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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 lution in longitude by I

have greater

y
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 km? of cropland (12% of the Earth’s ice-free land surface) and 28.0 (90%

confidence range of 23.6—30.0) million km” of pasture (22%) in the year 2000.

Citation: Ramankutty, N., A. T. Evan, C. Monfreda, and J. A. Foley (2008), Farming the planet: 1. Geographic distribution of global
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
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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 and Wood, 2005], and thereby involves
a trade-off between food production and environmental
deterioration [DeFries et al., 2004; Foley et al., 2005].

[s] 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 of new i 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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[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
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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 and Wood, 2005], and thereby involves
a trade-off between food production and environmental
deterioration [DeFries et al., 2004; Foley et al., 2005].

[s] 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 of new i 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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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 mtmgen ﬁxanon
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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 and Wood, 2005], and thereby involves
a trade-off between food production and environmental
deterioration [DeFries et al., 2004; Foley et al., 2005].

[s] 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 of new to-global
scale data sets of agricultural land cover, dcvclopcd 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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Cattle redistributed on pastureland
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Sheep redistributed on pastureland
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Goats redistributed on pastureland
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Livestock In geographic space
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Cattle on occupied land
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Sheep on occupied land
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Goats on occupied land
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Can COWS make room for cars?
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Can cows make room for cars?

A particular example of the

\ broader question S
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Can cows make room for cars?

_ = )
Grains Pasture Foley et al (2011): potential
|
58% Improvement.
/ / This analysis:

2 O O % for pasture

systems




Can cows make room for cars?

e UNCErtainties are
high

The data needs are great
But so is the potential




Mixed crop livestock sytems are

an

opportunity we need to

explore




Can cows make room for cars?

Sustainable development

An imperative from an an

expand .
resources Eth|Ca| perspective
minimal prosthetic and a SySte mS view to
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