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Effects of land use change on ecosystem services: a case study in Miyun

reservoir watershed
LI Yifeng' ,LUO Yuechu®,LIU Gang' ,OUYANG Zhiyun' ,ZHENG Hua'" "

1 State Key Laboratory of Urban and Regional Ecology, Research Center for Eco-Environmental Sciences, Chinese Academy of Sciences, Beijing
100085, China
2 China Institute of Geo-environmental Monitoring , Beijing 100081, China

Abstract; Ecosystem services are the goods and services provided by ecosystems to people. Ecosystem services are
important basis of human existence and strongly related to human well-being, and the sustainable provision of multiple
services is essential for the sustenance of human societies. There are a series of factors driving ecosystem services, one of
which is the change of land use pattern, and it is drawing more and more attention of ecologists.

Miyun reservoir, which is the only surface water source for domestic water in Beijing, plays the key role for the
ecological security of the capital. Miyun reservoir watershed is a vital water source region of Beijing city, and it has many
important ecosystem services. The water yield and water quality of reservoir strongly depend on Miyun reservoir watershed’s
condition, therefore, the conservation and improvement of ecosystem services in Miyun reservoir watershed has vital
significance for local and Beijing's ecological security. However, how the land use change influenced ecosystem services

during the past decades is not clear yet, which may block the comprehensive development of watershed.
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So we take Miyun reservoir watershed as example, analyze the change of land use and ecosystem services between 1990
and 2009. We set up a two-grade classify system of land use and interpreted the remote sensing images of 1990, 2000 and
2009 respectively, and then apply Integrated Valuation of Ecosystem Services and Tradeoffs (InVEST model) , which is a
space explicit model and based on land use, to map the ecosystem services, and analyze the influence of Land Use to
ecosystem services during study period. The sub models we apply in this research contain “ Water Yield”, *Sediment
Retention” and “ Water Purification” , and before running these sub models, we verify them with observed data.

The results of image interpretation show that farmland, forest and grassland are main type of land use of watershed,
and these areas account for more than 95% of the whole watershed. There are sharp changes of land use during study
period, and conversion of land use types distributed more widely after 2000. The general trend in study period is farmland
and grassland decreased by 30% , 48% respectively, when forest increased by 30% , and another change cannot be
neglected is residential area expanded by more than 280% during the past 20 years.

The changes of land use have affect on the pattern of ecosystem services and there are trade-offs among different
ecosystem services in question. During the study period, the decreasing of farmland and increasing of forest and grassland
improved the ability of sediment retention, and this service increased by 46% in the past 20 years. But forest expansion
caused more evapotranspiration, which reduced water yield of watershed by 3% at the same time. Because the nutrient
loading of residential area is much higher than other types of land use, the large-scale expansion of residential area
decreased water purification service sharply after 2000 although the expansion of forest and decrease of farmland can improve
this service to a certain degree, and this service declined by 55% in the past 20 years. With the expansion of forest, carbon
sequestration service increased about 19% . So with the goal to get overall improvement of ecosystem services in watershed ,
we suggest that manages should strengthen the control of forest and residential areas.

Understanding the relationship between land use and ecosystem services, the department of decision-making can
control and reduce the trade-off between ecosystem services and achieve the sustainable development through appropriate
land use plan. Although the approach and process of evaluation still need more improvement, our research can provide

scientific foundation for decision-making in Miyun reservoir watershed.
Key Words: ecosystem services; land use; InVEST model
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Fig. 1 Miyun reservoir watershed
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Table 2 Carbon sequestration rate of different land use types

T

2k Ll K H Sl LI I A TR AR Shrub L8}
Land use type Dry land  Paddy land ~ Orchard Conifer Broad leaf Mixed Shrub i Grass
grassland
=3 . "2, 571
B (t-hm a7 ) 0.047 0.072 0.237 3.800 4.570 4.219 2.465 0.402 0.332

Carbon sequestration rate
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Fig.2 The results of model validation
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Table 3 land use transition matrix in watershed

Wit R R R R kg ko
Period Land use type Final Final Final residential Final Final bare

farmland forest grassland land water land

1990—2000  FIHIA HI Primary farmland 82.90 7.26 8.81 0.19 0.83 0.00
HIHIARHK Primary forest 0.39 83.31 16.09 0.04 0.16 0.00

KW HE ML Primary grassland 1.50 27.45 69.93 0.06 1.06 0.00

WIS H Primary residential land 1.12 9.42 3.41 80. 86 5.18 0.01

KWK AR Primary water 0.57 1.99 1.03 0.09 96. 31 0.00

WM #Hs Primary bare land 0.04 0.13 0.80 0.00 0.02 99.02

2000—2009 EIEEY | 42.73 31.17 18.73 5.85 0.17 1.35
W AR 7.01 86. 14 6.28 0.37 0.03 0.17

B 15.14 66.24 15.85 2.04 0.08 0. 64

WIS 26.72 18.82 3.95 47.52 0.23 2.75

IR 27.80 28.27 5.42 6.22 26.29 6.00

B 25.07 19.25 39.00 6.92 0.46 9.30

1990—2009 AR 38.87 35.76 18.54 5.36 0.21 1.27
W AR 7.29 86.43 5.76 0.34 0.02 0.17

B 14.65 64.84 17.07 2.32 0.42 0.70

WA 25.46 26.55 3.85 39.69 1.91 2.54

WK A 31.26 18. 84 6.73 6.80 29.24 7.13

B 25.84 19.03 38.06 7.11 0.42 9.54
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