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1. INTRODUCTION
Location matters when it comes to assessing agricultural productivity levels 

and trends. Most fi nd familiarity with the notion that the amount and composi-
tion of agricultural output of a particular country or region of the world tends to 
change over time, but many are less familiar with the spatial dynamics of agricul-
ture. The spatial structure and location of agricultural production both between 
and within countries, which we dub the landscape of agriculture, also varies over 
time. Agriculture is an inherently spatial process, with yields (and hence out-
put) being greatly infl uenced by local factors such as weather and climate, soils, 
and pest pressures. Consequently, agricultural production and productivity are 
especially sensitive to spatial and inter-temporal variations in natural factors of 
production. As we do in this chapter, giving more explicit attention to the spatial 
dimensions of agriculture and how they change over time deepens our under-
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standing of the production and productivity performance and potential of this 
sector. The following section begins by presenting a broad assessment of changes 
in the global footprint of agriculture over the past three centuries. Agriculture is 
continually on the move, and this spatial volatility has profound implications for 
how productivity metrics can and should be interpreted. 

Consideration of explicitly spatial patterns is useful, but additional insights 
can be gained by conducting analyses across meaningful spatial aggregations. 
Such spatial aggregations summarize certain attributes of space that affect ag-
ricultural production and productivity. For example, assessing production in 
terms of geopolitical aggregates is helpful since national or subnational borders 
help delineate the boundaries of economic, political, and social factors that affect 
the production choices made by farmers and other decisionmakers. However, 
geopolitical boundaries provide a poor proxy for agroecology. Thus, a more com-
plete view of agricultural production can be developed by placing production in 
both geopolitical and agroecological space, as we do in Sections 3 and 4, respec-
tively. Since movements in the footprint of agriculture necessarily imply under-
lying changes in the natural and socioeconomic factors that drive productivity, 
thoughtful interpretation of differences in a productivity metric across time or 
space requires consideration of the extent to which such changes might or might 
not be captured by that metric. Therefore, these assessments provide grounding 
and context for the discussions of productivity in the remainder of this volume.

Agricultural statistics are almost always reported on a geopolitical basis, but 
analysts are increasingly placing agricultural production in agroecological space. 
Recent examples include the work of Wood, You, and Zhang (2004) and You and 
Wood (2005) to develop geo-referenced global crop geographies for the world’s 
principal (food) crops. Ramankutty and Foley (1999) and Ramankutty et al. (2008) 
have developed long-run geo-referenced maps of the location of crop production 
worldwide. It is to these sources of data—supplemented with global, commodity-
specifi c production data from FAO—that we turn to assess the spatial dynamics of 
agriculture from both a geopolitical and an agroecological perspective.

2. SPATIAL DYNAMICS OF GLOBAL CROPPED AREA
While natural inputs play an important, if not defi ning, role in agricultural 

production, agriculture is the antithesis of natural. The output and productivity 
responses to these natural factors are affected by a myriad of human interven-
tions. Choices about what, where, and when to grow or graze are obvious infl u-
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ences. Modifying the physical or environmental landscape—from leveling or 
terracing fi elds to adding fertilizer, supplemental irrigation water, or herbicides 
and pesticides, all the way to hydroponic production in glasshouse controlled 
environments—is commonplace. Modifying the genetics of crops and animals is 
also common.1 For most of the 10,000-year history of agriculture, the purposeful 
selection and cultivation of crops and animals was without scientifi c direction. 
The rediscovery of Mendel’s laws of heredity in 1900 gave added impetus to ge-
netic modifi cation in agriculture. The commercialization of hybrid corn in the 
United States beginning in the 1930s and the release of genetically modifi ed (in-
cluding transgenic) crops beginning in the 1990s are a continuation of the long 
history of human-induced genetic modifi cation that is the essence of agriculture. 
It is the continuously evolving interaction between genes and the environment 
that underscores the value of a spatially sensitive perspective on agriculture pro-
duction processes. The history of this evolution begins with the origins of the 
crops themselves.

Where crops, or their precursor plants, originated and where they are now 
principally grown are two sides of the same coin. Identifying the centers of 
origin of cultivated crops, and even whether such centers exist at all, is subject 
to considerable debate. Perhaps the most well-known line of reasoning started 
with the work of Vavilov (1926), who proposed that crops had geographical 
“centers of origin” and identifi ed eight centers of origin based on measures of 
diversity. As summarized by Harlan (1971), it was later recognized that the 
centers of origin may differ from centers of diversity, and further, that the pro-
cess of domestication can be geographically dispersed. A big part of the longer 
history of agricultural innovation has to do with the human-induced spatial 
movement of plants and animals. Candolle (1884, p. 2) noted that when it is 
feasible to do so, people “soon adopt certain plants, discovered elsewhere, of 
which the advantage is evident, and are thereby diverted from the cultivation 
of the poorer species of their own country.” Further, Candolle observed that 
the ancient propagation of a number of useful plants in the Mediterranean (by 
Egyptians and Phoenicians) enabled later migrants to carry West Asian genetic 
material into Europe at least 4,000 years ago, and that there is evidence of 
well-established Chinese cultivation of rice, sweet potatoes, wheat, and millets 

1The domestication of plants and animals distinguishes agriculture from earlier forms of food 
production, which involved hunter-gatherer activities whereby humans did not typically manage 
or in other ways knowingly modify (e.g., genetically) the food sources they sought.
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as early as 2,700 BC.2 It is clear that the pre-history of agriculture was driven 
by human-mediated dispersal and propagation of crop genetic material and 
therefore that the landscape of agriculture is, and has long been, subject to 
near continuous change. 

Most agricultural production today uses genetic material that had its source 
hundreds or even thousands of miles away, but this is a comparatively recent 
phenomenon (Table 2.1). After thousands of years of slow development, slow im-
provement, and gradual movement of plants and animals, all driven by human 
action, the rate of change accelerated in the past 500 years. An important event 
in this history was the “Colombian Exchange” that was initiated when Colum-
bus fi rst made contact with native Americans in the “New World” (Crosby 1987, 
Diamond 1999). Most of the commercial agriculture in the United States today is 
based on crop and livestock species introduced from Eurasia (e.g., wheat, barley, 
rice, soybeans, grapes, apples, citrus, cattle, sheep, hogs, and chickens), though 
with signifi cant involvement of American species (e.g., corn, peppers, potatoes, 
tobacco, tomatoes, and turkeys) that are also distributed throughout the rest of 
the world. The global diffusion of agriculturally signifi cant plants and animals, 
and their accompanying pests and diseases, has been a pivotal element in the 
history of agricultural innovation.

The more recent, but still lengthy, spatial history of cropping patterns 
developed by Ramankutty and Foley (1999) used 1992 satellite-derived land-
cover estimates along with historical (geopolitical) crop inventory data and a 
simple land-cover change model to estimate global cropping patterns back to 
1700. Here, we make use of Ramankutty and Foley’s long-run cropping data 
along with a similar global cropland dataset for 2000 (Ramankutty et al. 2008) 
to draw conclusions about changes in the geography of agricultural production 
over the last three centuries. These datasets are distributed by the Center for 
Sustainability and the Global Environment (SAGE) at the University of Wis-
consin and for the sake of brevity will hereafter be referred to as the “SAGE” 
series (see the appendix).

