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Abstract

Context Understanding the causes and consequences
of land use and land cover change in drylands is crucial
for global sustainability. Inner Mongolia consists of
arid and semiarid ecosystems of global importance.
Objectives Our main goal was twofold: to review the
patterns and drivers of land use and land cover change
in Inner Mongolia, and to discuss ecological impacts
and strategies for promoting landscape and regional
sustainability.
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Methods We took an interdisciplinary and retro-
spective approach, based on historical records and
remote sensing data.

Results Inner Mongolia has evolved from an ocean
to a forested region and then to a dryland area in the
past millions of years. As a cradle of Chinese
civilization, Inner Mongolia has experienced a series
of land transitions from localized primitive agriculture
that occurred in prehistoric times to broad-scale
nomadic pastoralism that lasted for a few 1000 years,
and to sedentary pastoralism with increasing agricul-
ture and urbanization since the 1960s. The general
land use pattern has long been shaped by the interac-
tions between nomadic pastoralism and agrarian
culture. The major drivers of land use and land cover
change include: climate, demography, socioeconomic
structures, institutional changes, and technological
innovations.

Conclusions The landscapes of Inner Mongolia
have evolved historically through several phases,
and the profound and unsustainable landscape trans-
formations during the past 50 years have been driven
primarily by land use policies. Strategies based on
landscape sustainability science are needed to curb
ecosystem degradation and promote sustainability in
the region.
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Introduction

Land use and land cover represent a main object of
study in ecological and geographical sciences, as well
as other fields dealing with human-environment
systems (Forman and Godron 1986; Turner et al.
1990; Lambin et al. 2003; DeFries et al. 2004a; Foley
etal. 2005; Wu 2006; Turner et al. 2007). Land use and
land cover are two related but different terms; the
former is defined by the purposes for which humans
use the land, whereas the latter is defined by the
physical attributes of the earth’s land surface. Land
use and land cover change (LUCC) has been recog-
nized widely as a primary driver for biodiversity loss
and ecosystem degradation worldwide, and has be-
come a key research topic in landscape ecology and
sustainability science (Wu and Hobbs 2002; Turner
et al. 2007; Wu 2013a, b). Much of the research on
LUCC so far has focused on forested landscapes, and
less effort has been directed to the spatial patterns and
ecological processes of dryland systems (Wu 2013a).
However, the world’s drylands, consisting mainly of
deserts and grasslands in arid and semiarid regions, are
vast in size and crucial for global sustainability, as
they occupy about 41 % of the earth’s land surface
where more than 38 % of the total global population
reside (Reynolds et al. 2007). In addition, about 90 %
of the people in dryland areas live in developing
countries where the lowest levels of human well-being
are found (MEA 2005). It is important, therefore, to
galvanize more research into the world’s dryland
systems, particularly, on landscape and regional
scales.

The Mongolian Plateau is well known for its vast
grasslands, the Gobi desert, and, of course, the stories
of Genghis Khan and his Mongol Empire. The plateau
is located in Central Asia, and comprises the eastern
part of the world’s largest grassland—the Eurasian
Steppe—which stretches over some 8000 km from
northeastern China to Mongolia, the former Soviet
Union, and Hungary (Fig. 1a). The Mongolian Plateau
covers an area of approximately 260 million ha (about
1 million square miles), bounded by the Greater
Xing’an Mountains to the east, the Yin Mountains to
the south, the Altai Mountains to the west, and the
Sayan and Khentii mountains to the north. While the
plateau is an essential part of the global drylands, its
ecology was poorly understood until quite recently, as
compared to most other drylands in Africa, Australia,
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North America, and South America (Li 1964; Wu and
Loucks 1992; Kang et al. 2007; Han et al. 2009).

Once completely part of China, the Mongolian
Plateau has been divided politically into two main
parts since the 1940s: the Inner Mongolia Autonomous
Region of China in the south (IMAR or Inner
Mongolia for short) and the independent state of
Mongolia in the north (Fig. 1b). Mongolia and Inner
Mongolia have had quite different land use policies
during the past several decades, resulting in contrast-
ing socioeconomic and environmental changes in the
two parts of the same plateau (Bai et al. 2012; Wang
et al. 2013; Chen et al. 2015; Zhao et al. 2015).
Landscape transformations in Inner Mongolia have
been much faster with more severe ecological impacts
than in Mongolia, particularly since the turn of the
twentieth century (Lu et al. 2009a, b; Chen et al. 2013;
Hilker et al. 2014; Chen et al. 2015). These ecological
problems have been better documented for Inner
Mongolia than for Mongolia. Several studies in this
special issue further explore a number of these
ecological issues.

To effectively deal with the current ecological
problems and develop sustainability solutions for
Inner Mongolia, it is necessary to understand the
history and culture of its landscapes. The objectives of
this paper, therefore, are to review the historical
landscape dynamics of Inner Mongolia, examine its
environmental and socioeconomic drivers, and seek
strategies for promoting landscape and regional sus-
tainability. This article is also intended to provide a
historical and landscape context for this special issue,
to which this paper belongs.

Environmental setting and landscape pattern
of Inner Mongolia

Inner Mongolia (IMAR) runs more than 3000 km
from southeast to northwest, covering an area of
120 million ha(3.3 times the size of Germany) and
accounting for 12 % of China’s land area (Fig. 1b).
This region consists of six plateaus from east to west:
the Hulunbuir Plateau, the Xilingol Plateau, Wulanch-
abu Plateau, the Ordos Plateau, the Bayannoir Plateau,
and the Alashan Plateau (thus, the term Inner Mon-
golia here represents a greater area than the narrowly
defined Inner Mongolian Plateau bounded by the Yin
Mountains to the south). The topography of this region
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is characterized by vast plains with numerous low
rolling hills and tablelands, with elevation decreasing
gradually from west to east and from south to north
(ranging from 1400 to 700 m above the sea level).
Under a prevailing continental climate, different
climatic zones can be differentiated based on tem-
perature and precipitation patterns from east to west:
temperate semi-humid (dominated by forests), semi-

arid (dominated by grasslands), and arid zones
(dominated by deserts). Across the region, the mean
annual temperature ranges from —2 to 6 °C, with a
frost-free season of 70-160 days. The mean annual
precipitation varies from about 40-450 mm, with
80-90 % of annual precipitation falling between July
and September when temperature is also high (Fig. 2a,
b). This concurrence of precipitation and temperature
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Fig. 2 Maps of the (A)
vegetation zones (a), mean
annual precipitation (b),
mean annual temperature
(¢), and land use and land
cover pattern (2000) of Inner
Mongolia
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peaks favors plant growth, which is a distinctive
climatic characteristic that distinguishes the Eurasian
steppes from the other major grasslands of the world—
the North American prairies, the South American
pampas, and the African veld and savannah—where
precipitation is much higher.

