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Use and Abuse of China's Deserts and Rangelands 
Bill E. DahI and Cyrus M. McKeIl 

The People's Republic of China places a very high priority 
on the development and management of its arid and semi 
arid lands. To fully use the resources of these lands as well as 
restructure the policies and methods for their management, 
China seeks to understand and apply appropriate technolo- 
gies that will increase arid land productivity and contribute 
to the support of the world's largest population. In summer 
1984 the American Association for the Advancement of 
Science and the China Association for Science and Tech- 
nology sponsored an Arid Lands Symposium at the Desert 
Research Institute, Lanzhou, China. Following the sympo- 
sium, members of the U.S. and China delegations toured 
extensive areas of western China. The following overview of 
China's arid land problems is from observations and avail- 
able literature, some presented at the symposium in Lanzhou 
and in a companion symposium in 1985, "Use, Abuse, and 
Renewability of China's Arid Lands" at the annual meeting of 
the AAAS in Los Angeles, California. 

China's Arid Lands 
China has 425,000 mi2 of deserts in the northern and 

northwestern parts of the country. About 259,000 mi2 are true 
climatic deserts, with less than 4 inches annual precipitation 
(and a sizeable proportion of this below one inch); while 
66,000 mi2 are deserts resulting from man's abuse (deserti- 
fied). The remainder is arid steppe undergoing desertifica- 
tion (61,000 mi2) or threatened by desertification (39,000 
mi2). From the 66,000 mi2 of man-caused deserts, 46,000 mi2 
became deserts during the last 2,500 years, but the other 
20,000 mi2 of deserts were created within the last 50 years. 
The latter figures came from aerial photographs several 
decades apart, from Landsat images, and from ground sur- 
veys (Zhu and Liu 1983, Zhao 1984, Liu 1984, Yang 1984, Luk 
1983). According to Zhu et al. (1984) desertification can be 
attributed to the following influences: 

Overcultivation 
Overgrazing 
Firewood collection 
Urbanization and roads 
Misuse of water resources 
Sand dune encroachment 

Semiarid NW. China 
Throughout the world, the fragile ecosystems that lie on 

the margins of deserts are most subject to desertification. 
Centuries ago the Chinese constructed the Great Wail. 
Although there were political reasons for the wall it was also 
at the boundary between rainfed cropping and rangeland. It 
might also have been an attempt to separate farmers and 
shepherds. In some periods, rainfall outside the wall increased 

sufficiently to produce a crop and Chinese farming colonists 
pressed into Inner Mongolia. The nomads, in turn retreated 
toward the then wetter core of the desert area. In drier cycles, 
"dust bowl" conditions developed along the cultivation 
fringe and the farmers retreated southward. The nomads 
then invaded the cultivated areas within the wall (Cressey 
1944). Thus, China's boundary between potential dry farm- 
ing and rangeland, like other similar parts of the world, has 
undergone, and is continuing to undergo, desertification. 

Although cropping of submarginal land in the USA has 
created severe erosion, China's submarginal croplands were 
plowed centuries before similar areas were plowed here and 
appear more degraded than ours. Luk (1983) provides a 
recent case history showing how government policy, com- 
bined with drought, can vastly accelerate desertification 
processes. The area studied is the Maowusu Desert, more 
commonly called the Mu U Desert, which has a semiarid 
continental climate with annual precipitation ranging from 6 
to 17 inches. Most of the rain occurs from July to September 
during the growing season. This desert is mostly in inner 
Mongolia but part is in the northern portion of Shaanxi Pro- 

Three vegetation realms and 17 vegetation zones of China. I. 
Eastern humid forests: /1 Cool-temperate needle-leaved forests; 12 

Temperate mixed needle- and broad-leaved forest; 13 Warm -tem- 
perate deciduous broad-leaved forest; 14 Northern subtropic mixed 
evergreen and deciduous broad leaved forest; 15 Middle subtropic 
evergreen broad-laved forest; /6 Southern subtropic evergreen 
broad-leaved forest; 17 Tropic monsoon forest and rain forest; /8 
South China Sea Islands coral-reef evergreen dwarf forest and 
shrub. II. Northwestern arid steppes and deserts: Ill Temperate 
forest-steppe; 1/2 Temperate steppe; 113 Temperate desert-steppe; 
/14 Temperate desert; 115 Warm-temperate desert. Ill. Tibetan frigid 
Plateau vegetations: liii Cool-temperate mountain needle-leaved 
forest; 1112 A/pine shrub-meadow; 1/13 Alpine meadow and steppe; 
1114 Alpine desert. 

