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FOREWORDFOREWORD

GIS technology provides the tools for integration of environmental and socio-economic geospatial data
through space and time, allowing possibilities for assessment, monitoring, and change detection in both human
and natural systems.

This publication, jointly prepared by FAO and IIASA, explains the GIS-based methodologies used for
constructing a set of databases relating to biophysical factors that influence agricultural production and rural
vulnerability and shows the distribution of rural populations in various agro-ecological environments. The
databases themselves have been released by FAO as part of a larger collection – the Food Insecurity, Poverty
and Environment Global GIS Database (FGGD) – which is available as a digital atlas on two DVDs, with an
accompanying hardcopy version.

We are confident that continued application of such GIS-based analysis techniques will not only deepen
our understanding of the links between poverty and the environment, but will also prove to be of immediate
use to those concerned with improving living conditions in vulnerable environments in a sustainable manner.

FAO is grateful to the Government of Norway for the encouragement and funding it has provided for this
work.

Jeffrey B. Tschirley
Chief, Climate Change and Bioenergy Division, FAO
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ABSTRACT

This monograph is part of a series of reports that explain how techniques of spatial analysis can be used to
investigate poverty and environment links worldwide. It combines rural population distribution data contained
in the global rural population database for the year 2000 (FAO, 2005) with methods and results of the Global
agro-ecological assessment for agriculture in the 21st Century (Fischer et al., 2002), in order to estimate the
distribution of the world’s rural population by agricultural suitability class, land use category and type of
farming system. Refinements in GIS databases and analysis techniques have been developed collaboratively
by FAO and IIASA in the project Improving Methods for Poverty and Food Insecurity Mapping and its Use
at Country Level, which was jointly implemented by FAO, UNEP/GRID-Arendal and CGIAR centers and
funded by the Government of Norway. The report considers the constraints imposed by environmental
conditions at different levels of human input, evaluates agricultural production potential of the world’s land
area at a resolution of 5 arc-minutes (about 85 square kilometre at the equator), and reports on rural habitation
in relation to agricultural production potential, land use patterns and farming systems. Other related reports
are: A geospatial framework for the analysis of poverty and environment links, Mapping global urban and
rural population distributions and Food Insecurity, Poverty and Environment Global GIS Database (FGGD)
and Digital Atlas for the Year 2000.

Mapping biophysical factors that influence agricultural production and rural vulnerability
by Harrij van Velthuizen, Barbara Huddleston, Günther Fischer, Mirella Salvatore, Ergin Ataman, Freddy O.
Nachtergaele, Marina Zanetti and Mario Bloise

96 pages, 5 boxes, 3 figures,  28 tables, 57 maps.

Environment and Natural Resources Series No. 11, FAO, Rome 2007

Keywords:
Global agro-ecological zones, GAEZ, AEZ, productivity potential, suitability, rural population, GIS, land
cover, farming system, environmental constraint, poverty mapping
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Environment and Energy Series

Remote Sensing Centre Series
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A list of documents published in the above series and other information can be found at the Web site: www.fao.org/sd/enpub1_en.htm



vi

]
M

A
P

P
I

N
G

 
B

I
O

P
H

Y
S

I
C

A
L

 
F

A
C

T
O

R
S

 
T

H
A

T
 

I
N

F
L

U
E

N
C

E
 

A
G

R
I

C
U

L
T

U
R

A
L

 
P

R
O

D
U

C
T

I
O

N
 

A
N

D
 

R
U

R
A

L
 

V
U

L
N

E
R

A
B

I
L

I
T

Y
 

[

ACKNOWLEDGEMENTS

The authors have benefited from the continuous technical advice and counsel of many colleagues in FAO, IIASA,
IFPRI and other organizations. Special thanks go to the following individuals for their technical advice, assistance
for improving the document and/or providing maps and data: Jelle Bruinsma, FAO/ESDG; John Dixon, CIMMYT;
Jippe Hoogeveen, FAO/AGLW; Tim Robinson, FAO/AGAL; Kate Sebastian, IFPRI; Jan Slingenbergh,
FAO/AGAH.