Along the east—west precipitation gradient, Inner
Mongolia has several types of zonal vegetation
(broad-scale, climate-defined natural vegetation): the
temperate coniferous and deciduous forests, meadow
steppe, typical steppe, desert steppe, steppe desert, and
desert (Fig. 2c). Grasslands (steppes) of different
kinds are the most dominant vegetation type, covering
78.8 million ha (about 67 % of IMAR'’s territory).
Corresponding to the zonal vegetation types, several
major soil types are found, including chernozem
(meadow steppe), chestnut (typical steppe), and calcic
brown (desert steppe and steppe desert) soils. In
addition to zonal vegetation, several types of non-
zonal vegetation, mainly sandy lands and wetlands,
are found in the region (Fig. 2d). Major sandy lands
include Horqin (4.8 million ha) and Hulunbuir
(900,000 ha) in the east, Hunshandak (4 million ha)
in the middle, and Maowusu (4.4 million ha) and
Kubugqi (2 million ha) in the west. The exact area of
each sandy land varies with climate and human
activities. Most wetlands are found in the eastern part
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of Inner Mongolia along major rivers and lakes
(Fig. 2d).

The Eurasian steppe region as a whole has the
highest indigenous plant and animal biodiversity
among the world’s major grasslands second only to
African savanna (World Conservation Monitoring
Centre 1992; Sala et al. 1996). Because of the broad
gradients of precipitation and temperature, the pres-
ence of mountains and wetlands, and the particular
geologic and evolutionary history, Inner Mongolia has
developed a diverse and unique flora and fauna which
are representative of the Mongolian Plateau. In total,
the biota of Inner Mongolia consists of more than 2600
species of vascular plants and 550 species of verte-
brates, including over 370 bird species, 65 mammal
species, 21 reptiles, 8 amphibian species, and 82 fish
species (Ma 1985; Xu 1988; Zhao and Zhao 2013).
Perennial bunchgrasses (e.g., genera of Stipa, Festuca,
Agropyron, Cleistogenes, andKoeleria) and rhizome
grasses (e.g., Leymuschinensis) are dominant in most
steppe communities throughout the region. Both
wetlands and sandy lands support high levels of
species diversity for both plants and animals. Wet-
lands are used as habitat by some internationally noted
migratory birds, such as white-naped crane (Grusvi-
pio), red-crowned crane (Grusjaponensis), and swans
(Cygnus spp.).
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Plant endemism is a salient feature of the species
diversity in Inner Mongolia. Four groups of endemic
species have been identified for this region: (1) steppe
endemic species (e.g., Allium mongolicum, Adeno-
phora biformifolia, and Gypsophila desertorum), (2)
desert endemic species (e.g., Tetraena mongolica,
Potaninia mongolica, Tugarinovia mongolica, and
Pugionium calcaratum), (3) sandy land endemic
species (e.g., Artemisia ordosica),and (4) mountain
endemic species (e.g., Allium alaschanicum and
Anemone alaschanica). The desert region of Inner
Mongolia is one of the eight biodiversity centers of
China—the only one in the arid and semiarid region of
the country. The desert area alone has more than 100
endemic species, including Tetraena mongolica,
Potaninia mongolica, Tugarinovia mongolica, Stilp-
nolepis centiflora, Pugionium calcaratum, Ammopip-
tanthus mongolicus, and Elachanthe mumintricatum.
Habitat differentiation in the interior of Inner Mon-
golia is a primary driver for the high level of plant
endemism (Zhu et al. 1999; Zhao and Zhu 2003; Liang
et al. 2004; Wu et al. 2005; John et al. 2008).

Emergence of arid landscapes and prehistoric
cultures on the Mongolian Plateau

Over the past millions of years, the Mongolian Plateau
has evolved from an ocean to a region fully covered by
forests and then to a land mosaic dominated by
grasslands and deserts (Fig. 3) (Li 1979; Zhou 1994;
Bayaer 2005; Hao and Chimeddorji 2011). During the
Permian Period of the Paleozoic Era, the plateau was
covered by primitive tropical rain forests under an
extremely humid climate. As climate became colder in
the early Eocene Epoch of the Tertiary Period,
subtropical deciduous broadleaf forests and coniferous
forests became the main vegetation types in this
region. About 60 million years ago, the Indian
Subcontinent began to collide into the Eurasian
Continent (Chen et al. 2010; Wu et al. 2014a),
consequently uplifting the Tibetan Plateau to form
the Himalaya Mountains that run across five countries
(i.e., China, Bhutan, India, Nepal, and Pakistan).

As the Himalayas mountains blocked the warm
moist air mass coming from the Indian Ocean in the
south, the regional climate of the Mongolian Plateau
became colder and drier. Drought-resistant grasses
then moved in, leading to the emergence of steppes on

the Eurasian continent about 7 million years ago
during the late Tertiary Period (Li 1979; Li et al.
1990). Extensive grassland landscapes across the
Mongolian Plateau were formed during the Pleis-
tocene Epoch of the Quaternary Period (about 2.4
million years ago); by contrast, not until 20,000 to
100,000 years ago did grassland landscapes take their
form on the Tibetan Plateau (Li 1979; Li et al. 1990).
Due to the impacts of glacial and interglacial events
during the early Quaternary Period, the climate
became even dryer and cooler, and deserts and sandy
lands (e.g., Badain Jaran Desert, Kubuqi Desert,
Hunshandake Sandy Land, and Mu Us Sandy Land)
gradually appeared. By then, the landscapes of the
Mongolian Plateau, dominated by dryland systems,
took shape (Li et al. 1990; Bayaer 2005).

