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Abstract 
Desertification plagues almost all arid, semi-arid and sub-humid areas and presents a challenge to more 

than 200 million people living in a region spanning more than 1.6 million km2 in North China, which is the 
main region affected by desertification in Northeast Asia. In the past 20 years, some efforts have been made 
to combat desertification and some achievements have also been obtained in this region. This paper reviews 
the aims, principles and measures for combating desertification in this region with the goals of providing 
examples of regional-scale cases and supporting theoretical and practical approaches to desertification 
prevention and restoration of ecosystem services on a global scale.  
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1. Introduction 
 

In 1994, the United Nations Convention to Combat 
Desertification defined desertification as “land de-
gradation in arid, semi-arid and dry sub-humid regions 
resulting from a variety of factors, including climatic 
variation and human activities” (UNCCD, 1994). 
Desertification occurs everywhere, but is most damag-
ing in the drylands that cover approximately 41% of the 
world’s land surface (hyper-arid areas included) and are 
home to more than 38% of the total global population of 
6.5 billion (MEA, 2005; Reynolds et al., 2007; UNCCD, 
2008). Research shows that, 10% ~ 20% of drylands are 
already degraded (MEA, 2005) and over 250 million 
people are already directly affected by land degradation 
(Reynolds et al., 2007; UNCCD, 2008).  

For the past 20 years, some efforts to combat 
desertification have been made covering a worldwide 
scope. For example, the United Nations has periodically 
focused on desertification and drylands, notably adopt-
ing the Convention to Combat Desertification (CCD) in 
1992 (UNCCD, 1994) and designating 2006 as the 
International Year of the Desert and Desertification. The 
immediate goals of the UNCCD (1994) are (i) preven-
tion and/or reduction of land degradation; (ii) rehabilita-
tion of partly degraded land; and (iii) reclamation of 
desertified land. Recent advances in preventing and 
reversing desertification have been derived more from 
integrative and systematic theoretical approaches and 

multi-causal factoral analysis (Geist & Lambin, 2004; 
MEA, 2005), which help navigate the inherent complex-
ity of desertification and dryland development, identify-
ing and synthesizing those factors important to the 
research, management and policy communities.  

In Northeast Asia, especially in Northern China, 
aeolian desertification (land degradation characterized 
by wind erosion, which is one of the main forms of 
desertification in Northern China) plagues almost all 
arid, semi-arid and sub-humid areas and poses a chal-
lenge to more than 200 million people living in an area 
of more than 1.6 million km2 (Zhu & Wang, 1993;  
Zhu & Chen, 1994; Wang et al., 2008). The total  
area affected by aeolian desertification in Northern 
China was 0.137 million km2 in 1955, increasing to 
0.176 million km2 in 1975, 0.334 million km2 in 1987, 
and 0.386 million km2 in 2000 (Wang et al., 2004a). On 
the average, aeolian desertified land developed at a  
rate of 1,560 km2yr-1 from 1955 to 1975; 2,100 km2yr-1 
from 1976 to 1987; and 3,600 km2yr-1 from 1988 to 
2000 (Wang et al., 2004b). The aeolian desertified land 
is also one of the main sources regions of dust storm. 
In the strong wind season – usually spring, no vegetation 
cover protect the sandy surface due to the over grazing 
and over farming in steppe, which lead the fine particles 
are eroded and carried to downwind regions by strong 
wind. The enlarging of aeolian desertification land 
causes the increase of intensity and frequency of  
dust storm in North China. The direct and indirect 
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economic losses due to aeolian desertification have been 
estimated at more than 54 billion Chinese Yuan (USD 
$6.75 billion) per year in Northern China (Wang et al., 
2008).  

Although aeolian desertification in Northern China 
still remains a major environmental problem impeding 
local development, there are also some projects and 
community-based initiatives which have successfully 
addressed these problems. For example, in the past  
20 years, some reversal of desertification has been 
achieved in certain regions of the agro-pastoral zone 
through adoption and implementation of sustainable and 
effective measures in local regions (Xue et al., 2005). 
This paper reviews some of the lessons and achieve-
ments in controlling local aeolian desertification, linking 
dryland ecosystem management with human livelihoods, 
the aims of which are not provide a stable template for 
combating desertification, but rather to provide exam-
ples of regional-scale cases and optimal support of the 
theoretic approaches to desertification prevention and 
reversal on a global scale. 

