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Food & Water: Some key issues
• Population increase by 2050 will be +50% globally, +60% in LDCs, more 

than doubling in Sub-Saharan Africa. Agriculture demand will grow +70% 
globally, a doubling of food provisioning is needed in LDCs.

• Agriculture is the largest user of water; the sector is highly dependent on 
water resources. It accounts for 70% of total water withdrawals;
some 40% of the global food crop is derived from irrigated agriculture.

• Food and water supply are key human sectors exposed to and dependent 
on climate change. Climate-change impacts are already being felt in many 
countries, further global warming will be unavoidable.

• Agriculture is a major source and sink of greenhouse gases via land use 
changes, land management and livestock production.

• Ecosystems and species losses occur at alarming rates. Competition over 
usage rights is at the core of social and environmental conflicts; integrated 
land use, water and ecosystem management strategies are rare.  

• Widespread poverty and inequity. Achieving food security can only be 
realized within the overall framework of poverty eradication.
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• FAO and IIASA have developed a spatial analysis system that 
enables rational land-use planning on the basis of an inventory 
of land resources and evaluation of biophysical limitations and 
production potentials of land. 

• The AEZ methodology follows an environmental approach; it 
provides a standardized framework for analyzing synergies and 
trade-offs of alternative uses of agro-resources (land, water, 
technology) for producing food and energy, while preserving 
environmental quality.

• The AEZ analysis yields knowledge about current and future 
production potentials of land, helps identify land and water 
limitations and provides insight into current yield and production 
gaps and their causes.

Land Resources & Agro-ecological Zoning:



1. Land Utilization types (LUTs) - Selected 
agricultural production systems with defined 
input and management relationships, and 
crop-specific environmental requirements and 
adaptability characteristics. These are termed 
Land Utilization Types (LUT);

2. Land Resources database - Geo-referenced 
climate, soil and terrain data which are 
combined into a land resources database;

3. Crop biomass and yield and LUT 
requirements matching - Procedures for the 
calculation of potential yields and for matching 
crop/LUT environmental requirements with the 
respective environmental characteristics 
contained in the land resources database, by 
land unit and grid-cell;

4. Assessments of crop suitability and land 
productivity, and

5. Applications for agricultural development 
planning.

Conceptual framework of Agro-ecological Zones methodology 
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Land Characterization Database (Climate)

Monthly climatology 1901 – 2002; CRU at University of East Anglia; interpolated at 5 arcmin 
latitude/longitude (example: average annual temperature, mean annual precipitation)

Temperature Precipitation



Global Agro-ecological Zones
Land Characterization Database (Terrain)

Median altitude, terrain slope and aspect database derived from NASA-SRTM digital 
elevation data at 3 arc-seconds latitude/longitude
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0.5 - 2%
2 - 5%
5 - 8%
8 - 16%
16 - 30%
30 - 45%
> 45%

Elevation Terrain slopes



Global Agro-ecological Zones
Example: Share of grid-cell with Slope>16%



Harmonized World Soil Database
• As part of an ongoing significant update of the global Agro-ecological zones study, FAO 

and IIASA since 2005 have prepared a number of new digital  products:
– Enhanced terrain module (aggregated 5’ grid slope and aspect based on 90m SRTM analysis) 
– Improved climatic modules (including 40 year LGP and T variations)
– Expansion of the number of crops evaluated (~300 crops, including varieties)
– More management options (6 including water harvesting)

• IIASA and FAO with other partners have produced a new harmonized world soil 
database (HWSD) by combining the major regional soil/SOTER maps/databases 
produced over the last 10 years and using soil profile information derived from WISE 
and other sources.





• Soil depth**
• Organic Carbon*
• pH(H2O)*
• CEC  soil*
• CEC  clay fraction*
• TEB*
• Base saturation*
• ESP*
• Calcium carbonate*
• Gypsum*
• Sand fraction*
• Silt fraction*
• Clay fraction* 
• ECe*
• USDA Texture
• Reference Bulk Density
• Soil Drainage**
• Gelic properties**
• Vertic properties**
• Soil Phase information***
*       As specified in “Soil data from WISE for use in Global and Regional AEZ Studies” (Version 1.0)
**     Derived from soil unit, soil texture, soil phase and terrain slope data.
***    Additional information for DSMW, ESDB, and China.

