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fertilizer and only limited organic fertilizer, and very limited or no application of 
biocides―considerable fallow periods are needed in the crop rotations to restore soil 
nutrient status and to break pest and disease cycles.

The yields attained in the long term, when accounting for fallow period requirements, 
are well below the estimated short-term maximum attainable yields. Required fallow 
periods vary with soil and climate conditions. On average, long-term yields are 10%, 
20%, and 55% lower than maximum attainable yields at high, intermediate, and low 
levels of inputs, respectively (Table 6). It should also be noted that there is a more than 
threefold increase in short-term attainable yield and a sevenfold increase in long-term 
attainable yield in all regions as farming technology and management increases from 
low to intermediate levels of inputs. At the high level of inputs, the yield level increases 
further—by 60% to 80%. These estimates for low, intermediate, and high levels of 
inputs reflect present knowledge and technology.

Intensification of agriculture will be the main means to increase production. In many 
developing countries, provided adequate inputs and improved management are applied, 
there is considerable scope for increased yields. For example, in the developing 
countries the 1995–1997 actual yields per ha for wheat averaged about 1.8 tons for rain-
fed conditions and 3.1 tons with irrigation, with an overall average of 2.4 tons per ha, 
compared with 3.1 tons per ha for major developed country exporters.

Currently there is a wide variation in the level of inputs (e.g. fertilizer application) 
across regions. In sub-Saharan Africa, an average of 8 kg of nutrients are applied per ha, 
whereas in other developing countries the rate is about 80 kg of nutrients per hectare, 
and in the developed countries over 200 kg of nutrients are applied per hectare. These 
figures are overall averages and include both rain-fed and irrigated crop production. 
There is considerable scope for improved management and use of inputs―particularly 
of nutrients―in many developing countries, especially in Africa and South America, 
where the levels of application are low.

Low inputs Intermediate inputs High inputs
Region Short-

term 
attainable

Long-term 
sustainable

Short-
term 

attainable

Long-term 
sustainable

Short-
term 

attainable

Long-term 
sustainable

Oceania 0.7 0.4 3.2 2.6 5.3 4.8
Asia 1.1 0.5 3.7 3.0 6.2 5.6
Africa 1.1 0.4 3.8 3.1 6.7 6.0
Europe & 
Russia 0.9 0.4 3.6 2.9 5.5 5.0

South & 
Central 
America

1.2 0.6 3.6 3.0 5.6 5.1

North 
America 0.8 0.4 3.6 2.8 5.8 5.2

Developing 
countries 1.1 0.5 3.7 3.0 6.2 5.6
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Developed 
countries 0.9 0.4 3.5 2.8 5.6 5.1

World 1.0 0.5 3.7 3.0 6.0 5.4
VS=very suitable; S=suitable; MS=moderately suitable.

Table 6. Maximum short-term attainable and long-term sustainable yields for rain-fed 
wheat, rice, or grain maize averaged over all VS+S+MS land, by region and level of 

inputs (tons/ha).

The environmental implications of increasing fertilizer and chemical inputs in the future 
will have to be taken into account, along with the lessons and experiences from the 
green revolution. Also, any strategy for increasing food production through 
intensification must consider the socioeconomic issues of small and resource-poor 
farmers—in particular, their access to and ability to purchase inputs. 

In areas where growing periods are sufficiently long, the AEZ methodology takes into 
account viable sequential cropping. To perform this estimation, a multiple-cropping 
zone classification is used to determine feasible crop combinations. The algorithms used 
for constructing cropping patterns have been designed to ensure that typical crop 
sequences in cultivation cycles are used. For instance, in the typical double-cropping 
areas around Shanghai in China, rice or maize was selected as the most productive 
summer crop, and wheat or barley was chosen as the winter crop. Figure 8 shows the 
occurrence of multiple-cropping zones worldwide.

Figure 8. Multiple-cropping zones under rain-fed conditions.

The potential area allowing double or triple cropping of rain-fed cereals is limited in the 
developed world. In Europe and Russia, it is virtually non-existent. In the developing 
world as a whole, about 55% of the land with the potential for rain-fed cultivation of 
cereals is suitable for double or triple cropping. In South and Central America it exceeds 
80%: 65% for double and 17% for triple cropping (Table 7).
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Total suitable Single cropping Double 
cropping

Triple 
croppingRegion

(million ha) (%) (%) (%)

Oceania 87 83 13 4
Asia 366 63 32 5
Africa 678 59 39 2
Europe & Russia 422 100 <1 0
South & Central 
America 606 19 65 17

North America 297 57 30 13
Developing countries 1,645 45 47 8
Developed countries 811 82 13 5
World 2,455 57 36 7

Table 7. Share of cultivable land suitable for multiple cropping of rain-fed cereals at 
intermediate levels of inputs.

3.6. Temperature and Rainfall Sensitivity

Global warming will lead to higher temperatures and changes in rainfall, and this in turn 
will modify the extent and productivity of land suitable for agriculture. The application 
of a set of temperature and rainfall sensitivity scenarios revealed a modest increase of 
cultivable rain-fed land for temperature increases up to 2 °C on a global scale. If 
temperature increases further but precipitation patterns and amounts remain at current 
levels, the extent of cultivable rain-fed land starts to decrease. When both temperature 
and rainfall amounts increase, the extent of cultivable rain-fed land increases steadily. 
For example, a temperature increase of 3 °C paired with a rainfall increase of 10% 
would lead globally to about 4% more cultivable rain-fed land. These figures are 
presented in Table 8.

