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People on the Land: Changes in Global
Population and Croplands during the 20" Century

This study reviews the major changes in global distribution
of croplands during the 20" century. During the 20"
century, the cropland base diminished greatly (from ~ 0.75
ha person™ in 1900 to ~ 0.35 ha person™ in 1990). This
loss of croplands was not globally uniform: more than half
the world’s population, living in developing nations, lost
nearly two-thirds of their per capita cropland base. The
distribution of croplands has become increasingly skewed
—in 1990, 80% of the population lived off less than 0.35
ha person™. While agricultural yields have generally in-
creased, they have barely kept pace with population growth
in developing nations. Overall, the global food production
system is becoming increasingly vulnerable to regional
disruptions because of our increasing reliance on expen-
sive technological options to increase agricultural produc-
tion, or on global food trade.

INTRODUCTION

The global land base is fundamental to our success as a civili-
zation. Croplands are the sites of world food production, while
savannas and grasslands provide areas for grazing, and forests
and woodlands are sources of fuelwood, paper, timber, and phar-
maceutical products. Yet we still have a poor understanding of
the conditions of these crucial land resources. Here we review

the recent history of human agricultural activities across the
globe, focusing on the worldwide spread and intensification of
cropland ecosystems that has occurred in the last century.

WHERE DOES OUR FOOD COME FROM?

One of the clearest manifestations of human activity within the
biosphere has been the conversion of natural landscapes to highly
managed ecosystems, such as croplands, pastures, forest plan-
tations, and urban areas.

Until recently, however, we have only had rough estimates of
the extent of human dominated landscapes. For example, Turner
et al. (1) indicated that roughly 1400-1500 million ha (an area
nearly the size of South America) is in some form of cultiva-
tion, while about 7000 million ha (nearly half the global land
surface) in pasture and grassland. While these types of estimates
are useful, they only indicate the extent of land use within gross
national units. More explicit accounts of land-use practices, with
greater geographic detail, are needed to evaluate the environmen-
tal impact.

In a recent study, Ramankutty and Foley (2) presented a new
technique for documenting and monitoring cropland areas around
the world. This method reconciles satellite-based land-cover im-
agery and worldwide agricultural census data using a simple sta-
tistical technique. In particular, they fused the IGBP-DIS 1-km

Figure 1. Global cropland change during the 20" century. (Top) cropland rate of change calculated over 30-yr intervals from 1900 to 1990.

(Bottom) global crop cover in 1990.
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(Note: The historical cropland data were derived by statistically synthesizing a satellite-derived land-cover classification data set for 1992 with
historical cropland inventory data collected from numerous census organizations) (14).
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land-cover dataset (3) with numerous agricultural census records
compiled from international and national organizations to cre-
ate a geographically explicit global map of current croplands
(Fig. 1).

The Ramankutty and Foley (2) dataset indicates that roughly
1800 million ha (or 12% of the global land-surface area) was
under cultivation in the 1990s. This number is on the high end
of the 1500-1800 million ha reported by other sources (4-7).
In our calibration technique, the satellite data provide additional
information on the distribution of croplands—our estimate is the
best statistical fit that reconciles both the satellite and census in-
formation. Furthermore, several studies have shown that official
statistics, especially in China, may be under-reporting agricul-
tural land area by as much as 50% in some regions (8-10). Nev-
ertheless, even if our global total cropland area may be an over-
estimate, the spatial distribution of crop-cover is reasonable.

Here we present a brief discussion of agricultural geo-
graphy for 16 different regions of the world, with informa-
tion compiled from numerous sources (2, 7, 11, 12). Detail-
ed maps of croplands and more discussion of agricultural
geography are also presented as supplemental web material
(http://sage.aos.wisc.edu). The geographic distribution of crop-
lands shows that the major cultivation zones of the world lie in
regions with agriculturally productive soils and adequate climate
conditions (13). In particular, we see the breadbaskets of the
world: the Corn Belt of the United States, the prairie provinces
of Canada, the wheat-corn belt of Europe, paddy in the Ganges
flood-plain, the wheat- and rice-growing regions of eastern
China, the grain-growing regions of the Pampas in Argentina,
and the wheat belts of Australia. Less dense cultivation occurs
throughout much of the developed world. In addition, large sec-
tions of Africa are characterized by low- to moderate-intensity
subsistence agriculture. Generally speaking, croplands are largely
absent in regions characterized by extremely dry or cold climates.
For instance, croplands are absent in the subtropical deserts, high
alpine regions, and high-Ilatitude zones.

