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FAO

Informed livestock-sector policy development and planning requires 
reliable and accessible information about the distribution and abundance of 
livestock. To that end, and in collaboration with the Environmental Research 
Group Oxford (ERGO), FAO has developed the “Gridded livestock of the 
world” spatial database: the first standardized global, subnational resolu-
tion maps of the major agricultural livestock species. These livestock data 
are now freely available for downloading via the FAO Web pages: 
http://www.fao.org/ag/againfo/resources/en/glw/home.html. 

This publication describes how available livestock data have been collected 
and then enhanced by statistical modelling to produce a digital, geo-
referenced global dataset. It also provides varied and extensive examples of 
some of the applications for which the data have been used. The spatial 
nature of the data means they can be used in a variety of ways, such as 
livestock population projections and production estimates, epidemiological 
analyses, disease impact analyses and environmental impact assessment. 
Furthermore, by incorporating these data into appropriate decision support 
methodologies, the impact of livestock-sector development policies may be 
evaluated and informed recommendations for policy adjustments made.

The publication is intended to provide a formal reference for the dataset and 
to stimulate further applications and feedback from those most concerned 
with the development of the livestock sector, be they policy-makers, 
researchers, producers or practitioners in livestock-sector development.
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[1] Agricultural activities have dramatically altered our planet’s land surface. To
understand the extent and spatial distribution of these changes, we have developed a new
global data set of croplands and pastures circa 2000 by combining agricultural inventory
data and satellite-derived land cover data. The agricultural inventory data, with much
greater spatial detail than previously available, is used to train a land cover classification
data set obtained by merging two different satellite-derived products (Boston University’s
MODIS-derived land cover product and the GLC2000 data set). Our data are presented
at 5 min (!10 km) spatial resolution in longitude by longitude, have greater accuracy
than previously available, and for the first time include statistical confidence intervals on
the estimates. According to the data, there were 15.0 (90% confidence range of 12.2–17.1)
million km2 of cropland (12% of the Earth’s ice-free land surface) and 28.0 (90%
confidence range of 23.6–30.0) million km2 of pasture (22%) in the year 2000.
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agricultural lands in the year 2000, Global Biogeochem. Cycles, 22, GB1003, doi:10.1029/2007GB002952.

1. Introduction

[2] Human land use activities are a force of global
significance [Foley et al., 2005]. Humans have extensively
modified the Earth’s land surface, altering ecosystem struc-
ture and functioning, and diminishing the ability of ecosys-
tems to continue providing valuable resources such as food,
freshwater and forest resources, and services such as regu-
lation of climate, air quality, water quality, soil resources.
[3] Agricultural activities, in particular, have been respon-

sible for a vast majority of these land use related ecosystem
consequences [Richards, 1990; Tilman et al., 2001; Green et
al., 2005]. Nearly 40% of the planet’s ice-free land surface
is now being used for agriculture, and much of this land has
replaced forests, savannas, and grasslands [Foley et al.,
2005]. Clearing of tropical forests for cultivation or grazing
is responsible for !12–26% of the total emissions of
carbon dioxide to the atmosphere [DeFries and Achard,
2002; Houghton, 2003], and land use changes can signifi-
cantly modify regional and global climate [Pitman et al.,
1999; Pielke et al., 2002]. Furthermore, !20–30% of the
total available surface water on the planet is withdrawn for
irrigation [Cassman and Wood, 2005], and nitrogen fixation
through fertilizer production and crop cultivation currently

equals or even exceeds natural biotic fixation [Galloway et
al., 1995; Smil, 1999].
[4] As such, agriculture is partly or wholly responsible for

environmental concerns such as tropical deforestation and
biodiversity loss, fragmentation and loss of habitats, emis-
sions of important greenhouse gases, losses of soil quality
through erosion and salinization, decreases in quantity and
quality of water resources, alteration of regional climates,
reduction in air quality, and increases in infectious diseases
[Foley et al., 2005]. On the other hand, agricultural expan-
sion and intensification has provided a crucial service to
humanity by meeting the food demands of a rapidly growing
population [Cassman andWood, 2005], and thereby involves
a trade-off between food production and environmental
deterioration [DeFries et al., 2004; Foley et al., 2005].
[5] In order to assess the Earth system consequences of