We used a variety of techniques to represent the changing spatial patterns 
evident in the SAGE data. Figure 2.1, Panels a and b, give a mapped represen-
tation of the SAGE data for 1700 and 2000 respectively. Darker shades indicate 
that greater percentages of each 55.7-by-55.7 kilometer pixel (projected to the 

2In fact, Fuller et al. (2009) recently reported evidence of the domestication of rice in the Lower 
Yangtze region of Zhejiang that dates to between 6,900 and 6,600 years ago.
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Table 2.1. Regions of origin and current production of major feed, food, and 
fi ber crops
  Top Five Producing Countries in 2005-07

Crop Center of Origin Country 
Production 

(mmt) 
Global Share 

(percent) 
Wheat Central Asia China 103.9 17.0
  India 71.0 11.6
  United States of America 53.4 8.7
  Russian Federation 47.4 7.8
  France 35.2 5.8
  Top Five Total 310.8 50.9
Corn South Mexico  

and Central 
America 

United States of America 294.0 40.1
 China 145.7 19.9
 Brazil 43.1 5.9
 Mexico 21.2 2.9
 Argentina 18.9 2.6
 Top Five Total 523.0 71.3
Rice India China 184.4 28.7
  India 139.3 21.7
  Indonesia 55.2 8.6
  Bangladesh 42.3 6.6
  Viet Nam 35.7 5.6
  Top Five Total 456.9 71.1
Barley Abyssinia  Russian Federation 16.5 12.0
 (Ethiopia) Germany 11.5 8.3
  Canada 11.0 8.0
  France 10.1 7.3
  Turkey 8.8 6.4
  Top Five Total 58.0 42.0
Soybeans China United States of America 80.6 37.0
  Brazil 53.9 24.8
  Argentina 41.4 19.0
  China 15.8 7.3
  India 8.9 4.1
  Top Five Total 200.6 92.2
Cassava South America Nigeria 44.3 20.2
  Brazil 26.6 12.1
  Thailand 22.0 10.0
  Indonesia 19.6 8.9

  
Congo, Democratic 
Republic of 15.0 6.8 

  Top Five Total 127.5 58.1
Coffee Abyssinia  Brazil 2.3 30.5
 (Ethiopia) Viet Nam 0.9 11.8
  Colombia 0.7 9.3
  Indonesia 0.7 8.7
  Mexico 0.3 4.1
  Top Five Total 4.8 64.3
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Sources:  Centers of origin are from Schery’s (1972) adaptation of Vavilov (1951). See the appendix 
for sources of production shares.

Table 2.1. Continued
  Top Five Producing Countries in 2005-07

Crop Center of Origin Country 
Production 

(mmt) 
Global Share 

(percent) 
Bananas Indo-Malaya India 18.1 23.5
  China 7.0 9.1
  Brazil 6.9 8.9
  Philippines 6.7 8.7
  Ecuador 6.1 8.0
  Top Five Total 44.8 58.3
Tomatoes South America China 32.6 25.8
  United States of America 11.3 8.9
  Turkey 9.9 7.9
  India 8.9 7.0
  Egypt 7.6 6.0
  Top Five Total 70.3 55.6
Potatoes South America China 71.1 22.3
  Russian Federation 37.5 11.8
  India 24.6 7.7
  Ukraine 19.3 6.1
  United States of America 18.9 5.9
  Top Five Total 171.5 53.8
Apples Central Asia China 25.9 40.8
  United States of America 4.4 6.9
  Iran, Islamic Republic of 2.7 4.2
  Turkey 2.3 3.6
  Italy 2.1 3.4
  Top Five Total 37.3 58.9
Oranges India Brazil 18.1 28.4
  United States of America 8.0 12.6
  Mexico 4.1 6.5
  India 3.5 5.6
  China 2.8 4.4
  Top Five Total 36.5 57.5
Grapes Central Asia Italy 8.5 12.7
  France 6.7 10.0
  United States of America 6.3 9.5
  Spain 6.2 9.2
  China 6.1 9.1
  Top Five Total 33.7 50.4
Cotton  South Mexico  

and Central 
America 

 

China 20.1 28.2
 United States of America 12.2 17.1
 India 10.2 14.3
 Pakistan 6.4 8.9
 Uzbekistan 3.5 5.0
 Top Five Total 52.3 73.6 
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Figure 2.1. Panels a and b. The changing global landscape of crop 
production, 1700 to 2000
Source: Derived from SAGE data (see the appendix). 
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Figure 2.1. Panels c and d. The changing global landscape of crop 
production, 1700 to 2000
Source: Derived from SAGE data (see the appendix). 
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equator) are deemed to be cropped. Beginning in 1700, agricultural cropland 
occupied just 9% of the world’s total land area, with most of that cropland lo-
cated in Asia (accounting for 48.5% of the world’s cropped area at that time), 
Europe (28.5%), and Africa (19.6%). Notably, the sparsely settled New Worlds 
of Australia, New Zealand, and the Americas collectively accounted for just 
3.2% of the land worldwide under permanent crops in 1700. By 2000, the New 
World share had grown to 27.1% of the total cropped area. 

The net effect of the movement of land in and out of cropped agriculture 
means that agriculture is geographically mobile, particularly when one takes 
an especially long-run perspective. Figure 2.1, Panel c, provides an indica-
tion of the distance and direction of the spatial relocation of agriculture 
globally by plotting the movement in the “centroids” or centers of gravity of 
production by region for the period beginning in 1700 (when each region’s 
centroid is centered on a zero latitude-longitude grid coordinate) through to 
2000. Each centroid is an estimate of the geographic center (center of mass) 
of the cropped area in the corresponding region. The location of the centroid 
itself is not particularly enlightening, and it could easily be the case that 
a centroid is in a location that does not produce any crops at all, or is oth-
erwise not representative of the general agricultural situation in a country. 
However, movements in the centroid are revealing as an indication of the in-
fl uences of changing patterns of settlement, infrastructure, and technologies 
on the location of agriculture.

According to these data, North America and Africa have seen the largest 
movements in their production centroids, both shifting about 1,300 kilome-
ters over the 300-year period. As was the case with the other continents, most 
of this movement occurred after 1900. However, the year 2000 centroids for 
other regions more or less represent a continuation of the trend from 1950 to 
1992; the only anomaly seems to be in Africa, where almost all of the mea-
sured movement in its centroid occurred between 1992 and 2000.3 The Asian 
centroid moved the least, changing by only 15 kilometers to the east and 137 
kilometers to the south.