 
2. Aims and Principles of Aeolian  

Desertification Control 
 
The ecosystem in arid, semi-arid and sub-humid 

regions is fragile and prone to degradation when human 
activity surpasses the carrying capacity of the environ-
ment (Zhu & Chen, 1994). The aims of aeolian deserti-
fication control are to rehabilitate degraded ecosystems 
and build up stable man-made eco-economic systems, 
which can ensure the sustainable development of the 
ecological environment and natural resources and 
provide economic growth for society. Our field research 
shows that degraded semi-arid and sub-humid ecosys-
tems can self-recover after ceasing human activity for 
7-8 years in certain regions with annual precipitation of 
about 400 mm (Zhao et al., 2004). Usually, the self- 
recovery of aeolian desertified lands mainly depends on 
how much of the natural environment remains around 
the degraded area, with moisture being the key factor. 
Field experiments also show that slightly aeolian de-
sertified land undergoes self-recovery more easily than 
severely aeolian desertified land, given the same 
precipitation, while very severely aeolian desertified 
land with active sand dunes cannot self-recover without 
some artificial measures taken to support it. Based on 
several studies in different regions of Northern China, 
we propose some principles that we think need to be 
followed in the process of controlling and combating 
aeolian desertification: 

 
2.1 Prevention first 

More attention should be paid to controlling and 
combating slight aeolian desertification, especially in 
potentially desertified land with heavy pressure from 
human activity. ‘Prevention first’ is a general principle 
regarding any natural disaster. To apply this principle in 
desertification control, we should first salvage poten-

tially and slightly aeolian desertified land, so as to 
control expansion of the desertification. After that, we 
can turn our efforts to combating severe aeolian de-
sertification step by step. 

 
2.2 Consistent social, economic and ecological 

benefits  
When combating aeolian desertification, we should 

not only consider the ecological environment but also 
the population and socio-economic development prob-
lems in the aeolian desertified area. If there is a 
contradiction between economic benefits and ecological 
benefits, we should first consider the ecological benefits 
according to this principle. 

 
2.3 Consistent land exploitation and aeolian 

desertification control  
In the agro-pastoral ecotone, it is important to 

balance land use among agriculture, forestry, pasturing 
and grassland rationally. Efforts should be made to 
change current farming structures, to popularize grain- 
grass intercropping, to introduce fodder grasses into the 
cropland farming system, to develop a three-crop plant-
ing rotation for grain, forage and other cash crops to 
enhance soil fertility, to develop animal husbandry and 
to form a stable eco-agricultural system. 

 
2.4 Balancing long-term ecological benefits and 

short-term economic interests 
Benefits from improving the environment are the 

culmination of a long-term process. In the meantime, we 
can obtain short-term economic benefits from natural 
resource exploitation, such as agriculture and pasturage. 
However, we have to protect the long-term ecological 
benefits in areas prone to aeolian desertification because 
of their vulnerable ecological environment. 

 
2.5 Government management 

Aeolian desertification control should be a govern-
ment job because aeolian desertification is also an 
environmental problem. Favorable policies, financial 
assistance and appropriate technology should be pro-
vided to the aeolian desertified region to help the local 
people combat aeolian desertification. 

 
2.6 Research and experimentation 

Aeolian desertification research work should 
include: (1) dynamic monitoring of aeolian desertifica-
tion and environmental resources in aeolian desertified 
areas, and establishing a network for monitoring and 
surveillance all over the country; (2) establishing a 
representative area for experimentation; (3) providing 
information and an advisory service; and (4) conducting 
comprehensive research on the relationship of society, 
the economy and aeolian desertification, so as to 
provide a integrated aeolian desertification control 
program.  