About the authors

The authors are affiliated with the institutions below:
Harrij van Velthuizen, International Institute for Applied Systems Analysis (IIASA)
Barbara Huddleston, Environment and Natural Resources Service (SDRN), FAO
Günther Fischer, International Institute for Applied Systems Analysis (IIASA)
Mirella Salvatore, Environment and Natural Resources Service (SDRN), FAO
Ergin Ataman, Environment and Natural Resources Service (SDRN), FAO
Freddy O. Nachtergaele, Land and Plant Nutrition Management Service (AGLL), FAO
Marina Zanetti, Environment and Natural Resources Service (SDRN), FAO
Mario Bloise, Environment and Natural Resources Service (SDRN), FAO



vii

CONTENTS

iii

v

vi

xi i

1

3

3

3

4

5

5

5

7

8

9

10

10

12

13

13

13

15

15

19

21

21

21

23

24

24

26

27

27

27

29

30

30

32

34

Foreword

Abstract

Acknowledgements

Acronyms

1. INTRODUCTION

2. POPULATION AND HUMAN SETTLEMENTS

2.1 Distinguishing urban and rural area

2.2 Estimating the distribution of rural population

2.3 Size of excluded area and population

3. ENVIRONMENTAL CONDITIONS AND CONSTRAINTS

3.1 Climate 

3.1.1 Thermal climates

3.1.2 Length of growing period zones

3.1.3 Climate variability

3.1.4 Climate constraints

3.2 Soils

3.2.1 Soil types and qualities

3.2.2 Soil constraints

3.3 Terrain slope

3.3.1 Terrain slope classes

3.3.2 Terrain slope constraints

3.4 Environmental constraints to rainfed agriculture

3.4.1 Global occurrence of combined constraints

3.4.2 Distribution of rural population by constraint class

4. LAND PRODUCTIVITY POTENTIALS 

4.1 Procedure for estimating productivity potential of land for rainfed crops and pasture 

4.1.1 Definition of land utilization types (LUTs)

4.1.2 Estimation of maximum attainable and long-term achievable crop yields

4.1.3 Estimation of land productivity potential for rainfed cereals

4.1.4 Variability of rainfed cereal production

4.1.5 Estimation of crop and pasture suitability indices

4.2 Suitability of currently available land for rainfed crops and pasture

4.2.1 Estimation of land area currently available for rainfed agriculture

4.2.2 Suitability results

4.2.3 Multiple cropping zones

4.3 Productivity potential of currently available land for rainfed crops and pasture

4.3.1 Productivity potential for rainfed crops with maximizing technology mix

4.3.2 Productivity potential of currently available land for rainfed pasture

4.4 Distribution of rural population on currently available agricultural land



viii

]
M

A
P

P
I

N
G

 
B

I
O

P
H

Y
S

I
C

A
L

 
F

A
C

T
O

R
S

 
T

H
A

T
 

I
N

F
L

U
E

N
C

E
 

A
G

R
I

C
U

L
T

U
R

A
L

 
P

R
O

D
U

C
T

I
O

N
 

A
N

D
 

R
U

R
A

L
 

V
U

L
N

E
R

A
B

I
L

I
T

Y
 

[

39

39

40

45

47

49

54

54

57

67

5. PRODUCTIVITY POTENTIALS IN MAJOR FARMING SYSTEMS OF DEVELOPING AND TRANSITION COUNTRIES

5.1 Farming system zones of developing and transition countries 

5.2 Distribution of suitable area, current land cover and rural population by major farming system class in

developing and transition countries

REFERENCES

ANNEX I

The agro-ecological zones (AEZ) methodology  

ANNEX II

Global land cover and availability of land for rainfed agriculture

A.2.1 Method used to estimate the distribution of global land cover 

A.2.2 Method used to estimate land currently available for rainfed agriculture

ANNEX III

Suitability of currently available land for crop groups 

ANNEX IV

Main characteristics of farming systems 



ix

6

23

27

34

49

1

28

28

4

4

6

8

9

11

15

17

18

19

22

24

25

30

32

33

36

BOXES

Box 3.1 Classification of thermal climates

Box 4.1 Assumed levels of inputs and management in farming systems under three input scenarios

Box 4.2 Crop and pasture suitability classes

Box 4.3 Combined agricultural suitability classes

Box A2.1 Degree of dominance of land cover types 

FIGURES

Figure 1.1 The AEZ framework

Figure 4.1 Rural land area with medium high to very high suitability for rainfed crops, by crop group,

with low, intermediate and high level of inputs, and pasture at low level of inputs

