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Trade Liberalisation and Climate Change: A CGE Analysis of the 
Impacts on Global Agriculture 

Alvaro Calzadilla 1, Katrin Rehdanz 1,2,* and Richard S.J. Tol 3,4,5,6  

Abstract: Based on predicted changes in the magnitude and distribution of global precipitation, 
temperature and river flow under the IPCC SRES A1B and A2 scenarios, this study assesses the 
potential impacts of climate change and CO2 fertilization on global agriculture, and its interactions 
with trade liberalisation as proposed for the Doha Development Round. The analysis uses the new 
version of the GTAP-W model, which distinguishes between rainfed and irrigated agriculture and 
implements water as an explicit factor of production for irrigated agriculture. Significant reductions in 
agricultural tariffs lead to modest changes in regional water use. Patterns are non-linear. On the 
regional level water use may go up for partial liberalization, and down for more complete 
liberalization. This is because different crops respond differently to tariff reductions, and because 
trade and competition matter too. Moreover, trade liberalization tends to reduce water use in water 
scarce regions, and increase water use in water abundant regions, even though water markets do not 
exist in most countries. Considering impacts of climate change the results show that global food 
production, welfare and GDP fall over time while food prices increase. Larger changes are observed 
under the SRES A2 scenario for the medium term (2020) and under the SRES A1B scenario for the long 
term (2050). Combining scenarios of future climate change with trade liberalization countries are 
affected differently. However, the overall effect on welfare does not change much. 

Corresponding Author: Richard.tol@esri.ie 

Keywords: Climate Change; Computable General Equilibrium; Trade Liberalization; Water Policy; 
Water Scarcity 
   
1
 Kiel Institute for the World Economy, Hindenburgufer 66, 24105 Kiel, Germany 

2
 Christian-Albrechts-University of Kiel, Department of Economics, Olshausenstrasse 40, 24118 Kiel, Germany  

3
 Economic and Social Research Institute, Whitaker Square, Sir John Rogerson’s Quay, Dublin 2, Ireland  

4
 Institute for Environmental Studies, Vrije Universiteit Amsterdam, De Boelelaan 1087, 1081 HV Amsterdam, 

The Netherlands  
5
 Department of Spatial Economics, Vrije Universiteit Amsterdam, De Boelelaan 1105, 1081 HV Amsterdam, 

The Netherlands   
6
 Department of Economics, Arts Building, Trinity College, Dublin 2, Ireland   

 
ESRI working papers represent un-refereed work-in-progress by researchers who are solely responsible for the 
content and any views expressed therein. Any comments on these papers will be welcome and should be sent to 
the author(s) by email. Papers may be downloaded for personal use only. 
 

Working Paper No. 381 
 

March 2011 
 

mailto:Richard.tol@esri.ie


2 
 

Trade Liberalisation and Climate Change: A CGE Analysis of the Impacts 
on Global Agriculture 

1. Introduction 

Water is essential, but it is unevenly distributed among regions and in short supply in a 

growing number of countries. One additional reason for concern is (anthropogenic) climate 

change, which may lead to increased drought in many places [1]. Current observations and 

climate projections suggest that one of the most significant impacts of climate change is 

likely to be one on the hydrological system and hence on river flow and regional water 

resources [2,3]. 

Climate model simulations suggest that global average precipitation will increase as global 

temperature rises. As a result, global water availability is expected to increase but at the 

regional level large differences will occur. At high latitudes and in some wet tropical areas, 

river flow and water availability are projected to increase. An opposite trend is projected for 

some dry regions at mid-latitudes and in the dry tropics [4,2]. In many regions, the positive 

effects of higher annual runoff and total water supply are likely to be offset by the negative 

effects of changes in precipitation patterns, intensity and extremes, as well as shifts in 

seasonal runoff. Therefore, the overall global impacts of climate change on freshwater 

systems are expected to be negative [2]. Since water is essential, the impact of climate 

change on water resources is potentially one of the most important reasons for concern 

about unabated greenhouse gas emissions. 

Many studies focus on natural science aspects of water availability, but analyses on the 

economic responses are important as well. Economies and in particular agricultural sectors 

of some developing countries might be hit particularly hard by a changing climate and a 

change in water availability. The agricultural sector is by far the largest consumer of water 

and farmers operate, directly or indirectly, at the world market for agricultural products. 

