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Preface

As the frequent occurrences of the disastrous dust events in the spring of 2000 had
caused serious air pollution in and around the region of Beijing-Tianjin, our government
launched the Beijing-Tianjin Sand Source Control Engineering in due course. In March
2002, the State Council of the People’s Republic of China officially approved the
implementation of Beijing-Tianjin Sand Source Control Engineering Plan. This
document definitely points out that the Beijing-Tianjin Sand Source Region covers 75
counties in Beijing, Hebei, Inner Mongolia, Shanxi and Tianjin with an area of 458 000 km?.
After ten years of the tireless efforts of local people, governments at all levels and
scientists, the engineering has been accomplished and sandy desertification reversion
within the engineering region has achieved initial success. In order to objectively reflect
the results of the Beijing-Tianjin Sand Source Control Engineering and provide scientific
reference for future practice of desertification prevention and control, State Key
Laboratory of Earth Surface Processes and Resource Ecology ( Beijing Normal
University), MOE Key Laboratory of Environmental Change and Natural Disaster
(Beijing Normal University) and MOE Engineering Research Centre of Desertification
and Blown-sand Control (Beijing Normal University) carried out benefits study of the
Beijing-Tianjin Sand Source Control Engineering.

This book is the second edition of the published book Benefits of Beijing-Tianjin
Sand Source Control Engineering (2008), which calculated such core environmental
issues as vegetation coverage, net primary production of plant (NPP), soil erosion,
surface ground dust-emission and the regional Social and Economic Sustainable
Development Index within the engineering region in 2001 and 2005 respectively on a
macro-scale. It also analyzed the environmental benefits brought out by the
implementation of the engineering under the changing climate. After its publication, the
authors continued the evaluating work year by year so that accumulated amount of
successive surveyed data. These data not only proved that sand control engineering
obtained favorable eco-environmental effects and social economic benefits, but also
revealed some general rules of vegetation recovery and soil erosion under the
background of climatic change and implementation of sand control engineering. The
latter is lack in Benefits of Beijing-Tianjin Sand Source Control Engineering (2008).
Because Beijing-Tianjin Sand Source Control Engineering had been accomplished by the
end of 2010, the published edition could not fully reflect the effects of the engineering
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on eco-environment and the contribution to regional sustainable development. It is not
favorable for the readers to understand the rules of vegetation recovery and soil erosion
in this area as well. Therefore the authors coordinated and supplemented the follow-up
data since 2005 and made the consequent analysis into the new edition so that present
more completed evaluating methods and results regarding to the benefits of Beijing-
Tianjin Sand Source Control Engineering. In this new edition, the mistakes of words
and numbers occurred in 2008 edition will be totally corrected.

Content structure of this book follows the old edition that consists of the same six
chapters.

Chapter 1 gave a general introduction about the Beijing-Tianjin Sand Source Region
and the Sand Source Control Engineering, and put forward the contents and methods
involved in the benefits study. The engineering region was divided into 8 subareas,
including desert grassland subarea, typical grassland subarea, Hunshan Dak sandy land
subarea, south Daxing’an Mountain subarea, Korgin sandy land subarea, agro-grazing
ecotone grassland subarea, Northern Shanxi’s mountainous subarea and water source
protection area in Yanshan mountainous region.