Standardized Soil Attributes 
present in the HWSD



Spatial Distribution and Intensity (percent) 
of Forests, year 2000

Note: calibration of GLC2000 class weights starts from estimated reference weights and is 
based on an iterative scheme to match national / sub-national FRA2000 statistics.
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Source: WCMC, EEA

Spatial Distribution of
Protected Areas



Spatial Distribution of Population 
(pers/km2), year 2000

Source: LandScan, FAO



Ruminant livestock density
(cattle equiv./km2), year 2000

Source: FAO
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• Climate data analysis 
(MODULE I)

• Crop-specific potential 
biomass and yield 
calculations (MODULE II)

• Water-limited crop yields 
(MODULE II)

• Application of agro-climatic 
constraints; estimation of 
agro-climatic attainable crop 
yields (MODULE III)

• Application of agro-edaphic
suitability classifications 
(MODULE IV)

• Crop suitable area and agro-
ecologcical attainable crop 
yields (MODULE V)

• Current crop production 
(MODULE VI)

• Yield and production gaps 
(MODULE VII)

GAEZ v3.0 Modules
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Moisture Ratio (P / PET)
Reference Climate

Source: Global AEZ v3.0, FAO-IIASA Note: Annual ratio of precipitation over potential evapotranspiration 
(FAO reference crop) based on monthly temperature (using grid-based 
climatology of CRU, UK) and precipitation (from GPCC, Germany).
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Multiple-cropping zones for rain-fed crop production, reference climate 1961-90

Multiple cropping 
Zones

CHINAGRO

Rain-fed conditions
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conditions



Crop Suitability and Potential Yield

Agro-climatic
Suitability 

Assessment

Agro-climatic yields

Climate yield constraints
Describes yield reduction factors

due to climate constraints

Crop calendar
Crop calendars yielding optimal 

production conditions

Agro-ecological 
Suitability and productivity

Aggregate crop production potentials 
Accounting for distribution of sub-grid

cell soil and terrain conditions

Crop Suitability
and Potential 

Yield

Agro-edaphic
Suitability 

Assessment
Soil/terrain evaluation

Factors underlying 
agro-climatic yields

M 3

M 4

M 5

M 2



AEZ choice: 
Optimum sowing date/crop-cycle 

combination (Max yield – rad/temp)

Automatic crop calendar in AEZ

JAN JUN DEC

attainable

yield

Length of growing period (rain-fed)

Water deficit 
considered

Note: For each grid-cell and LUT the algoithm determines the highest attainable yield, which then 
defines the respective outcome for that location 



Crop Parameters
Crop characteristics
Adaptability Group 
Growth Cycle
Pre-dormancy period
Post-dormancy period
Maximum Leaf Area Index
Maximum rate of photosynthesis
Crop water requirements
Crop development
Moisture-stress related yield reduction

Crop environmental requirements
Thermal climates 
Temperature profile
Growing period
Dormancy
Post-dormancy accumulated temperature (optimal) 
Post-dormancy accumulated temperature (sub-optimal)
Sensitivity to soil moisture depletion 
Soil and terrain conditions

Crop conversion factors
Harvest index
Cereal equivalent ratio
Extraction rate
Energy contents (Kcal/1000 g)
Protein contents (g/1000 g)
Crop residue-factor (kg dry matter/kg yield)
Crop residue utilization rate
Crop by-product factor (kg dry matter/kg yield)
Crop by-product utilization rate



Irrigated

Reference, 1961-1990

Agro-climatic 
Wheat Yield

Rain-fed



No yield
< 5 t/ha
5-10 t/ha
10-15 t/ha
15-20 t/ha
20-25 t/ha
25-30 t/ha
> 30 t/ha
Water

No yield
< 2.5 t/ha
2.5-5.0 t/ha
5.0-7.5 t/ha
7.5-10.0 t/ha
10.0-12.5 t/ha
12.5-15.0 t/ha
> 15.0 t/ha
Water

No yield
< 1 t/ha
1-2 t/ha
2-3 t/ha
3-4 t/ha
4-5 t/ha
5-6 t/ha
> 6 t/ha
Water

Oil palm

Maize Cassava

No yield
< 1.5 t/ha
1.5-3.0 t/ha
3.0-4.5 t/ha
4.5-6.0 t/ha
6.0-7.5 t/ha
7.5-9.0 t/ha
> 9.0 t/ha
Water

