


I. Background and Motivation 
  

Understanding the challenges of achieving environmental sustainability goals given future 

demand for food, fiber and fuel requires economic models and databases that incorporate 

spatially explicit information on land use and land cover (LULC). The GTAP LULC database 

and its variants have been extensively used in a wide variety of applications aimed at examining 

the land-environment-energy nexus (Golub et al., 2012; Hertel et al., 2010; Liu, Hertel, 

Taheripour, Zhu, & Ringler, 2014; Stevenson, Villoria, Byerlee, Kelley, & Maredia, 2013; F. 

Taheripour, Hertel, Tyner, Beckman, & Birur, 2010; Farzad Taheripour & Tyner, 2012). It has 

been more than a decade since the first release of the GTAP LULC database in 2005 (GTAP 

LULCv.6) which combined geospatial data on land use and land cover into the version 6 GTAP 

database ï benchmarked to year 2001. The methodology for creating and using this database is 

well documented (Lee, Hertel, Rose, & Avetsiyan, 2009; C. Monfreda, Ramankutty, & Hertel, 

2009; Sohngen, Tennity, Hnytka, & Meeusen, 2008). Looking back the development of the first 

GTAP LULC was no simple task as it required the expertise of several researchers to identify 

and process relevant geospatial information. And because of this, succeeding updates of the 

GTAP LULC database (namely v.7 for 2004 and v.8 for 2004, 2007) relied on readil y available 

but aggregated GTAP LULCv.6 albeit using national-level (i.e. FAOSTAT) or unpublished 

spatial-data1 in order to update the GTAP LULCv.6 (circa 2001) to the required benchmark year.  

This memorandum documents the development of the GTAP LULC v.9 database. In 

keeping with the multi-year release of GTAP v.9, the GTAP LULC v.9 data is developed for 

each benchmark year (i.e. 2004, 2007 and 2011). But unlike previous releases, GTAP LULCv.9 

is created directly from the latest, high-resolution (i.e. 5-minute) spatial land cover and land use 

maps. Since these maps can be readily downloaded online, it is possible to replicate GTAP 

LULCv.9 if  users know how to handle spatial data and if they follow the methods outlined in this 

document. Furthermore, by developing the capacity to handle spatial data within the Center, new 

spatial LULC information can be easily incorporated in future releases of the GTAP LULC.   

 

 

                                                           
1 Land cover data for v.7 and v.8 used the beta version of ñGlobal Cropland and Pasture Data: 1700-2007ò by 

Ramankutty (2011). However, the updates on this draft database has been discontinued by the author.. 



II.  Data and Methods for GTAP LULC  v.9 

 

Figure 1 and 2 summarize the data and methods used in creating and updating the land cover and 

land use information in the GTAP LULCv.9 database, respectively. At the core of the v.9 

database are fine-resolution (5-minute) geospatial maps on administrative areas, growing 

conditions, land cover and land use. Each workflow starts with the creation of Global Agro-

Ecological Zone (GAEZ) map which contains both administrative and agro-ecological zone 

information. Administrative boundaries are taken from the Global Administrative Areas map  

v2.8  (2016) which contains information on the boundaries of 256 countries. These are mapped 

to the 226 GTAP countries and GTAP regions for v.9 (see Appendix I and supplementary 

shapefiles). Following GTAP LULCv.6, each 5-minute grid-cell of the Earthôs land area is 

classified according to agro-ecological zones (AEZs) (see Appendix II  and Appendix III). AEZ 

categories are created using information on length of growing period (LGP) and thermal climate 

from the latest information from FAO/IIASA GAEZ v.3 (2012). The LPG shows the number of 

days in a year when the prevailing temperature and available moisture permit crop growth (i.e. 

days wherein average daily temperature is above 5oC and actual evapotranspiration is above the 

threshold level of 0.5). On the other hand, the thermal climates broadly classify each grid-cell 

according to tropics, subtropics, temperate, boreal and arctic climates (IIASA/FAO, 2012). The 

original thermal climates (8 types) are reclassified to 3 zones (Tropical, Temperate and Boreal).  

With the GAEZ map on hand, Figure 1 further shows how information from different 

land cover maps are combined into the GTAP LULC database. Fractional cropland and pasture 

cover maps for year 2000/01 developed by Ramankutty et al (2008) (downloadable from 

http://www.earthstat.org/) is combined with the fractional urban cover information created from 

urban cover maps by Schneider et al (2009, 2010). Fractional cropland, pasture and urban land 

information are then added together in each grid cells. To ensure that total fractional land cover 

do not exceed 100%, fractional land cover data are normalized for grid cells which exceed the 

said threshold. For each grid cell, the residual fractional land cover (taken from the difference 

between 100% and the combined fractional cropland, pasture and urban cover) are reassigned to 
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Figure 1. Workflow for creating the land cover data for years 2004, 2007 and 2011 

 

 

 
 

 



Figure 2. Workflow for creating the land use data for years 2004, 2007 and 2011 

 

 

  



vegetation classes using the potential vegetation map developed by Ramankutty and Foley 

(1999). The authors assigned each grid cell of the world to one of 13 potential vegetation classes. 

