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Executive Summary

The Middle East is one of the most water scarce regions in the world. Lack of water is a common issue 
challenging countries of this region. These countries have already exploited their available water 
resources and most of their watersheds have passed the sustainable level of water withdrawal. In several 
countries, water is massively used in agricultural activities to produce food, while precipitation has 
decreased over time across the region. These patterns suggest that the Middle Eastern countries will 
experience major constrains to maintain or expand their crop production in the future.

The existing literature confirms that the problem of water scarcity will be intensified in the Middle 
East in the future due to climate change and overconsumption of water. The literature also indicates 
that climate change will significantly reduce crop yields in the region, in particular for major grains. 
These changes are expected to limit the production of agricultural products; negatively affect nonagri-
cultural sectors that have strong forward and backward linkages with agricultural activities; limit job 
opportunities in rural areas; idle capacities; and reduce the efficiency of capital assets and infrastruc-
ture that have been developed in rural areas to support agricultural activities and sustain human life. 
Water scarcity will also reduce outputs of industrial and energy sectors that need water to operate, and 
diminish the performances of the sectors that provide services. 

The main goal of this study is to examine the extent to which water scarcity and losses in crop yields 
due to climate changes could affect Middle Eastern economies. To accomplish this task, we provide a 
wide range of analyses to recognize the extent to which crop yields and water scarcity may change under 
alternative climate scenarios up to 2100. However, since the long-term impacts are highly uncertain, in 
our economic analyses, we rely on the short to medium time horizons of the changes in crop yields and 
water scarcity. In particular, we focus on the changes that are highly likely to happen before 2050.

Given the economy-wide effects of these factors, we developed and used a computable general equi-
librium (CGE) model to accomplish this goal. In particular, we used the GTAP-BIO-W model developed 
by the Global Trade Analysis Project (GTAP), a CGE model that has been frequently used to assess the 
economy-wide impacts of changes in water scarcity and changes in crop yields. This model traces 
demands for and supplies of all goods and services produced, consumed, and traded at the global scale 
by country/region. It also takes into account resource constraints and models the allocation of limited 
resources—including labor, capital, natural resources, water, and land—among their uses. This model 
divides crop production into rainfed and irrigated and traces supplies of water and land resources and 
their demands at the spatial resolution of River Basin–Agro-Ecological Zone (RB-AEZ) in each country/
region. The report explains the main characteristics and background of this model in detail. 

To conduct this research, we made a major effort to prepare a benchmark database to represent the 
structure of the economies of the region and link them to the rest of the world according to the best 
and most reliable available data. The benchmark data base includes input-output (I-O) tables for each 
country; global data on trade by commodity (aggregated to several categories) and country; land use 
data by country at the RB-AEZ level; crop production and harvested area by country at RB-AEZ level; and 
water consumption by users in each country at the RB-AEZ level. We obtained the country input-output 
tables from the GTAP data base. This data base does not provide input-output tables for Iraq, Lebanon, 
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and the Syrian Arab Republic. Following intensive work, using the most reliable data available, we 
developed input-output tables for these countries. The report describes the procedure we followed to 
construct these input-output tables. 

To assess the effects of climate change on crop yields, we first collected the most reliable estimates for 
countries of the Middle East at a grid cell level and then processed and summarized the results by 
country and AEZ level. The report fully explains this effort. The results of this work show that climate 
change will negatively affect the productivity of corn, wheat, and rice in a significant way. The impacts 
are larger for the rainfed items. However, rice is not produced in the Middle East, except in the Islamic 
Republic of Iran. Some productivity improvements may occur for oil crops and sugar crops due to 
climate change. The impacts on other crops are minor and very uncertain. The results of these analyses 
have been used in the scenarios examined. 

We also examined the pattern of rainfall and consumption of water in the region and reviewed the 
literature that has addressed the issue of water scarcity in the Middle East. While the literature clearly 
agrees that water scarcity will increase in this region, there is no estimate on the rate of reduction in 
water availability by country for the whole region. Given that the level of future expansion in water 
scarcity in the Middle East is uncertain, in this research, we examined scenarios of 5 percent, 10 percent, 
and 20 percent reduction in water supply across the region, except for Turkey and Lebanon. For these 
two countries, we examined scenarios of 5 percent and 10 percent reductions in the water supply. 

To achieve the goals of this research, we developed a wide range of alternative simulations that por-
tray the Middle Eastern economies under different water scarcity scenarios mixed with the climate 
impacts on crop yields. We began with simulations that assessed the impacts of reductions in water 
supply at different rates. Then we took into account the impacts of climate change on crop yields, fol-
lowing several analyses examining the trade implications for food products. After that, we examined 
the extent to which improvements in water use efficiency (WUE) could mitigate the adverse impacts of 
water scarcity. Frequently, it is argued that an improvement in WUE (that is, producing more crops per 
drop of water) could lead to a rebound effect in water consumption that would increase water with-
drawal. We developed a set of simulations to examine the extent to which WUE may generate a rebound 
effect in water consumption for irrigation in the two big crop producers of the region, the Islamic 
Republic of Iran and Turkey, which use water intensively for irrigation. Furthermore, as a preliminary 
effort, we examined several simulations that highlight the importance of transboundary waters issues 
for the region. The results obtained from the examined scenarios indicate that:

 • Reduction in water supply and changes in crop yields induced by climate change can jointly reduce 
the GDPs of the Middle Eastern countries significantly. These two factors can jointly reduce the GDP 
of the Islamic Republic of Iran, Iraq, Jordan, Lebanon, Syria, Turkey, up to 7.2 percent, 3.9 percent, 
6.8 percent, 1.9 percent, 9.8 percent, and 5.9 percent, respectively; and the Rest of the Middle East 
(RME) by up to 4.1 percent. The annual monetary values of these changes are large.

 • Both agricultural and nonagricultural activities would suffer from the adverse impacts of water scar-
city and changes in crop yields due to climate change. Nonagricultural sectors suffer more from water 
scarcity.
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 • The changes in crop yields induced by climate change negatively, but moderately, affect the GDPs of 
the Middle Eastern economies. Water scarcity is a major threat to the economies of the Middle East.

 • Demand for labor, in particular in the agriculture sector, is expected to fall across the region in 
response to water scarcity and changes in crop yields. These impacts are significantly large for Iraq 
and Syria, and for skilled labor in the Islamic Republic of Iran.

 • Reduction in supply of water is expected to reduce the area under irrigation. However, changes in 
crop yields induced by climate change will encourage farmers to move toward more productive and 
less water-intensive crops. That could prevent a reduction in the irrigated area to some extent. 

 • Water scarcity in the Middle East could lead to more land degradation and conversion of natural pas-
ture and forest to cropland in areas that are less water stressed within each country. This suggests that 
in addition to the monetary losses due to water scarcity, the Middle Eastern countries will experience 
environmental damages that indirectly generate welfare losses due to environmental degradation. 
Our simulations acknowledge these costs but do not put a dollar value on them. 

 • Climate change will negatively affect yields for wheat and corn. Yields may improve somewhat for 
oil crops and sugar crops. The negative impacts are larger for the rainfed wheat and corn. Thus, 
these crops would be impacted more. The Middle East will become more dependent on imports of 
staple crops. 

 • Crop prices are expected to increase for both crop producers and consumers. However, crop prices 
are expected to increase at a lower rate for consumers. That is because the Middle Eastern economies 
will increase imports and decrease exports of crop products. 

 • The Middle Eastern countries will rely more on food imports to preserve their food security and 
eliminate a portion of losses in their food output due to water scarcity and reductions in crop yields. 
That means that trade will partially buffer the negative impacts of water scarcity and climate change 
on food security of this region. This research considers food security in terms of food availability, not 
the nutrient content of food. More research is needed to take into account changes in the nutrient 
content of food due to climate change in the Middle East. 

 • Improvements in water use efficiency could eliminate the impacts of water scarcity. Additional miti-
gation policies are needed to deal with the adverse impacts of climate change on rainfed crop yields. 
More advanced research is needed to determine the efficiency of investments in technologies that 
can improve WUE across economic activities and uses of water. 

 • The gains of improving water use efficiency are large and could justify major investments in the water 
infrastructure to conserve water—not to expand unsustainable water withdrawal.

 • With no effective water conservation policies in place, improvements in WUE may generate rebound 
effects in water consumption. That could increase the demand for excessive water withdrawals from 
the existing limited resources.

 • Transboundary water is an important and critical issue across the Middle East, among countries in 
this region and even within each country. To highlight the importance of this issue, we undertook 
some preliminary simulations to assess the potential economy-wide impacts of multinational 
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collaborations on transboundary water. The results indicate that collaboration among nations that 
use the same water resources could generate major economic gains. More solid research is required to 
better understand and assess these gains and prepare policy recommendations for regional and inter-
national collaborations and negotiations in this area.

 • The experiments in this study assume no changes in agricultural and trade policies. Changes in these 
policies could alter the results. It is important to develop experiments to examine the interplay 
between climate change, water scarcity, and changes in agricultural and trade policies. To manage the 
implications of water scarcity and mitigate the adverse impacts of climate change, countries of the 
Middle East need to redefine their trade and food policies to establish proper trade relationships with 
water-rich countries that provide agricultural products. 

 • Subsidizing production of inefficient and water-intensive crops will be less attractive and more costly 
in future. Trading goods based on comparative advantages according to their virtual water inputs will 
a key in dealing with water scarcity. Developing new policies to facilitate this process is essential.
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Chapter 1
Introduction

The Middle East and North Africa region is one of the most water scarce regions in the world 
(Rosegrant et al. 2013). The annual average of precipitation in this region is usually very low but varies 
across the region. During the 20-year period from 1997 to 2016, the means of precipitation for Islamic 
Republic of Iran, Iraq, Jordan, Lebanon, the Syrian Arab Republic, and Turkey were about 199 mm, 
167 mm, 95 mm, 527 mm, 266 mm, and 574 mm per year.1,2 Rainfall in the Rest of the Middle East is also 
very low. For example, for the same period, it was 229 mm in Israel, 110 mm in Kuwait, 78 mm in Oman, 
45 mm in Qatar, 65 mm Saudi Arabia, and 172 mm in the Republic of Yemen per year. 

In the future, this region is expected to be faced with a major water shortfall prompted by either 
expansion in demand for water or reduction in precipitation induced by climate change— or both 
(Chenoweth et al. 2011; Rosegrant et al. 2013). In general, annual rainfall has been declining in the Middle 
East. For example, the mean precipitation for the 2000s compared to the corresponding figure for the 
1960s was lower in the Islamic Republic of Iran, Iraq, Jordan, Lebanon, Syria, and Turkey by 13 percent, 
23 percent, 15 percent, 16 percent, 18 percent, and 3 percent, respectively.3

In the Middle East, water is mainly used for irrigation. For example, the shares of irrigation in total 
water withdrawal for the Islamic Republic of Iran, Iraq, Jordan Lebanon, Syria, and Turkey are about 
92 percent, 79 percent, 52 percent, 60 percent, 88 percent, and 74 percent (FAO 2018).

Crop production in the Middle East heavily relies on irrigation due to low productivity of rainfed crop-
ping. The share of irrigated area in total harvested area varies across the region. For example, the share 
of irrigated area in the Islamic Republic of Iran, Iraq, Jordan Lebanon, Syria, and Turkey was about 
52 percent, 91 percent, 31 percent, 58 percent, 42 percent, and 16 percent, respectively in 2016, while the 
share of irrigated crops in total crop production in these countries was were 66 percent, 94 percent, 
59 percent, 81 percent, 75 percent, and 48 percent, respectively. These figures indicate that irrigation 
plays a major role in crop production in the Middle East, and suggest that any major reduction in water 
supply could harm production of agricultural products in the Middle East. Beside food security con-
cerns,4 this could lead to more crop imports and generate broader economic consequences as well. 

The share of agriculture in total GDP is usually small in the Middle Eastern countries, as most of these 
economies rely on production and exports of crude oil. According to the World Bank data bases,5 among 
these economies, the Islamic Republic of Iran has the largest share of agriculture in the GDP (9.6 percent 
in 2016). Turkey has the second largest share (6.2 percent in 2016). The share of agriculture in the GDP is 
relatively small in other countries of the Middle East, ranging between 2 percent to 5 percent. 

While the share of agriculture in total GDP is small, agriculture is a major source of employment in these 
countries, in particular in rural areas. The share of agriculture in employment in the Islamic Republic of 
Iran, Iraq, Jordan, Lebanon, Syria, and Turkey were about 18 percent, 19.2 percent, 3.6 percent, 12.4  percent, 
14.6 percent, and 19.5 percent in 2016, respectively, according to the World Bank’s World Development 
Index. These figures are several times higher than the share of agriculture in the GDP of the corresponding 
regions. Hence, any reduction in agricultural activities in these countries due to water scarcity or reduc-
tion in crop yields could directly and indirectly eliminate job opportunities in the Middle East.
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The goal of this study is to examine the extent to which water scarcity and losses in crop yields due to 
climate changes could affect the Middle Eastern economies. To accomplish this task, we used the GTAP-
BIO-W model developed by the Global Trade Analysis Project (GTAP), a computable general equilibrium 
(CGE) model that has been frequently used to assess the economy-wide impacts of changes in water 
scarcity and changes in crop yields. We developed and examined a wide range of alternative scenarios 
that portray the Middle Eastern economies under different water scarcity scenarios mixed with climate 
impacts on crop yields and also scenarios that take into account improvements in water use efficiency 
and transboundary waters. To support these simulations, we developed a data set that evaluates the 
effects of climate changes on crop production for the Middle Eastern countries. 

This report has ten chapters. After this introduction, chapter 2 introduces the research methodology. 
Chapters 3 and 4 fully describe our modeling framework and its database. Chapter 5 reviews the econo-
mies of the Middle East, concentrating on agricultural activities that are expected to be directly affected 
by water scarcity and changes in crop yields, and highlighting some important macro aspects of these 
economies. Chapter 6 briefly reviews the literature that examines the water scarcity issues and changes 
in crop yields due to climate change and discusses the profound economic impacts of these changes. 
This chapter provides a set of data that evaluates the impacts of climate change on crop yields in the 
Middle East by country. Chapter 7 describes the examined scenarios for water scarcity and those exper-
iments that we developed to: (1) evaluate the joint impacts of water scarcity and reductions in crop 
yield; (2) assess the contributions of mitigation activities that could improve water use efficiency; 
(3) determine the potential rebound effect in water consumption due to improvements in water use 
efficiency; and (4) conduct preliminary studies to investigate the issues related to transboundary waters. 
Chapter 8 presents the results for the examined scenarios. Chapter 9 presents significant messages, 
points out limitation of this study, and examines some preliminary policy options that might help policy 
makers develop more advanced policies to manage the adverse impacts of water scarcity and reductions 
in crop yields. Chapter 10 concludes. 

Four appendixes follow. Appendix A presents the research methodology. Appendix B describes 
the GTAP-BIO-W model. Appendix C lists the GTAP sectors and aggregation used for the analysis. 
Appendix D examines a set of preliminary simulations that highlights the importance of transbound-
ary waters. 

Notes
1. The mean precipitation for each country represents the mean of annual averages of precipitation for the entire period of 1997–2016.

2. This research concentrates on the economies of the Islamic Republic of Iran, Iraq, Jordan, Lebanon, Syrian Arab Republic, Turkey; and the 
Rest of the Middle East (RME), including Bahrain, Israel, Kuwait, Oman, West Bank and Gaza, Qatar, Saudi Arabia, the United Arab Emirates, 
and Republic of Yemen. 

3. The mean precipitation for each decade represents the mean of annual averages of precipitation for that decade.

4. This research considers food security in terms of food availability, not the nutrient content of food. The implication of water scarcity for 
food security in terms of nutrient content is an important issue which goes beyond the goals and resources of this research. For a novel work 
and discussion on this topic, see UNSSCN (2020).

5. As mentioned later in this report, the GTAP data set provides slightly different values for this share.
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Chapter 2
Methodology

To accomplish the goals of this study, different research approaches could be followed. One option is 
to concentrate on the sectoral impacts of these factors, using country-specific partial equilibrium 
(PE) models. However, this approach ignores the economy-wide impacts and interactions among 
 economic activities. For more discussions about PE models, see appendix A. 

Another analytical approach is to develop an input-output (I-O) analysis. This approach provides a 
 macroeconomic framework that takes into account forward and backward linkages among economic 
 sectors; links between production, consumption, and investment; and connections to the global 
 markets due to trade (exports and imports). This approach disregards marked-mediated responses 
due to changes in economic conditions and relative prices. For more discussions about I-O models, 
see  appendix A.

Using a computable general equilibrium (CGE) modeling framework is another option. This approach 
extends the I-O analysis and allows economic agents to respond to the changes in relative prices induced 
by climate change. This approach has been widely used to evaluate the economy-wide impacts of 
 climate change. A CGE model can be defined in a dynamic or a static setting. To define a dynamic CGE 
model, modelers must make certain assumptions about future changes in many economic and 
 noneconomic variables. Developing proper assumptions and providing reliable data for a dynamic 
model are costly and time-consuming activities. 

The alternative is to set up a static CGE modeling framework. A static CGE model is usually used to 
study the responses of an existing economy to one or a set of exogenous shocks (such as  changes in 
climate conditions). Given the geographical scope of this study and its goals, we modified and used a 
well-known multi-regional global CGE model, known as  GTAP-BIO-W, to examine the economy-wide 
impacts of water scarcity and changes in crop yields due to climate change for the economies of the 
Middle East. 

While a static CGE analysis does not explicitly represent the time horizon of the changes in eco-
nomic variables, time is implicitly embedded in the analysis via the nature of the implemented 
exogenous shocks and the magnitudes of the model parameters. For example, consider two differ-
ent sets of shocks to crop yields. One set captures the percent changes in crop yields between today 
and 10 years from now. The other one measures the changes for the next 20 years. Of course, for a 
given set of model parameters, the outcomes of these two shock sets represent two different time 
horizons. Then for a given set of shocks, the model outcomes will depend on the model parameters. 
Model parameters could represent responses to short-term, medium-term, over long-term time 
horizons. In general, long-term elasticities represent more flexibility  in the behaviors of consumers 
and producers, allow more  adjustments in demands for and supplies of goods and services, and 
permit more substitution among primary inputs. On the other hand, short-term elasticities repre-
sent less flexibility  in  production, consumption, and trade. For further  discussion about the 
research methodology,  see appendix A. 
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To concentrate on the Middle Eastern economies, the model and its database are geographically 
aggregated into six countries and two macro-regions: the Islamic Republic of Iran, Iraq, Jordan, 
Lebanon, and the Syrian Arab Republic; the Rest of the Middle East (RME), including Bahrain, Israel, 
Kuwait, Oman, West Bank and Gaza, Qatar, Saudi Arabia, the United Arab Emirates, and Republic of 
Yemen); and Other (ROW), which represents the rest of the world. The GTAP-BIO-W model uses a 
benchmark database that represents the global economy in 2011. To provide more up-to-date analysis, 
this  database is updated to represent the global economy in 2016 (last year for which consistent data 
was available). 

To achieve the goals of this study, we developed a wide range of alternative simulations that 
 portray the Middle Eastern economies under different water scarcity scenarios mixed with 
 climate impacts on crop yields. We begin with simulations that assess impacts of reductions in water 
supply at different rates. Then we took into account the impacts of climate change on crop yields 
 following several analyses regarding the trade implications for food products. Next, we examined the 
extent to which improvements in water use efficiency (WUE) could mitigate the adverse impacts of 
water scarcity. It is often argued that an improvement in WUE (that is, producing more crops per drop 
of water) could lead to a rebound effect in water consumption, which would increase water withdrawal 
(Ward and Pulido-Velazquez 2008; Pfeiffer and Lin 2014; Li and Zhao 2018). We developed a set of 
 simulations to examine the extent to which WUE may generate a rebound effect in water consumption 
for irrigation in the two big crop producers of the region, the Islamic Republic of Iran and Turkey, which 
use water intensively for irrigation. We also examined these cases for Syria, to represent a smaller water 
user of the region. Furthermore, we examined several preliminary simulations that highlight the 
 importance of transboundary waters issues for the region. 