Wheat

No yield
< 18 t/ha
18-36 t/ha
36-54 t/ha
54-72 t/ha
72-90 t/ha
90-108 t/ha
> 108 t/ha
Water

Sugar cane

No yield
< 0.85 t/ha
0.85-1.7 t/ha
1.5-2.55 t/ha
2.55-3.4 t/ha
3.4-4.25 t/ha
4.25-5.1 t/ha
> 5.1 t/ha
Water

Soybean



Spatial Distribution and Intensity (percent) 
of Cultivated Land, year 2000
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Note: calibration of GLC2000 class weights starts from estimated reference weights and is 
based on an iterative scheme to match national / sub-national statistics of year 2000 (FAO 
AT2015/2030 adjusted cultivated land).



MODULE VI:
DOWNSCALING OF 

ACTUAL CROP 
PRODUCTION

Land 
Resources
Database

M1

Maps:
• Rain-fed and irrigated 

cultivated land by 5’ grid cell 
• Harvested area, yield and 

production of the main 
crops in the rain-fed and 
irrigated cultivated land

• Yield potential of actual 
crop land

MODULE VI: DOWNSCALING OF 
AGRICULTURAL PRODUCTION STATISTICS

GIS:
•land cover shares
•crop potential yields 
•distance to market
• spatial ‘prior’

Grid-cell database M5
• Cultivation factor 
• Potential yield of current 

cultivated land

FAO Crop 
Statistics



Harvested Wheat Area in 2000

Note: Downscaling of 1999-2001 average harvested wheat area to a 5 arc-min global raster (in 1000 hectares per grid cell).

Source: FAOSTAT, GAEZ v3, 2011. 



Source: FAOSTAT, GAEZ v3, 2011. 

Wheat Production in 2000

Note: Downscaling of 1999-2001 average wheat production to a 5 arc-min global raster (in 1000 tons per grid cell).



Ratio of actual (in year 2000) to 
potential crop production



• Irrigated area has expanded to about 300 million 
ha worldwide, about 19% of total cultivated land. 

• Agriculture is the largest user of water among 
human activities: irrigation water withdrawals are 
70% of the total anthropogenic use of renewable 
water resources. 

• Agriculture is in competition with other water users
and has impacted negatively on the environment.

• In many areas water availability rather than 
warming per se is expected to be the most critical 
CC impact factor.

Water and Agriculture:



Global Map of Irrigated Areas

Source: GMIA ver 4, FAO/University of Frankfurt (2007)
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Harvested Area and Production by 
Water Source, in 2000

Region Harvested
(mill. ha)

Area % with 
Irrigation

Production
(bill. $2000)

Prod. % 
irrigated

North America 196.6 14.5 150.4 28.8

Europe & Russia 244.7 11.0 168.8 21.6

Oceania 50.5 6.5 20.5 23.5

South America 104.3 9.6 76.3 19.7

Sub-saharan Africa 166.6 4.3 56.9 10.6

N. Africa & W. Asia 53.7 36.6 44.2 69.0

Asia (excl. W. Asia) 531.9 43.2 436.9 56.1

TOTAL 1348.3 24.1 953.1 40.0

Note: Crop areas and production were calculated as 3-year averages for 1999-2001. Production was 
aggregated from the detailed FAOSTAT crop list using international price weights (Geary-Khamis 
prices) for year 2000.

Source: FAOSTAT, GAEZ v3, 2011
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Global Harvested Area by Crop Group and Water Source, in 2000

Global Production by Crop Group and Water Source, in 2000

Source: FAOSTAT, GAEZ v3, 2011



 

None or very low
< 10 Mm3
10 - 50 Mm3
50 - 200 Mm3
200 - 500 Mm3
500 - 1000 Mm3
1000 - 1500 Mm3
> 1500 Mm3

Note: Domestic water withdrawals are downscaled by applying the per capita domestic water use to population of each 
pixel. Industrial water withdrawals were downscaled by using the industrial water use per unit GDP and applying 
downscaled information on GDP. Water consumption is assumed to be 30% of domestic use and 10% of industrial use. 
Agricultural water consumption is assumed to be the sum of crop water deficits in irrigated areas generated in the AEZ 
analysis and the water used for livestock consumption, applied to a global spatial data set of livestock distribution 
prepared by FAO. 