These classes are further reclassified into 4 land types (namely Forests, Shrubland, Savanna + 

Grasslands and Other Lands). The complete fractional land cover maps are converted to hectares 

using 5-minute surface area map from the European Soil Data Center (2012). To separate 

managed and unmanaged forest cover, the region-18AEZ shares computed by Sohngen et al 

(2008) for GTAP LULC v.6 are used. The resulting land cover database from the data and 

methods mentioned above is for base year 2001, 140 and 141 regions, 7 land cover types and for 

18 and 108 AEZs. 

To the best of our knowledge, there are no available maps which have more recent land 

cover (as well as land use) information. So in order to update the new 2001 base year land cover 

database for each benchmark years (i.e. 2004, 2007, 2011) national level data from FAOSTAT 

(2016) is used. Starting with the 108 AEZ land cover data, cropland and pasturelands are first 

updated using national-level land cover for these land types for each benchmark year. Thus, 

cropland and pastureland area between FAO and GTAP LULC at the national-level are the 

same. Note that land cover is updated only in region-108AEZ wherein both cropland, pasture and 

other land types are present (if this condition is not met, land cover in a region-108AEZ is fixed 

to the 2001 base year values). For each region-108AEZ that is updated, the net change in 

cropland and pasture are allocated to other land types using their original shares in the base year 

2001. Finally, updated land cover for 108AEZs are then aggregated to 18 AEZs. 

Figure 2 shows the workflow of the land use data for GTAP LULC v.9. Starting with the 

GAEZ map, the gridded production and harvested area for 1722 crops from Monfreda et al. 

(2008) are used. Unlike previous versions which use representative feed crops to share-out 

livestock land rents, v.9 uses gridded livestock (3 ruminant types: sheep, cattle, goats) output 

from FAO (2007).  National level prices from FAOSTAT (2016) are used to calculate the value 

of crop and livestock production. Once output, harvest area and value of output data are 

constructed for base year 2001, region-108AEZ shares for these variables are created. These 

shares are then used to share-out national level output, harvest area and value of output data 

information from FAOSTAT (2016) for the benchmark years (Appendix IV). Finally, the data is 

aggregated to 18 AEZs. 

                                                           
2 The original Monfreda et al database is for 175 crops but at the time of creating the database production and 

harvested area for minor commodities (popcorn, coir, gums) were not available. 



III.  Results and Evaluation of GTAP LULC v.9  

 

a. Land cover 
 

Figures 3, 4 and 5 illustrate global land cover area (in M ha) for cropland, pasture and forest 

(orange, blue and green figures) by region-AEZ for the years 2004, 2007 and 2011 (upper, middle 

and lower panel), respectively. Regions where cropland area are sizable (i.e. dark colored 

polygons) include U.S. (AEZ8 and AEZ10), Russia (AEZ8 to AEZ10), India (AEZ3), Indonesia 

(AEZ6), China (AEZ9 and AEZ12) and Australia (AEZ8). Pastureland cover hot spots are located 

in Australia (AEZ7), Saudi Arabia (AEZ7), Brazil (AEZ5) and U.S. (AEZ8). Forest cover are 

relatively large in Russia (AEZ14 and AEZ15), Brazil (AEZ6), U.S. (AEZ10 and AEZ12), 

Democratic Republic of the Congo (AEZ6), China (AEZ 12) and Indonesia (AEZ6). 

Table 1 summarizes total land cover of cropland, pasture and forest ï summed for all 

countries ï for each AEZ given the benchmark years 2004, 2007 and 2011. Globally, cropland are 

generally located in AEZ8, AEZ9 and AEZ10 (with annual average area at around 290, 238, 236 

M ha, respectively). Note that prevailing thermal climates in AEZ8 to AEZ10 are classified as 

ñTropical cool to Temperate coolò with growing days ranging from 60 to 230 days. Pasturelands 

are mostly concentrated in AEZ7, AEZ8 and AEZ1 (on average, around 852, 664, 267 M ha, 

respectively) while most of the worldôs forests are in AEZ6, AEZ10 and AEZ15 (around 289, 216 

and 215 Mha). Looking at the absolute changes between 2004 and 2007, global cropland and 

pasture area declined while forest cover increased slightly. AEZs where large gains in cropland 

area are observed include AEZ2 to AEZ4 while AEZ8 to AEZ10 experienced cropland cover 

reduction over this period. AEZ7 to AEZ9 show reduction in pastureland area while forest cover 

expanded in AEZ9 to AEZ11. Significant gains in cropland cover and strong reductions in pasture 

cover are observed for the period 2007 to 2011. Cropland expanded rapidly in AEZ4 to AEZ6 

while almost all AEZs show reduction in pasture cover over this period. Change in forest cover 

are generally mixed with area increasing slightly in AEZ10 and AEZ11 and declining in AEZ6 

and AEZ4. Land cover for cropland, pasture and forest for selected GTAP regions are listed in 

Table 2. Between 2004 and 2007, cropland cover in these regions are generally declining 

particularly in the U.S., Australia and Canada. Australia experienced reduction in pasture cover 

while in the U.S., pasture cover increased. Almost all regions in  



 

 

Figure 3. Global distribution of cropland by region and AEZ: 2004 2007 2011 

 



 

Figure 4. Global distribution of pastureland by region and AEZ: 2004 2007 2011 



 

Figure 5. Global distribution of forests by region and AEZ: 2004 2007 2011 

  






























