Geophysical and climatic factors were primarily
responsible for the changes in land form and ecosys-
tems across the Mongolian Plateau in prehistoric
times. Archeological evidence (e.g., cultural relics
from the Paleolithic Period and the Neolithic Peri-
od)indicates that primitive humans already appeared
in Inner Mongolia about 700 thousand years ago
during the Old Stone Age, making Inner Mongolia one
of the cradles of Chinese civilization (Zhang et al.
1997; Fang 1999; Xu and Wang 1999). Several
prehistoric cultures (4000 years ago or earlier) were
developed in this region, including the Dayao Culture
in the vicinity of Hohhot about 700,000 years ago, the
Hetao Culture in the Ordos-Hetao region about
50,000 years ago, the Jalainur Culture in the Hulun-
buir region about 10,000 years ago, and the Hongshan
Culture near Chifeng about 5000-6000 years ago.
These ancient human activities included farming,
nomadism, hunting, and fisheries. With small popula-
tions in localized areas, the effects of these prehistoric
civilizations on the environment as a whole were
conceivably insignificant.

Land use change in Inner Mongolia

during the dynastic era (Xia Dynasty-1912)
Changing dynasties and two dominant cultures

The dynastic era of China refers to the period from the
Xia Dynasty (ca. 2070 BC-1600 BC) to the Qing

Dynasty (1636 BC-1912 AD). The recorded history of
China begins with the Shang Dynasty (ca. 1600 BC-
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Fig. 3 A schematic representation of historic landscape dynamics of Inner Mongolia

1046 BC) for which there are both written records and
archeological evidence. Before pastoralism, agrarian
culture had emerged in the Central Plain of China
around 1250 BC during the Shang Dynasty (Ren et al.
2013). Nomadic pastoral culture became a dominant
way of life on the Mongolian Plateau in the periods of
the Spring and Autumn (770 BC—476 BC) and
Warring States (475 BC-221 BC) (Hao and Chimed-
dorji 2011). The transition from hunting and gathering
culture to nomadic pastoralism was certainly a critical
shift in land use on the plateau, as a consequence of
domesticating wild animals (Li et al. 1990).

During the dynastic era of China, more than a dozen
ethnic groups of nomads lived in Inner Mongolia,
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including Shanrong, Donghu, Huns (Xiongnu),
Wuhuan (originally a branch of Donghu), Xianbei
(originally a branch of Donghu or Shanrong), Tu-
jue(Turks), Qidan (Khitan; originally a branch of
Xianbei), Niizhen (Jurchens), and Mongols (originally
a branch of the Shiwei tribe belonging to Donghu).
Xianbei was the first nomadic group that ruled the
central China at the end of the first century, which
subsequently promoted the mixture of agrarian and
nomadic cultures. In the mid-sixth century, Turks
defeated other nomadic tribes in Inner Mongolia, and
created the Turkic Khanate (552AD-745 AD), which
increased the blending of western and eastern cultures
in the region. After ruling the plateau for about
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200 years, the Turkic Khanate was eliminated by the
Tang Dynasty (618AD-907 AD).

In the early 12th century, the military power of the
Mongols began to rise up in the Hulunbuir grassland
region. In the early thirteenth century, Genghis Khan
(1162 AD-1227 AD) united several Mongolian tribes
through military campaigns, and established the Great
Mongol Empire (1206 AD-1259 AD) on the Mongo-
lian Plateau. Genghis Khan and his descendants
conquered Xixia, Liao, and Jin dynasties, and rapidly
expanded the territory of their empire. In 1271, under
the reign of Genghis Khan’s grandson, Kublai Khan,
the Mongols founded the Yuan Dynasty (1271 AD-
1368 AD), with its capital in Beijing (Da Du), and its
territory stretched throughout most of Asia and eastern
Europe during its prime. After finally conquering
south China, the Yuan Dynasty ended the Song
Dynasty in 1279, and unified all the lands of China,
including the entire Mongolian Plateau in the north,
the Hainan Island in the south, and everything in
between. As the first unified Chinese dynasty estab-
lished by an ethnic nationality, the Yuan Dynasty
played an important role in blending nomadic with
agrarian cultures, as well as mixing eastern and
western cultures. About a century later, the Yuan
Dynasty was eliminated by the Ming Dynasty (1368
AD-1644 AD), and most Mongolian tribes were
driven to the north of the Gobi (or the Great Desert) in
the Mongolian Plateau. The Ming Dynasty was the last
Chinese dynasty controlled by the Han people who
were identified with agrarian culture. In 1644, the
Manchu—another nomadic ethnic group—took con-
trol of China, establishing the Qing Dynasty (1644
AD-1911 AD).

Land use change as driven by natural
and sociocultural factors

The previous section indicates that Inner Mongolia
was occupied by nomadic people throughout the
dynastic era. Yet, primitive agriculture first occurred
in the southern part of Inner Mongolia ca. 8000-7000
BP, from the western hills of the Greater Xing’an
Mountains through Jining and Hohhot to the west of
Baotou (Fang 1999). About 4300-3500 BP, the
primitive agriculture began to decline with increas-
ingly dry and cold climate, while nomadic pastoralism
started to develop, eventually replacing agriculture as
the dominant land use in Inner Mongolia (Zhang et al.

1997; Fang 1999). This historic transition in land use
was mainly a result of humans adapting to the
prevailing climate change over a long period of time.
Ever since, this belt-like region that runs roughly east—
west along the south edge of Inner Mongolia has been
an agro-pastoral transitional zone in northern China. In
211 BC, the Qin Dynasty moved 30,000 households
from the central plains to Hetao and Ordos areas in
Inner Mongolia to solidify its control of its northern
frontier, and by the Western Han Dynasty (206 BC-8
AD) the Hetao region already became an important
grain production area (Bao and Enkhee 2009). The
total population in the Inner Mongolian region was
1.75 million in 2 AD, with 57 % of it being Han
Chinese; it reached 2.15 million in the early nineteenth
century, with Mongolians and Han Chinese each
accounting for about 50 %; by 1902 the Han Chinese
population alone exceed 1.5 million (Bao and Enkhee
2009).