45% 
27% 
18% 
3% 
2% 
5% 
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vince and is bisected by the Great Wall (Area designated 112 

on Fig. 1). Droughts occurred during 1955-57, 1962—63, and 
1971-75. During 1955—57 and 1962-63, the desert expanded 
little but desert enlargement advanced dramatically from 
1971 to 1975. The question is-why more desertification in 
one period than the other? Luk (1983) concluded that in the 
early 1950's government agencies provided technical sup- 
port for establishing forestry stations and tree nurseries. 
Thus, in some areas, local Initiatives led to sizeable tree 
plantings on the desert fringe, whereas in many other areas 
very little attention was given to conservation practices. 
However, enough plantings were made and new land was not 
cleared so little desert expansion occurred. However, in the 
early 1970's, in response to the Mao call for "putting grains in 
command", large-scale land clearing was conducted in prac- 
tically every commune, including the drier areas in the West. 
Data for Ejin Horo Banner (a local government unit in the 
Province) show the desert area had increased from 75,000 to 
136,000 acres from 1950 to 1962, but it jumped to over 
500,000 acres by 1974. For all of I h Ju League (the next larger 
unit above a Banner) 495,000 acres of desert were added 
during 1970-73, only. They attributed this increase to land 
clearing of sandy soils and to sand encroachment on pas- 
tures. Luk (1983) concluded that droughts only accentuate 
desertification, the primary cause being overgrazing and 
land clearing for rain-fed agriculture. Other contributing fac- 
tors were cutting of shrubs for fuel and use in handicraft 
industries. 

One recent development of interest to outsiders watching 
China's economic development is the expansion of private 
livestock ownership on state farms and communes in an 
effort to build up animal numbers for human meat consump- 
tion. Rittenhouse (1983) observed that private reserve herds 
consume as much as 15 to 20% of the total pastu rage on a 
state farm and that private herds appeared to be growing at a 
rate of 15 to 20% a year in many areas. He speculated that 
should this growth rate continue unchecked, even over the 
next three to five years, it would have a devastating impact on 
range condition. Winter feed in steppe environments usually 
limits livestock expansion. The better grazing areas are often 
used for hay, which restricts the area available for summer 
pasture. Haying of summer pasture, along with conversion of 
rangeland to agronomic cropping, further heightens grazing 
management problems. Herd expansion policies conflict 
with two principles: namely that carrying capacity of the 
rangeland is exceeded and increased numbers does not 
necessarily mean increased productivity, but often less total 
meat production. 

ErosIon and Its Consequences In Loess RegIons 
The area around Lanzhou, which is the middle valley of the 

Huang He (Yellow River) with its major tributaries, the Fin 
and the Wei rivers, is dominated by the widespread occur- 
rence of yellow wind-laid silt or bess. Thickness of the bess 
ranges from none on steep mountain slopes to as much as 
1000 feet in valley bottoms and hills. The areas of bess hills 
are extensive and cover some 205,000 mi2. For centuries 
winter winds blowing outward from central Asian deserts 
lifted the silt aloft carrying it for great distances before de- 
positing it on bordering grasslands but leaving the coarse 

sand and gravel behind. 
In the bess region, rainfall varies from 8 to 16 inches and is 

sufficient to support a steppe grassland. Some reports (Smil 
1984) indicate that forests existed at one time but the present 
day climate of the area would not support a dense forest 
(Cressey 1944). Most of the precipitation occurs in summer 
with half in July and August. With such a long dry period 
each year coupled with the low precipitation, it is indeed 
doubtful the area could have supported much of a forest. 