 



 Combating Desertification in Northeast Asia 13 
 

 

3. Approaches to Aeolian Desertification 
Control 

 
3.1 Fundamental approaches to desertification 

control 
Wind action, sabulous ground, and sparse vegetation 

are the three key factors in aeolian desertification. In 
order to control aeolian desertification, we have to 
remove or ameliorate these factors. Nothing can be done, 
however, about wind action and sabulous ground at the 
present state of science and technology. Much practical 
experience in aeolian desertification control in China 
and other countries has indicated that biological meas-
ures to add ground cover are feasible. Therefore, 
biological measures have become the fundamental 
approach to aeolian desertification control. In addition, 
some engineering measures may be taken, but they 
should be subordinate and temporary measures. The 
biological measures involve two approaches: spontane-
ous recovery and artificial revegetation. 

Spontaneous vegetation recovery is simple and spar-
ing, but unsubstantial in the control of desertification, 
because the spontaneous vegetation recovery period is 
long, taking several years or decades. At the same time, 
the human population will continue growing day by day, 
and it is impossible to stop production and social life, so 
it is impossible to apply the spontaneous vegetation 
approach to all of China’s aeolian desertification areas. 
Artificial vegetation can enhance the land yield capacity 
of aeolian desertified areas, so as to enhance the popula-
tion carrying capacity, to make human economic de-
velopment and the ecological environment sustainable 
and to obtain favorable ecological benefits, economic 
benefits and social benefits at the same time. Therefore, 
the artificial vegetation recovery approach should be the 
main approach to aeolian desertification control. 

 
3.2 Fundamental countermeasures to aeolian 

desertification 
Considering causes, development trends, controlling 

conditions and the current process of aeolian desertifica-
tion, the fundamental control countermeasures have five 
aspects: 
(1) Controlling increases in population, reducing popula-

tion pressure 
To ensure the ecological environment and economic 

development are sustainable, it is necessary to coordi-
nate population growth, economic development and 
resource renewability with each other, otherwise the 
natural resource will certainly be over-used. Once the 
vegetation is destroyed, aeolian desertification will 
expand rapidly and severely in the critical arid and 
semi-arid regions. Therefore, controlling population 
increases, defining suitable population capacities and 
relieving population pressure in aeolian desertified areas 
of China are significant steps in aeolian desertification 
control. 

(2) Increasing ground cover, establishing a vegetation 
protection system 
Vegetation can weaken wind forces and reduce the 

extent of bare sandy land in arid regions, so it is an 
important measure in aeolian desertification control. 
(3) Enhancing production levels, conducting integrative 

aeolian desertification control 
Irrational land use should be reexamined in aeolian 

desertified areas, so as to enhance the agricultural 
production capacities and to find a way around the 
contradiction between population growth and the land’s 
carrying capacity.  
(4) Modifying energy structures, resolving fuel problems 

In rural areas of Northern China, most farmers cut 
vegetation for fuel wood. It is an important factor in 
aggravating aeolian desertification. To control aeolian 
desertification in rural areas, it is a difficult but impor-
tant task to modify the existing energy structure by 
introducing petrol or coal resources from other regions 
or using solar energy or electric power. 
(5) Different measures for different degrees of desertifi-

cation 
There are different degrees of land desertification 

and different levels of risk, so different desertification 
control measures should apply to different regions 
according to their degree of desertification or risk 
thereof. 

 
4. Measures to Combat Aeolian  

Desertification 
 
Considering differences in natural and economic 

conditions and the aeolian desertification status in 
different areas, different measures are needed to combat 
aeolian desertification in different areas. Based on the 
principle of integration of ecological, economic and 
social benefits, aeolian desertification control should be 
carried out in light of different local conditions. In arid 
and semi-arid areas, specific measures of aeolian deser-
tification control include: (a) enclosures to protect 
current vegetation; (b) enlargement of the ratio of grass-
lands and forests; (c) construction of a shelterbelt 
system; (d) construction of basic farmland; (e) construc-
tion of an artificial fodder base; and (f) rational control 
of population growth and livestock numbers. In arid 
areas, measures to combat desertification include: (a) 
taking endorheic drainage as an ecological unit and allo-
cating water resources among upstream, midstream and 
downstream users appropriately; (b) construction of a 
protective forest barrier system around oases; (c) 
development of water-saving methods of farming; (d) 
combining engineering and ecological measures to 
stabilize shifting sand at the edges of fixed oases; and 
(e) artificial stabilization of sand dunes to promote the 
reversal of aeolian desertification. We developed some 
measures for controlling and combating aeolian deser-
tification in Northern China as follow.   