Figure 4.2 Rural land area currently available for rainfed agriculture with medium high to very high

suitability for rainfed crops, by crop group, with low, intermediate and high level of inputs,

and pasture at low level of inputs

TABLES

Table 2.1 Comparison of global area estimates, under different assumptions for urban and rural area

Table 2.2 Comparison of global population estimates, under different assumptions for urban and 

rural area

Table 3.1 Rural area and rural population of the world, by thermal climate zone

Table 3.2 Rural area and rural population of the world, by length of growing period (LGP) zone  

Table 3.3 Rural area and rural population of the world, by variability of LGP

Table 3.4 Rural area and rural population of the world, by major soil group

Table 3.5 Rural area and rural population of the world, by degree of terrain slope constraint

Table 3.6 Extent of the world’s rural land area with severe environmental constraints for rainfed crop

production, by region

Table 3.7 Extent of the world’s total land area affected by climate, soil and terrain constraints for

rainfed crop production, by type of constraint

Table 3.8 Rural population living in areas with severe environmental constraints for rainfed crop

production, by region

Table 4.1 Crop groups, crops and crop types considered in this report

Table 4.2 Maximum (short-term) attainable and long-term achievable yields for staple cereals (rainfed

wheat, rice, grain maize) averaged over all VS+S+MS land, by region and level of inputs

Table 4.3 Variability of cereal production potential, based on observed climate variability for the

periods 1901-30, 1931-60, 1961-90 compared to reference climatic conditions of 1961-90, on

current cultivated land, by region

Table 4.4 Occurrence of multiple cropping zones under rainfed conditions, currently available land

Table 4.5 Extents of currently available land with potential for rainfed cultivation under maximizing

technology mix, by region

Table 4.6 Extents of currently available land with potential for pasture, by region

Table 4.7 Currently available land area and rural population, by region and combined agricultural

suitability class at intermediate level of inputs

LIST OF BOXES,  F IGURES,  TABLES AND MAPS



x

]
M

A
P

P
I

N
G

 
B

I
O

P
H

Y
S

I
C

A
L

 
F

A
C

T
O

R
S

 
T

H
A

T
 

I
N

F
L

U
E

N
C

E
 

A
G

R
I

C
U

L
T

U
R

A
L

 
P

R
O

D
U

C
T

I
O

N
 

A
N

D
 

R
U

R
A

L
 

V
U

L
N

E
R

A
B

I
L

I
T

Y
 

[

40

41

41

42

43

56

69

71

73

75

77

79

7

8

9

10

12

13

14

14

16

26

29

31

33

35

39

50

50

51

51

52

52

53

53

58

Table 5.1 Farming system classes and farming systems of developing and transition countries

Table 5.2 Area and population of the developing and transition countries, total and rural, by major

farming system class

Table 5.3 Rural area and rural population of the developing and transition countries, by major farming

system class, with proportion subject to severe environmental constraints

Table 5.4 Rural area and rural population of the developing and transition countries, by major farming

system class and combined agricultural suitability class at intermediate level of inputs

Table 5.5 Rural area and rural population of the developing and transition countries, by major

farming system class and dominant land cover type

Table A2.1 Distribution of rural population, by region and dominant land cover type

Table A4.1 Characteristic of farming systems in Latin America and Caribbean

Table A4.2 Characteristic of farming systems in East Asia and Pacific

Table A4.3 Characteristic of farming systems in South Asia

Table A4.4 Characteristic of farming systems in Eastern Europe and Central Asia

Table A4.5 Characteristic of farming systems in Middle East and North Africa

Table A4.6 Characteristic of farming systems in Sub-Saharan Africa

MAPS

Map 3.1 Thermal climate zones of the world

Map 3.2 Length of growing period (LGP) zones of the world

Map 3.3 Coefficient of variation (CV) of length of growing period (LGP), 1901-1996

Map 3.4 Global land area with climate constraints

Map 3.5 Major soil groups of the world

Map 3.6 Global land area with soil constraints

Map 3.7 Terrain slope classes of the world

Map 3.8 Global land area with terrain slope constraints

Map 3.9 Hierarchical distribution of severe environmental constraints

Map 4.1 Variability of rainfed cereal production potential, by country, 1961-1990

Map 4.2 Multiple cropping zones under rainfed conditions, currently available land

Map 4.3 Suitability of currently available land for rainfed crops, using maximising crop and

technology mix

Map 4.4 Suitability of currently available land for pasture

Map 4.5 Combined suitability of currently available land for pasture and rainfed crops