agriculture, both the positive social and economic benefits
and the often negative environmental consequences, it is
essential to develop global data sets of the geographic
distribution of agricultural land use and land cover change
[e.g., Wood et al., 2000; Bauer et al., 2003; Donner and
Kucharik, 2003; Cassman and Wood, 2005]. Recent advan-
ces have led to the emergence of new continental-to-global-
scale data sets of agricultural land cover, developed by
merging satellite-derived land cover data sets and ground-
based agricultural inventory data sets [Ramankutty and
Foley, 1998; Frolking et al., 1999; Ramankutty and Foley,
1999; Hurtt et al., 2001; Klein Goldewijk, 2001; Cardille et
al., 2002; Frolking et al., 2002; Cardille and Foley, 2003;
Donner, 2003; Leff et al., 2004; Ramankutty, 2004].
[6] Our earlier work, in particular, pioneered the develop-

ment of a statistical ‘‘data fusion’’ technique to merge a
satellite-derived, global, 1-km resolution land cover data set,
with ground-based national and subnational cropland inven-
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Informed livestock-sector policy development and planning requires 
reliable and accessible information about the distribution and abundance of 
livestock. To that end, and in collaboration with the Environmental Research 
Group Oxford (ERGO), FAO has developed the “Gridded livestock of the 
world” spatial database: the first standardized global, subnational resolu-
tion maps of the major agricultural livestock species. These livestock data 
are now freely available for downloading via the FAO Web pages: 
http://www.fao.org/ag/againfo/resources/en/glw/home.html. 

This publication describes how available livestock data have been collected 
and then enhanced by statistical modelling to produce a digital, geo-
referenced global dataset. It also provides varied and extensive examples of 
some of the applications for which the data have been used. The spatial 
nature of the data means they can be used in a variety of ways, such as 
livestock population projections and production estimates, epidemiological 
analyses, disease impact analyses and environmental impact assessment. 
Furthermore, by incorporating these data into appropriate decision support 
methodologies, the impact of livestock-sector development policies may be 
evaluated and informed recommendations for policy adjustments made.

The publication is intended to provide a formal reference for the dataset and 
to stimulate further applications and feedback from those most concerned 
with the development of the livestock sector, be they policy-makers, 
researchers, producers or practitioners in livestock-sector development.
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[1] Agricultural activities have dramatically altered our planet’s land surface. To
understand the extent and spatial distribution of these changes, we have developed a new
global data set of croplands and pastures circa 2000 by combining agricultural inventory
data and satellite-derived land cover data. The agricultural inventory data, with much
greater spatial detail than previously available, is used to train a land cover classification
data set obtained by merging two different satellite-derived products (Boston University’s
MODIS-derived land cover product and the GLC2000 data set). Our data are presented
at 5 min (!10 km) spatial resolution in longitude by longitude, have greater accuracy
than previously available, and for the first time include statistical confidence intervals on
the estimates. According to the data, there were 15.0 (90% confidence range of 12.2–17.1)
million km2 of cropland (12% of the Earth’s ice-free land surface) and 28.0 (90%
confidence range of 23.6–30.0) million km2 of pasture (22%) in the year 2000.
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1. Introduction

[2] Human land use activities are a force of global
significance [Foley et al., 2005]. Humans have extensively
modified the Earth’s land surface, altering ecosystem struc-
ture and functioning, and diminishing the ability of ecosys-
tems to continue providing valuable resources such as food,
freshwater and forest resources, and services such as regu-
lation of climate, air quality, water quality, soil resources.
[3] Agricultural activities, in particular, have been respon-

sible for a vast majority of these land use related ecosystem
consequences [Richards, 1990; Tilman et al., 2001; Green et
al., 2005]. Nearly 40% of the planet’s ice-free land surface
is now being used for agriculture, and much of this land has
replaced forests, savannas, and grasslands [Foley et al.,
2005]. Clearing of tropical forests for cultivation or grazing
is responsible for !12–26% of the total emissions of
carbon dioxide to the atmosphere [DeFries and Achard,
2002; Houghton, 2003], and land use changes can signifi-
cantly modify regional and global climate [Pitman et al.,
1999; Pielke et al., 2002]. Furthermore, !20–30% of the
total available surface water on the planet is withdrawn for
irrigation [Cassman and Wood, 2005], and nitrogen fixation
through fertilizer production and crop cultivation currently