Annual water withdrawal (million m3/year)



IMPACTS OF CLIMATE CHANGE 
ON CROP YIELDS AND WATER 

DEMAND



Sensitivity of Agro-ecosystems to
Global Environmental Change

• Global warming
+ Removal of cold temperature limitations
+ Longer growing season
– Faster growing period
– Exceedance of temperature thresholds
– Increased crop water requirements
– Increased incidence of pests and diseases

• Changes in composition of atmosphere
+ Yield increases due to CO2 fertilization
+ Increased water-use-efficiency
– Pollution (e.g. tropospheric ozone)

• Alterations in precipitation patterns, soil 
moisture conditions, surface runoff

• Increased occurrence of extreme weather 
events

• Increased climate variability

+/-

+/-

-

-

+



Projections of Future Changes in Climate

Precipitation increases very likely in high latitudes.

Decreases likely in most subtropical land regions.

Source: IPCC Fourth Assessment Report, Working Group I
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Climate Change 
and Regional Food 

Production

Source: Fischer et al., 2009



Irrigated 
Wheat

HadCM3, IPCC A2, 2050s
Reference, 1961-1990

Agro-
climatically 
Attainable 

Yield



China North RegionTemperature change vs CO2 
concentration

China Northeast Region

Precipitation change (%) vs 
Temperature change
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China: Climate Change Impacts on average 
Crop Water Requirements in Irrigated Areas

0

200

400

600

800

1000

1200

Reference 2020s 2050s 2080s

W
at

er
 re

qu
ir

em
en

t (
m

m
)

IRRI

RFED

0

200

400

600

800

1000

1200

Reference 2020s 2050s 2080s

W
at

er
 re

qu
ir

em
en

t (
m

m
)

IRRI

RFED

HadCM3, IPCC A2 Scenario

CSIRO, IPCC A2 Scenario

With climate change the share of 
irrigation in total water 
requirements as well as the total 
amount of water to be 
supplemented by irrigation 
increases; magnitude dependent 
on scenario and climate model.

Calculation based on (i) spatial 
grid of climate and irrigated land 
areas and (ii) FAO/IIASA AEZ crop 
soil water balance method.



China: Climate Change Impacts (% change) on 
Indicators of Agricultural Water System

Note: percent change relative to respective reference projection without climate change. Crop water requirements 
(CWR) calculated as crop-specific potential evapotranspiration (plus special allowance for paddy). Almost all of 
China’s water is from internal renewable water resources (WRI).

In year 2000:
� 54 million ha irrigated out of total 128 million ha cultivated land (~ 42%)
� Agriculture uses 427 billion m3 out of 630 billion m3 annual water 

withdrawals (~ 68%)

Climate Percent change in 2020s Percent change in 2050s

Scenario PREC CWR WRI PREC CWR WRI
HadCM3A2 1.1 6.7 -3.0 10.0 12.3 8.3

CSIRO A2 3.0 5.7 0.2 6.7 12.1 0.6

CGCM2 A2 0.2 11.0 -6.8 1.5 17.6 -9.3

ECHAM A2 -0.2 7.1 -6.0 5.3 10.4 -0.5

HadCM3 B1 4.0 2.2 3.9 9.5 8.8 9.3

CSIRO B1 4.2 6.5 0.4 7.4 9.7 2.6



THE GLOBAL LAND RUSH: 
LARGE-SCALE ACQUISITION 

OF LAND



Methodology for estimating ‘fair’ land values
(1) Assemble global/regional land resources database; in this study we 

use GAEZ v3 (FAO-IIASA, 2011).
(2) Assess suitability for major crops and estimate attainable agro-

ecological yield and production (in this study:  maize, sorghum, 
wheat, soybean, groundnut, oil palm, sugar cane, cassava, cotton).

(3) Estimate for each crop and location the required inputs (seed, 
fertilizers, labor, machinery, and other costs) using a generic set of 
production technologies.

(4) Construct ‘umbrella’ crop based on assessed major crops, selecting 
in each grid cell the one maximizing estimated net output value. 