One of the few analyses of the impacts of climate-change-induced changes in water 

resources on agriculture in the context of international trade is Calzadilla et al. [5]. In 

addition to information on predicted changes in river flows under the IPCC SRES A1B and A2 

scenarios from Falloon and Betts [4], they analyse the effects of temperature, precipitation 

and CO2 fertilization on crop yields. The SRES A1B scenario has relatively little warming 

while the SRES A2 scenario shows higher levels of greenhouse gas concentration in the 

atmosphere. The results show that global food production, welfare and GDP fall due to 

climate change while food prices increase. Larger changes are observed under the SRES A2 

scenario for the medium term (2020) and under the SRES A1B scenario for the long term 

(2050). The results are more pronounced if irrigation areas respond to water availability as 

well. 

To alleviate the negative effect of climate change, trade could be liberalised to stimulate 

economic growth, reduce poverty, and expand market access. Agricultural trade 

liberalization is supposed to be beneficial, if developing countries’ comparative advantages 



3 
 

are located in agriculture. Depending on the scenario chosen, most studies find a positive 

economic effect of agricultural trade liberalization for developing countries [6,7]. 

Changes in tariffs or subsidies for agricultural goods involve regional as well as global 

adjustments in the production of the goods in question but have effects on other markets, 

such as factor input markets, as well. Water is one production factor in agriculture. 

Therefore, trade liberalization in agriculture might enhance or alleviate problems related to 

water use and water availability. To our knowledge, this is the first analysis of the interaction 

of trade liberalization and climate change using a multi-region, multi-sector general 

equilibrium model.  

Most of the current analyses on agricultural trade liberalization pay no attention to the 

impact on water use and problems related to water availability. Some authors have looked 

at the potential impact on sustainable development in developing countries including water 

as an environmental service. George and Kirkpatrick [8] argue that further trade 

liberalisation would lead to an improved overall availability of water through increased 

efficiency in all developing countries.1 Their study does not distinguish between different 

developing countries nor is a quantitative assessment provided. Other studies related to 

water issues investigate the implications of the GATS negotiations on service trade 

liberalisation on water management and the ability of governments to regulate water 

services (see e.g. [9,10]). All these analyses are qualitative assessments not based on 

economic models. Berrittella et al. [11] is an exception. They use a global CGE model 

including water resources (GTAP-W, version 1) to analyze the economic impact of 

hypothetical Doha-like liberalization of agricultural trade on water use. The Doha 

Development Agenda [12], launched in 2001, is meant to improve the situation for 

developing countries, but is subject to seemingly interminable delays. 

This paper differs from previous work in three ways. First, we use the version 2 of the GTAP-

W model. See Calzadilla et al. [13,14] for a detailed description of the model. Second, we 

base our analysis on future scenarios of climate change for two time periods (2020 and 

2050) as described in Calzadilla et al. [5]. They investigate the effect of climate change on 

water use and water availability but ignore the impact that trade liberalization could have on 

the economy. Based on their results we, thirdly, investigate how trade patterns would 

change if trade of agricultural products would be liberalized. Similar to Berrittella at el. [11] 

we assume a hypothetical Doha-like liberalization but we introduce water as an explicit 

factor of production.  

The remainder of the paper is organized as follows: Section 2 briefly presents the model 

used. Section 3 lays down the simulation scenarios. Section 4 discusses the results and 

section 5 concludes. 

                                                                                 
1
  They mention that regulatory and subsidy frameworks are critical. 
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2. The GTAP-W model (version 2) 

Economic models of water use have generally been applied to look at the direct effects of 

water policies, such as water pricing or quantity regulations, on the allocation of water 

resources. In order to obtain insights from alternative water policy scenarios on the 

allocation of water resources, partial and general equilibrium models have been used. While 

partial equilibrium analysis focus on the sector affected by a policy measure assuming that 

the rest of the economy is not affected, general equilibrium models consider other sectors 

or regions as well to determine the economy-wide effect; partial equilibrium models tend to 

have more detail. Most of the studies using either of the two approaches analyze pricing of 

irrigation water only (for an overview of this literature see [15]). Rosegrant et al. [16] use the 

IMPACT model to estimate demand and supply of food and water to 2025. Fraiture et al. 