This bess plateau has served as a classic example for 
massive erosion in the world's geomorphological and pedo- 
logical literature. The region, now desolate and wasted, sus- 
tained in its southern part in the lower Wei River Valley the 
core of ancient Chinese civilization. Xi'an, about 300 miles 
southeast of Lanzhou, served intermittently as the capital of 
11 dynasties for 1,100 years. Nineteen miles east of the city 
were buried the sculptured legions of Qin Shji Huang 
(259-210 BC), the first great unifier of China. About 95 mi. 
north of Xi'an is the tomb of the Yellow Emperor, the legend- 
ary founder of the Chinese nation. This long and conspicu- 

Thickness of bess as shown in the eroded valley drainage and by 
the height of the hills in the background which are loessial in origin. 

PrQtected north slopes have a good plant cover bur ourn wpes 
are severely eroded. 
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ous history of land use paved the way for the vast environ- 
mental destruction of the bess plateau region. Previously 
covered by fine grasslands (and some localized forests), it 
was stripped of its vegetation to build cities and imperial 
palaces, to heat houses, and for cultivated crops (Smil 1984). 

For centuries the effects of erosion have been advancing. 
The tragedy is that in spite of local control efforts, erosion is 
today dangerously accelerated. Severe erosion now exists 
on four-fifths of the plateau (Smil 1984). The conditions for 
accelerated erosion: bare soil, intense summer storms, and 
strong seasonal winds are all present to wash or blow away 
the extremely porous and easily eroded bess layers. The 
main reason for such staggering losses was the widespread 
and indiscriminate application of the Maoist "grain first" 
policy and the conversion of remaining thin forests (only 3% 
of the plateau still has some forest cover) and good grass- 
lands into cultivated fields. For example, in Guyuan County 
in Ningxia (North of Lanzhou) the average grain share per 
capita was 900 lbs in 1949, enough for adequate nutrition. In 
the 1960's peasants were able to sell over 4,700 tons of edible 
oil and more than 3,000 cattle to the state each year. Then 
camethe destruction of most cattle breeding programs. In 13 
communes of the county, all of the grassland was converted 
to grain fields. Twenty percent of the forested area was lost. 
Cultivated land increased by 203,000 acres but yields dropped 
to 225 lbs/acre. By 1977, per capita grain production shrank 
to 220 lbs; only 440 tons of oil and 800 cattle were sold to the 
state (Smil 1984). 

On our travel through the Ningxia Hui Autonomous 
Region (north of Lanzhou along the Yellow River) we tra- 
versed the northwestern margin of the bess plateau. Live- 
stock grazing on the hillsides and hilltops has created ero- 

sion problems on the slopes. Protected north slopes have 
good grass cover but the south slopes are severely eroded. 
The main rivers draining the bess plateau annually contrib- 
ute hundreds of millions of tons of sand and silt to the Huang 
He (Yellow River), making it the siltiest of the world. Before 
the river enters the bess region it carries 2 kg of silt/m3 of 
water; when it leaves, it carries 35 kg/rn3, but the highest 
recorded content is 651 kg/rn3. Although it was antici- 
pated that dams planned for the Yellow River for irrigation, 
power, and navigation would have silting problems, their 
project engineers had hoped that construction of check 
dams, afforestation, and terracing of watersheds would 
allow a useful life of 50 to 70 years for larger dams. Despite 
such measures, between 1958 and 1973 the largest dam had 
59% of its storage capacity filled with silt and a remaining 
project life of only 9 years. A further condemnation of the 

practice of cropping unsuitable land of this area is that dur- 
ing the 2,100 years prior to 1950,973 major breaches of dikes 
of the lower Yellow River occurred. However, according to 
Smil (1984), only two breaches occurred during the 580 
years when the bess plateau was primarily a grazing area 
with limited crop production (from about AD 23 to 618). A 
recent example is in the village of Gaoxigou of Mizhi county 
in northern Shaanxi province (west of Beijing in 112, Fig. 1) 
where two-thirds of the cropland (producing only 180 bbs! 

acre) was planted to grasses and trees. A 11.8-inch rainstorm 
washed away the topsoil of neighboring villages into the 
reservoirs, but the streams of Gaoxigou remained clear (Smil 
1984). 