Chapter 2 analyzed the effects of vegetation restoration measures on biological
diversity of species, community structure and stability. The results showed that the
measures such as afforestation or grass on abandoned farmland, rangeland enclosure,
afforestation in enclosed zone had obtained good effects. Vegetation coverage, plant
height and aboveground biomass increased in the limited period after enclosure and
grazing prohibition. In the enclosed rangeland, species diversity increased, the
proportion of annuals and biennial plants in the community reduced, and the stability of
community improved. In abandoned farmland, the coverage obviously enhanced after
stopping farming for 5 to 7 years, community lamellar changed from single community
of grass-layer or shrub vegetation into complex system of arbor, shrub and grass or
shrub and grass system. With time going, the proportion of annuals and biennial plants
in the community reduced gradually and the community tended to be stable. Similar
changes occurred in the enclosed sandy land, but the stability of community was more
sensitive to such human activities as grazing. This Chapter also calculated vegetation
coverage, net primary production and carbon sequestration in different stages of Beijing-
Tianjin Sand Source Control Engineering. Total vegetation coverage of the engineering
area in 2001, 2005 and 2010 was 40.91%, 52.65% and 49.07%, vs. total amount of
NPP is 0. 194 billion, 0. 214 billion and 0. 198 billion tons, respectively. Vegetation
cover in each subarea improved after implementation of the engineering. Compared with
vegetation coverage in 2001, the coverage increased more than 30% in desert grassland

subarea, typical grassland subarea, agro-grazing ecotone grassland subarea and
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Northern Shanxi’s mountainous subarea in 2010, whereas the growth in typical
grassland subarea, Hunshan Dak sandy land subarea and water source protection area in
Yanshan mountainous region ranged from 10% to 30%. The growth of vegetation
coverage in other two subareas is the least (<C5%) . Compared with primary
production in 2001, NPP increased 10. 1% in 2005 and 2. 2% in 2010. Except for south
Daxing an Mountain subarea, where NPP decreased a little, NPP in other subareas
enhanced to different degree in 2010. Since natural vegetation had been degraded
seriously before 2001, in the first stage of the engineering (2001~2005), the effects of
the engineering were remarkable with high growth in vegetation coverage and NPP.
Improvement of vegetation in this period was mainly due to management engineering
such as rangeland fencing and forestation or grass in abandoned farmland. On the basis
of engineering achievement of the first stage, the coverage tended to stabilize to a high
value of 50% with undulation. Increase of NPP enhanced regional plant carbon fixation
consequently. Total annual fixed carbon by plants in the engineering area was 0. 106
billion tons, 0.116 billion tons and 0.108 billion tons in 2001, 2005 and 2010,
respectively, implying that 0. 387 billion tons 0. 417 billion tons and 0. 396 billion tons
greenhouse gas CO, were absorbed by plants during each year. Making use of amount of
plant carbon fixation in 2001 as a reference, net increase of NPP accumulated 50. 3
million tons during 2002~ 2010 and net increase of plant carbon fixation accumulated
27.0 million tons, which means additional 99. 2 million tons greenhouse gas CO, were
absorbed by plants during 2002~2010.

Chapter 3 calculated the soil wind erosion modulus and its distribution in the Beijing-
Tianjin Sand Source Region from 2001 to 2010 and assessed the effects of the engineering on
wind erosion control. Annual soil wind erosion modulus was 26. 63 t/(hm? . a) averaged
from 2001 to 2010, therefore soil wind erosion in this area was in a situation of
moderate erosion as a whole. Among different land types, wind erosion on sandy land
belongs to severe erosion with a mean wind erosion modulus of 216.5 t/(hm? - a); on
forestry and rangeland and farmland, wind erosion belongs to mild wind erosion with a
mean modulus of 9.06 t/(hm? . a) and 18.48 t/(hm’ . a), respectively. Obviously,
wind erosion on farmland is much stronger than that on forestry and rangeland. Wind
erosion modulus varied year by year. The spatially averaged wind erosion modulus in
2001, 2005 and 2010 were 26. 34 t/(hm? . a), 22.01 t/(hm’+a) and 18. 71 ¢/(hm’. a),
and the total soil loss by wind erosion were 1. 191 billion tons, 0. 95 billion tons and
0. 846 billion tons, respectively. Compared with wind erosion in 2001, intensity of soil
wind erosion in 2010 reduced by 29.0% and the amount of soil loss reduced 0. 345
billion tons. Using amount of soil loss by wind erosion in 2001 as a reference, net

