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Summary: 
 

Digital database presented here was compiled as a purposeful dataset which is to support GEO-BENE 

project activities targeted towards societal benefit assessment of improved information coming from data-model 

fusion approach applied in agriculture and ecosystem modeling. Version 1.0 of the global database is the first 

approximation to bio-physical model EPIC and agricultural and forestry sector optimization model FASOM 

requirements and a potential of available global observation data and data coming from other sources addressing 

climate, topography, soil, and crop management. Several hierarchically organized spatial reference objects were 

defined to geographically display the global database data. The global scale 5ô spatial resolution grid covering 

land surface was created as primary spatial reference for geographical representation of all other spatial objects. 

Homogenous response units, 30ô spatial resolution grid and country-level administrative units serve the 

secondary spatial reference as well as the basis for delineation of elemental spatial units (tertiary reference) for 

ultimate spatial geographical representation and organization of data in the global database. Global scale and 

publically available data sources used for global database compilation were described and classified into four 

groups (global observation data, digital maps, statistical and census data, and results of complex modeling) for 

the better understanding of the present situation in sources of the data available for global scale agro-ecosystem 

modeling. Data treatment and interpretation methodologies and the way of data harmonization are 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) land cover/land use 

statistics dataset, (ii) topography and soil data dataset, (iii) cropland management dataset, and (iv) climate 

dataset. Self-standing (v) spatial reference dataset provides a tool for geographical representing and visualization 

of the data. Data structure of all the datasets ï tables and attributes ï is also identified and described in the 

technical report. 
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1. Introduction 

 

Global database for bio-physical modeling (further referred as global database) 

described here has been created within 7
th
 EC framework program project GEO-BENE 

(Global Earth Observation ï Benefit Assessment: Now, Next, and Emerging, http://www.geo-

bene.eu/ ). 

Global database is primarily supposed to support the data-model fusion approach in 

agriculture sector modeling based on bio-physical model EPIC - Environmental Policy 

Integrated Climate (Williams et al., 1995) and the data on soil, topography, climate, land 

cover and land use available at global scale. Global database should serve also as a source of 

data on land cover/land use for land use optimization modeling with FASOM model - Forest 

and Agricultural Sector Optimization Model (Adams et al. 1996). Along with its main 

purpose, the global database is also a tool for identification of the gaps in availability of 

necessary global data for successful data-model fusion based interpretations in societal benefit 

area (SBA) agriculture (Justice et Becker-Reshef, 2007) and this way to support the GEO-

BENE participation on a Group on Earth Observation (GEO) activities. 

Data-model fusion based geographical modeling of landscape is not a straightforward 

task. Depending on particular circumstances, it requires more or less complex approach to 

gather all the necessary input information on landscape and natural or human-driven 

landscape processes which is consequently used to carry out appropriate basis for (bio-

physical) model application and interpretation of the modeling results (c.f. Rossiter 2003). For 

global-scale modeling, however, it is not possible to gather directly measured input data in 

such a spatial, temporal and attribute detail which can fully satisfy the requirements of the 

(bio-physical) model.  

This implies that current version of the global database (version 1.0) can be considered 

only a broad approximation to an optimal landscape model necessary for the fully successful 

application of (bio-physical) model and rather than real requirements of (bio-physical) model 

or complex landscape modeling it reflects a compromise between the needs and limits: 

 

¶ general modeling requirements ï (needs) - a) global-scale geographical landscape 

modeling, b) implementation of base-run and alternative scenarios for climate, land cover 

and (arable) land management into the modeling, c) (optional) clustering of EPIC and 

FASOM model within a complex landscape model (input/output data communication 

between individual models); 

¶ input data requirements of the models ï (needs) - a) quantitative data organized within 

global coverage of landscape units which are homogenous as for topography, soil, climate 

and management is essential to run the EPIC model (for more information on EPIC model 

data requirements see the APPENDIX 1), b) statistical data for selected statistical units 

(country-level administrative units further stratified by topography and soil) on area 

portion of land cover/land use categories and/or average values of environmental 

indicators coming from EPIC modeling are required by the FASOM model; 