 



14 T. WANG & X. XUE 
 

 

4.1 Vegetation reconstruction  
In agro-pastural ecotones, the land use structure 

should be adjusted. Farmlands in good natural condition 
should be well utilized, while those in bad natural condi-
tion should be reduced. Forest and grassland areas 
should be enlarged and over-cultivation, over-grazing 
and over-cutting should be prohibited. 

In pastoral regions, livestock numbers should be 
determined according to the carrying capacity of the 
steppe for keeping the equilibrium between livestock 
and the steppe and utilizing the steppe rationally and 
appropriately. At the same time, the stock population 
turnover should be accelerated and the commercial rate 
enhanced to maintain economic benefits, decrease stress 
on the steppe and promote steps toward recovery of 
degraded steppes. 

In areas with severe and very severe aeolian de-
sertification, enclosure and artificial planting should be 
undertaken to avoid expansion of aeolian desertification. 

 
4.2 Controlling population growth strictly and 

decreasing land stress 
Generally, population densities of 20~80 persons per 

sq km2 are comparatively large in desertified areas, 
especially the agro-pastoral ecotones of China. Specific 
measures to control population growth in desertified 
areas are described below: 

a. Decrease the rate of population growth by 
propagandizing and carrying out a Family Planning 
Policy. This has been effective in the past. For example, 
the rate of population growth in certain areas of 
southeastern Ningxia was 33.6‰, but it decreased to 
26.7‰ in 1972; and the annual rate of population 
growth in some areas of Central Gansu Province was 
35.8‰ but decreased gradually to 12.9‰ from 1975 to 
1981. The average population growth rate in China 
decreased from 23.5‰ in 1975 to around 10.0‰ in 
1981. 

b. Carry out ecological emigration in a planned man-
ner and decrease the population of severely degraded 
lands. For example, places with better water resources 
were chosen for construction of emigrant settlements 
and water projects in order to change currently unstable 
production conditions. Emigration of the superfluous 
population from severely desertified areas can improve 
the living standard of the emigrants and relieve the 
population pressure on the land. 

c. Increase the non-agricultural population and 
decrease the agricultural population in aeolian deserti-
fied areas. Increase the proportion of non-agricultural 
industries and transfer the agricultural population to 
manufacturing and commercial industries. (Successful 
examples have proven that an industrial population of 
40% of the total is also suitable in consideration of the 
current productivity level.) These are positive counter-
measures for improving the citizens’ economic status 
and reducing the population pressure on land in aeolian 
desertified areas. 

 

4.3 Reinforcing the capital construction of agricul-
tural and pastoral industries  

For mitigating pressure on pastures, rehabilitating or 
even improving pasture productivity, preventing further 
aeolian desertification of pastures and promoting the 
further development of pastoral industries while keeping 
an equilibrium between livestock numbers and pastures, 
the following measures should be taken: (a) the number 
of grazing animals should be determined by pasture pro-
ductivity, while ameliorating livestock breeds little by 
little, adjusting the stock population structure and 
accelerating the stock population turnover; (b) the usu-
fruct of pastures should be authorized to farmers, who 
would take measures such as creating enclosures, 
irrigating, rotating grazing, etc., to protect natural 
pastures and use them suitably; (c) work should be 
undertaken to construct and expand steadily cultivated 
grasslands and a fodder base with high yields and to 
develop a forage- or fodder-packing industry actively; 
(d) use of enclosed or semi-enclosed feeding systems 
should be expanded; and (e) the locations of stock graz-
ing and drinking sites and aisles for stock passage 
should be arranged rationally. In the agricultural indus-
try, measures should be taken to prohibit reclaiming 
steppe in dry and easily eroded areas and places with 
slopes exceeding 20°~25°. Farming should be concen-
trated in areas with good water, heat, soil and fertility 
conditions.  

At the same time, measures such as construction of 
fuel forests, encouraging use of coal as fuel, populariz-
ing firedamps, solar stoves, coal-saving stoves, etc., 
should be taken to solve the problem of power scarcity 
among local farmers, herdsmen and other citizens.  