decrease of soil loss accumulated 0. 728 billion tons during 2002 ~ 2010, which was
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equivalent to the total soil loss by wind erosion in 2003. Generally, wind erosion in
large part of the engineering area had tended to reduce since 2001, e.g. typical
grassland subarea, Hunshan Dak sandy land subarea, south Daxing’an Mountain sub-
area; however, there still existed regions with intensifying wind erosion such as desert
grassland subarea and agro-grazing ecotone grassland subarea. Above mentioned
variations of soil wind erosion resulted from both sand control engineering and the
changes of wind force. Cross calculations implied that the environmental management
engineering controlled 0. 100 billion tons and 0. 342 billion tons of soil loss in 2005 and
2010, respectively.

Chapter 4 calculates dust emission to the atmosphere (D< 20pm) resulted from
soil wind erosion in the engineering region and the possible amount of dust arriving at
the city zone of Beijing from this region. The annual total amount of dust emission in
2001, 2005 and 2010 were 31.24 million tons, 26.29 million tons and 26. 50 million
tons, respectively. Dust emission in 2010 reduced by 4. 74 million tons compared with
that in 2001 but increased a little over 2005. The main cause of the increase in 2010 over
2005 is that wind force in areas south of agro-grazing ecotone grassland subarea
strengthened remarkably in 2010 and the vegetation coverage was a little lower than
2005, so that wind erosion in the southern area exacerbated seriously, which enhanced
the overall level of wind erosion in the engineering area. Wind force in 2010 was also
stronger than that in 2001, but vegetation coverage much higher than 2001, so dust
emission in 2010 remarkably reduced. The possible amount of dust arriving at the city
zone of Beijing from the Beijing-Tianjin Sand Source Region was about 1. 49 million tons
in 2001, 1. 11 million tons in 2005 and 1. 31 million tons in 2010. More than 98% of the
dust arriving at the city zone of Beijing are fine particles with size less than 10um,
which are the main component of atmospheric particulate pollutants. Among the eight
subareas, agro-grazing ecotone grassland subarea, desert grassland subarea and
Hunshan Dak sandy land subarea accounted for more than 80% of the total amount of
dust that could arrive at the city zone of Beijing. This chapter also assessed the effects
of the environmental management engineering on controlling dust emission. The
environmental management engineering controlled 3. 56 million tons and 8. 17 million
tons of dust emission in 2005 and 2010, respectively. Within the total reduced amount
of dust that could arrive at the city zone of Beijing in 2005 compared with that in 2001,
the engineering controlled 0.256 million tons in 2005. In 2010, the engineering
controlled 0. 226 million tons of dust that could arrive at the city zone of Beijing but the
total reduced amount was only 0. 18 million tons compared with that in 2001 since wind
force pointed to Beijing city zone strengthened greatly.

Chapter 5 calculated soil water erosion and its distribution in the engineering area
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making use of universal soil loss equation (USLE) and assessed the effects of the
engineering on soil water erosion control. Results of 2001 and 2005~2010 indicated that
the area of water erosion is about 9. 96 million hectares, 21. 7% of the total engineering
area. Soil water erosion in the engineering area belongs to mild erosion as a whole with
a mean annual water erosion modulus of 3. 04 t/(hm’ . a) . However, spatial variation
of rainfall erosive force and soil erosivity led to great spatial changes in water erosion.
The forestry subareas, namely south Daxing’an Mountain subarea, Northern Shanxi’s
mountainous subarea and water source protection area in Yanshan mountainous region,
accounted for more than 80% of the total amount of soil loss by water erosion, whereas
water erosion in desert grassland subarea, typical grassland subarea, Hunshan Dak
sandy land subarea was so weak that could be neglected. Generally, water erosion in the
engineering area has tended to decrease since 2001. The total soil loss by water erosion
in 2001, 2005 and 2010 were 0. 352 billion tons, 0. 173 billion tons and 0. 110 billion
tons, respectively. Soil loss in 2010 reduced 0. 243 billion tons compared to 2001.
Under the conditions of rainfall erosive force in 2010 nearly two times higher than that
in 2001, the engineering controlled 1.467 billion tons of soil loss by water erosion
through vegetation improvement.