¶ global data availability and quality ï (limits) - a) thematic data is of various origin: 

geographic data directly based on earth observations (interpreted/non-interpreted), digital 

thematic maps, census data and other geographical data coming from complex 

interpretations or modeling, b) data quality varies significantly across the available data: 

spatial, attribute and temporal resolution of the data, its thematic relevance and general 

accuracy and reliability, c) data accuracy and reliability may decrease after necessary 

http://www.geo-bene.eu/
http://www.geo-bene.eu/
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estimations of missing data based on existing data and/or expert knowledge is done, d) 

simplifications of general modeling concept due to the missing data without the possibility 

of its estimation from existing data sources is necessary; 

¶ data harmonization ï (limits) - common spatial reference and spatial resolution have to 

be set for the data of different source and quality and different way of the data spatial 

referencing (geo-referencing or geo-coding) to the common spatial reference may lead to 

loose of information. 
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2. Primary data identification ï inputs for the global database 

The list of the data sources given below is a result of internet and literature search 

conducted under the first stages of the GEO-BENE project. The aim of this was to gather the 

information on the best data available globally which could satisfy the model (and modeling) 

requirements (for more particular information on EPIC model data requirements see the 

APPENDIX 1). All of the data sources listed below were directly used for compiling the 

global database; identification and description of other data sources without such relation to 

global database would go beyond the scope of this report.  

The final input data selection for models (and modeling) followed an assumption of 

the data sources used for global database should represent a sample of data available from 

public domains and any special contracts or other restrictions except the copyright or easy-to-

get licenses are not needed to get and use the data. Most of data can be directly downloaded in 

digital form using on-line mapping and downloading services; some of the data have to be 

requested from the data authorities, whereas some others represent only a hardcopy 

publications. 

Categorization of the data sources we introduce here should emphasize the differences 

in the way of the data acquisition (data gathering and data processing methods, mapping 

methods) for this could have significant influence on the quality and accuracy of the 

information coming from the data interpretations as well as it can better indicate what global 

earth observation data are up to hand for the SBA agriculture data-model fusion based 

modeling. 

2.1. Global earth observations based digital data 

This group represents the data coming directly from earth observation systems and 

earth observation data only slightly processed or interpreted. Data is originally in raster 

format with various spatial resolutions (e.g. space or air-born observations) or in form of to 

single or multi- point related measurements (e.g. weather station data). 

2.1.1. Digital elevation data (SRTM, GTOPO30) 

The high-resolution global Shuttle Radar Topography Mission digital elevation model 

(further referred as SRTM) derived by NASA (http://www2.jpl.nasa.gov/srtm/) was used as a 

source of global elevation data. SRTM digital elevation model is available in 3ôô horizontal 

resolution (approximately 90 m at the equator) for areas between the latitudes from 60 N to 60 

S, the altitude measure units are meters above a sea level. 

Global 30 Arc Second Elevation Data (further referred as GTOPO30) (http://edc.usgs. 

gov/products/elevation/gtopo30/gtopo30.html) was used as a source of global elevation data. 

GTOPO30 is a global digital elevation model available in 30ôô horizontal resolution 

(approximately 1 km at the equator); the altitude measure units are meters above a sea level. It 

was derived from several raster and vector sources of measured and pre-processed 

topographic information. GTOPO30, completed in late 1996, was developed over a three year 

period through a collaborative effort led by staff at the U.S. Geological Survey's EROS Data 

Center. 

http://www2.jpl.nasa.gov/srtm/
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2.1.2. Land cover data (GLC2000) 

The Global Land Cover for year 2000 (http://www.gvm.jrc.it/glc2000/defaultGLC 

2000.htm) produced as a common activity of several national and international institutions 

coordinated by JRC (further referred as GLC2000) was used as a basic source of land cover 

information at global scale. GLC2000 global raster is available in spatial resolution of 

approximately 32ôô (approximately 1 km at the equator). Information on spatial distribution of 

21 land cover classes interpreted from SPOT 4 VEGETATION 1 program satellite imagery 

(http://www.cnes.fr/web/1468-vegetation.php) using Land Cover Classification System of 

FAO (Di Gregorio et Jansen 2000) is available from GLC2000 legend (Table 2.1). 