It is very  important to note that our analyses implicitly assume that the political condition of the 
Middle East will remain the same as 2016, the baseline. In particular, it is assumed that water scar-
city will not cause new conflicts in the region. In reality, new conflicts induced by water scarcity 
could generate huge human disasters and economic losses, as shown in recent reports by the 
World Bank (2017a, 2017b). Assessing the implications of these types of conflicts is beyond the scope 
of this research.
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Chapter 3
GTAP-BIO-W Model

This study uses the GTAP-BIO-W model, a static CGE model that combines economic and biophysical 
information on land and water at the spatial resolution of River Basin–Agro-Ecological Zone (RB-AEZ) in 
each country (Liu, Hertel, and Taheripour 2013). It is designed to examine the nexus between agricul-
tural activities, industrial and energy sectors, and trade in the presence of climate change and water 
scarcity by country at a global scale. The latest version of GTAP-BIO-W model is introduced and explained 
in Taheripour et al. (2018). 

The GTAP-BIO-W model has  the following major characteristics: 

1. It is the only global CGE model that explicitly traces water consumption by sector and by country at 
the river basin level by agro-ecological zones (AEZs). A large river basin could serve several AEZs. 

2. It incorporates water into the production function of all economic activities including crops, live-
stock, industries, and water utility services. Therefore, all economic activates compete for water. 

3. Unlike all other global CGE models, this model distinguishes between rainfed and irrigated crops to 
better capture the links between demands for irrigation and food supply. 

4. Nested Constant Elasticity of Substitution (CES) production functions are used in this model.1 Hence, 
it allows the user to examine alternative assumptions on substitution between water and other inputs, 
in particular for capital and land. 

5. This model takes into account heterogeneity2 in the price of water and traces demand for and supply 
of water by country at the river basin level by AEZ. This means that the marginal value of water could 
be different at different places and across uses. 

6. It uses a nested Constant Elasticity of Transformation (CET) functional form to model the supply side 
of water resources. This approach allows us to take into account the real world rigidities in water allo-
cation across uses. While some adjustment of water use across sectors is possible, it is by no means 
freely mobile like other mobile inputs such as labor or capital. This is a standard method to model a 
sluggish input like water, which cannot move freely across uses and across AEZs, river basins, and 
regions. 

7. The database used in this research matches the existing data provided by trusted international 
organizations. The biophysical information includes crop production, harvested area, land cover 
items, and water use that match national and international databases, including those of the World 
Bank and the Food and Agriculture Organization of the United Nations (FAO). We updated this 
database to represent the world economy in 2016.

Appendix B Further Explains The Components of This Model

It is important to note that the GTAP-BIO-W model, like any other CGE model, determines the optimal 
allocation of all primary factors of production (including labor, land, water, capital, and resources) 
among their alternative uses given the existing data and model parameters. In general, the parameters 
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of this model represent a short to medium time horizon, as they take into account rigidities in water 
allocation, limited substitution among primary inputs on the production side, and no long-term shifts 
on the demand side. Long-term shifts in dietary preference could alter demand for food items, which 
could alter the intensity of water scarcity in the long term. In addition, we assumed that no exogenous 
major technological progress will occur.

Notes
1. A nested CES production function divides production inputs into several subgroups and assign different elasticity of substitution 

 parameters between the inputs of each nest and among the nests. 

2. In a competitive market, all users of a commodity pay the same price for that commodity. When there are rigidities in the market for an 
endowment (or a commodity), the users pay different prices for that endowment (or commodity). This represents heterogeneity in the price 
paid by users. For example, when water cannot freely move from agricultural uses to nonagricultural uses due to the existing restrictions 
(such as quotas, water rights, or any other social restrictions), agricultural and nonagricultural users of water pay different prices for water. 
In this case, water is not a homogenous commodity across its alternative uses. 
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Chapter 4
GTAP-BIO-W Data Base

This research concentrates on the following geographical aggregation scheme: the Islamic Republic of 
Iran, Iraq, Jordan, Lebanon, the Syrian Arab Republic, and Turkey; Rest of the Middle East; and Rest of 
the World. The GTAP Data Base  has readily available information for the Islamic Republic of Iran, Jordan, 
and Turkey and 118 other countries. However, it does not individually identify Iraq, Syria, and Lebanon. 
These three countries plus the Republic of Yemen and West Bank and Gaza are aggregated into 
one region in the GTAP Data Base version 9 (Aguiar, Narayanan, and McDougall 2016). To support 
this research, we introduced the input-output tables for Iraq, Lebanon, and Syria into this Data Base. 
The discussion that follows briefly outlines how this was done, following a short introduction of the 
standard GTAP Data Base.

Brief Review of the GTAP Data Base

The GTAP Data Base is the centerpiece of the Global Trade Analysis Project (GTAP). The Data Base 
includes data on bilateral trade in goods and services, intermediate inputs among sectors, energy data, 
carbon and non-carbon emissions, land use, and irrigation, as well as taxes and subsidies imposed by 
governments. First created for global applied general equilibrium models, the GTAP Data Base is also 
used by other modeling communities such as for multi-region input output analysis, global social 
accounting matrix (SAM) modeling, integrated assessment modeling (IAM), and complex network 
science.1

Based on Google Scholar calculations of all GTAP versions, Aguiar, Narayanan, and McDougall (2016) 
found that the GTAP Data Base underpins thousands of economic model applications. 1,013 studies on 
international trade; 893 on growth and development; and 521 on climate and the environment used the 
GTAP database. The GTAP Data Base documentation has attracted more than 2,600 scholarly citations.

The production of the GTAP Data Base relies on the contributions from many individuals and organi-
zations throughout the world. Individuals contribute the best available I-O tables for their country, 
while other experts contribute the macroeconomic, trade, protection, and other data required. The 
Center for Global Trade Analysis, the home of GTAP, coordinates these contributions and produces one 
usable, globally consistent Data Base that  is a fully documented, publicly available, and regularly 
updated. 

The benefits of the centralized construction begin with the specification of a set of common stan-
dards, concordances, and reference years. For many countries, I-O table statistics are only produced 
sporadically. Furthermore, each country has its own sectoral breakdown, while the international data 
sets use their own classifications, all of which must be harmonized during the construction process. 
Once produced, data contributors and leading national and international organizations play a role in 
reviewing the Data Base before it is made public, providing an extra layer of quality assurance. 

Complementing the core GTAP Data Base are several extensions designed to make it more relevant to 
contemporary policy issues. In addition to the I-O tables, the GTAP Data Base provides information on 
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bilateral trade, trade barriers, crop production, harvested area, land cover items (forest, pasture, and 
cropland); primary and secondary energy production; and greenhouse gas emissions such as carbon, 
methane, nitrous oxide, and fluorinated compounds by country. The GTAP Data Base also contains data 
on land cover (forest, pasture, and cropland), crop production, and harvested area by country at the 
level of Agro-Ecological Zone (AEZ). Recently, GTAP has developed a data set that distinguishes between 
irrigated and rainfed crop industries and represents water withdrawal for irrigation, water used by the 
livestock industry, water used by industrial activities, and municipal uses of water. Together, these 
data sets have become core inputs into many of the integrated assessment models used to evaluate the 
economic costs and benefits of climate regulations. 

The regional coverage of the latest GTAP Data Base includes 121 individual countries, covering 
98 percent of world’s GDP and 92 percent of world’s population. The rest of the world is represented in 
20 regional aggregates (Aguiar, Narayanan, and McDougall 2016). In terms of sectors, the whole of each 
economy is displayed in the 57 GTAP sectors.2

Steps Followed to Incorporate Iraq, Lebanon, and Syria into GTAP

Constructing the GTAP Data Base requires integration and reconciliation of more than one hundred I-O 
tables with international data sets contributed by several international organizations. For an I-O table to 
be part of GTAP, it needs to have at least 30 GTAP sectors. Tables need to be balanced, and aside from 
changes in stocks, all entries need to be zero or positive.3 

A well-defined process is followed to include a new I-O table in the  GTAP Data Base. For this study, we 
first adjusted the agricultural outputs of the new table to the provided data from reliable sources includ-
ing the Organization for Economic Co-operation and Development (OECD) and the Food and Agricultural 
Organization (FAO) of the United Nations (Chepeliev and Aguiar 2018). We did  the same for energy 
 sectors. For energy sectors, we relied on the data provided by the International Energy Agency (IEA). 

Second, we followed a split process to match the sectoral aggregation of the new table with the 
sectoral aggregation of the GTAP Data Base. The original GTAP sectoral aggregation is presented in 
appendix C. 

Finally, we integrated the new I-O table into the Data Base while taking into account the existing data 
on macroeconomic and trade variables (such as GDP and other national income variables, exports and 
imports, trade flows of goods and services among countries), also  provided by the international organi-
zations such as the World Bank, the International Monetary Fund (IMF), the United Nations (UN), and 
so on. These steps are described in greater detail next. 

Step 1. For Iraq, we received a new I-O table from the International Food Policy Research Institute (IFPRI). 
This table was recently developed in collaboration with the United States Agency for International 
Development (USAID) and has already been published (Debowicz 2016). This I-O table represents the 
economy of Iraq in 2011. For both Syria and Lebanon, we relied on their social accounting matrices 
(SAMs) that have been estimated for 2007 and 2010, respectively. The staff of the United Nations 
Economic and Social Commission for Western Asia (UNESCWA) made these tables available to us. These 
three I-O tables are fairly aggregated: the table for Iraq has 14 sectors; the table for Syria has 19 sectors; 
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and the table for Lebanon has 9 sectors. These sectoral aggregation schemes are not consistent with 
GTAP Data Base sectoral aggregation. 

Thus, following the procedure developed at the GTAP Center, we took required actions to match them 
with the GTAP standard Data Base. We first matched their agricultural and energy sectors with the FAO 
and US Energy Information Administration (EIA) databases. Then we matched their sectoral aggregation 
with the GTAP standard aggregations using a synthetic I-O table that  has been developed at the GTAP 
Center to guide the split and matching process. The synthetic IO table is a master table that provides 
required coefficients to split an aggregated sector to several sectors using available data from other 
countries. This table, in combination with independent data, is usually used to accomplish the disaggre-
gation process. For example, the new  I-O table for Iraq aggregates all crop activities under one single 
sector. To split this aggregated crop sector into several crop sectors, we need to know what crops are 
produced in Iraq. In addition, we need to know the production, harvested area, and value of each crop 
produced in this country. We got  this information from the FAO database. In addition, we need to know 
the cost structure of new sectors, for example wheat versus corn. The synthetic I-O table provides this 
information, based on the existing data from other countries.

Step 2. With the new I-O tables in hand, the next task is to ensure consistency among the different data 
sets contributed. In general, we adjust the I-O tables to the international data sets, rather than the 
other way around. The reason for this is that international data sets are generally more up to date, and 
in some cases, such as for the energy and trade data sets, they are subjected to international balance 
conditions, which the country I-O tables collectively do not satisfy. We call the adjustment procedure 
the FIT process. This is used to fit the I-O tables to the international data sets using entropy theoretic 
methods (Aguiar 2013). The extent of the changes depends on the age and quality of the underlying 
I-O table. Good-quality tables generally match the macro data and therefore any changes in these 
tables are small. 

Similarly, we use UN Comtrade  data for merchandise export and import that has been processed to 
obtain a globally consistent (balanced) data set. Since imports, exports, and GDP are given values, this 
requires us to adjust the GDP components (such as  private consumption, government expenditure, and 
investment expenditures) to maintain the macroeconomic accounting:

GDP = Private Consumption + Government + Investment + Exports – Imports

Step 3. At the end of Step 2, we have a data set that  represents the global economy, including the new I-O 
tables for Iraq, Syria, and Lebanon in 2011. To concentrate on the Middle Eastern economies, we aggre-
gated this data set to represent the following regional aggregation: the Islamic Republic of Iran, Iraq, 
Jordan, Lebanon, Syria, and Turkey; RME (Rest of the Middle East, which includes aggregated I-O tables 
of Bahrain, Israel, Kuwait, Oman, West Bank and Gaza, Qatar, Saudi Arabia, United Arab Emirates, and 
the Republic of Yemen); and ROW (which represents the Rest of the World). 

To accomplish the goals of this project, we also aggregated the new database to concentrate on some 
particular sectors. The results of the above process are presented in a standard GTAP Data Base format. 
This data base is stored in an archive file and can be reviewed or used with the GEMPACK software. 
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Step 4. Once we developed the 2011 data base, we upgraded the data base to represents the global econ-
omy in 2016. To accomplish this task, we made two data sets. The first one assumes that all countries 
reach their GDP levels and other macro indices (reported by the World Bank) in 2016, given their eco-
nomic structure depicted in their I-O tables for 2011. In this case, we assumed no conflict happened in 
Syria and it continued to perform as usual to reach 2016. The second data set takes into account the 
existing conflict in Syria. In this case we modified the I-O table of this country given the existing infor-
mation, following some discussion with the World Bank experts on this economy. In particular, we 
relied on the projections made by the Central Bank of Syria, a World Bank report (World Bank Group 
2017a), and a research paper that studied the Syrian economy during the conflict Valdes (2017). Both of 
these data bases are also available and can be reviewed or used with the GEMPACK software. 

Step 5. Following Haqiqi et al. (2016), the outcome of Step 4 for the case of  “Syria in conflict” was further 
processed to split crop activities between irrigated and rainfed and introduce water used by agricultural 
and nonagricultural activities into the data base. The outcome of this step is also available in a GEMPAK 
format. 

Notes
1. For a list of models that use the GTAP Data Base, see https://www.gtap.agecon.purdue.edu/about/project.asp

2. Documentation of previous versions is available at https://www.gtap.agecon.purdue.edu/databases/archives.asp. References for data 
inputs for various data versions are available from https://www.gtap.agecon.purdue.edu/resources/citations.asp. 

3. This does not apply to taxes/subsidies, which are implicitly computed from the data.

https://www.gtap.agecon.purdue.edu/about/project.asp�
https://www.gtap.agecon.purdue.edu/databases/archives.asp�
https://www.gtap.agecon.purdue.edu/resources/citations.asp�
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Chapter 5
The Economy of the Middle East: A Brief Review

This brief review first examines some important aspects of the Middle Eastern economies related to 
agriculture. Then it reviews some macro variables.

Review of Some Agricultural Variables
Harvested Area, Crop Production, and Crop Values

Turkey, the Islamic Republic of Iran, and Syrian Arab Republic collectively account for more than 
85 percent of total harvested area in the Middle East, followed by the Rest of the Middle East and Iraq 
(figure 5.1).

Wheat, coarse grains, fruits and vegetables account for most of the harvested area (table 5.1). Wheat is 
the major crop in the region, comprising 42.9 percent, 46.3 percent, 32.2 percent of total harvested areas 
of Turkey, Islamic Republic of Iran, Syria, respectively. Coarse grains are the second-most produced crop 

FIGURE 5.1.  Harvested Area by Country and Crop in the Middle East, 2016
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TABLE 5.1.  Crop Shares in Harvested Area, Crop Production, and Crop Values by Country in 2016 
(Percentage share by row)

Paddy 
rice Wheat

Coarse 
grains

Oil 
crops

Sugar 
crops

Vege-
tables

Fruits and 
others Total

Iran, Islamic 
Rep.

Area 4.5 46.3 14.3 3.2 1.6 12.6 17.6 100

Production 3.3 15.5 5.3 0.7 18.5 35.8 20.8 100

Value 7.4 11.9 3.1 1.6 2.2 27.6 46.3 100

Iraq Area 2.0 48.8 18.5 0.4 0.4 6.9 23.0 100

Production 2.8 47.8 12.7 0.3 0.8 20.5 15.0 100

Value 3.5 43.8 12.7 1.5 0.0 19.5 18.9 100

Jordan Area 0.0 13.5 19.5 31.0 0.0 23.7 12.3 100

Production 0.0 1.1 2.6 4.1 0.0 77.1 15.1 100

Value 0.0 1.6 2.2 9.2 0.0 65.6 21.3 100

Lebanon Area 0.0 17.6 6.5 25.2 0.1 24.8 25.9 100

Production 0.0 6.1 1.5 5.1 0.3 53.0 33.9 100

Value 0.1 2.1 0.5 7.2 0.4 45.7 44.0 100

Syrian Arab 
Republic

Area 0.0 32.2 22.8 19.1 0.4 9.6 15.9 100

Production 0.0 26.1 6.1 8.2 6.8 26.9 25.9 100

Value 0.4 17.9 3.7 22.1 0.7 22.4 32.8 100

Turkey Area 0.7 42.9 20.5 12.5 1.8 10.8 11.0 100

Production 0.8 18.0 12.0 3.8 17.0 32.5 15.8 100

Value 1.1 12.8 7.2 10.5 2.9 33.8 31.8 100

RME Area 0.0 13.8 34.5 6.1 0.0 19.0 26.7 100

Production 0.0 7.8 6.9 1.7 0.0 48.8 34.9 100

Value 1.7 5.1 5.4 1.3 0.7 37.7 48.0 100

Source: FAO Stat/GTAP-BIO-W data base.
Note: RME = Rest of the Middle East.

in terms of area, comprising 14.5 percent, 18.5 percent, 19.5 percent, 6.5 percent, 27.8 percent, 20.5 per-
cent, and 34 percent of total harvested areas of the Islamic Republic of Iran, Iraq, Jordan, Lebanon, 
Syria, Turkey, and the Rest of the Middle East, respectively. Paddy rice is harvested in only three 
 countries in the region: the Islamic Republic of Iran (4.5 percent), Iraq (2 percent), and Turkey 
(0.7  percent), as of 2016. Oilseeds account for a considerable share of harvested land in four countries: 
Jordan (31 percent), Lebanon (25.2 percent), Syria (19.1 percent), and Turkey (12 percent), as of 2016. 
However, total harvested area is small in each of these countries. A tiny share of harvested area is allo-
cated to sugar crops. Turkey (1.8 percent) and Islamic Republic of Iran (1.6 percent) were the only two 
countries with noticeable shares in 2016. The shares of vegetables and fruits in total harvested area is 
considerable in all countries, accounting for about one-quarter or more of harvested area: specifically, 
accounting for about 12.6 percent and 17.6 percent for the Islamic Republic of Iran; 6.9 percent and 
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23 percent in Iraq; 23.7 percent and 12.3 percent in Jordan; 24.8 percent and 25.9 percent for Lebanon; 
9.6 percent and 15.9 percent for Syria; and 10.8 percent and 11 percent for Turkey in 2016.

The physical quantities (production share) of crops in total crop production differ from their area 
shares because crops have very different yields.1 As shown in table 5.1, the shares of wheat, coarse grains 
and oilseeds in total crop production is considerably lower than their share in harvested area. In the 
Islamic Republic of Iran, for instance, while the production shares for wheat, coarse grains, and oilseeds 
were 15.5 percent, 5.3 percent, and 0.7 percent in 2016, the share of harvested area was 46.3 percent, 
14.3 percent, and 3.2 percent). On the other hand, the production share of sugar crops is much larger 
than the share of harvested area because yields of sugar crops are very large compared to other crops. 
Turkey and the Islamic Republic of Iran are the main producers of sugar crops, with production shares 
of 17 percent and 18.5 percent in 2016, compared to only 1.8 percent and 1.6 percent shares of harvested 
area, respectively. The shares of vegetables and fruits in total crop production of all countries is higher 
than their area share. This difference is higher for vegetables than fruits. The production share of vege-
tables ranged from 20.5 percent for Iraq to 77.1 percent in Jordan in 2016, while fruits ranged from 
15 percent for Iraq to 34.9 percent for the Rest of the Middle East.

Finally, table 5.1 shows the value of each crop by region. Vegetables and fruits are the most productive 
and valuable crops produced in the Middle East. The value shares of these two crop categories com-
bined in 2016 exceeded 50 percent for all countries except Iraq, whose share is still considerable (slightly 
below 40 percent). Wheat and other coarse grains have also a large share of crop values, followed by 
oilseeds. Paddy rice has a small share of production value in the Islamic Republic of Iran (7.4 percent), 
Iraq (3.5 percent), Turkey (1.1 percent) and Rest of the Middle East (1.7 percent). 

Average yields of vegetables and fruits in the Middle East are higher than the average for the rest of the 
world, but all other crop yields are lower than or similar to yields for the rest of the world. The average 
yields for vegetables and fruits in the Middle East were about 66 percent and 36 percent higher than 
their world averages for 2016. These figures are in line with the region’s patterns of agricultural imports 
and exports . Middle East countries’ main imported crops are usually wheat and coarse grains, while 
these countries export vegetables and fruits to other countries. 

