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Foreword 

The 2030 Agenda for Sustainable Development puts a strong emphasis on an integrated 
approach to achieving Sustainable Development Goals (SDGs) that can harness synergies and 
minimize potential trade-offs. Agriculture systems worldwide must become more productive 
and less wasteful. Sustainable agricultural practices and food systems, including both 
production and consumption, must be pursued from a holistic and integrated perspective. The 
sustainable use of land resources, notably in agriculture, can play an important role in 
accelerating the achievement of many SDGs.  

More innovations and coordinated efforts are needed to sustainably improve the global supply 
chain, decrease food losses and waste, and ensure that all who are suffering from hunger and 
malnutrition have access to safe and nutritious food. The current trajectory of growth in 
agricultural production is unsustainable because of its negative impacts on natural resources 
and the environment. One-third of farmland is degraded, up to 75 percent of crop genetic 
diversity has been lost and 22 percent of animal breeds are at risk. Land, water, healthy soils 
and plant genetic resources are key inputs into food production, and their growing scarcity in 
many parts of the world with increased environmental challenges, such as climate change, make 
it imperative to use and manage them sustainably.  

An integrated decision-making process at national and regional levels is needed to achieve 
synergies and adequately address trade-offs in land use, water allocation and climate mitigation 
measures to avert conflicts among agriculture, energy production and climate change 
mitigation. Even though traditional knowledge can address some of the challenges at 
community scale, the full spectrum of available farming possibilities at national, regional and 
global levels is not known. Little technological means and few comprehensive information 
systems are available to support well-informed plans or implementation of strategies. 

The Agro-Ecological Zones (AEZ) methodology is a successful approach used in land evaluation 
to support sustainable agricultural development. AEZ relies on well-established land evaluation 
principles to assess natural resources for identifying suitable agricultural land utilization 
options. It identifies resource limitations and opportunities based on plant eco-physiological 
characteristics, climatic and edaphic requirements of crops and it uses these for evaluating 
suitability and production potentials for individual crop types under specific input and 
management conditions. Managing the constraints imposed by agro-ecological conditions and 
knowing what the most viable crop options are, can facilitate planning decisions and induce 
choices that, while more productive, are sustainable and resilient to climatic variability. 

The Food and Agriculture Organization of the United Nations (FAO) and the International 
Institute for Applied Systems Analysis (IIASA) have cooperated over several decades to develop 
and implement the AEZ modelling framework and databases. Both FAO and IIASA have been 
employing AEZ for evaluating land utilization potentials of natural resources in numerous 
assessments at global, regional and national scales. 
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The AEZ methodology was initially implemented in the 1980s to assess the capacity of the 
world's natural resources to meet the needs of a fast-growing global population, particularly in 
developing countries. Rapid developments in computing and geo-information technology have 
produced increasingly detailed global databases and IT resources, which made possible the first 
global AEZ assessment in 2000 (GAEZ v1). Since then, global AEZ assessments have released in 
2002 (GAEZ v2) and 2012 (GAEZ v3). 

The current version of GAEZ estimates sustainable crop production potentials for historical, 
current and future climatic conditions, comprising of several terabytes of spatial data at 5 arc-
minutes (about 9 x 9 km at the equator). Production potentials are assessed for various 
(sustainable) levels of inputs and field management under rain-fed and irrigation water supply 
systems for several thousand combinations of crop-type, management level, water supply 
source and time period. Additionally, GAEZ v4 has produced a spatial representation of current 
agricultural production statistics (FAOSTAT) for year 2010. This database provides a complete 
spatial representation of current crop areas, yield and production for 26 major crop groups. By 
linking the actual crop production with corresponding spatial crop potentials, FAO and IIASA 
achieved unique global estimates of current (year 2010) yield and production gaps. 

This model system documentation provides updated information on the GAEZ v4 
methodological structure and describes the conceptual framework of individual assessment 
modules in ten chapters. Model input parameters and additional technical information are 
provided in appendices. The document will support users of the GAEZ v4 data portal and is 
specifically recommended for AEZ modelers and users such as researchers and planners at 
national and international research institutes and multilateral organizations dealing with 
sustainable utilization of land resources, agricultural development and food security. 
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Abbreviations and acronyms 

AEZ Agro-Ecological Zones  
AWC Available soil Water Capacity  
BADC  British Atmospheric Data Centre  
CMIP5 Coupled Model Inter-comparison Project Phase 5  
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ETm Maximum evapotranspiration  
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FAO Food and Agriculture Organization of the United Nations  
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1. Introduction 

The Agro-Ecological Zones methodology 
The quality and availability of land and water resources, together with socio-economic 
conditions and institutional factors, are essential to assure sustainable food security. In order to 
optimize the wise use of the land and water resources it is important to determine their 
agronomic potential. The crop cultivation potential describes the agronomically possible upper 
limit to produce different crops under given agro-climatic, soil and terrain conditions for 
specific levels of agricultural inputs and management conditions. 