Empirical evidence suggests that the dividing line
between nomadic pastoralism and cultivation tended
to move southward when climate was cold and dry,
and vice versa (Fang 1999; Zheng et al. 2014). In
addition to the climate factor, the ebb and flow of
military power between nomadic empires in the north
and agrarian dynasties in the south also has played an
important role in shifting the line back and forth. To
resist aggressions from nomadic empires, several
Chinese dynasties spent enormous amounts of re-
sources to construct the Great Wall (beginning in the
Spring and Autumn and Warring States Periods, but
most noticeable during Qin, Han, and Ming dynasties).
Thus, the Great Wall signifies the nomadism-agricul-
ture boundary (Zhang et al. 1997; Fang 1999). The
Great Wall built during the Han Dynasty (202 BC-220
AD), when the climate was warm and humid, was
located north of the Ordos region, whereas the Great
Wall constructed in the Ming Dynasty (1368 AD-
1644 AD) when the climate was cold and dry, was
situated south of the Ordos region (Fig. 4). For about
2000 years, however, the political, economic, and
cultural exchanges between the nomadic pastoralism
and agrarian societies occurred over a much broader
zone, including large areas south of the Great Wall and
north of the Yellow River.

During the late Qing Dynasty, crop cultivation began
to encroach northward into the heartland of Inner
Mongolia on an unprecedented scale. Although grass-
land reclamation and immigration of agrarian
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populations to pastoral regions were prohibited by law
in the early period of the Qing Dynasty, these
restrictions were subsequently run over by social and
environmental changes (Bao and Enkhee 2009). Early
agriculture started in Chifeng in the southern edge of
Inner Mongolia in the 1740s (Fig. 5). The first large-
scale conversion of grassland to farmland occurred
between 1876 and 1902 (Fig. 5). Prolonged drought

swept through most of northern China in 1877 to 1878,
resulting in a great famine and about 200 million
starving refugees (historically known as the Ding-Wu
Exceptional Drought or “Ding Wu Qi Huang”). This
disaster was particularly severe in Shanxi and Hebei
provinces, both adjacent to Inner Mongolia. A large
number of hungry peasants rushed to Inner Mongolia
and cultivated grasslands for survival. The government

Fig. 4 Approximate
locations of the Great Wall
built in the Han Dynasty and
the Ming Dynasty, which
has been widely considered
as the dividing line between
nomadic pastoralism to its
north and agrarian culture to
its south
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of the Qing Dynasty tolerated these famine immigrants,
and large areas of grassland from Ordos in the west to
Horqin in the east were converted to farmland during
this period (Xia 1993). Moreover, under the pressure of
raising funds to pay off the Boxer Indemnity (an
unequal treaty signed in 1901 between the Qing Empire
and the Eight-Nation Alliance), the Qing government
enacted a reclamation policy in 1902 and sent out
armed officials to implement it. This became the largest
grassland-to-farmland conversion event during the
dynastic era.

In a nutshell, during China’s dynastic era of almost
4000 years, the agrarian and nomadic cultures had a
long history of military conflicts and social and
economic exchanges, with periodic migrations of
peoples back and forth between the Central Plain and
Inner Mongolia. This period was characterized by the
long-term dominance of nomadic pastoralism and
episodic but large-scale grassland-to-farmland con-
version events, which took place mainly during the
Qing Dynasty. Major drivers of land use change
during this period include climate change, wars, and
other sociocultural factors (especially government
policies on land use).

Land use change in Inner Mongolia
during the modern era (1912—present)

Land use change in the period of Republic of China
(1912-1949)

The Xinhai Revolution in 1911 overthrew China’s last
imperial dynasty, and led to the establishment of the
Republic of China (ROC) in 1912, with Sun Yat-Sen
as the provisional president. The 38 years between
1912 and 1949 was one of the most chaotic periods in
China’s modern history, politically and socially.
During this period, large areas of natural grasslands
were converted to crop fields as a consequence of
immigration of agrarian populations from the sur-
rounding provinces, governmental policies for recla-
mation, and the lawless behavior of local landlords,
often in the name of supporting armies to resist foreign
imperialist aggressions (Lattimore 1940).

For example, more than 18,000 ha of grasslands
were lost to farming in the south-central part (used to
be called the Suiyuan region) of Inner Mongolia alone
between 1912 and 1928 (Bayaer 2005). In the 1930s,

greater areas of grasslands in the Horqin and Ordos
regions were converted to agricultural fields under the
direction of the government of ROC and local
warlords (Lattimore 1940), resulting in another large
grassland-to-cropland conversion event in China’s
history (Fig. 5). In addition, after occupying the
northeast of China, the Japanese imperialist invaders
not only massacred millions of innocent Chinese
people, but also converted vast areas of grassland into
crop fields and plundered enormous amounts of
natural resource (e.g., timber, coal, and minerals) in
Inner Mongolia to supply their inhuman and brutal
military aggression against China and several other
Asian countries (An 1995). Since the 1930s, the
southern and northeastern parts of the plateau have
been cultivated permanently (Figs. 3, 5).

Land use change in the period of People’s Republic
of China (1949—present)

1949-1978

From the last century of the Qing Dynasty to 1949,
grasslands were mostly owned by clans and landlords,
with transhumant pastoralism dominating the Inner
Mongolia region. After the founding of the People’s
Republic of China (PRC) in 1949, however, the
government began to own everything within its
territory. Through the process of “Land Policy
Reform”, also known as “Land Revolution” in the
early 1950s, the Chinese government collectivized
pastoralists and the rangelands into People’s Com-
munes. From 1949 to 1978 (the beginning of China’s
economic reform and open-door policy), China’s land
use policies in Inner Mongolia focused on grain
production while deemphasizing animal husbandry,
resulting in the loss of large areas of grasslands to
agriculture. Grassland conversion during this period
was wide-spread across much of Inner Mongolia. Most
noticeably, 800,000 ha of grasslands were cultivated
between 1949 and 1952 to help the nation’s economy
to recover from the devastating civil war. During the
“Great Leap Forward”(1957-1959), China had a
nationwide mass movement for steel making and
grain production, which actually resulted in a “great
leap backward” because of misguiding policies and
rash advances in socioeconomic development.