 

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, needle-leaved, evergreen 

5 Tree Cover, needle-leaved, deciduous 

6 Tree Cover, mixed leaf type 

7 Tree Cover, regularly flooded, fresh water 

8 Tree Cover, regularly flooded, saline water 

9 Mosaic: Tree Cover / Other natural vegetation 

10 Tree Cover, burnt 

11 Shrub Cover, closed-open, evergreen 

12 Shrub Cover, closed-open, deciduous 

13 Herbaceous Cover, closed-open 

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 vegetation 

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 data (ECWMF) 

The European Centre for Medium-Range Weather Forecasts, Reading, United 

Kingdom provides an integrated weather forecasting system based on of processing manifold 

earth observation data (http://www.ecmwf.int/products/). Grid of 2.5Áspatial resolution data 

on daily weather (further referred as ECWMF) was used to calculate monthly statistics 

required by EPIC weather generator. 

http://www.gvm.jrc.it/glc2000/defaultGLC%202000.htm
http://www.gvm.jrc.it/glc2000/defaultGLC%202000.htm
http://www.gvm.jrc.it/glc2000/defaultGLC%202000.htm
http://www.cnes.fr/web/1468-vegetation.php
http://www.ecmwf.int/products/
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2.2. Digital thematic maps 

This group represents digital versions of hardcopy maps created by classical mapping 

methodologies or other digital thematic maps which has not been directly processed on the 

basis of global earth observations data. Data is originally available in vector format (polygon 

or polyline data). 

2.2.1. Administrative regions (GAUL) 

Global Administrative Regions Layer version 2007 () (http://www.fao.org/geonetwork 

/srv/en/metadata.show?id=12691&currTab=simple, further referred as GAUL) processed 

under the authority of the FAO and European Commission was used as a source of the 

country-level administrative regions data. Countries are in GAUL vector layer identified both 

by country name and country code which can be easily compared with official United Nations 

coding list of countries and world regions (http://unstats.un.org/unsd/methods/m49/ 

m49.htm). 

2.2.2. Soil data (DSMW) 

The digital version of the 1:5 000 000 scale Soil map of the world (further referred as 

DSMW) version 3.6 (http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116&curr 

Tab=simple) 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 minutes resolution 

raster) are attributed with information on soil mapping unit soil components (soil typological 

units and soil phases) and information on their area portion (%) of the soil mapping unit 

delineation. Totally, information on 106 soil typological units classified according to map 

legend (FAO-UNESCO 1974) and 5 miscellaneous non-soil units (glaciers, inland waters, 

dune and shifting sands, rock debris and outcrops, salt flats) can be retrieved from the map. 

2.3. Census and other non-spatial data 

This data group represents mostly the statistical data related (geo-coded) to statistical 

administrative units (country and first sub-country). Some of the data is a result of a slight 

interpretation or aggregation of original statistics. Data is originally digital attribute data 

organized in the tables; some data is in form of hardcopy publications (plain text, tables). 

2.3.1. Agricultural statistics (FAOSTAT, FAOAQUASTAT, IFA) 

FAO on-line data server (further referred as FAOSTAT) provides vide range of 

country specific agricultural statistics. FAOSTAT served a source of 1961 to 2006 years 

country-level statistics on crop harvested areas (http://faostat.fao.org/site/ 567/default.aspx) 

and 2002 to 2005 years statistics on total consumption of nutrients (N, P2O5, K2O) for selected 

countries (http://faostat.fao.org/site/575/default.aspx). 

Website AQUASTAT maintained by FAO (further referred as FAOAQUASTAT) 

provides specific information on water management in agriculture, including irrigation areas 

statistics and water withdrawal by agriculture statistics. Country and crop specific irrigation 

calendar for the 90 countries of the world was used for global database as the source 

information on start and end days of crop planting and harvesting (http://www.fao.org 

/nr/water/aquastat/main/index.stm). 

http://www.fao.org/geonetwork%20/srv/en/metadata.show?id=12691&currTab=simple
http://www.fao.org/geonetwork%20/srv/en/metadata.show?id=12691&currTab=simple
http://www.fao.org/geonetwork%20/srv/en/metadata.show?id=12691&currTab=simple
http://unstats.un.org/unsd/methods/m49/%20m49.htm
http://unstats.un.org/unsd/methods/m49/%20m49.htm
http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116&curr%20Tab=simple
http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116&curr%20Tab=simple
http://www.fao.org/geonetwork/srv/en/metadata.show?id=14116&curr%20Tab=simple
http://faostat.fao.org/site/%20567/default.aspx
http://faostat.fao.org/site/575/default.aspx
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International Fertilizer Industry Association provides statistics on country and crop 

specific fertilizer consumptions (further referred as IFA). IFA dataset 

(http://www.fertilizer.org /ifa/statistics.asp) was used as a source of data on crop and country 

specific fertilizer application rates and total country-level average nutrients consumption (N, 

P2O5, K2O). 

