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Summary:.

Digital database presented here was compiled as a purposeful edtadets to support GEBENE
projectactivities targeted towards societal benefit assessment of improved information coming frenodelta
fusion approach applied in agriculture and ecosystem modeling. Version 1.0 of the global database is the first
apprximation to biephysical model EPIGand agricultural and forestry sector optimization model FASOM
requirements and potential of available global observatidata and data coming from other souraddressing
climate, topography, soil, and crop managemg&etweral hierarchically organizedatial reference objects were
defined to geographically display the global database datae g | o b al scale 56 spatial
land surface was created as primary spatial reference for geographicatmegiies of all other spatial objects.
Homogenous response uni t s, 3 0 fevel sapgnairtistratiie unitse sereel thet i o n
secondary spatial reference as well as the basis for delineation of elemental spatial units (tertiary rieference)
ultimate spatial geographical representation and organizaticiatafin the global databas@lobal scale and
publically available data sources used for global database compilation were described and classified into four
groups (global observation datdigital maps, statistical and census data, and results of complex modeling) for
the better understanding of thpresent situation in sources of the data available for global scaleegggstem
modeling.Data treatment and interpretation methodologied the way of data harmonizatiare described so
that solid metadata basis is available for the data publication and exchange. Global database comprises four
thematic datasets addressing all global modeling aspects being under consideration: (i) déatahdowse
statistics dataset, (ii) topography and soil data dataset, (iii) cropland management dataset, and (iv) climate
dataset. Sel§tanding(v) spatial reference dataset provides a tool for geographical representing and visualization
of the dataData structure ofall the dataset$ tables and attributes is alsoidentified and described in the
technical report.
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1. Introduction

Global databasdor bio-physical modeling (furthereferred as global database)
described here has beeneatedwithin 7" EC framework program project GEBENE
(Global Earth Observatioin Benefit Assessment: Now, Next, and Emerditig://www.geo
bene.eu).

Global databases primarily supposed teupport the datenodel fusion approaci
agricultue sectormodeling based onbio-physical modelEPIC - Environmental Policy
IntegratedClimate (Williams et al., 199) and thedata onsoil, topography, climate, land
cover and land use availatdéglobal scale Global databasshouldservealsoasa source of
data onland cover/land use fdand useoptimization modeling withFASOM model- Forest
and Agricultural Sector Optimization Met (Adams et al. 1996)Along with its main
purpose the global databasés also a tool for identification of the gaps inavailability of
necessarglobal datdor successfutlatamodel fusion based interpretatianssocietal benefit
area (SBA)agricultue (Justice et BeckeReshef, 2007and this wayto support the GE©O
BENE participatiorona Group on Earth Observation (GEO) activities

Datamodel fusion basedeographicamodeling of landscape ot astraightforward
task Dependng on particular circustancesit requiresmore or lesssomplex approacto
gather all the necessary input information on landscape and natural or -trivesn
landscape processes which dsnsequently usetb carry outappropriate basis fotbio-
physical)model application anphterpretation of the modeling results (c.f. Rossiter 2068)).
globalscalemodeling however,it is not possible to gather directly measured input data in
such aspatial, temporal and attribute detaihich canfully satisfy the requirements othe
(bio-physical)model.

This implies thaturrentversionof the global databageersionl1.0)can beconsidered
only a broad approximatioto an optimal landscape modelecessary fothe fully successful
application of(bio-physical) model and rather than Ireequirement®f (bio-physical) model
or complex landscape modeliiigeflectsa compromise betweeahe needs and linst

1 general modeling requirements i (needs)- a) globalscale geographial landscape
modeling,b) implementation of basein and alterative scenarios foclimate land cover
and (arablg land managemernnto the modelingc) (optiona) clustering of EPIC and
FASOM model within a complex landscape model (input/output data communication
between individual models);

1 input data requirementsof the modelsi (needs) a) quantitative data organized within
global coverage of landscape unitsich arehomogenous as for topography, soil, climate
and management is essential to run the EPIC méateinre information on EPIC model
data requirementsee theAPPENDIX 1), b) statistical data for selected statistical units
(countrylevel administrative units further stratified by topography and soil) on area
portion of land cover/land use categorieadbr average values of environmental
indicators comig from EPICmodelingare required by the FASOM model;

