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Abstract: 
Water and agriculture are intrinsically linked. Water is essential for crop production and agriculture is 
the largest consumer of freshwater resources. However, this link is commonly ignored by economic 
models mainly because water use is not reported in the national economic accounts. Few regions have 
markets for water. This paper describes the new version of GTAP-W, a multi-region, multi-sector 
computable general equilibrium model of the world economy. The new version of GTAP-W 
distinguishes between rainfed and irrigated agriculture and introduces water as an explicit factor of 
production for irrigated agriculture. Moreover, the new production structure accounts for substitution 
possibilities between irrigation and other primary factors. The new model has been used to study a 
variety of topics including: irrigation efficiency, sustainable water use, climate change and trade 
liberalization. This paper is a technical description of the data and features added to the standard 
GTAP model. 
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1. Introduction 

Most economic activities require water as an input of production but in many regions of the 
world, there are no markets for water. Water is also often underpriced, free or even 
subsidized, creating little incentives to conserve water and limiting the scope for efficient 
allocation of water resources. Because there is often no economic transaction, water use is not 
commonly reported in the national economic accounts, which hampers the analysis of water 
resources with economic models. Despite these problems, partial and general equilibrium 
models have been used to analyze water use and the effect of water policies. Most of these 
studies focus at the farm-level, the river-catchment-level or the country-level, and thus miss 
the international trade dimension of water use. The model presented here is a multi-region, 
multi-sector model of the world economy, which explicitly includes water as a factor of 
production. 

Agriculture is by far the largest consumer of freshwater resources. Globally, around 
70 percent of all freshwater withdrawals are used for irrigation, 20 percent are used by 
industry (including energy) and 10 percent are used for residential purposes (United Nations 
2009). Although irrigated agriculture covers only about 20 percent of the world’s cultivated 
land today, it is responsible for around 40 percent of the world’s crop production (United 
Nations 2009). Over the past four decades, irrigation has undoubtedly contributed to an 
increase in global crop yields, allowing global food production to keep pace with population 
growth (United Nations 2006). 

Local and global food markets are closely interconnected. The volume of world 
agricultural trade has grown even more rapidly than the volume of world agricultural 
production (Tangermann 2010). Agriculture, however, is not only linked with the food 
processing sector. Since the ethanol boom in 2006, energy and agricultural markets are 
becoming integrated and national biofuels policies have spread from local agricultural 
markets to global production and trade (Tyner 2010). 

In this paper, we present a new version of the GTAP-W model, which introduces 
water as an explicit factor of production in the agricultural sector and discriminates between 
rainfed and irrigated agriculture. The GTAP-W model is a global computable general 
equilibrium (CGE) model. The sectoral and regional focus of the model captures the 
economy-wide reallocation of resources at the inter-sectoral and inter-regional levels—
essential to model direct and indirect effects of agricultural policies. Thus, GTAP-W allows 
for a rich set of economic feedbacks and for a complete assessment of the welfare 
implications in the context of international trade. 

The remainder of the paper is organized as follows: the next section briefly reviews 
the literature on economic models of water use focusing on the role of water in the production 
structure. Section 3 describes in detail the revised version of the GTAP-W model. Section 4 
shows an illustrative simulation exercise. Section 5 concludes. 
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2. Water use in economic models 

Economic models of water use have generally been applied to look at the direct effects of 
water policies, such as water pricing or quantity restrictions, on the allocation of water 
resources. Both partial and general equilibrium models have been used to assess the 
economic and social effects of water policies (for an overview of this literature see Dudu and 
Chumi 2008). While partial equilibrium models 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 economy-wide effects. Partial 
equilibrium models tend to have more detail, at least in the sector under consideration. 

Most of the studies analyze pricing of irrigation water only (for an overview of this 
literature see Johansson et al. 2002). Rosegrant et al. (2002), for example, use the IMPACT 
model to estimate demand and supply of food and water to 2025. As a partial equilibrium 
model of agricultural demand, production, and trade, IMPACT uses a system of food supply-
and-demand equations to analyze baseline and alternative scenarios for global food demand, 
food supply, trade, income, and population. Supply-and-demand functions incorporate supply 
and demand elasticities to approximate the underlying production and demand functions. De 
Fraiture et al. (2004) extend this to include virtual water trade, using cereals as an indicator. 
Their results suggest that the role of virtual water trade in global water use is very modest. 
While the IMPACT model covers a wide range of agricultural products and regions, it 
ignores the linkages between agriculture and the whole economy; it is a partial equilibrium 
model. 

Studies of water use using general equilibrium approaches are generally based on data 
for a single country or sub-national region assuming no effects for the rest of the world from 
the implemented policy. Decaluwé et al. (1999), for example, analyze the effect of water 
pricing policies on demand and supply of water in Morocco using an extended CGE model 
which explicitly models different technologies in water production differentiating between 
southern and northern regions. They introduce the possibility of substitution in the 
agricultural production function by using a nested constant elasticity of substitution (CES) 
function (see Figure A1, Annex A). At the first level of the structure, a first nest combines 
capital and land and a second nest combines water and fertilizer. Thus Decaluwé et al. (1999) 
emphasize the relationship between water and fertilizers arguing that the potential for 
substitution can be greater between intermediate goods than between primary factors. At the 
second level, both composites are linked with a CES, and the output is combined (at the third 
level) with labour. Finally, the last level combines the composite from the third level with 
other intermediate goods using a Leontief technology. 

Gómez et al. (2004) use a CGE model of the Balearic Islands to analyze the welfare 
gains by an improved allocation of water rights. In their CGE model water is a factor of 
production used by farmers and the firm that supplies water, which owns some concessional 
water rights. Crop production is modelled by using a nested CES structure (see Figure A2, 
Annex A). At the first level, a first nest combines capital and land and a second nest 
combines groundwater and energy. That is, they introduce a water extraction technology 
where producing water for crops requires groundwater and energy, which are combined using 
a Leontief technology. At the second level, both composites are combined in a CES, which in 
a third aggregation level is combined with labour. At the top level, the composite from the 
third level is combined with other intermediates inputs using a Leontief technology. 
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Other studies introduce irrigation water at the top level of the nested CES structure. 
Van Heerden et al. (2008), for example, study the effects of water charges on water use, 
economic growth, and the real income of 44 types of households using a CGE model of 
South Africa. The production structure of the model combines raw water with primary factors 
and intermediate inputs at the top level of the CES structure using a Leontief technology (see 
Figure A3, Annex A). 

Peterson et al. (2004) use the TERM-Water CGE model of the Australian economy to 
model water trade in the Southern Murray-Darling Basin. Crop production in TERM-Water 
includes irrigation water as an endowment, which is combined with a bundle of non-water 
inputs at the top level of the CES production function (see Figure A4, Annex A). Based on 
the Australian TERM model, Horridge and Wittwer (2008) develop a multi-regional CGE 
model of China (SinoTERM) to analyze the regional economic impacts of region-specific 
shocks to water availability. 

In a recent analysis, Dixon et al. (2010) use the TERM-H2O model, a dynamic 
version of the TERM model with detailed regional water accounts, to model the Australian 
government's buyback scheme. As opposed to TERM-Water, water resources in TERM-H2O 
are introduced at the bottom of the nested CES production structure (see Figure A5, Annex 
A). Dixon et al. (2010) assume that crop production is a Leontief function of intermediate 
inputs and primary factors. The composite primary factor is a CES combination of physical 
capital, hired labour and land-operator. The composite land-operator is a CES nest of inputs 
of operator labour (the farmer and family) and total land. The composite total land is a CES 
combination of effective land and cereal. This nest is relevant only for dry-land livestock 
industries, assuming that a given amount of livestock can be maintained on less land if more 
cereals are used. The composite effective land is a CES combination of irrigated land, 
unwatered irrigable land and dry land. While unwatered irrigable land and dry land is 
relevant only for rainfed farms, irrigated land is significant only for irrigated farms. Finally, 
at the bottom of the CES structure, the composite irrigated land is a Leontief combination of 
unwatered irrigable land and irrigation water. 

A few global CGE models have been used to analyze the role of water resources in 
the agricultural sector. Based on the Basic Linked System (BLS), Fischer et al. (1994, 1996) 
study the impact of climate change on agriculture and the world food system as well as the 
socio-economic consequences for the period 1990-2060. The BLS model has been used in 
conjunction with the Agro-Ecological Zone (AEZ) model to analyze potential impacts of 
climate change in agro-ecological and socio-economic systems up to 2080 (Fischer et al. 
2005; Fischer et al. 2007; Tubiello and Fischer 2007). The results suggest regional and 
temporal asymmetries in terms of impacts due to diverse climate and socio-economic 
structures. Although water use within the AEZ-BLS systems is consistent with agriculture 
production, water and crop production are not fully coupled. That is, changes in crop 
production simulated by BLS are not fully reflected in the AEZ water estimations (Fischer et 
al. 2007). 

Darwin et al. (1995) use the Future Agricultural Resources Model (FARM) to study 
the role of adaptation in adjusting to new climate conditions. The FARM model differentiates 
six land classes according to the length of the growing season and is composed of a 
geographic information system that links climate with land and water resources; and a global 
CGE model that simulates world production, consumption and trade at regional-level. Darwin 
(2004) uses the FARM model to analyze climate change impacts on global agriculture. The 
results suggest that regions with a relatively large share of income from agricultural exports 
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may be vulnerable not only to direct climate-induced agricultural damages, but also to 
positive impacts induced by greenhouse gas emissions elsewhere. In the FARM model, 
within each land class, crops are produced from a composite input obtained by combining a 
composite primary factor with 13 composite commodity inputs using a Leontief technology 
(see Figure A6, Annex A). The composite primary factor is derived from a CES aggregate of 
land, labour, capital and water. Each of the 13 composite commodities inputs is composed of 
domestically produced commodities and imported commodities (Darwin and Kennedy 2000). 
Although water is a factor of production, the FARM model does not distinguish between 
rainfed and irrigated crops, which is crucial since rainfed and irrigated agriculture face 
different climate risk levels. 