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

Climate and crop calendar for the key producing regions and countries is available 

from U.S. Department of Agriculture document (USDA 1994, further referred as USDA). In 

the publication concentration zones of major crops for each country are identified and 

completed with information on historical averages of crop area (ha), yields (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 calendars, agriculture practices calendars, crop rotations and other information 

on selected crops for the part of Europe (Estonia, Latvia, Lithuania, Poland, Czech Republic, 

Slovakia, Hungary, Slovenia, Romania, Bulgaria and Turkey) are available from publications 

of Kuļera et Genovese 2004a, 2004b, and 2004c (further referred as MARS dataset). 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 database are listed in 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://www.irri.org/science/ricestat/) contains the data on planting and harvest dates (months) 

of rice for selected countries of the world. The crop calendar (planting and harvesting dates) 

of winter and spring wheat for Albania, Austria, Bulgaria, Czech Republic, Finland, Hungary, 

Norway, Poland, Romania, Slovak Republic, Sweden, Switzerland, Ex-Yugoslavia is 

available from publication of Russell et Wilson (1994). Autumn or winter and spring barley 

crop calendar (planting and harvesting dates) for Belgium, Denmark, France, Germany, 

Greece, Ireland, Italy, Luxembourg, Netherlands, Portugal, Spain and United Kingdom is 

available in publication of Russell (1990)  

The potato crop calendar (MacKerron 1992) includes dates of planting and harvesting 

(decade and month) for Germany, France, Italy, Netherlands, Belgium, United Kingdom, 

Ireland, Denmark, Greece, Spain and Portugal. Information about potato and sweet potato 

cultivation with emphasis on developing countries collects International Potato Centre. On 

their web-site are presented the potato crop calendar for countries of Africa, South and Middle 

America and Eurasia (http://research.cip.cgiar.org/confluence/ display/wpa/Home). The crop 

calendar of sweet potato is available for the countries of Africa and Asia (http://research.cip. 

cgiar.org/confluence/display/WSA/Home ). 

2.4. Interpreted data or modeling outputs 

This group represents the data coming from various interpretations based on existing 

data and expert knowledge or data coming from modeling (interpolations results, statistical 

down-scaling results, etc.). Such a data represents secondary data not directly measured or 

collected. The interpretation methodologies used for data creation influence significantly the 

data accuracy and reliability. Various digital geo-referenced or geo-coded data available in 

this group have various spatial resolutions and is available in raster or vector representation 

depending on the data origin.  

http://www.irri.org/science/ricestat/
http://research.cip.cgiar.org/confluence/%20display/wpa/Home
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2.4.1. Soil data (WISE) 

International Soil Reference and Information Centre (ISRIC) 5 by 5ó grid of soil 

properties estimation based on global soil distribution (DSMW) and soil profile data (WISE 

soil profile database, http://www.isric.org/UK/About+Soils/Soil+data/Geographic+data/Glo 

bal/Global+soil+profile+data.htm) interpretation (further referred as WISE, http://www.isric. 

org/UK/About+Soils/Soil+data/Geographic+data/Global/WISE5by5minutes.htm) was used as 

a source of DSMW soil typological unit specific data on soil analytical properties for 5 depth 

intervals of soil profile (20 cm intervals for total depth of 1m). Detailed interpretation 

methodology for WISE compilation is described in publication of Batjes (2006). 