[17] extend this to include virtual water trade, using cereals as an indicator. Their results 

suggest that the role of virtual water trade is modest. While the IMPACT model covers a 

wide range of agricultural products and regions, other sectors are excluded; it is a partial 

equilibrium model. 

Studies of water use using general equilibrium approaches are generally based on data for a 

single country or region assuming no effects for the rest of the world of the implemented 

policy (for an overview of this literature see [13,18]). All of these CGE studies have a limited 

geographical scope. Berrittella et al. [19] and Calzadilla et al. [13,14] are exceptions, using 

GTAP-W, a multi-region world CGE model.  

With GTAP-W, it is possible to assess the systemic general equilibrium effects of climate 

change impacts and trade liberalization on global agriculture. The model is a further 

refinement of the GTAP model2 [20], and is based on the version modified by Burniaux and 

Truong [21]3 as well as on the previous GTAP-W model introduced by Berrittella et al. [19]. 

For a more detailed description of the model see [13]. 

Unlike version 1 [19], version 2 of the GTAP-W model [13,14], used here, distinguishes 

between rainfed and irrigated agriculture. In the version 1 of the GTAP-W model, 

substitution between intermediate inputs and value-added for the production function of 

tradable goods and services was not possible. As a consequence, a price-induced drop in 

water demand did not imply an increase in any other input. Water was a technology of land. 

In version 2, water is an explicit factor of production in irrigated agriculture and accounts for 

substitution possibilities between water and other primary factors.  

The new GTAP-W model is based on the GTAP version 6 database, which represents the 

global economy in 2001, and on the IMPACT 2000 baseline data. The model has 16 regions 

                                                                                 
2
  The GTAP model is a standard CGE static model distributed with the GTAP database of the world economy 

(www.gtap.org). For detailed information see [20] and the technical references and papers available on the 
GTAP website. 

3
  Burniaux and Truong [21] developed a special variant of the model, called GTAP-E. The model is best suited 

for the analysis of energy markets and environmental policies. There are two main changes in the basic 
structure. First, energy factors are separated from the set of intermediate inputs and inserted in a nested 
level of substitution with capital. This allows for more substitution possibilities. Second, database and model 
are extended to account for CO2 emissions related to energy consumption. 
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and 22 sectors, 7 of which are in agriculture.4 However, the most significant change and 

principal characteristic of version 2 of the GTAP-W model is the new production structure, in 

which the original land endowment in the value-added nest has been split into pasture land 

(grazing land used by livestock) and land for rainfed and for irrigated agriculture. The last 

two types of land differ as rainfall is free but irrigation development is costly. As a result, 

land equipped for irrigation is generally more valuable as yields per hectare are higher. To 

account for this difference, we split irrigated agriculture further into the value for land and 

the value for irrigation. The value of irrigation includes the equipment but also the water 

necessary for agricultural production. In the short-run irrigation equipment is fixed, and 

yields in irrigated agriculture depend mainly on water availability. The tree diagram in Figure 

A1 in Annex A represents the production structure. 

Land as a factor of production in national accounts represents “the ground, including the soil 

covering and any associated surface waters, over which ownership rights are enforced” [22]. 

In order to include water as a factor of production in the GTAP data and model, we split for 

each region and each crop the value of land included in the GTAP social accounting matrix 

into the value of rainfed land and the value of irrigated land in proportion to its contribution 

to total production. The value of pasture land is derived from the value of land in the 

livestock breeding sector. 

In the next step, we split the value of irrigated land into the value of land and the value of 

irrigation using the ratio of irrigated yield to rainfed yield. These ratios are based on IMPACT 

data. The numbers indicate how valuable irrigated agriculture is compared to rainfed 

agriculture. The magnitude of additional yield differs not only with respect to the region but 

also to the crop. On average, producing rice using irrigation is relatively more productive 

than using irrigation for growing oil seeds, for example. On average regions like South 

America seems to grow relatively more using irrigation instead of rainfed agriculture 

compared to countries in North Africa or Sub-Saharan Africa. 

The procedure we described above to introduce the four new endowments (pasture land, 

rainfed land, irrigated land and irrigation) allows us to avoid problems related to model 

calibration. In fact, since the original database is only split and not altered, the original 

regions’ social accounting matrices are balanced and can be used by the GTAP-W model to 

assign values to the share parameters of the mathematical equations. For detailed 

information about the social accounting matrix representation of the GTAP database see 

[23]. 