1 global data availability and quality i (limits) - a) thematic datas of various origin
geographic data directly based earth observatian(interpreted/nonnterpreted) digital
thematic maps,census data and other geographical data coming from complex
interpretations or modelindp) data quality varies significantly across tneailable data
spatial, attribute and temporal resolution of the data, its thematic relevancgeraaral
accuracy and relility, c) data accuracy and reliabilitpmay decrease afterecessary
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estimationsof missing datébased on existing data and/or expert knowleidgeone d)
simplifications ofgeneral modeling concegtie to the missing data without the possibility
of its estimation from existing data souraéesiecessaty

data harmonization i (limits) - common spatial reference and spatial resolutiave to
be setfor the data ofdifferent source and qualitand differentway of the data spatial
referencing (geseferenang or geecoding) to the common spatial referemoay lead to
loose of information



2. Primary data identification 1 inputs for the global database

The list of the data sources given below is a resulntarmet ad literature search
conductedunderthe first stages of the GEBENE project The am of thiswas togatherthe
information on thébestdata availablglobally which could satisfy the modéndmodeling)
requirements(for more particular information on FPIC model data requirements see the
APPENDIX 1) All of the data sources$isted below were directly used for compiling the
global databasadentification and description aftherdatasources without suctelation to
global database would go beyond thepseof this report.

The final input data selectiorfor models (and modelingpllowed an assumptioof
the datasourcesused for global databastouldrepresenta sample ofdata available from
public domains and angpecial contracter other restrictios except the copyright or eagy
get licenses are not neededygiand use the data. Most of data can be directly downloaded in
digital form using odine mapping and downloading services; sond the datahave to be
requested from the data authoritieshereassome others represemnly a hardcopy
publications

Categorization of the data sources we introduce here semptiasize the differences
in the way of the data acquisitiodata gatheringand data processing methpasapping
method$ for this coutl have significant influence on the quality and accuracy of the
information coming from the datinterpretatiosas well as it can betténdicate what global
earth observatiordata are up to hand for th&BA agricultue datamodel fusion based
modeling

2.1. Globalearth observatiors based digital data

This group represents the data coming directly from earth observation systdms
earth observation data only slightly processed or interpr@®ath is originally in raster
format with various spatialesoltions (e.g. space or atborn observations) or in form of to
single or multi point related measuremengsd.weather station data).

2.1.1. Digital elevatioata(SRTM,GTOPO30)

The highresolution global Shuttle Radar Topography Mission digital elematodel
(further referred as SRTM)erived by NASA fittp://www2.jpl.nasa.gov/srthivas used as a
sourceof global elevation dateSRTM digital elevation model is available i3 &orizontal
resolution(appraimately 90 m at the equatdgr areas between the latitudes fromMN6@ 60
S, the altitude measure units are meters above a sea level

Global 30 Arc Second Elevation Data (further referred as GTOP@8f)/{edc.usgs.
gov/products/elevation/gtopo30/gtopo30.Htmbs used as a source of global elevation data.
GTOPO30 S a gl obal digital el evati on mo d e
(approximately 1 km at the equatahgaltitude measuranits are meters above a sea level. It
was derived from several raster and vector sourcesmefsured and pigrocessed
topographic information. GTOPO30, completed in late 1996, was developed over a three year
period through a collabative effort led by staff at the U.S. Geological Survey's EROS Data
Center.
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2.1.2. Land cover datgGLC2000)

The Global Land Cover for year 2000ttp://www.gvm.jrc.it/glc2000/defaultGLC
200Qhtm) produced as a common activity of several national and international institutions
coordinated by JR@urther referred as GLC2000) was used as a basic sofitaad cover
information at global scale GLC2000 global rasteris availablein spatial reolution of
approximately32 &(d@pproximately 1 knat the equatdr Information on spatial distribution of
21 land cover classasterpreted from SPOT ¥EGETATION 1 programsatellite imagery
(http:/www.cnes.fr/web/146&egetation.php using Land Cover Classification Systeof
FAO (Di Gregorio et Jansen 20G8)availablefrom GLC2000 legend (Table. B.