Using a previous version of the GTAP-W model, a global CGE model including water 
resources, Berrittella et al. (2006, 2007, 2008a and 2008b) analyze the economic impact of 
various water resource policies. The first version of GTAP-W combines water, value-added 
and intermediate inputs at the top level of the nested CES structure using a Leontief 
technology (see Figure A7, Annex A). That is, water, value-added and intermediate inputs are 
used in fixed proportions, there are no substitution possibilities between them. Unlike its 
predecessor, the revised GTAP-W model, used here, distinguishes between rainfed and 
irrigated agriculture. Furthermore, the new production structure of the model introduces 
water as an explicit factor of production and accounts for substitution possibilities between 
water and other primary factors. 

 

3. The GTAP-W model: A GTAP based model for the assessment of water 
resources and trade 

The GTAP-W model is a multiregional world CGE model. The model is a further refinement 
of the GTAP model (Hertel 1997), a standard static CGE model distributed with the Global 
Trade Analysis Project (GTAP) database of the world economy. GTAP-W is based on the 
version modified by Burniaux and Truong (2002) as well as on the previous GTAP-W model 
introduced by Berrittella et al. (2007). Burniaux and Truong (2002) developed a special 
variant of the model, called GTAP-E, which is best suited for the analysis of energy markets 
and environmental policies. GTAP-E introduces two main changes in the basic structure. 
First, energy factors are separated from the set of intermediate inputs and inserted into a 
nested level of substitution with capital. This allows for more substitution possibilities. 
Second, the database and model are extended to account for CO2 emissions related to energy 
consumption. 

Two crucial features differentiate version 2 of GTAP-W, used here, and version 1, 
used by Berrittella et al. (2007). First, the new production structure accounts for substitution 
possibilities between irrigation and other primary factors. Second, version 2 distinguishes 
rainfed and irrigated agriculture while version 1 did not make this distinction. The remainder 
of this section describes in detail the irrigation data used and the modifications to the standard 
GTAP database and model. 
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3.1. The GTAP-W baseline data 

The new GTAP-W model is based on the GTAP version 6 database (Dimaranan 2006), which 
represents the global economy in 2001, and on the IMPACT 2000 baseline data (Rosegrant et 
al. 2002). The IMPACT model is a partial equilibrium agricultural sector model combined 
with a water simulation model. IMPACT encompasses most countries and regions and the 
main agricultural commodities produced in the world. As a spatial representation, IMPACT 
uses 281 “food-producing units” (FPUs), which represent the spatial intersections of 115 
economic regions and 126 river basins. Water simulation and crop production projections are 
conducted at the FPU level, while projections of food demand and agricultural commodity 
trade are conducted at the country or economic region level. The disaggregation of spatial 
units improves the model’s ability to represent the spatial heterogeneity of agricultural 
economies and, in particular, water resource availability and use. 

For each FPU and for 23 crops, the IMPACT model provides information on rainfed 
and irrigated harvested area, rainfed and irrigated yields, and green and blue water used in 
rainfed and irrigated production.1 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 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 (Rosegrant et al. 2002). 

Figure 1 shows a world map indicating the share of irrigated agriculture in total crop 
harvested area, crop production and water use by FPU. The bluer the color the higher the 
share of irrigated agriculture, reciprocally the greener the color the higher the share of rainfed 
agriculture. The upper map in Figure 1 shows that irrigated areas are concentrated in the US, 
western South America, Libya, Egypt, the Middle East, South Asia and China. Irrigated 
agriculture becomes more important when irrigated production is compared to total crop 
production (central map) and even more when the water used for irrigated crop production is 
considered (lower map). Globally, around 33 percent of the world’s crop harvested area is 
under irrigation. Irrigated agriculture contributes nearly 42 percent to the world's food 
production and consumes more than half of the total water used for crop production. 

The information provided by IMPACT is summarized in Table 1 at the regional and 
sectoral level according to the GTAP-W aggregation.2 There are three major irrigation water 
users: South Asia (35 percent), China (21 percent) and USA (15 percent). Together, these 
regions use more than 70 percent of the global freshwater used for irrigation (blue water). 
Globally, irrigated rice production accounts for 73 percent of the total rice production. 
Although 47 percent of sugar cane and wheat is produced using irrigation, the volume of 
irrigation water used in sugar cane production is less than one-third of what is used in wheat 
production. The irrigated production of rice and wheat consumes half of the irrigation water 
used globally, and together with cereal grains and “other agricultural products” irrigation 
water consumption rises to 80 percent. 

                                                 
1 As an example of the IMPACT data, Figures B1 and B2 in Annex B show harvested area, production and 
water used for the production of vegetables by FPU. 
2 See Table B1 in Annex B for the regional, sectoral and factoral aggregation used in GTAP-W and the mapping 
between GTAP-W and IMPACT. 
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Figure 1. 2000 baseline data: Share of irrigated agriculture in total harvested area, production 
and water use by food producing units (FPUs) 
Source: IMPACT 2000 baseline data (April 2008). 
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Table 1. 2000 baseline data: Crop harvested area, production and water use by region and crop 
 Rainfed Agriculture Irrigated Agriculture Total 

Description Area Production 
Green 
water Area Production 

Green 
water 

Blue 
water Area Production 

Green 
water 

Blue 
water 

  (thousand ha) (thousand mt) (km3) (thousand ha) (thousand mt) (km3) (km3) (thousand ha) (thousand mt) (km3) (km3) 
Regions (total, all crops)            
United States (USA) 35,391 209,833 89 67,112 440,470 159 190 102,503 650,303 248 190 
Canada (CAN) 27,267 65,253 61 717 6,065 2 1 27,984 71,318 62 1 
Western Europe (WEU) 59,494 462,341 100 10,130 146,768 19 10 69,624 609,108 118 10 
Japan and South Korea (JPK) 1,553 23,080 6 4,909 71,056 21 3 6,462 94,136 27 3 
Australia and New Zealand (ANZ) 21,196 67,204 45 2,237 27,353 5 15 23,433 94,557 50 15 
Eastern Europe (EEU) 37,977 187,468 95 5,958 40,470 16 14 43,935 227,939 111 14 
Former Soviet Union (FSU) 85,794 235,095 182 16,793 74,762 25 47 102,587 309,857 208 47 
Middle East (MDE) 29,839 135,151 40 21,450 118,989 25 62 51,289 254,140 65 62 
Central America (CAM) 12,970 111,615 47 8,745 89,637 28 46 21,715 201,252 76 46 
South America (SAM) 79,244 649,419 335 9,897 184,304 40 47 89,141 833,723 375 47 
South Asia (SAS) 137,533 491,527 313 114,425 560,349 321 458 251,958 1,051,877 634 458 
Southeast Asia (SEA) 69,135 331,698 300 27,336 191,846 134 56 96,471 523,543 434 56 
China (CHI) 64,236 615,196 185 123,018 907,302 419 278 187,254 1,522,498 604 278 
North Africa (NAF) 15,587 51,056 19 7,352 78,787 4 42 22,938 129,843 23 42 
Sub-Saharan Africa (SSA) 171,356 439,492 588 5,994 43,283 19 37 177,349 482,775 608 37 
Rest of the World (ROW) 3,810 47,466 12 1,093 23,931 5 5 4,903 71,397 16 5 
World 852,381 4,122,894 2,417 427,164 3,005,371 1,242 1,310 1,279,545 7,128,265 3,659 1,310 
                
Crops (total, all regions)               
Rice 59,678 108,179 264 93,053 294,934 407.55 320.89 152,730 403,113 671 321 
Wheat 124,147 303,638 240 90,492 285,080 133.49 296.42 214,639 588,718 374 296 
Cereal grains 225,603 504,028 637 69,402 369,526 186.53 221.22 295,005 873,554 824 221 
Vegetables, fruits, nuts 133,756 1,374,128 394 36,275 537,730 95.53 81.59 170,031 1,911,858 489 82 
Oil seeds 68,847 125,480 210 29,578 73,898 72.54 78.75 98,425 199,379 282 79 
Sugar cane, sugar beet 16,457 846,137 98 9,241 664,023 48.86 89.07 25,699 1,510,161 147 89 
Other agricultural products 223,894 861,303 574 99,122 780,180 297.22 222.11 323,017 1,641,483 871 222 
Total 852,381 4,122,894 2,417 427,164 3,005,371 1,242 1,310 1,279,545 7,128,265 3,659 1,310 

Note: 2000 data are three-year averages for 1999-2001. Green water (effective rainfall) and blue water (irrigation water). 
Source: Own calculation based on IMPACT, 2000 baseline data (April 2008). 



 

 10

3.2. The GTAP-W land rents and irrigation rents 

In the standard GTAP database, agricultural land is a homogeneous factor of production 
classified as a sluggish endowment. That is, land is imperfectly mobile across agricultural 
sectors. While perfectly mobile factors (e.g. capital) earn the same market return regardless of 
where they are employed, market returns for imperfectly mobile factors may differ across 
sectors. The header VFMi,j,r (value of purchases of endowment commodity i by firms in 
sector j of region r evaluated at market prices) in the GTAP database represents the total 
value-added including land rents. To develop the new version of the GTAP-W model, we 
split for each region the GTAP sectoral land rents into rents derived from irrigation (Wtr), 
irrigable land (Lnd), rainfed land (RfLand) and pasture land (PsLand). 