3It seems more likely that the year 1992 and 2000 datasets were not fully conformable than that 
a massive structural shift in African production occurred during this period. However, the north-
ward movement of agriculture in sub-Saharan Africa is consistent with the fi nding of Liebenberg, 
Pardey, and Kahn (2010) that the farmed area in South African agriculture peaked at 91.8 million 
hectares in 1960, then declined steadily to 82.2 million hectares by 1996, where it has since been 
more or less stable.
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Except in Africa and Asia, the general trend favored movement in longi-
tude rather than latitude. The pronounced northward movement in Africa was 
almost matched by an equivalent move westward, and, while the Asian cen-
troid showed much more absolute movement along the east-west axis, the net 
movement over the period was almost due south. Averaging across all of the 
regions, the net longitudinal movement was 4.6 times as large as the net lati-
tudinal movement. This pattern is related to an argument by Diamond (1999, 
p. 185), who stated that “localities distributed east and west of each other at 
the same latitude share exactly the same day length and its seasonal varia-
tions. To a lesser degree, they also tend to share similar diseases, regimes of 
temperature and rainfall, and habitats or biomes (types of vegetation).” Thus, 
a variety that is successful at a given location is more likely to be successful 
at other locations with similar latitude, and therefore a spread along the east-
west axis is easier than a spread along the north-south axis.4 This argument 
provides insights into the forces underlying the direction of agricultural move-
ments, although the implications for modern movements in overall production 
are less clear. For example, opposite latitudinal movements in different crops 
may be netted out of an assessment of overall production. Second, Diamond 
took a very long-run view, looking back to pre-history. Insofar as crop manage-
ment and varietal improvement technologies are reducing the yield-depressing 
effects of constraints to agricultural production at the more extreme latitudes, 
one might expect more recent data to exhibit relatively more movement toward 
the poles.

Over the past three centuries, agricultural cropland in Asia and Europe 
did move along an east-west axis, but there was considerable movement along 
a north-south axis as well. In addition, the direction of Eurasian development 
changed course. European cropland moved in a northeasterly direction until the 
early 1990s, then took a U-turn, heading southwesterly during the 1990s, no 
doubt the consequence of an implosion in Soviet agriculture during this period 
(see Swinnen and Van Herck in Chapter 10 of this volume). Asia moved simi-

4Diamond couched his discussion in the context of social developments stretching back into pre-
history. Our assessment of the spatial mobility of cropped agriculture begins in 1700. Develop-
ments after 1700 dominate the economic landscape. For example, Maddison (2003) reports that 
global population was just 603 million in 1700 compared with 6.1 billion in 2001, while global 
GDP grew from an estimated 371 billion in 1700 to 37 trillion in 2000 (in constant 1990 interna-
tional dollars). Moreover, most of the increase in the area under crops occurred after 1700, with 
global cropped area expanding by an estimated 253% since then (from 422 million hectares in 
1700 to 1.49 billion hectares in 2000 [Ramankutty and Foley 1999 and Ramankutty et al. 2008]). 
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larly, following a northeasterly trajectory until the 1850s, and then also took a 
southwesterly track. As of 2000, the Asian centroid was in north-central Bhutan 
near the border within China, suggesting that the relative rates and spatial pat-
terns of cropland development in China and India dominate the movement in 
the region’s centroid. However, expanding cropland in Indochina and Indonesia 
during the latter half of the nineteenth century and throughout the twentieth 
century would tend to tug Asia’s centroid southward. 

As one might expect given the way these landscapes were settled (particu-
larly with regard to agriculture), both the North American and Australian cen-
troids moved strongly in a westerly direction. This westward movement came 
with an evident northerly drift that became more pronounced for North America 
beginning in 1900 and in 1950 for Australia. Notably, a more northerly direc-
tion of development for North American agriculture means cooler climates and 
shorter growing seasons while for Australia it means movement toward more 
tropical growing conditions. The more northerly path taken by North American 
agriculture during the twentieth century coincides with the massive ramping up 
of institutions and investments pertaining to agricultural research and develop-
ment (see Alston et al. 2010), suggesting that technological factors began playing 
a more prominent role in the location of crop production.5 The same forces may 
have also been operative in Australia, with increasing attention given to tropical 
technologies by Australian agricultural research institutions during the twentieth 
century, overlaid with (and part of) a broader government-sponsored program of 
infrastructure and economic development that put greater emphasis on the more 
northerly parts of the country (Davidson 1966 and 1981). 

Cropland in Central America6 shifted northwesterly, as developments 
in Mexico increasingly dominated that landscape. In stark contrast, South 
American cropland moved strongly in a southerly direction from 1700 to 
the 1950s, then dramatically changed course, heading northeast for much 
of the latter half of the twentieth century as Brazilian agriculture occupied 

5Settlement patterns and the importation of cold-tolerant varieties help to explain the northerly 
movement of North American agriculture during the nineteenth century. Twentieth century ex-
pansion was much less dependent on opening of new lands and importation of germplasm, and 
much more dependent on the homegrown development and uptake of new corn varieties, notably 
the rapid uptake of short-duration hybrid varieties beginning in the 1930s that allowed for more 
intense production, and that spurred a movement into more northerly areas. 
6Central America is typically defi ned as the area of Belize, Costa Rica, El Salvador, Guatemala, 
Honduras, Nicaragua, and Panama. We also include Mexico because of its climatic and 
agricultural-historical similarities with the Central American countries. 



18  BEDDOW, PARDEY, KOO, AND WOOD

an increasing share of the region’s cropland (an estimated 25.3% in 1950 
and 46.7% in 2000). As in Australia, the South American reversal of direc-
tion may stem largely from technological and economic policy developments 
in Brazil. The country rapidly ramped up its agricultural research capacity 
during the latter half of the twentieth century (Beintema, Avila, and Pardey 
2001), and increasingly targeted that effort to more northerly climes. Spill-
over technologies from other countries—most notably day-length insensitive 
soybean varieties developed in the United States (Pardey et al. 2006)—en-
abled large tracts of land to be opened up for agriculture in the Cerrados 
region of Brazil. These technological factors were reinforced by a series of 
national development strategies that also targeted more northerly regions of 
the country. 

Panel d of Figure 2.1 uses the SAGE series to show the change in cropped 
area over the four decades spanning 1960 to 2000. It indicates the localized 
movement of acreage in and out of agriculture since 1960, or, more specifi -
cally, the change in the area share dedicated to crop production for each of 
the 259,200 mapped pixels (i.e., a value of -50% indicates that half the acre-
age in that pixel shifted out of cropping agriculture since 1960). The darker 
the red shading, the greater the percent decline in cropped area per pixel; the 
darker the green shading, the greater the percent increase in cropped area per 
pixel. The collapse of the former Soviet Union is evident in terms of substan-
tial declines in cropped area throughout Eastern Europe. The SAGE data also 
indicate declines in cropped area in parts of Western Europe, northeastern, 
southern, and southeastern United States, and signifi cant parts of China.7 
There was a substantial increase in cropped areas throughout the Indochina 
Peninsula, Indonesia, West Africa, Mexico, and Brazil. The overall picture 
is one of contracting area under crops in temperate regions and increasing 
cropped area in tropical parts of the world during the last four decades of the 
twentieth century. 