Table 2.1 Legend to Global Land Cover 2000 (GLC2000)

LAND COVER CLASS CLASS DESCRIPTION

1 Tree Cover, broadleaved, evergreen

2 Tree Cover, broadleaved, deciduous, closed
3 Tree Cover, broadleaved, deciduous, open

4 Tree Cover, needieaved, evergreen

5 Tree Cover, needleaved, deciduous

6 Tree Cover, mixed leaf type

7 Tree Cover, redarly flooded, fresh water

8 Tree Cover, regularly flooded, saline water

9 Mosaic: Tree Cover / Other natural vegetation
10 Tree Cover, burnt

11 Shrub Cover, closedpen, evergreen

12 Shrub Cover, closedpen, deciduous

13 Herbaceous Cover, closegen

14 Sparse herbaceous or sparse shrub cover

15 Regularly flooded shrub and/or herbaceous cover
16 Cultivated and managed areas

17 Mosaic: Cropland / Tree Cover / Other natural vegetatio
18 Mosaic: Cropland / Shrub and/or grass cover
19 Bare Areas

20 Water Bodies

21 Snow and Ice

22 Artificial surfaces and associated areas

23 No data

2.1.3. Weather dattECWMF)

The European Centre for MedidRange Weather ForecastReading, United
Kingdom provides a integratedveatherforecasting system based of processing manifold
earth observation datét{p://www.ecmwf.int/producty) Gri d of 2. 5Aspati al
on daily weather (further referred as ECWMF) was usedaloulate monthly statistics
requred by EPIC weather generator.
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2.2. Digital thematic maps

This group represents digital verssoof hardcopy mapsreated by classical mapping
methodologiesr other digital thematic mapshieh has not been directly processad the
basis of global earthbservations data.d®da isoriginally availablein vector format (polygon
or polylinedatg.

2.2.1. Administrative region$sAUL)

Global Administrative Regions Lay&ersion 2007) (http://www.fao.org/geonetwork
[srv/en/metadata.show?id=12691&currTab=simpherther referred as GAUL processed
under the authority of the FAO and European Commission was used as a source of the
countrylevel administrative regions dat@ountries are in GAUL vector layer identified both
by country name and country code which can be easily compared with dfficiatl Nations
coding list of countries and world regionsht{p//unstats.un.org/unsd/methods/m49/
m49.htn).

2.2.2. Soil dat§DSMW)

The digital version of the 1:5 0@DO scale Soil map of the world (further referred as
DSMW) version 3.6 lttp://www.fao.org/geonetwork/srv/en/metadata.show?id=14116&curr
Tab=simpl¢ was used as a source of data on distribution of major soil units across the world.
DSMW soil mapping units delineations (available both in vector or 5 arc minutdsties
raster) are attributed with information on soil mapping unit soil aamapts (soil typological
units and soil phases@nd information on their area portiofw) of the soil mapping unit
delineation.Totally, informationon 106 soil typological unitglassified according to map
legend (FAO-UNESCO 1974) and miscellaneous nesoil units (glaciers, inland waters,
dune and shifting sands, rock debris and outcrops, saltdid)e retrieved frorthe map.

2.3. Census and otheron-spatial data

This daa group represents mostly the statistical data relatedcbed) to statistical
administrative units (country and first sabuntry). Some of the data &result of a slight
interpretation or aggregation of original statistics. Data is originally dligitaibute data
organized in théables;some data is in form of hardcopy publications (plain text, tables).

2.3.1. Agricultural statistic6FAOSTAT, FAOAQUASTAT, IFA)

FAO online data server (further referred as FAOSTATrpvides vide range of
country sgcific agricultural statistics. FAOSTA$erved a source of 1961 to 2006 years
countrylevel statistics on crop harvested areasp(//faostat.fao.org/site/ 567/default.appx
and 2002 to 2005 wesstatistics oriotal consumption of nutrients (Nz®s, K,0) for selected
countries littp://faostat.fao.org/site/575/default.akpx

Website AQUASTAT maintained by FAO(further referred as FAGQUASTAT)
provides specific information on water management in agricylinctuding irrigation areas
statistics and water withdrawal by agriculture statisf@suntry and crogspecific irrigation
calendarfor the 90 countries of the worldias used for Igbal database as the source
information onstart and enddays of crop planting and harvesting(http://www.fao.org
[nr/water/aquastat/main/index.stm
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International Fertilizer Industry Asciationprovides statistics on country and crop
specific  fertilizer consumptions (further referred as [IFA IFA dataset
(http://www.fertilizer.org /ifa/statistics.aypvas used as a sourcedsta oncrop and country
specificfertilizer application rate andtotal countrylevel average nutrients consumpti@,
P,0s, K0).