Arid Northwest China 
Possibly the least productive area of China is the extremely 

Huang He (Yellow) river as it flows through the city of Lanzhou Said to be the siltiest river in the world. 
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arid Northwest. The Xinjiang Uygur Autonomous Region 
(China's NW Province; capital is Urumqi) provided the only 
low-level gateways between Oriental China and the more 
western parts of Asia. Trading routes have crossed north- 
west China since the dawn of history to link Ancient China 
with the Roman world. This was the fabled "silk road", the 
route of Marco Polo and the monks who brought Buddism 
from India (Cressey 1944). This region is a land of very high 
mountains, desert basins, and temperate desert oases. The 
plains are too arid for grazing and the slopes of the moun- 
tains too dry and rugged for terrace framing. Where semi- 
permanent streams race down from the highlands, irrigation 
ditches spread the water over their alluvial fans. Each oasis 
has been wrested from the surrounding desert by planting 
extensive windbreaks and irrigating crops to support a 
community. The population of some ofthe communities numbers 
in the thousands while others, such as Urumqi, are in the 
many thousands and have become agro-industrial centers. 

Some of the ancient oases are supplied water by under- 
ground tunnels, called "karez" from their Persian name, 
which bring water many miles down alluvial slopes. These 
tunnels prevent evaporation losses and are close enough to 
the water table to check seepage (Cressey 1944). For the 
newer oases, cement diversion dams and canals divert the 
runoff from high mountain snows and glaciers into a system 
of ditches to field plots. 

Vegetation realm 115 (Fig. 1) is the Tarim Basin, the central 
part being the nearly rainless Taklimakan Desert with an 
extensive sand sheet and huge dunes, some 1,000 feet high, 
more developed than anywhere else in Asia. Glacial snow- 
melt flows across the Tarim Basin from seasonal rivers which 
originate in the Himalaya mountain chain. Ancient commun- 
ities diverted some of the runoff to sustain a chain of settle- 
ments that constituted the southern route of the "silk road". 
Prior to the 1940's about 2.5 million acres were irrigated in 
communities surrounding the Tarim Basin, but in the last 40 
years, according to Dr. Zhu Zhenda of the Desert Research 
Institute, the area now being irrigated is about five million 
acres. 

North of Urumqi (Fig. 1) is the Junggar Basin, slightly 
more humid than the Tarim Basin to the south. An important 
fringe of poor grazing land follows the northern edge of the 
Tian Shan mountains that form the southern edge of the 
basin and a belt of steppe grazing land borders the southern 
Altai Mountains that rim the basin on the northeast. These 
grasslands make it possible for nomads to migrate east and 
west with their flocks. They follow the routes used by the 
Mongols when they invaded western Asia under Genghis 
and Kublai Khan. The Tarim Basin has no such continuous 
grasslands and the population is limited to fixed oases great 
distances apart. 