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’ (United Nations 1993). Therefore, we assume that the value of irrigation water is 
embedded in the value of land. To accomplish this, we first split, for each region and each 
crop, the value of land included in the GTAP Social Accounting Matrix (SAM) into the value 
of rainfed land and the value of irrigated land.3 

As in all CGE models, economic flows in GTAP are expressed in value terms, where 
prices are used to weight all underlying quantities. We could arrive at the value of rainfed and 
irrigated land by simply multiplying the corresponding prices and quantities (i.e. US$ / ha * 
total ha). However, the lack of market information on land rents by crop and country limits 
this approach. We therefore use the share of rainfed and irrigated production in total 
production to split, for each crop and each region, the value of land in the original GTAP 
database into the value of rainfed land (see equation 1 below) and the value of irrigated land. 
For example, let us assume that 60 percent of total rice production in region r is produced on 
irrigated farms and that the returns to land in rice production are US$100 million. Thus, we 
have for region r that irrigated land rents in rice production are US$60 million and rainfed 
land rents in rice production are US$40 million. Regional information on rainfed and 
irrigated production by crop is based on IMPACT data (Rosegrant et al. 2002) (Table 2). 

Table 2. Share of irrigated production in total production by region and crop (percentages) 
Region Rice Wheat CerCrops VegFruits OilSeeds Sug_Can Oth_Agr Total 
USA 51.0 78.9 70.3 34.2 68.4 48.0 100.0 67.7 
CAN 0.0 1.9 10.4 34.7 3.3 44.1 0.0 8.5 
WEU 48.8 19.6 16.3 35.3 5.7 40.3 5.0 24.1 
JPK 93.7 79.7 65.3 66.3 32.1 56.6 81.5 75.5 
ANZ 48.1 12.8 17.9 33.7 11.7 48.3 9.3 28.9 
EEU 48.5 30.3 18.8 19.0 5.8 29.0 0.0 17.8 
FSU 49.4 20.8 9.7 28.3 6.2 40.2 24.6 24.1 
MDE 55.8 45.4 29.6 51.8 47.1 49.6 44.5 46.8 
CAM 46.8 55.4 49.0 47.3 56.5 42.0 43.7 44.5 
SAM 63.3 9.7 12.4 20.5 0.7 27.8 17.6 22.1 
SAS 70.3 75.5 31.1 33.6 31.5 62.5 41.5 53.3 
SEA 48.6 49.4 30.7 25.2 45.3 52.0 24.6 36.6 
CHI 100.0 85.9 73.3 27.0 46.8 41.7 82.7 59.6 
NAF 82.1 63.9 76.5 56.0 46.8 49.6 65.3 60.7 
SSA 20.8 28.9 4.7 4.2 5.9 42.1 1.1 9.0 
ROW 49.5 49.7 10.8 25.4 56.1 39.3 22.4 33.5 
Total 73.2 48.4 42.3 28.1 37.1 44.0 47.5 42.2 

Source: Own calculations based on IMPACT, 2000 baseline data (April 2008). 

                                                 
3 For detailed information about the social accounting matrix (SAM) representation of the GTAP database see 
McDonald et al. (2005). 
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In the next step, we split the value of irrigated land into the value of irrigable land (see 
equation 2 below) and the value of irrigation (see equation 3 below). Again, because of lack 
of market information on land and irrigation rents we use the ratio of irrigated yield to rainfed 
yield to split, for each region and each crop, the value of irrigated land into the value of 
irrigable land and the value of irrigation. These ratios are based on IMPACT data (Table 3) 
and indicate the relative value of irrigated agriculture compared to rainfed agriculture for 
particular land parcels. For example, let us assume that the ratio of irrigated yield to rainfed 
yield in rice production in region r is 1.5 and that irrigated land rents in rice production in 
region r are US$60 million. Thus, we have for irrigated agriculture in region r that irrigation 
rents are US$20 million and irrigable land rents are US$40 million. 

Table 3. Ratio of irrigated yield to rainfed yield by region and crop 
Region Rice Wheat CerCrops VegFruits OilSeeds Sug_Can Oth_Agr 
USA 1.42 1.42 1.42 1.41 1.35 1.42 1.31* 
CAN -- 1.36 1.38 1.39 1.30 1.41 1.31* 
WEU 1.42 1.36 1.36 1.39 1.30 1.39 1.26 
JPK 1.39 1.37 1.36 1.42 1.35 1.43 1.33 
ANZ 1.41 1.39 1.38 1.39 1.32 1.43 1.33 
EEU 1.41 1.37 1.36 1.36 1.32 1.38 1.31* 
FSU 1.42 1.38 1.38 1.40 1.33 1.40 1.32 
MDE 1.33 1.36 1.36 1.38 1.37 1.36 1.29 
CAM 1.43 1.41 1.40 1.40 1.33 1.39 1.30 
SAM 1.44 1.54 1.36 1.36 1.33 1.47 1.30 
SAS 1.43 1.41 1.38 1.40 1.39 1.41 1.32 
SEA 1.42 1.40 1.35 1.36 1.34 1.41 1.31 
CHI 1.40* 1.42 1.42 1.38 1.40 1.44 1.32 
NAF 1.33 1.37 1.33 1.34 1.33 1.34 1.31 
SSA 1.37 1.36 1.34 1.36 1.34 1.34 1.32 
ROW 1.39 1.41 1.34 1.34 1.33 1.39 1.31 

Source: Own calculations based on IMPACT, 2000 baseline data (April 2008). 
* We use the world average in regions where all production is rainfed or irrigated. 

 

Finally, in the last step, the value of pasture land is derived directly from the value of 
land in the livestock breeding sector (see equation 4). 

The following equations summarize the whole procedure: 

VFM‘RfLand’,j,r = OLDVFM‘Land’,j,r * (1-PSj,r)      (1) 

VFM‘Lnd’,j,r = OLDVFM‘Land’,j,r * PSj,r / YRj,r      (2) 

VFM‘Wtr’,j,r = OLDVFM‘Land’,j,r * PSj,r * (YRj,r - 1) / YRj,r    (3) 

VFM‘PsLand’,‘Animals’,r = OLDVFM‘Land’,‘Animals’,r     (4) 

VFMi,j,r = OLDVFMi,j,r i = Lab, Capital and NatlRes     (5) 

Where OLDVFMi,j,r is the original (unmodified) VFMi,j,r. PSj,r is the share of irrigated 
production in total production in sector j of region r and YRj,r is the ratio of irrigated yield to 
rainfed yield in sector j of region r. The value-added of other endowments (labour, capital 
and natural resources) remains unchanged (see equation 5). 



 

 12

Once the header VFMi,j,r has been split, the headers EVOAi,r (value of endowment 
commodity i output or supplied in region r evaluated at agents’ prices) and EVFAi,j,r (value of 
purchases of endowment commodity i by firms in sector j of region r evaluated at agents’ 
prices) in the GTAP database are updated according to the following equations: 

EVOAi,r = ∑j∈PROD VFMi,j,r - HTAXi,r       (6) 

EVFAi,j,r = VFMi,j,r + ETAXi,j,r       (7) 

Where HTAXi,r is the tax on households’ supply of primary factor i in region r and 
ETAXi,j,r is the tax on endowment i used by industry j in region r. For simplicity, we assume 
that the new factors of production face the same tax rates as the original land endowment. 
The TABLO files (GEMPACK based program) used to modify the GTAP database for 
GTAP-W are available on request. 

The procedure described above to introduce the four new endowments (irrigation, 
irrigable land, rainfed land and pasture land) 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. 

Table 4 shows the world total value-added (header VFM in the GTAP database) 
including rents for irrigation, irrigable land, rainfed land and pasture land. At the global level, 
almost half of the original land rents are allocated to rainfed land, 26 percent to irrigable land, 
15 percent to pasture land and 10 percent to irrigation. Global land rents differ by crop, while 
irrigable land rents and irrigation rents in rice production account for more than 70 percent of 
the original land rents, the share of rainfed land rents is larger in the production of cereals, 
vegetables, fruits and oil seeds (between 60 and 70 percent). These global figures mask 
differences in regional land and irrigation rents, as shown in the next section. 

Table 4. GTAP-W land and irrigation rents. VFM, world total (million US$) 
Description Rice Wheat CerCrops VegFruits OilSeeds Sug_Can Oth_Agr Animals Total
1 Irrigation water (Wtr) 4,951 3,406 3,142 7,546 1,567 1,058 7,184 0 28,854
2 Irrigable land (Lnd) 12,163 8,438 7,810 19,401 4,233 2,581 22,847 0 77,473
3 Rainfed land (RfLand) 6,778 13,156 16,976 53,169 12,192 3,282 37,569 0 143,122
4 Pasture land (PsLand) 0 0 0 0 0 0 0 45,365 45,365
  Sub-total (= original land rents) 23,892 25,000 27,928 80,116 17,992 6,921 67,600 45,365 294,814
5 Labour (Lab) 32,404 21,488 24,147 147,140 19,874 9,345 103,418 82,780 440,596
6 Capital (Capital) 12,746 10,663 13,008 59,377 12,011 5,267 59,903 47,868 220,843
7 Natural resources (NatlRes) 0 0 0 0 0 0 0 0 0
Total 69,042 57,150 65,083 286,634 49,876 21,531 230,921 176,013 956,250
Note: Based on the GTAP version 6 database. 