(5) Calculate ‘fair’ land values on the basis of estimated attainable 
output value minus location-specific reference production costs and 
transportation costs.

(6) Summarize grid-cell outcomes and tabulate by current land 
cover/use category, protection status and land value class.



Protected area
> 50% Forest
Water

Protected area
> 50% Forest
Water

Spatial Distribution of ‘No Go’ Areas: 
Closed Forest and Protected Areas



No yield
< 500 GK$/ha
500-1000 GK$/ha
1000-1500 GK$/ha
1500-2000 GK$/ha
2000-2500 GK$/ha
2500-3000 GK$/ha
> 3000 GK$/ha
Water
Protected area
> 50% Forest

No yield
< 500 GK$/ha
500-1000 GK$/ha
1000-1500 GK$/ha
1500-2000 GK$/ha
2000-2500 GK$/ha
2500-3000 GK$/ha
> 3000 GK$/ha
Water
Protected area
> 50% Forest

Potenial Productivity of ‘umbrella’ crop 
outside ‘No-Go’ Areas (GK$/ha)



< 20 $/ton
20 - 50 $/ton
50 - 100 $/ton
100 - 200 $/ton
200 - 500 $/ton
> 500 $/ton
Water

< 20 $/ton
20 - 50 $/ton
50 - 100 $/ton
100 - 200 $/ton
200 - 500 $/ton
> 500 $/ton
Water

Transport cost to nearest port (US$/ton)

Source: World Bank (2011, unpublished).



Region
Total Grass/ 
Wood Land 

excl. ‘No-Go’

VS+S+MS 
Grass/Wood 

Land

NVP > 1000 
Grass/Wood 

Land

NVPT>1000 
Grass/Wood 

Land

Northern America 502 77 5 2

Europe & Russia 512 106 4 1

Australia & N.Zealand 457 69 5 3

Latin America 606 282 152 57

Sub-saharan Africa 855 403 194 85

North Africa & West Asia 87 12 0.0 0

Asia (excl. W.Asia) 563 101 17 8

World Total 3587 1052 378 156

Grass/Wood Land outside ‘No-go’ areas 
suitable for ‘umbrella’ crop (mill. ha)

Source: Calculations by authors based on FAO-IIASA GAEZ v3 database, 2011

Note: Extents of land currently classified as grass/wood land outside ‘No-Go’ areas. The table shows (i) total 
extents, (ii) land very suitable, suitable and moderately suitable for rain-fed cultivation of at least one of nine 
major agricultural crops (maize, sorghum, wheat, soybean, groundnut, oil palm, sugar cane, cassava, 
cotton), (iiI) of which with NVP (excl. transport) > 1000 $/ha, and (iv) NVP (incl. transport) > 1000 $/ha. 



Countries with large 
extents of potential 

highly productive land

Million hectares
Source: Calculations by authors based on FAO-IIASA 
GAEZ v3 database, 2011

Note: The diagrams show extents of land 
currently classified as grass/woodland 
outside ‘No-Go’ areas and with an 
estimated NVP exceeding 1000 US$/ha, 
based on assessment of nine major 
agricultural crops (maize, sorghum, wheat, 
soybean, groundnut, oil palm, sugar cane, 
cassava, cotton).
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BIOENERGY DEVELOPMENT
Undefined
No constraints
Slight constraints
Moderate constraints
Severe temperature
Severe moisture
Severe wetness
Severe terrain
Severe soil
Water
Urban



REFUEL, Main ObjectivesREFUEL, Main Objectives

EU27+



Feedstock groups:
Oil crops
Rapeseed; Sunflower; Soybean; Oilpalm; 
Jatropha
Sugar crops
Sugarcane; Sugar beet; Sweet sorghum
Starch crops
Wheat; Rye; Triticale; Maize; Sorghum; Cassava
Herbaceous lignocellulosic plants
Miscanthus; Switchgrass; Reed canary grass
Woody lignocellulosic plants
Poplar; Willow; Eucalyptus

Bio-fuel 
Feedstocks



0,00
7,98
15,97
23,95
31,94
39,92
47,91
55,89
63,88
71,86
79,84
87,83
95,81
103,80
111,78
119,77
127,75

0,00
12,50
25,00
37,50
50,00
62,50
75,00
87,50
100,00
112,50
125,00
137,50
150,00
162,50
175,00
187,50
200,00

Biofuel Feedstock Yield Potential
(a) Attainable energy yields of (1st generation) 

starch crops, sugar crops and oil crops
(GJ/ha, biofuel equiv.)