2.3.2. Crop calendadata and documents (USDA, MARS, Crop and Country calendars)

Climate and crop calendar for the key prouhg regions and countries is available
from U.S. Department of Agriculture document (USDA 1994, further referred as USIDA)
the publication concentratiorzones of major crop for each countryare identified and
completed with information orhistorical averages of crop area (ha), yel{t/ha) and
production (t).Coarse grain, winter and spring wheat, barley, rice, major oilseeds, sugar crops
and cotton are included in USDA publication.

Crop calendarsagriculture practices calendars, crop rotations @thér information
on selected crops fahe part of Europe (Estonia, Latvia, Lithuania, Poland, Czech Republic,
Slovakia, Hungary, Slovenia, Romania, Bulgaria and Turkey) are available from publications
of Ku | etrGaenoves€004a,2004b, and 2004(urther referred as MARSlataset Wheat,
barley, maize, rice, sugar beet, sunflower, soya bean, rape, potato, cotton and olive for Italy,
Spain and Greece are given by Narciso et al. (1992). Some other sources of national crop
calendar data used for global dsae ardistedin APPENDIX 2.

Crop harvest calendars for sugar beet (FAO, 1959a), sugarcane (FAO, 1959b) and
coffee (FAO, 1959c)include selected countries of the world Rice crop calendar
(http://wwwirri.org/science/ricestgtcontains the data on planting and harvest dates (months)
of rice for selected countries of the worlthe crop calendaiplanting and harvesting dates)
of winter and spring wheat for Albania, Austria, Bulgaria, Czech Repuhhtand, Hungary,
Norway, Poland, Romania, Slovak Republic, Sweden, Switzerlandyugslavia is
available from publication oRussellet Wilson(1994) Autumn or winter and spring barley
crop calendar (planting and harvesting dates) for Belgium, Denrkagace, Germany,
Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain and United Kingdom is
availablein publication of Russell (1990)

The potato crop calendar (MacKerron 1992) includes dates of planting and harvesting
(decade and month) fdeermany, France, Italy, Netherlands, Belgium, United Kingdom,
Ireland, Denmark, Greece, Spain and Portubpdbrmation about potato and sweet potato
cultivation with emphasis on developing countries collects International Potato .G@ntre
their websiteare presented the potato crop calendar for countries of Africa, South ddk Mi
America and Eurasiéhttp://research.cip.cgiar.org/confluence/ display/wpa/Hormke crop
calendarof sweet potato isvailablefor the countries of Africa and Asiét{p://research.cip.
cqgiar.org/confluence/display/WSA/Home

2.4.Interpreted data or modeling outputs

This grouprepresents the data coming from various interpretations based on existing
data and expert knowledge data coming fronmodeling (interpolations results, statistical
downscaling results, etc.Such a data represents secondary data not directly measured
collected. Thenterpretation methodologies uséat data creationnfluence significatly the
data accuracy and reliability/arious digital geeeferenced or geooded @ta available in
this grouphave various spatial resolutions asdavailable in asteror vectorrepresentation
depending on the data origin
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2.4.1. Soil dat§WISE)

International Soil Reference and Informati@entre (ISRIC) 5 by 5 @rid of soil
propertiesestimation based on global soil distribution (DSMW) and soil profile data EWIS
soil profile databasehttp://www.isric.org/UK/About+Soils/Soil+data/Geographic+data/Glo
bal/Global+soil+profile+data.htjrinterpretation(further referred as WISHttp://www.isric.
org/UK/About+Soils/Soil+data/Geographic+data/Global/WISESby5minute¥ Wwas used as
a source oDSMW soil typological unit specificdataon soil analytical propertiger 5 depth
intervak of soil profile (20 cm intervals for total depth of 1m)Detailed interpretation
methodology foWISE compilation is describeith publication of Batjes (2006).