Precipitation in northwest China fluctuates widely and 
includes both snow and rain. On mountain slopes, the 
amount may exceed 25 inches annually with the maximum at 
intermediate elevations with more droughty conditions above 
and below. Thus, forests grow in the middle slopes of the 
Tian Shan and cattle from the lowlands are pastured on the 
grasslands during the summer. On the other extreme is the 
Tarim Basin with its Gobi (gravel) and Shamo (sandy) 
deserts having less than one inch of annual precipitation, an 
amount insufficient for the growth of vegetation without irri- 
gation. Because of the aridity of far northwest China, most of 
the area is not subject to desertification—it is already desert. 
However, in the areas around the ancient oases and the 
mountainous parts that have sufficient precipitation for for- 
age, grazing by livestock has been considerable. The most 
severe grazing probably has been of recent origin. Dewey 
(1983), reported "Xinjiang has traditionally been inhibited by 
nomadic Moslem, Kazakh, Uygur and Khirgiz tribes that 
subsisted almost exclusively on sheep, goats, cattle, camels 
and horses. These people had little interest in irrigation agri- 
culture and much of the water resources went unused. Fol- 
lowing the Communist Revolution in 1949, large numbers of 
Han Chinese were encouraged to settle in Xinjiang to reduce 
the population pressures in the East and to stabilize and 
consolidate China's western border with the U.S.S.R. The 
Han Chinese brought with them their style of agriculture, I.e., 
irrigation farming and pigs. Under their influence some of 
the water resources of Xinjiang were engineered and diver- 
ted onto large tracts of good grazing land to sustain settle- 
ments and crop agriculture. Removal of some of the best 
grasslands from livestock grazing placed increased pressure 
on the remaining rangeland, much of which is now heavily 
overgrazed, badly eroded, and nonproductive". 

We were among the first Westerners to visit the area of 
Hotan on the south side of the Taklimakan Desert (Fig. 1). 
Here on the margin of the desert we were shown several new 
projects where water was being used in addition to irrigation, 
to aid in leveling sand dunes, to create new agricultural land 
followed by planting willow, poplar, Chinese elm, and Rus- 
sian olive trees. The large number of fast-growing poplar 
trees lining the roads and farm plots attested to the wide- 
spread observance of the national policy of tree planting. 
The perimeter of the older oases (usually unleveled land) 
was devoted to livestock grazing. These areas appeared to 
be used in common by private livestock owners or by families 
charged with raising livestock. As with pastures used in 
common everywhere, especially in arid climates, they were 
poorly managed and overstocked with little provision for 
plant recovery. 

In newer oases, cement lined diversion dams and channels divert 
runoff from high mountain snows and glaciers into systems of 
ditches to fields. 
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Despite its aridity, we were able to observe firsthand two 
mountain grassland areas in northwest China devoted to 
livestock raising. One was a mountain meadow south of 
Urumqi inside the front range of the Tian Shan mountains. 
Spruce trees grew in the high north-facing slopes with 
deciduous trees and shrubs lower down while on the south 
facing slopes a sparse cover of shrubs and grasses predomi- 
nated. On the valley floor, grasses, forbs, and grassland 
plants constituted the grazing resource. While the livestock 
appeared of common quality they were apparently well man- 
aged. In general the meadow looked to be in good condition 
consisting of native vegetation. A second rangeland was 
seen 50 to 60 miles east of Urumqi on the north slopes of the 
Tian Shan mountains on the way to Celestial Lake, a moun- 
tain tourist attraction. The topography was steep and the 
canyon bottoms were narrow and too rocky for cultivation so 
the area remained free from crops. Both the hillsides and 
valley bottoms showed evidence of past heavy use by 
domestic livestock, although no more so than many similar 
areas in the U.S.A. Numerous signs encouraged conserva- 
tive use of the natural resources and advised restricting tree 
cutting and livestock numbers. 

Summary 
The causes of rangeland and desert deterioration in China 

are no mystery. Similar abuse is occurring throughout the 
world in geographically equal regions. While population 
growth is generally conceded to be the root cause of envi- 
ronmental degradation, governmental policies resulting 
from uninformed decision makers, or for political expe- 
diency, often exacerbate land abuse in fragile ecosystems. 
The historical record of China's use and abuse of the land is 
further evidence that ecological limits of laod productivity 
must be observed or compensations such as irrigation and 
land management be added to maintain long-term stability 
and productivity. While it is easy to blame increasing climatic 
aridity for lower productivity, Chinese scientists have dis- 
carded this as a cause of desertification in northwest China 
and attribute the pressure of population growth and un- 
sound land use as the primary causes of environmental dete- 
rioration in this area (Liu 1984). 
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