equals or even exceeds natural biotic fixation [Galloway et
al., 1995; Smil, 1999].
[4] As such, agriculture is partly or wholly responsible for

environmental concerns such as tropical deforestation and
biodiversity loss, fragmentation and loss of habitats, emis-
sions of important greenhouse gases, losses of soil quality
through erosion and salinization, decreases in quantity and
quality of water resources, alteration of regional climates,
reduction in air quality, and increases in infectious diseases
[Foley et al., 2005]. On the other hand, agricultural expan-
sion and intensification has provided a crucial service to
humanity by meeting the food demands of a rapidly growing
population [Cassman andWood, 2005], and thereby involves
a trade-off between food production and environmental
deterioration [DeFries et al., 2004; Foley et al., 2005].
[5] In order to assess the Earth system consequences of

agriculture, both the positive social and economic benefits
and the often negative environmental consequences, it is
essential to develop global data sets of the geographic
distribution of agricultural land use and land cover change
[e.g., Wood et al., 2000; Bauer et al., 2003; Donner and
Kucharik, 2003; Cassman and Wood, 2005]. Recent advan-
ces have led to the emergence of new continental-to-global-
scale data sets of agricultural land cover, developed by
merging satellite-derived land cover data sets and ground-
based agricultural inventory data sets [Ramankutty and
Foley, 1998; Frolking et al., 1999; Ramankutty and Foley,
1999; Hurtt et al., 2001; Klein Goldewijk, 2001; Cardille et
al., 2002; Frolking et al., 2002; Cardille and Foley, 2003;
Donner, 2003; Leff et al., 2004; Ramankutty, 2004].
[6] Our earlier work, in particular, pioneered the develop-

ment of a statistical ‘‘data fusion’’ technique to merge a
satellite-derived, global, 1-km resolution land cover data set,
with ground-based national and subnational cropland inven-
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Informed livestock-sector policy development and planning requires 
reliable and accessible information about the distribution and abundance of 
livestock. To that end, and in collaboration with the Environmental Research 
Group Oxford (ERGO), FAO has developed the “Gridded livestock of the 
world” spatial database: the first standardized global, subnational resolu-
tion maps of the major agricultural livestock species. These livestock data 
are now freely available for downloading via the FAO Web pages: 
http://www.fao.org/ag/againfo/resources/en/glw/home.html. 

This publication describes how available livestock data have been collected 
and then enhanced by statistical modelling to produce a digital, geo-
referenced global dataset. It also provides varied and extensive examples of 
some of the applications for which the data have been used. The spatial 
nature of the data means they can be used in a variety of ways, such as 
livestock population projections and production estimates, epidemiological 
analyses, disease impact analyses and environmental impact assessment. 
Furthermore, by incorporating these data into appropriate decision support 
methodologies, the impact of livestock-sector development policies may be 
evaluated and informed recommendations for policy adjustments made.

The publication is intended to provide a formal reference for the dataset and 
to stimulate further applications and feedback from those most concerned 
with the development of the livestock sector, be they policy-makers, 
researchers, producers or practitioners in livestock-sector development.
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[1] Agricultural activities have dramatically altered our planet’s land surface. To
understand the extent and spatial distribution of these changes, we have developed a new
global data set of croplands and pastures circa 2000 by combining agricultural inventory
data and satellite-derived land cover data. The agricultural inventory data, with much
greater spatial detail than previously available, is used to train a land cover classification
data set obtained by merging two different satellite-derived products (Boston University’s
MODIS-derived land cover product and the GLC2000 data set). Our data are presented
at 5 min (!10 km) spatial resolution in longitude by longitude, have greater accuracy
than previously available, and for the first time include statistical confidence intervals on
the estimates. According to the data, there were 15.0 (90% confidence range of 12.2–17.1)
million km2 of cropland (12% of the Earth’s ice-free land surface) and 28.0 (90%
confidence range of 23.6–30.0) million km2 of pasture (22%) in the year 2000.
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1. Introduction