2.4.2. Land use and land management data (GLU, Manure data) 

Global crop distribution data processed by International Food Policy Research 

Institute was used as a source of basic information on land cover and land use. The data 

(further referred as GLU) represents a global coverage of a regular-shaped statistical units (5ô 

spatial resolution grid) attributed with estimated crop cultivation and harvest areas (physical 

area in ha) and crop production (tons/ha) for 20 globally most important crops or 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 the four 

agricultural production systems (high input - irrigated, high input - rainfed, low input - rainfed 

and subsistence management systems). Final dataset resulted from downscaling of many 

national and sub-national agricultural census data using additional spatial information on land 

cover (GLC2000), crop suitability and management system potential yields (agro-ecological 

zones assessment data, Fischer et al. 2000), irrigation areas (Global irrigation map, Siebert et 

al, 2007) and population density data (Gridded Population of the World, http://sedac.ciesin 

.columbia.edu/gpw/index.jsp). All the methodological details are given in the publication of 

You et Wood (2006). Actually, GLU dataset is not available for download by any public on-

line service. For global database GLU data set was provided by IFPRI after personal 

communication with Dr. Liangzhi You. 

Global scale 5ô spatial resolution on nitrogen rates coming from manure application 

(further referred as manure data) compiled by Liu et al. (in press) were used as a source 

dataset on nitrogen fertilization and total manure application. Manure data was interpreted 

from global data on livestock density (Gridded Livestock of the World, 

http://www.fao.org/ag/AGAinfo/resources/en/glw/default.html) developed by FAO in 

collaboration with the Environmental Research Group Oxford and FAOSTAT data on country 

and livestock specific data on slaughter weights using published knowledge on nitrogen rates 

in livestock excretion and amounts of manure recycled to cropland. Actually, manure dataset 

is not available for download by any public on-line service. For global database the dataset 

was provided after personal communication with Dr. Junguo Liu. 

2.4.3. Weather data (Tyndall) 

The Tyndall Centre for Climate Change Research of University of East Anglia, 

Norwich, UK provides data on historical time series of global weather for the period from 

1901 ï 2000 and 16 climate change scenarios (further referred as Tyndall, http://www.cru. 

uea.ac.uk /~timm/grid/TYN_SC_2_0.html). Global scale land surface coverage 0.5Áspatial 

resolution grids of modeled climate data on cloud cover, diurnal temperature range, 

http://www.isric.org/UK/About+Soils/Soil+data/Geographic+data/Glo%20bal/Global+soil+profile+data.htm
http://www.isric.org/UK/About+Soils/Soil+data/Geographic+data/Glo%20bal/Global+soil+profile+data.htm
http://www.isric.org/UK/About+Soils/Soil+data/Geographic+data/Glo%20bal/Global+soil+profile+data.htm
http://www.fao.org/ag/AGAinfo/resources/en/glw/default.html
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precipitation, temperature, vapor pressure were compiled from several interpolated global and 

regional climate datasets. Methodological details of Tyndall data are described in publication 

of Mitchel et al. (2004). 
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3. Reference for geographical representation of the data 

Three-level hierarchical system of geographical objects was designed for spatial 

referencing the global database data on natural and management landscape characteristics. It 

comprises primary geographical reference grid (chapter 3.1), secondary geographical 

reference objects (HRU, 30ô spatial resolution grid and country-level administrative unit, 

chapter 3.2) and tertiary reference objects (landscape units, chapter 3.3). Database reference 

objects (simulation units, chapter 3.3) provide the least non-spatial data reference in the global 

database.  

3.1. Primary geographical reference grid  

Primary geographic reference is the basic spatial frame for geographical representation 

and visualization of all the data stored in global database. It is a basis for spatial referencing 

of secondary and tertiary reference objects. Moreover, primary geographic reference is the 

basic harmonization tool for the geographical data coming from various sources. 

3.1.1. 5ô spatial resolution geographical grid (Global grid) 

Global extent (-90Á S to 90Á N and -180Á W to 180Á E) grid designed in geographical 

coordinate system WGS 84 with pixel resolution of 5ô (about 10 X 10 km on equator) was 

created to serve the primary geographical reference for the global database (further referred as 

global grid). Land surface mask was used to keep only those pixels of global grid which 

represent land surface (any other pixels representing oceans are not relevant for global 

modeling). Land surface mask resulted from intersection of the land surface subsets of the 

most significant geographical data inputs (GTOPO30, SRTM, DSMW, GLC2000, GAUL, 

IFPRI-GLU) harmonized in global grid (chapter 3.2.). Decision was done also to exclude 

Antarctica from global grid due to the most of its area is covered by ice or bare rocks. Totally, 

global grid comprises 2.186.775 pixels. 