2.4.2. Landuse and land management dé@LU, Manuredata)

Global crop distribution data processed by International Food Policy Research
Institute was used as a source of basic information on land covefaadduse.The data
(further referred as GLU) represents algll coverage of a regutahaped statistical units@5
spatialresolution grig attributed with estimad crop cultivation and harvest aréphysical
area in ha) and crop production (tons/ha) fogRibally most important cropsr crop groups
(wheat, rice, maize, barley, millet, sorghum, potatoes, sweat potatoes and yams, cassava,
bananas and plantains, soybean, other pulses, sugar cane, sugar beet, coffee, cotton, other
fiber crops, groundnuts other oil crops) Estimations are done separately for tioeir
agricultural production systemiig¢h input- irrigated, high input rainfed low input- rainfed
and subsistencenanagement systepgFinal dataset resulted from downscaling roény
national and sumational agricultural censutatausingadditionalspatial information on land
cover GLC2000), crop suitabilityand management system potential yiglgroecological
zones assessment data, Fischer et al. 200@gation areas (Global irrigation map, Siebert et
al, 2007)and population density dai@ridded Population of the Worldhttp:/sedac.ciesin
.columbia.edu/gpw/index.j3pAll the methodologicaldetails are given in thpublication of
You et Wood (2006)Actually, GLU dataset is naavailable for download by gmpublic on-
line service For global databasesLU data set was providedby IFPRI after personal
communication with Dr. Liangzhi You.

Global scales 6 s p at i aoh nitrogesraigsaorhing drom manure gtication
(further eferred as manure data) compiled by Liu et al. (in press) were used as a source
dataset on nitrogen fertilization and total manure applicatidemure data was interpreted
from global data on livestock density (Gridded Livestock of the World,
http://www.fao.org/ag/AGAinfo/resources/en/glw/default.)tmideveloped by FAO in
collaboration with the Environmental Research Group Oxford and FAOSTAT data on country
and livestock specific da on slaughter weightssing published knowledge on nitrogen rates
in livestock excretion and amounts of manure recycled to cropfsrtdally, manure dataset
is not available for download by any public-lome service. For global databatiee dataset
wasprovided after personal communication with Dr. Junguo Liu.

2.4.3. Weather datal'¢yndall)

The Tyndall Centre for Climate Change Research of University of East Anglia,
Norwich, UK providesdataon historical time serie®f global weather for the peridom
19017 2000 and 16 climate change scenafiosther referred as Tyndalhttp://www.cru.
uea.ac.uk /~timm/grid/TYN_SC 2 0.himl Gl obal scale | and surf a
resoluton grids of modeled climatelata on cloud coverdiurnal temperature range
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precipitation, temperature, vapor presswere compiled from severaiterpolated global and
regionalclimate datasets. Methodological details of Tyndall data are describedlicagioh
of Mitchel et al. (2004).
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3. Referencefor geographical representationof the data

Threelevel hierarchical system of geographical objects was designed for spatial
referencing the global database damanatural and managemdahdscape characteristids
comprises primary geographical reference grid (chapter 3.1), secondary geographical
reference objectsHR U , 306 spatial r e-levell adminiswative gnit,i d an
chapter 3.2) antkrtiary reference objectdahdscapaunits chapter 3.3)Databaseaeference
objects (simulation units, chapter 3.3) provide the lpastspatialdata reference in thglobal
database.

3.1. Primary geographical referencegrid

Primary geographic reference i®thasic spatial frame fgeographicatepresentation
and visualization of all the data stored in global datadasea basis for spatiakferencing
of secondary and tertiary reference objectarédver, primary geographieference is the
basicharmorization tool forthe geographicatlata coming from various sources.

3. 1. 1. résélutisngeagraphicdl grid (Gbal grid)

Global extent© 0 A S t o -18B00A NV amd 180A Eygraghical d des
coordinate system WGS &4ith pixel resoluion of 5 dabout 10 X 10 km on equatonas
created to serve the primary geographical referéorcie global databagéurther referred as
global grid) Land surface msk was used to keep only those pixels of global grid which
represent land surface (amgher pixels representing oceans are not relevant for global
modeling). Land surface masksulted from intersectioof the land surface subsets tbe
most significant geographical data inputs (GTOPO30, SRTM, DSMW, GLC2000, GAUL,
IFPRIFGLU) harmonized inglobal grid €hapter 3.3. Decision was done also to exclude
Antarctica from global gridiue to the most of its area is covered by ice or bare rdokaly,
global gridcomprises 2.186.775 pixels.

Each grid cell of the global grid is indexed by coluamd row number counted from
upper left corneof the grid( poi nt c o or di8 M dAtCawmn duonbers Nanges
from 1 to 4320, row numbers ranges from 1 to 21é@ependently from columrow
indexingeach pixel is indexedlsoby x andy coordinate decimal degree) of pixel centroid.
Point lattice can béhendisplayed va centroid coordinateto visualizeglobal gridin a map.
This maks global gridindependent of particular GIS platform used for compilation and
storageof the dataas well as iswppors the exchange ajeospatiablata between various GIS
or databaseystemsvia simple and highly interoperabl&SCIl text files €.g. txt, csy).
Classical database tools can be used for storage, maintenance and analydeiq theo
referenced topoint lattice and GIS support is needed only for displaying the data
geographicallyn a map.