The modern extent and intensity of crop-cover is a relatively
new feature on the Earth’s surface. For example, Richards (7)
estimated that there has been greater expansion of cropland ar-
eas since World War Il than in the 18th and early 19th centu-

Figure 2. Croplands in the 20" Century.
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ries combined. Even though many authors have recognized the
importance of such large-scale land-use activities, relatively few
studies have attempted to quantify the history of human land-
use and land-cover change within the biosphere.

Recently, Ramankutty and Foley (14) reconstructed a histori-
cal (from 1700 to 1992), geographically explicit dataset of
cropland areas for the entire globe (Fig. 1). This data set was
constructed by statistically combining the 1990s croplands data-
set with historical cropland census data (for the last 3 centuries).
It indicates that croplands expanded by 50% during the 20" cen-
tury, from roughly 1200 million ha in 1900 to 1800 million ha
in 1990. This net increase in cropland area includes the aban-
donment of 222 million ha of cropland since 1900.

From this historical dataset, we selected data over the 1900-
1990 period for analysis in this study. The general pattern of glo-
bal crop-cover change shown in this dataset (Fig. 1) is consist-
ent with the history of human civilizations as well as the pat-
terns of economic development and European settlement (7, 15,
16). The regions of the world with a long history of agricultural
practice—Europe, India, China, and Africa—have extensive
crop-cover in 1900. Eastern North America and southeastern
Australia are cultivated in 1900 following European settlement.

Cropland Expansion during the 20" Century: 3 Periods

1900-1930: Agriculture in North America migrated westward,
with intensification of the corn-belt in the USA, and cultivation
of the prairie provinces in Canada. We also see extensive crop-
land abandonment extending all the way from New England and
the mid-Atlantic states to the midwestern United States. The
Pampas grassland region in Argentina was cleared for crops dur-
ing this period; parts of Brazil were also beginning to be culti-
vated. By 1930, cultivation began in southwestern Australia. The
rest of the world gradually intensified its cultivation during this
time. Some croplands in northeast India were also abandoned.

1930-1960: There was further intensification of crop-cover in
the American corn-belt and the Canadian prairie provinces. How-
ever, cropland abandonment became more extensive in the east-
ern parts of North America, extending into the southern coastal
plains. We see some clearing along the Paranaiba River, Brazil,
along with some cropland abandonment to the west. After 1930,
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(Note: We aggregate the results in figure 1 into 16 major regions of the world. The results are presented as the fraction of cropland occupying the
total land area of each region. As a percentage of total land area, the greatest cropland expansion occurred in South and Southeast Asia, while in
absolute amounts, the greatest expansion occurred in the FSU and northern South America).
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crop-cover in the Pampas region stabilized and even decreased.
The “virgin lands” project of the Former Soviet Union (FSU
hereafter) led to an intensification of croplands there (although,
the dataset misrepresents the spatial pattern of this change due
to the lack of subnational data; it ought to be an eastward move-
ment of croplands rather than an intensification). While the rate
of cropland change increased in the FSU, cropland expansion
slowed down in Europe. Cultivation also intensified in India and
China, although some cropland abandonment is also seen in In-
dia, in the northeast and the southeastern coastal regions. Clear-
ing for croplands intensified in Southeast Asia and Oceania.
1960-1990: The most significant change in croplands was the
expansion in southeast Brazil. Cropland abandonment continued
in the Pampas. Cropland expansion slowed down in the
midwestern USA, while abandonment in the eastern portions
continued. Cropland areas in northern Europe, the FSU, and
China stabilized and even decreased in some regions, while it
intensified in portions of northeast China. Some croplands were
abandoned in Japan. Parts of India continued to clear for crops,
while others abandoned croplands. Clearing for cultivation con-
tinued in Southeast Asia and Oceania.