While the centroid of production provides a sense of the “average” location 
of production for a region, it is also useful to characterize the spatial disper-
sion of production. One can summarize spatial dispersion in a variety of ways, 

7Wood, Sebastian, and Scherr (2000, p. 28) document the reduction in cultivated land in China 
during the fi rst half of the 1990s, largely attributing this to expanded industrial and urban uses 
of land. Zhang et al. (2007) imply that this trend continued into at least the early part of the 
twenty-fi rst century. For example, the authors estimate that 260,000 hectares of Chinese culti-
vated land was converted to non-agricultural uses between 1991 and 2001.
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most commonly by assessing whether observations seem to be correlated with 
other nearby observations by calculating test statistics such as Moran’s I (Moran 
1950) and Geary’s C (Geary 1954) metric.8 In the present case, these statistics 
were calculated for each region in each year and the null hypothesis of spatial 
homogeneity was rejected for any reasonable degree of certainty, confi rming the 
common-sense expectation that agriculture was not distributed uniformly across 
any of the continents.9

For our purposes, it is perhaps more useful to consider metrics of dispersion 
that are not explicitly spatial. Economists often analyze income distributions 
using a methodology fi rst described by Lorenz (1905), who graphed cumula-
tive income distribution against population percentiles. If income were equally 
distributed among the population, the Lorenz curve would be a 45-degree line 
through the origin, and the degree to which the curve departs from that line is 
usually summarized by the Gini coeffi cient (Gini 1912). Here, we make use of 
the pixilated landscape (30 arc-minute or 5 arc-minute pixels) inherent in the 
SAGE series and use Gini’s procedure to assess the degree to which crop produc-
tion is concentrated within each region.10  

In this spatial context, the calculated Gini coeffi cients will equal zero if each 
of a region’s pixels contains the same share of the region’s agricultural area; the 
value of the coeffi cients will increase as agriculture becomes more concentrated 
in fewer pixels, and a coeffi cient of unity indicates that all production is in a 
single pixel.11 In general, Gini coeffi cients differ more across regions than within 
regions over time. In every period, crop production was most spatially concen-
trated in North America and Australia and was least concentrated in Asia and 
Central America (Table 2.2). The relatively high coeffi cients for North America 
and Australia refl ect a relatively low ratio of arable to total land, while the low 
Central American coeffi cients refl ect the opposite, along with a tendency for 

8Indeed, it is generally assumed that spatial autocorrelation is present unless there is evidence to 
the contrary. For example, the “fi rst law of geography” states “Everything is related to everything 
else, but near things are more related than distant things” (Tobler 1970, p. 236). 
9To reduce the scope of the problem, the spatial weights required for the calculations were 
defi ned using rook contiguity rather than an inverse distance metric. In general, these yield 
similar results but can differ, especially if production tends to exhibit more global autocorrelation 
than local autocorrelation. This does not affect the present conclusion.
10A 5 arc-minute grid yields pixels (cells) that are of about 86 square kilometers at the equator.
11Technically, the Gini coeffi cient calculated over discrete units (e.g., grid cells) cannot equal one; 
however, under perfect inequality the Gini coeffi cient approaches unity as the number of units 
approaches infi nity. 
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relatively non-intensive production. Over time, the Gini coeffi cients for Africa 
and Central America were stable, while those for the other regions refl ected a 
decreasing spatial concentration of production, as the agricultural footprint of 
these areas expanded.  

Table 2.2 also displays production quartiles which, as implied by the rela-
tively stable Gini coeffi cients, are also fairly stable over time. The third quartile 
shows the percentage of the region’s total land area that contains 75% of the crop 
area. By this measure, the largest changes occurred in North America, which 
concentrated three-quarters of its cropped area in only 4.5% of its land area in 
1800. By 2000, 9.6% of the region’s land area constituted the same portion of 
overall cropped area. However, the increased (but still rather concentrated) spa-
tial dispersion of cropped area in North America is a special case, as the interior 
of the continent, which is generally favorable for agricultural production, was 
not heavily settled until after 1800. By contrast, Central American and Asian 
production remained relatively spatially dispersed over the entire period, while 
South American, European, and African agriculture all became more concen-
trated after 1900.

3. SPATIAL DYNAMICS OF GLOBAL CROP PRODUCTION
The previous section explored the long-run, spatially explicit view of agri-

cultural change provided by Ramankutty and Foley (1999) and Ramankutty et 
al. (2008). We now turn to alternative empirical views of global production for 
more recent decades by fi rst exploring the commodity- and country-specifi c data 

  Table 2.2. Spatial dispersion of production by year and region

Sources: See the appendix.
Note:  The third quartile shows the percentage of each region’s total area accounting for one-
quarter of cropland.

 Gini Coefficient 3rd Quartile

Region 1800 1900 2000 1800 1900 2000 

North America 0.94 0.88 0.87 4.54 8.71 9.56 

Central America 0.68 0.68 0.68 24.77 24.77 25.05 

South America 0.77 0.75 0.73 18.17 18.73 13.33 

Europe 0.80 0.78 0.76 16.07 16.72 11.47 

Africa 0.78 0.78 0.79 16.11 15.99 13.21 

Asia 0.75 0.74 0.70 18.41 19.72 20.63 

Australia 0.93 0.93 0.90 5.37 5.52 4.96 
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assembled by FAO. These data enable a crop-level assessment of the changing 
landscape of production within and among countries. Throughout the section, 
simple economic concepts are employed to provide additional insights that could 
not otherwise be gleaned from a geopolitical assessment, namely, by considering 
the interactions between geography, economic development (as measured by in-
come per person), and crop values.

3.1. Global Changes in What Is Produced
Since 1961, a large area has been devoted to the production of cereal crops 

worldwide, increasing from about 648 million harvested hectares in 1961 to 
about 700 million hectares in 2007 (roughly 5.6% of the world’s ice-free land 
area, and 55.8% of global harvested hectares).12 In 2007, oil crops (such as soy-
beans and rapeseed) had the second-largest physical footprint, with harvested 
area for these crops totaling around 250 million hectares—more than double the 
113 million hectares of oil crops that were harvested in 1961. Over half (52%) 
of the increased area in oil crops refl ects a nearly fourfold increase in the area 
devoted to soybeans. Table 2.3 shows the trends in area devoted to each of the 
major crop categories used by FAO. Notably, while area devoted to production 
of oil crops increased steadily over the period, the area under cereals production 
increased to a maximum of about 720 million hectares by 1985, then generally 
decreased until an increasing trend again took hold during the new millennium. 

Category 

Area (million ha) and Trend 

1961 Trend 2007 

Fiber 38.7  35.8 

Fruits 24.5  47.1 

Oil crops 113.4  250.5 

Pulses 64.0  73.3 

Root crops 47.6  54.6 

Vegetables 23.7  52.4 

Cereals 648.0  699.8 

Table 2.3. Global harvested area by crop category

Sources: See the appendix.