 

3.3. Validation of the GTAP-W land rents and irrigation rents 

Based on physical information provided by the IMPACT model (that is, crop harvested area 
in hectares, crops yields in tonnes per hectare, green water in millimetres and blue water in 
cubic kilometres), we have developed the GTAP-W database by introducing four new 
endowments (irrigation, irrigable land, rainfed land and pasture land) to the GTAP database, 
which is expressed in monetary terms. Therefore, we assume that the monetary values in 
GTAP-W are consistent with and match food production, land use and water use in IMPACT. 
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In the GTAP-W benchmark equilibrium, 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 and the volume of water used in irrigation from 
IMPACT. Figure 2 shows regional ranges and averages (over all crops) of irrigation water 
prices. The average irrigation water price in most of the regions is between 1 US cents/m3 
and 2.5 US cents/m3. Prices in Canada, the United States and Southeast Asia are higher, 
between 3.5 US cents/m3 and 3.8 US cents/m3. In Western Europe irrigation water prices 
reach 14 US cents/m3. Japan and South Korea seem to be outliers, reporting the highest 
average irrigation price, around 113 US cents/m3. However, these prices are consistent with 
the high land rents observed in this region (see Figure 4 below). 
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Figure 2. Regional ranges and averages (over all crops) of irrigation water prices per cubic 
metre 
Source: Based on GTAP-W database. 
* The maximum value has been deleted for illustrative purposes. Maximum values are: JPK (668 US cents / m3) and WEU (237 
US cents / m3). 
Note: United States (USA), Canada (CAN), Western Europe (WEU), Japan and South Korea (JPK), Australia and New Zealand 
(ANZ), Eastern Europe (EEU), Former Soviet Union (FSU), Middle East (MDE), Central America (CAM), South America (SAM), 
South Asia (SAS), Southeast Asia (SEA), China (CHI), North Africa (NAF), Sub-Saharan Africa (SSA) and Rest of the World 
(ROW). 

 

Regional ranges and averages of irrigation water prices in GTAP-W are consistent 
with those observed in the literature. Cornish et al. (2004) review an extended literature on 
irrigation water prices, covering 46 countries worldwide. Their results are summarized in 
Figure 3. They find important differences in water price and charging mechanisms across 
countries and within countries, which may reflect different pricing objectives, water sources, 
degrees of water scarcity and/or irrigation schemes. Besides this heterogeneity in irrigation 
water charging at the country level, Cornish et al. (2004) suggest that a price of about 2 US 
cents/m3 is probably indicative of the average volumetric price charged for irrigation water. 
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Figure 3. Global range of irrigation water prices per cubic metre 
Source: Cornish et al. (2004). 
Note: The study includes six case studies in five countries to obtain a more accurate data and identify the realities of water 
charging in practice. 

 

In a similar way, an initial sector and region specific shadow price for rainfed and 
irrigable land can be obtained by combining the social accounting matrix information about 
payments to factors and the rainfed and irrigated harvested areas from IMPACT (Figure 4). 
As land rents in GTAP-W are generated from the use of a given parcel of land during the 
calendar year, we use crop harvested area which accounts for multiple cropping in a given 
parcel of land and year. The results are mostly as expected. Rainfed and irrigable land rents 
have similar patterns within each region. This is because we assume that the absolute 
difference in yield between rainfed and irrigated agriculture is explained by the presence of 
irrigation. Thus, the value of irrigation in GTAP-W includes not only the water but also the 
equipment necessary for agricultural production. Without irrigation, irrigable land rents 
should be similar to rainfed land rents because both are expected to face the same yields per 
hectare. 

Rainfed and irrigable land rents in GTAP-W are mostly according to those observed 
in the literature. Lee et al. (2005) report the average land rents for all 87 regions in the 
GTAP-AEZ database. GTAP-AEZ disaggregates land use by 18 agro-ecological zones, 
covering six different lengths of growing period spread over three different climate zones. 
Lee et al. (2005) point out that the highest land rents are observed in South Korea (3,470 
US$/ha), Hong Kong (1,824 US$/ha) and Japan (1,285 US$/ha), high income countries and 
densely populated. In GTAP-W, the average land rents for Japan and South Korea are around 
2,218 US$/ha and 1,810 US$/ha for rainfed and irrigable land, respectively. High income 
countries in Europe such as the Netherlands, Germany, Finland, Italy and Austria follow the 
list in GTAP-AEZ with land rents between 396 US$/ha to 619 US$/ha. In GTAP-W, the 
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average land rents in Western Europe are expected to reach at 459 US$/ha and 375 US$/ha 
for rainfed and irrigable land, respectively. 
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Figure 4. Regional range and average (over all crops) of rainfed and irrigable land rents per 
hectare 
Source: Based on GTAP-W database. 
* The maximum value has been deleted for illustrative purposes. Maximum values for JPK are: rainfed land rents (3,503 US 
cents / ha) and irrigated land rents (3,617 US cents / ha). 
Note: United States (USA), Canada (CAN), Western Europe (WEU), Japan and South Korea (JPK), Australia and New Zealand 
(ANZ), Eastern Europe (EEU), Former Soviet Union (FSU), Middle East (MDE), Central America (CAM), South America (SAM), 
South Asia (SAS), Southeast Asia (SEA), China (CHI), North Africa (NAF), Sub-Saharan Africa (SSA) and Rest of the World 
(ROW). 

 

While average land rents in China are around 82 US$/ha in GTAP-AEZ, they reach 
84 US$/ha and 289 US$/ha in GTAP-W for rainfed and irrigable land, respectively. Some 
regional differences are also observed, land rents in Canada reach 51 US$/ha in GTAP-AEZ; 
in GTAP-W rainfed and irrigable land rents are on average higher (92 US$/ha and 193 
US$/ha, respectively). The lowest average land rents in both databases are those observed in 

a) Rainfed land rents 

b) Irrigable land rents 
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Sub-Saharan Africa, in GTAP-W for example, rainfed land rents reach 23 US$/ha and 
irrigable land rents reach 37 US$/ha. 

 

3.4. General characteristic of GTAP-W 

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. Domestic and 
foreign inputs are not perfect substitutes, according to the so-called ‘‘Armington 
assumption’’, which accounts for product heterogeneity between world regions.4 

A representative consumer in each region receives income, defined as the service 
value of national primary factors (natural resources, pasture land, rainfed land, irrigable land, 
irrigation, labour and capital). Capital and labour are perfectly mobile domestically, but 
immobile internationally. Pasture land, rainfed land, irrigable land, irrigation and natural 
resources are imperfectly mobile across agricultural sectors. 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. Constant 
budget shares are devoted to each category via a Cobb-Douglas utility function assumption. 
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.5 A money metric measure of economic 
welfare, the equivalent variation, can be computed from the model output. The equivalent 
variation measures the welfare impact of a policy change. It is defined as the change in 
regional household income at constant prices that is equivalent to the proposed change. 

In the GTAP model and its variants, two industries are unrelated to any region. 
International transport is a world industry, which produces the transportation services 
associated with the movement of goods between origin and destination regions. Transport 
services are produced by means of factors submitted by all regions, in variable proportions. In 
a similar way, a hypothetical global bank collects savings from all regions and allocates 
investments so as to achieve equality of expected rates of return (macroeconomic closure). 

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 CES function (Figure 5). The procedure for obtaining the elasticity of factor 
substitution between land and irrigation (σLW) is explained in section 3.6. Next, the irrigable 
land-water composite is combined with pasture land, rainfed land, natural resources, labour 

                                                 
4 The Armington assumption of nationally differentiated products is commonly adopted in global trade models 
to explain cross-hauling of similar products (when a country appears to import and export the same good in the 
same period) and to track bilateral trade flows. 
5 A non-homothetic utility function implies that with different income levels the households budget shares spent 
on various commodities changes. 
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and the capital-energy composite in a value-added nest through a CES structure. The original 
elasticity of substitution between primary factors (σVAE) is used for the new set of 
endowments. The next section describes in detail the new production structure in GTAP-W 
and its implementation. 

 

3.5. New production structure in GTAP-W 

The GTAP-W model is based on the GTAP 6 database and has been calibrated to 2001 using 
information from the IMPACT model. The model has 16 world regions and 22 sectors, 7 of 
which are in agriculture.6 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 and land for rainfed 
and for irrigated agriculture. The last two types of land differ as rainfall is free but irrigation 
development is costly while yields per hectare are higher. As a result, land equipped for 
irrigation is generally more valuable. To account for this difference, we split irrigated 
agriculture further into the value of land and the value of irrigation. The value of irrigation 
includes the equipment but also the water necessary for agricultural production. In the short-
run the cost of irrigation equipment is fixed, and yields in irrigated agriculture depend mainly 
on water availability. 

Water is incorporated into the value-added nest of the production structure (Figure 5). 
Indeed, water is combined with irrigable land to produce an irrigated land-water composite, 
which is in turn combined with other primary factors in a value-added nest trough a constant 
elasticity of substitution function. In addition, as the original land endowment has been split 
into pasture land, rainfed land, irrigated land and irrigation, the new version of the GTAP-W 
model allows for discriminating and substituting rainfed and irrigated crop production. 