We now compare the 20" century cropland-cover across 16
major regions of the world (Fig. 2). As a fraction of total land
area, Eastern Europe is the most extensively cultivated region
in the world, with more than half its land area in crop-cover.
However, in absolute terms, the FSU has the largest cropland
area. The greatest expansion of croplands in the 20" century (in
absolute amounts) also occurred in the FSU (mainly during ex-
pansion into the Virgin Lands) and in northern South America
(in the last 50 years, with cultivation in the Brazilian highlands).
However, as a percentage of total land area, the greatest cropland
expansion occurred in South and Southeast Asia (11% and 18%
of their total land area, respectively, was cleared for cultivation
during the 20" century). In these regions, cropland areas in-
creased exponentially matching an exponentially growing popu-
lation.

THE CROPLAND BASE
The ability of a region of the world to produce or access food is

determined by 3 factors: i) access to an adequate amount of pro-

Figure 3. Human population in the 20" century.
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ductive cropland; ii) the ability to maintain high crop yields on
that land (often with the aid of expensive inputs, such as ferti-
lizers, pesticides, and irrigation); or iii) the ability to purchase
and import food from other regions. These factors only account
for the capacity of a particular region to produce or access food,
and ignores the economics of food supply within the region and
the ability of individuals and families within each region to be
able to access the available food.

First, we examine the availability of productive cropland
around the world. Specifically, we look at the changes in amount
of cropland area per person over the 20" century. Per capita
cropland area is an important measure of a region’s land base.

Changesin Human Population

During the 20" century, world population more than tripled, in-
creasing from approximately 1500 million people in 1900 to
5200 million in 1990 (Klein Goldewijk, pers. comm., 1999). To-
day, the world population is roughly 6000 million, and is increas-
ing by 1.3% yr™, adding roughly 78 million people (equivalent
to the population of Vietnam) to the planet every year (17). At
this rate, the population of the planet would double in 52 years;
however, current projections suggest that the rate of population
growth is declining, and that our population will instead reach
8900 million by 2050 (17).

In addition to the overall global increases in population, the
geographic distribution of human population underwent massive
changes during the 20" century (Fig. 3). For example, between
1900 and 1990, the population of northern South America in-
creased by 214 million (681%, compared to the global average
population increase of 3700 million, 236% (Fig. 3). Overall,
South Asia and China, Mongolia, and North Korea increased in
population most rapidly (845 million and 774 million, respec-
tively); Canada and Argentina, Chile, and Uruguay had the slow-
est rates of population growth.

Increasing human population has undoubtedly driven global
changes in land-cover. However, land-cover change attains glo-
bal significance through the cumulative addition of locally spe-
cific changes (1). Thus, we examine the regional relationships
between population change and crop-cover change.
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(Note: Klein Goldewijk and Battjes (5) compiled historical national and subnational level population statistics from various sources. We obtained
the data at a country level (Klein Goldewijk, pers. comm., 1999) and aggregated to 16 regions. South Asia and China, Mongolia, and North Korea
increased in population most rapidly, while Canada and Argentina, Chile, and Uruguay had the slowest rates of population growth. The units are

millions of people).
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The Changing Distribution of Cropland Resour ce

Comparing the population and amount of cultivated land in 16
major regions of the world (Fig. 4), we find that, in general, re-
gions with high populations have larger cropland areas. The na-
ture of this relationship has not changed over the 20th century
because it is the greater demand from growing populations that
has led to cropland expansion. Furthermore, people tend to live
near regions that are agriculturally productive; historically, cit-
ies were located close to the major food production centers of
the world.

However, the wide scatter around the general linear relation-
ship also reveals an uneven distribution of the cropland base (Fig.
4). Developed countries such as the USA and the FSU, with
roughly 10-13% of the world population, contain nearly a third
of the global cropland area. On the other hand, the populous and
poorer nations of the world such as China, Mongolia, and N. Ko-
rea and South Asia, with roughly 45% of the global population,
have only a quarter to a third of the global cropland area.

