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Fig.1 The spatial and temporal change patterns of forest and grassland in 1970s-2015
L, T0E 80°E 90°E  100°E  110°E  120°E  130°E 70°E 80°E 90°E  100°E  110°E  120°E  130°E
B a 1985~19904F O B (%) b. 1990~20004F WM R AL (%)
Z
<2 <2 g
-2~1 o -2~1 A
£I1-1~0 C1-1~0
C10~1 10~1
12 E1~2
Z
)
<+
Z
)
S
g 1000km
z ; -
2| ¢ 2000~20104F R B (%)
Z
<2 Zc;
z
)
]
Z
)
<
z
&1 o 1000km 1000km
@ | IS E—
80°E 90°E 100°E 110°E 120°E 80°E 90°E 100°E 110°E 120°E

[El2 1982~20154F = b T 72 X w7 56 B AR A kA #vzs (] 43 A

Fig.2 The spatial and temporal change patterns of vegetation coverage in 1982-2015
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Fig.3 The spatial and temporal change patterns of soil wind erosion modulus
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Fig.4 The spatial and temporal change patterns of ecosystem sand fixation effects
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Fig.5 The spatial and temporal change patterns of wind speed in 1970s-2015
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Table 2 The impact attribution statistics under different climatic conditions
it B D HAR R ARG AERTRETECR SRR TR (%)
1985~20004F 3Rl (x10%) 117.04 104.51 10.71 89.29
B AU VD iR 555 (< 10°t) 193.28 213.53 10.48 89.52
B KU P A 55 DA 32 (% ) 70.64 69.75 1.26 98.74
2000~20154F TRk i (x10°t) 86.61 99.37 14.73 85.27
B AU VD IR 5552 (< 10°t) 182.53 146.05 19.99 80.01
7 IRV V0 i 55 P R (%) 71.23 68.48 3.86 96.14
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Abstract: In order to understand the windbreak and sand fixation effects of the Three-North Shelter Forest Pro-
gram (TNSFP) in recent 35 years, this paper analyzes the amount change of ecosystem sand fixation caused by
climate change and vegetation degradation or restoration in the project region, and then assesses the sand fixa-
tion effects of the Program. Based on Landsat MSS, TM/ETM+, and environmental satellite (HJ) images, the
spatial-temporal datasets of land cover changes in the project region of TNSFP were analyzed in the periods of
mid 1970s, 1990, 2000, 2010, 2015, especially the forest and grassland. Combining the NDVI data of AVHRR
and MODIS, the vegetation coverage was estimated, and then the change of vegetation coverage in the
1982-2015 was analyzed. The soil erosion modulus were estimated at the regional scale by applying the soil
erosion equation (RWEQ), and then the ecosystem services of windbreak and sand fixation were assessed us-
ing indicators of amount and retention rate of windbreak and sand fixation. Then the contribution rate of eco-
logical program and climate change to regional ecosystem change was determined by comparing the indexes
under the conditions of average climate and real climate. The results showed that: 1) In the past 35 years, the
area of forest was continuously increased and grassland was decreased, especially in the semi-arid sandy area
and Loess Plateau. The vegetation coverage increased continuously in the before 20 years, and then decreased
in recent 15 years. 2) The soil wind erosion modulus is decreased continuously, and the decreasing rate in re-
cent 15 years is much higher than that in the before 20 years. The decreasing rates were especially obvious in
sandy land, grassland, and regions planting trees and grassland. The retention ratio of ecosystem windbreak
and sand fixation service also increased continuously, especially in arid desert area. Grassland and sandy land
contributed 71% of the total amount of windbreak and sand fixation. However, just 6.6% of forest land, and the
contribution of conversion grassland was higher than that of conversion forest. 3) In the TNSFP, the weakening
of wind erosion force due to reducing wind, and the vegetation restoration in local areas due to TNSFP and oth-
er ecological programs, both resulted in a decrease of soil wind erosion, and accounted for 85%-89% and
11%-15% of the decrease. Winter monsoon in mid-latitude Asian is weakened due to global warming. In the
project region of TNSFP, the grassland played the most important role in ecosystem service of windbreak and
sand fixation, which accounts for more than 63% of the total area. Therefore, the conservation of grassland and
sandy land were significant in project region of TNSFP. Project planning and implementation should focus on

the transfer of funds from afforestation to grassland conservation and restoration.

Key words: the Three-North Shelter Forest Program; forest and grassland area change; vegetation coverage;
windbreak and sand fixation effects