The Great Leap Forward was followed by the so-
called “Three Years of Economic Hardship” or
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“Three Years of Natural Disasters” between 1959 and
1961 during which tens of millions of people starved
(also known as the “Great Chinese Famine” in the
west). This large-scale famine was caused mainly by
the government’s erroneous policies and officials’
misconducts, as well as droughts and flooding in some
regions (“70 % of human-induced disasters and 30 %
of natural calamities’’) (Chen 2004). In response to the
food crisis, the government put forward “Grains First”
policies, and additional 700,000 ha of grasslands were
converted to farmland from 1959 to 1961. During the
Cultural Revolution (1966—-1976), the government not
only demanded herders to produce their own grains,
but also created the Inner Mongolian Production Army
Corps of 170,000 people who were stationed across
Inner Mongolia (Fig. 6). The Production Army Corps
had dual responsibilities of producing food and
defending the northern frontier of China against the
possible invasion of the Soviet Union. More grass-
lands were converted to crop fields, some of which
were located in the heartlands of the meadow steppe
and typical steppe regions (Fig. 6).

The total cultivated area in Inner Mongolia in-
creased from about 4 million to 5.3 million ha from
1949 to 1978, with a peak of over 6 million ha in 1961
(Fig. 7a). Human population increased from about 6
million in 1949 to 18.2 million in 1978 because of
improved infant survival rate and large influxes of
immigrants (Fig. 7b). During the same period, the
total counts of livestock increased nearly 5 times from

fewer than 10 million in 1949 to about 45 million in
1978 (Fig. 7c). These numbers suggest that a rapid
increase in land use intensity in Inner Mongolia
occurred even during the early decades of the PRC era,
and that fast population growth was certainly an
important factor for the increased demand for more
land for food production.

1978-2000

After China started economic reform with an “open-
door” policy in 1978, ideas of market economy began
to penetrate into centrally planned economic policies.
Since then, China’s economic development has been
moving forward at an unprecedented rate, resulting in
profound landscape changes nationwide. Another
major grassland-to-farmland conversion wave in Inner
Mongolia occurred from 1987 to 1996, increasing the
total area of cultivated land to more than 7 million ha
(Fig. 7a). These newly cultivated grasslands were
mainly distributed in the eastern and southwestern
parts of Inner Mongolia (Wang and Su 1999). Non-
vegetated areas and sandy lands also greatly increased
during this period of time. For example, the area of
Hunshandak Sandy Land increased nearly 50,000 ha
between the late 1980s and the late 1990s (Chen et al.
2006), and non-vegetated areas in the Xilingol grass-
land increased by 143,400 ha from 1990 to 2000 (Hu
et al. 2012). For Inner Mongolia as a whole, the total
area of bare and sandy lands increased by 346,700 ha,
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Fig. 7 Changes in some important socioeconomic variables in
Inner Mongolia since 1949: a Total cultivated area, b human
population, ¢ livestock population, d urban area and urban
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million in 2000, and this number exceeded 100 million
in 2005 (Fig. 7c). Such breakneck increase rate of
livestock, especially after the mid-1980s, was un-
precedented in the history of Inner Mongolia. Fast
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economic development promoted rapid urbanization
which in turn stimulated population growth and
massive rural-to-urban migrations (Fig. 7b, d). With
continuing increases in human and livestock popula-
tions in Inner Mongolia, land use activities, particular-
ly overgrazing, became a primary cause for large-scale
grassland degradation across the region (Tong et al.
2004; Jiang et al. 2006; Li et al. 2012). The total area
of degraded grasslands in Inner Mongolia increased
from 35.57 % in 1985 to 60.08 % in 1995 (Li 1997).
Due to new urban developments, coal mining, and
farmland expansion, Inner Mongolia became much
more fragmented than ever (Li 2008; John et al. 2009;
Hu et al. 2012). In the same time, the total area of
wetlands and water bodies decreased substantially
(John et al. 2009; Tao et al. 2015).

During this period of time, the Chinese government
made two historic institutional changes for its pastoral
lands: the de-collectivization and privatization of
natural grasslands in the early 1980s and the promul-
gation of the Grassland Law in 1985 (amended in
2003).After 1949, the government owned all the
grasslands and most livestock, with all pastoralists
organized into “communes”. In 1983, the commune
system was disbanded with the establishment of the
“Household Contract Responsibility System” (HCRS),
amajor policy reform that has profoundly influenced the
agricultural and pastoral regions of China ever since.
Between 1983 and the early 2000s, the Inner Mongolia
government implemented the HCRS policy in its
pastoral lands (progressively from a few pilot areas to
the entire region), distributing grasslands and livestock
to individual herding households. While this policy was
quite successful in promoting land productivity in
agrarian areas, its implementation in the pastoral region
resulted in increasing stocking rate, reduced livestock
mobility, and highly fragmented grassland landscapes
(Li et al. 1999; Zhang et al. 2009).

2000-present

Several colossal dust storms rumbled through hun-
dreds of cities and villages, entraining dusts and
industrial pollutants along the way and blanketing the
sky of Beijing between 1998 and 2001. These dust
storms originated from dryland areas mainly in Inner
Mongolia. They disrupted many people’s normal work
and life, caused serious health concerns, and thus soon
became a frequent headline in China’s news media. As
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part of the Chinese government’s plan to combat dust
storms and protect the environmental quality of
Beijing, a series of large-scale ecological conservation
and restoration projects were initiated, including the
Beijing-Tianjin Wind and Sand Source Control Pro-
ject, the Natural Forest Protection Project, and the
Grain to Green Project. This marked a turning point in
the history of land use policy in Inner Mongolia (Ye
et al. 2000; Li et al. 2012).

Since 2001, both grassland and forested areas in
Inner Mongolia have continued to increase while
agricultural land has shown a declining trend
(Fig. 7a). Specifically, from 2001 to 2010 grasslands
increased from 86.7 million to 88 million ha, and
forest cover increased from 17.57 to 20.00 % (Inner
Mongolia Autonomous Region Bureau of Statistics
2002-2011). Land desertification has been curbed to
some extent, as evidenced by the vegetation recovery
of sandy lands from Ordos in the west (Zhang et al.
2014) to Horgin in the east (Zhang et al. 2012) and the
decreasing area of bare land in a number of places
throughout the Inner Mongolian region (John et al.
2009; Hu et al. 2012).

