


Background and Motivation

Understandinghe challengs of achievingenvironmentabkustainability goalgiven future
demand for food, fiber and fuel requirssoromic models andlatabasgthatincorporaé
spatially explicitinformation onland use and land cov@tULC). The GTAPLULC datalase
andits variantshave beenextensively useth a wide variety of applicatiorsmed aiexamining
the landenvironmentenergy nexug¢Golub et al., 2012; Hertel et al., 2010; Liu, Hertel,
Taheripour, Zhu, & Ringler, 201&tevenson, Villoria, Byerlee, Kelley, & Maredia, 2013; F.
Taheripour, Hertel, Tyner, Beckman, & Birur, 2010; Farzad Taheripour & Tyner,.20h3a%
beenmore thara decade since tliiest releag of the GTAP LULC databasén 2006 (GTAP
LULCv.6) which combinedgeospatial data on land used land coveinto the version 6 GTAP
databasé benchmarkd toyear 2001. The methodology foreating and using this database
well documentedLee, Hertel, Rose, & Avetsiyan, 2009; C. Monfreda, Ramanké&ttyertel,
2009; Sohngen, Tennity, Hnytka, & Meeusen, 2008pking backhe development of thérst
GTAP LULC was no simple taslas itrequired the expertisef several researcheigidentify
andprocesgelevantgeospatiainformation And because of i, succeedingipdates of the
GTAP LULC databasénamel/ v.7 for 2004 and v.8for 2004,2007) relied onreadly available
but aggregate@ TAP LULCv.6albeit usingnhationatlevel (i.e. FAOSTAT)or unpublished
spatiatdata in order to update th@ TAP LULCv.6(circa 200} to therequiredoenchmark year
This memorandum documeritge development of th @ TAP LULC v.9 datdase In
keeping with the muliyear release ddTAP V.9, the GTAP LULC v.9datais developedor
eachbenchmark yeai.e. 2004,2007and 201). But unlikepreviousreleasesGTAP LULCv.9
is createddirectly fromthelatest high-resolution(i.e. 5minute)spatialland cover and land use
maps Sincethese mapsanbe readily downloadednling, it is possible taeplicade GTAP
LULCv.9if users know how to handle spatial datalif they follow the methodsoutlined in this
documentFurthermoreby developing the capacity to handle spatial data within the Certer,

spatialLULC informationcan beeasilyincorporatedn futurereleases of th& TAP LULC.

1 Land cover data for v.7 and v.8 used the beta versia@lobal Cropland and Pasture Data: 120070 by
Ramankutty (2011). However, thupdates on thidraft database has been discontinued byatitéor.



. Data and Methods forGTAP LULC v.9

Figure 1land 2summarize thelataandmethodsusedin creatng andupdaing the land coveand
land usanformationin the GTAP LULCv.9 databaseespectivelyAt the core of the.9
databasearefine-resolution (5minute)geospatiamapson administrative areagrowing
conditions, land coveand land useEachworkflow stars with the creation oGlobal Agro
Ecological Zond GAEZ) mapwhich contaiis bothadministrative and agrecological zone
information.Administrativeboundaries are taken from t@4obal Administrative Areamap
v2.8 (2016)which contains information othe boundarie®f 256 countries These arenapped
tothe226 GTAP countries an@TAP regions for v.4see Appendix andsupplementary
shapefiley Following GTAP LULCv.6,each5-minutegrid-cell of theE a r tahd@a is
classifiedaccording taagro-ecological zone§AEZs) (see Appendidl and Appendix Il). AEZ
categoriesrecreata usinginformationon length of growingoeriod(LGP) andthermalclimate
from the latest information frorRAO/IIASA GAEZ v.3(2012) The LPG shows the number of
days in a year whetie prevailingtemperature andvailablemoisture permit crop growtf.e.
days wherein average daily temperature is ab8@eabd actual evapotranspiration is abtive
threshold levebf 0.5). On the other handhe thermal climateBroadlyclassify each grigell
according tdropics, subtropicgemperate, boreal andctic climates(lIASA/FAO, 2012) The
original thermal climate$8 typeg arereclassifiedo 3 zoneqTropical, 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(20@8)(downloadablefrom
http://www.earhstat.org) is combined with the fractional urban cover informatiomated from

urban cover maps chneider et 2009, 2010)Fractional cropland, pasture and urban land
information arethenaddedtogetherin each grid cells. To ensure that total fractional land cover
do not exceed 100%, fractional land cover datarawemalizedfor grid cells which exceed the
said thresholdFor each grid cell, the residual fractional land cover (taken from ttezedice
between 100% and tl®mbinedfractional cropland, pasture and urlzver) are reassigned to


http://www.earthstat.org/

Figure 1. Workflow for creating the land cover data for yeas 2004, 2007 and 2011
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Figure 2. Workflow for creating the land use datafor years 2004, 2007 and 2011
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vegetation classes usitite potential vegetation map developed by Ramankutty and Foley

(1999) The authors assigned each grid oéthe worldto one of 13 potential vegetation classes.
These classes are furtheaclassifiednto 4 land types (namely Forests, Shrubland, Savanna +
Grasslands and Other Lands). The complete fractional land cover maps are converted to hectares
using 5minute surface area map from the European Soil Data G@0tE2) To separate

managed and unmanaged forest cover, the relddZ shares computed byBngenet al

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

methods mentioned above is for base year 2001atd@4Iregions, 7 land cover types and for

18 and 108 AEZs.