12This value was calculated based on Ramankutty et al. (2008), who reported that 15 million km2 
of cropland accounted for about 12% of the total ice-free land area in 2000 (which implies that 
there are roughly 125 million km2 of ice-free land area).
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Further, the total area devoted to pulses, fi ber crops, and root crops was little 
changed, while the areas under fruit and vegetable crops both increased fairly 
rapidly (with the latter increasing at an increasing rate). 

While the land area under cereal production increased from 1961 to 2007, 
total harvested area over all crops increased even more, so the share of land de-
voted to cereal production shrank from 67.5% in 1961 to 57.7% in 2007. This 
was a widespread development, such that the harvested area dedicated to cereals 
decreased relative to other crop categories in every region of the world except 
Eastern Europe. The largest changes were in Latin America and North America, 
which reduced the share of their cropland devoted to cereals by 17.6 and 14.0 
percentage points, respectively (Table 2.4). Offsetting this reduction, the same 
two regions devoted relatively more of their land to oil crops, and in both re-
gions nearly all of the increase in land devoted to oil crops is accounted for by 
increased soybean production.

3.2. Changes in Where Crops Are Produced 
Changes in the global crop mix have been accompanied by changes in the 

distribution of production among and within countries and regions. Over the 
past four and a half decades, global cereal output became increasingly concen-
trated in Asia. This region increased its share of global cereal production from 
37.6% in 1961 to 47.2% by 2007, most of which resulted from relatively fast 
growth of wheat and corn production in China.13 Over the same period, North 
American output of cereals grew at about the global average rate, while output 
in the Former Soviet Union and Europe increased at a slower-than-average rate 
(2.0%, 0.6%, and 1.4% per year, respectively). Similar patterns were seen for 

13Here the aggregate production of cereals, fi ber crops, fruits, vegetables, roots, and pulses is a 
simple sum of the quantity of production (by weight) of each crop in a particular crop category. 
This measure of the aggregate quantity of production is affected by changes in the composition 
of the aggregate, with subtle but substantive implications for assessing changes in crop produc-
tivity (and, notably, aggregate cereal yields). For example, average wheat yields in Minnesota 
in 2007 were 3.0 tons per hectare while corn yielded 9.8 tons per hectare on average. Forming 
a “total cereals” perspective by simply summing 10 hectares of wheat output (by weight) and 
10 hectares of corn output (by weight) would imply a cereal yield of 6.4 tons per hectare. If all 
the wheat acreage were switched to corn, estimated cereal yields would increase to 9.8 tons per 
hectare, absent any change in the average yield of corn (or wheat). These compositional effects 
will confound efforts to interpret changes in measures of aggregate crop productivity when the 
aggregate quantities of crop output are formed by simply summing the components of the ag-
gregate (as done by FAO and many other analysts). Alston et al. (2010) explore the empirical 
implications of alternative aggregation methods when analyzing productivity developments in 
twentieth century U.S. agriculture.
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other types of crops, with Asia increasing its share of fi ber, fruit, and vegetable 
production, again refl ecting large increases in Chinese production of these types 
of commodities (Table 2.5). 

In addition to considering geopolitical boundaries, it is also useful to delin-
eate the agricultural landscape according to economic factors. To get a sense of 
how economic development is related to agricultural production, we grouped 
countries into two categories, “lower income” and “upper income,” according to 
their income per person.14 Between 1961 and 2007, the lower-income countries 
increased their share of production of all types of crops except oil crops. These 

14The World Bank (2009) classifi es countries according to their 2008 per capita gross national in-
come expressed in U.S. dollars. The income groups are high income, greater than $11,905; upper-
middle income, $3,856-$11,905; lower-middle income, $976-$3,855; and low income, less than 
$976. To simplify the presentation, we group the low and lower-middle income countries into one 
category called “lower income” and the upper-middle and high income countries into a second 
aggregate called “upper income.” It may be helpful to keep in mind that the upper-income group 
includes Brazil and Russia while China and India are included in the lower-income group. 

Sources: See the appendix.

Table 2.4. Share of cropland devoted to various crop types, by region

Region Year Fiber Fruits Vegetables Roots Pulses 
Oil 

Crops Cereals 
  (percentage) 

North 
America 

1961 5.6 1.0 1.4 0.7 0.7 18.0 72.5 

2007 3.2 0.9 1.1 0.5 2.6 33.3 58.5 
Latin 
America and 
Caribbean 

1961 7.2 3.6 2.2 5.2 9.2 13.7 58.9 

2007 1.7 5.2 2.1 3.7 6.4 39.5 41.4 

Europe 
1961 1.0 7.7 4.0 8.3 6.6 3.9 68.4 
2007 0.6 7.6 3.3 2.6 1.7 18.0 66.2 

Former 
Soviet 
Union 

1961 2.8 1.2 1.3 6.0 2.9 6.4 79.4 

2007 2.5 1.9 2.0 5.0 1.8 13.9 72.9 

Africa 
1961 4.5 4.3 2.0 8.3 7.1 16.8 57.1 
2007 2.6 4.5 2.9 12.0 10.5 13.7 53.9 

Asia 
1961 4.3 1.6 3.0 4.1 9.3 12.8 65.0 
2007 3.9 4.0 6.9 3.3 6.9 18.2 56.8 

Oceania 
1961 0.2 2.2 1.0 2.0 0.4 4.4 89.8 
2007 0.6 1.8 0.7 1.2 6.0 7.8 81.9 

World 
1961 4.0 2.6 2.5 5.0 6.7 11.8 67.5 
2007 3.0 3.9 4.3 4.5 6.0 20.6 57.7 
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countries markedly increased their share of fruits, vegetables, cereals, fi ber, and 
root crops. By 2007, lower-income countries produced 55.1% of the world’s fruits 
(by weight), up from 34.1% in 1961. Indeed, the global growth in the quantity 
of fruit production was driven by a 361% increase in fruit production by lower-
income countries (most of which occurred in the richer countries of this group). 
The lower-income countries also increased their share of vegetable output from 
47.3% of production by weight in 1961 to 72.3% in 2007. By contrast, the upper-
income countries increased only their share of oil crop production, from 51.3% 
to 56.2%, largely refl ecting changes in Brazil.

The spatial concordance between (changes in) crop area and crop output are 
not always close. For example, in 2007 nearly 44% of the world’s corn output 
came from North America while that region accounted for only 23.0% of the 
area devoted to corn. More strikingly, China increased its global share of wheat 

Table 2.5. Share of world crop production, by commodity type, 1961 
versus 2007

Sources: See the appendix.