 
4.4 Construction of a modern ecological agricul-

tural system 
Ecological agriculture is a new developmental stage 

of agriculture, following primitive agriculture, tradi-
tional agriculture and petroleum agriculture. In brief, 
ecological agriculture is a multi-tiered, poly-schematic, 
multi-functional agricultural production system based 
on past successful examples in accordance with ecologi-
cal and economic theories (Liu, 1982). Ecological 
agriculture has two prominent characteristics: first, it is 
a regenerative system involving a material cycle and 
multi-tiered utilization of energy based on a soil-crop- 
animal pattern. In this system, biological resources are 
not only food and fodder but also fuel and fertilizer, and 
each substance can be utilized completely and repeat-
edly. According to the principle of energy transference, 
the shorter the food chain and the simpler the structure, 
the higher the net output is. Ecological agriculture 
makes full use of this principle. For example, in ecologi-
cal agriculture, straw from crops is not only a resource 
but also a fuel and fertilizer. For instance, after straw has 
been sugared or aminated, it can be used as livestock 
fodder to increase the output of livestock. At the same 
time, manure from livestock can be used to grow edible 
mushrooms and the remnants of edible mushrooms also 
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can be fed to earthworms, and finally, the remnants util-
ized by the earthworms can be returned to the farmland 
as fertilizer. During this process, all biological products 
and excrements can be efficiently utilized and trans-
ferred. Second, living creatures in ecological agriculture 
are not isolated but are closely related to the environ-
ment. Ecological agriculture is a process involving inter-
action between humans and the environment. In certain 
areas, it acts as a dissipative ecological structure with a 
variable function. Namely it is influenced by both nature 
and human economic behaviors, what is most important 
is that it is humans who regulate and control the agricul-
tural production system and determine its components, 
even interfering in and changing the natural ecological 
system according to their will. During the process of 
replacing natural vegetation by artificial vegetation, all 
kinds of artificial measures will be taken to strengthen 
the material and energy cycle processes of the ecologi-
cal system in order to obtain a good and plentiful bio-
mass and create a good living environment and produc-
tive conditions at the same time. Ecological agriculture 
increases the output of primary products greatly, solving 
the conflict among humans, stock needs and natural 
resources, so that a large area of degraded pastures can 
be enclosed and land desertification may be reversed. 

 
5. Achievements in Aeolian Desertification 

Control  
 
Based on the principles and measures of aeolian 

desertification control, some achievements have been 
obtained in some typical areas of Northern China. In this 
paper, we introduce a few cases to promote understand-
ing of the process of combating aeolian desertification 

 
5.1 Forbidding grazing and encouraging enclosure 

farming  
In semi-arid regions, the environment has ecological 

elasticity. Usually, the aeolian desertification process 
will cease and desertified land will recover gradually 
once intensive human disturbance is removed. In semi- 

arid regions prohibitions on grazing and encouragement 
of enclosure farming are generally adopted. For example, 
slightly desertified land around Chaohaimiao in the 
Horqin Left Wing Back Banner in the eastern Horqin 
sandy steppe recovered little by little with increased 
coverage and biomass (Tables 1 and 2) after three years 
of enclosure without artificial measures. 

 
5.2 Adjusting the traditional land use structure 

Adjustment of the existing land use pattern is also 
adopted in semi-arid regions. Usually, traditional farm-
ing management, which is characterized by extensive 
cultivation and poor harvests, is changed by enlarging 
the proportion of forestry and grazing to make it benefi-
cial to both ecology and the economy. In the Huanghua 
Tala Commune, located in a sandy steppe with an 
annual rainfall of about 360 mm, aeolian desertified 
lands occupied 81% of the total land area due to over- 
reclamation and over-cutting before the 1970s. After the 
proportion of agriculture, forestry and grazing lands was 
readjusted to 21:52:27, aeolian desertification was ef-
fectively controlled and the total grain output increased 
by 3.36 times. 