The Agro-Ecological Zones (AEZ) approach determines for each location of the globe the 
cultivation potentials for about 50 crops, modelled by more than 300 generic production 
systems, and is based on the fundamental principles of land evaluation (FAO, 1976, 1978, 1984, 
1993, 2007a). The AEZ concept was originally developed by the Food and Agriculture 
organization of the United Nations (FAO) and over time, the International Institute for Applied 
System Analysis (IIASA) and FAO have together further developed and applied the AEZ 
methodology and the supporting databases and computer programs. 

The current Global AEZ (GAEZ v4) provides a further update of data and extension of the 
methodology compared to the release of GAEZ v3 (Fischer et al., 2012). The GAEZ v4 update 
includes 2010 baseline data (compared to a baseline of 2000 in v3) comprising land cover, 
protected areas and areas of high biodiversity value, renewable water resources and climatic 
conditions for a time series of historical data and a selection of future climate simulations using 
recent IPCC AR5 Earth System Model (ESM) outputs for four Representative Concentration 
Pathways (RCPs). 

Climatic data comprises precipitation, temperature, wind speed, sunshine duration and relative 
humidity. These parameters are used to compile agronomically meaningful climate resources 
inventories including quantified thermal and moisture regimes in space and time. Geo-
referenced global climate, soil, terrain and land cover data are combined into a land resources 
database, which is assembled on the basis of global grids, with a resolution of 30 arc-seconds 
(about 0.9 km by 0.9 km at the equator) and 5 arc-minutes (about 9 km by 9 km).  

Matching procedures to identify crop-specific limitations of prevailing climate, soil and terrain 
resources and evaluation with simple and robust crop models, under assumed levels of inputs 
and management conditions, provide maximum potential and agronomically attainable crop 
yields for basic land resources units. The assessed agricultural production systems are defined 
by water supply systems and levels of inputs and management circumstances. These generic 
production systems used in the analysis are referred to as Land Utilization Types (LUT).  

Attributes specific to each LUT include crop information such as crop parameters (crop growth 
cycle duration, harvest index, maximum leaf area index, maximum rate of photosynthesis, etc.), 
cultivation practices and input requirements, and utilization of main produce, crop residues and 
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Figure 1-1 Overall structure and data integration of GAEZ v4 (Module I-VII) 
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of available empirical data, the estimates of constraint ratings have been mostly obtained 
through expert opinion. 

For application in GAEZ v4, the approximation of the impact of these yield constraints based on 
prevailing climatic conditions has been reviewed and adjusted in some cases (e.g. for silage 
maize). Agro-climatic constraints for new LUTs (e.g., grain-, sugar- and biomass-producing 
sorghum species; napier grass; para rubber) have been added.  

Module IV: agro-edaphic constraints 
Module IV estimates yield reductions due to the constraints induced by soil limitations and 
prevailing terrain-slope conditions. Crop yield impacts resulting from sub-optimum soil and 
terrain conditions are quantified separately for soils and terrain-slopes. The soil suitability is 
assessed through crop specific evaluations of seven major agronomic soil qualities estimated 
from soil attributes available in the Harmonized World Soil Database, HWSD v1.2 (Nachtergaele 
et al., 2012). Soil qualities include soil nutrient availability, soil nutrient retention capacity, soil 
rooting conditions, soil oxygen availability, presence of lime and gypsum, presence of soil 
salinity and sodicity (sodium) conditions, and soil management/workability constraints. These 
limitations are estimated on a crop-by-crop basis and are combined into a crop and input 
specific edaphic suitability rating. Available soil Water Capacity (AWC), an important parameter 
in the crop water balance, is estimated from physical and chemical soil characteristics, effective 
soil depth and rooting depth of individual crops. 

The output of Module IV comprises of result tables by crop and water source (rain-fed, gravity 
irrigation, sprinkler irrigation, drip irrigation), which list for each component soil of the soil 
map units recorded in HWSD v1.21 the calculated soil quality indicators and soil unit ratings. 