Region Year Fiber Fruits Vegetables Roots Pulses 
Oil 

Crops Cereals
  (percentage) 

North 
America 

1961 20.7 10.0 9.1 3.5 2.8 19.4 20.6 
2007 15.5 5.1 4.5 3.1 10.3 13.3 19.8 

Latin 
America and 
Caribbean 

1961 12.1 16.7 4.1 7.1 8.6 7.9 5.4 

2007 6.2 20.5 4.5 7.8 11.2 17.6 7.4 

Europe 
1961 3.6 30.7 21.6 30.3 9.6 9.8 16.5 
2007 1.7 12.6 7.6 8.5 5.5 8.3 11.7 

Former 
Soviet 
Union 

1961 13.8 2.9 8.3 18.5 9.0 10.4 13.5 

2007 6.5 2.2 4.4 9.8 3.8 4.3 6.7 

Africa 1961 7.9 13.9 6.1 10.5 8.7 15.4 5.3 
2007 6.0 12.6 6.2 28.4 18.9 5.6 6.3 

Asia 1961 42.0 24.5 50.3 29.7 61.0 36.3 37.6 
2007 63.2 45.9 72.3 41.8 48.3 50.1 47.2 

Oceania 1961 0.0 1.3 0.5 0.4 0.1 0.7 1.1 
2007 0.9 1.1 0.4 0.5 2.1 0.8 1.0 

Lower 
Income 

1961 48.9 34.1 47.3 37.6 67.6 48.7 37.6 
2007 66.1 55.1 72.3 69.4 65.5 43.8 51.0 

Upper 
Income 

1961 51.1 65.8 52.7 62.3 32.3 51.3 62.4 
2007 33.9 44.9 27.7 30.6 34.5 56.2 49.0 
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production from 6.4% in 1961 to 18.1% in 2007, while its share of land devoted 
to wheat shrank slightly. Such differences in output and area shares refl ect differ-
ences in average yields (land productivity) across regions. They also reinforce the 
fi ndings previously mentioned of the substantial spatial relocation in cropped 
area worldwide, pointing to even greater movement in the location of production 
for specifi c crops both among and within countries. This movement has many 
important economic implications, not least in relation to understanding the fun-
damental forces driving observed changes in (aggregate) crop production and 
productivity estimates.15 

Between 1961 and 2007, the world’s fruit and vegetable production area be-
came more concentrated in Asia and, to a lesser extent, Africa (Table 2.6). Asia 
now accounts for 45.5% of the land devoted to fruit production and 71.5% of the 

15A more in-depth assessment of productivity developments worldwide and in specifi c countries 
is provided in the following chapters. 

Table 2.6. Share of world crop area, by commodity type, 1961 versus 2007

Sources: See the appendix.

Region Year Fiber Fruits Vegetables Roots Pulses 
Oil 

Crops Cereals
 (percentage) 
North 
America 

1961 16.4 4.8 6.5 1.7 1.3 17.9 12.6 
2007 11.9 2.6 2.7 1.2 4.7 17.8 11.2 

Latin 
America and 
Caribbean 

1961 11.8 9.2 5.8 7.0 9.1 7.6 5.8 

2007 5.8 13.4 4.9 8.1 10.5 19.1 7.1 

Europe 
1961 2.8 33.7 18.1 18.7 11.1 3.7 11.3 
2007 1.4 14.3 5.6 4.3 2.1 6.4 8.4 

Former 
Soviet 
Union 

1961 10.8 7.0 8.3 18.7 6.7 8.4 18.2 

2007 7.8 4.7 4.4 10.4 2.7 6.2 11.7 

Africa 
1961 11.6 17.7 8.4 17.4 11.1 14.8 8.8 
2007 14.0 18.7 10.6 42.8 27.7 10.6 15.0 

Asia 
1961 46.6 26.8 52.4 36.2 60.6 47.1 42.0 
2007 58.7 45.5 71.5 32.8 50.5 39.2 43.9 

Oceania 
1961 0.0 0.8 0.4 0.4 0.1 0.4 1.3 
2007 0.4 0.9 0.3 0.5 1.9 0.7 2.7 

Lower 
Income 

1961 56.9 37.2 55.1 52.4 70.7 59.7 46.6 
2007 71.6 60.4 78.2 76.1 77.4 48.8 56.0 

Upper 
Income 

1961 43.1 62.8 44.8 47.5 29.3 40.3 53.4 
2007 28.4 39.6 21.7 23.8 22.5 51.2 44.0 
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land devoted to vegetable production, versus 26.8% and 52.4% in 1961, respec-
tively. This change resulted mostly from increases in Asian fruit production area 
rather than from decreases elsewhere. Europe’s fruit area decreased by 18.5% 
overall over the period, the net result of a 30.5% decrease in Western Europe 
and a 62.3% increase in Eastern Europe.

Over the same period, Asia increased its vegetable production area by a 
remarkable 202.4%. Increased vegetable area in China (18.3 million additional 
hectares) contributed to this change, although Asia without China still more 
than doubled its land devoted to vegetable production. A similar percentage in-
crease in vegetable land area was seen in Africa (179.2%), although the continent 
only managed to keep pace with worldwide increases, maintaining a global share 
of production of slightly more than 6% during both periods. 

3.3. Global Crop Production: An Economic View  
In the preceding analyses, the crop categories used to describe changes in 

the cropped areas and amounts produced were based on quantities (by weight) 
of crop production aggregated into standard crop categories conceived on the ba-
sis of the biology of each crop (e.g., cereals, fruits, root crops, and so on). In this 
section we re-aggregate the crop quantities into crop categories conceived on the 
basis of the per unit value of each crop. 

To conduct our analysis of the shifting landscape of crops grouped on eco-
nomic criteria, all 157 crops (and crop products) in the FAO database (FAOSTAT) 
were classifi ed into three groups, low, medium, and high unit-valued crops ac-
cording to their average international price during 1999-2001 as reported by 
Wood-Sichra (2005).16 Crop values ranged from about $20 per metric ton for 
sugarcane to nearly $4,500 per metric ton for vanilla. Acreage in low unit-valued 
crops is dominated by the cereals (wheat, corn, rice, and barley) and soybeans, 
which account for about 70% of the area in low-value crops. The most important 
high unit-valued crops (by area) were cotton, coffee, sesame seeds, cocoa, tobacco, 
and tea while the acreage in medium unit-valued crops was dominated by com-
modities such as dry beans, various peas, pulses, groundnuts, and olives. 

16Prices reported by Wood-Sichra are the 1999-2001 average international prices used by FAO to 
form their production indices (see http://faostat.fao.org/site/612/default.aspx). Crops with an average 
price greater than $700 per metric ton were classifi ed as high-value crops, while those with prices  
under $250 per metric ton were classifi ed as low-value crops. Most livestock products would fall in the 
high-valued class, but here we limit our analysis to a consideration of plant products (not least because 
area under production is a more straightforward concept for crops versus livestock production).
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Between 1961 and 2007, the global share of total cropped area devoted to 
low- and high-value crop production increased by about the same percent-
age, 24.2% and 28.5%, respectively. Over the same period, the area devoted 
to medium-value commodities increased by 68.8% (Table 2.7). Thus, there 
was a slight shift toward production of medium-value crops, and that shift 
was evident in both lower- and upper-income countries. However, the nature 
of the change was different for different types of countries: the importance 
of medium-value crops increased in the upper-income countries in part be-
cause of reductions in high-value crop area, while lower-income countries 
increased the area of all three classes of crops. This analysis reveals that the 
decline in harvested area in the Former Soviet Union and Europe resulted 
from decreases in area under low-value crops (by 38.9 and 20.7 million hect-
ares, respectively) combined with small increases in the area under medium- 

Table 2.7. Area by crop value class and region, 1961 and 2007

Sources: See the appendix.