A good measure of the global distribution of cropland re-
sources is the per capita cropland area (Fig. 5). The 20th cen-
tury changes in per capita cropland area in the 16 regions of the
world shows that population growth was not met by a corre-
sponding increase in cropland expansion both globally and
regionally. This is primarily due to 2 factors.

i) Most of the 20th century increases in food production were
achieved by increased productivity on cultivated land (i.e. by
higher yields per unit land area through the use of fertilizers,
mechanization, pesticides, irrigation, etc.) Thus, the per capita
cropland area decreased in all regions of the world during the
20" century except in northern South America (Fig. 5) (in north-
ern South America, it increased from 1900 to 1930, but de-
creased afterward, and was still higher in 1990 than in 1900).
Globally, the per capita cropland area decreased by more than
half, from around 0.75 ha person™ in 1900 to only 0.35 ha per-
son™ in 1990.

ii) Expansion of cropland area did not always occur in the re-
gions with greatest population growth. For example, the FSU had
the greatest cropland expansion in the 20th century (Fig. 2), but
its population growth was lower than in all the developing na-
tions (Fig. 3). On the other hand, South Asia, which had the
greatest population increase in the 20th century, did not have a
commensurate expansion of cropland area (Figs 2 and 3). In-

Figure 4. The population of 16 major regions of the world plotted
against their cropland area in 1900 and 1990.
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(Note: The dotted line diagonally cutting across the figure represents
the global average per capita cropland area in 1900 and 1990. Regions
of the world that lie in the lower section of the figure have relatively
higher per capita cropland area, while the regions of the world in the
upper section have lower per capita cropland area with respect to the
global average. The global distribution of croplands is skewed: the
USA and the FSU, with roughly 10-13% of the world population, have
nearly a third of the global cropland area, while China, Mongolia, and N.
Korea and South Asia, with roughly 45% of the global population, have
only a quarter to a third of the global cropland area).

Table 1. Change in per capita agricultural production during the 1990s.

Agricultural production

Population
(million m tonnes yr™)

(millions of people)

Per capita agricultural production
(tonnes person™ yr)

Early 1990s Late 1990s Early 1990s Late 1990s Early 1990s Late 1990s Late 90s—Early 90s
Japan 20 18 124 126 0.16 0.14 -0.02
North Africa 28 34 118 138 0.24 0.25 0.01
Mexico and C. America 35 40 136 158 0.26 0.25 0.00
South Asia 307 365 1172 1364 0.26 0.27 0.01
Middle East 68 73 187 225 0.36 0.33 -0.04
Northern S. America 91 105 248 283 0.37 0.37 0.01
Southeast Asia 174 195 447 509 0.39 0.38 -0.01
Tropical Africa 189 242 493 607 0.38 0.40 0.01
Globe 2526 2781 5252 5882 0.48 0.47 -0.01
China, Mongolia, and N. Korea 545 643 1186 1290 0.46 0.50 0.04
Former Soviet Union 273 183 291 292 0.94 0.63 -0.31
OECD Europe 240 262 381 390 0.63 0.67 0.04
Argentina, Chile, and Uruguay 27 45 49 54 0.55 0.84 0.29
Eastern Europe 130 116 119 118 1.09 0.98 -0.11
USA 318 364 254 274 1.25 1.33 0.07
Oceania 24 37 20 22 1.18 1.67 0.49
Canada 57 58 28 Bl 2.04 1.88 -0.16

The agricultural production data (sum of cereals, pulses, and roots and tubers production rates) were obtained from the Food and Agricultural
Organization’s online FAOSTAT database (http://apps.fao.org). Data were collected at the country level, annually, for the period 1990-1998. The
data were aggregated to the 16 regions, and a linear regression was fit to the 9 years of data. The end points of the regression line were chosen to
represent the conditions in the early- and late 1990s. The data are sorted by the per capita agricultural production rates in the late 1990s. Regions of
the world that lie above the global value have relatively lower per capita agricultural production rates in the late 1990s with respect to the globe,
while regions of the world below have higher per-capita agricultural production rates during the 1990s.
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creased food demand in South Asia was met by a large increase
in land productivity during the Green Revolution (in addition,
fish forms a large portion of the diet). In northern South America,
cropland expansion was so large that there was more cropland
per person at the end of the century than in 1900. Increased glo-
bal trade and food aid during the 20th century undoubtedly pro-
vided food to the nations without sufficient cropland base.