Cropland by Agro-Ecological Zone

The total area of cropland in the Middle East countries is scattered mainly across four agro-ecological 
zones: AEZ7 (very dry) (14.7 percent of total area); AEZ8 (dry) (43.6 percent); AEZ9 (moist and semi-arid) 
(26.1 percent); and AEZ10 (warm, temperate, and dry) (10.1 percent), as shown in figure 5.2. A small por-
tion of cropland is in AEZ1 (arid tropical zone).

Figure 5.3 shows distribution of harvested area of the Middle East among crops by AEZ. Wheat, coarse 
grains, vegetables, and fruits have large shares across all AEZs. Oilseeds have large shares in AEZ8, AEZ9 
and AEZ10. Paddy rice has a small share in harvested area in AEZ7 and AEZ8.

Irrigated and Rainfed Area

Figure 5.4 breaks down irrigated and non-irrigated harvested areas by AEZ. Irrigation varies across 
AEZs. The largest non-irrigated harvested areas are located in Turkey and the Islamic Republic of Iran’s 
AEZ8, which is considered dry. Overall, in the Middle East, around 39 percent of irrigated harvested area 
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FIGURE 5.2. Distribution of Cropland across AEZs in the Middle East
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FIGURE 5.3. Distribution of Land among Agro-Ecological Zones by Crop Category
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(11 percent of total harvested area) is in AEZ8, followed by AEZ7 (very dry), with 27 percent of irrigated 
area cropland (8 percent of total harvested area). AEZ9 and AEZ10 have 18 percent and 9 percent of 
 irrigated area (5 percent and 3 percent of total harvested area), respectively. Five percent of irrigated 
harvested area (8 percent of total harvested area) is also in AEZ1.

Share of Agriculture in GDP

In general, with some exceptions, crop production has steadily increased across the Middle Eastern 
countries during the past few decades. Figure 5.5 shows crop production indexed with 2004–06 produc-
tion as the base. Crop production doubled between 1980 and 2016, with the exceptions of Iraq and Syria 
due to conflict in these two countries.
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FIGURE 5.4. Harvested Area across AEZs by Country and Irrigation Type

0

1.6

1.4

1.2

1.0

0.8

0.6

0.4

0.2

0

Turkey

b. Other Middle Eastern countries

a. Three top countries for harvested area

Iran, Islamic Rep. Jordan Lebanon RME

Iran Syrian Arab Republic

AEZ7

Ha
rv

es
te

d 
ar

ea
 (m

ill
io

n 
he

ct
ar

es
)

Ha
rv

es
te

d 
ar

ea
 (m

ill
io

n 
he

ct
ar

es
)

AEZ8
AEZ9

AEZ10
AEZ7

AEZ8
AEZ9

AEZ10
AEZ7

AEZ8
AEZ9

AEZ10
Other

Others

Others

AEZ8
AEZ9

AEZ10
AEZ8

AEZ9
AEZ10

AEZ8
AEZ8

AEZ9
AEZ9

AEZ10
AEZ10

Others

Others
Others

Others

1

2

3

4

5

6

7

8

9

Irrigated Non-Irrigated

AEZ7
AEZ7

AEZ7
AEZ7

Note: AEZ = agro-ecological zone; RME= Rest of the Middle East.



20 Water in the Balance Technical Report

FIGURE 5.5. Crop Production Index by Country (2004–06 = 100)
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While trends in crop production are generally increasing, the share of agriculture in the GDP of each 
country is generally decreasing as the Middle Eastern countries are moving from agriculture to more 
industry- and service- based economies (see figure 5.6).

Water Scarcity and Rainfall in the Middle East

The downward trend in rainfall in the Middle Eastern countries is clearly shown in figure 5.7. While crop 
production in the Middle Eastern countries has increased, rainfall has declined. The expansion in crop 
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FIGURE 5.6. Share of Agriculture in the GDP by Country
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FIGURE 5.7. Annual Average of Precipitation in mm by Country, 1960–2014
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production were usually made possible due to expansions in irrigation and improvements in production 
technology. However, in general, the expansion in irrigation has not occurred in a sustainable manner, 
and has led to overwithdrawals of water from surface and underground water resources. These patterns 
suggest that the Middle Eastern countries will experience major constrains to maintain or expand their 
crop production in the future. 



23Water in the Balance Technical Report

FIGURE 5.8. Distribution of GDP by Main Economic Activities in 2016
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FIGURE 5.9. Household, Government, and Gross Capital Formation Expenditures as a Percent of GDP in 2016
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As highlighted in figure 5.7 Jordan, Iraq, and the Islamic Republic of Iran are the driest countries in the 
region, in terms of rainfall. On the other hand, Turkey and Lebanon have more rainfall. The trends in 
rainfall in these countries have been relatively flat over time. 
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Review of Some Macro Variables

Turkey had the largest economy of the region in 2016, with a GDP of $863.7 billion, followed by the 
Islamic Republic of Iran ($418.9 billion), Iraq ($170.6 billion), Lebanon ($51.8 billion), Jordan 
($38.7  billion), and Syria ($27.8 billion). The combined GDP of the Rest of the Middle East was $1,731.2 
billion in 2016. Figure 5.8 breaks down the distribution of GDP by agriculture, industry, and services by 
country. The share of agricultural activities in the GDP is small in the Middle East region. Figure 5.9 
presents the shares of private consumption, government expenditures, and investment in the GDP by 
country. The two figures confirm that the main data sets used in this analysis —GTAP and the World 
Bank—have relatively similar values for the macro variables. 

Note
1. Yields are measured in tonnes per hectare for all crops.
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Chapter 6
Climate Change, Crop Yield, and Water Scarcity

Theoretical Background and Literature Review

An extensive body of literature addresses the worldwide impacts of climate change and its variability on 
agricultural activities (a few important examples are Rosenzweig et al. 2002, 2014; Reilly et al. 2003; 
Parrya et al. 2004; Fischer et al. 2005; Nelson et al. 2010; Rosegrant et al. 2013). This literature highlights 
two different but related research topics. 

The first line of research examines the worldwide implications of the future changes in temperature, 
precipitation, and CO2 concentration for crop yields under alternative Representative Concentration 
Pathway (RCP) scenarios. The research on this topic usually uses crop models to project future changes 
in crop yields under each RCP scenario. This line of research is represented by the top boxes in figure 6.1. 
The most recent projections, from 2014, in this area are highlighted by Rosenzweig et al. (2014). While 
these projections take into account future changes in precipitation and their impacts on crop yields, 
they do not take into account availability of water for irrigation.

The second line of research examines the extent to which climate change, in combination with other 
factors, alters the availability of water for irrigation. Climate change could alter demand for irrigation in 
two main ways. First, it could increase water requirements for each individual crop due to the changes 
in temperature and other biophysical conditions. Second, it  could encourage farmers to shift toward 
irrigation to adapt to the increasing water variability and scarcity brought about by climate change. On 
the other hand, climate change could alter supply of water across the world (Rosegrant et al. 2013). 
Climate change could lead to a permanent reduction in rainfall, which could limit the  availability of 
water for irrigation. Available water for irrigation may also fall due to expansion in demand for water for 
nonagricultural uses. The second line of research, represented by the bottom boxes in figure 6.1, 
highlights these implications (for example, see Fischer et al. 2005; Rosegrant et al. 2013). 

At this point, it is important to note that the economic impacts of climate change could go beyond the 
implications of water scarcity and changes in crop yields. In this research, we highlighted the econo-
my-wide impacts of these two factors and ignored other impacts that climate change might generate. In a 
broader perspective, climate change could bring more adverse consequences for the Middle East. Examples 
include the impacts of heat stress on labor productivity, the health implications of higher temperature and 
humidity in some parts of the region, increases in energy consumption due to higher degrees of tempera-
ture, implications for the livestock sectors. There are many more. Our results do not capture these impacts. 

Finally, it is important to note that in this chapter we provide a wide range of analyses on the impacts 
of climate change on crop yields and potentials for water scarcity for various time horizons and climate 
scenarios to capture the extent to which crop yields and water scarcity may change in future up to 2100. 
However, since the long-term impacts are highly uncertain, in our economic analyses, we only rely on 
the short to medium time horizons of the changes in crop yields and water scarcity. In particular, we 
focus on the changes that are highly likely to happen prior to 2050.
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FIGURE 6.1.  A Schematic Representation of Research on Impacts of Climate Change and its Variability on 
Agricultural Activities and their Economy-Wide Consequences
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Impacts of Climate Change on Crop Yields: Estimates for the Middle East

The existing literature confirms that climate change will negatively affect crop yields in the Middle East 
(see, for example, Rosenzweig et al. 2014; Baldos, Hertel, and Moore 2018). However, this literature does 
not explicitly represent the extent to which crop yields will change due to climate changes in each coun-
try of the Middle East. This chapter fills this gap by assessing the impact of climate change on crop yields 
by country and by GTAP crop categories. 

The GTAP Data Base classifies all crops produced across the world into eight crop categories:  wheat 
(wht); coarse grains (gro); paddy rice (pdr);  oilseeds (osd); sugar crops (c_b); vegetables and fruits (v-f); 
fibers (fbr); and other crops (ocr). For our research, we relied on the existing data sets. The first data set 
is provided by Baldos, Hertel, and Moore (2018), as extended by De Lima et al. (2019). Baldos, Hertel, and 
Moore (2018) provide a meta-analysis of the existing projections on crop yields at the grid cell level for 
the whole world. In a recent extension of this work, De Lima et al. (2019) projected future changes in 
crop yields under alternative assumptions for future changes in temperature at the grid cell level for the 
whole world. We used the results of this work to evaluate the extent to which crop yields would  change 
due to changes in climate variables in the Middle Eastern countries in the future.

As explained  in the rest of this report, the results of our research show that yields for wheat, coarse 
grains, and rice are expected to rapidly drop across the Middle East. The higher the increase in tempera-
ture, the lower the yields for these crops. On the other hand, yields may improve for sugar crops, 
vegetables and fruits, fibers, and other crops, albeit at different rates across the region. 

The database developed by De Lima et al. (2019) does not distinguish between irrigated and rainfed 
crops and provides an average for each crop category. To study the extent to which irrigation may alter 
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the impacts of climate change on crop yields, we used the existing data. The existing projections on crop 
yields provide limited information for the impacts of irrigation. A limited set of projections provides 
yields for irrigated and rainfed crops, and the crop choices are very limited. For this reason, we concen-
trated on the three crops that are expected to suffer more due to climate change in the Middle East: 
wheat, coarse grains, and rice. The results of this work show that among these crops, irrigation does 
help to partially mitigate impacts of climate change. 

Impacts of Climate Change on Crop Yields in the Middle East: A Meta-Analysis

To examine impacts of climate change on crop yields, we used the data set developed by De Lima et al. 
(2019). These authors provide a data set that represents impacts of temperature rise (from +1°C to +5°C 
relative to 1986–2005) on crop yields at a grid cell level for the whole world in 2100. We aggregated their 
results to match the GTAP crop categories, as described above. The existing literature confirms that 
temperatures in the Middle East are to rise between +3°C to +5°C by the end of this century (for details, 
see Alpert et al. 2008; Giorgi and Lionello 2008; Evan 2009; Lelieveld  et al. 2012). Hence, in this study, 
we concentrated on the upper tail of the data set provided by De Lima et al. (2019) for +3°C and +5°C for 
the countries of the Middle East. Tables 6.1 and 6.2 present  the results for these temperature increases 
by country and GTAP crop categories. The following conclusion can be inferred from these tables: 

 • Yields of wheat, coarse grains, and rice are expected to drop significantly, in particular with the 
higher temperature (that is, +5°C), 

 • The impacts on fiber category is usually negative, but not very large for the entire temperature 
range (that is, 3°C to +5°C).

 • Sugar crops are expected to have higher yields, and to fare slightly better at the higher 
temperature.

 • Vegetables and fruits and the crops that are covered under the “other” category are expected to gain 
yields due to climate change, and with slightly better performances at the higher temperature.

TABLE 6.1.  Impacts of a +3°C Increase in Temperature due to Climate Change on Crop Yields in the 
Middle East

Country Rice Wheat
Coarse 
grains Oil crops Sugar crops Fibers

Vegetables 
and fruits Other crops

Iran, Islamic 
Rep.

−0.4 −18.8 −15.7 4.2 8.9 −1.2 2.8 5.6

Iraq −5.1 −24.8 −24.0 11.2 9.0 −5.7 3.6 −2.8

Jordan 0.0 −15.6 −9.3 12.1 0.0 0.0 2.1 1.2

Lebanon 0.0 −11.8 −10.6 12.0 8.7 0.0 2.9 7.7

Syrian Arab 
Republic

0.0 −12.1 −12.0 12.0 8.6 −3.0 2.5 4.4

Turkey 4.6 −13.8 −11.6 11.6 8.5 −1.7 2.9 2.1

RME −1.7 −17.3 −10.0 11.2 9.7 −2.8 4.5 3.4

Note: RME = Rest of Middle East.
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TABLE 6.2. Impacts of a +5°C Increase in Temperature due to Climate Change on Crop Yields in the 
Middle East

Country Rice Wheat
Coarse 
grains Oil crops

Sugar 
crops Fibers

Vegetables 
and fruits Other crops

Iran, Islamic Rep. −20.3 −56.8 −41.6 24.5 10.1 −20.5 3.2 6.1

Iraq 0.0 −71.6 −60.2 12.9 10.1 0.0 4.0 −1.7

Jordan 0.0 −53.3 −28.6 13.8 0.0 0.0 2.4 2.4

Lebanon 0.0 −43.6 −38.7 13.7 10.4 0.0 3.3 8.2

Syrian Arab 
Republic 

0.0 −44.0 −37.3 13.7 10.3 1.1 2.8 4.7

Turkey −30.9 −49.1 −37.8 13.9 10.2 −8.3 3.2 2.2

RME −2.6 −59.9 −20.9 13.7 10.7 1.7 5.0 3.6

Note: RME = Rest of Middle East. 

 • Oilseeds may gain significantly larger yields due to the rise in temperature. 

 • The impact of climate change on yield of each crop varies slightly across countries of the Middle 
East. While, in general, the regional differences are not large, the Islamic Republic of Iran and Iraq 
are expected to experience more negative impacts than the other countries of the Middle East. 

Climate Change Impacts on Crop Yields: Irrigated versus Rainfed Crops

To study the extent to which irrigation may alter the impacts of climate change on crop yields, given the 
limited projections in this field of research, we used simulations of two global gridded crop models (GGCMs) 
that represents two main types of crop models: EPIC (site-based crop model), and LPJmL (agro-ecosystem 
models). Since climate change negatively alters the yields of wheat, coarse grains, and rice, we concentrate 
on these crops. The selected crop models provide information for these crops by irrigation type. 

For each of the GGCMs, we derived projections of future crop yields based on the combination of 
input assumptions. These input assumptions are based on data from five general circulation models 
(GCMs); four representative concentration pathways (RCPs); different assumptions regarding CO2 fertil-
ization (with or without); and a single shared socioeconomic pathway scenario (SSP2). Table 6.3 outlines 
key scenario assumptions used to develop the climate change shocks for the purpose of this study.

In the case of the GCMs, we use data reported by HadGEM2-ES because  this is the only model that 
reports all RCPs under a no-CO2 fertilization case (Rosenzweig et al. 2014). In case of the RCPs, we 
focused on two scenarios: RCP4.5 and RCP8.5. The first represents moderate changes in climate vari-
ables, including temperature rise, while the second  represents severe impacts with higher increases in 
temperature. In terms of macro drivers, we relied on the SSP2 scenario, which represents a middle-of-
the-road scenario with moderate challenges for mitigation and adaptation (O’Neill et al. 2014). We 
focused on the case without CO2 fertilization and considered crops both with and without irrigation. 

Based on the scenario assumptions outlined in table 6.3, we downloaded annual yield data for each 
crop for the 2005–99 period (Villoria et al. 2015). Crop yield data are reported for each grid cell—spatial 
scale of 0.5° longitude × 0.5° latitude. We further aggregated yield data from the grid cell level to the 
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country level and 18 agro-ecological zones (AEZs). Table 6.4 provides the list of the Middle Eastern 
countries and corresponding AEZs with available crop yields data. As can be seen from the table, most 
countries in the Middle East are within AEZ7–AEZ10.  The Islamic Republic of Iran is the only one that 
has crops in AEZ1. Turkey has the largest number of AEZs (eight).

To estimate the change in yields under each scenario specific to each AEZ in each country, we weighted 
regional yields by each grid cell’s harvested area, following Villoria et al. (2015). If data on harvested area 
were  not available (as  in the cases of groundnuts, sunflowers, cassava, and dry beans), we estimated a 
simple weighted average yield. We further estimated change in yields in 2060 relative to 2010 level and used 
these estimates as shocks to our model. Because yield data demonstrate large variation over time, we used 
linear splines to capture general trends in crop yield change for each scenario-country-AEZ case. In total, we 
derived 817 such cases with available data on crop yield changes. Selected results are discussed next.

In the crop yields example that follows, we choose Turkey and the Islamic Republic of Iran (figure 6.2). 
Both these countries are large agricultural producers and could be considered as relevant representative 
countries to describe climate change impacts on agriculture in the Middle East region. In terms of crops, 
we focused on wheat, which is produced across the Middle East.

Tables 6.5 and 6.6 show the results for RCP4.5 and RCP8.5, respectively. The following conclusions 
can be inferred from these tables:

 • The results are similar to the results obtained from the database of De Lima et al. (2019).

 • The yields drop significantly and more under RCP8.5, which assumes higher temperatures.

 • The projected yield reductions are significantly larger for the rainfed crops.

 • Yield reductions are significantly lower for Turkey, except for rice. 

TABLE 6.3. Scenario Assumptions Used to Estimate the Climate Change Shocks

Global gridded crop 
models

General 
circulation 

models

Representative 
Concentration 

Pathways
Shared socioeconomic 

pathways CO2 fertilization Irrigation

EPIC

LPJmL

HadGEM2-ES RCP8.5

RCP4.5

SSP2 No No

Full

TABLE 6.4. Agro-Ecological Zones by Middle Eastern Country

Country Agro-ecological zones (AEZs) Number of AEZs

Iran, Islamic Rep. AEZ1, AEZ7, AEZ8, AEZ9 4

Iraq AEZ7, AEZ8, AEZ9, AEZ10 4

Jordan AEZ7, AEZ8, AEZ9 3

Lebanon AEZ8, AEZ10 2

Syrian Arab Republic AEZ7, AEZ8, AEZ9, AEZ10 4

Turkey AEZ7, AEZ8, AEZ9, AEZ10, AEZ11, AEZ14, AEZ15, AEZ16 8
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FIGURE 6.2. Projected Wheat Yields for AEZ9 in Turkey  and the Islamic Republic of Iran  under RCP8.5 
and No Irrigation 
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Note: The blue line represents linear spline over yields for the 2010–30 period. The green line covers the 2030–60 time frame. The red line 
corresponds to the linear spline over the 2010–60 period.

TABLE 6.5. Impacts of Climate Change on Rice, Wheat, and Maize Yields in the Middle East under a 
Moderate Change in Climate Variables (RCP4.5), 2060 

Crops/country

a. Irrigated crop production

Iran, Islamic 
Rep. Iraq Jordan Lebanon

Syrian Arab 
Republic Turkey

Rice −17.3 0.0 0.0 0.0 0.0 −11.1

Wheat −8.6 −8.1 −11.4 −11.4 −17.3 −6.4

Corn −9.0 −14.1 −11.1 −4.8 −9.0 −6.4

Crops/country

b. Rainfed crop production

Iran, Islamic 
Rep.

Iraq Jordan Lebanon
Syrian Arab 

Republic
Turkey

Rice −39.8 0.0 0.0 0.0 0.0 −30.3

Wheat −13.0 −18.5 −14.0 −14.0 −39.8 −2.1

Corn −11.6 −15.4 −29.4 −34.0 −11.6 −26.0

Note: Results represent averages across crop models and agro-ecological zones (AEZs) of each country. RCP = Representative Concentration 
Pathway. 

