ANNEX

1

\ 1/ THE AGRO-ECOLOGICAL
ZONES (AEZ)
METHODOLOGY

An agro-ecological zones methodology has been in use since 1978 for determining agricultural production
potentials and carrying capacity of the world’s land area. An agro-ecological zone, as originally defined, is
comprised of all parts of gridcells on a georeferenced map that have uniform soil and climate characteristics.
The suitability of each of these zones for rainfed production of various crops, under different input and
management scenarios is then evaluated. The yield potential of the crops most suited to each zone where
rainfed crop production is possible, determines the overall agricultural production potential of that zone.

Crops evaluated originally include food, fibre and fodder crops and pasture grasses. The Food and
Agriculture Organization of the United Nations (FAO), in collaboration with the International Institute for
Applied Systems Analysis (IIASA), has updated its agro-ecological zones (AEZ) methodology (FAO &
ITASA, 2002). The updated version permits a more refined evaluation of biophysical limitations than the
original, and takes into account the production potential of a larger number of crops.

In conjunction with the updating exercise, a worldwide spatial land resources database has been created
that contains both primary datasets and derived datasets for a large number of variables that affect the production
potential of the world’s land area or reflect the choices that people have made about how to use the land.

The AEZ framework incorporates the following basic elements:

m a georeferenced land resources database that contains some 2.2 million gridcells, and includes (i) an
environmental conditions component comprised of georeferenced global databases for climate, soils,
terrain and elevation, and (ii) a spatial land use and land cover component covering forests, protected
areas, irrigated areas, population distribution and density, land required for habitation and infrastructure,
estimates of cropland, grazing land and sparsely vegetated or barren land, and farming systems;

m astandardized framework for the characterization of soil, terrain and climatic conditions relevant to
agricultural production, and identification of areas with specific climate, soil and terrain constraints to
rainfed crop production;

m selected agricultural production systems with defined input and management relationships, and crop-
specific environmental requirements and adaptability characteristics; these are termed land utilization
types (LUTs);

m procedures for calculating the potential agronomically attainable yield and for matching environmental
requirements of individual crops and LUTs with the respective environmental characteristics contained
in the land resources database, by land unit and gridcell, thus permitting estimation of crop-specific
suitability indices for each gridcell in the database, under different levels of inputs and management
conditions;

m quantification of crop and land productivity potential under different cropping pattern and LUT

assumptions;
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m applications for estimating the land’s population-supporting capacity and for multiple-criteria optimization
of land resource use for sustainable agricultural development, incorporating socioeconomic and demographic
as well as environmental factors.

The AEZ starts with climate and uses terrain and soil types as modifiers, that is climate is determining; only
if climate is suitable will the suitability of the terrain and the soil type be considered. The AEZ approach, as
updated for this report, distinguishes 171 crop types, each of which is assessed at three generic levels of inputs
and management for rainfed conditions and at two generic levels of inputs and management for irrigated
conditions, making a total of 855 crop LUTs. A complete description of the methodology and results obtained
for regions across the globe can be found in FAO & IIASA, 2002 and 2003.
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This Annex contains five global maps showing the part of the world’s land area that is currently used for each
of the following purposes: (i) forest, (ii) cropland, (iii) pasture and browse, (iv) barren and sparsely vegetated
land and (v) built-up area (including urban area and rural settlements) and artificial surfaces. The underlying
map databases have been prepared at a resolution of 5 arc-minutes, or 81 square kilometres at the equator
and about half that at +/- 60’ latitude. Each map database gives the occurrence of one land cover type in every
gridcell of the world’s land surface, expressed as a percentage of the gridcell area. The percentage occurrences
of the land cover types in each gridcell add up to 100 percent. Additional maps show the occurrence of irrigated
area within cropland, and the occurrence of protected area globally. It is s not feasible to generate a single
visually meaningful map that combines the occurrence of all five land cover types, except by using a simple
classification system. The one shown in the Box A2.1 has been used to generate Map A.2.8 and to estimate
the distribution of rural population by land cover type. The GIS databases for all eight maps shown in this
Annex are available on the DVDs that contain the FGGD Digital Atlas for the year 2000 (FAO, 2006).