We assume that irrigation water is first combined with irrigable land, and then with 
other factors of production. We do not consider that irrigation water may be produced by 
combining raw water with capital and energy (see e.g. Gómez et al. 2004); nor the potential 
of substitution between water and fertilizers (see e.g. Decaluwé et al. 1999). Even though the 
production structure of GTAP-W is relatively simple, our model is more flexible than the 
model by Dixon et al. (2010), for example, where irrigable land and water enter in the 
production function with fixed Leontief coefficients (see Figure A5 in Annex A). Moreover, 
GTAP-W differentiates rainfed and irrigated production, while alternative models such as 
FARM did not make this distinction (see Figure A6 in Annex A). 

                                                 
6 See Table B1 in Annex B for the regional, sectoral and factoral aggregation used in GTAP-W. 
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        Capital                   Energy 
                                   Composite 
qfe(i,j,r)-pfe(i,j,r)    qen(j,r)-pen (j,r) 

σKE 

    Irrigable Land-Water         Rainfed      Pasture       Natural      Labour     Capital-Energy 
             Composite                        Land           Land       Resources     (Lab)         Composite 
                                                      (RfLand)      (PsLand)      (NatRes) 
          qlw(j,r)-plw(j,r)                                         qfe(i,j,r)-pfe(i,j,r)                          qke(j,r)-pke(j,r) 

Region 1   …   Region r 
     qxs(i,j,r)-pms(i,j,r)

σM 

      Domestic                Foreign 
qfd(i,j,r)-pfd(i,j,r)   qfm(i,j,r)-pfm(i,j,r) 

σD 

 Irrigable          Irrigation 
land (Lnd)       water (Wtr) 
          qfe(i,j,r)-pfe(i,j,r) 

σLW 

σVAE 

σ = 0 

         Value-added 
(including energy inputs) 
   qvaen(j,r)-pvaen(j,r) 
 

All other inputs (excluding energy inputs 
        but including energy feedstock) 
                    qf(i,j,r)-pf(i,j,r) 

     Output 
qo(j,r)-ps(j,r) 
 

 

Figure 5. Nested tree structure for industrial production process in the GTAP-W model 
(truncated) 
Note: The original land endowment has been split into pasture land, rainfed land, irrigable land and irrigation (bold letters). 
Irrigation water is inside the value-added nest, implying substitution possibilities with irrigable land and all other factors of 
production. σ is the elasticity of substitution between value added and intermediate inputs, σVAE is the elasticity of substitution 
between primary factors, σLW is the elasticity of substitution between irrigable land and irrigation, σKE is the elasticity of 
substitution between capital and the energy composite, σD is the elasticity of substitution between domestic and imported inputs 
and σM is the elasticity of substitution between imported inputs. The production structure links quantities and prices. 

 

To implement the new production structure in GTAP-W some equations have been 
changed and added to the original code, which is based on the GTAP-E model.7 The GTAP-
W code is available on request. As shown in Figure 5, a nested CES functional form is used 
in the representation of producer behaviour in the GTAP-W model. Using a CES production 
function, Gohin and Hertel (2003) show the conditional factor demands and the unit cost 
functions derived from the cost minimization problem, and express them in terms of 
proportional changes, as currently specified in the GTAP model and its variants. Thus, for a 
CES function with two input factors (x1 and x2), Gohin and Hertel (2003) express the 
linearized conditional demand equations as follows: 

ασδσ ˆ)1()ˆˆˆ(ˆˆ −+−++= iyii pcyx  i=1, 2      (8) 

where the hat ∧ denotes proportional chances ( x̂ =dx/x), y is the production level, yc  is the 
unit cost, ip  are the market prices of the input factors, )1(1 ρσ +=  is the constant elasticity 
of substitution (with ρ > -1), δi are the distribution parameters and α is the efficiency 
parameter (with α > 0). 

                                                 
7 For detailed information about the GTAP-E model see Burniaux and Truong (2002). 
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The unit cost is expressed as follows: 

)ˆ/ˆ()ˆ/ˆ(ˆˆ 222111 ppcy +++=+ ρδθρδθα       (9) 

where )/()( ycxp yiii =θ  are the cost shares (with i = 1, 2). 

According the GTAP-W notation and using equations (8) and (9), the nested tree 
structure in Figure 5 is represented as follows (we only focus on the value-added nest—where 
all changes made in GTAP-W take place): 

Lower level, first nest: Producers combine irrigable land and irrigation water according to a 
CES function with elasticity of substitution ELLWj,r (σLW). At this stage, only biased 
technical change is specified. 

Demand for irrigable land (Lnd) and water (Wtr): 

qfei,j,r = - afei,j,r + qlwj,r - ELLWj,r * [pfei,j,r - afei,j,r - plwj,r] i=Lnd, Wtr  (10) 

Unit cost of the irrigable land-water composite: 

plwj,r = ∑k∈ENDWLW SLWk,j,r * (pfek,j,r - afek,j,r)     (11) 

Lower level, second nest: Producers combine capital and the energy composite according to a 
CES function with elasticity of substitution ELKEj,r (σKE). At this stage, only biased technical 
change is specified. 

Demand for capital (Capital) and the energy composite: 

qfei,j,r = - afei,j,r + qkej,r - ELKEj,r * [pfei,j,r - afei,j,r - pkej,r] i=Capital   (12) 

qenj,r = qkej,r - ELKEj,r * (penj,r - pkej,r)       (13) 

Unit cost of the capital-energy composite: 

pkej,r = ∑k∈ENDWC SKEk,j,r * (pfek,j,r - afek,j,r) + ∑k∈EGY SKEk,j,r * (pfk,j,r - afk,j,r) (14) 

Middle level: Producers combine the "irrigable land-water" composite, rainfed land, pasture 
land, natural resources, labour and the "capital-energy" composite according to a CES 
function with elasticity of substitution ESUBVAj (σVAE). At this stage, only biased technical 
change is specified. 

Demand for rainfed land (RfLand), pasture land (PsLand), natural resources (NatRes) and 
labour (Lab): 

qfei,j,r = - afei,j,r + qvaenj,r - ESUBVAj * [pfei,j,r - afei,j,r - pvaenj,r]   (15) 

 i=RfLand, PsLand, NatRes, Lab 

Demand for the irrigable land-water composite: 

qlwj,r = qvaenj,r - ESUBVAj * (plwj,r - pvaenj,r)     (16) 
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Demand for the capital-energy composite: 

qkej,r = qvaenj,r - ESUBVAj * (pkej,r - pvaenj,r)     (17) 

Unit cost of the value-added composite (including energy inputs): 

pvaenj,r = ∑k∈ENDW SVAENk,j,r * (pfek,j,r - afek,j,r)      
  + ∑k∈EGY SVAENk,j,r * (pfk,j,r - afk,j,r)      (18) 

Upper level: Producers combine the value-added composite with all other inputs according to 
a CES function with elasticity of substitution ESUBTj (σ). At this stage, factor biased and 
neutral technical change are specified. 

Demand for the value-added composite (including energy inputs): 

qvaenj,r = - avaj,r + qoj,r - aoj,r - ESUBTj * [pvaenj,r - avaj,r - psj,r - aoj,r]  (19) 

Demand for all other inputs (excluding energy inputs but including energy feedstock): 

qfi,j,r = D_NEGYi,j,r * D_VFAi,j,r * [ - afi,j,r + qoj,r - aoj,r - ESUBTj * [pfi,j,r - afi,j,r - psj,r]] 

 + D_ELYi,j,r * D_VFAi,j,r * [- afi,j,r + qenj,r - ELELYj,r * [pfi,j,r - afi,j,r - penj,r]] 

 + D_COALi,j,r * D_VFAi,j,r * [- afi,j,r + qnelj,r - ELCOj,r * [pfi,j,r - afi,j,r - pnelj,r]] 

 + D_OFFi,j,r * D_VFAi,j,r * [- afi,j,r + qncoalj,r - ELFUj,r * [pfi,j,r - afi,j,r - pncoalj,r]] (20) 

Unit cost of the output: 

psj,r + aoj,r = ∑i∈ENDW STCi,j,r * [pfei,j,r - afei,j,r - avaj,r])    
   + ∑k∈TRAD STCk,j,r * [pfk,j,r – afk,j,r]) + profitslackj,r    (21) 

Where: qfei,j,r demand for endowment i for use in industry j in region r 

qlwj,r composite "irrigable land+water" in industry j of region r 
qkej,r composite "capital+energy" in industry j of region r 
qenj,r composite energy (electicity+ non-electricity) in industry j of region r 
qvaenj,r value-added in industry j of region r 
qoi,r industry output of commodity i in region r 
qfi,j,r demand for commodity i for use by j in region r 
qnelj,r composite non-electric good in industry j of region r 
qncoalj,r  composite non-coal energy good in industry j of region r 
pfei,j,r firms' price for endowment commodity i in industry j of region r 
plwj,r firms' price of "irrigable land+water" composite in industry j of region r 
pkej,r firms' price of "capital+energy" composite in industry j of region r 
penj,r price of energy (elec.+ non-elec.) composite in industry j of region r 
pfi,j,r firms' price for commodity i for use by industry j in region r 
pvaenj,r firms' price of value-added in industry j of region r 
psi,r supply price of commodity i in region r 
pnelj,r price of non-electric composite in industry j of region r 
pncoalj,r  price of non-coal composite in industry j of region r 
afei,j,r primary factor i augmenting technical change by industry j of region r 
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afi,j,r composite intermediate input i augmenting technical change by j of r 
avai,r value added augmenting technical change in sector i of region r 
aoj,r output augmenting technical change in sector j of region r 
ELLWj,r  elasticity of substitution between irrigable land and water in j 
ELKEj,r  elasticity of substitution between capital and the composite energy good in j 
ESUBVAj  elasticity of substitution in production of value-added in j 
ESUBTj  elasticity of substitution among composite intermediate inputs in production 
ELCOj,r  elasticity of substitution between coal and the composite 
ELELYj,r  elasticity of subs. between electricity and the composite non-electric good in j 
ELFUj,r  elasticity of substitution between remaining fossil fuels in j 
SLWi,j,r  share of i in the composite good "irrigable land+water" 
SKEi,j,r  share of i in second level composite good "capital+energy" 
SVAENi,j,r  share of i in first level composite good "value added+energy" 
STCi,j,r share of i in total costs of j in r 
profitslackj,r  slack variable in the zero profit equation 
D_VFAi,j,r  dummy variable for identifying zero expenditures in VFA 
D_NEGYi,j,r  dummy variable for intermediate demand: 1 = non-energy; energy = 0 
D_ELYi,j,r  dummy variable for intermediate demand: 1 = electricity; others = 0 
D_COALi,j,r  dummy variable for intermediate demand: 1 = coal; others = 0 
D_OFFi,j,r  dummy variable for intermediate demand: 1 = oil,gas,petr. products; others = 0 
 