Each grid cell of the global grid is indexed by column and row number counted from 

upper left corner of the grid (point coordinates 90Á N, -180Á W). Column numbers ranges 

from 1 to 4320, row numbers ranges from 1 to 2160. Independently from column-row 

indexing each pixel is indexed also by x and y coordinate (decimal degree) of pixel centroid. 

Point lattice can be then displayed via centroid coordinates to visualize global grid in a map. 

This makes global grid independent of a particular GIS platform used for compilation and 

storage of the data as well as it supports the exchange of geospatial data between various GIS 

or database systems via simple and highly interoperable ASCII text files (e.g. txt, csv). 

Classical database tools can be used for storage, maintenance and analyzing the data geo-

referenced to point lattice and GIS support is needed only for displaying the data 

geographically in a map. 

Modeling requires that all the data on area of spatial units is reported as real area 

values (e.g. ha or km
2
). Real area (ha) for each pixel of global grid was calculated as a 1/36 of 

real area of corresponding 30ô resolution grid pixel (chapter 3.2.2). Real area of 30ô resolution 

grid resulted from transformation of the geographically not projected data (WGS84 coordinate 

system) into the equal area geographic projection system (Goode-Homolosine projection) 

following the routine described by Lethcoe and Klaver (1998). 
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3.2. Secondary geographic reference 

Secondary geographic reference objects provide spatial reference for all the data direct 

referencing of which to the global grid is not advantageous or possible (chapter 3.2.2, 3.2.3) 

Secondary reference object also serve as data stratification tool in bio-physical and 

optimization models communication (chapter 3.2.1). Along with referencing function 

secondary spatial reference objects play important role in the delineation of landscape units 

(chapter 3.3., Fig. 3.2).  

Particular secondary geographic reference object is spatially referenced to global grid 

as an attribute value assigned to relevant pixel or group of pixels. It can be geographically 

displayed on a map as a spatial zone of global grid (Fig. 3.1). 

 

Fig. 3.1: Secondary geographical reference object zone (e.g. HRU) visualized via global grid. 

 

 

3.2.1. Homogenous response units (HRU) 

Concept of homogenous response units (HRU) used here was adopted after slight 

modification from earlier works (Schmid et al. 2006, Balkoviļ et al. 2006, Stolbovoy et al. 

2007) as a general concept for delineation of basic spatial units. Only those characteristics of 

landscape, which are relatively stable over time (even under climate change) and hardly 

adjustable by farmers, were selected. HRU is a basic spatial frame for implementation of 

climate-change and land management alternative scenarios into global modeling and therefore 

it is one of basic inputs for delineation of landscape units (chapter 3.4, Fig. 3.4). Moreover, 

HRU provides a possible interface for communication of bio-physical and optimization 

models (EPIC model derived and consecutively HRU level aggregated information on 

environmental indicators can input FASOM optimization modeling). 

 

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

 
LAND CHAR. UNIT CLASS (CLASS INTERVAL) 

   

altitude meters 1 (0 ï 300), 2 (300 ï 600), 3 (600 ï 1100), 4 (1100 ï 2500), 5 (> 2500), 

slope inclination degree 1 (0 ï 3), 2 (3 ï 6), 3 (6 ï 10), 4 (10 ï 15), 5 (15 ï 30), 6 (30 ï 50), 7 (> 50) 

soil  - 1 (sandy), 2 (loamy), 3 (clay), 4 (stony), 5 (peat), 88 (no-soil) 

 

HRU is spatially delineated as a zone of global grid having same class of altitude, 

slope and soil (HRU class definitions are listed in Tab. 3.2.): 

 

¶ Dominant altitude class was calculated by raster algebra as a zonal majority value of pre-

classified GTOPO30 raster altitude class over a one global grid pixel area; 
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¶ Dominant slope class was calculated by raster algebra as a zonal majority value of pre-

classified 30ôô spatial resolution temporary raster slope class over a one global grid pixel 

area. Temporary raster used for calculations was interpreted from original SRTM and 

GTOPO30 data as follows. The SRTM data calculated slopes at 3ò spatial resolution were 

grouped into the classes 0Á- 3Á, 3Á-6Á, 6Á-10Á, 10Á-15Á, 15Á-30Á, 30Á-50Á and >50Á. For the 

30ò resolution raster zonal majority procedure was done to get the 60 N to 60 S extent 

raster of slope classes. To fill up the missing regions from 60ÁN to 90ÁN and 60ÁS to 90ÁS 

a slope raster with the GTOPO30 was calculated. The region 60ÁN to 60ÁS was covered 

by both SRTM and GTOPO30 derived slope data. This overlapping region was used to 

create a look-up table which allowed transforming the slope from the GTOPO30 to the 

slope class shares of the SRTM and fill up the missing regions. 