Modeling requireghat all the data on area of spatial uniis reportedas real area
values (e.g. ha or kKih Real area (ha) for each pixel of global grid was catedlas a 1/36 of
realareaot orr espondi ng 3006 r e 28)|Red are@in3 0gdr irde spoil xuet |i
grid resulted from transformation of tigeographically not projectethta(WGS84 coordinate
system) into the equal aregpeographicprojecton system (Goodelomolosine projection)
following the routine described hyethcoe and Klaver (1998)
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3.2. Secondary geographic reference

Secondary geographic refereratgectsprovidespatial reference fall the data direct
referencingof which to the global gridis not advantageous or possilghapter 3.2.2, 3.2.3)
Secondary reference objecatlso serve asdata stratificationtool in bio-physical and
optimization models communicatiofchapter 3.2.1) Along with referencing function
secondary spatial refenceobjects play important role ithe delineation ofandscape units
(chapter 3.3.Fig. 32).

Particular econdarygeographiaeferenceobject isspatiallyreferencedto global grid
as a attribute value assigned televantpixel or group ofpixels. It can be geographically
displayed on a map as a spatial zone of global(grgl 3.1)

Fig. 3.1 Seondarygeographicakreference objectone(e.g. HRU)visualized viaglobal grid.

Global grid zone

[] Global grid
|:| Secondary spatial reference object

3.2.1. Homogenous response units (HRU)

Concept of homogenous respensnits (HRU) used here was adoptter slight
modificationf r om ear |l i er wor ks ( Sch mi6édStolbdvoyatlal. 2006
2007 as a general concept for delineatairbasic spatial unitOnly thosecharacteristis of
landscape, whichra relatively stable over time (even under climate change) and hardly
adjustable byfarmers,were selected. HRU is a basic spatial frame for implementation of
climatechange and land management alternative scenarios into global modeling and therefore
it is one ofbasic inpus for delineation of landscape units (chapter, Fi§j. 34). Moreover,

HRU provides apossibleinterface for communication of biphysical and optimization
models (EPIC model derived and consecutively HRU level aggregated information on
environmental indicators can input FASQigtimization modeliny

Tab. 3.2: Altitude, slope and soil class criteria for HRU delineation

LAND CHAR. UNIT CLASS(CLASS INTERVAL)

altitude meters 1 (07 300, 2 (3007 600), 3 (6007 1100, 4 (11007 2500, 5 (> 2500),
slope inclination degree 1(07 3),2 (37 6),3 (67 10),4 (107 15),5 (157 30), 6 (307 50), 7 (> 50)
soll - 1 (sandy, 2 (loamy), 3 (clay), 4 (stony), 5 (pea), 88 (ho-soil)

HRU is spatially delineated as a zone of global gridingasame class of altitude,
slope and soil (HRU class definitions are listed in Tab):3.2.

1 Dominant altitude claswas calculated by raster algebraaagonal majorityalue of pre-
classified GTOPO30 raster altitude clasgraoneglobal grid pixelares;
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1 Dominant slope claswas calculated by raster algebra as a zonal majority value of pre
classified306 6 spati al resol ut i aver a one ghga grid pixel r a st
area Temporary raster usddr calculationswas interpreted from origiheéSRTM and
GTOPO30 dataas follows.he SRTM data cal cul ated sl opes
grouped i nt-BAt-bBMABMAFNS AL LS BOAand >50A. F
300 resolution raster zonal ©6Mmajokd extentpr oc e
raster of slope classes. To fill up the mi:
a slope raster with the GTOPO30 was <cal cul
by both SRTM and GTOPO30 derived slope data. This overlgpeigion was used to
create a loolup table which allowd transforming the slope from the GTOPO30 to the
slope class shares of the SRTM and fill up the missing regions.

1 Dominant soil classepresentsnost frequent soil classf DSMW soil mapping uni{as
for its relative areagassigned to global grid pixel bgtersecdion (spatial join)of global
grid centroid lattice andriginal DSMW layer. Soil typological units of the particular
DSMW soil mapping unit were classified into five gtefined soil classeBased on
WISE soil profile data on aggregated soil texture classes (coarse, medium and heavy
texture) sandy, loamy and clay soil classes were interpreted; soil typological units
classification was applied for stony and peat soil classes interpretati@bivary value
of 88 was assigned to all n@oil bodies.Sum of the areas of all soil typological units
classified to the same soil class or sum of areas of alsabrbodies having dominant
area portion of the total DSMW mapping unit area Wan apgdied as acriterion for
global grid pixeldominant soil class.