3.6. Elasticity of substitution between water and other primary inputs 

The elasticity of substitution between irrigable land and irrigation (σLW in Figure 5) is 
estimated from the price elasticity of water use as follows: 

Let us assume a simple two inputs production function: 

),( WXfY =           (22) 

where Y is output, W is water input, and X is all other inputs. The cost of production is given 
by: 

C pX tW= +           (23) 

where t is the price of water and p is the composite price of other inputs. Production 
efficiency implies that the marginal rate of technical substitution equals the resource price 
ratio: 

t
p

f
f

W

X =           (24) 

Let us now assume that (22) is a CES production function: 

( ) ρρρ 1−−− += WXY          (22’) 

Production efficiency implies: 
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Evaluating production efficiency at two different water prices t and t(1+δ): 
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By definition, the price elasticity of demand is given by: 

dtW
dWt

=η           (27) 

This may be rewritten as: 

)1(12 ηδ+=WW          (28) 

Combining equation (26) and (28), the elasticity of substitution between water and 
other inputs can be defined as: 

1
)1ln(

)1ln(
−

+
+

−=
ηδ
δρ          (29) 

That is, the price elasticity η implies the substitution elasticity ρ, for any price change δ. 

Rosegrant et al. (2002) provide estimates of the price elasticity of water use (η) for 15 
world regions, we use these estimates to derive the substitution elasticity between irrigable 
land and irrigation for GTAP-W (Table 5). 

Table 5. Elasticity of substitution between irrigable land and irrigation in GTAP-W 
Regions Price elasticity (η) Substitution elasticity (ρ) 
United States -0.14 0.05 
Canada -0.08 0.08 
Western Europe -0.04 0.14 
Japan and South Korea -0.06 0.10 
Australia and New Zealand -0.11 0.06 
Eastern Europe -0.06 0.10 
Former Soviet Union -0.09 0.07 
Middle East -0.11 0.06 
Central America -0.08 0.08 
South America -0.12 0.06 
South Asia -0.11 0.06 
Southeast Asia -0.12 0.06 
China -0.16 0.04 
North Africa -0.07 0.08 
Sub-Saharan Africa -0.15 0.05 
Rest of the World -0.20 0.04 

Note: Price elasticity is based on Rosegrant et al. (2002). 
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We follow Arndt (1996) to assess the model sensitivity to the uncertainty of the 
elasticity of substitution between irrigable land and water.8 Arndt (1996) proposes the 
Gaussian quadrature method for a systematic sensitivity analysis to test the robustness of 
model results. The Gaussian quadrature method produces good approximations of the means 
and associated standard deviations of the model while using a limited number of model 
evaluations. With 16 elasticity parameters to be evaluated, we need 32 (2x16) model 
evaluations plus the “central case”. We assume that each elasticity follows an independent 
normal distribution, where the mean is the central estimate (values in Table 5) and the 
standard deviation is arbitrarily set to 20 percent of the mean value. The results show small 
variations around the “central case”, less than 1 percent for most of the variables, revealing 
that the model results are not very sensitive to changes in the value of the elasticity of 
substitution between irrigable land and irrigation. 

 

3.7. Validation of the GTAP-W model 

Before exploring concrete policies, we validated the model to evaluate the accuracy of the 
results. As CGE model results are sometimes highly dependent on values employed for 
critical exogenous variables, parameters and elasticities, this step includes a systematic 
sensitivity analysis as the one presented in the previous section. Following Dixon and 
Rimmer (2010), we verified the code and data performing two homogeneity tests. That is, run 
a simulation for which the solution has a simple structure which is known a priori from the 
theory of the model. 

Price homogeneity test: To check if the model is homogeneous of degree zero in 
prices we multiply the numéraire by a constant k and verify that in the solution all real values 
remain unchanged but all nominal values and prices are multiplied by k. Thus, we 
exogenously increased by 20 percent the world price index of primary factors (pfactwld). 
This test was passed by the GTAP-W model, showing that the model is homogeneous of 
degree zero on prices and real variables are sensible only to changes in relative prices. 

Real homogeneity test: To check if the model displays constant returns to scale, a 
property of neoclassical CGE models, we multiply all real exogenous variables by a constant 
k and verify that in the solution all real endogenous variables are multiplied by k, leaving 
prices unchanged. Thus, we exogenously increased by 20 percent all regional endowment 
commodities and population (qoi,r and popr). This homogeneity test was met by the GTAP-W 
model. 

 

4. Illustrative simulation 

To illustrate the new features of the GTAP-W model, we present results of a simulation 
exercise that explores potential water savings and the economic implications of 

                                                 
8 Although Monte Carlo simulations are more appropriated for a systematic sensitivity analysis, the number of 
model evaluations makes this method impractical for large CGE models (Arndt 1996). 
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improvements in irrigation efficiency worldwide. This illustration is based on the article 
“Water scarcity and the impact of improved irrigation management: a computable general 
equilibrium analysis” published in Agricultural Economics (Calzadilla et al. 2011a). The 
necessary data and code to replicate the main results are available in the attached zip file. 

Performance and productivity of irrigated agriculture is commonly referred to as irrigation 
efficiency (Burt et al. 1997; Jensen 2007). In a finite space and time, FAO (2001) defines 
irrigation efficiency as the ratio of the irrigation water consumed by crops to the water 
diverted from the source of supply. It distinguishes between conveyance efficiency, which 
represents the efficiency of water transport in canals, and the field application efficiency, 
which represents the efficiency of water application in the field. In Calzadilla et al. (2011a), 
no distinction is made between conveyance and field application efficiency. Any 
improvement in irrigation efficiency refers to an improvement in the overall irrigation 
efficiency. 

Currently, irrigation efficiency in most of the developing countries is performing 
poorly (Figure 6), the only exception is water-scarce North Africa, where levels are 
comparable to those observed in developed regions. Certainly, there are differences in 
performance within regions. Rosegrant et al. (2002) point out that irrigation efficiency ranges 
between 25 to 40 percent in the Philippines, Thailand, India, Pakistan and Mexico; between 
40 to 45 percent in Malaysia and Morocco; and between 50 to 60 percent in Taiwan, Israel 
and Japan. For most developing regions that suffer from water scarcity such as the Middle 
East, North Africa, South Asia and large parts of China and India, irrigated agriculture 
contributes significantly to total crop production. Just the Middle East, North Africa and 
South Asia account for around 43 percent of the total global water used for irrigation 
purposes. 

Irrigation efficiency
(Percentage)

40 - 46
47 - 53
54 - 59
60 - 66
67 - 73

 

Figure 6. Average irrigation efficiency, 2001 baseline data 
Note: Irrigation efficiency is based on the volume of beneficial and non-beneficial irrigation water use according to the IMPACT 
baseline data (Rosegrant et al. 2002). 
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4.1. Scenario design 

Three different scenarios are used to evaluate the effects of enhanced irrigation efficiency on 
global agricultural production, water use and welfare. The scenarios are designed so as to 
show a gradual convergence to higher levels of irrigation efficiency. The first two scenarios 
assume that an improvement in irrigation efficiency is more likely in water-scarce regions. 

In the first scenario irrigation efficiency only in water-scarce developing regions 
improves. We consider a region as water-scarce if, for at least for one country within the 
region, water availability is less than 1,500 cubic meters per person per year. These regions 
include South Asia (SAS), Southeast Asia (SEA), North Africa (NAF), the Middle East 
(MDE), Sub-Saharan Africa (SSA) as well as the Rest of the World (ROW). 

In the second scenario irrigation efficiency improves in all water-scarce regions 
independent of the level of economic development. In addition to the previous scenario 
Western Europe (WEU), Eastern Europe (EEU) and Japan and South Korea (JPK) are added 
to the list of water-short regions. 

In the third scenario, we improve irrigation efficiency in all regions. Irrigation 
efficiency is increased to 73 percent, for all crops, in all selected regions, in all scenarios. 
This is the weighted average level of Australia and New Zealand (ANZ), which is close to the 
maximum achievable efficiency level of 75 percent (World Bank 2003). Therefore, our 
analysis attempts to study potential global water savings and its economic implications, 
improving irrigation efficiency to the maximum attainable level. 