(intermediate level of inputs)

Map 5.1 Farming system classes in developing and transition countries, 2000

Map A2.1 Occurrence of forest

Map A2.2 Occurrence of cropland 

Map A2.3 Occurrence of pasture and browse 

Map A2.4 Occurrence of barren and sparsely vegetated land 

Map A2.5 Occurrence of built-up area and artificial surface

Map A2.6 Occurrence of irrigated area

Map A2.7 Protected area

Map A2.8 Global land cover distribution, by dominant land cover type

Map A3.1a Suitability of currently available land for cereals (low level of inputs)



xi

Map A3.1b Suitability of currently available land for cereals (intermediate level of inputs)

Map A3.1c Suitability of currently available land for cereals (high level of inputs)

Map A3.2a Suitability of currently available land for fibre crops (low level of inputs)

Map A3.2b Suitability of currently available land for fibre crops (intermediate level of inputs)

Map A3.2c Suitability of currently available land for fibre crops (high level of inputs)

Map A3.3a Suitability of currently available land for oil crops (low level of inputs)

Map A3.3b Suitability of currently available land for oil crops (intermediate level of inputs)

Map A3.3c Suitability of currently available land for oil crops (high level of inputs)

Map A3.4a Suitability of currently available land for pulses (low level of inputs)

Map A3.4b Suitability of currently available land for pulses (intermediate level of inputs)

Map A3.4c Suitability of currently available land for pulses (high level of inputs)

Map A3.5a Suitability of currently available land for roots and tubers (low level of inputs)

Map A3.5b Suitability of currently available land for roots and tubers (intermediate level of inputs)

Map A3.5c Suitability of currently available land for roots and tubers (high level of inputs)

Map A3.6a Suitability of currently available land for stimulants (low level of inputs)

Map A3.6b Suitability of currently available land for stimulants (intermediate level of inputs)

Map A3.6c Suitability of currently available land for stimulants (high level of inputs)

Map A3.7a Suitability of currently available land for sugar crops (low level of inputs)

Map A3.7b Suitability of currently available land for sugar crops (intermediate level of inputs)

Map A3.7c Suitability of currently available land for sugar crops (high level of inputs)

Map A3.8a Suitability of currently available land for tree fruits (low level of inputs)

Map A3.8b Suitability of currently available land for tree fruits (intermediate level of inputs)

Map A3.8c Suitability of currently available land for tree fruits (high level of inputs)

Map A3.9a Suitability of currently available land for vegetables (low level of inputs)

Map A3.9b Suitability of currently available land for vegetables (intermediate level of inputs)

Map A3.9c Suitability of currently available land for vegetables (high level of inputs)

Map A4.1 Farming systems in Latin America and Caribbean

Map A4.2 Farming systems in East Asia and Pacific

Map A4.3 Farming systems in South Asia

Map A4.4 Farming systems in Eastern Europe and Central Asia

Map A4.5 Farming systems in Middle East and North Africa

Map A4.6 Farming systems in Sub-Saharan Africa

Map A4.7 Farming systems in developing and transition countries, 2000

58

58

59

59

59

60

60

60

61

61

61

62

62

62

63

63

63

64

64

64

65

65

65

66

66

66

68

70

72

74

76

78

81



xii

]
M

A
P

P
I

N
G

 
B

I
O

P
H

Y
S

I
C

A
L

 
F

A
C

T
O

R
S

 
T

H
A

T
 

I
N

F
L

U
E

N
C

E
 

A
G

R
I

C
U

L
T

U
R

A
L

 
P

R
O

D
U

C
T

I
O

N
 

A
N

D
 

R
U

R
A

L
 

V
U

L
N

E
R

A
B

I
L

I
T

Y
 

[

ACRONYMS

AEZ Agro-Ecological Zones
AGAH Animal Health Service
AGAL Livestock, Information, Sector Analysis and Policy Branch
AGLW Water Resources, Development and Management Service
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IFPRI International Food Policy Research Institute
IIASA International Institute for Applied Systems Analysis
IUCN International Union for the Conservation of Nature and Natural Resources
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LUTs Land Utilization Types
MS moderately suitable
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NOAA National Oceanic and Atmospheric Administration 
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S suitable
SD Standard deviation
SDRN Environmental and Natural Resource
UN United Nations
UNEP United Nation Environment Programme
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WCMC World Conservation Monitoring Centre 