[2] Human land use activities are a force of global
significance [Foley et al., 2005]. Humans have extensively
modified the Earth’s land surface, altering ecosystem struc-
ture and functioning, and diminishing the ability of ecosys-
tems to continue providing valuable resources such as food,
freshwater and forest resources, and services such as regu-
lation of climate, air quality, water quality, soil resources.
[3] Agricultural activities, in particular, have been respon-

sible for a vast majority of these land use related ecosystem
consequences [Richards, 1990; Tilman et al., 2001; Green et
al., 2005]. Nearly 40% of the planet’s ice-free land surface
is now being used for agriculture, and much of this land has
replaced forests, savannas, and grasslands [Foley et al.,
2005]. Clearing of tropical forests for cultivation or grazing
is responsible for !12–26% of the total emissions of
carbon dioxide to the atmosphere [DeFries and Achard,
2002; Houghton, 2003], and land use changes can signifi-
cantly modify regional and global climate [Pitman et al.,
1999; Pielke et al., 2002]. Furthermore, !20–30% of the
total available surface water on the planet is withdrawn for
irrigation [Cassman and Wood, 2005], and nitrogen fixation
through fertilizer production and crop cultivation currently

equals or even exceeds natural biotic fixation [Galloway et
al., 1995; Smil, 1999].
[4] As such, agriculture is partly or wholly responsible for

environmental concerns such as tropical deforestation and
biodiversity loss, fragmentation and loss of habitats, emis-
sions of important greenhouse gases, losses of soil quality
through erosion and salinization, decreases in quantity and
quality of water resources, alteration of regional climates,
reduction in air quality, and increases in infectious diseases
[Foley et al., 2005]. On the other hand, agricultural expan-
sion and intensification has provided a crucial service to
humanity by meeting the food demands of a rapidly growing
population [Cassman andWood, 2005], and thereby involves
a trade-off between food production and environmental
deterioration [DeFries et al., 2004; Foley et al., 2005].
[5] In order to assess the Earth system consequences of

agriculture, both the positive social and economic benefits
and the often negative environmental consequences, it is
essential to develop global data sets of the geographic
distribution of agricultural land use and land cover change
[e.g., Wood et al., 2000; Bauer et al., 2003; Donner and
Kucharik, 2003; Cassman and Wood, 2005]. Recent advan-
ces have led to the emergence of new continental-to-global-
scale data sets of agricultural land cover, developed by
merging satellite-derived land cover data sets and ground-
based agricultural inventory data sets [Ramankutty and
Foley, 1998; Frolking et al., 1999; Ramankutty and Foley,
1999; Hurtt et al., 2001; Klein Goldewijk, 2001; Cardille et
al., 2002; Frolking et al., 2002; Cardille and Foley, 2003;
Donner, 2003; Leff et al., 2004; Ramankutty, 2004].
[6] Our earlier work, in particular, pioneered the develop-

ment of a statistical ‘‘data fusion’’ technique to merge a
satellite-derived, global, 1-km resolution land cover data set,
with ground-based national and subnational cropland inven-
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FAO

Informed livestock-sector policy development and planning requires 
reliable and accessible information about the distribution and abundance of 
livestock. To that end, and in collaboration with the Environmental Research 
Group Oxford (ERGO), FAO has developed the “Gridded livestock of the 
world” spatial database: the first standardized global, subnational resolu-
tion maps of the major agricultural livestock species. These livestock data 
are now freely available for downloading via the FAO Web pages: 
http://www.fao.org/ag/againfo/resources/en/glw/home.html. 

This publication describes how available livestock data have been collected 
and then enhanced by statistical modelling to produce a digital, geo-
referenced global dataset. It also provides varied and extensive examples of 
some of the applications for which the data have been used. The spatial 
nature of the data means they can be used in a variety of ways, such as 
livestock population projections and production estimates, epidemiological 
analyses, disease impact analyses and environmental impact assessment. 
Furthermore, by incorporating these data into appropriate decision support 
methodologies, the impact of livestock-sector development policies may be 
evaluated and informed recommendations for policy adjustments made.