(b) Attainable energy yields of (2nd generation) 
woody and herbaceous ligno-cellulosic 

feedstocks (GJ/ha, biofuel equiv.)

Source: Land Use Change and Agriculture Program, IIASA, 2007
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POLAND – Suitability for biofuel feedstock Feedstocks

SUITABILITY distribution on 
agricultural area (%)

Average YIELD (rainfed)
in suitability class

Suitability 
index VS S MS ms NS VS S MS Ms Unit of Yield

Herbaceous 33 10 18 0 39 17.1 13.3 9.4 5.4 ton d.w./ha
Woody 14 37 31 10 7 13.3 10.6 7.2 4.1 ton d.w./ha
Cereals 34 11 16 4 35 8.6 6.5 4.5 2.9 ton d.w./ha
Sugar crops 25 17 14 6 38 8.6 6.7 4.5 2.6 ton sugar/ ha
Oil crops 35 11 15 4 34 1.5 1.2 0.8 0.5 ton oil / ha
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The GAEZ Viewer

GAEZ Viewer 
Database
~19 TB

User tailored
Results

Complete
set of

Results
GAEZ Model

Web access



Compilation of 
Land Resources 

Data base

Assessment of 
Crop Potentials

Downscaling of 
Crop Statistics

Estimation of 
Yield and Production

Gaps

Terrestrial
Resources

Steps in GAEZ 
Assessment

Agro-Climatic
Resources

Suitability & 
Potential Yield

Actual Yield
& Production

Yield & 
Production Gaps

GAEZ
Themes

GAEZ
Sub-themes

• Soil Resources
• Terrain Resources
• Land Cover
• Protected Areas
• Population, Livestock, 

Accessibility

• Thermal regimes
• Moisture regimes
• Growing period

• Agro-climatic yields
• Climate yield constraints
• Crop calendar
• Agro-ecological 

suitability & productivity

• Aggregate value of crop 
production and yield

• Crop harvested area, 
yield and production

• Yield gap
• Production gap
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A B



GAEZ features:
• 49 crop species (food, feed, fiber and fuel)
• ~300 crop sub-types (land utilization types)
• Management systems (e.g. irrigated/rainfed, 

input level)
• Current climate (average, time series)
• Climate change scenarios (2020’s, 50’s, 80’s)
• Outputs from four GCMs
• 5 arc-minute resolution (~10 km at equator)



Some GAEZ Outputs in Viewer
1. Agro-climatic indicators, e.g. length of growing period, 

annual and seasonal P/PET ratio, etc.

2. Crop suitability, by six classes 

3. Attainable potential yields for each crop type and 
management level

4. Water deficit and water-stress indicators

5. Quantified crop production constraints (thermal, moisture, 
soil, terrain); in maps and tabulated results

6. Downscaled statistical crop production

7. Yield gaps (downscaled statistical vs potential production)

8. Additional datasets (e.g. land cover types, irrigated areas, 
population density, …).









GAEZ  Documentation

- User’s Guide
-Administrator Guide
- Model documentation
- Research report
-API Documentation



Summary:
• Agro-ecological zoning is a flexible spatial analysis tool which follows 

a systematic environmental approach. Provides standardized 
framework for land resources appraisal and for analyzing alternatives 
of agro-resources use.

• Includes a variety of agro-climatic and agro-edaphic indicators 
suitable for across-site analysis and up-scaling. Can assess historical 
variability and can factor in future climate change.

• Estimates the suitability and productivity of a large number of crops 
across a wide range of environmental settings. It calculates reference 
values for major production cost components.

• Contains an automatic crop calendar search enabling analysis along 
climatic gradients and simulating ‘smart farmer’ behavior and 
adaptation to climate change.

• AEZ can be applied in current agricultural areas (e.g. yield gap) and 
potential suitable areas; identify and exclude ‘No-Go’ areas.



http://www.iiasa.ac.at/Research/LUC