It is estimated that a minimum cropland area of 0.5 ha per-
son™ is required to provide an adequate diet (18). Of course, this
makes certain assumptions about the climatic and soil conditions,

and about the level of technology used. However, it is a rough,
but useful, number to compare against the cropland base of the
different regions of the world during the 20" century. Canada
had the greatest per capita cropland area during the 20" century
(3.4 ha person™, on average), followed by the FSU, Argentina,
Chile, and Uruguay, and the USA (roughly 1.5-1.6 ha per-
son™). Japan had the lowest per capita cropland base (0.07 ha
person™ on average, almost 50 times smaller than Canada) (how-
ever, a substantial portion of the Japanese diet is fish). The great-
est loss of per capita cropland was seen in Canada and the USA

Figure 5. The per-capita cropland area in 16 major regions of the world from 1900 to 1990.
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In these countries, cropland areas stabilized during the latter half
of the 20" century while populations continued to increase. How-
ever, these regions already have a large share of the world’s
cropland base, and relatively fewer people live there.

In relative terms, Tropical Africa, South Asia, China, Mon-
golia, and N. Korea, Mexico and Central America, the Middle
East, and the USA experienced the greatest loss of per capita
cropland area during the 20" century (losing nearly two-thirds
between 1900 and 1990). All of these regions except for the USA
had less than 0.5 ha of cropland per person by 1990. Also, Tropi-
cal Africa, South Asia, and China, Mongolia, and N. Korea host
more than half of the world’s population and are also relatively
poor.

The scarcity of the cropland base can be better illustrated by
examining the distribution of human numbers vs per capita
cropland area (Fig. 6). In 1900, more than 1000 million people
(74% of the 1900 population) lived below the 1900 global av-
erage per capita cropland area of 0.75 ha person™. In 1990, the
global average cropland per capita itself decreased to 0.35 ha
person™. And in 1990, more than 4000 million people (nearly
80% of the 1990 population) possessed less than 0.35 ha of
cropland person™. Eight regions of the world fall in to this cat-
egory, and 5 of them,—North Africa, Tropical Africa, China,
Mongolia, and N. Korea, South Asia, and Southeast Asia,—com-
prise the developing nations of the world. The remaining 3 na-
tions in this category,—Japan, OECD Europe, and the Middle
East,—are probably wealthy enough to import their food. On the
other hand, in 1990, roughly 10% of the global population (liv-
ing in the developed nations of USA and the FSU) enjoyed
greater than 0.8 ha of cropland person™. In comparison to the
estimated minimum cropland area requirement, there were 800
million people in 1900 (52% of the 1900 population) with less
than 0.5 ha person™, while in 1990, there were 4500 million peo-
ple (87% of the 1990 population) with less than 0.5 ha person™.
Thus, during the 20" century, the trend indicates that more peo-
ple (mostly living in developing nations) are living off less land
area.

A major caveat regarding the above analysis is that the same
extent of land can produce different amounts of food in differ-
ent parts of the world because of differences in climate, soils,
etc., even with the same technological advancement. For exam-
ple, Canada, with a large cropland extent is hampered by a short
growing season, while the small extent of cropland in Southeast
Asia may permit 2 to 3 growing seasons. A more complete analy-
sis of regional food status will need to include models of an-
nual crop production. Thus, in the next section, we briefly ex-
amine the trends in regional food production over the last dec-
ade.

AGRICULTURAL PRODUCTION

While cropland area is vital for producing food, the agricultural
yield of the land, crop production per unit area, is also a critical
factor. In fact, much of the increase in food production during
the 20" century came from increases in yield rather than from
an expansion of the cropland area. Here, we briefly examine the
status of agricultural yields and total food production during the
decade of the 1990s.

We compare the population of 16 major regions of the world
with their agricultural production in the early and late 1990s (Ta-
ble 1). Regions of the world that lie on the right-hand side of
the dashed line (representing global average production per
capita in 1990s) have a relatively favorable food supply com-
pared to the rest of the world. We ignore differences in consump-
tion styles in this simple analysis. Canada has the highest per
capita agricultural production, while Japan has the lowest per
capita production (however, fish is a larger portion of the Japa-
nese diet).
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The direction of change from early to late 1990s for the dif-
ferent regions is also indicated in Table 1. The USA, China,
Mongolia, and N. Korea, OECD Europe, Argentina, Chile, and
Uruguay, and Oceania had food production rates that exceeded
their population growth rates during the 20th century. The FSU
and Eastern Europe had population growth rates that far ex-
ceeded their food production rates. However, they already had
favorable production per capita to begin with in the early 1990s.
Per capita food production rates barely remained steady in the
developing countries comprising the regions of South Asia,
Tropical Africa, Southeast Asia, northern S. America, Mexico
and Central America, and N. Africa. The developing region with
the worst trend is South Asia, which is also relatively poor and
incapable of importing a lot of food. For the most part, regions
with favorable per capita agricultural production in the 1990s
also experienced the greatest fluctuation during that period.