 
5.3 Popularizing barn or half-barn feeding systems 

Increasing the proportion of the forestry and grazing 
industries and popularizing barn feeding or half-barn 
feeding systems are two other measures for controlling 
and combating aeolian desertification and improving the 
income of local farmers in semi-arid regions. These 
require the establishment of proper artificial grassland 
and forage farms to supplement the insufficient forage 
supply of the natural grazing fields. Owing to the 
combination of livestock breeding and farmland, both 
straw and green manure can be used as supplemental 
forage. This has great significance to the development of 
livestock and it also has an evident function in increas-
ing economic efficacy. In counties with sandy areas in 
Yulin Prefecture, for example, the value created by each 
worker engaged in livestock breeding is 1.38 times that 
created by each worker engaged in agriculture. 

 
Table 1  Effects of enclosure in the process of controlling aeolian desertification. 

Location Status before enclosure Period Vegetation coverage 
after enclosure (%) 

Al Horqin 
Around Duolun 
Xi Ujimqin 
 
Ulan Odu of Onugiud Banner 

Shifting sands 
Abandoned cropland 
Semi-fixed sandy lands with shifting 
sands in spots 
Degraded sandy grassland 

1975～1981 
1968～1981 
1976～1981 

 
1972～1981 

70～80 
60 
65 

 
80～90 

 
Table 2  Changes in vegetation coverage and biomass after enclosure in the Horqin region. 

Plant Species Without enclosure enclosure for 1 year enclosure for 2 years enclosure for 3 years 

 Coverage 
（%） 

Output 
（g/m2）

Coverage
（%） 

Output 
（g/m2）

Coverage
（%） 

Output 
（g/m2） 

Coverage 
（%） 

Output 
（g/m2）

A.frigida Willd 
A.halodendron Turcz. Ex  
Stechm forbs 
Bothriochloa ischaemum Keng 

30 
30 
45 
35 

130 
483 
219 
183 

45 
40 
55 
40 

228 
642 
310 
304 

50 
45 
60 
60 

255 
755 
321 
392 

65 
45 
70 
65 

271 
733 
386 
364 
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5.4 Fixation of active sand dunes 
When there are active sand dunes in semi-arid 

regions, shrubs or grass are usually planted on the dunes 
and in the inter-dune spaces. The fixation of shifting 
sands on both sides of the railway near the Naiman of 
Horqin sandy land, Dayijianfang of Zhanggutai and the 
Hongshixia of Yulin in Mu Us sandy land are successful 
examples. The protection system is a combination of 
trees (mainly P. silvestris L. var. mongolica Litv), shrubs 
(mainly A. halodendron Turcz. Ex Bess, S. gordejevii 
Chang et Skv. and C. microphylla Lam), cultivated 
grasslands and enclosed natural vegetation, which 
prevent the development of shifting sands and ensure 
expedition of the railway. As a result, the vegetation 
cover was increased from less than 10% before treat-
ment to the present 30%~50%; the velocity of sand flow 
decreased by 60%~70%; the surface organic matter con-
tent also increased by 6~8 times; and the fine particle 
content of less than 0.01mm increased by 2~4 times. 
Table 3 shows an example of environmental changes 
after aeolian desertification has been controlled. 

 
6. Conclusion 

 
From the above, it can be concluded that desertifica-

tion control and restoration of ecosystem services is a 
great ecological construction project, which concerns 
the natural environment, socio-economic behavior and 
traditional customs of production and living, in which a 
large number of officials and the masses, a whole 
generation, or even several generations, of people will 
need to keep working to achieve this goal. Therefore, 
desertification control is a difficult system involving 
engineering and cooperation, and the hard work of the 
whole society will be necessary to fulfill it. Some poli-
cies, in particular, will need to be implemented over a 
long period, including improving people’s attitudes and 
cognition through propaganda, ensuring the right to use 
land and entering contracts for both production and the 
environment. Also, the application of science and 
technology will accelerate steps for aeolian desertifica-
tion control. 
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Table 3 Environmental changes after sandy desertification has 
been controlled. (Sanjiazi of Zhangwu) 

Percentage of landscape (%) 

Contrast shifting 
sand 

sheets 

Land slightly 
eroded by 

wind 

shifting 
sand 
spots 

Slightly 
desertified 

land 
Before 
Present 

44 
8 

25 
4 

9 
6 

22 
82 
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