Our scenarios do not add costs, that is, we assume that higher levels of efficiency are 
possible with the current technology. Jensen (2007) points out that better irrigation 
scheduling practices, controlling timing of irrigation and amounts applied, can improve 
irrigation efficiency and productivity of water with little additional cost. 

 

4.2. Results 

The irrigated production of rice and wheat consumes half of the irrigation water used 
globally, together they account for 617 km3. For brevity, we discuss the results only for these 
two crops. Figure 7 shows the percentage change in total production, irrigated production and 
irrigation water used in the production of rice. Note that changes in the “irrigable land-water” 
composite indicate changes in irrigated production. Regions where irrigation water efficiency 
improves alter their levels of irrigated and total production, but other regions are affected as 
well through shifts in competitiveness and international trade. The effects are different for the 
different scenarios we implemented. 

The four major rice producing regions (Japan and South Korea, South Asia, Southeast 
Asia, and China) are affected differently. In Southeast Asia, for example, where irrigation 
efficiency was lowest, production increases more compared to the other three regions. In 
general, higher levels of irrigation efficiency lead to increases in irrigated and total rice 
production. However, total rice production increases less if more regions have higher levels 
of irrigation efficiency (water-scarce regions and all regions scenarios). Although irrigated 
production increases, demand for irrigation water decreases in most regions (red dots) as the 
demand for food increases only slightly. The Middle East reduces its total rice production 
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while irrigated production and water demand increase. The relatively high initial level of 
irrigation efficiency leaves little room for further improvements and water savings. 
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Figure 7. Rice: Percentage change in total production, irrigated production and irrigation water 
by region 
Note: Water-stressed regions are indicated by an asterisk (*). Water-scarce developing regions (S1), water-scarce regions (S2) 
and all regions (S3) scenarios. United States (USA), Canada (CAN), Western Europe (WEU), Japan and South Korea (JPK), 
Australia and New Zealand (ANZ), Eastern Europe (EEU), Former Soviet Union (FSU), Middle East (MDE), Central America 
(CAM), South America (SAM), South Asia (SAS), Southeast Asia (SEA), China (CHI), North Africa (NAF), Sub-Saharan Africa 
(SSA) and Rest of the World (ROW). 

 

There are seven major wheat-producing regions in the world (South Asia, China, 
North Africa, USA, Western Europe, Eastern Europe and the former Soviet Union). The first 
four regions are the major producers of irrigated wheat. Comparing the results of Figure 8 for 
the different scenarios, higher levels of irrigation efficiency generally lead to increases in 
irrigated wheat production. As discussed above, the increase is less pronounced when more 
regions achieve higher levels of irrigation efficiency (water-scarce regions and all regions 
scenarios). Irrigation water demand is affected differently in the different regions. In the all 
regions scenario, water demand increases in water-scarce South Asia as well as in the USA 
and China. In Western and Eastern Europe and North Africa higher levels of irrigation 
efficiency is mostly followed by a decrease in the demand for water. Total wheat production 
does not necessarily follow the trend of irrigated production. Only in two of the seven regions 
(South Asia, Eastern Europe and partly China) total production increases with higher levels 
of irrigation efficiency. 

Improved irrigation efficiency leads to more irrigated and total wheat production in 
water-scarce regions. In most of these regions (Japan and South Korea, Southeast Asia, Sub-
Saharan Africa and Rest of the World) this is followed by an increasing demand for irrigation 
water. However, production levels are relatively low. 
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Figure 8. Wheat: Percentage change in total production, irrigated production and irrigation 
water by region 
Note: Water-stressed regions are indicated by an asterisk (*). Water-scarce developing regions (S1), water-scarce regions (S2) 
and all regions (S3) scenarios. United States (USA), Canada (CAN), Western Europe (WEU), Japan and South Korea (JPK), 
Australia and New Zealand (ANZ), Eastern Europe (EEU), Former Soviet Union (FSU), Middle East (MDE), Central America 
(CAM), South America (SAM), South Asia (SAS), Southeast Asia (SEA), China (CHI), North Africa (NAF), Sub-Saharan Africa 
(SSA) and Rest of the World (ROW). 

 

One reason to increase the efficiency in irrigation is to save water. Figure 9 compares 
how much water used in irrigated agriculture could be saved by the different scenarios. If 
markets would not adjust, improved irrigation efficiency would lead to water savings. With 
adjustments in other markets, the effect is ambiguous. The initial water saving shows the 
reduction in the irrigation water requirements under the improved irrigation efficiency, 
without considering any adjustment process in food and other markets. Globally, water 
savings are 158 km2 (water-scarce developing regions), 163 km3 (water-scarce regions) and 
282 km3 (all regions). This is between 12 and 21 percent of the total amount of irrigation 
water used in agriculture. 

Final water savings take into account the additional irrigation water used as a 
consequence of the increase in irrigated production, and the shifts in demand and supply for 
all crops in all regions. At the global level, more water is saved as more regions achieve 
higher levels of irrigation efficiency. At the regional level, the tendency is similar except for 
only slight decreases in Sub-Saharan Africa, and Australia and New Zealand. Water is saved 
in all regions, not just in those regions with improved irrigation efficiency. This is evident for 
the USA and China in the water-scarce developing regions and water-scarce regions 
scenarios, where total irrigated production decreases. Only in North Africa the final water 
savings exceed the initial water savings; and the additional irrigation water saved increases 
more as more regions improve irrigation efficiency. The final water savings are much lower 
than the initial water savings. Only about 5 to 10 percent of the total amount of irrigation 
water used in agriculture could be saved. 
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Figure 9. Initial and final water savings by scenario, 2001 
Note: Developed regions (top panel) and developing regions (bottom panel). Water-stressed regions are indicated by an 
asterisk (*). The three bars refer to the three scenarios (water-scarce developing regions, water-scarce regions and all regions, 
respectively). United States (USA), Canada (CAN), Western Europe (WEU), Japan and South Korea (JPK), Australia and New 
Zealand (ANZ), Eastern Europe (EEU), Former Soviet Union (FSU), Middle East (MDE), Central America (CAM), South 
America (SAM), South Asia (SAS), Southeast Asia (SEA), China (CHI), North Africa (NAF), Sub-Saharan Africa (SSA) and 
Rest of the World (ROW). 

 

Higher levels of irrigation efficiency imply that the same production could be 
achieved with less water. As irrigation water is explicitly considered in the production of 
irrigated crops, the production costs of irrigated agriculture decline with higher irrigation 
efficiency. As the production costs of rainfed agriculture remain the same, the result is a shift 
in production from rainfed to irrigated agriculture. Table 6 reports the percentage changes in 
rainfed, irrigated and total agricultural production as well as the changes in world market 
prices. The increases in irrigated production and the decreases in rainfed production are more 
pronounced when more regions reach higher efficiency levels (water-scarce regions and all 
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regions scenarios). In the all regions scenario, total agricultural production rises by 0.7 
percent. This comprises an increase in irrigated production of 24.6 percent and a decline in 
rainfed production of 15.0 percent. For individual agricultural products, the shift from rainfed 
to irrigated production varies widely. 

Table 6. Percentage change in global total, irrigated and rainfed agricultural production and 
world market prices by scenario 

 
Water-scarce developing 

regions Water-scarce regions All regions 

Agricultural Agricultural production  
Agricultural 
production  

Agricultural 
production  

products Total Irrigated Rainfed Price Total Irrigated Rainfed Price Total Irrigated Rainfed Price

Rice 1.07 14.74 -36.08 -6.78 1.55 17.49 -41.75
-

10.03 1.71 19.69 -47.16
-

13.79
Wheat 0.45 13.22 -11.03 -2.95 0.73 17.22 -14.09 -3.60 0.87 24.58 -20.45 -5.16
Cereal grains 0.07 4.35 -2.29 -0.95 0.13 7.34 -3.84 -1.34 0.38 21.94 -11.49 -3.44
Vegetable and fruits 0.25 7.38 -3.59 -1.41 0.41 15.46 -7.68 -2.44 0.70 29.01 -14.52 -4.47
Oil seeds 0.58 15.96 -6.36 -2.57 0.62 16.90 -6.73 -2.78 1.00 27.97 -11.18 -4.19
Sugar cane and 
beet 0.76 21.52 -17.59 -6.26 0.80 26.69 -22.09 -6.87 0.90 37.49 -31.45 -8.25
Other agri. products 0.27 8.83 -4.78 -1.91 0.39 12.72 -6.87 -2.47 0.48 21.43 -11.86 -3.99
TOTAL 0.35 10.02 -6.02 0.52 14.86 -8.93 0.71 24.58 -15.00
 

The world market prices for all agricultural products decrease as a consequence of the 
lower production costs of irrigated agriculture. The world market prices fall more as more 
regions improve irrigation efficiency. Lower market prices stimulate consumption and total 
production of all agricultural products increases. In the all regions scenario, rice has the 
greatest price drop (13.8 percent), for an increase in total production of 1.7 percent. The fall 
in the world market price is smallest for cereals (3.4 percent); total production rises by 0.4 
percent. 