Fig. 3.2: Global HRU coverage

L = ra <17 = -
P A o i b
- I ., i 7 .
s - = >
4—; ! }m?’_ Laye.r 7
e, g J
7b
R
| [ARUcode &
-H\gh:SSS
T ] Low - 111 "
l:l Not relevant areas {pre-dominantly no soil)
T T T T
Altitude, slopeands o i | class value assigned to 56

spatially most frequent class valueo{ averagg! taken from inputdata of higher spatial
(GTOPO30, SRTM) or attribute (DSMW) resol uti
|l i kel yo natur al conditions is adopted here)
| andscape qual ity andal resalutionapixel breatis/ trarsfered to t h e
global gridin data harmonizatioprocessand resliing harmonized information used for

HRU delineationis just broad approximation to real variability of the global landscapes.
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Totally, 150 unique combinationsf altitude, slope and soil class resulted from HRU
delineation proces¢Fig. 3.2). Each delineatedHRU zone is indexed by numerical code
assembled fromcode of altitude, slope and soibn first, second and third position,
respectively

3. 2. 2. 3 solutiorsgeataphiaal grid (BX30)

Overlay of global grid and global exter@(0 A S t 0-1B®A NV damd 180 A
spatial resolution grigabout 50 X 50 km on equatodesigned in geographical coordinate
system WGS 84 was done to get regulahppedzones of global grid indexed by column and
row index of underlying 3006 spatial resol ut
upper | eft cor neX§O0 A Badyzdne wastalemssignedwithx ahdy
coordinate values aorrespondin 0 6 r es o kemttodon pi x el

Fig. 3.3:Real area change with increasing latitude

Real pixel area (ha)
High : 307721,16

[ Low - 3371868

Real area(ha) o f 300 r e swmad aaltuiatech aftefransfatmation of the
geographically not projected data (WGS84 coordinate system) into the equal arealgeograp
projection system (Gooddomolosine projection) following the routine described by Lethcoe
and Klaver (1998)Real aregha)change with latitude is shown on a map (Fi§).3.

306 resolution grid zone ( @ireat dedbgepicalr ef er r
reference for interpolated weather détgndall) as well as it is an arbitrary spatial frame
which is to secure local detail in geographical analyses and interpretation of the input data for
bio-physical modelingtbpography andoil data, land coveand land usstatistics.

3.23. Administrative units (COUNTRY)

Simple overlay(spatial join)of GAUL data and thejlobal grid centroidattice was
doneto get ountry and first szountry level administrativeinit identification (country
code) forall pixels of global grid Consequently, riginal countrylevel administrative unit
codestaken fromoriginal GAUL datasetvere replaced by eountrycode from official UN
country list. UN country codes from adoc constructed lockp table (Tab. 3.1) were
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assgned to all administrative regionshaving no country information in GAUL dataset
(geopolitically controversial administrative region€yriginal GAUL coding was kept only
for subcountrylevel administrative regions.

Country level administrative regioi(further referred as COUNTRYJrovide a spatial
reference for gecodingthe most of nationakvel agricultural census data and national or
national level data on crop managemealendars Subcountrylevel administrative regions
provide an additional spal reference for gecoding the sumational cropmanagement
calendar data for selected countiiesapter 4.3.3)

Tab. 3.1.UN countrycodes for geopoliticallycontroversial administrative regions.

GAUL REGION(COUNTRY UN COUNTRY CODE(COUNTRY NAME)
Aksai Chin 356 (ndia)

Arunashal Pradesh 356 (ndia)

Dhekelia and Akrotiri SBA 196 Cyprug

Gaza Strip 376 (srae)

Hala'ib triangle 818 Egypd

China/India 156 (Ching

llemi triangle 736 Sudan

Jammu Kashmir 356 (ndia)

Kuril islands 643 (Russian Federatign
Madeira Islands 620 (Portuga)

Ma'tan alSarra 736 Sudan

West Bank 376 (srae)