Chapter 6 calculated the Regional Social and Economic Sustainable Development
Index and evaluated the contribution of the resources and environment subsystem to
regional social and economic sustainable development. The index increased from 56. 9 in
2001 to 68. 9 in 2005 and further increased to 74. 3 in 2010. In 2005, the increment was
21. 0% compared to 2001, of which 8.5% resulted from resources and environment
subsystem. In 2010, the increment was 30. 6%, of which 5. 8% resulted from resources
and environment subsystem. Evaluation scores of the economic subsystem and social
subsystem showed a steady growth tendency and their contributions to regional
sustainable development was relatively stable, while the score of resources and the
environment subsystem varied with undulation. Among the five synthetically evaluated
prefecture-level cities, Xilin Gol League, Chifeng, Chengde and Zhangjiakou were
characterized by steady development in social economy and the score of resources and
the environment subsystem increased steadily, therefore the three subsystems tended to
develop simultaneously. In Wulanchabu League, social economy developed steadily but
resources and the environment were still very sensitive to climatic changes so that its
contribution to regional sustainable development maintained a relatively low level with
large inter-annual fluctuations, implying that the eco-environment treatment project
need to strengthen in this subarea.

This work was supported by Bureau to Combat Desertification, State Forestry
Administration (BCD-SFA) . The authors greatly acknowledge Mr. Liu Tuo, Yang
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Weixi, Tu Zhifang, Pan Hongxing and Miss Li Mengxian from BCD-SFA, Mr. Sun
Tao, Wu Jianwei and Miss Liu Xusheng from Desertification Monitoring Center (State
Forestry Administration) for their great supports, guidance and helps. Desertification
Monitoring Center also provided us with the MODIS image data and NDVI data of the
research region from 2001 to 2010,

This book was written by Gao Shangyu, Zhang Chunlai, Zou Xueyong, Wu
Yongqiu, Huang Yongmei and Shi Sha from State Key laboratory of Earth Surface
Processes and Resource Ecology (Beijing Normal University), Li Handong from School
of Management of Beijing Normal University and Wei Xinghu from Foshan University.
Prof. Shi Peijun, Wu Jihua, Liu Baoyuan, Liu Xuemin, Li Xiaobing and Wu Jianjun
from Beijing Normal University, Prof. Dong Guangrong, Dong Zhibao and Qu Jianjun
from Cold and Arid Regions Environmental and Engineering Research Institute of
Chinese Academy of Sciences, Prof. Dong Yuxiang and Gao Quanzhou from Sun Yat-
sen University, Prof. Li Sen from Foshan University gave us valuable advice for this
study. Besides the authors, associate Prof. Chang Chunping from Heibei Normal
University, Prof. Wang Liuying from Inner Mongolia Agricultural University, Prof.
Yan Ping, Hasi, associate Prof. Cheng Hong and Kang Ligiang, engineer Zhang Feng,
graduate student Su Gerile, Xia Hong, Wang Yanzai, Wu Xiaoxu, Pan Xinghui, Zheng
Yinghua, Liu Xiaochen, Liu Ming, Gou Shiwei, Yang Shuo, Zhou Na, Qian Jiang,
Wang Rende, Zhang Jiagiong, Liu Yonggang, Ma Xiaojie, Zhang Jinghui, Zhang Yilei,
Wang Huanzhi, Zhang Jianfeng, Huang Wenmin, Zhan Xiuli, Guo Jinrui, Wu Zhitao
and Wu Zhizheng from Beijing Normal University, graduate student Gao Qiang and
Zhao Shuwen from Inner Monglia Agricultural University, graduate student Lei Li,
Zhou Hongyan and Xu Xizhen from Foshan University, as well as graduate student Gao
Bingjian and Yuan Zhao from Ludong University took part in the field work and a great
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