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Response of ecosystem service values to land use change based on
GIS and ecological compensation in Loess Plateau
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Abstract: The Loess Plateau is the most serious soil erosion areas in China where the land use changes
would lead to the various ecological and environmental problems which has been one of the hot issues
around the world. By taking the whole Loess Plateau region as the research object the land use changes
between 1985 and 2005 was studied and the reasons of the changes were analyzed based on GIS
technology. The effect of land use changes on the ecosystem service was evaluated quantitatively and an
appropriate eco-compensation standard was preliminarily developed. The results show that: 1) the main
type of land use was grassland and farmland accounting for over 75% of total land use. Among them

the area of farmland was reducing and the area of woodland was increasing; 2) Settlement was the most
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active land use type. Settlement and waterland were expanding between 1985 and 2005; 3) Land use

changes impacted the regional eco-environmental effects. The total value of ecosystem services rose

0.01% in which woodland had the biggest increase about 0.09% and the largest decline occurred in

farmland about 0. 02% . The total ecosystem services of the Loess Plateau were increasing except the

values of waste treatment and food production relating with farmland and wilderness; 4) According to the

values of ecosystem services of Loess Plateau

the eco-ecompensation standard was 427. 32 million yuan.
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Tab.1 Ecosystem services value per unit area of different ecosystem types in the Loess Plateau

yuan/( hm’ *a)

+
Ecosystem service Woodland Grassland Farmland Construction Waterland Wilderness
Gas regulation 1858.2 424.7 265. 4 0 512. 1 0
Climate regulation 1433.5 477.8 472.5 0 4978.8 0
Water conservation 1698.9 424.7 318.5 0 9431.4 15.9
Soil formation and control 2070.5 1035.3 775. 1 0 489.0 10.6
Waste treatment 695.5 695.5 870.7 -1304.5 9652.0 5.3
Biodiversity protection 1730.8 578.7 376.9 0 1324.8 180.5
Food production 53.1 159.3 530.9 0 110.0 5.3
Raw materials 1380.4 26.5 53.1 0 22.4 0
Recreation and culture 679.6 21.2 5.3 0 2648.4 5.3
3 ( 2). 1985
3.1 / 2005 1.
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Tab.2 Cross tabulation matrix of land use area of Loess Plateau km’
2005
+
Woodland Grassland Farmland Construction Waterland Wilderness Total
85 708. 74 996. 27 292. 01 65.91 32.63 61.18 87 156. 74
1655.35 256 176.99 4351.20 223.70 312.75 1319.34 264 039. 32
1220.29 3708. 90 198 540. 39 1787.24 443. 04 491.75 206 191. 61
1985 4.20 6. 69 22.82 8178.13 2.04 0.26 8214. 14
14. 46 113.36 585.17 20. 17 8352.27 75. 60 9161.04
153. 06 1817.42 385.98 39.56 64. 44 38 787. 15 41 247. 62
88756.12 262 819. 63 204 177.57 10314.71 9207.17 40735.29 616 010. 48
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Fig.1 Land use map of Loess Plateau in 1985 and 2005
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Tab.3 Dynamic degrees of land use in Loess Plateau between 1985 and 2005 %
+
Dynamic degree Woodland ~ Grassland Farmland ~ Construction ~ Waterland ~ Wilderness
Dynamic degrees of one type of land use 0.092 -0.023 -0.049 1.279 0. 025 -0.062
Spatial dynamic degrees of land use 0.258 0. 275 0.322 1.322 0.908 0.534
Comprehensive dynamic degrees of land use 0.165
3 1985—2005 o
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Tab.4 Ecosystem service values and contribution rates of land use types from 1985 to 2005
1985 2005 1985—2005
Type of land use Total value of ecosystem Contribution Total value of cc-osyslem Contribution Amount of Rate of change
service function/ service function/ change/
(10® yuan+a™") atel% (10® yuan+a™") el % 10® yuan per year/%
Woodland 1011.0530 33.17 1 029. 606 5 33.72 18.5535 0.09
Grassland 1014.9408 33.30 1010.252 4 33.09 -4.688 4 -0.02
Farmland 756.430 4 24.82 749.041 8 24.53 -7.3887 -0.05
Construction -10.7150 -0.36 -13.4551 -0.44 -0.0800 0.91
+ Waterland 267.2179 8.77 268.563 3 8. 80 1.3455 0.03
Wilderness 9.1916 0.30 9.0775 0. 30 -0.1142 -0.06
Total value 3048. 1187 100 3053.086 3 100 4.9676 0.01
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Tab.5 Changes of ecosystem service function values in Loess Plateau from 1985 to 2005 10® yuan
Gas Climate Water Waste Food Raw Recreation
Year Soil formation Biodiversity Total
regulation  regulation conservation treatment production  materials and culture
and control protection
1985 333.5260 394.1406 412.9565 618.5666 501.7238 400.9460 157.3905 138.4636 90.4051 3048.1186
2005 335.4689 395.1284 414.9410 619.0714 497.9366 402.2178 156.2142 140.5330 91.5749 3053.0863
1.9429 0.987 8 1.9845 0.504 8 -3.7872 1.2718 -1.1763 2.069 4 1.169 8 4.96717
Amount of change
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