As in all CGE models, the GTAP-W model makes use of the Walrasian perfect competition 

paradigm to simulate adjustment processes. Industries are modelled through a 

representative firm, which maximizes profits in perfectly competitive markets. The 

production functions are specified via a series of nested constant elasticity of substitution 

functions (CES) (Figure A1). Domestic and foreign inputs are not perfect substitutes, 

according to the so-called ‘‘Armington assumption’’, which accounts for product 

heterogeneity and non-tariff trade barriers. 
                                                                                 
4
  See Table A1 in the Annex A for the regional, sectoral and factoral aggregation used in GTAP-W. 
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A representative consumer in each region receives income, defined as the service value of 

national primary factors (natural resources, pasture land, rainfed land, irrigated land, 

irrigation, labour and capital). Capital and labour are perfectly mobile domestically, but 

immobile internationally. Pasture land, rainfed land, irrigated land, irrigation and natural 

resources are imperfectly mobile. While perfectly mobile factors earn the same market 

return regardless of where they are employed, market returns for imperfectly mobile factors 

may differ across sectors. The national income is allocated between aggregate household 

consumption, public consumption and savings. The expenditure shares are generally fixed, 

which amounts to saying that the top level utility function has a Cobb-Douglas specification. 

Private consumption is split in a series of alternative composite Armington aggregates. The 

functional specification used at this level is the constant difference in elasticities (CDE) form: 

a non-homothetic function, which is used to account for possible differences in income 

elasticities for the various consumption goods. A money metric measure of economic 

welfare, the equivalent variation, can be computed from the model output. 

In the original GTAP model, land is combined with natural resources, labour and the capital-

energy composite in a value-added nest. In our modelling framework, we incorporate the 

possibility of substitution between land and irrigation in irrigated agricultural production by 

using a nested constant elasticity of substitution function (Figure A1). The procedure how 

explained in detail in [13,14]. Next, the irrigated land-water composite is combined with 

pasture land, rainfed land, natural resources, labour and the capital-energy composite in a 

value-added nest through a CES structure. 

The IMPACT model [16] provides detailed information on green water use in rainfed 

production (defined as effective rainfall); and both green and blue water use in irrigated 

production (blue water or irrigation is defined as the water diverted from water systems).5 In 

the GTAP-W benchmark equilibrium, water used for irrigation is supposed to be identical to 

the volume of blue water used for irrigated agriculture in the IMPACT model. An initial 

sector and region specific shadow price for irrigation water can be obtained by combining 

the social accounting matrix information about payments to factors of production with the 

volume of water used in irrigation estimated by the IMPACT model. In the model only 

irrigation water has a price. In contrast, any rain that falls directly on a crop, whether rainfed 

or irrigated, is not priced. Instead, the amount of rain that falls on a crop is modelled 

exogenously in the GTAP-W model using information from IMPACT. 

The distinction between rainfed and irrigated agriculture within the production structure of 

the GTAP-W model allows us to study expected physical constraints on water supply due to, 

for example, climate change. In fact, changes in rainfall patterns can be exogenously 

modelled in GTAP-W by changes in the productivity of rainfed and irrigated land. In the same 

                                                                                 
5
  Green water used in crop production or effective rainfall is part of the rainfall that is stored in the root zone 

and can be used by the plants. The effective rainfall depends on the climate, the soil texture, the soil 
structure and the depth of the root zone. The blue water used in crop production or irrigation is the applied 
irrigation water diverted from water systems. The blue water used in irrigated areas contributes additionally 
to the freshwater provided by rainfall [16]. 
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way, water excess or shortages in irrigated agriculture can be modelled by exogenous 

changes to the initial irrigation water endowment. 

3. Design of model experiments 

Our model experiments are based on future impacts of climate change on agriculture at two 

time periods: 2020 and 2050.6 In a first step, information on the future benchmark equilibria 

under normal climate conditions (omitting climate change) is needed. How to find a 

hypothetical general equilibrium state in the future imposing forecasted values for some key 

economic variables in the initial calibration dataset is described in [5]. 