3.3. Landscapeaunits and simulation units

Landscape unit@nd simulation units providemmediate reference for the global
database data displag in geographicabr classicaldatabaseSimple £heme illustrating the
definition and position afheseunits in globadatabase is givem Fig. 3.4

Fig. 34: Landscape zonesnd simulation unitsi definition functional positionand
referenced data

PX30 | | HRU | | COUNTRY |
[ ]
¥
| HRU*PX30 zone |
[
real pixel area (ha) mean altitude l
geographical position representative slope - - -
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reference to climate (reference to analytical
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classical database
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3.3.1. Landscapenits (HRU*PX30 zone, SimU delinetion)

Landscapeainits wereimplementedo satisfy the bigphysical model requirementsr
spatial unitsbeing homogenousas for its naturakonditions and landscape management.
Landscapeunits are the smadist spatial unitcoming fromintersect ofHRU, PX30 and
COUNTRY spatial delineations. The function of landscaprits in global modeling is to
provide both the immediate reference to the data required as fopui®-physical model
(Fig. 34) andto provide the least possible spatial delineat{@hich can bdurther specified
only on nonspatial level chapter 3.3.2) Two hierarchical levelof landscapeunits are
assumedh global modeling:

1 HRU*PX30 zone(Fig. 34.) is delineated as the smalléshdsapebody homogenous as
for its natural conditiongtopography, soil and weatheHJRU*PX30 zoneprovidesdirect
spatial reference for EPIC input data on soil and topography (average altitude,
representative slope and soil typological wpecific analytal value,

9 Simulation unit delineation (further referred as SimU delineatidfig. 3.4, Fig. 3.bis
the HRU*PX30*COUNTRY zonealelineated as the smallest landscape body homogenous
as for its natural conditionghe same as above) bwith further referene toa particular
countrylevel administrative regiorSimU delineatiormprovides direct spatial referender
non spatiainformation on land cover and land uséaximal area of SimU delineation is
equal toana r e a o fspatiahresolBi@dndrid pixednd is areadecrease from about
300000 ha on equator to about @00 ha in high latitudes; minimal area of SimU
delineation is equal tana r e a 0 $patial resolut®rd grid pixelnd is valuedecrease
from about 8 500 ha on equator to about 95 Hagh latitudes.

Fig. 3.5:SimU delineatiorvisualizedas aglobal grid zone.

SimU delineation

] Global grid
[] HRU
[ Pxao
[ counTry

3.3.2. Simulation unit&SimU)

Simulation unit (further referred as SimUs nonspatial semantic uniwhich
represents one of ghlossible land covetand use(for cropland)and via thistwo also land
managemendlternativesvhich can take placm the area defined b$imU delineationFig.
3.4.) In theglobaldatabas&imU represent anit which bears definite information on unique
natural and management condition @rgtat particular placeThis informationis utilized in
bio-physical modelingo asseml# the set of managemeimtternativespecific input filesfor
model runsSimU provides also eeference fointerpretation andisplayingthe bio-physical
modeling ouputs.
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4. Input data interpretation for g lobal database
4.1.Land cover and land use data

4.1.1. Land covestatistics

CombinedGLC2000 and GLU dataseitsterpretationwas done to gaglobal grid and
SimU delineation specific datan cropland area necemsy for setting up the basen
scenarios for agrecosystem modeling (information absent in GLC20&@J data onother
land cover classes area (grasslands, forests, wetlands, other natural vegetation) necessary for
land cover/land use optimization modelifinformation absent in GLU).

Table 4.1:GLC2000 classes derivefiobal databaséand coverclasses

GLOBAL DATABASE LAND COVER CLASS  ORIGINAL GLC2000CLASSESYTab. 2.)

total agricultural land 16,17,18

grassland 13,

forest 1,2,3,4,5,6,9,10
wetlands 7,8,15

other natural vegetation 11,12, 14

not relevant land covers 19, 20, 21, 22

Zonal analyze of prelassified GLC2000 layer (Tab. 4.1.) over the global grid was
done to gepixel specificstatisticson total cropland, grassland, forestetland, other natural
vegetation and not relevant land cover classes real areas (ha). Pixel specific cropléra) area
was calculated from original GLU data by smmg up all particular crop areas over all
assumed management systei@snsistence of GLUAnd GLC2000 data was checked by
subtractingGLU derived cropland area from GLC2000 derived total cropland Besault of
the consistence checkshown on a map (Fig. 4.1).

Fig. 4.1:GLU and GLC2000 land cover data inconsistence.
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