Region Year 
Value Class 

Low Medium High 
  (million ha) 

North America 
1961 97.4 3.3 7.2 
2007 115.6 10.4 5.2 

Latin America 
and Caribbean 

1961 51.3 7.9 13.2 
2007 115.1 12.1 10.6 

Europe 1961 91.2 16.5 2.1 
2007 70.5 19.1 2.2 

Former Soviet 
Union 

1961 142.7 4.3 2.6 
2007 103.8 5.0 3.1 

Asia 1961 333.6 58.7 24.4 
2007 421.1 95.1 39.6 

Africa 1961 76.5 16.0 11.3 
2007 149.1 36.8 17.1 

Oceania 1961 9.7 0.2 0.1 
2007 21.5 2.0 0.4 

World Total 1961 802.9 106.9 60.9 
2007 996.4 180.4 78.2 

Lower Income 1961 380.3 70.0 35.2 
2007 548.5 126.2 56.6 

Upper Income 1961 422.6 36.9 25.7 
2007 448.0 54.2 21.6 
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and high-value commodities. Nevertheless, low-value crop area increased 
overall because of substantial increases in every other region.

4. AN AGROCLIMATIC PERSPECTIVE ON CROP LANDSCAPES
The spatial lens through which we have examined patterns of agricul-

tural production is explicitly geopolitical. Both the national and subnational 
production data that underpin our analysis are collected and reported accord-
ing to administrative (geopolitical) boundaries that, while not arbitrary, are 
demarked with little or no consideration of the agroecological variation that 
directly affects crop location choices and the production and productivity po-
tentials of these crops. Thus, considering crop production totals aggregated 
over geopolitical space masks signifi cant spatial heterogeneity within these ag-
gregates that can have important policy and practical consequences.

To illustrate this issue, consider two countries: country A has spatially 
uniform growing conditions for its 200,000 hectares of rain-fed corn that each 
yield around 1.5 tons per hectare, while country B contains large extents of 
more arid areas where 160,000 hectares of production yield a meager 700 kg 
per hectare under rain-fed production and other more-favored areas where 
around 40,000 hectares yield 4.7 tons per hectare under irrigation. Both coun-
tries report identical national corn production statistics: 200,000 hectares of 
corn averaging around 1.5 tons per hectare (Table 2.8, Panel a). While the 
reported corn yields for both countries are identical, this masks the spatial 
heterogeneity inherent in these geopolitical aggregates, thereby compromising 
efforts to understand the factors that affect productive performance and varia-
tions in productivity over time and among countries. 

For example, consider two adjacent countries that equally share 400,000 
hectares of corn across a well-watered plain cut by national boundaries that 
yield some 2 tons per hectare. Additionally one has a further 200,000 hect-
ares under dryland conditions yielding 800 kg per hectare, while the second 
has some 50,000 hectares of land under irrigation yielding 5 tons per hect-
are. When presented as national aggregates, their respective average yields 
of 1.4 tons per hectare and 2.6 tons per hectare suggest quite different pro-
duction contexts (with perhaps little scope for technology spillover between 
these two countries) (Panel b of Table 2.8). Yet the common agroecological 
domain they share is the largest single productive resource, and so the pro-
ductivity potentials of the two countries have much more in common than 
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would be inferred from a consideration of yield relativities absent the agro-
ecological information.

Panels a through d of Figure 2.2 show the year 2000 estimates of the global 
crop geographies for corn, wheat, rice, and soybeans, respectively. In these plots, 
the larger the share of cropped area per pixel in the indicated crop, the darker 
the shade. Panel e of Figure 2.2 shows 16 agroecological zones based on moisture 
and temperature. To reveal some of the within-country variation in the produc-
tion landscape of agriculture, we overlaid the agroclimatic representation on the 
respective 2000 global crop geographies for corn, wheat, rice, and soybeans to 
generate production area and quantity estimates for these four crops stratifi ed by 
agroclimatic regions within countries. For each crop this generated a spatial re-
grouping of the area and quantity data for a total of 785 agroclimatic-by-country 
classifi cations. To simplify the presentation of these data, the countries were re-ag-

Table 2.8. Spatial aggregation bias: geopolitical versus agroecological units

Source: Developed by the authors.

Geopolitical Aggregation 
Agroecological 

Aggregation Implications 

Panel a  

Country A:  
    200,000 ha, 1.5 ton ha-1  
 
 
Country B:  
    200,000 ha, 1.5 ton ha-1 

Country A:  
Warm, wet lowlands – 
200,000 ha, 1.5 ton ha-1 
 
Country B:  
Hot, semi-arid, poor soils – 
160,000 ha, 700 kg ha-1 
Hot, irrigated, good soils – 
40,000 ha, 4.7 ton ha-1 

Geopolitical aggregations 
infer similar production 
contexts. Agroecological 
aggregations reveal large 
differences. 

Panel b 
 

Country A: 
   400,000 ha, 1.4 ton ha-1 
 
 
 
 

Country B: 
   250,000 ha, 2.6 ton ha-1     

Country A: 
Warm, wet plains—
200,000 ha, 2 ton ha-1 
Hot, semi-arid— 
200,000 ha,  800 kg ha-1 
 
Country B: 
Warm, wet plains—
200,000 ha, 2 ton ha-1 
Warm, irrigated, good 
soils—50,000 ha, 5 ton ha-1 

Geopolitical aggregations 
infer dissimilar 
production contexts. 
Agroecological 
aggregations reveal 
extensive commonalities. 
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Figure 2.2. Panels a and b. Global agroclimatic zones and year 2000 crop 
geographies 
Sources: Crop allocation data are documented by You and Wood (2005). Global agroecological 
zones were modifi ed from Sebastian (2006).

Panel a: SPAM Modeled 
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Panel b: SPAM Modeled 
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Figure 2.2. Panels c and d. Global agroclimatic zones and year 2000 crop 
geographies 
Sources: Crop allocation data are documented by You and Wood (2005). Global agroecological 
zones were modifi ed from Sebastian (2006).

Panel c: SPAM Modeled
Corn Distribution, 2000

Panel d: SPAM Modeled
Soybean Distribution, 2000
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Figure 2.2. Panel e. Global agroclimatic zones and year 2000 crop 
geographies 
Sources: Crop allocation data are documented by You and Wood (2005). Global agroecological 
zones were modifi ed from Sebastian (2006).

gregated into two geopolitical groups, lower income and upper income (as defi ned 
in Section 3), and the pixilated crop geographies within countries were collapsed 
into three agroclimatic groups: temperate, subtropical, and tropical. 