The current baseline data and future baseline simulations under normal climate conditions 

are shown in Annex B. These baselines are based on the IMPACT model [16]. Compared to 

the 2000 baseline data (Table B1) a growth in both crop harvested area as well as crop 

productivity under normal climate conditions (assuming no climate change) is projected for 

2020 and 2050 (Table B2). For 2020 and 2050 respectively, global agricultural area increases 

by 1.1% and 2.8% while production rises by 32.8% and 91.7%. 

To investigate the impact of climate change on global agriculture Calzadilla et al. [5] use 

information on key climate variables, which includes temperature, precipitation as well as 

river flow. Their analysis also includes the CO2 fertilization effect. Predicted changes in the 

magnitude and distribution of global temperature, precipitation and river flow are based on 

[4]. They used the Hadley Centre Global Environmental Model, including a dynamic river 

routing model (HadGEM1-TRIP), to simulate changes in temperature, precipitation and river 

flow over the next century and under the IPCC SRES A1B and A2 scenarios. Crop yield 

response to temperature and precipitation are taken from [24]. They used the CERES and 

SOYGRO crop models to analyse crop yield responses to arbitrary incremental changes in 

temperature (+2°C and +4°C) and precipitation (+/- 20%). The study was carried out in 18 

countries worldwide and uses common crop growth models and methodology. 

River flow is a useful indicator of freshwater availability for agricultural production. Irrigated 

agriculture relies on the availability of irrigation water from surface and groundwater 

sources, which depend on the seasonality and interannual variability of river flow. 

Therefore, river flow limits a region’s water supply and hence constrains its ability to irrigate 

crops. Regional changes in river flow are related to regional changes in water supply by the 

runoff elasticities of water supply estimated by [25]. 

The CO2 fertilization effect on crops yields is based on information presented by [26]. They 

report yield response ratios for C3 and C4 crops to elevated CO2 concentrations in the three 

major crop models (CERES, EPIC and AEZ). In this analysis, we use the average crop yield 

response of the three crop models to the CO2 concentrations in 2020 and 2050 for the IPCC 

SRES A1B and A2 scenarios. 

Future climate change would modify regional water endowments and soil moisture, and in 

response the distribution of harvested land would change. Therefore, we include a land use 

                                                                                 
6  

Covering the period 2006-2035 and 2036-2065 respectively. 
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scenario, which explores possible shifts in the geographical distribution of irrigated 

agriculture. It assumes that irrigated areas could expand in regions with higher water supply. 

Vice versa, irrigated farming can become unsustainable in regions subject to water 

shortages. 

Based on the impact of climate change on agricultural production we analyze in a next step if 

trade liberalization policies would help to alleviate the negative effect of climate change. To 

better be able to single out the effect of trade liberalization on agricultural production we 

also analyze the impact of reductions in trade barriers ignoring the effect of climate change. 

As indicated above, the scenarios are based on a hypothetical Doha-like liberalization of 

agricultural trade. 

As the Doha negotiations are still ongoing (at a very slow pace), the modalities of the 

possible agreement are uncertain. It is clear that the parties involved have very different 

interests. Agricultural exporters aim for open foreign markets and reductions in distorting 

subsidies elsewhere. Industrial exporters in emerging economies want to remain protected. 

Countries with comparative advantages in services wish the GATS negotiations would be 

successful in reducing national regulatory in services. Therefore, any analysis investigating 

scenarios of trade liberalisation have to take all three aspects into account. However, as our 

study focuses on trade liberalisation in agriculture, we account for liberalisation in non-

agricultural sectors, but vary the levels of liberalisation for the agricultural sectors only. The 

cut in tariffs for products in the non-agricultural sectors is 25%. 

In scenario 1, a 25% tariff reduction is chosen for all agricultural sectors (TL1). In addition, 

we assume zero export subsidies and a 50% reduction in domestic farm support. Scenario 2 

is a variant of scenario 1: tariffs are reduced by 50% (TL2). According to the negotiations so 

far, export subsidies will be phased out over a few years. Tariff reductions will also not be 

implemented at once but phased in. To account for this procedure, we designed our above 

described scenarios for the year 2020 and 2050.  

In total we have sixteen different scenarios including two climate scenarios (A1B and A2), for 

two future time periods (2020 and 2050) and two trade liberalization scenarios (TL1 and 

TL2). See Figure 1. 
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Figure 1. Structure of scenarios. 