TABLE 6.6. Impacts of Climate Change on Rice, Wheat and Corn Yields in the Middle East under a Severe 
Change in Climate Variables (RCP8.5), 2060

Crops/country

Irrigated crop production

Iran, Islamic Rep. Iraq Jordan Lebanon
Syrian Arab 

Republic Turkey

Rice −25.5 0.0 0.0 0.0 0.0 −15.3

Wheat −8.1 −2.7 −10.0 −10.0 −4.2 −6.1

Corn −20.7 −42.3 −18.2 −14.3 −25.4 −13.5

table continues next page
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TABLE 6.6. continued

Crops/country

Rainfed crop production

Iran, Islamic Rep. Iraq Jordan Lebanon
Syrian Arab 

Republic Turkey

Rice −44.2 0.0 0.0 0.0 0.0 −26.1

Wheat −9.2 −31.2 −19.6 −19.6 −20.8 −1.2

Corn −5.7 −24.6 −33.3 −37.5 −40.8 7.1

Note: Results represent averages across crop models and agro-ecological zones of each country. RCP = Representative Concentration Pathway.

These results suggest that climate change will negatively affect productivity of corn, wheat, and rice 
in a significant way. The impacts are larger for the rainfed items. However, not much rice is produced 
in the Middle East. The exception is the Islamic Republic of Iran, which produces this crop in limited 
areas. Oil crops and sugar crops may gain some productivity improvements due to climate changes. 
The impacts for other crops are minor and very uncertain. It is also important to note that yield impacts 
that we examined in this chapter represent impacts in the very long term. In the near future, the 
impacts will be smaller. 

The analyses model the long-term effects of climate on crop yields. However, since these long-term 
impacts are highly uncertain, we discuss only the short- to medium-term impacts of the changes in crop 
yield that are highly likely to happen before  2050. Hence, to represent the near future impacts of climate 
change on crop yields in our economic analyses, we assumed 5 percent reduction in yields of irrigated 
wheat and corn, 10 percent reductions for their rainfed counterpart, 5 percent improvements in yields 
for oil crops (rainfed and irrigated), and no change in yields for vegetables and fruits. 

Water Scarcity in the Middle East

The existing literature has frequently cited the issue of water scarcity in the Middle East (e.g., Chenoweth 
et al. 2011 and Rosegrant et al. 2013). However, only a few papers have provided quantitative assess-
ments by country. Among the existing papers, Chenoweth et al. (2011) provide a clearer  picture regard-
ing the intensity of water scarcity in the Middle East by country. 

According to Chenoweth et al. (2011), most countries of the Middle East have already exploited 
their water resources intensively and passed the level of sustainable water withdrawal. the Islamic 
Republic of Iran, Iraq, and countries that our study aggregates in the Rest of the Middle East region 
have already exploited their water resources and are currently facing major water deficits. Jordan 
and the Syrian Arab Republic are using their resource at full capacity and heading toward major 
issues in providing water in a sustainable way. The assessments made by Chenoweth et al. (2011) 
indicate that water scarcity is not currently an imminent threat in Turkey and Lebanon, in general. 
However, even these countries may experience some levels of water scarcity in the future. For exam-
ple, Haddeland et al. (2014) have projected that water availability could drop up to 30 percent in the 
Euphrates-Tigris basin (the main river basin that serves Turkey and several other countries in the 
Middle East). 
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To further examine the extent to which water supply may change in the Middle East, we relied on a set 
of new projections that examines future changes in water availability at the grid cell level at the global 
scale (Haqiqi et al. 2016). These projections were made using a global partial equilibrium economic 
model coupled with a hydrologic model. The partial equilibrium model (SIMPLE-G) (Baldos, Hertel, and 
Moore  2020; Woo et al. 2020) has been designed to examine long-term sustainability issues in the global 
food-water-land-environment nexus and trace production, consumption, and trade crops and food 
products at the grid cell level. The hydrology model is an extended version of the Water Balance Model 
(WBM) that was  originally developed at the University of New Hampshire, Durham (Vörösmarty, 
Federer, and Schloss 1998; Grogan 2016). This global model simulates both the vertical exchange of 
water between the ground and the atmosphere, and the horizontal transport of water through runoff 
and stream networks at the grid cell level. 

More recently, Grogan et al. (2017) have used an extended version of this model to examine the use 
and reuse of water for irrigation. Haqiqi (2019) has coupled the SIMPLE-G model and the WBM devel-
oped by Grogan et al. (2017) and employed the daily temperature and precipitations provided by NASA 
Earth Exchange Global Daily Downscaled Projections (NEX-GGDP) to estimate future changes in water 
availability at the global scale until 2050. Haqiqi (2019) has developed an emulator for the WBM model 
to accomplish this task.

The results of this research indicate that the available water for irrigation will decline for the Middle 
East by 2050. The projected decline ranges from 13 percent to 28 percent depending on which climate 
model output and scenario are considered. This decrease compares to a  9 percent to 25 percent decline 
for North Africa. Finally, the research developed by Haqiqi (2019) shows that the rate of reduction in 
water availability in the Middle East varies with the assumptions on future changes in temperature and 
precipitation that usually reflect the climate scenarios. 

Based on these results and the existing literature, and given that the level of future increases in water 
scarcity in the Middle East is uncertain, this study examined three scenarios: a 5 percent, 10 percent, 
and 20 percent reduction in water supply across the region. The exceptions are Turkey and Lebanon. For 
these two countries, we examined only the 5 percent and 10 percent reductions in the water supply, to 
take into account the results provided by Chenoweth et al. (2011) that water scarcity is not an imminent 
threat in Turkey and Lebanon, in general. The implemented water scarcity shocks represent the extent 
to which water scarcity could occur in the Middle East before  2050.
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Chapter 7
Examined Scenarios

To examine the extent to which water scarcity may affect the Middle Eastern economies, we started 
with three scenarios: a 5 percent, 10 percent reduction, and 20 percent reduction in water supply. 
We  refer to the first two scenarios as S1 and S2. We applied these two scenarios to all six countries 
studied, as well as to an aggregate measure of Rest of the Middle East. For our S3 scenario, we examined 
a 20 percent reduction for all these countries except for Turkey and Lebanon, which may not experience 
severe water scarcity in the medium term. For these two countries, we examined scenarios of 5 percent 
and 10 percent reductions. 

We also examined another scenario to represent the impact of climate change on crop yields. We took 
into account a 10 percent reduction in yields for rainfed rice, wheat, and maize, and a 5 percent reduction 
for their irrigated counterparts. In addition, we took into account a 5 percent yield improvement for 
oilseed crops and sugar crops, for both rainfed and irrigated types. We did not include a shock for 
vegetables, fruits, and other crops. Yields for these irrigated crops are expected to increase by 5 percent, 
on average. We imposed these exogenous shocks in productivity of the corresponding crops on top of 
the S3 scenario. We refer to this scenario as SC. 

We also modeled for improvements in water use efficiency. WUE can be improved in the production 
processes of agricultural and nonagricultural products. It can also be achieved in processing, distribution, 
and final consumption. To examine the extent to which water use efficiency could alter the effects of 
water scarcity, we imposed 10 percent and 20 percent improvements in WUE. We examined these cases 
in combination with the SC scenario. We call these two cases SCW10% and SCW20%. 

While these experiments assess the economic and environmental gains due to improvements in water 
WUE at a macro level, more advanced research is needed to better understand the investment costs and 
assess the environmental and monetary gains of improvements in WUE across economic activities, 
particularly in agriculture, which is the main user of managed water. 

Using advanced irrigation technologies (such as sprinklers and drip irrigation) is a common approach 
to reduce water used in crop production (Schoengold and Zilberman 2007; Zilberman, Zhao, and Heiman 
2012). All things equal, an improvement in WUE due to advanced irrigation technologies could save 
water on existing land. The saved water could be used to expand irrigated area, be allocated to non-crop 
activities, or be allocated to conservation goals. On the other hand, an improvement in WUE may 
generate some rebound effect in water consumption and that may lead to expansion in water 
consumption (Ward and Pulido-Velazquez 2008; Pfeiffer and Lin 2014; Li and Zhao 2018).

In all simulations introduced so far, we assumed that water supply will drop on account of climate 
change. When the total supply of water is fixed or declining, at the national level, an expansion in WUE 
will not generate a rebound effect in water consumption. However, in the real world, while rainfall 
declines over time and that limits available surface water, crop producers may shift toward underground 
water to reduce the severity of water scarcity. If that happened at large scale, then an improvement in 
WUE could generate some rebound effects in consumption of water for irrigation. 
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To examine the potential for such a rebound effect, we developed a set of simulations that allow water 
supply to change in response to improvements in WUE. We first examined improvements in WUE by 
5 percent and 10 percent. We call these cases R1 and R2. 

Then we assumed that productivity of rainfed crops versus irrigated crops will drop by 5 percent, to 
examine the potential impacts of changes in crop yields induced by climate change on demand for water 
and rebound effect. We refer to these cases as RC1 and RC2, representing R1 and R2 with changes in crop 
yields. We examined these cases for Turkey and the Islamic Republic of Iran, the region’s two big water 
users. We also examined these cases for the Syrian Arab Republic to represent a smaller water user. 

Finally, we examined a set of preliminary simulations that highlights the importance of transboundary 
waters. Appendix D describes these simulations.
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Chapter 8
Simulation Results

The discussion that follows presents the simulation results in three sections. The first section examines 
the cases with reduction in water supply in the absence and presence of changes in crop yields (that is, 
S1–S3 and SC1–SC3). This section also covers the cases that examine improvements in water use efficiency 
(WUE) when water supply is decreasing and crop yields are changing (that is, SC3–W10 and SC3–W20). 
The common theme among all of these cases is that water supply is decreasing. 

The second section covers the cases that explore potentials for a rebound effect in water consumption 
due to WUE: that is, cases R1 and R2, representing the cases of 5 percent and 10 percent improvements 
in WUE with no changes in crop yield; and RC1 and RC2, representing R1 and R2 with changes in crop 
yields. In these cases, the supply of water can respond to improvements in WUE. The third section 
discusses important findings for the transboundary waters simulation (TW). 

Simulation Results When Water Supply Is Decreasing

The results of the examined cases provide changes in many variables. In the discussion that follows, 
we review changes only in the GDP of each country; share of agriculture in the GDP; employment 
(skilled and unskilled labor); demand for capital; irrigated and rainfed harvested area; and indices of 
consumer and producer prices. 

Impacts on GDP

Table 8.1 shows the GDP effects for the examined cases, including the water scarcity cases (that 
is, S1–S3); the cases that take into account water scarcity combined with changes in crop yields 
induced by climate change; and the cases that examine improvements in WUE (cases SC, SCW10%, 
and SCW20%).

Several important points can be inferred from this table. The first is that, as expected, reductions in 
water supply negatively affect GDP across all countries and that the larger the magnitude of water 
 scarcity, the higher the rate of reduction in GDP. However, the rate of reduction in GDP varies by 
 country. The Syrian Arab Republic, the Islamic Republic of Iran, and Turkey will experience larger 
reductions in their real GDP, measured in terms of percent change, as highlighted in figure 8.1. On the 
other hand, Lebanon will experience the lowest rate of reduction in its real GDP.

The next important observation is that the combination of water scarcity and yield changes due to 
climate change jointly extends the reductions in GDPs. Figure 8.1 also highlights this finding. 
However, this figure shows that the yield impact is usually small across countries (compare the blue 
and orange bars). The exception is the Islamic Republic of Iran. Compared to other countries of the 
Middle East, the Islamic Republic of Iran has larger shares for wheat and coarse grains in its crops 
mix and these two crop categories are expected to suffer more than other crops due to climate 
changes. 
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TABLE 8.1.  Changes in the Real GDP due to Reductions in Water Supply with and without Changes in 
Crop Yields due to Climate Change

Description

Reduction in water supply with 
no changes in yields SC (S3 and 

changes in 
yields)

SCW10% 
(SC plus 10% 

WUE)

SCW20% 
(SC plus 

20% WUE)
S1  

(5%)
S2  

(10%)
S3  

(20%)

Percent reduction 
in real GDP

Iran, Islamic Rep. -1.3 -2.6 -5.3 -7.2 -6.0 -4.8

Iraq -0.8 -1.7 -3.5 -3.9 -3.1 -2.4

Jordan -1.2 -2.7 -6.8 -6.8 -5.5 -4.1

Lebanon -0.8 -1.6 -1.9 -1.9 -1.2 -0.6

Syrian Arab 
Republic

-2.1 -4.4 -9.1 -9.8 -7.9 -6.0

Turkey -2.6 -5.5 -5.7 -5.9 -3.7 -1.6

RME -0.8 -1.8 -4.0 -4.1 -3.3 -2.5

Monetary value of 
reduction in real 
GDP ($, billions)

Iran, Islamic Rep. -5.3 -10.9 -22.1 -30.0 -25.1 -20.3

Iraq -1.4 -3.0 -5.9 -6.6 -5.3 -4.0

Jordan -0.5 -1.0 -2.6 -2.6 -2.1 -1.6

Lebanon -0.4 -0.8 -1.0 -1.0 -0.6 -0.3

Syrian Arab 
Republic

-0.6 -1.2 -2.5 -2.7 -2.2 -1.7

Turkey -22.7 -47.3 -48.9 -51.0 -31.8 -13.8

RME -14.5 -31.2 -69.9 -71.5 -56.8 -43.3

Note: S3 represents a 20 percent reduction in water supply per country/region, except for Lebanon and Turkey, which have a 10 percent 
reduction in water supply. RME = Rest of Middle East; WUE = water use efficiency.

Another important observation is that countries with small agricultural sectors also suffer greatly due 
to water scarcity. That is because water scarcity affects nonagricultural activities, too. Consider the case 
of Jordan, which has a low share of agricultural in its GDP and also a small agricultural share 
in employment. A 20 percent reduction in water scarcity reduces the real GDP of this country by 
6.8 percent (see the third column of table 8.1).

The monetary values of the losses in the real GDPs of the Middle Eastern countries is another important 
finding that is presented in table 8.1 and highlighted in figure 8.2. The Rest of the Middle East (RME) 
region, Turkey, and the Islamic Republic of Iran will experience the highest costs due to water scarcity. 
The real GDP of the RME region, Turkey, and the Islamic Republic of Iran will drop by $71 billion, 
$51 billion, and $30 billion per year, respectively, compared to the base year under the SC experiment, 
which takes into account the highest level of examined water scarcity and the impacts of climate change 
on crop yields. In monetary terms, Lebanon will have the lowest cost ($1 billion), Jordan and Syria will 
have costs of about $3 billion each, and Iraq’s costs will be about $7 billion.

Finally, we address the contribution of improvements in WUE in mitigating the adverse impacts of 
water scarcity and changes in crop yields due to climate change. As a representative case, consider the 
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FIGURE 8.1.  Percent Changes in the Real GDP under S3 and SC
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Note: S3 represents a 20 percent reduction in water supply per country/region, except for Lebanon and Turkey, which have 10 percent 
reduction in water supply. SC represents S3 in combination with changes in crop yield due to climate change. RME = Rest of Middle East.

FIGURE 8.2. Monetary Values of Changes in the Real GDP under S3 and SC
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Note: S3 represents a 20 percent reduction in water supply per country/region, except for Lebanon and Turkey, which have a 10 percent 
reduction in water supply. SC represents S3 in combination with changes in crop yield due to climate change. RME = Rest of Middle East.

case of the Islamic Republic of Iran. Its real GDP drops by 7.2 percent due to a 20 percent reduction in 
water supply combined with the impacts of climate change on crop yields (see the SC column in table 8.1). 
The reduction in its GDP shrinks to 6 percent and 4.8 percent with 10 percent and 20 percent 
improvements in WUE, respectively (see the SC-W10 percent and SC-W20 percent columns in table 8.1). 
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FIGURE 8.3. Percent Changes in the Real GDP under SC and SCW20%
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Note: SC represents water scarcity in combination with changes in crop yield due to climate change. SCW20% represents SC plus 20 percent 
improvements in water use efficiency.

This pattern occurs in other countries, as well. However, the extent to which WUE affects the GDP of 
each country varies across the Middle East, as shown in figure 8.3.

Decomposition of Water Scarcity Impacts on the GDP

As mentioned, other factors being constant, water scarcity is expected to significantly reduce the 
real GDPs of the Middle Eastern countries. The overall economy-wide impacts of water scarcity 
include the consequences for agricultural and nonagricultural activities and their interactions with 
the capital and labor markets. In the discussion that follows, we develop a set of analyses to 
decompose the full implications of water scarcity into the primary and secondary effects. 
We develop these analyses for the highest level of water scarcity that has been examined for the 
case of S3. 

To accomplish this task, we develop three alternative experiments. The first experiment examines the 
impacts of water scarcity on real GDP, but ignores the fact that water scarcity would generate idle 
capacity and eliminate job opportunities. We refer to the impacts of this hypothetical experiment as the 
Primary Effects (PME). 

The second experiment takes into account the fact that water scarcity generates idle 
capacity across many economic activities. However, the experiment continues to ignore the 
full consequences of water scarcity for labor market. Hence, the second experiment represents 
the primary effects and idle capacity impacts of water scarcity. We refer to this experiment 
as PMEIC. 

The third experiment takes into account the full effects of water scarcity, including the primary effects 
and their interactions with the capital and labor markets. The last experiment indeed represents the 
case of S3. The results of these experiments are presented in table 8.2.
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TABLE 8.2. Decomposition of Water Scarcity Impacts on the Real GDP by Primary Effects (PME), 
Secondary Effects with Idled Capacity (SE-IC); and Full Effects (FE) (R3).

Country

Cumulative impacts 
($, billions)

Marginal impacts 
($, billions)

Shares in total effects 
(percent)

PME 
effects

PMEIC 
effects

R3 
(Full 

effects) (E1) (E2) (E3)
Total 

effects (E1) (E2) (E3)

Iran, Islamic Rep. -1.8 -15.0 -22.1 -1.8 -13.2 -7.1 -22.1 8.2 59.7 32.0

Iraq -1.4 -4.7 -5.9 -1.4 -3.3 -1.2 -5.9 24.0 56.0 20.1

Jordan -0.3 -1.7 -2.6 -0.3 -1.4 -0.9 -2.6 12.9 52.3 34.8

Lebanon -0.1 -0.5 -1.0 -0.1 -0.4 -0.5 -1.0 12.7 40.2 47.1

Syrian Arab Republic -0.5 -2.3 -2.5 -0.5 -1.8 -0.2 -2.5 19.3 70.9 9.8

Turkey -6.2 -33.4 -48.9 -6.2 -27.2 -15.5 -48.9 12.8 55.6 31.6

RME -9.7 -48.7 -69.9 -9.7 -39.0 -21.1 -69.9 13.9 55.8 30.2

Note: PME = primary effects; PMEIC = primary effects and idle capacity impacts of water scarcity; R3 = full effects case; E1 = primary 
effects; E2 = the difference between PME and PMEIC effects; E3 = the difference between the full effects and PMEIC effects. 
RME = Rest of the Middle East. In some regions, the sum over E1, E2, and E3 may not exactly match total effects due to rounding errors.

Table 8.2 Decomposition of Water Scarcity Impacts on the Real GDP by Primary Effects (PME), 
Secondary Effects with Idled Capacity (SE-IC); and Full Effects (FE) (R3).

The first three columns of this table show the cumulative changes in the real GDPs of the exam-
ined countries. For example, the primary, primary plus idle capacity, and full effects of the water 
scarcity for the case of Turkey, the largest agricultural producer of the region, are about 
–$6.2 billion, –$33.4 billion, and –$48.9 billion, respectively. The corresponding effects for the 
Islamic Republic of Iran, the second largest agricultural producer of the region, are about 
–$1.8 billion, –$15 billion, and –$22.1 billion, respectively. The smallest primary, primary plus idle 
capacity, and full effects are related to Lebanon, with values of –$0.1 billion, –$0.5 billion, and 
–$1 billion, respectively. 