Module V: integration of climatic and edaphic evaluation 
Module V executes the final step in the GAEZ crop suitability and land productivity assessment. 
It incorporates the LUT specific results of the agro-climatic evaluation for biomass and yield 
calculated in Module II/III for different soil AWC classes and it uses the edaphic ratings 
produced for each crop/soil/slope combination assessed in Module IV. 

The inventories of soil resources and terrain-slope conditions are integrated by ranking all soil 
types in each soil map unit regarding the occurrence in different slope classes. Considering 
simultaneously the slope class distribution of all the grid cells belonging to a particular soil map 
unit and the characteristics of soil types and the shares of the soil map unit assigned to different 
soil types, a data pre-processing step of Module V results in an overall consistent distribution of 
soil-terrain slope combinations by individual soil association map units and 30 arc-sec grid cells 
(i.e., approximately 0.9 km by 0.9 km at the equator). 

The algorithm in Module V steps through the grid cells of the spatial soil association layer of the 
Harmonized World Soil Database and determines for each grid cell the respective make-up of 
land units in terms of soil types and slope classes. Each of these component land units is 
separately assigned the appropriate suitability and yield values and results are accumulated for 
all elements. Processing of soil and slope distribution information takes place at 30 arc-second 
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3. Module I (Agro-climatic analysis)  

Overview Module I 
The main purpose of Module I is the compilation of a geo-referenced climatic resources 
inventory providing a variety of relevant agro-climatic indicators. They give a general 
characterization of climatic resources and of their suitability for agricultural use. Once 
generated in Module I, several agro-climatic layers are then used as input for estimation of crop 
yields and production in Module II (Biomass and yield), quantification of agro-climatic 
constraints in Module III and for estimating agro-ecological suitability and attainable yields in 
Module V (integration of climatic and edaphic evaluation). Figure 3-1 provides a brief overview 
of the information flow in Module I. 

Figure 3-1 Information flow in Module I 
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The moisture regime within an LGP is characterized by different water supply conditions as 
follows: Growing period days without water stress (days when ETa=ETm): When ETa equals 
ETm, the crop water requirements are fully met (i.e., no water stress for plants occurs). From a 
soil water balance point of view these LGP days can further be differentiated as follows: 

1. Daily rainfall is higher than crop water requirements (P > ETm) and available soil 
moisture Sa is below maximum (Sa < Smax). Excess rainfall now adds to replenish the 
available soil moisture storage. 

2. Daily rainfall is higher than crop water requirements, P > ETm, and available soil 
moisture is at its maximum (Sa = Smax). In this case excess precipitation is lost to 
surface runoff and/or deep percolation. 

3. Days when rainfall falls short of crop water requirements (P < ETm) but easily available 
soil moisture exceeds crop water requirements. In this case ETa equals ETm and the soil 
moisture content in the soil profile is decreasing. 

Growing period days with water stress (days when ETa<ETm): ETa falls short of ETm. The crop 
experiences water stress as not enough readily available water can be obtained from rainfall or 
moisture stored in the soil profile. Water stress implies that crop growth and yield formation 
are reduced.  

Discontinuous growing periods  

Total annual LGP days may be in one continuous period or may occur as two or more 
discontinuous growing periods. When available moisture becomes insufficient (ETa < 0.4×ETm), 
LGP ends and/or is interrupted by a dry period. In the case of temperature limitations (Ta < 
5°C), LGP is interrupted by either a dormancy break or a cold-break. This distinction is 
determined on the basis of temperature limits for survival of hibernating crops. During a 
dormancy period hibernating crops can survive as opposed to a cold-break when temperature 
drops below a crop specific critical temperature limit.  

GAEZ can store up to five individual continuous component LGPs. Various soil moisture supply 
stages during the LGP are recorded and several indicators are calculated, including: 

1. Total number of growing period days;  

2. Number of growing period days, during which ETa=ETm; 

3. Number of growing period days when P>ETm; 

4. Number of individual growing periods; 

5. Number of growing period days in individual growing periods; 

6. Begin date of individual growing periods, and 

7. End date of individual growing periods. 
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4. Module II (Biomass and yield 
calculation) 

Introduction 
The main purpose of Module II is the calculation of agro-climatical potential biomass and yield 
for a wide range of land utilization types (LUTs) under various input/management levels for 
rain-fed and irrigated conditions.  