 

4. Simulation results 

Trade liberalization only (TL1 and TL2) would have a limited effect on global production of 

agricultural goods (Figures 2 and 3).7 On the regional level, the effect is different but the 

numbers are small. Some regions expand production (particularly Canada (CAN), Australia 

and New Zealand (ANZ)), while others reduce production (in 2020 particularly Western 

Europe (WEU), Japan and South Korea (JPK) and in 2050 particularly South Asia (SAS) and the 

USA). In most of the developing regions the effect of trade liberalization on agricultural 

production would be positive except for Central America (CAM), South Asia (SAS). For North 

Africa (NAF) the sign of the effect depends on the liberalization scenario chosen and the 

time period. For WEU and JPK the effect in 2050 is mixed as well. The relationship between 

trade liberalisation and agricultural production is complex. Current tariffs vary widely 

between crops and between regions, also relative to the costs of production. Uniform cuts in 

nominal tariffs, as investigated here, would therefore have a non-uniform impact. 

The effect of climate change is a reduction in global agricultural production (A1B and A2). 

The decrease is more pronounced in 2050 and for the A2 scenario. While in 2020 only 

irrigated production decreases, rainfed production falls as well in 2050 (not shown).8 On a 

regional level, the drop in production is particularly pronounced in regions such as Southeast 

Asia (SEA), the Middle East (MDE) and the Former Soviet Union (FSU) as well as the USA 

while in other regions including Australia and New Zealand (ANZ), Western Europe (WEU) 

and China (CHI) more is produced. Over time more regions are negatively affected but in 

some regions the effect of more severe climate change (A2) is less negative compared to 

more moderate changes (A1B). 

                                                                                 
7
  Table B3 in the Annex reports the changes in agricultural production in 2020 and 2050 relative to the baseline 

for the different scenarios, world regions as well as crop types. 
8
  The data are available from the authors on request. 
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Climate change plus trade liberalisation changes this pattern for some countries and world 

regions. In 2020 the impact on production is negative for Western Europe (WEU), the USA, 

South Asia (SAS), Japan and South Korea (JPK), it is positive (or less negative) for Canada 

(CAN), South America (SAM), China (CHI) and Sub-Saharan Africa (SSA). In 2050 the situation 

is different also with respect to the two climate scenarios. Here the effect of trade 

liberalisation on production is negligible. The results are dominated by impacts of climate 

change. 

Figure 2. Change in agricultural production in 2020 (in %) relative to the baseline. 

 
Note: Developed regions (top panel) and developing regions (bottom panel).  
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Figure 3. Change in agricultural production in 2050 (in %) relative to the baseline. 

 
Note: Developed regions (top panel) and developing regions (bottom panel). 

 

Figure 4 and 5 show the effect of the different scenarios on water use. Qualitatively, the 

pattern is the same as for agricultural production (Figures 2 and 3).9 Trade liberalisation only 

(TL1 and TL2) would imply an increase in water use in Canada (CAN), Australia and New 

Zealand (ANZ); and a reduction in the USA, Western and Eastern Europe (WEU), Japan and 

South Korea (JPK), and the former Soviet Union (FSU). In developing regions trade 

liberalization would mainly lead to higher levels of water use. However, in later years some 

of these regions would see an increase in water use for a partial liberalisation, but a 

decrease for a more complete liberalisation. In all cases, changes in water use due to trade 

liberalisation are less than 10%. 

                                                                                 
9
  Table B4 in the Annex reports the changes in water use for agricultural production in 2020 and 2050 relative 

to the baseline for the different scenarios and world regions. 
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Climate change leads to a reduction in worldwide water use of between 77 km3 (scenario 

A1B in 2020) and 187 km3 (scenario A2 in 2050). This amounts to a decrease of 1.27 to 2.31 

percent as displayed in Table B4 in the Annex. On the regional level water use increases by 

up to 17% for Australia and New Zealand (ANZ) and declines by up to 27% in the Middle East 

(MDE). For most countries that experience a decline in water availability, the effect in later 

years and of the A2 scenario is generally more pronounced.  

Figure 4. Change in agricultural water use in 2020 relative to baseline (in %). 