The middle portion of table 8.2 divides the full effects of water scarcity into three categories of E1, 
E2, and E3. The first category is basically the primary effects, which has been relabeled as E1 in this 
portion. The second category, E2, represents the difference between PME and PMEIC effects. This 
category measures only the contributions of idle capacity. The last category, E3, captures the 
difference between the full and PMEIC effects. This category captures the overall contributions of 
unemployment across all economic activities induced by water scarcity. The last portion of table 8.2 
shows the shares of E1, E2, and E3 in the full effects of water scarcity. From the results of this table, 
we can conclude that:

 • The share of primary effects varies across the examined country, from 8.2 percent and 12.8 percent 
for the Islamic Republic of Iran and Turkey (the two largest agricultural producers of the region) to 
19.3 percent for Syria and 24 percent for Iraq. The share of primary effects is about 14 percent in other 
countries of the Middle East. 
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 • The share of idle capacity in the full effects induced by water scarcity is high across all 
countries and ranges from 40 percent for Lebanon to 71 percent for Syria. This means 
that idle capacity induced by water scarcity drives down the real GDP across the Middle East, 
largely. 

 • The share of unemployment in the full effects induced by water scarcity is also relatively high. 
This share varies between 9.8 percent in Syria to 47.1 percent in Lebanon. However, it fluctuates 
around 30 percent in other examined countries. 

The decomposition analysis clearly shows that the primary effect of water scarcity is relatively large. 
However, the implications of water scarcity for the capital and labor markets and their interactions 
further magnify the changes in the real GDP.

Impacts on Sectoral Outputs

Next, we consider the extent to which water scarcity affects sectoral outputs. The simulation results 
show that the mix of sectoral outputs does not significantly change with the level of water scarcity in 
each country. Hence, we only analyze the impacts of water scarcity for the case of S3. Table 8.3 shows 
percent changes in the sectoral outputs for this case. This table aggregated all economic activities into 
six categories: Crop, including all crop sectors; Forestry; Food, covering all food sectors including 
livestock; Energy, including coal, oil and oil products, Gas and Electricity; Industry, covering all industrial 
sectors; and Service, including all types of services.

The results show that water scarcity negatively affects sectoral outputs differently across the Middle 
East. From the results presented in table 8.3, the following conclusions can be drawn:

 • All economic activities will suffer from water scarcity directly or indirectly.

 • Crop production drops everywhere. The two largest percentage drops would happen in Iraq and 
Syria. 

 • Forestry drops significantly in Syria (by 7.6 percent), the Islamic Republic of Iran (by -6.8), and Turkey 
(by -5.8). The reductions in the Islamic Republic of Iran and Turkey are important, as these two 

TABLE 8.3. Percent Changes in Sectoral Outputs due to Water Scarcity: S3 Scenario

Country

Sectors

Crop Forestry Food Energy Industry Service

Iran, Islamic Rep. -3.9 -6.8 -4.1 -4.3 -8.1 -5.8

Iraq -15.8 -3.6 -6.1 -2.3 -5.5 -3.4

Jordan -5.2 -4.3 -5.0 -4.2 -6.7 -6.5

Lebanon -5.6 -2.1 -1.8 -2.0 -2.2 -1.9

Syrian Arab Republic -11.2 -7.6 -7.4 -4.9 -9.8 -8.9

Turkey -7.8 -5.8 -4.5 -5.1 -6.0 -5.8

RME -2.8 -1.3 -3.7 -2.2 -7.4 -4.7

Note: RME = Rest of the Middle East.
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countries have the largest areas of forest in the region. Deforestation could happen in water-rich areas 
of these countries due to water scarcity in drier areas.

 • Food production drops all over, but at a rate usually less than the reduction in crop production. That 
is because of imports of crops and food products. 

 • Among the big energy producers of the region, production of energy drops significantly in the Islamic 
Republic of Iran (by -4.3 percent). 

 • The large reductions in industrial output occur in Syria (by -9.8 percent), the Islamic Republic of 
Iran (by 8.1 percent), Jordan (by -6.7 percent), and Turkey (by -6 percent). Among these countries 
the reductions in industrial outputs of the Islamic Republic of Iran and Turkey are important, as 
these two countries have relatively large industrial bases compared to other countries of the 
region.

 • Water scarcity also negatively affects services. For services, Syria and Jordan suffer more than other 
countries, by -8.9 percent and -6.5 percent, respectively. 

Impacts on the Share of Agriculture in GDP

Table 8.4 shows the share of agriculture in GDP by country for the examined cases. This table clearly 
shows that in each country, the share of agriculture in GDP remains relatively the same 
across the examined cases. This outcome simply shows that both agricultural and nonagricultural 
activities suffer from the adverse impacts of water scarcity and changes in crop yields due to climate 
change.

In general, reductions in water supply for irrigation and drops in crop yields due to climate change 
directly harm agricultural activities. This leads to reductions in agricultural outputs. This generates 
negative feedback to other activities that either provide inputs for agricultural activities or process 
agricultural products. However, the implications of water scarcity for nonagricultural activities will 
not be limited to these forward and backward impacts. Various nonagricultural activities will also be 

TABLE 8.4. Share of Agriculture in GDP under Alternative Scenarios (percent)

Description Base data

Reduction in water supply with 
no changes in yields SC  

(S3 plus changes 
in yields)

SCW10%  
(SC plus 10% 

WUE)

SCW20% 
(SC plus 20% 

WUE)
S1 

(5%)
S2 

(10%)
S3 

(20%)

Iran, Islamic Rep. 8.5 8.5 8.5 8.6 8.7 8.7 8.6

Iraq 4.0 3.9 3.8 3.7 3.7 3.7 3.8

Jordan 7.1 7.1 7.1 7.2 7.2 7.2 7.1

Lebanon 3.7 3.6 3.6 3.6 3.6 3.6 3.7

Syrian Arab Republic 15.6 15.6 15.5 15.5 15.5 15.5 15.5

Turkey 6.0 5.9 5.9 5.9 5.9 6.0 6.0

RME 1.2 1.2 1.2 1.3 1.2 1.2 1.2

Note: RME = Rest of the Middle East; WUE = water use efficiency.
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affected directly. Activities that collect, transfer, process, and distribute water will suffer from water 
shortage. Many activities will not be able to operate in full capacity with less access to water (such as 
electricity producers, petrochemical facilities, water-using industries, and even services such as 
restaurants and hotels). Reductions in outputs of these industries would eventually pull down outputs 
of those sectors that do not use water intensively. 

While water scarcity and changes in crop yields due to climate change affect many economic activi-
ties, they affect labor, capital, and land resources in different ways. While in general, in agricultural 
activities land and labor bear the largest impacts, in nonagricultural activities, capital suffers more. The 
next section highlights these differences.

Impacts on Demand for Labor

As mentioned in the introduction, in the Middle Eastern economies the share of agriculture 
in employment is usually larger than the share of agriculture in GDP. Hence in these countries, 
any major permanent reduction in agricultural activities (say, due to reduction in water supply 
or drops in crop yields) could lead to a significant drop in demand for labor (unskilled or 
skilled). The impacts of reductions in water supply and the consequences of climate change for 
crop yields on unskilled labor employed in agricultural and nonagricultural activities are provided 
in table 8.5.

Several important findings can be inferred from this table. The first is that water scarcity reduces 
the demand for unskilled labor in both agricultural and nonagricultural sectors and that the size of 
reduction in demand for this group of labor grows in both these groups of economic activity as the 
rate of reduction in water supply grows (see the first three columns of table 8.5). For example, 
 consider the case of Iraq, where demand for unskilled labor in agricultural activities drops by 
2.7 percent, 5.5 percent, and 11.5 percent with 5 percent, 10 percent, and 20 percent reductions in 
water supply, respectively. The corresponding figures for nonagricultural activates in this country 
are expected to be about 1.2 percent, 2.5 percent, and 4.9 percent. This means that the reductions in 
demand for unskilled labor in nonagricultural activities are smaller than the corresponding figures 
for agricultural activities for this country. This pattern does not hold across countries. For example, 
consider the case of Syria, where the rates of reduction in demand for unskilled labor in both 
 agricultural and nonagricultural activates drop at similar rates for each level of reduction in water 
supply. In some countries, such as the Islamic Republic of Iran, the rate of reduction in demand for 
unskilled labor in nonagricultural activities is larger than the rate for agricultural actives under each 
level of reduction in water supply.

Another important finding from table 8.5 is that, in general, the demand for unskilled labor 
drops slightly when we add the climate change impacts on crop yields for both agricultural and nonag-
ricultural activities. This point is highlighted in figure 8.4. This figure demonstrates the results for two 
cases of S3 and SC for agricultural activities (panel a) and nonagricultural activities (panel b). The results 
for the S3 and SC cases are very similar, with an exception for the Islamic Republic of Iran. In this  country, 
the reduction in the demand for unskilled labor is noticeably larger under the SC case than the S3 case 
for nonagricultural activities (see panel b).
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TABLE 8.5. Changes in Demand for Unskilled Labor in Agricultural and Nonagricultural Activities under 
Alternative Scenarios (percent)

Description

Reduction in water supply with 
no changes in yields 

SC 
(S3 and 

changes in 
yields)

SCW10%  
(SC plus 

10% WUE) 

SCW20% 
(SC plus 

20% WUE)
S1 

(5%)
S2  

(10%)
S3  

(20%)

Agricultural 
activities 

Iran, Islamic Rep. -0.9 -1.9 -4.0 -4.6 -3.7 -2.9

Iraq -2.7 -5.5 -11.5 -11.8 -9.6 -7.2

Jordan -1.0 -2.1 -5.1 -5.2 -4.2 -3.4

Lebanon -2.2 -4.4 -4.4 -4.4 -2.6 -0.8

Syrian Arab Republic -2.5 -5.1 -10.6 -10.9 -8.9 -6.8

Turkey -3.1 -6.4 -6.4 -6.5 -4.0 -1.5

RME -0.8 -1.7 -3.7 -4.4 -3.6 -2.9

Non-
agricultural 
activities

Iran, Islamic Rep. -1.8 -3.7 -7.4 -10.0 -8.3 -6.7

Iraq -1.2 -2.5 -4.9 -5.4 -4.4 -3.3

Jordan -1.3 -2.8 -7.2 -7.2 -5.8 -4.4

Lebanon -0.7 -1.5 -1.8 -1.9 -1.2 -0.6

Syrian Arab Republic -2.3 -4.8 -9.8 -10.6 -8.5 -6.5

Turkey -2.8 -5.7 -5.9 -6.2 -3.9 -1.7

RME -1.2 -2.6 -5.8 -5.9 -4.7 -3.6

Note: RME = Rest of the Middle East; WUE = water use efficiency.

FIGURE 8.4. Percent Changes in Demand for Unskilled Labor in Agricultural Activities and 
Nonagricultural Activities

a. Agricultural activities b. Nonagricultural activities
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The last notable finding from table 8.5 is that WUE can help avoid sharp reductions in demand for 
unskilled labor. This is highlighted in figure 8.5, which presents the results for two cases of SC and 
SCW20% for agricultural activities (panel a) and nonagricultural activities (panel b). The results confirm 
that a 20 percent improvement in WUE could considerably restore the demand for unskilled labor in 
both agricultural and nonagricultural activities.

The reductions in water supply and changes in crop yields could reduce the job opportunities for 
skilled labor as well, as shown in table 8.6. The directions and magnitudes of the changes in demand for 
skilled labor are similar to the patterns for unskilled labor. This means that in future, job opportunities 
will shrink for both groups of labor due to water scarcity and climate change. 

Figure 8.6 more closely compares the impacts on unskilled and skilled labor for agricultural and 
nonagricultural activities. It focuses on the SC scenario, which captures reductions in water supply as 
well as changes in crop yield. Three conclusions can be drawn from this figure. First, the reduction in 
demand may be greater for unskilled labor in agricultural activities (compare the blue and oranges 
bars in panel a). Second, unskilled and skilled labor will suffer similarly in nonagricultural activities 
(compare the blue and orange bars in panel b). Third, the impacts on agricultural versus nonagricultural 
activities vary by region. For example, in the Islamic Republic of Iran, nonagricultural workers suffer 
more; in Iraq, agricultural workers suffer more; and in Syria, unskilled and skilled labor experience 
similar reductions. 

Impact on Capital

Permanent reductions in water supply could make a portion of the existing capital (representing 
private and public infrastructure, machinery, and durable equipment) idle in both agricultural and 

FIGURE 8.5. Percent Changes in Demand for Unskilled Labor in Agricultural Activities and 
Nonagricultural Activities
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TABLE 8.6. Changes in Demand for Skilled Labor in Agricultural and Nonagricultural Activities under 
Alternative Scenarios (percent)

Description

Reduction in water supply with 
no changes in yields 

SC 
(S3 and 

changes in 
yields)

SCW10% 
(SC plus 

10% WUE) 

SCW20% 
(SC plus 20% 

WUE)
S1 

(5%)
S2 

(10% )
S3 

(20% )

Agricultural 
activities 

Iran, Islamic Rep. -0.9 -1.9 -4.0 -4.8 -3.9 -3.1

Iraq -1.8 -3.7 -7.6 -8.3 -6.8 -5.2

Jordan -1.0 -2.2 -5.6 -5.5 -4.5 -3.5

Lebanon -1.4 -2.7 -2.9 -2.9 -1.8 -0.7

Syrian Arab 
Republic

-2.4 -4.8 -9.9 -10.3 -8.3 -6.4

Turkey -2.2 -4.6 -4.7 -4.9 -3.0 -1.3

RME -0.9 -1.9 -3.9 -4.3 -3.4 -2.7

Non-agricultural 
activities

Iran, Islamic Rep. -1.8 -3.7 -7.4 -9.9 -8.3 -6.7

Iraq -1.2 -2.5 -4.8 -5.3 -4.3 -3.2

Jordan -1.3 -2.7 -7.1 -7.2 -5.7 -4.3

Lebanon -0.7 -1.5 -1.8 -1.8 -1.2 -0.6

Syrian Arab 
Republic

-2.3 -4.7 -9.7 -10.5 -8.4 -6.4

Turkey -2.8 -5.7 -5.9 -6.2 -3.9 -1.7

RME -1.1 -2.3 -5.1 -5.2 -4.1 -3.2

Note: RME = Rest of the Middle East; WUE = water use efficiency.

FIGURE 8.6. Percent Changes in Demand for Unskilled and Skilled Labor in Agricultural Activities and 
Nonagricultural Activities under the SC Scenario
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nonagricultural activities. That may also shift investment from agriculture to nonagricultural activities. 
When water supply and crop yields drop, the existing capital in agricultural activities will not operate at 
full capacity. As production of agricultural products declines, nonagricultural activities that have 
forward and backward linkages with agricultural activities will not operate at full capacity. That 
generates idled capacity across the economy, at least in a medium term. Table 8.7 presents the impacts 
of water scarcity in combination with changes in crop yields induced by climate change on capital used 
in agricultural and nonagricultural activities for all examined cases. 

The results of the table lead to the following inferences: 

 • Demand for capital in agricultural activities decreases as the level of water scarcity increases in 
agricultural activities (compare the first three columns of the top portion of table 8.7, which represent 
impacts of 5 percent, 10 percent, and 20 percent of reduction in water supply). The impacts are usually 
larger for Iraq and Syria. For example, with 20 percent reduction in water supply (that is, under S3), 
demand for capital drops by 10.9 percent and 10.2 percent in these two countries, respectively. Under 
this scenario, demand for capital in agricultural activities drops between 4 percent and 6 percent in 
other countries.

TABLE 8.7. Changes in Demand for Capital in Agricultural and Nonagricultural Activities under 
Alternative Scenarios (percent)

Description

Reduction in water supply with 
no changes in yields 

SC 
(S3 and 
changes 

in yields)

SCW10%  
(SC plus 

10% WUE) 

SCW20% 
(SC plus 20% 

WUE)
S1 

(5% )
S2  

(10%) 
S3  

(20%) 

Agricultural 
activities 

Iran, Islamic Rep. -0.9 -1.9 -4.0 -4.9 -4.0 -3.2

Iraq -2.6 -5.3 -10.9 -11.2 -9.1 -6.9

Jordan -1.0 -2.1 -5.2 -5.2 -4.3 -3.4

Lebanon -1.9 -3.8 -3.9 -3.9 -2.3 -0.8

Syrian Arab 
Republic

-2.4 -5.0 -10.2 -10.6 -8.6 -6.6

Turkey -2.9 -5.9 -5.9 -6.1 -3.7 -1.5

RME -0.8 -1.8 -3.6 -4.3 -3.5 -2.8

Non-Agricultural 
activities

Iran, Islamic Rep. -1.3 -2.8 -5.6 -7.6 -6.3 -5.1

Iraq -0.8 -2.3 -3.4 -3.8 -3.1 -2.3

Jordan -1.2 -2.7 -7.1 -7.1 -5.7 -4.3

Lebanon -0.7 -1.5 -1.8 -1.8 -1.2 -0.6

Syrian Arab 
Republic

-2.2 -4.5 -9.1 -9.8 -7.9 -6.0

Turkey -2.6 -5.5 -5.7 -5.9 -3.7 -1.6

RME -0.9 -1.9 -4.1 -4.2 -3.3 -2.6

Note: RME = Rest of the Middle East; WUE = water use efficiency.
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FIGURE 8.7. Percent Changes in Demand for Capital in Agricultural and Nonagricultural Activities under 
the SC Scenario
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Note: SC represents water scarcity in combination with changes in crop yield due to climate change. RME = Rest of Middle East.

 • Demand for capital in nonagricultural activities drops as well, usually at a lower rate compared with 
agriculture. For the Jordan and Syria, demand for capital drops with a higher rate. 

 • Reduction in water supply in combination with the climate impacts on crop yields, generates larger 
reductions in demand for capital in both agricultural and nonagricultural activities. However, the 
marginal impacts of changes in crop yields is not strong (see the results of R3 and RC scenarios in 
table 8.7).

 • The reductions in demand for capital in agricultural and nonagricultural activities are very different 
across countries, except for Turkey and the Rest of the Middle East (see figure 8.7, which presents the 
results for the SC scenario). 

Impacts on Harvested Area and Land Conversion

Water scarcity (due to climate factors or expansion in demand for water in nonagricultural uses) reduces 
available water for irrigation. That would lead to reduction in irrigated areas and expansion in rainfed 
areas over time. However, as production on rainfed land is less productive, this conversion reduces 
agricultural outputs on the existing cropland. This may generate new demand for cropland to 
compensate for the losses in productivity of the existing cropland, which would eventually lead to 
conversion of natural land to cropland in areas where rainfed production is possible. Nevertheless, as 
discussed later in this section, improvements in WUE could eliminate some of the land conversion 
because WUE would restore a portion of reduction in water supply. Figure 8.8 presents changes in 
harvest area for all examined experiments by country. Figure 8.9 shows the transition of land across 
uses, including forest, pasture, and cropland.
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From figure 8.8, the following can be inferred: 

 • The area of rainfed land increases as water scarcity increases across the Middle East. The largest 
reduction in irrigated area will occur in the Islamic Republic of Iran, which is a large crop producer in 
the region. For example, with a 20 percent reduction in water supply (under S3), irrigated area 
decreases by 1,222 thousand hectares, while rainfed area increases by 1,270 thousand hectares. Under 
this scenario, the irrigated area of Turkey drops by 224 thousand hectares, while the rainfed area 
expands by 1,800 thousand hectares. Not all of this expansion is due to the reduction in irrigated area 
of Turkey. A portion is due to higher demand for crops produced in Turkey and exported to other 
counties of the Middle East. Figure 8.8 shows the transition from irrigated to rainfed in other countries, 
as well. 

 • The expansion in harvested area is usually larger than the reduction in irrigated area, except for the 
case of Iraq (compare the orange and blue bars). 

 • The marginal impact of climate change on crop yields does not alter the combination of irrigated and 
rainfed areas significantly (compare the results of S3 and SC scenarios).

 • The improvements in WUE could moderate the magnitude of land movement from irrigated to 
rainfed. However, even a 20 percent improvement in WUE does not completely eliminate the 
transition. 

As mentioned, the switch from irrigated to rainfed cropping may lead to conversions of natural land 
to cropland, as shown in figure 8.9. As an example, consider the expansion in area of cropland in the 
Islamic Republic of Iran (which is a large crop producer in the Middle East) under the examined 
scenarios.