Despite these recent positive trends in ecological
restoration, increasing human activities since the
1950s have resulted in a number of ecological
problems across the Inner Mongolia region. For
example, biodiversity, ecosystem function, and
ecosystem services have declined in the region
because of increasing human demands for resources,
improper management practices, and misguided land
policies (Wu and Loucks 1992; Li 1997; Tong et al.
2004; Squires et al. 2009). Many endemic species and
unique plant communities have disappeared or be-
come endangered (Li et al. 1990; Kang et al. 2007; Xu
et al. 2010). Almost all the grasslands in Inner
Mongolia are now degraded at varying degrees, and
over average the current grassland primary produc-
tivity has decreased to only about 50 % or less of that
of undisturbed steppes (Xu et al. 2000; Jiang et al.
2006). Reduced vegetation cover and biodiversity loss
not only decreased grassland productivity, but also
simplified the community structure (e.g., species
composition, functional groups, and food webs), thus
undermining ecosystem stability and resilience again-
st climate change and other environmental distur-
bances (Bai et al. 2004, 2007; Liu et al. 2011).
Furthermore, soil erosion by wind and water have
become a wide-spread problem in many areas of Inner
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Mongolia since the 1960s, contributing to the problem
of dust storms. In addition, the total area of surface
water has been decreasing, groundwater level has been
dropping, and many lakes have disappeared, with the
rest shrinking in size (Liu et al. 2013; Tao et al. 2015).

These large-scale grassland degradation did not
occur until the 1960s primarily because of such
anthropogenic factors as overgrazing, grassland-to-
farmland conversion, mining, and urbanization (Li
1997; Wu and Hobbs 2002; Tong et al. 2004; Squires
et al. 2009; Dong et al. 2011; Li et al. 2012). For
example, the major reasons of decreasing water
resources include increasing water demands for crop
irrigation, industrial activities, and urbanization
(Fig. 7). The urban area of the 20 largest cities in
Inner Mongolia increased form 65,669 to 103,832 ha
from 2001 to 2010 (about 1.6 times; Fig. 7d). During
the same period, coal production increase from 58.30
million to 459.35 million tons of standard coal energy
(nearly 8 times; Fig. 7e), while the total amount of
solid wastes also increased several times (Fig. 7f).
Coal mining not only destroyed large areas of
grassland directly, but also exhausted or polluted
surface and ground water near and afar. However,
these and other related environmental and ecological
problems are yet to be carefully studied. Even more
dramatically than cultivation, large-scale surface
mining and urban sprawl are profoundly transforming
the structure, function, and future destiny of land-
scapes across Inner Mongolia.

Discussion

General patterns of historic land use change
in Inner Mongolia

For thousands of years, the most salient characteristics
that distinguish nomadic pastoralism from agrarian
culture can be summarized into one word: mobility.
Nomadic pastoralism relies heavily on moving live-
stock around seasonally and yearly to avoid overgraz-
ing and to adapt to high climatic variability, and is a
“coarse-grained” land use form that traditionally
operates over broad scales. In this case, both people
and their livestock are always on the move—roaming
around the vast grasslands with a great deal of risk and
uncertainty. By contrast, agrarian culture is character-
ized by the fixation of people to their land, and is

typically a “fine-grained”, laborious land use form that
usually operates on local scales. In this case, people and
their belongings are basically sedentary—having a high
degree of fidelity to the “place” that provides a sense of
security and comfort. Inner Mongolia has been
dominated by grassland and desert landscapes since
more than 2 million years ago. Human land use in this
region has experienced a series of transitions from
localized primitive agriculture and fisheries that oc-
curred in prehistoric times to broad-scale nomadic
pastoralism that lasted for a few 1000 years and to
sedentary pastoralism with increasing agriculture and
urbanization during the past several decades.

These historical changes in land use resemble the
general temporal trend of land use transitions observed
around the world (DeFries et al. 2004b; Foley et al.
2005): the pre-settlement stage (dominated by wild
lands with low population densities)—the frontier
clearing and subsistence agriculture stage (self-suffi-
cient farming with the population mostly engaged in
food production for local consumption)—the intensive
agriculture and urbanization stage (characterized by
diversified land uses and market economy, with
increasingly more agricultural products consumed by
urban populations). In Inner Mongolia, the pre-settle-
ment stage started several 1000 years ago when
ancient agrarian cultures emerged on the plateau.
Subsistence economy lasted for a few 1000 years, in
the form of nomadic pastoralism dominating the vast
grasslands and traditional farming in the southern part
of Inner Mongolia. In the 1960s, sedentary animal
husbandry completely replaced nomadic pastoralism,
and subsistence economy has been superseded by
centrally-planned and market economy. However, this
general trend of land use change should neither be
understood as an inevitable consequence of socioeco-
nomic progress nor a necessary pathway to future
sustainable development, particularly in a region
where the preservation of indigenous culture is of
critical importance. As discussed earlier in this review,
modern agricultural and urban encroachment into
pastoral lands has been a primary cause of unsustain-
ability in Inner Mongolia.

Landscape dynamics is always heterogeneous in
space and nonlinear in time. A salient characteristic of
land use and land cover change in Inner Mongolia is
the broad-scale dichotomous pattern: pastoral lands in
the north and an agro-pastoral transitional zone in the
south (Fig. 2d). This transitional zone in Inner
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Mongolia constitutes the major part of the Agro-
Pastoral Transitional Zone of North China (APTZNC)
that covers an area of 690,000 kmz, cutting across 8
provinces (Zhang et al. 1997; Wang et al. 1999; Zhao
et al. 2002). APTZNC is an extensive belt-shaped
region with fast landscape dynamics, and it is not only
important for understanding the land use history but
also for planning a sustainable future of Inner Mon-
golia. On a broader scale, remote sensing images
clearly reveal heavier influences of human activities
on landscapes in Inner Mongolia than those in
Mongolia (John et al. 2008; Chen et al. 2013; Wang
et al. 2013; Hilker et al. 2014; Chen et al. 2015; Zhao
et al. 2015).