Changes in production induce changes in welfare. At the global level, welfare 
increases as more regions implement strategies to improve irrigation. However, at the 
regional level, the effects might be less positive for some. Figure 10 compares the changes in 
welfare for the three different scenarios for the 16 regions. Discussing the bottom panel first, 
changes in welfare in water-scarce developing regions are mostly positive but the magnitude 
varies considerably. For water-stressed regions, changes are most pronounced for South Asia 
followed by Southeast Asia, the Middle East, North Africa and Sub-Saharan Africa. 
Differences between the water-scarce developing regions scenario and the water-scarce 
regions scenario are negligible while the all regions scenario leads to additional welfare 
gains. An exception is Sub-Saharan Africa where welfare changes are negative. The gains for 
food consumers are smaller than the losses incurred by food producers. 
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Figure 10. Change in regional welfare by scenario (million USD) 
Note: Developed regions (top panel) and developing regions (bottom panel). Water-stressed regions are indicated by an 
asterisk (*). United States (USA), Canada (CAN), Western Europe (WEU), Japan and South Korea (JPK), Australia and New 
Zealand (ANZ), Eastern Europe (EEU), Former Soviet Union (FSU), Middle East (MDE), Central America (CAM), South 
America (SAM), South Asia (SAS), Southeast Asia (SEA), China (CHI), North Africa (NAF), Sub-Saharan Africa (SSA) and 
Rest of the World (ROW). 

 

5. Discussion and conclusions 

In this paper, we present the new version of the GTAP-W model, a computable general 
equilibrium model of the world economy with water as an explicit factor of production in the 
agricultural sector. The new production structure of the model allows for substitution 
between irrigation water, irrigated land, rainfed land, labour, capital and energy. To our 
knowledge, this is the first global CGE model that differentiates between rainfed and irrigated 
crops. Previously, this was not possible because the necessary data were missing – at least at 
the global scale – as water is mostly a non-market good, not often reported in national 
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economic accounts. Earlier studies included water resources at the national or smaller scale. 
These studies necessarily lack the international dimension, which is important as water is 
implicitly traded in international markets for agricultural products. 

The distinction between rainfed and irrigated agriculture within the production 
structure of the GTAP-W model allows us to model green (rainfall) and blue (irrigation) 
water use in agricultural production. This distinction is crucial, because rainfed and irrigated 
agriculture face different climate risk levels. Thus, in GTAP-W, changes in water availability 
have different effects on rainfed and irrigated crops. While changes in surface and 
groundwater use in agriculture modify the use of blue water or irrigation endowment, 
changes in green water use are modelled exogenously using information from the IMPACT 
model. 

Several applications have been done using the new version of the GTAP-W model. 
Calzadilla et al. (2011a) analyze the economy-wide impacts of enhanced irrigation efficiency. 
They found that regional and global water savings are achieved when irrigation efficiency 
improves. Not only regions where irrigation efficiency changes are able to save water, but 
also other regions are induced to conserve water. Calzadilla et al. (2010a) investigate the role 
of green and blue water resources in agriculture. They evaluated different scenarios of 
sustainable water use in the agricultural sector and found a clear trade-off between economic 
welfare and environmental sustainability. Calzadilla et al. (2010b) assess potential impacts of 
climate change and CO2 fertilization on global agriculture. They found that global food 
production, welfare and GDP are expected to fall with climate change. Countries are not only 
influenced by regional climate change, but also by climate-induced changes in 
competitiveness. Calzadilla et al. (2011b) combine scenarios of future climate change with 
trade liberalization. They found that significant reductions in agricultural tariffs lead to 
modest changes in regional water use. 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. In a combined analysis using the IMPACT and GTAP-W 
models, Calzadilla et al. (2009) evaluated the efficacy of two adaptation measures to cope 
with climate change in Sub-Saharan Africa. They found that an increase in agricultural 
productivity achieves better outcomes than an expansion of irrigated areas, due to the low 
initial irrigated areas in the region. 

This paper presents a detailed description of the GTAP-W model including the new 
database and production structure. While GTAP-W provides an attempt to account for water 
resources in global CGE models, it could be improved in several aspects. First, GTAP-W 
limits its analysis to water use in the agricultural sector ignoring domestic and industrial uses. 
Second, GTAP-W considers water quantity and prices but ignores non-market costs/benefits 
of water use. Finally, the global perspective of GTAP-W has some limitations in terms of the 
modelling details. These issues should be addressed in future research. Future work will also 
aim to extend the current version of GTAP-W to incorporate agro-ecological zones. 
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Annex A: Production structure in selected CGE models 
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Figure A1. Decaluwé et al. (1999) 
Source: Own presentation based on Decaluwé et al. (1999) 

    Figure A2. Gómez et al. (2004) 
      Source: Own presentation based on Gómez et al. (2004) 
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Figure A3. van Heerden et al. (2008) 
Source: Own presentation based on van Heerden et al. (2008) 

 

                 Figure A4. Peterson et al. (2004) 
Source: Own presentation based on Peterson et 
al. (2004) 
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Figure A5. Dixon et al. (2010) 
Source: Own presentation based on Dixon et al. (2010) 

Figure A6. Darwin (2004) 
Source: Own presentation based on Darwin et al. (1995) 
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Figure A7. Berrittella et al. (2007) 
Source: Own presentation based on Berrittella et al. (2007). Truncated. 
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Annex B: Baseline data and aggregation used in GTAP-W 

Figure B1. 2000 baseline data: Rainfed and irrigated harvested area and production of vegetables by FPU 

1000 ha
< 50
50 - 100
100 - 300
300 - 600
600 - 1000
> 1000 

 

1000 ha
< 50
50 - 100
100 - 300
300 - 600
600 - 1000
> 1000 

 

1000 mt
< 500
500 - 1500
1500 - 3000
3000 - 8000
8000 - 13000
>13000

 

1000 mt
< 500
500 - 1500
1500 - 3000
3000 - 8000
8000 - 13000
>13000

 
Note: 2000 data are three-year averages for 1999-2001. 
Source: IMPACT, 2000 baseline data (April 2008). 
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Figure B2. 2000 baseline data: Green and blue water used for rainfed and irrigated production of vegetables by FPU 
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Note: 2000 data are three-year averages for 1999-2001. Green water (effective rainfall) and blue water (irrigation water). 
Source: IMPACT, 2000 baseline data (April 2008). 
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Table B1. Regional, sectoral and factoral aggregation in GTAP-W and mapping between GTAP-
W and IMPACT 
GTAP-W - 16 Regions IMPACT - 115 Regions 
United States (USA) United States 
Canada (CAN) Canada 
Western Europe (WEU) Alpine Europe, Belgium and Luxembourg, British Isles, Cyprus, 

France, Germany, Iberia, Italy, Netherlands, Scandinavia 
Japan and South Korea (JPK) Japan, South Korea 
Australia and New Zealand (ANZ) Australia, New Zealand 
Eastern Europe (EEU) Adriatic, Central Europe, Poland 
Former Soviet Union (FSU) Baltic, Caucasus, Kazakhstan, Kyrgyzstan, Russia, Tajikistan, 

Turkmenistan, Ukraine, Uzbekistan 
Middle East (MDE) Gulf, Iran, Iraq, Israel, Jordan, Lebanon, Syria, Turkey 
Central America (CAM) Caribbean Central America, Mexico 
South America (SAM) Argentina, Brazil, central South America, Chile, Colombia, Ecuador, 

northern South America, Peru, Uruguay 
South Asia (SAS) Afghanistan, Bangladesh, Bhutan, India, Nepal, Pakistan, Sri Lanka 
Southeast Asia (SEA) Indonesia, Malaysia, Mongolia, Myanmar, North Korea, Philippines, 

Singapore, Southeast Asia, Thailand, Vietnam 
China (CHI) China 
North Africa (NAF) Algeria, Egypt, Libya, Morocco, Tunisia 
Sub-Saharan Africa (SSA) Angola, Benin, Botswana, Burkina Faso, Burundi, Cameroon, Central 

African Republic, Chad, Congo, Djibouti, Democratic Republic of the 
Congo, Equatorial Guinea, Eritrea, Ethiopia, Gabon, Gambia, Ghana, 
Guinea, Guinea-Bissau, Ivory Coast, Kenya, Lesotho, Liberia, 
Madagascar, Malawi, Mali, Mauritania, Mozambique, Namibia, Niger, 
Nigeria, Rwanda, Senegal, Sierra Leone, Somalia, South Africa, 
Sudan, Swaziland, Tanzania, Togo, Uganda, Zambia, Zimbabwe 

Rest of the World (ROW) Papua New Guinea, rest of the world 
  

GTAP-W - 7 Agricultural crops IMPACT - 23 Crops 
Rice (Rice) Rice 
Wheat (Wheat) Wheat 
Cereal grains (CerCrops) Maize, millet, sorghum, other grains 
Vegetables, fruits, nuts (VegFruits) Potato, sweet potatoes/yams, cassava/other roots/tubers, vegetables, 

(sub) tropical fruits, temperate fruits, chickpeas, pigeon peas 
Oilseeds (OilSeeds) Soybeans, oils, groundnuts 
Sugarcane, sugar beet (Sug_Can) Sugarcane, sugar beets 
Other agricultural products (Oth_Agr) Other 
-- Meals, cotton, sweeteners 
  

GTAP-W 15 Non-agricultural sectors  
Animals (Animals)  
Meat (Meat)  
Food products (Food_Prod)  
Forestry (Forestry)  
Fishing (Fishing)  
Coal (Coal)  
Oil (Oil)  
Gas (Gas)  
Oil Products (Oil_Pcts)  
Electricity (Electricity)  
Water (Water)  
Energy intensive industries (En_Int_Ind)  
Other industries and services (Oth_Ind)  
Market services (Mserv)  
Non-market services (NMserv)  
  

GTAP-W - 7 Endowments  
Irrigation (Wtr)  
Irrigable land (Lnd)  
Rainfed land (RfLand)  
Pasture land (PsLand)  
Labour (Lab)  
Capital (Capital)  
Natural resources (NatlRes)  

 