For the Islamic Republic of Iran, the area of cropland increases by 12 thousand hectares with 5 percent 
reduction in water supply, 25 thousand hectares with a 10 percent reduction, and 48,000 hectares with 
a 20 percent reduction. The expansion in cropland area increases to 78 thousand hectares as changes in 
crop yields due to climate change are included. Among the examined scenarios, this is the largest 
expansion in cropland in the Islamic Republic of Iran. The expansion in cropland drops to 67 thousand 
hectares and 57 thousand hectares with 10 percent WUE and 20 percent WUE, respectively. This means 
that an improvement in WUE reduces the additional demand for cropland, which in turn helps reduce 
land conversion and keeps natural land in its original statee.

Regardless of the differences in the shares of pasture and forest in the land conversion, land use 
changes follow the same pattern across the Middle East. The only exception is Iraq. While reduction in 
water supply changes the mix of irrigated and rainfed cropping in favor of rainfed production (as 
happens in other countries), in some cases, the sum of changes in irrigated and rainfed areas turns 
negative, indicating net cropland retirement in some cases in Iraq. 

It is important to emphasize that water scarcity in the Middle East could lead to more land 
degradation and conversion of natural pasture and forest to cropland in areas that are less water 
stressed within each country. This suggests that in addition to the monetary losses due to water 
scarcity, the Middle Eastern countries will experience environmental damages that generate 
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FIGURE 8.8. Net Changes in Irrigated and Rainfed Land under Alternative Scenarios, by Country
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FIGURE 8.9. Net Changes in Land Cover Items Including Forest, Pasture and Cropland under Alternative Scenarios, by Country
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represents SC plus 10 percent improvements in water use efficiency. SCW20% represents SC plus 20 percent improvements in water use efficiency.
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nonmonetary welfare losses. Our modeling practice ignores these costs. Some papers have assessed 
these costs for the region. Two examples are Sarraf, Larson, and Owaygen (2004) and Croitoru and 
Sarraf (2010). 

Finally, as discussed earlier in this section, water scarcity could significantly limit available water 
for irrigation using both the surface and underground water in the region. These limits could be due 
to less precipitation and/or expansion in demand for water in nonagricultural services. Hence, form 
a policy point of view, it is important for the whole region to rely more on imports of low-value and 
highly water-intensive crops to limit demand for irrigation and use the existing water for production 
of higher-value crops and more water-efficient crops. 

Impacts on Crop Prices

Changes in crop prices measured with producer and consumer price indices for all examined cases are 
presented in table 8.8. The following inferences can be made from this table: 

 • Reduction in water supply increases crop prices: the greater the reduction in water supply, 
the higher crop prices become. For example, under the S3 scenario, the producer price index 
of crops increases by 5.3 percent, 20.1 percent, 5.7 percent, 4.6 percent, 9.3 percent, 7 percent, and 

TABLE 8.8. Changes in Producer and Consumer Prices for Crops under Alternative Scenarios

Description

Reduction in water supply with 
no changes in yields

SC  
(S3 and 

changes in 
yields)

SCW10%  
(SC plus 

10% WUE)

SCW20% 
(SC plus 20% 

WUE)
S1 

(5%) 
S2  

(10%) 
S3  

(20%) 

Changes in crops 
producer price 
index (percent) 

Iran, Islamic Rep. 1.4 2.9 5.8 9.4 8.0 6.7

Iraq 4.6 9.6 20.1 22.6 18.5 14.0

Jordan 1.5 3.2 5.7 5.9 4.7 3.6

Lebanon 2.1 4.4 4.6 4.6 2.7 0.9

Syrian Arab 
Republic

2.3 4.7 9.3 10.4 8.3 6.4

Turkey 3.2 6.9 7.0 8.3 5.4 2.8

RME 0.6 1.3 2.2 3.5 3.0 2.4

Changes in crops 
consumer price 
index (percent)

Iran, Islamic Rep. 1.3 2.8 5.5 8.2 6.9 5.6

Iraq 3.5 7.1 13.5 13.9 11.3 8.4

Jordan 0.7 1.5 2.4 2.8 2.2 1.7

Lebanon 1.5 3.0 3.3 3.4 0.5 0.9

Syrian Arab 
Republic

2.0 4.2 8.1 9.0 7.2 5.5

Turkey 3.0 6.4 6.5 7.4 4.7 2.3

RME 0.5 1.0 1.6 2.1 1.7 1.3

Note: RME = Rest of the Middle East; WUE = water use efficiency.



54 Water in the Balance Technical Report

2.2 percent in the Islamic Republic of Iran, Iraq, Jordan, Lebanon, Syria, Turkey, and RME, 
respectively. Hence, Iraq and Syria will experience the highest increases in the producer price 
index of crops. 

 • The consumer price index also increases with the level of reduction in water supply, but usually 
with a lower rate. For example, under the S3 scenario, the consumer price index of crops 
increases by 5.5 percent in the Islamic Republic of Iran, 13.5 percent in Iraq, 2.4 percent in 
Jordan, 3.3 percent in Lebanon, 8.1 percent in Syria, 6.5 percent in Turkey, and 1.6 percent 
in RME.

 • The effects of climate change on crop yields have limited price consequences across the 
region, except for the Islamic Republic of Iran (compare the results of S3 and SC cases in 
table 8.8).

 • Improvements in WUE could eliminate only a portion of the price impact of water scarcity.

To highlight the extent to which improvements in WUE helps mitigate the price impacts of 
water scarcity and climate changes, consider figure 8.10, which compares the price impacts for 
the RC and RCW20% scenarios. The comparison clearly shows that even a 20 percent improvement 
in WUE eliminates only a portion of the price impacts, for both producer and consumer price 
indices.

Impact on Trade Balance of Food Products

Changes in the net imports of food products (including all crops, livestock, and processed food 
and feed) for all examined cases are presented in table 8.9. From this table, the following can be 
inferred: 

 • In general, a reduction in water supply increases the net imports of food items, the larger the 
reduction in water supply, the higher the increase in net imports. The exceptions are Jordan 

FIGURE 8.10. Percent Changes in Crops Producer Price Index and Crops Consumer Price Index
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55Water in the Balance Technical Report

TABLE 8.9. Changes in Net Imports of Food Items Include Crops, Livestock, and Processed Food and 
Feed under Alternative Scenarios ($, millions)

Description

Reduction in water supply with 
no changes in yields 

SC  
(S3 and 

changes in 
yields)

SCW10%  
(SC plus 

10% WUE) 

SCW20% 
(SC plus 20% 

WUE)
S1 

(5%)
S2  

(10%)
S3 

(20%)

Iran, Islamic Rep. 52 103 285 589 533 481

Iraq 192 398 840 963 801 623

Jordan -35 -76 -198 -203 -155 -105

Lebanon 20 40 31 31 14 -2

Syrian Arab Republic 23 45 102 125 107 89

Turkey 622 1,262 1,162 1,228 728 245

RME -55 -141 -423 -143 -58 16

Note: RME = Rest of the Middle East; WUE = water use efficiency.

and RME. These two regions experience fewer net imports (or more net exports) as the level of 
water scarcity increases. That is because they export more valuable food products to their neighbors 
as the severity of water scarcity grows in the entire region and imports less-valuable products from 
the world market. 

 • Climate change, which will negatively affect rainfed crops, increases net imports of food items across 
the Middle East. This will be discussed later in this section 

 • Improvements in WUE partially eliminate a small portion of the increases in net imports of food 
items.

 • Turkey, the Islamic Republic of Iran, and Syria are the big losers. The Islamic Republic of Iran and 
Syria will import more, while Turkey will export less. 

International Trade Buffers Food Security

Increases in the net imports of food products show that countries of the Middle East will import 
more food products in response to water scarcity and reductions in crop yields. These countries will 
rely more on food imports to preserve their food security and eliminate a portion of losses in their 
food output. 

The literature confirms that trade of food products could eliminate a portion of adverse impacts of 
climate change on food consumption: see, for example, Liu, Hertel, and Taheripour (2013). To highlight 
the extent to which the international trade of food products buffers the adverse impacts of water scarcity 
and reductions in crop yields on food consumption in the Middle East, we examine the simulation 
results obtained from the case of SC in more detail.

As described, this case takes into account the impacts of a 20 percent reduction in water supply 
with changes in crop yields due to climate change. Food products are grouped in three categories: 
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FIGURE 8.11.  Changes in Production and Consumption of Food Items for the SC Experiment
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Note: In each country, the difference between production and consumption represents a change in net imports. RME = Rest of Middle East.

crops; livestock and livestock products; and processed food and feed. Figure 8.11 clearly shows 
that, with a few exceptions, production falls more than consumption across the region for each food 
category. In this situation, imports fill the gap between production and consumption. That means 
that trade partially buffers the negative impacts of water scarcity and climate change. 

To help consumers deal with the higher food prices induced by water scarcity (or reductions in crop 
yields), more subsidies might be paid across the Middle East to subsidize food consumption. If that 
happens, the Middle East region will import more food products. To examine the extent to which 
demand for imports of these products will increase due to such a policy, we altered the SC experiment 
to pay more subsidies on food products to avoid reductions in their final consumption. Therefore, 
in the revised SC experiment, the final demand for food products remains constant, while their 
production declines due to water scarcity and reductions in crop yields. The results of this experiment 
indicate that total imports of food products for the whole region would increase by 128 percent, 
compared to the original SC experiment. This result confirms that, if more subsidies are paid on food 
consumption, then more imports are needed to mitigate the impacts of water scarcity and climate 
change on food production.
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Impacts on Terms of Trade

As explained earlier in this paper, reduction in water supply and changes in crop yields due to 
climate change could increase agricultural and food prices in the Middle East region. In this section, 
we examine the extent to which these price changes could affect the terms of trade. As shown in 
table 8.10, under all examined cases, the terms of trade alter slightly in favor of the Middle Eastern 
countries. The only exception is Iraq, which will experience a negative change in terms of trade 
under the examined cases. That is because this country does not export agricultural and food 
products, but imports them. 

Compared to other countries, Syria and Turkey gain larger improvements in terms of trade. Turkey 
exports agricultural and food products to other countries. Hence, it transfers a portion of the price 
impacts of water scarcity to the foreign consumers of its products. Syria exports valuable agricultural 
products (vegetables and fruits) and imports low-value crops. Hence, it gains in terms of trade. 
This explains the source of improvement in terms of trade in other economies of the Middle East 
as well. 

Impacts on Incomes of Primary Sources

As discussed, reduction in water supply and changes in crop yields jointly reduce demand for skilled 
labor, unskilled labor, and capital. Here we examine the extent to which these changes affect incomes of 
these primary factors of production by country under the SC scenario. Figure 8.12 shows that the 
reduction in water supply in combination with changes in crop yields improves annual incomes of 
owners of land and water. This improvement is due to increases in values of irrigated land and water. 
With a reduction in water supply, a portion of irrigated land may retire or transfer to rainfed. However, 
the value of the land that will remain under irrigation will increase. In addition, the value of water will 
increase. 

Figure 8.12 shows that skilled and unskilled labor and owners of capital lose a portion of their annual 
incomes. The changes in incomes of primary factors of production vary across the region, as shown in 

TABLE 8.10. Changes in Terms of Trade under Alternative Scenarios

Description

Reduction in water supply with 
no changes in yields

SC  
(S3 and 

changes in 
yields)

SCW10%  
(SC plus 10% 

WUE) 

SCW20% 
(SC plus 20% 

WUE)
S1 

(5%)
S2  

(10%)
S3 

(20%)

Iran, Islamic Rep. 0.1 0.3 0.7 1.0 0.8 0.7

Iraq -0.2 -0.5 -0.6 -0.7 -0.5 -0.3

Jordan 0.2 0.5 0.9 0.9 0.8 0.6

Lebanon 0.1 0.2 0.3 0.3 0.2 0.1

Syrian Arab Republic 0.5 1.0 2.1 2.2 1.8 1.3

Turkey 0.5 1.1 1.1 1.1 0.7 0.3

RME 0.1 0.2 0.4 0.4 0.4 0.3

Note: RME = Rest of the Middle East; WUE = water use efficiency.
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FIGURE 8.12. Changes in Incomes of Primary Factors of Production under an SC Scenario
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Note: This scenario represents water scarcity in combination with changes in crop yield due to climate change

the figure. Clearly, both skilled and unskilled laborers are the main losers. Given that a large portion of 
these losses will occur in rural areas where agricultural production takes place, rural areas will suffer 
more from reductions in water supply and changes in crop yields induced by climate change. 
More comprehensive research is needed to study the impacts of water scarcity and changes in climate 
conditions on rural and urban households by income group and other socioeconomic drivers of income 
distribution in the Middle East.
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Rebound Effect in Water Consumption

To examine the extent to which WUE generates a rebound effect in water consumption, we concentrate 
on the Islamic Republic of Iran and Turkey, the two big water users in the region. We also examine the 
case of Syria. We assume that the supply of water responds to changes in demand for water. As 
mentioned, we developed four simulations for each selected region for this test: simulations for 
improvements in WUE by 5 percent and 10 percent with and without changes in crop yields. We call 
these simulations R1, R2, RC1, and RC2. The first two experiments represent the cases of 5 percent and 
10 percent improvements in WUE with no changes in crop yields. The last two simulations represent 
R1 and R2 plus changes in crop yields. Table 8.11 presents the results. The following can be inferred 
from the table: 

 • The rate of rebound effect increases with the rate of improvement in WUE. 

 • The inclusion of changes in crop yields due to climate change does not alter the results for the Islamic 
Republic of Iran, but does increase the rate of rebound effect in Turkey. 

 • The rates of rebound effect with 10 percent WUE for the Islamic Republic of Iran, Turkey, and 
Syria are about 10.3 percent, 4.6 percent, and 7.1 percent. When shocks to crop yields are added, 
the results for the Islamic Republic of Iran and Turkey are about 9.5 percent and 6.5 percent, 
respectively.

Hence, if water supply can increase, climate change that would reduce yields for rainfed crops could 
extend demand for irrigation, and that would lead to more water withdrawal—at least in the short term—in 
the absence of regulation on water withdrawal from underground resources, or even from surface water. 

Main Findings of Transboundary Waters Simulations

These simulations study the economic impacts of Turkey’s water management plan in the Euphrates 
and Tigris river basins for Iraq, Syria, and other countries of the region. Appendix D presents the results 
obtained from the transboundary waters simulations. Box 8.1 summarizes the key findings of these 
simulations.

TABLE 8.11.  Potential Rebound Effect in Water Consumption

Examined cases Representative countries

Rate of improvements in WUE 

5% 10%

Only WUE (R1 and R2) Iran, Islamic Rep. 5.1% 10.3%

Turkey 2.0% 4.6%

Syrian Arab Republic 3.8% 7.1%

WUE in combination with changes in crop yields 
(RC1 and RC2)

Iran, Islamic Rep. 4.6% 9.5%

Turkey 3.2% 6.0%

Syrian Arab Republic NA NA

Note: RME = Rest of the Middle East; WUE = water use efficiency.
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BOX 8.1.  Implications of Transboundary Waters Simulations

Turkey’s water management plan in the Euphrates and Tigris river basins could generate major 
economic gains for Turkey of up to $7.5 billion per year. However, this plan is expected to 
generate some economic losses for other countries of the region, in particular for Iraq and the 
Syrian Arab Republic. The gains for Turkey are significantly larger than the losses for other 
countries of the region.

Compensation plans can be used to reduce these losses. These plans could transfer a portion of 
Turkey’s gains to Iraq and Syria to eliminate their losses partially or entirety. Direct payments, 
trade treaties, and direct investment are three examples. The overall and regional impacts of 
these compensation plans are not identical. As an example, in a direct compensation plan, Turkey 
needs to pay about one-third of its gains to Iraq and Syria to eliminate their economic losses 
entirely. A trade treaty that offers subsidies on Turkish exports to Iraq and Syria could exhaust up 
to 80 percent of Turkey’s gains.

As water scarcity grows in the Middle East, more controversies will arise among countries that 
withdraw water from the same river basins. More research is needed to detect hot spots on water 
transboundary issues in the Middle East and find economic remedies to reduce controversies in 
this area.
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Chapter 9
Discussion

This study developed and used a multiregional static CGE model to examine the extent to which water 
scarcity and reductions in crop yields due to climate change would affect economies of the Middle East. 
This approach takes into account interactions among  economic activities and markets for all goods and 
services that are produced within each country. It also considers trade among Middle Eastern countries. 
Furthermore, it connects the whole region and its members to the rest of the world, as happens in the 
real world. This approach provides a consistent modeling approach that considers the interplay among 
macro variables (such as GDP, welfare, private consumption, investment, exports, imports, consumer 
prices, and employment) and variables that represent the sectoral performance of economic activities 
and production sectors. This approach takes changes in water supply and crop yields as exogenous 
shocks and determines their impacts on the endogenous variables of the model. 

Using data obtained from the literature, we examined how crop yields will change in the Middle East 
due to climate change. Then, based on the existing data and literature, we showed that a reduction in 
water supply is expected to occur across the region. Given that the rate of reduction in water supply is 
uncertain, we made several simulations to cover a range of the potential rates of reduction in water 
supply across the region. 

The results show that water scarcity would negatively and severely affect the Middle Eastern econo-
mies. The water scarcity impacts will not be limited to the agricultural sectors. They will affect nonagri-
cultural sectors as well. They will generate idled capacities across the region, which in turn can  inflict 
major damage to employment, GDP, and food security. The expected changes in crop yields due to 
climate change could generate additional damages to these economies, especially for larger crop 
producers of the region. Water scarcity and reductions in crop yields could increase demands for crop-
land in less water-intense areas of the Middle East, intensifying environmental degradation through 
deforestation and conversion of natural land to cropland. 

Our analyses show that improvements in water use efficiency could partially eliminate the adverse 
impacts of water scarcity and reductions in crop yields. However, in the absence of effective regulation 
policies and given the lack of monitoring of water and land resources, that may lead to more water 
withdrawal and more land-use changes in less water- intense areas of the Middle East.

Regarding food security, our results suggest that water scarcity and reductions in crop yields will 
damage the production of agricultural and food products across the region. However, trade (that is, 
more food imports) will help the region avoid major damage to food security.

A major obstacle for this research was the lack of up-to-date input-output tables for several countries 
of the region, particularly Iraq, the Syrian Arab Republic, and Lebanon. We made major efforts to update 
and build new I-O tables for these countries utilizing reliable data sources. While the new I-O tables 
satisfy the requirements of standard data, more work could extend and improve these tables. In partic-
ular, if possible, it is useful to work with the experts from the region to improve the quality of the I-O 
tables utilizing local information. 
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Given the uncertainty regarding the extent to which water availability in the Middle East will change, 
we examined several rates of reductions in water supply. Additional work is needed to develop more 
precise estimates on future water availability in the Middle East according to biophysical and hydrolog-
ical models that project water supply for the region. In our  research, we only highlighted the potential 
impacts of climate change on crop yields using the existing estimates in this area. While these estimates 
are good reflections of the effects of climate change on major crops (wheat, rice, corn, soybeans) across 
the world, they provide limited information about vegetables and fruits. Given that fruits and 
vegetables  are the main and the most valuable crops that are produced in the Middle East, more 
research  is needed to accurately evaluate the impacts of climate change on the types of fruits and 
 vegetables that are produced in the region. 

Our research showed that improvements in water use efficiency could mitigate a portion of the adverse 
impacts of water scarcity and reductions in crop yields. More resources and data are needed to deter-
mine these effects by sector and region. In our analyses, we ignore the role of technological progress in 
mitigating the effects of water scarcity and reductions in crop yields. Technological progress, which is 
highly likely to happen, may help the economies of the Middle East, in particular for richer countries of 
the region,  mitigate the effects that we examined. However, these technologies are usually costly, 
particularly in  their early stages of development. 

In developing this research, we relied entirely on the available data provided by trusted international 
organizations and on the literature to fill the gaps in data. More interactions and access to local organi-
zations that collect data would be extremely helpful to develop more accurate analyses. In particular, 
we relied on data on water withdrawal provided by the FAO. This data set does not provide up-to-date 
data for some countries. 

Our model incorporates a representative consumer who  consumes goods and services and provides 
primary inputs including labor, land and capital. Hence, this model represents changes at the national 
level (except for the production of crops and land use, which  are at the RB-AEZ level). Disaggregating 
this model to represent various groups of households to trace changes in rural and urban areas can 
provide more accurate analyses. 