FUTURE TRENDS

In the 20" century, because of technological advances, the food
production per capita remained stable or even increased in some
places. However, the forecast for the future does not look prom-
ising. There will be an additional 2000 million people on this
planet within the next 30 yrs (17). Furthermore, food consump-
tion is expected to increase as per capita incomes rise (19). In
this context, the general trend toward less land per person is dis-
turbing. It implies a greater reliance on continued technological
advances in food production; technology that many developing
nations cannot afford. Furthermore, there is no fertile frontier
left to be exploited, since the vast majority of the world’s
fertile land is already under cultivation. Much of the remaining
cultivable land lies in marginal areas or in the richly forested
regions of tropical Latin America and Africa (20). Clearing for
cultivation implies an enormous loss of valuable forestland.
Furthermore, we are already losing existing prime farmland to
urbanization and soil degradation that will further increase the
pressure on the remaining croplands. Thus, our global food pro-
duction system is becoming increasingly vulnerable because of
its sole dependency on technological improvements to meet
future food demands; poor nations are likely to be the most
affected as they can scarcely afford the expensive technological
options or to import food to meet their needs.

CONCLUSION

Humans require a secure and renewable natural-resource base
to sustain their basic needs and economic activity into the fu-
ture. However, while deriving natural resources from the terres-
trial biosphere, humans also inadvertently modify their environ-
ment. The 20th century has seen a growing human population,
increasing agricultural yields, and a resultant decrease in the
land-resource base. From 1900 to 1990, global population in-
creased 236%, while global cropland area increased 56%, result-
ing in a halving of the global per capita cropland area.

The loss of land-resource base has not been globally uniform.
More than half the world’s population living in developing na-
tions—constituting South Asia, China, Mongolia, and N. Korea,
and Tropical Africa—lost nearly two-thirds of their per capita
cropland area during the 20th century. The impact of rapid popu-
lation growth in regions with a low cropland base has led to the
increasing pressure of more people living off less cropland area
per capita. In 1990, nearly 4000 million people possessed less
than the global average per capita cropland area of 0.35 ha per-
son™, and most of these people lived in poor nations of the world.

A review of food production data in the 1990s indicates that
developing nations, especially South Asia, are just maintaining
their per capita food production rates. In the future, these na-
tions might have to import much of their food, unless they can

Ambio Vol. 31 No. 3, May 2002

http://www.ambio.kva.se



continue to enhance the productivity of their land. The FSU,
Eastern Europe, the Middle East, and Japan also had lower (or
even decreasing) food production rates compared to their popu-
lation growth rates. However, the former 2 regions had favorable
production rates to begin with, while the latter 2 regions are
wealthy enough to buy food.

In addition to the loss of per capita cropland area due to the
sheer increase in population size, recently, the pressure on the
land base has increased further due to the loss of prime farm-
lands to urbanization and to soil degradation (21, 22). During
the 20th century, there has been a large shift of humans from
rural to urban areas. As most of the urban centers were estab-
lished close to prime cropland areas, with exploding urban popu-
lation sizes, human settlements are now encroaching on regions
with the best climate and soils for growing crops. For example,
in the USA and China, large areas of prime farmland are being
lost to urbanization (21, 23). Similarly, with the intensification
of cultivation and the expansion of cropland into more marginal
areas, large areas of cultivated land are being degraded. A U.N.
study (24), as well as a more recent study by the International
Food Policy Research Institute (25), estimated that roughly 40%
of global cropland area is degraded to some degree due to agri-
cultural mismanagement. Thus, in addition to the loss of our per
capita cropland base due to the sheer increase in human popu-
lation, we are also losing prime farmland due to urbanization and
soil degradation.

In this study, we have only considered pressures on land due
to human population growth. We have to recognize, however,
that population growth by itself does not drive changes in land-
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