Major drivers of land use change in Inner
Mongolia

In previous sections we identified a number of natural
and human factors that were responsible for land use and
land cover change in Inner Mongolia. The major drivers
or causes include: climate change, human demographic
changes (e.g., population growth and migrations),
political regime shifts (e.g., the rise and demise of
dynasties), institutional changes (especially national
laws and policies on land use), economic structures
(e.g., subsistence economy, centrally planned economy,
and market economy), sociocultural transformations
(e.g., changes in life style and value systems), and
technological innovations (e.g., irrigation systems, agri-
cultural machinery, and modern veterinary and forage
storage techniques). In general, the landscape dynamics
of Inner Mongolia have been driven by multiple causes
and their interactions or feedbacks although certain
individual factors played a dominant role during some
time periods. For example, natural disasters could trigger
different kinds of responses from society and govern-
ments, including changes in land use policy (e.g.,
prolonged droughts leading to famine and government
policy for converting natural grasslands to farmland to
produce food in the late-Qing Dynasty), as well as
political uprisings and military conflicts (e.g., peasant
revolts and wars between the nomadic north and the
agrarian south during the dynastic era). The multiplicity
of causes for land use change seems to be the case for all
landscapes around the world, as “land-use change is
always caused by multiple interacting factors originating
from different levels of organization of the coupled
human-environment systems” (Lambin et al. 2003).
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To better understand the complex relationships
among them, the drivers of LUCC may be classified
into different groups, based on whether they operate
on local or broader scales, whether they are fast or
slow variables, whether they affect LUCC directly or
indirectly, and whether they are endogenous or
exogenous to the system (Geist and Lambin 2002;
Lambin et al. 2003; Burgi et al. 2004). Lambin et al.
(2003) proposed a typology of causes of land use
change, with five “fundamental high-level causes”:
(1) resource scarcity leading to an increase in the
pressure of production on resources, (2) changing
opportunities created by markets, (3) outside policy
intervention, (4) loss of adaptive capacity and in-
creased vulnerability, and (5) changes in social
organization, in resource access, and in attitudes.
Furthermore, the land use change drivers can also be
distinguished in terms of “proximate” (or direct)ver-
sus “underlying” (indirect or root) causes (Geist and
Lambin 2002; Lambin et al. 2003). Proximate causes
are human activities that originate locally from
intended land use and directly affect land cover,
whereas underlying driving forces are socioeconomic
and institutional processes that indirectly affect land
use and land cover through influencing the proximate
causes on local, regional, national, and global scales
(Geist and Lambin 2002).

The various drivers of LUCC in Inner Mongolia
certainly can fit into these broad categories, which
helps us better understand the complexity of multiple
interactive factors in a historical context. Specifically,
climate change has been a background driver for land
use change over long and broad scales, which affects
land use change indirectly and is affected by regional
and global climate (Lu et al. 2009a, b; Chen et al.
2013). High variability in precipitation and tem-
perature—a salient characteristic of the dryland
climate, has always played an important role in land
use and land cover change on local to regional scales.
Indeed, resilience or vulnerability to extreme climatic
events (e.g., droughts and snow blizzards) is one of the
most effective indicators of the environmental and
social sustainability of dryland systems (Squires and
Yang 2009). Human demography, political regimes,
policies and institutions, economic structures, socio-
cultural systems, and technologies may all be consid-
ered underlying causes in Inner Mongolia. They have
interactively influenced proximate process (e.g., graz-
ing, cultivation, settlements, road construction, and
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mining) that have directly changed the land use and
land cover pattern in Inner Mongolia, particularly,
during the modern era.

It is important to emphasize that, before the late-
Qing Dynasty, long-term climate change (e.g., the
transition from a hot and humid climate to a cold and
dry climate) had long been the primary driver of
landscape changes in Inner Mongolia. For example,
the sandification of the Mu Us region was mainly a
result of climate change and geophysical processes
before the 1800s. On shorter scales of seasons and
decades, climatic fluctuations have always resulted in
frequent alternations of wet and dry years, conse-
quently inducing mostly reversible land cover
changes. After the 1800s, however, human factors
became increasingly important, and now have over-
whelmed natural forces in shaping the landscapes in
the region. In particular, land use policies and
economic systems have been chiefly responsible for
the profound landscape transformations and myriad
environmental problems in the recent decades (Li et al.
2007; Liu et al. 2008; Squires et al. 2009; Li and
Huntsinger 2011; Chen et al. 2013).

Strategies for promoting sustainability in Inner
Mongolia

Today, the steppes in Inner Mongolia are still vast in
extent, but resemble little the past—say, the grasslands
of the Genghis Khan era. Successive Chinese govern-
ments, from the Qing Dynasty to ROC and PRC, all
have failed to provide ecologically sound and op-
erationally effective land use policies to protect and
sustain the biodiversity, ecosystem function, and
ecosystem services of the drylands in Inner Mongolia.
Myriad environmental problems are widely recog-
nized, but most solutions—science-based or other-
wise—so far have failed to achieve the expected
outcomes, despite the fact that the number of research
papers on Inner Mongolian dryland ecosystems has
increased exponentially during the past 30 years.
What needs to be done to alleviate the current
environmental problems and make the region more
sustainable? How can research help? A number of
studies have been published to address these questions
since the 1980 s, and it is neither possible nor
necessary to review them all here. Instead, we briefly
summarize the dominant views in the Chinese and

English literature, based on which we advocate a
multi-scale, transdisciplinary approach that is guided
by landscape sustainability science and land system
design (Wu 2013b; Wu et al. 2014Db).