¶ Dominant soil class represents most frequent soil class of DSMW soil mapping unit (as 

for its relative area) assigned to global grid pixel by intersection (spatial join) of global 

grid centroid lattice and original DSMW layer. Soil typological units of the particular 

DSMW soil mapping unit were classified into five pre-defined soil classes. Based 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 interpretation. An arbitrary value 

of 88 was assigned to all non-soil bodies. Sum of the areas of all soil typological units 

classified to the same soil class or sum of areas of all non-soil bodies having dominant 

area portion of the total DSMW mapping unit area was then applied as a criterion for 

global grid pixel dominant soil class.  

 

Fig. 3.2: Global HRU coverage. 

 

 
 

Altitude, slope and soil class value assigned to 5ô spatial resolution pixel represents 

spatially most frequent class value (not average!) taken from input data of higher spatial 

(GTOPO30, SRTM) or attribute (DSMW) resolution than target dataset (i.e. idea of ñthe most 

likelyò natural conditions is adopted here). This implies that not absolute information on 

landscape quality and variability over the 5ô spatial resolution pixel area is transferred to 

global grid in data harmonization process and resulting harmonized information used for 

HRU delineation is just broad approximation to real variability of the global landscapes. 
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Totally, 150 unique combinations of altitude, slope and soil class resulted from HRU 

delineation process (Fig. 3.2). Each delineated HRU zone is indexed by numerical code 

assembled from code of altitude, slope and soil on first, second and third position, 

respectively. 

3.2.2. 30ô spatial resolution geographical grid (PX30) 

Overlay of global grid and global extent (-90Á S to 90Á N and -180Á W to 180Á E) 30ô 

spatial resolution grid (about 50 X 50 km on equator) designed in geographical coordinate 

system WGS 84 was done to get regularly-shaped zones of global grid indexed by column and 

row index of underlying 30ô spatial resolution grid (column and row indexes counted from 

upper left corner, coordinates 90Á N, -180Á W). Each zone was also assigned with x and y 

coordinate values of corresponding 30ô resolution pixel centroid. 

 

Fig. 3.3: Real area change with increasing latitude 
 

 
 

Real area (ha) of 30ô resolution grid was calculated after transformation of the 

geographically not projected data (WGS84 coordinate system) into the equal area geographic 

projection system (Goode-Homolosine projection) following the routine described by Lethcoe 

and Klaver (1998). Real area (ha) change with latitude is shown on a map (Fig. 3.3). 

30ô resolution grid zone (further referred as PX30) provide a direct geographical 

reference for interpolated weather data (Tyndall) 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 modeling (topography and soil data, land cover and land use statistics). 

3.2.3. Administrative units (COUNTRY) 

Simple overlay (spatial join) of GAUL data and the global grid centroid lattice was 

done to get country and first sub-country level administrative unit identification (country 

code) for all pixels of global grid. Consequently, original country-level administrative unit 

codes taken from original GAUL dataset were replaced by a country code from official UN 

country list. UN country codes from ad-hoc constructed look-up table (Tab. 3.1) were 
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assigned to all administrative regions having no country information in GAUL dataset 

(geopolitically controversial administrative regions). Original GAUL coding was kept only 

for sub-country-level administrative regions. 

Country level administrative regions (further referred as COUNTRY) provide a spatial 

reference for geo-coding the most of national-level agricultural census data and national or 

national level data on crop management calendars. Sub-country-level administrative regions 

provide an additional spatial reference for geo-coding the sub-national crop management 

calendar data for selected countries (chapter 4.3.3). 

 

Tab. 3.1. UN country codes for geopolitically controversial administrative regions. 