Module II consists of two steps: 

i. Calculation of crop biomass and yield potentials considering only prevailing radiation 
and temperature conditions, and 

ii. Computation of yield losses due to water stress during the crop growth cycle. The 
estimation is based on rain-fed crop water balances for different levels of soil water 
holding capacity. Yield estimation for irrigation conditions assumes that no crop water 
deficits will occur during the crop growth cycle. 

The activities and information flow of Module II are shown in Figure 4-1. 

Figure 4-1 Information flow of Module II 
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Land Utilization Types (LUTs) 
Differences in crop types and production systems are empirically characterized by the concept 
of Land Utilization Types (LUTs). A LUT comprises technical specifications for crop production 
within a given socioeconomic setting. Attributes specific to a LUT include agronomic 
information, type of the main produce, water supply type, typical cultivation practices, 
utilization of produce, and associated crop residues and by-products. The GAEZ v4 framework 
distinguishes more than 1000 crop/LUT and management combinations, which are separately 
assessed for rain-fed and irrigated conditions. These LUTs are grouped into about 50 different 
food, feed, fiber, and bio-energy crops (Appendix 4-1, Table A4-1.2 and Table A4-1.3).  

The calculated yield of each crop/LUT is affected by water source (rain-fed, irrigated) and by 
the assumed intensity of inputs and management. In GAEZ, three generic levels of 
input/management are defined: low, intermediate, and high input level. 

Low level inputs 

Under a low level of inputs (traditional management assumption), the farming system is largely 
subsistence based. Production relies on the use of traditional cultivars (if improved cultivars are 
used, they are treated in the same way as local cultivars), labor intensive techniques, and no 
application of plant nutrients, no use of chemicals for pest and disease control and minimum 
conservation measures. Fallows are required to maintain soil fertility. 

Intermediate level inputs 

Under an intermediate level of input (improved management assumption), the farming system 
is partly market oriented. Production for subsistence plus commercial sale is a management 
objective. Production is based on improved varieties, on manual labor with hand tools and/or 
animal traction and some mechanization, is medium labor intensive, applies some 
nutrients/fertilizer and chemical pest disease and weed control, and uses adequate fallows and 
some conservation measures. 

High level inputs 

Under a high level of input (advanced management assumption), the farming system is mainly 
market oriented. Commercial production is a management objective. Production is based on 
improved or high yielding varieties, is fully mechanized where possible with low labor intensity 
and uses optimum applications of nutrients and chemical pest, disease and weed control. 

In GAEZ, this variety in management and input levels is translated into yield differences by 
assigning different parameters for LUTs depending on the input/management level, e.g. such as 
harvest index and maximum leaf area index. 

LUTs are parameterized to reflect environmental and eco-physiological requirements for 
growth and development of different crop types. Numerical values of crop parameters used in 
the simulations differ depending on the assumed input/management level to which LUTs are 
subjected. 
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Acronym Crop name Acronym Crop name 

pigp Pigeon pea pmlt Pearl millet 

prub Para-rubber rape Rapeseed 

rcgr Reed canary grass ricd Dryland rice 

ricw Wetland rice ryes Rye (the better of srye and wrye) 

sbrl Spring barley sorg Sorghum (best of lsrg, hsrg and tsrg) 

soyb Soybean spot Sweet potato 

srye Spring rye sugb Sugar beet 

sugc Sugar cane sunf Sunflower 

swhe Spring wheat swgr Switchgrass 

teas 
Tea (best of China, Assam and 
hybrid types) 

tmze Temperate/sub-tropical maize 

toba Tobacco toma Tomato 

tsrg Temperate/sub-tropical sorghum wbrl 
Winter, sub-tropical and tropical 
highland barley 

whea 
Wheat (the better of swhe and 
wwhe) 

wpot White potato 

wrye Winter rye wwhe 
Winter, sub-tropical and tropical 
highland wheat 

wyam White yam yams 
Yam (best of wyam, gyam, yyam and 
cyam) 

yyam Yellow yam   

 
As is visible in these maps, substantial global warming projected under RCP8.5 will cause a clear 
geographical shift of the agro-climatic potential wheat yields toward higher latitudes and will 
largely wipe out the potential of current wheat types in the tropics, as is very noticeable in the 
tropical highlands of sub-Saharan Africa and the northern part of South Asia where wheat is 
grown widely in the Rabi season. 




































































































































































































































































































































































































































