Figure 2.3 summarizes the results of this analysis, with Panel a showing 
the global area and production shares for each crop for the year 2000, strati-
fi ed into three agroclimatic regions. Panels b and c preserve the structure of 
Panel a but include only lower- and upper-income country area and produc-
tion shares, respectively. The percentages in brackets under the area and 
output labels at the bottom of these two panels indicate the respective lower- 
and upper-income country crop shares overall. The preponderance of global 
rice production in 2000—be it assessed in terms of area harvested or quan-
tities produced—occurred in tropical or subtropical areas, whereas global 
wheat production and soybean production were split more evenly between 
temperate and tropical areas. Two-thirds (66%) of the world’s corn produc-
tion came from temperate areas, which accounted for just 43% of the global 

Panel e: Global Agroecological Zones
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Figure 2.3. Corn, soybean, rice, and wheat production and area by 
agroclimatic zone
Sources: Developed by the authors using data from FAO and Sebastian (2006).
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area under corn. This implies that corn yields in temperate zones are much 
higher on average than corn yields in tropical and subtropical areas, which 
accounted for 57% of the global area in corn but produced only 34% of the 
world’s corn output. The temperate area and output shares for global soybean 
production were more evenly split, at 51% and 56% respectively, implying 
a comparatively small variation in average soybean yields in tropical versus 
temperate areas.17  

A comparison of the data represented in Panels b and c is revealing. As one 
might expect, less than 40% of the lower-income country areas planted to all 
four crops were located in temperate zones, and only 8% of the rice area is clas-
sifi ed as temperate (Panel b). In contrast, most of the corn, soybean, and wheat 
cropped area in the upper-income countries was in temperate zones, although 
there was a signifi cant share (65%) of rice acreage located in tropical and sub-
tropical landscapes (Panel c). Even with this rather coarse representation of ag-
roclimatic patterns of production, it is evident that the agroclimatic landscape of 
agriculture is substantially more heterogeneous in lower-income countries than it 
is in higher-income countries. 

Comparison of the area shares with output shares reveals that all four com-
modities have higher yields in temperate areas than in tropical areas in both 
upper- and lower-income countries. This indicates that at least some of the 
productivity disparity between upper- and lower-income countries is driven 
by agroecology. As a result, inter-regional comparisons of partial productivity 
metrics are often implicitly qualifi ed by assumptions about the comparability of 
agroecologies across regions. Further, the ever-changing spatial footprint of agri-
cultural production requires that inter-temporal comparisons—even within the 
same country or region—be subject to similar caveats. 

5. CONCLUSION
Subtle but substantial forces shape the spatial landscape of global agricul-

ture. The comparative stability of total harvested area for many crops (and, nota-
bly, the cereals) worldwide over the latter half of the twentieth century belies the 
signifi cant spatial relocation in crop production. Our analysis shows that global 
agriculture is spatially mobile, both over the long run stretching back several 

17Global soybean production is highly concentrated in just a few countries. In 2007, Brazil, Ar-
gentina, China, and the United States collectively accounted for 88% of world soybean produc-
tion, and 80% of area.
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centuries (and into prehistory) and during more recent decades. Further, both 
the location of cropped areas and the quantity of crop production vary among 
countries as well as across (agroecological) areas within countries. 

The sizeable shifts in the spatial structure of agriculture revealed by our 
analysis adds substantial complexity to understanding the fundamental forces 
that affect changes in past (and potential future) agricultural productivity. This is 
particularly so when the location of crop production shifts over time and among 
agroecologies both within and among countries. A distinguishing attribute of 
agriculture is that its production processes are greatly affected by a host of natu-
ral inputs, such as sunlight, temperature, and rainfall (including daily, weekly, 
monthly, and yearly averages as well as variations in the intensity and incidence 
of these factors among and within these periods of time), day length, and wind 
speed. Typically these inputs go unmeasured, at least by economists trying to 
quantify agricultural production and productivity trends. Putting agriculture in a 
spatial-cum-agroecological setting, as well as tracking movements in that setting, 
provides for a more meaningful assessment of productivity trends, which are 
typically assessed at much coarser spatial scales, such as the state, country, or 
regional aggregates reported throughout the remainder of this book. 

APPENDIX: ADDITIONAL DETAILS ON DATA SOURCES AND ANALYSIS
Many of the results presented in this chapter required extensive manipula-

tion of the referenced datasets. The following subsections provide additional de-
tails on how the data were processed.

Calculation of Production and Area Shares
The base area and production data are from FAO. Country designations used 

in both periods pertain to 2008 geopolitical boundaries. Country-specifi c values 
were estimated using a decomposition procedure for states that were previously 
part of a statistical or national aggregation. Subnational data were obtained for 
Kazakhstan, Ukraine, and Russia from the U.S. Department of Agriculture, 
Foreign Agricultural Service (2008). Otherwise, data were estimated using the 
decomposition procedure for a number of countries, including those that made 
up the Socialist Federal Republic of Yugoslavia, the People’s Democratic Republic 
of Ethiopia, Czechoslovakia, Serbia and Montenegro, the Belgium-Luxembourg 
statistical unit, and the Former Soviet Union (FSU). This decomposition allows 
for direct comparison of current and historical values.
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Countries were aggregated into regions using a modifi ed version of country 
aggregations developed by Wood-Sichra (2005). In order to render an analysis 
that is consistent with the remainder of the volume, the values presented in Sec-
tion 2 include FSU separately. Thus, FSU production and area are netted out of 
both Europe and Asia. 

Calculations Using Global Land-Use Data
The base data are described by Ramankutty et al. (2008) and Ramankutty 

and Foley (1999) and were downloaded from the SAGE Web site (www.sage.
wisc.edu) in May of 2009. The pixilated land-use data in the 2000 series from 
Ramankutty et al. are based on an underlying set of cropland and pasture inven-
tory data consisting of observations for 15,990 administrative (i.e., national and 
subnational) units worldwide, compared with information from just 348 admin-
istrative units that were used by Ramankutty and Foley to estimate crop cover 
for the 1700-1992 period. In addition, the pixilated data in the 2000 series are 
reported on a 5 arc-minute grid, which we aggregated to a 30 arc-minute grid 
for consistency and to facilitate processing with the pre-2000 series. These data 
are intended to represent “permanent croplands” (excluding shifting cultivation), 
which corresponds to FAO’s notion of “arable lands and permanent crops.” Al-
though the SAGE authors make no claims about the conformability of their two 
series, we implicitly assume that the year 2000 values are a continuation of the 
1700-1992 series. Given the inherent limitations of the underlying administra-
tive data and the long period of backcasting involved to generate the 1700-1992 
series, any results derived from these pixilated data should be used with cau-
tion, but we nonetheless deem them informative of likely broad-brush, long-run 
changes in the global landscape of agriculture.

To calculate centroids, a modifi ed version of the HarvestChoice raster-to-
country mappings from the International Rice Research Institute (2008) was 
used to assign the SAGE data to countries. The countries were assigned to re-
gions using a modifi ed version of region defi nitions developed by Wood-Sichra 
(2005). Grid cell sizes were approximated using the Haversine formula as given 
by Sinnott (1984) after Snyder (1987), and the center of gravity (“centroid”) of 
each region was then calculated by weighting the product of the estimated area 
and the estimated portion under cropping for each cell. 
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