 
 
 
Note: Developed regions (top panel) and developing regions (bottom panel). Regions where overdrafting of groundwater 
aquifers occurs are denoted by an asterisk (*). 

 

There are differences between the trade liberalization scenarios and the climate change 

scenarios. While regions such as the Middle East (MDE) and Southeast Asia (SEA) would 

increase their use with trade liberalization they would reduce it under climate change. Other 

regions including Eastern and Western Europe (EEU and WEU), Japan and Korea (JPK) would 

use more water. Climate change plus trade liberalisation leads to smaller decrease in 2020 
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but a slightly more pronounced decrease in 2050. It is interesting to note that in almost all 

regions where overdrafting of groundwater aquifers occurs today, water use will decline. An 

exception is China.  

Figure 5. Change in agricultural water use in 2050 relative to baseline (in %). 

 
 
Note: Developed regions (top panel) and developing regions (bottom panel). Regions where overdrafting of groundwater 
aquifers occurs are denoted by an asterisk (*). 

 

Figures 6 and 7 show the impact of climate change and trade liberalization on welfare. Trade 

liberalization has a positive effect on welfare of US$31 bln in 2020 and US$67 bln in 2050 for 

the 25% cut in tariffs (TL1). An extra 25% tariff cut further increases welfare by US$4 bln in 

2020 and US$10 bln in 2050 (TL2). As expected, the first cuts have the greatest benefit. On 

the regional level, the effect is almost always positive, except for the USA and Canada. The 

impact of climate change on welfare is negative; up to US$18 bln in 2020 and US$ 283 bln in 

2050. 
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The impact of trade liberalization varies with climate change, as regions are affected 

differently. In 2020, the impact of climate change is small and the effect of trade 

liberalisation outweighs the negative impact of climate change; the combined effect is an 

increase of up to US$20 bln. However, in 2050 the negative impact of climate change 

dominates the positive effect of trade liberalization; welfare decreases by up to US $214 bln. 

Comparing the individual effects of trade liberalization (TL1, TL2) and climate change (A1B, 

A2) to the combined effect welfare decreases less (up to US$2 bln (AB1+TL1) or up to US$4 

bln (A1B+TL2)). The intuition is as follows. Trade liberalisation would make it easier to 

substitute domestic food production for import – and hence make it easier to adapt to 

climate change. 

Figure 6. Change in welfare for 2020 (in Mio USD) relative to the baseline. 

 
 
Note: Developed regions (top panel) and developing regions (bottom panel). 
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The results presented in Tables 1a and 1b indicate that regions are affected very differently. 

In the USA, climate change has a negative impact on welfare in the first time period but the 

effect of trade liberalisation is worse irrespective of the climate scenario. For the Former 

Soviet Union the situation is more severe. The opposite is true for Western Europe and in 

particular for China, Japan and South Korea as well as for Northern Africa. However 

differences exist with respect to time. In 2050 the impact of climate change dominates and 

the effect of trade liberalisation on welfare is minor for all regions. 

Figure 7. Change in welfare for 2050 (in Mio USD) relative to the baseline. 

 
 
Note: Developed regions (top panel) and developing regions (bottom panel). 

5. Discussion and conclusions 

We use a global computable general equilibrium model including water resources (GTAP-W, 

version 2) to assess impacts of climate change and trade liberalization on global agriculture. 

We find that trade liberalization has a small effect on agricultural production and on water 
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use. Water use for some crops and some regions goes up, and it goes down for other crops 

and regions. Signs may switch between a modest liberalization and more substantial trade 

liberalization (e.g., for China and Southeast Asia). Trade liberalization reduces water use in 

places where it is scarce (including e.g. the Middle East, Northern Africa), and increases 

water use in places where it is more abundant. Overall and for most regions of the world, 

the effect of trade liberalization on welfare is positive.  

The impact of climate change on global agriculture is much more pronounced. Agricultural 

production and water use decrease, as does global welfare. On a regional level, the drop in 

production is particularly pronounced in the Middle East, North Africa, South-East Asia as 

well as the USA and Canada. Production increases in China, Japan and South Korea, Western 

Europe, and Australia and New Zealand. The net effect of these positive and negative 

changes is negative: global welfare decreases by up to US$ 283 bln. 