The publication is intended to provide a formal reference for the dataset and 
to stimulate further applications and feedback from those most concerned 
with the development of the livestock sector, be they policy-makers, 
researchers, producers or practitioners in livestock-sector development.
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GLOBAL POTENTIAL 
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∫
P(x) is potential global population at xth percentile
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Ai  is the area in bin i
Pc  is current animal population (ca 2005)



INTENSIFICATION RATIO
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LIVESTOCK VS CROP POTENTIAL
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SETTING A FLOOR
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Environmental issues affecting sustainable 
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THE BIOFUELS DILEMMA

BACKGROUND
The National Renewable Energy Laboratory (NREL) and the 
Department of  Energy (DOE) Office of  the Biomass Program 
(OBP) are developing strategies for the deployment of  new 
technology for converting a wide range of  biomass feedstocks 
into ethanol. As part of  this effort NREL has been tasked by 
OBP with integrating land-use change (LUC), life-cycle analysis, 
and supply-chain models in order to assess global sustainability 
impacts of  domestic bioenergy production. This effort initially 
focuses on integrating analysis from NREL’s Biomass Scenario 
Model (BSM) and its bioenergy life cycle analysis models with 
global LUC modeling underway at the University of  Minnesota 
(UMN).

BIOFUELS VS SUSTAINABLE 
LAND USE?
The science and politics of sustainable biofuels

Any review of  the state of  the art in the analysis and modeling 
of  biofuels’ impact on global land use will fail to reveal some of 
its biggest problems and challenges unless it includes a 
perspective on the broader political and historical elements of  
the debate about biofuels. Such a perspective reveals both the 
strengths and the weaknesses of  the models being used to 
understand this question, as well as those of  the modelers 
developing and running these models.

The Achilles’ heel for all of  these analyses is the unrecognized
—yet unavoidable—co-mingling of  political, social and ethical 
problems involved in the assessment of  the sustainability of  
our global land and water resources.  What many of  the studies 
on the land use implications of  biofuels fail to do is to explicitly 
deal with each of  these sets of  problems. The result is that 

many ethical and political “solutions” and “premises” (or 
assumptions and biases, if  you will) are deeply embedded in the 
analyses themselves.

30+ years of deep divisiveness
Food, fuel and the ultimate fight over land

Analysis of  biofuels is, in the words of  one the leading research 
groups in the field, “a growth industry in itself ” (Hertel et al 
2010) driven by the needs of  ambitious policy makers and 
politicians desperate to do the right thing when it comes to 
energy policy and biofuels. Hertel et al were only thinking about 
the recent growth in demand for analysis of  biofuels since the 
passing of  the Energy Independence Act of  2007, but the 
reality is that there has steady demand for over three decades 
driven by an equally steady flow of  new laws and policies. 

Over the course of  those three decades, opinions on whether 
or not biofuels can be sustainable have run the gamut of  
extremes.  These differences are differences in what Lee Lynd 
calls “world views” about biofuels (Lynd et al 2007). He 
describes the situation in terms of  a bimodal distribution of  
extreme view points (see Figure 1). 

I concur that there seems to be little room in the published 
literature for any views that seek any kind of  middle 
position.Many see biofuels as an ethically unacceptable and 
infeasible alternative to our dependence on fossil fuel and 
foreign supplies of  oil. Others see it as a moral imperative—a 
required component of  an energy future that is sustainable. 

What is surprising about these difference in attitudes is not just 
their disparity, but their longevity. The deep divide over biofuels 
among energy and policy experts reflects a long-standing debate 
about biofuels that has existed ever since President Jimmy 
Carter first proposed the idea of  gasohol—a moniker for the 
use of  ethanol as a 10% by volume blend in gasoline— as a 
strategy for reducing dependence on foreign oil in the late 
1970s. From the very start, analysts openly and aggressively 
debated the value and efficacy of  gasohol as a way to reduce 
our energy dependence.

Among the earliest opponents to biofuels was Dr. David 
Pimentel. An ecologist and entomologist at Cornell University, 
Pimentel chaired a subgroup on gasohol in 1980 for the US 
Department of  Energy’s Energy Resources Advisory Board 
(US DOE 1980). After issuing a report that found corn ethanol 
to be impractical, expensive and energetically unsound, 
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Figure 1—The scientific and political impasse over biofuels
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When experts 
disagree, I always 

assume it's time for 
ordinary folks to find 
out what's going on.!

!
Donella H. Meadows  

The Global Citizen
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