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Spatial heterogeneity of ecosystem services and it’'s influencing factors in typical

areas of the Qinghai-Tibet Plateau: A case study of Nagqu City
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State Key Laboratory of Earth Surface Processes and Resource Ecology, Faculty of Geographical Science, Beijing Normal University, Betjing 100875, China

Abstract: Nagqu, as the center of the ecological barrier area of the Qinghai-Tibet plateau, provides significant ecosystem
services for maintaining the ecological security and achieving sustainable development of plateau and the surrounding areas.
This paper adopted InVEST and CASA models to evaluate four ecosystem services of Nagqu in 2000, 2010 and 2018, which
included water yield, soil retention, carbon sequestration and habitat quality. Then, the spatiotemporal pattern and
interrelation of them were analyzed, and the main influencing factors of the spatial heterogeneity of ecosystem services in
Nagqu were further revealed by Geodetector. The results showed that 1) from 2000 to 2018, water yield decreased by
35.1% , soil retention decreased by 4.8% , habitat quality was stable, but carbon sequestration increased by 5.6% ; 2) From

2000 to 2018, the spatial distribution of water yield, soil retention, and carbon sequestration showed a trend of higher in
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the southeast and lower in the northwest in Nagqu. Moreover, the areas with high value of habitat quality distributed in the
lakes, rivers, and areas with high vegetation coverage. Furthermore, the area of extreme importance and the area of high
importance served by ecosystem services in Nagqu accounted for 5.3%—5.4% and 12.3%—13.8%, respectively, which
mainly distributed in the central and eastern Nagqu with good hydrothermal and vegetation conditions; 3) There was a
mainly synergetic relationship among the four ecosystem services in Nagqu from 2000 to 2018, and the synergy between
water yield and soil retention was the strongest; 4) According to the result analyzed by factor detector, the annual
precipitation, soil type, and Normalized Difference Vegetation Index ( NDVI) had the strongest contributions for the spatial
heterogeneity of water yield and carbon sequestration, the spatial heterogeneity of soil retention was mainly affected by
slope, and habitat quality was mostly affected by land use type. According to interaction detection, the interaction between
land use type and the NDVI had the strongest explanation for carbon sequestration and habitat quality, and the interaction
between land use type and precipitation had the strongest interpretation for water yield. The results can provide a theoretical

basis for ecological protection and ecological civilization construction in Nagqu and its surrounding areas.

Key Words: ecosystem service; InVEST model; CASA model; geodetector; Qinghai-Tibet Plateau; spatial heterogeneity
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Fig.3 Spatiotemporal distributions of ecosystem services in Nagqu from 2000 to 2018
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Fig.4 Comprehensive hotspot area of ecosystem services in Nagqu
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Table 2 Correlation coefficient of ecosystem services in Nagqu

HEARR GRS Ecosystem services 2000 4 2010 4F 2018 4F
F IR & 777K EE Soil retention & Water yield 0.683*" 0.616** 0.658 "
T HERFE & [Tk Soil retention & Carbon sequestration 0.423** 0.466"" 0.473**
THEARFF & AEHEBRL Soil retention & Habitat quality 0.110%* 0.112%* 0.106**
5% & F#7/KkH Carbon sequestration & Water yield 0.471** 0.412** 0.466 **
A BEFi i & 77K Ik Habitat quality & Water yield 0.258 0.361** 0.300**
@8 & H:5Efis Carbon sequestration & Habitat quality -0.012 ~0.021 —0.035%*
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Fig.5 Impact of driving factors on spatial heterogeneity of ecosystem services in Nagqu from 2000 to 2018
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Fig.6 The variation trends of ecosystem services with the variation of driving factors in Nagqu
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R FHZS T ¢ (BTN T IR K, SR 22 EAEF H  NDVI N R 2R AL ¢ {5 T NDVIN &
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Table 3 Influence of the interactions between two driving factors on spatial heterogeneity of ecosystem services in Nagqu

XghHF
iiyiiﬂzjms Driving X, X, X, X, X X, X, X X,
factor
TR R 55 X, 0.8785
Water yield X, 0.8859 0.2465
X, 0.8873 0.3716*  0.1212
X, 0.8801 0.3771 0.3105 0.1931
X 0.9551 0.4443%  0.3154  0.3475 0.1828
X4 0.8945 0.5852 0.5378 0.5735 0.5887 0.5101
X, 0.8984  0.6973 0.6515 0.6137 0.6988 0.6702 0.5910
X 0.8883 0.2817 0.2419 0.2758 0.3044  0.5260  0.6130  0.1460
X, 0.8837 0.2901*  0.1484*  0.2062  0.2062"  0.5248*  0.6101*  0.1581 0.0133
IR 55 X, 0.2634
Soil retention X, 0.3172  0.0720
X, 0.3140  0.1923*  0.0748
X, 0.6954  0.6378 0.7070*  0.5954
X 0.3238 0.1826*  0.1548*  0.6971"  0.0653
Xq 0.2966  0.2402*  0.1882 07112  0.2170  0.1585
X, 0.3621 0.3247 0.3092 0.7248 0.3091 0.3110  0.2813
Xg 0.2716  0.0901 0.1164*  0.6036  0.0964  0.1646  0.2964 0.0395
X, 0.2917*  0.1100*  0.0945*  0.6241*  0.0810*  0.1685*  0.3095"  0.0469 " 0.0059
AN X, 0.0233
Habitat quality X, 0.0512*  0.0083
X3 0.0651*  0.0310*  0.0168
X, 0.0289*  0.0114*  0.0227*  0.0014
X, 0.3548 0.3501*  0.3487 0.3404*  0.3356
Xq 0.2225*  0.2066*  0.2029"  0.1908*  0.3895 0.1757
X, 0.1627*  0.1562*  0.1521"  0.1404*  0.3783 0.2209 0.1350
Xs 0.1245*  0.1067 0.1207*  0.1026*  0.3675 0.2063 0.1626 0.1002
X, 0.0920*  0.0649*  0.0626"  0.0407*  0.3685 0.2199*  0.1989*  0.1615" 0.0374
I B8k e 55 X, 0.3992
Carbon storage X, 0.4524  0.2288
X, 0.4981 0.3494  0.1586
X, 0.4122  0.2626 0.2269*  0.0558
X5 0.4677%  0.2925*  0.2213*  0.0976"  0.0390
X4 0.7215 0.7286 0.7142 0.7030  0.7915*  0.7000
X, 0.5618 0.5458 0.5141 0.4659  0.4959 0.7133 0.4600
X 0.4730  0.3006 0.3475 0.2596  0.2579 0.7143 0.5195 0.2441
X, 0.4198 0.2768*  0.1922*  0.0782  0.0727*  0.7040  0.4677 0.2627 0.0234

X, :F#7K Precipitation; X, ; i JE Temperature; X5 : #5 F2 Elevation; X, : ¥ J& Slope; X5 : &= M | F 28 8 Land use type; X : 5 — fb A 8% 45 %4
Normalized difference vegetation Index; X, : 1327 Soil type; Xg : A 1% Population density; X : T A& ZAEPEFEEL Shannon's diversity index; fill * 3
IR 22 AR AR L MG R AN = S XU T3 ik
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