behaviour between
semi-arid and non-arid lands
regarding timing and strength of
decoupling of food needs.
Differences were found with regard
to arid economies, however. It is
therefore suggested that, in terms of
using food trade policy to buffer
inappropriate development of semiarid lands, there is potential for
semi-arid economies to mimic the
behaviour of arid economies. At
present, they appear aligned with
non-arid economies, which could
lead to a tendency for climate- and
environmentally insensitive
agricultural expansion.
The research finally found significant
potential to use food trade in a
water-intelligent manner – that is, to
import the most water-intensive

elements of production. Such
behaviour has the proven potential
to enable national water intensity in
agriculture to be held stable. This is
an important buffer to climateinsensitive agricultural development
for the meeting of national food
needs. The trends towards waterintelligent food trade are robust in
some economies, but show
tendencies for relapse in others.
They are also noted for their
absence in other cases. Within the
PRISE economies, there would
appear to be significant potential for
realignment of the agriculture sector
and water resource use through
deployment of water-intelligent food
trade, and heavy above-globalaverage water using crops. Finally,
with green water forming the vast
majority of annual water needs in
each PRISE economy, it is also
suggested the percentage
improvements in green water use
could significantly mitigate needs for
blue water use expansion.
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