Since the 1960s, Chinese scientists have done
painstaking studies on the causes and processes of
rangeland degradation, and made numerous sugges-
tions for improving rangeland management (Li 1984;
Jiang 1988; Li et al. 1988, 1990; Zhang 1994; Li 1997,
Zhang 2000; Tong et al. 2004; Liu et al. 2008; Ren
et al. 2010). The late Prof. Bo Li, one of the most
eminent ecologists in China’s history, encapsulated
most of the suggestions in his eight strategies for
curbing degradation and promoting sustainability in
Inner Mongolia (Li 1997): (1) Establish a system of
valuation and payments for using rangeland resources;
(2) Restore degraded rangelands in tandem with
developing highly productive artificial grasslands in
suitable places with favorable soil water conditions;
(3) Keep livestock quantity in check and improve
livestock quality; (4) Increase government’s invest-
ment in rangeland restoration and management; (5)
Reinforce the Grassland Law and strictly implement
ecologically sound management policies; (6) Control
human population growth in pastoral areas, especially
limiting immigration from other parts of China; (7)
Improve the scientific knowledge and management
skills of local officials in pastoral areas through
training programs; and (8) Promote rangeland re-
search, particularly on the biophysical and socioeco-
nomic mechanisms of land degradation and ecological
restoration.

In the past two decades, the Chinese government
has invested billions of yuan in scientific research and
management practices in order to promote rangeland
sustainability in Inner Mongolia. A large number of
Chinese and international scholars have continued to
study the biophysical and socioeconomic problems of
rangeland degradation in this region, and generated
more suggestions. For example, a recent book (Squires
et al. 2009), with contributions from both Chinese and
international scholars, was devoted to address the
question: How can the next degradation episode be
prevented in the pastoral lands of northern China?
Most of the chapters were case studies by Chinese
scholars who focused on arduous documentation of the
myriad biophysical problems of rangeland degrada-
tion. Western scholars seemed more zealous to
emphasize social and institutional problems and to
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offer policy solutions. In the concluding chapter,
Squires and Yang (2009) suggested several strategies:
develop management systems for increasing mobility
and flexibility; create policies to promote alternative
employment generation; develop policies for effective
disaster relief and risk management; establish policies
for rewarding proper use of rangeland resources and
penalizing overgrazing and resource overexploitation;
and promote partnerships between the state and
rangeland users. In another book on China’s pastoral
lands, Brown et al. (2008) claimed that most Chinese
studies focused on “technical solutions”, and empha-
sized that the technical solutions need to be interfaced
with reforms of policies and institutions—a suggestion
which has been well understood and fully supported
by many Chinese scholars (e.g., Li et al. 1990; Li
1997; Zhang 2000; Shi et al. 2004; Liu et al. 2008).

While most of these suggestions are included in, or
implied by, those of Li (1997), two points in Squires
and Yang (2009) stand out as being of paramount
importance: livestock mobility and land use policies.
In the same book, Williams et al. (2009) claimed that
the loss of livestock mobility (not high stocking rate)
has been a root cause of rangeland degradation in
China, and that the future sustainability of these
rangelands will hinge on restored livestock mobility
that requires major institutional changes. The view
that livestock mobility is key to sustainable pastoral-
ism had been expressed by a number of western
scholars (e.g., Sneath 1998; Humphrey and Sneath
1999; Fernandez-Giménez and Swift 2003) as well as
Chinese researchers (e.g., Enkhee 2003; Liu 2003;
Dalintai and Alatenbagena 2005; Liu et al. 2008;
Dalintai 2010; Ren et al. 2010). However, China’s
policies of de-collectivization and privatization of
rangelands during the past several decades have
resulted in increasingly sedentary and fragmentary,
rather than mobile and coordinated, pastoralism in
Inner Mongolia (Humphrey and Sneath 1999; Huang
et al. 2009; Williams et al. 2009), although these
policies were well-intended and promoted short-term
economic development in the region.

It is important to note that livestock mobility needs
to be operationalized between seasons and on broad
enough spatial scales so that different landscape and
ecosystem features can be optimally used to cope with
extreme weather conditions and avoid overgrazing the
rangeland. This seems the essence of transhumance
(mobile pastoralism taking advantage of summer and
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winter pastures), which is an adaptive management
strategy out of experience and necessity. Small-scale
rotational grazing systems, however, may not achieve
the expected goals of livestock mobility (for the debate
on the effectiveness of rotational grazing or multi-
paddock grazing, see Briske et al. 2008; Teague et al.
2011, 2013). To operationalize mobility on large
scales, institutional changes are needed at the national,
regional, and local levels, which means drastic
changes to the existing land use policies. Also,
restoring mobility is not to return to traditional
nomadism, a form of “subsistence sustainability”
which would neither be able to support today’s high
population densities nor to satisfy modern society’s
human needs. In addition, mobility is not a panacea;
when stocking rates are excessively high or when a
rangeland is already overgrazed, increasing mobility
itself can do little to improve the situation. This means
that controlling both human and livestock populations
in Inner Mongolia is as important as increasing
mobility.

Finally, policy makers must understand that differ-
ence is not deficiency; mobile pastoralism represents a
different, but not an obsolete, culture or land use. The
ecological integrity and cultural identity in Inner
Mongolia are intrinsically linked (Enkhee 2003). Our
review of historical landscape transformations and
major drivers in this region provides many lessons
from the past. Agricultural encroachment and rapid
urbanization have created short-term economic gains
with high spatial and social inequality and, in the same
time, severe environmental and cultural problems in
the long run. The most important value of these
lessons is not to predict the future, but rather to guide
our way to shape the future. To effectively implement
the above-mentioned strategies, they must be inte-
grated in a sustainability science framework that
simultaneously considers the ecological, social, and
economic dimensions of the human-environment
system (Kates et al. 2001; Wu et al. 2014c). In
particular, landscape sustainability science and land
system design are quite relevant (Shi et al. 2004; Wu
2013b; Turner et al. 2013). Some excellent examples
of sustainable land system design for pastoral areas of
Inner Mongolia already exist, which aimed to optimize
production and ecological functions simultaneously
by taking advantage of the landscape characteristics
(e.g., topography, geology, soil, climate, vegetation,
and hydrology) and sociocultural settings of a given
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region (Zhang 1994, 2000). To move forward, future
research needs to focus on the relationship between
ecosystem services (supporting, provisioning, regulat-

ing, and cultural) and human well-being (objectiveand

subjective) in the face of climate and socioeconomic
changes, as well as actionable knowledge and design
principles for optimizing land use and land cover
patterns to promote regional sustainability (Wu et al.
2014b, c).
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