Trade liberalisation increases the depth of the market and thus the capacity to adapt to 

climate change. As a result, in 2050, trade liberalisation reduces the negative impact of 

climate change on welfare, albeit by less than 2%. In 2020, however, trade liberalisation 

shifts production to areas that are more susceptible to climate change. 

In summary, significant reductions in agricultural tariffs lead to modest changes in regional 

water use. Patterns are non-linear. On the regional level water use may go up for partial 

liberalization, and down for more complete liberalization. This is because different crops 

respond differently to tariff reductions, and because trade and competition matter too. 

Moreover, trade liberalization tends to reduce water use in water scarce regions, and 

increase water use in water abundant regions, even though water markets do not exist in 

most countries. The welfare impact of climate change is substantially larger than the welfare 

impact of tariff cuts. Trade liberalization reduces the negative impacts of climate change, but 

only slightly. 

Several limitations apply to the above results. The model is static. A dynamic model may find 

larger effects of trade liberalization and climate change with further specialization through 

capital stock adjustments. The limited disaggregation of crops and regions may hide larger 

shifts in agricultural production and water use due to trade liberalization. The importance of 

these factors will need to be tested with a future version of the current model and with 

other models. Our scenarios on climate change use information on temperature, 

precipitation river flow based on regional averages. We do not take into account that 

precipitation and river flow might increase in some water basins and decrease in others 

within the same region. These local effects are averaged out. Also, we use annual average 

temperature, precipitation and river flow data; we do consider neither changes in the 

seasonality of river flow nor extreme events. We do not take into account the effects of 

groundwater depletion. These issues are deferred to future research. 
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Annex A 

Figure A1. Nested tree structure for industrial production process in GTAP-W 

(truncated). 

 

Capital              Energy 

                       Composite 

KE 

    Irrigated Land-Water         Rainfed      Pasture       Natural      Labor      Capital-Energy 

             Composite                        Land           Land       Resources                      Composite 

Region 1   …   Region r 

M 

Domestic          Foreign 

D 

Irrigated       Irrigation 

   Land 

LW 

VAE 

 = 0 

         Value-added 

(Including energy inputs) 

All other inputs (Excluding energy inputs 

        but including energy feedstock) 

Output 

 
Note: The original land endowment has been split into pasture land, rainfed land, irrigated land and irrigation (bold letters).  is 

the elasticity of substitution between value added and intermediate inputs, VAE is the elasticity of substitution between 

primary factors, LW is the elasticity of substitution between irrigated land and irrigation, KE is the elasticity of substitution 

between capital and the energy composite, D is the elasticity of substitution between domestic and imported inputs and M 
is the elasticity of substitution between imported inputs. 
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Table A1. Aggregations in GTAP-W. 

 

A. Regional Aggregation  B. Sectoral Aggregation 

1. USA - United States  1. Rice - Rice 

2. CAN – Canada  2. Wheat - Wheat 

3. WEU - Western Europe  3. CerCrops - Cereal grains (maize, millet, 

4. JPK - Japan and South Korea       sorghum and other grains) 

5. ANZ - Australia and New Zealand 4. VegFruits - Vegetable, fruits, nuts 

6. EEU - Eastern Europe 5. OilSeeds - Oil seeds  

7. FSU - Former Soviet Union  6. Sug_Can - Sugar cane, sugar beet  

8. MDE - Middle East  7. Oth_Agr - Other agricultural products  

9. CAM - Central America  8. Animals - Animals  

10. SAM - South America  9. Meat - Meat  

11. SAS - South Asia  10. Food_Prod - Food products  

12. SEA - Southeast Asia  11. Forestry - Forestry  

13. CHI – China  12. Fishing - Fishing  

14. NAF - North Africa  13. Coal - Coal  

15. SSA - Sub-Saharan Africa  14. Oil - Oil  

16. ROW - Rest of the World  15. Gas - Gas  

  16. Oil_Pcts - Oil products  

C. Endowments  17. Electricity - Electricity  

Wtr – Irrigation  18. Water - Water  

Lnd - Irrigated land  19. En_Int_Ind - Energy intensive industries  

RfLand - Rainfed land  20. Oth_Ind - Other industry and services  

PsLand - Pasture land  21. Mserv - Market services  

Lab – Labour  22. NMServ - Non-market services 

Capital – Capital   

NatlRes - Natural resources   
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