To the best of our knowledgthere are no availabfeapswhich have more recent land
cover(as well as land us@)formation So inorderto updatehenew2001 base yedand cover
database foeachbenchmark yearg.e. 2004, 2007, 201Inational levedata from FAOSTAT
(2016)is used Starting with the 108 AEZand coverdata cropland angbasturelands arfast
updatedusingnationatlevel land coverfor these land typeer eachbenchmark yeaiThus,
cropland and pastureland area between FAO and GTAP L&lliBe nationalevelare the
sameNote that &nd cover is updated only iagion108AEZ wherein both cropland, pasturedan
other land types are preséiitthis condition is not metand covelin a regior108AEZ is fixed
to the 2001 base year vallidsor eachregion108AEZ that is updated, the net change in
cropland and pasture are allocated to other land tygiag theiroriginal shares in the base year
2001.Finally, updatedand cover for 108AEZarethenaggregated to 18 AEZs.

Figure 2 shows the workflowf the land uselatafor GTAP LULC v.9.Starting with the
GAEZ map thegridded production and harvested di@al72 cropsfrom Monfreda et al.
(2008)are usedUnlike previous versiawhich use reprentativéfeedcrops to shareut
livestock land rentsy.9 usegyridded livestocK3 ruminanttypes sheep, cattle, goatsutput
from FAO (2007) National level prices from FASTAT (2016)are used to calculate the value
of crop and livestock productio®@nce outputharvest area and value of output data are
constructedor base year 2001egion108AEZ shares for these variables are created. These
shares aréhenused to shareut national level output, harvest area and value of output data
information from FAOSTAT(2016)for the benchmark yeaféppendix V). Finally, the data is
aggregatedo 18 AEZs.

2The original Monfredat 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.



. Results and Evaluationof GTAP LULC v.9

a. Land cover

Figures3, 4 and Sillustrate global land coverarea(in M ha) for cropland, pasturand forest
(orange, blue and gredigureg by regiorAEZ for the yeas 2004,2007 and 201 {upper, middle
and lower pane))respectively.Regions where croplandrea aresizable (i.e. dark colored
polygong includeU.S. (AEZ8 andAEZ10), Russia (AEZ80 AEZ10), India (AEZ3) Indonesia
(AEZ6), China (AE®R and AEZL2) andAustralia (AEZ8) Pasturednd cover bt spotsare located
in Australia (AEZ7), Saudi ArabialAEZ7), Brazil (AEZ5) and U.S. (AEZ8). Forest coverare
relatively large m Russia (AEZ14and AEZ15), Brazil (AEZ6), U.S. (AEZ0 and AEZ?2),
Democratic Republic of theongo(AEZ6), China (AEZ 12) and IndoneqAEZ6).

Table 1summarizedotal land coverof cropland, pasture and forestsummedfor all
countrieg for each AEZgiventhe benchmark yea904, 2007 an@011 Globally, cropland are
generallylocated inAEZ8, AEZ9and AEZ10 yith annual average area at around 290, 238, 236
M ha, respectively Note that prevailing thermal climates in AEZ8 to AEZ10 are classified as
fiTropical cool toTemperate coolwith growing days ranging from 60 to 28ays Pasturelands
are mofly concentrated in AEZ7, AEZ8 and AEZ1 (on average, around 852, 664, 267 M ha,
respectivelywhile most of the worl@s forestsare in AEZ6, AEZD and AEZD (around289, 256
and 2b Mha). Looking at the absolutehangs between 2004 and 200global cropland and
pastureareadeclinedwhile forest cover increased slightikEZs where largeains in cropland
areaare observednclude AEZ2 to AEZ4 while AEZ8 to AEZ10 experienced crdgnd cover
reductionover this periodAEZ7 to AEZ9 showreductionin pastureland areahile forest cover
expanded iMEZ9 to AEZ11. Significant gaingn croplandcover andstrongreductiorsin pasture
coverare observed for the period 2007 to 20Ciopland expanded rapidly in ABZo AEZ6
while aimost all AEZs show reduction irpasture coveover this periodChange in forest cover
are generally mixeavith area ncreasg slightly in AEZ10 and AEZ1 and declining inAEZ6
and AEZ4 Land coverfor cropland, pasture and fordst selected GTAP regions are listed i
Table 2 Between2004 and2007, cropland cover irthese regions are generally declining
particularly in theU.S, Australiaand Canada Australia experienced reduction in pasture cover

while in the U.S, pasturecoverincreasedAlmost dl regionsin
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Figure 3. Global distribution of cropland by region and AEZ: 2004 2007 2011
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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





























































