Finally, it is important to note that our research, except for a few cases, assumed that public policies 
will remain unchanged as economies move from the status quo to a new equilibrium due to water 
scarcity and reductions in crop yields. In the real world, national policies could change to mitigate the 
impacts of these factors. Meanwhile, more efforts are needed to learn how these policies would interact 
with the examined shocks. The discussion that follows briefly discusses some policies that might be 
implemented: 

 • The first policy is to support mitigation activities that conserve water consumption in agricultural 
activities, particularly in irrigation. While our results support this policy in general, the ultimate 
impacts of this policy would really depend on the way that this policy could be implemented and 
executed. Given that policy makers in the Middle East historically and frequently have used 
subsidies to carry out their policy options, it is likely that subsidies will be used to encourage farm-
ers to use more efficient irrigation methods. This policy may lead to more pressure on water 
resources if it is not supported by proper regulations on water withdrawal and in the absence of 
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proper enforcement mechanisms. Any subsidy commitment should be conditioned on clear and 
verifiable savings in water consumption. 

 • Penalties that restrict water consumption and incentives on water-saving technologies and practices 
that improve water use efficiency should be applied to all water users without exception. The costs 
of investments in improvements in water use efficiency, either for savings in irrigation or nonagri-
cultural uses, should be justified economically based on techno-economic or cost-benefit analyses.

 • Mandates, quotas, and rationing processes are other policy tools that might be used to control the 
effects of water scarcity and reductions in crop yields. These options usually fail to curb water 
consumption as long as they ignore market forces and follow a political agenda. Allowing 
water-using sectors to operate in a cap-and-trade mechanism is the most efficient approach to mix 
mandates and market forces. This means that the economic agents/sectors should be able to trade 
water as long as they maintain the overall cap on water consumption.

 • Promoting a market-based water allocation mechanism among users could help  adopt conserva-
tion practices in a more efficient way. These types of mechanism have been used in different coun-
tries (such as  in Australia and the US state of California) in recent years to manage water scarcity 
issues. Learning about these experiences could help devise proper mitigation policies for the 
Middle Eastern countries. 

 • Our results indicate that the Middle Eastern countries will need to import more food products, 
including crops, meat, and processed food items in the future. This suggests that the countries of 
this region need to develop long-term trade relationships with the countries that will be in safer 
and better positions to produce and export food products to the global markets. Investment in the 
agricultural and food industries of these countries is another option to pursue to secure food 
resources.

 • Regarding transboundary waters issues, our simulation results indicate that it is possible to define 
some compensation mechanisms to transfer a portion of Turkey’s gains from more water 
withdrawals from Euphrates and Tigris river basins to those countries that are harmed by these 
withdrawals—and still increase the overall gains for the whole region and even reduce the contro-
versy in this area. More detailed policy guidelines on this topic  require more work.

 • Given that water scarcity and reductions in crop yields are expected to severely affect employment, 
particularly in rural areas, proper labor-intensive conservation policies could be defined to support 
job-creating conservation and mitigation activities.

 • It is important to note that our analyses assumes that markets operate and government interven-
tions will be limited to the existing subsidies and taxes imbedded in the database. In practice, to 
control the adverse impacts of water scarcity, policy makers may use mandatory policies to control 
prices, use official orders or rules to keep worker employed, use water quotas, and/or rationing 
mechanisms to distribute commodities. These policies, as long as they ignore market forces, usually 
cause more environmental damage, lead to lower efficiency in using available resources, generate 
large deficits and higher inflation, increase foreign debt, and encourage more consumption. All of 
these adverse effects will extend the negative impacts of water scarcity.



64 Water in the Balance Technical Report

Finally, while we examined alternative scenarios to cover uncertainty in some key assumptions, due 
to limited time and resources, we did not test  the sensitivity of the outcomes of this research with 
respect to the changes in model parameters. It is important to develop a set of systematic sensitivity 
tests to study the extent to which the simulation results may change due to changes in model parame-
ters and provide a confidence interval for each key outcome. Running sensitivity tests on substitution 
among primary factors of production (such as water and capital), trade elasticities, demand elasticities 
for goods and services (in particular for food products), and substitution among water uses are the most 
important items that would improve the quality of this research.
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Chapter 10
Conclusion

The Middle East is one of the most water scarce regions in the world. Lack of water is a common challenge 
for countries of this region. These countries have already exploited their available water resources and 
most of their watersheds have passed the sustainable level of water withdrawal. In several countries, 
water is massively used in agricultural activities to produce food, while across the region, precipitation 
has decreased. 

The existing literature confirms that the problem of water scarcity will intensify in the Middle East 
due to climate change and overconsumption of water. The literature also indicates that climate change 
will significantly reduce crop yields in this region, in particular for major grains. These changes are 
expected to limit the production of agricultural products; negatively affect nonagricultural sectors that 
have strong forward and backward linkages with agricultural activities; limit job opportunities in rural 
areas; idle capacities; and reduce the efficiency of capital assets and infrastructures that have been 
developed in rural areas to support agricultural activities and sustain human life. Water scarcity will 
also reduce outputs of industrial and energy sectors that need water to operate and diminish the perfor-
mances of the sectors that provide services. 

The main goal of this research is to examine the extent to which water scarcity and losses in crop 
yields due to climate changes could affect the Middle Eastern economies. Given the economy-wide 
effects of these factors, we developed and used a computable general equilibrium (CGE) model to 
accomplish this goal. In particular, we used the GTAP-BIO-W model, a CGE model that has been fre-
quently used to assess the economy-wide impacts of changes in water scarcity and changes in crop 
yields. This model traces demands for and supplies of all goods and services produced, consumed, 
and traded at the global scale by country/region. It also takes into account resource constraints and 
models the allocation of limited resources—including labor, capital, natural resources, water, and land—
among their uses. This model divides crop production into rainfed and irrigated and traces supplies of 
water and land resources and their demands at the spatial resolution of River Basin–Agro Ecological 
Zone (RB-AEZ) in each country/region. The report explains the main characteristics and background of 
this model in detail. 

To achieve the goals of this research, we developed a wide range of alternative simulations that por-
tray the Middle Eastern economies under different water scarcity scenarios mixed with the climate 
impacts on crop yields. The results obtained from these scenarios indicate that:

 • Reduction in water supply and changes in crop yields induced by climate change can jointly reduce 
the GDPs of the Middle Eastern countries significantly. These two factors can jointly reduce the 
GDP of the Islamic Republic of Iran, Iraq, Jordan, Lebanon, the Syrian Arab Republic, Turkey, and 
the Rest of the Middle East (RME) up to 7.2 percent, 3.9 percent, 6.8 percent, 1.9 percent, 9.8 percent, 
5.9 percent, and 4.1 percent, respectively. The annual monetary values of these changes are  com-
mensurately large. 
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 • Both agricultural and nonagricultural activities would suffer from the adverse impacts of water 
scarcity and changes in crop yields due to climate change. Nonagricultural sectors suffer more from 
water scarcity. 

 • The changes in crop yields induced by climate change negatively but moderately affect the GDPs of 
the Middle Eastern economies. However, water scarcity is a major threat to the economies of the 
Middle East.

 • Demand for labor, in particular in the agriculture sector is expected to fall across the region in 
response to water scarcity and changes in crop yields. These impacts are especially large for Iraq 
and Syria, and for skilled labor in the Islamic Republic of Iran.

 • Reduction in supply of water is expected to reduce area under irrigation. However, changes in crop 
yields induced by climate change will encourage farmers to move toward more productive and less 
water-intensive crops. That could mitigate  a reduction in the irrigated area to some extent. 

 • Water scarcity in the Middle East could lead to more land degradation and conversion of natural 
pasture and forest to cropland in areas that are less water stressed within each country. This 
suggests that in addition to the monetary losses due to water scarcity, the Middle Eastern countries 
will experience environmental damages that indirectly generate welfare losses due to environmen-
tal degradation. Our modeling practice ignores these costs. 

 • Climate change will negatively affect yields for wheat and corn. Oilseed crops and sugar crops may gain 
some yield improvements. The negative impacts are larger for rainfed wheat and corn. Thus, these 
crops would be impacted more. The Middle East will be more dependent on imports of staple crops. 

 • Crop prices are expected to increase for both crop producers and consumers. However, crop prices 
are expected to increase at a lower rate for consumers. That is because the Middle Eastern econo-
mies will import more and export less crop products. 

 • The Middle Eastern countries will rely more on food imports to preserve their food security and 
eliminate a portion of losses in their food outputs due to water scarcity and reductions in crop 
yields. That means that trade will partially buffer the negative impacts of water scarcity and climate 
change on food security in this region. 

 • Improvements in water use efficiency (WUE) could eliminate the impacts of water scarcity. 
Additional mitigation policies are needed to deal with the adverse impacts of climate change on 
rainfed crop yields. 

 • The gains of improving WUE is large and could justify major investments in  water infrastructure to 
conserve water—not to expand unsustainable water withdrawal.

 • With no effective water conservation policies in place, improvements in WUE may generate 
rebound effects in water consumption. That could increase the demand for excessive water with-
drawals from existing limited resources.

 • Transboundary waters constitute a critical issue across the Middle East, among countries and even 
within each country. To highlight the importance of this issue, we undertook a simulation to assess 
the potential economy-wide impacts of a restriction on water flow from Turkey to Iraq and Syria. 
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This simulation represents a case where Turkey increases its water withdrawal from the Euphrates 
and Tigris river basins by 5 percent, with a consequent reduction in water supply in Iraq and Syria 
by 10 percent in the same river basins. The results indicate major gains for Turkey and major losses 
for Iraq, Syria, and the Islamic Republic of Iran.

 • The experiments in this study assume no changes in agricultural and trade polies. Changes in these 
policies could alter the results. It is important to develop experiments to examine the interplay 
between climate change, water scarcity, and changes in agricultural and trade policies. To manage 
the implications of water scarcity and mitigate the adverse impacts of climate change, countries of 
the Middle East need to redefine their trade and food policies to establish proper trade relation-
ships with water-rich countries that provide agricultural products.

 • Subsidizing production of inefficient and water-intensive crops will be less attractive and more costly 
in the future. Trading goods based on comparative advantages according to their virtual water inputs 
will a key in dealing with water scarcity. Developing new policies to facilitate this process is 
essential.
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Appendix A
Research Methodology

To accomplish the goals of this research, different research approaches could be used. One option is to 
concentrate on the sectoral impacts of these factors using country-specific Partial Equilibrium (PE) 
models to study impacts on crops, implications for livestock producers, and consequences for other 
economic activities. The country-specific PE models can pay careful attention to the details of each 
sector and often provide useful analysis. However, they usually miss the interactions among individual 
sectors of an economy and ignore the fact that markets for goods and services are connected. The PE 
models also have limited potential to trace regional and global trade among countries and ignore the 
overall macro resource constraints at the national and international levels. 

Another analytical approach is to develop an input-output (I-O) analysis. This approach provides a 
macroeconomic framework that takes into account forward and backward linkages among economic 
sectors; links between production, consumption, and investment; and connections to the global markets 
due to trade (exports and imports). This approach is usually used to assess the impacts of exogenous 
shocks (such as the productivity of production inputs, shifts in the components of the final demand for 
goods and services, and technological progress) on the performances of an existing economy. This 
approach may provide valid short-term analysis when economic agents and markets are inflexible in 
responding to the changes in economic conditions and relative prices. However, it has major limitations 
when economic agents and markets are responding to the changes in relative prices induced by the 
changes in climate variables and resource constraints. 

Using a Computable General Equilibrium (CGE) modeling framework is another option. This approach 
extends the I-O analysis and allows economic agents to respond to the changes in relative prices induced 
by climate change. A CGE framework also takes into account changes in resource constraints, 
technological progress, and changes in other exogenous economic and biophysical factors. This 
approach has been widely used to evaluate the economy-wide impacts of climate change. A CGE model 
can concentrate on a single economy. Based on the available data, a single-country model can cover a 
wide range of economic activities. 

However, these models operate in isolation from the rest of the world. Instead of a single- country CGE 
model, a multiregional CGE model can be used to simultaneously represent economies of several 
countries.1 A multiregional CGE model takes into account interactions between a set of specific countries 
and links them to the rest of the world through international trade. 

Having a standard benchmark data set that harmonizes economic data across countries and provides 
required data items at the global scale (such as international trade) is necessary for developing a 
multiregional CGE model. Given the geographical scope of this research and its goals, we modified and 
used a well-known multi-regional global CGE model, dubbed GTAP-BIO-W, to examine the economy-
wide impacts of water scarcity and changes in crop yields due to climate change for the economies of the 
Middle East. This model is described in appendix B.
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Regardless of the geographical and sectoral dimensions, a CGE model can be defined in a dynamic or 
a static setting. To define a dynamic CGE model, one needs to make certain assumptions about future 
changes in many economic and noneconomic variables, such as capital accumulation, saving-investment 
behavior, changes in the population and labor force, the rate of technological progress. 

Developing proper assumptions and providing reliable projections for future changes in these 
dynamic variables are costly and time-consuming activities. The alternative approach is to set up a 
static CGE modeling framework that needs less data and is not path dependent with respect to the 
assumptions about future changes in capital accumulation and other dynamic variables. A static CGE 
model is usually used to study the responses of an existing economy to one or a set of exogenous 
shocks (such as changes in climate conditions). A static approach avoids dynamic variables by studying 
the changes in economic variables before and after a shock or a set of shocks in the exogenous 
economic or biophysical variables. In this research, we follow the static approach to examine the 
extent to which water scarcity and changes in climate variables affect the Middle Eastern economies. 
This helps us focus on the research question and avoids the significant amount of uncertainty coming 
from dynamic settings.

The GTAP-BIO-W model we use traces demand for and supply of all goods and services produced, 
consumed, and traded at the global scale by country/region. It also takes into account resource 
constraints and models allocation of limited resources including labor, capital, natural resources, water, 
and land among their uses. This model divides crop production into rainfed production and irrigated 
production and traces supplies of water and land resources and their demands at the spatial resolution 
of the river basin–agro-ecological zone (RB-AEZ) in each country/region. For details, see Liu, Hertel, and 
Taheripour (2013) and Taheripour et al. (2018). 

To concentrate on the Middle Eastern economies, the model and its database are geographically 
aggregated into eight regions including: a set of six countries (the Islamic Republic of Iran, Iraq, Jordan, 
Lebanon, the Syrian Arab Republic, and Turkey; the Rest of the Middle East (RME), inluding Bahrain, 
Israel, Kuwait, Oman, West Bank and Gaza, Qatar, Saudi Arabia, the United Arab Emirates, and the 
Republic of Yemen); and Other, which represents the rest of the world (ROW). The GTAP-BIO-W model 
uses a benchmark database that represents the global economy in 2011. To provide more up-to-date 
analysis, we updated this database to represent the global economy in 2016. 

To achieve the goals of this research, we developed a wide range of alternative simulations that 
portray the Middle Eastern economies under different water scarcity scenarios mixed with the climate 
impacts on crop yields. We begin with simulations that assess impacts of reductions in water supply 
at different rates. Then we take into account the impacts of climate change on crop yields, following 
several analyses regarding the trade implications for food products. After that, we examine the extent 
to which improvements in water use efficiency (WUE) could mitigate the adverse impacts of water 
scarcity. 

It is often argued that an improvement in WUE (that is, producing more crops per drop of water) could 
lead to a rebound effect in consumption of water, which in turn increases water withdrawal (see Ward 
and Pulido-Velazquez 2008; Pfeiffer and Lin 2014; Li and Zhao 2018). We develop a set of simulations to 
examine the extent to which WUE may generate a rebound effect in water consumption for irrigation in 
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the region’s two big crop producers, the Islamic Republic of Iran and Turkey, which intensively use 
water for irrigation. We also examined these cases for Syria to represent a smaller water user of the 
region.

Furthermore, we examined several simulations that highlight the importance of transboundary 
waters issues for the region. As a preliminary effort, these simulations highlight the economic 
implications for the region of greater water withdrawals by Turkey from the Euphrates and Tigris river 
basins. 

Note
1 In this report, a multiregional model refers to a model that represents economies of several countries. Some CGE models divide an economy 

into several subregions. These models are called multiregion, as well. 
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Appendix B
The GTAP-BIO-W Model

The GTAP-BIO-W approach in allocating primary inputs—including labor, capital, resources, land, and 
water—is shown in figure B.1. In this model, competition for labor, capital, and resources takes place at 
the national level. This means that firms compete for these primary inputs only at that level. In figure B.1, 
the competition for these endowments occurs within the light-yellow box, which represents a national 
economy including several river basins. Sectors take labor, capital, and resources from the national pool. 

FIGURE B.1.  Structure of the GTAP-BIO-W Static Model
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Source: Taheripour et al. 2018. Copyright 2018 from Routledge Handbook of Sustainable Development in Asia, edited by Sara Hsu. Reproduced 
by permission of Taylor and Francis, a division of Informa plc. 
Note: AEZ = agro-ecological zone.



74 Water in the Balance Technical Report

Labor and capital are mobile inputs, as usual. This means that these resources move easily across uses. 
Following the standard GTAP model, natural resources are modeled as sluggish endowments. This 
means that they cannot move freely across sectors.

Competition for water, however, takes place at the river basin (RB) level. As shown in figure B.1, an 
economy may have several river basins. In each river basin, water has two main uses. A portion of water 
goes for irrigation and the rest goes for other uses. As shown in figure B.1, each river basin may serve 
several AEZs. So AEZs of each RB compete for irrigation, as depicted in the central blue box. 
The GTAP-BIO-W model also represents available managed land at the RB-AEZ level. In each RB-AEZ, 
the area of available managed land is divided among forest, pasture, and cropland, as shown in figure B.1. 
Then irrigated and rainfed crops compete for cropland. Land cannot move across RB-AEZs. The irrigated 
crops compete for managed water in each river basin  at the AEZ level. This means that competition for 
water for irrigation also takes place at the spatial resolution of the RB-AEZ. 

Finally, irrigated crops compete for irrigated cropland and rainfed crops compete for rainfed cropland. 
In this model, water can move from one AEZ to another one in a river basin. A water transformation 
elasticity governs the movement of water across the AEZs of a river basin, as explained below.

In the earlier version of this model, water was permitted to move freely with no restriction across 
AEZs of each river basin. Given that water often cannot move freely within river basins due to water 
rights, quotas, and other constraints, we altered the model to restrict movement of water across AEZs of 
a river basin.

Figure B.2 presents the nesting structure of supply of water in the new GTAP-BIO-W used in this 
research. Three parameters control the supply side of water in a river basin: σr, σz, and σc. 

The first parameter, σr, represents water transformation elasticity across main uses. It governs alloca-
tion of available water of a river basin across three main uses: 1) water to irrigated crops; 2) water for 

FIGURE B.2. Water Supply in the New GTAP-BIO-W Model
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livestock, and 3) water for industrial and domestic uses. When σr = 0, water cannot move across the 
major uses in a river basin. However, if σr < 0, then water can move across uses. The larger the magnitude 
of | σr |, the easier it is for water to move across the main uses. 

The second parameter, σz, represents water transformation elasticity across AEZs. This parameter 
manages allocation of water for irrigation across AEZs of a river basin. If water cannot move across AEZs 
of a river basin, then σz = 0. The larger the absolute magnitude of σz, the easier it is to move water across 
AEZs of a river basin. For example, if moving water from one AEZ to another AEZ is very costly, then the 
size of σz should be nearly zero. 

The third parameter, σc, represents water transformation elasticity across crops. This parameter allo-
cates water across irrigated crops. If water cannot move across crops of a river basin, then σc = 0. The 
larger the absolute magnitude of σc, the easier it is to move water across crops. 

It is important to note that these water transformation elasticities can be used to impose any restric-
tion on the movement of water across uses, AEZs, and crops. This set-up provides a unique environ-
ment to examine all kinds of rigidities in the supply side of the market for water. Since the true values of 
these elasticities are unknown, one can test the sensitivity of the model results with respect to changes 
in these parameters.

Similar to the existing water CGE models, water is introduced into the production function of firms to 
determine demand for water. Three groups of users purchase managed water directly: irrigated crop 
sectors, livestock producers, and water utility (henceforth, Water-Util). The crop producers usually use 
a big portion of water withdrawal for irrigation in each river basin. 