Temperature increase and rainfall 
changeTemperature increase

+1°C, +2°C, +2°C, +3°C,
Region

+1°C +2°C +3°C +5% +5% +10% +10%
Oceania –4 –5 –9 1 0 4 0
Asia 4 3 –2 5 2 4 0
Africa –4 –8 –12 –4 –8 –8 –13
Europe & Russia 13 17 20 16 21 24 28
Central America –1 –4 –9 –4 –6 –9 –13
South America –4 –11 –20 –7 –13 –14 –23
North America 12 16 20 16 21 24 28
Developing countries –1 –6 –11 –2 –6 –6 –11
Developed countries 11 15 18 15 19 22 25
World 4 3 1 5 5 6 4
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Table 8. Climate sensitivity of land suitable for cereal production (percentage change).

In the developed countries this increase is markedly higher, exceeding 25%. In contrast, 
the developing countries would experience a decrease of 11%, which could have serious 
consequences for food security in a number of poor developing countries in Africa, 
Asia, and South and Central America.

4. Concluding Remarks

4.1. Prospects

The present study has outlined various applications where biophysical assessments 
based on the AEZ methodology can substantially contribute to effective resource use for 
sustainable agricultural development. While improvements of the basic methodology 
and data are a general aim, the planned work is concerned with regional applications 
and case studies. 

The AEZ approach combined with socioeconomic modeling provides an integrated tool 
for sustainable land-use planning and resource development at the sub-national and 
national levels. To date, several regional and more than 20 country studies have been 
undertaken (Figure 9). It is envisaged that the methodology and the results in this first 
Global AEZ assessment will catalyze many more detailed studies, particularly at the 
regional and national levels such as:

 Analysis of impacts of climate variability and climate change on agricultural 
production.

 Inclusion of water resources data and modeling to enhance the assessment of 
irrigation production potentials at watershed level.

 Application of AEZ multiple-criteria analysis of a geographically explicit 
environmental and socioeconomic database to enhance formulation of 
alternative rural development policies.
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Figure 9. Regional and country studies undertaken to date.

4.2. Limitations of the Approach

Important caveats concerning the Global AEZ results must be considered. While the 
study is based on the most recent global data compilations, the quality and reliability of 
these data sets are known to be uneven across regions, including, for example, soil data 
based on the FAO/UNESCO Soil Map of the World (FAO, 1995). Substantial 
improvements are being made to the soil information, and several regional updates have 
recently become available.

The current status of land degradation cannot be inferred from the Soil Map of the 
World. The only study with global coverage―the GLASOD or Global Assessment of 
Soil Degradation study (ISRIC/UNEP, 1991)―indicates that the status of land 
degradation may very well affect potential productivity of land. However, this 
degradation study offers insufficient detail and quantification for application within the 
Global AEZ model.

Socioeconomic needs of rapidly increasing and wealthier populations are the main 
driving forces in allocating land resources to various uses. Such considerations are 
critical for rational planning of sustainable agricultural development. As an extension of 
basic land productivity assessments, IIASA and the FAO have introduced interactive 
multiple-criteria model analysis for use in national and sub-national resource planning. 
It is at this level of analysis that socioeconomic considerations can be effectively taken 
into account.
Though various modes have been pursued for ground-truth control and verifying results 
of the Global AEZ suitability analysis, there is a need for further validation of the 
results and underlying databases.
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Glossary

Agro-ecological zones: Land resources mapping units, defined in terms of climate, 
landform, soils and land cover, and having a specific range 
of potentials and constraints for land use.

Agro-ecological zoning: The division of an area of land into smaller units, which 
have similar characteristics related to land suitability, 
potential productivity and environmental impact.

Agronomically attainable yields: The maximum yield that can be achieved by a 
given cultivar in a given area, taking account of climatic, 
soil and other physical and biological constraints.

Crop environmental requirements: The environmental conditions of land 
necessary or desirable for the successful growth of a crop.

Growing period: The period during the year when both moisture and 
temperature conditions are suitable for crop production. (A 
temperature-related growing period refers to the period 
during the year when temperature conditions are suitable 
for crop production).

Land: An area of the earth’s surface, the characteristics of which 
embrace all reasonable stable, or predictably cyclic, 
attributes of the biosphere vertically above and below this 
area including those of the atmosphere, the soil and 
underlying geology, the hydrology, the plant and animal 
populations, and the results of past and present human 
activity, to the extent that these activities exert a significant 
influence on present and future uses of land by man.

Land quality: A complex attribute of land which acts in a manner distinct 
from the action of other land qualities in its influence on the 
suitability of land for a specified use.

Land suitability: The fitness of a given type of land for a specified kind of 
land use.

Land use: The management of land to meet human needs. This 
includes rural land use and also urban and industrial use.

Land utilization type: A use of land defined in terms of a product, or products, the 
inputs and operations required to produce these products, 
and the socio-economic setting in which production is 
carried out.

Matching: The process of comparing land use requirements with land 
qualities or land characteristics, to arrive at a land 
suitability classification.

Multi-criteria analysis: A set of techniques used to solve problems, which involve 
several objectives being considered simultaneously. In the 
context of integrated land use planning and management, 
multiple criteria analysis techniques are applied to analyze 
various land use scenarios considering simultaneously 
several objectives such as maximizing revenues from crop 
and livestock production, minimizing cost of production 
and environmental damage from erosion.
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Population supporting capacity: Assessment of the number of people a given area 
can support based on the nutritional output of the crop and 
livestock production.

Sustainability: A measure of whether or not a defined system of land use 
can be maintained at acceptable levels of productivity or 
service with realistic levels of input yet without progressive 
physical, biological, economic, or social damage to the 
environment on a specific site over a stated period of time.
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