 
GAUL REGION (COUNTRY 

LEVEL) 

UN COUNTRY CODE (COUNTRY NAME) 

  

Aksai Chin 356 (India) 

Arunashal Pradesh 356 (India) 

Dhekelia and Akrotiri SBA 196 (Cyprus) 

Gaza Strip 376 (Israel) 

Hala'ib triangle 818 (Egypt) 

China/India 156 (China) 

Ilemi triangle 736 (Sudan) 

Jammu Kashmir 356 (India) 

Kuril islands 643 (Russian Federation) 

Madeira Islands 620 (Portugal) 

Ma'tan al-Sarra 736 (Sudan) 

West Bank 376 (Israel) 

3.3. Landscape units and simulation units 

Landscape units and simulation units provide immediate reference for the global 

database data displaying in geographical or classical database. Simple scheme illustrating the 

definition and position of these units in global database is given in Fig. 3.4. 

 

Fig. 3.4: Landscape zones and simulation units ï definition, functional position and 

referenced data 
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3.3.1. Landscape units (HRU*PX30 zone, SimU delinetion)  

Landscape units were implemented to satisfy the bio-physical model requirements for 

spatial units being homogenous as for its natural conditions and landscape management. 

Landscape units are the smallest spatial units coming from intersect of HRU, PX30 and 

COUNTRY spatial delineations. The function of landscape units in global modeling is to 

provide both the immediate reference to the data required as inputs for bio-physical model 

(Fig. 3.4) and to provide the least possible spatial delineation (which can be further specified 

only on non-spatial level, chapter 3.3.2). Two hierarchical levels of landscape units are 

assumed in global modeling: 

 

¶ HRU*PX30 zone (Fig. 3.4.) is delineated as the smallest landscape body homogenous as 

for its natural conditions (topography, soil and weather). HRU*PX30 zone provides direct 

spatial reference for EPIC input data on soil and topography (average altitude, 

representative slope and soil typological unit specific analytical values); 

¶ Simulation unit delineation (further referred as SimU delineation, Fig. 3.4, Fig. 3.5) is 

the HRU*PX30*COUNTRY zone delineated as the smallest landscape body homogenous 

as for its natural conditions (the same as above) but with further reference to a particular 

country-level administrative region. SimU delineation provides direct spatial reference for 

non spatial information on land cover and land use. Maximal area of SimU delineation is 

equal to an area of one 30ô spatial resolution grid pixel and its area decrease from about 

300 000 ha on equator to about 30 000 ha in high latitudes; minimal area of SimU 

delineation is equal to an area of one 5ô spatial resolution grid pixel and its value decrease 

from about 8 500 ha on equator to about 950 ha in high latitudes. 

 

Fig. 3.5: SimU delineation visualized as a global grid zone. 

 

 

3.3.2. Simulation units (SimU) 

Simulation unit (further referred as SimU) is non-spatial semantic unit which 

represents one of all possible land cover, land use (for cropland) and via this two also land 

management alternatives which can take place in the area defined by SimU delineation (Fig. 

3.4.). In the global database SimU represent a unit which bears definite information on unique 

natural and management condition existing at particular place. This information is utilized in 

bio-physical modeling to assemble the set of management alternative specific input files for 

model runs. SimU provides also a reference for interpretation and displaying the bio-physical 

modeling outputs. 
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4. Input data interpretation for g lobal database 

4.1. Land cover and land use data 

4.1.1. Land cover statistics 

Combined GLC2000 and GLU datasets interpretation was done to get global grid and 

SimU delineation specific data on cropland area necessary for setting up the base-run 

scenarios for agro-ecosystem modeling (information absent in GLC2000) and data on other 

land cover classes area (grasslands, forests, wetlands, other natural vegetation) necessary for 

land cover/land use optimization modeling (information absent in GLU). 

 

Table 4.1: GLC2000 classes derived global database land cover classes  

 
GLOBAL DATABASE LAND COVER CLASS ORIGINAL GLC2000 CLASSESS (Tab. 2.1) 

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 pre-classified GLC2000 layer (Tab. 4.1.) over the global grid was 

done to get pixel specific statistics on total cropland, grassland, forest, wetland, other natural 

vegetation and not relevant land cover classes real areas (ha). Pixel specific cropland area (ha) 

was calculated from original GLU data by summing up all particular crop areas over all 

assumed management systems. Consistence of GLU and GLC2000 data was checked by 

subtracting GLU derived cropland area from GLC2000 derived total cropland area. Result of 

the consistence check is shown on a map (Fig. 4.1).  

 

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

 

 