The GTAP-BIO-W database represents distribution of water across the main uses in the base year 
according to the FAO data. Each irrigated crop sector (for example, irrigated fruits) can get water from 
any river RB-AEZ. The database determines the initial distribution of water across the RB-AEZ according 
to actual observations. Livestock sectors can get water from available river basins. 

Finally, the Water-Util sector can also purchase water from available river basins. The database deter-
mines the initial distributions of water demanded by the livestock and Water-Util sectors. The Water-
Util sector sells processed water to all other industries, households, and government. Again, the database 
determines the initial distribution of water sold by the Water-Util sector. 

It is important to note that the GTAP-BIO-W model, like any other CGE model, determines the optimal 
allocation of all primary factors of production (including labor, land, water, capital, and resources) 
among their alternative uses given the existing data and model parameters.
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Appendix C
GTAP Sectors and Implemented Aggregation

TABLE C.1.  GTAP Sectors and Implemented Aggregation

Number Code Description Aggregation applied

1 pdr Paddy Rice Two sectors: pdr irrigated and pdr rainfed

2 wht Wheat Two sectors: wht irrigated and wht rainfed

3 gro Other Grains: Maize (corn), barley, rye, oats, other cereals Two sectors: irrigated and gro rainfed

4 osd Oil Seeds: Oil seeds and oleaginous fruit; soybeans, copra Two sectors: osd irrigated and osd rainfed

5 c_b Cane & Beet: Sugar cane and sugar beet Two sectors: c_b irrigated and c_b rainfed

6 v_f Veg & Fruit: Vegetables, fruit vegetables, fruits and nuts, 
potatoes, cassava, truffles

Two sectors: irrigated and rainfed 
vegetables. 

Two sectors: irrigated and rainfed fruits 
and others 

7 pfb Plant Fibers: Cotton, flax, hemp, sisal, and other raw vegetable 
materials used in textiles

8 ocr Other Crops: Live plants; cut flowers and flower buds, flower 
seeds, and fruit seeds; vegetable seeds; beverage and spice 
crops; unmanufactured tobacco; cereal straw and husks, 
unprepared, whether or not chopped, ground, pressed, or in 
the form of pellets; swedes (rutabagas), mangolds, fodder 
roots, hay, lucerne (alfalfa), clover, sainfoin, forage kale, 
lupines, vetches, and similar forage products, whether or not 
in the form of pellets; plants and parts of plants used primarily 
in perfumery, in pharmacy, or for insecticidal, fungicidal, or 
similar purposes; sugar beet seed and seeds of forage plants; 
other raw vegetable materials

9 ctl Cattle: Cattle, sheep, goats, horses, asses, mules, and hinnies; 
and semen thereof

Ruminant

10 oap Other Animal Products: Swine, poultry, and other live animals; 
eggs, in shell (fresh or cooked); natural honey; snails (fresh or 
preserved) except sea snails; frogs’ legs; edible products of 
animal origin n.e.c., hides, skins and furskins; raw insect waxes 
and spermaceti, whether or not refined or colored

Nonruminant

11 rmk Raw milk Dairy Farm

12 wol Wool: Wool, silk, and other raw animal materials used in textile Nonruminant

13 frs Forestry: Forestry, logging, and related service activities Forestry

14 fsh Fishing: Hunting, trapping, and game propagation, including 
related service activities; fishing; fish farms; service activities 
incidental to fishing

Food

15 coa Coal: Mining and agglomeration of hard coal, lignite, and peat Coal

16 oil Oil: Extraction of crude petroleum and natural gas (part); 
service activities incidental to oil and gas extraction, excluding 
surveying (part)

Oil

17 gas Gas: Extraction of crude petroleum and natural gas (part); 
service activities incidental to oil and gas extraction, excluding 
surveying (part)

Gas

table continues next page
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TABLE C.1.  continued

Number Code Description Aggregation applied

18 omn Other Mining: Mining of metal ores, uranium, gems; other 
mining and quarrying

Industry

19 cmt Cattle Meat: Fresh or chilled meat and edible offal of cattle, 
sheep, goats, horses, asses, mules, and hinnies; raw fats or 
grease from any animal or bird.

Processed ruminant 

20 omt Other Meat: Pig meat and offal, preserves and preparations of 
meat, meat offal, or blood, flours, meals, and pellets of meat 
or inedible meat offal; greaves

Processed nonruminant

21 vol Vegetable Oils: Crude and refined oils of soybean, maize (corn), 
olive, sesame, groundnut, olive, sunflower seed, safflower, 
cotton seed, rape, colza and canola, mustard, coconut palm, 
palm kernel, castor, tung jojoba, babassu, and linseed, perhaps 
partly or wholly hydrogenated, inter-esterified, re-esterified 
or elaidinised. Also margarine and similar preparations; animal 
or vegetable waxes, fats and oils, and their fractions, cotton 
linters, oil-cake, and other solid residues resulting from the 
extraction of vegetable fats or oils; flours and meals of oil 
seeds or oleaginous fruits, except those of mustard; degras and 
other residues resulting from the treatment of fatty substances 
or animal or vegetable waxes.

Vegetable oils

22 mil Milk: Dairy products Processed Dairy

23 pcr Processed Rice: Rice, semi- or wholly milled Food

24 sgr Sugar Sugar and beverages

25 ofd Other Food: Prepared and preserved fish or vegetables; 
fruit juices and vegetable juices; prepared and preserved 
fruit and nuts; all cereal flours, groats, meal, and pellets of 
wheat, cereal groats, meal, and pellets n.e.c.; other cereal 
grain products (including corn flakes); other vegetable flours 
and meals, mixes, and doughs for the preparation of bakers’ 
wares, starches, and starch products; sugars and sugar syrups 
n.e.c. preparations used in animal feeding, bakery products, 
cocoa, chocolate and sugar confectionery; macaroni, noodles, 
couscous, and similar farinaceous products; food products 
n.e.c.

Food

26 b_t Beverages and Tobacco Products Sugar and beverages

27 tex Textiles: Textiles and man-made fibers Industry

28 wap Wearing Apparel: Clothing, dressing, and dyeing of fur Industry

29 lea Leather: Tanning and dressing of leather; luggage, handbags, 
saddlery, harnesses, and footwear

Industry

30 lum Lumber: Wood and products of wood and cork, except 
furniture; articles of straw and plaiting materials

Industry

31 ppp Paper & Paper Products: Includes publishing, printing, and 
reproduction of recorded media

Industry

table continues next page
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TABLE C.1.  continued

Number Code Description Aggregation applied

32 p_c Petroleum & Coke: Coke oven products, refined petroleum 
products, processing of nuclear fuel

Industry

33 crp Chemical Rubber Products: Basic chemicals; other chemical 
products; rubber and plastics products

Industry

34 nmm Non-Metallic Minerals: Cement, plaster, lime, gravel, concrete Industry

35 i_s Iron & Steel: Basic production and casting Industry

36 nfm Non-Ferrous Metals: Production and casting of copper, 
aluminium, zinc, lead, gold, and silver

Industry

37 fmp Fabricated Metal Products: Sheet metal products, but not 
machinery and equipment

Industry

38 mvh Motor vehicles and parts: Cars, lorries, trailers, and semi-
trailers

Industry

39 otn Other Transport Equipment: Manufacture of other transport 
equipment

Industry

40 ele Electronic Equipment: Office, accounting, and computing 
machinery; radio, television, and communication equipment 
and apparatus

Industry

41 ome Other Machinery & Equipment: Electrical machinery and 
apparatus n.e.c.; medical, precision, and optical instruments, 
watches, and clocks

Industry

42 omf Other Manufacturing: Includes recycling Industry

43 ely Electricity: Production, collection, and distribution Two sectors of Hydro and Non-Hydro 

44 gdt Gas Distribution: Distribution of gaseous fuels through mains; 
steam and hot water supply

Gas

45 wtr Water: Collection, purification, and distribution Managed water

46 cns Construction: Building houses, factories, offices, and roads Construction

47 trd Trade: All retail sales; wholesale trade and commission trade; 
hotels and restaurants; repairs of motor vehicles and personal 
and household goods; retail sale of automotive fuel

Service

48 otp Other Transport: Road, rail; pipelines, auxiliary transport 
activities; travel agencies

Transportation 

49 wtp Water transport

50 atp Air transport

51 cmn Communications: Post and telecommunications Service

52 ofi Other Financial Intermediation: Includes auxiliary activities, but 
not insurance and pension funding (see next) 

Service

53 isr Insurance: Includes pension funding, except compulsory social 
security

Service

54 obs Other Business Services: Real estate, renting, and business 
activities

Service

table continues next page
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TABLE C.1.  continued

Number Code Description Aggregation applied

55 ros Recreation & Other Services: Recreational, cultural, and 
sporting activities, other service activities; private households 
with employed persons (servants)

Service

56 osg Other Services (Government): Public administration and 
defense; compulsory social security, education, health and 
social work; sewage and refuse disposal, sanitation, and 
similar activities; activities of membership organizations, n.e.c. 
extraterritorial organizations and bodies

Service

57 dwe Dwellings: Ownership of dwellings (imputed rents of houses 
occupied by owners)

Service
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Appendix D
Transboundary Simulations: Impacts of the Change in 
Water Flows from Turkey to Downstream Countries 
and Other Middle Eastern Countries

This appendix examines a set of preliminary simulations that highlights the importance of 
transboundary waters. As a representative case, these simulations concentrate on the existing 
transboundary waters disputes between Turkey and its neighbors. These simulations study the 
economic impacts of Turkey’s water management plan in the Euphrates and Tigris river basins for Iraq, 
the Syrian Arab Republic, and other countries of the region under alternative collaboration scenarios 
between Turkey, Syria, and Iraq. 

Turkey has access to the headwaters of several important rives of the Middle East, including but not 
limited to Euphrates and Tigris. A major restriction on water flow from Turkey to downstream (such as 
using dams to control the water flow) could generate economy-wide impacts for Turkey and its 
neighbors. While the importance of this issue has been widely addressed in public media and policy 
reports, no major attempt has been made to evaluate these economy-wide impacts. 

As a preliminary effort, we made a simulation to address this important topic. Given that the extent to 
which Turkey’s water management plans will affect the flow of water from this country to its neighbors 
is uncertain, in this practice we examined a case that increases the supply of water in the Euphrates 
and Tigris river basins in Turkey by 5 percent. This scenario assumes that the additional use of water 
in Turkey decreases the downstream supply of water in the same river basins in Iraq and Syria by 
10 percent. That is because Turkey’s water withdrawal from this river basin is much greater than 
the withdrawals of Iraq and Syria (Chenoweth et al. 2011). 

Of course, the extent to which an additional water withdrawal in Turkey will affect the withdrawal of 
water in Iraq, Syria, and the Islamic Republic of Iran is an important topic for further research. Our 
simulations study only a subset of impacts and options to address these identified impacts. Additional 
research is required to identify the wider set of potential effects, including environmental and additional 
social and economic impacts. We refer to this simulation as TW: Transboundary Waters. 

The results of this simulation show that Turkey would gain from the expansion in its water withdrawal 
in Euphrates and Tigris while Iraq and Syria would suffer from reductions in their water supply. Given 
these results, we developed several new experiments to extend the TW experiment to examine what 
would happen if Turkey paid a portion of its gains to Iraq and Syria to deflate the existing controversies 
around its water management plan. 

Table D.1 presents the results obtained for the TW (Transboundary Waters) simulation. This simulation 
examines the impacts of an increase in water supply in the Euphrates and Tigris river basins in Turkey 
that causes reductions in water supply in the same river basin in Iraq and Syria. 



82 Water in the Balance Technical Report

TABLE D.1.  Impact of an Expansion of Water Withdrawal in Turkey from Euphrates and Tigris

Variables

Iran, 
Islamic 

Rep. Iraq Jordan Lebanon

Syrian 
Arab 

Republic Turkey RME

GDP: Percent change –0.1 –1.2 –0.1 0.0 –2.9 0.9 0.0

GDP: Monetary value ($, millions) –574 –2073 –56 –15 –799 7489 70

Unskilled labor (percent change) –0.1 –2.3 –0.1 0.0 –3.3 0.9 0.0

Skilled labor (percent change) –0.2 –1.7 –0.1 0.0 –3.0 0.9 0.0

Capital (percent change) –0.2 –1.3 –0.1 0.0 –2.9 0.9 0.0

Irrigated area (per 1,000 
hectares) 

6.8 –86.1 0.2 0.0 –116.5 37.7 –116

Crops producer price index 
(percent change)

0.3 7.8 0.7 0.1 2.9 –0.9 0.0

Trade balance ($, millions) 55 –359 18 2 –45 285 –2

Note: RME = Rest of Middle East.

Table D.1 shows that a 5 percent greater water withdrawal in Turkey from the Euphrates and Tigris 
will negatively affect the economies of Iraq and Syria significantly. Conversely, it generates major 
economic gains for Turkey. It increases the real GDP of Turkey by about 0.9 percent (or $7.5 billion), 
while decreasing the real GDP of Iraq by 1.2 percent (or $2 billion) and Syria by 2.9 percent (or 0.8 billion). 

It also indirectly decreases the real GDP of the Islamic Republic of Iran by 0.1 percent ($0.5 billion). 
This is due to the fact that the Islamic Republic of Iran and Turkey compete in the global markets for 
exports of vegetables and fruits. An increase in water withdrawal in Turkey increases production and 
exports of these products by Turkey and generate loses for the Islamic Republic of Iran. In addition, the 
Islamic Republic of Iran has relatively important links with the economies of Iraq and Syria in services. 
Thus, the demand for Iranian services will decline due to reductions in the GDP of these two countries, 
which will in turn reduce the GDP of Islamic Republic of Iran.

Table D.1 presents the impacts on demand for unskilled and skilled labor, capital, irrigated area, the 
producer price index of crop products, and net trade of food products. For all these measures, Turkey 
gains and Iraq and Syria lose.

This experiment suggests that more water withdrawal in Turkey would increase the GDP of Turkey 
and decrease the GDP of other countries, particularly Iraq and Syria. Given the significant impact 
increase in water withdrawal in Turkey would have on the economies downstream, concerned countries 
could get together to identify options for sharing benefits and costs to mitigate/avoid negative 
downstream impacts. 

One option is for Turkey to offer a compensation mechanism to the countries that suffer from its water 
management policy. As an example, but not the best option, we examine a value added subsidy on 
exports of food products from Turkey to Iraq and Syria. These two countries will be directly affected by 
the Turkey’s water management plan. We examine this practice for 5 percent, 15 percent, and 25 percent 
subsidy rates in combination with the TW experiment. To compare these cases, we concentrate on the 
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TABLE D.2. Welfare Impact of an Expansion of Water Withdrawal in Turkey from the Euphrates and Tigris in 
Combination with Exports Subsidies on Exports of Food from Turkey to Iraq and Syria ($, millions)

Description TW TW with 5 percent subsidy TW with 15 percent subsidy TW with 25 percent subsidy

Iran, Islamic Rep. –474 –182 378 919

Iraq –2,163 –1,550 –279 1,020

Jordan –39 –46 –61 –71

Lebanon –13 –12 –10 –8

Syrian Arab Republic –636 –609 –548 –478

Turkey 6,470 4,266 2,940 1,288

RME 190 119 23 –85

ROW 422 219 –10 –255

Total 3,757 2,204 2,433 2,330

Note: TW = transboundary waters simulation; RME = Rest of Middle East; ROW = Rest of World.

results for welfare impacts. We call this the WT scenario. Table D.2 compares the welfare impacts of the 
WT experiments with and without subsidies. The following importance inferences can be drawn from 
this table:

 • As the rate of subsidy on the Turkish exports of food items increases, the overall welfare for the entire 
region drops. For the original WT experiment, the overall welfare gain for the entire region is about 
$3,757 million. This figure drops to $2,330 million with a 25 percent subsidy rate. Therefore, the export 
subsidy policy is not an efficient policy. Instead of this policy, Turkey could consider some direct 
payments to those countries that suffer from its water management policy. 

 • While the subsidy policy is not an efficient approach for the whole region, it could reduce a portion of 
the welfare losses for Iraq and Syria, which directly suffer from Turkey’s water management plans. 

 • Iraq gains more than Syria from this policy. That is because Iraq has a stronger trade relationship with 
Turkey for food products. 

 • While the policy targets exports of food products from Turkey to Iraq and Syria, it has welfare 
implications for other countries as well. For example, the Islamic Republic of Iran gains, and Jordan, 
Lebanon, the rest of the Middle East, and the rest of the world lose. 

Alternative compensation mechanism could include some form of direct payments from Turkey to 
Iraq and Syria. One example considers how much more investment (in terms of capital assets) is required 
to invest in the economies of Iraq and Syria to eliminate the negative impacts of Turkey’s more water 
withdrawals from the Euphrates and Tigris river basins on the GDPs of these two countries. In line with 
this scenario, we made a preliminary simulation that eliminates the negative changes in the GDPs of Iraq 
and Syria observed for the WT scenario with increases in the capital stocks of these two countries 
financed by Turkey. We labeled this case as WT with direct payment (WT-DP). Table D.3 compares the 
GDP changes obtained from the WT and WT-DP scenarios by country. 
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TABLE D.3. GDP Impact of Greater Water Withdrawals in Turkey from the Euphrates and Tigris with and 
without Compensation Payments from Turkey to Iraq and Syria ($, millions)

Description Case of WT: No compensation
Case of WT-DP: With direct 

compensation

Iran, Islamic Rep. –574 –951

Iraq –2,073 24

Jordan –56 –62

Lebanon –15 –15

Syrian Arab Republic –799 6

Turkey 7,489 4,701

RME 70 –240

ROW –58 131

Total 3,984 3,594

Note: RME = Rest of Middle East; ROW = Rest of World; WT = Welfare Transboundary; WT-DP = WT plus direct payments by Turkey to 
Iraq and Syria.

For the WT-DP case, Turkey should make one-time payments of $6.8 billion and $3.5 billion to Iraq 
and Syria, respectively. As shown in table D.3, with these payments, the change in GDP of Iraq turns 
from –$2,073 million to $24 million. The corresponding figures for Syria are –$799 million to $6 million. 
However, due to the payments from Turkey to Iraq and Syria, the change in the GDP of Turkey drops 
from $7.489 million to $4,701 million. These results suggest that Turkey could gain significantly due to 
more withdrawals even after making direct payments to Iraq and Syria. The direct payments by Turkey 
to Iraq and Syria jointly increase the losses in GDP of the Islamic Republic of Iran from –$574 million for 
the case of WT to –$951 million for the cases of WT-DP. More investment in Iraq and Syria partially drives 
these results. More research is needed to further examine this type of compensation within the theory 
of direct foreign investment. 

In a different compensation set-up, one can determine what would be the gains for Iraq and Syria if 
they have an opportunity to extend their water withdrawals from the Euphrates and Tigris rivers. These 
gains could be considered as compensation values from Turkey to Iraq and Syria. To examine this type 
of compensation, we developed two additional simulations. Other factors being equal, the first 
simulation increases water withdrawal of Iraq by 5 percent off of the base year (status quo). The second 
simulation repeats the same practice for Syria. In these simulations, we assumed more water withdrawal 
in Iraq does not affect water in Syria and vice versa.

Table D.4 shows the results of these two simulations. The results suggest that Iraq would gain $585 
million from the additional 5 percent water withdrawal. The gain for Syria is $274 million. In both cases, 
other countries, including Turkey, gain external benefits from the expansion in water withdrawals in 
Iraq and Syria. More water supply in Iraq and or Syria would increase economic activities in these two 
countries, with positive impacts on the economies of other countries through trade. The external 
benefits for other countries are larger for the expansion in water withdrawal in Iraq. Two important 
factors could explain this. The level of water withdrawal and uses of water in Iraq and Syria differ. Iraq 
is also a larger economy and has stronger economic links with other countries. 
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TABLE D.4. Welfare Impacts of 5 percent Additional Water Withdrawal from Euphrates and Tigris by Iraq 
and Syria ($, millions)

Description
5 percent more water withdrawal 

in Iraq
5 percent more water withdrawal 

in Syrian Arab Republic

Iran, Islamic Rep. 190 48

Iraq 585 33

Jordan 10 8

Lebanon 5 6

Syrian Arab Republic 8 274

Turkey 135 36

RME 54 51

ROW –31 6

Total 955 461

Note: RME = Rest of Middle East; ROW = Rest of World.
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