BOX A2.1
DEGREE OF DOMINANCE OF LAND COVER TYPES

B > 50% built-up area and artificial surface  m > 75% pasture and browse

W > 75% forest M 50-75% pasture and browse
m 50-75% forest M > 75% barren and sparsely vegetated
W > 75% crops M 50-75% barren and sparsely vegetated

W 50-75% crops m mixed (no land cover type dominant)
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MAP A2.1
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MAP A2.3
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MAP A2.5

Occurrence of built-up area and artificial surface
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MAP A2.7
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A2.1 METHOD USED TO ESTIMATE THE DISTRIBUTION OF GLOBAL LAND COVER
The land cover databases are based on the GAEZ study (FAO & ITASA, 2002); for this report, they have been
updated and refined, following the method described below.

The primary objective of the work was to determine the land area actually in use for rainfed crop cultivation
and pasture at the time of the study. For this purpose the GAEZ assessment first created the land cover
databases for built-up area, barren and sparsely vegetated land, forest cover, protected area with and without
agriculture and irrigated area, and excluded these from its estimation of land currently used for rainfed crops
and pasture. The remaining area was allocated to cropland or pasture and browse according to its suitability
characteristics.

For the estimation of land cover shares in individual 5 arc-minute gridcells, data from several land cover
datasets have been used, namely:

i.  the GLC2000 land cover regional and global classifications (European Commission — Joint Research

Centre. 2003);

ii. the global land cover categorization, compiled by IFPRI (IFPRI, 2002), based on a reinterpretation of
the Global Land Cover Characteristics Database (GLCC) version 2.0 (EDC, 2000);

iti. the Global Forest Resources Assessment of FAO (FAQO, 2001);

iv. a refinement of the global 5 arc-minute inventories of irrigated land (FAO & University of Kassel,
2002);

v. an interpretation of the IUCN-WCMC protected areas inventory at 5 arc-minutes (along with other
convention types of legally protected areas to distinguish protected land in two categories, namely
areas where some restricted agricultural use is permitted from areas where cultivation is strictly
prohibited) (UNEP-WCMC Online);

vi. a 30 arc-second population density inventory for year 2000 which provided the basis for estimating land
required for housing and infrastructure (population density map developed by FAO/SDRN, based on
spatial data of LandScan 2002, with calibration to UN 2000 population figures) (FAO, 2005).

Land cover interpretation schemes have been devised that allow a quantification of each 30-arc-second
gridcell into seven main land use/land cover shares. These shares are: cultivated land, subdivided into (i) rainfed
land and (i1) irrigated land, (iii) forest, (iv) pasture and other vegetation, (v) barren and very sparsely vegetated
land, (vi) water and (vii) urban land and land required for housing and infrastructure.

An iterative calculation procedure has been implemented to estimate consistent land cover class weights
that allow the quantification of major land use/land cover shares in individual 5 arc-minute gridcells. Starting
values of class weights used in the iterative procedure were obtained by cross-country regression of statistical
data of cultivated and forest land against aggregated national land cover class distributions obtained from the

geospatial analysis.

A2.2 METHOD USED TO ESTIMATE LAND CURRENTLY AVAILABLE FOR RAINFED
AGRICULTURE

The suitability of all global land area for rainfed cultivation of nine individual crop types and pasture grasses
has been evaluated by the study team (see Section 4.2 ), and individual suitability maps that contain the results
for nine crop groups and pasture are included in the DVDs that accompany the FGGD Digital Atlas for the
year 2000 (FAO, 2006). However, this report gives results only for land cover classes not already in use for

human settlements, forests or irrigated agriculture.
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In order to determine the land area currently available for rainfed crop cultivation and pasture in year
2000, irrespective of suitability, the following land cover classes were considered to be not currently available:
urban area, closed forest, protected area where agriculture should not be occurring and irrigated area. From
FAQ’s 5 arc-minute urban area grid, all pixels where urban area exceeds 25 percent of the area have been
excluded from estimation of currently available land. From the land cover grids, all pixels where forest cover
exceeds 75 percent of the area, all pixels classified by WCMC as pixels where agriculture should not be
occurring and all pixels where irrigated area exceeds 50 percent have been excluded. The suitability of the
remaining area for rainfed agriculture and the distribution of rural population in this area are reported here.
Table A.2.1 shows the distribution of total rural population by region and dominant land cover type for rural

area considered to be not currently available for rainfed agriculture and for rural area considered to be currently

available for rainfed agriculture, irrespective of suitability.
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