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Abstract  Objective In the context of rapid urbanization and regional economic growth studying the spatiotemporal evolution of
ecosystem services ( ESs) and their driving mechanisms is vital for regional sustainable development. The Chaohu Lake Basin as
an important area in the middle and lower reaches of the Yangtze River has significant value in its ecosystem services.
Methods Using the InVEST model and spatial autocorrelation analysis the spatiotemporal variation patterns of five key ESs—
carbon storage water yield habitat quality soil conservation and water purification—in 2000 2010 and 2020 were analyzed.
The self-organizing map ( SOM) method was used to classify the ESs into four clusters: forest carbon sink cluster water resource
cluster integrated ecology cluster and low service cluster. The effect of socio-ecological driving factors was explored using
geographically weighted regression ( GWR) . Results The result showed that carbon storage and soil conservation functions
significantly increased in forests and grasslands while water purification function notably improved around industrial areas. In
2000 the synergy index of carbon storage and habitat quality in northern forests was 0. 87 whereas in 2020 the synergy index of
water yield and water purification in urban areas was 0. 77. Driving factors gradually shifted from natural factors ( with normalized
difference vegetation index ( NDVI) contributing 98. 12%) to social factors with GDP and population ( POP) contributing
10. 42% and 45.45% to water purification and habitat quality respectively in 2020. Conclusion Urbanization significantly
influences the spatiotemporal patterns of ESs in the Chaohu Lake Basin. It is essential to optimize ecological environment planning
and conservation strategies based on the characteristics of driving factors balance the trade-offs and synergies of ESs and
achieve sustainable development in the Chaohu Lake Basin.
Keywords: ecosystem services ( ESs); socio-ecological driving factors; trade-off and synergy relationship; spatial pattern;
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Fig. 1  Overview of the study area
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Table 1 Data sources
/m
30 GlobeLand30 http:  //www. globallandcover. co/
1 000 http:  //www. geodata. cn/
1 000 http:  //www. geodata. cn/
1 000 https: //gaez. fao. org/pages/hwsd
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DEM 30 ( ESDS) https: //www. earthdata. nasa. gov/esds
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Table 2 Multicollinearity test of driving factors

VIF (2000 ) |VIF (2010 ) | VIF (2020 )
NDVI 1.231 1.219 1.231
ETP 1.392 1.337 1.392
TMP 1.438 1. 404 1.438
PRE 1.312 1. 315 1.312
POP 4. 464 3.364 4.464
GDP 4.311 5.200 4.311
NTL 1. 650 5.200 1. 650
ELE 1.520 1.419 1.520
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3 2000—2020 ESs
Fig. 3 Spatial pattern variations of ESs in Chaohu Lake Basin ( 2000—2020)

4 2000—2020 ESs
Fig. 4 Spatial pattern variations of ESs clusters in Chaohu Lake Basin ( 2000—2020)
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Table 3 Global spatial autocorrelation and highdow cluster analysis of ESs in Chaohu Lake Basin ( 2000—2020)
ESs
1 A P G G Z P
CS-2000 0. 023 080 5.290 993 0. 000 000 0. 000 038 0. 000 032 0.947 122 0. 343 577
CS=2010 -0. 541 162 -157.560 570 0. 000 000 0. 000 016 0. 000 020 -1.755 590 0.079 158
€S-2020 -0.507 231 -128.777 283 0. 000 000 0. 000 028 0. 000 030 -0. 700 648 0.483 523
WY-2000 0. 121 626 54.222 576 0. 000 000 0. 000 010 0. 000 009 46. 440 004 0. 000 000
WY-2010 0.416 413 211. 831 659 0. 000 000 0. 000 008 0. 000 007 65.316 153 0. 000 000
WY-2020 0. 401 451 192. 489 741 0. 000 000 0. 000 009 0. 000 008 60. 234 164 0. 000 000
HQ-2000 0.618 540 100. 811 198 0. 000 000 0. 000 095 0. 000 074 99. 348 053 0. 000 000
HQ-2010 0.612 399 99. 851 928 0. 000 000 0. 000 097 0. 000 074 98. 750 734 0. 000 000
HQ-2020 0.619 173 101. 280 104 0. 000 000 0. 000 000 0. 000 000 94. 616 980 0. 000 000
SC-2000 0.769 861 308. 502 004 0. 000 000 0. 000 035 0. 000 012 246.093 328 0. 000 000
SC2010 0.775 517 327.945 587 0. 000 000 0. 000 034 0.000 011 276.260 067 0. 000 000
SC-2020 0. 746 008 306. 689 130 0. 000 000 0. 000 035 0. 000 012 243. 046 631 0. 000 000
WP-2000 0.608 142 |1 002.248 793 0. 000 000 0. 000 001 0. 000 001 538. 560 444 0. 000 000
WP-2010 0.623 296 |1 028. 248 263 0. 000 000 0. 000 010 0. 000 007 974.789 955 0. 000 000
WP-2020 0.618 681 |1 020.592 572 0. 000 000 0. 000 010 0. 000 007 967.459 652 0. 000 000
( ) 57 2026 2 9
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5 2000—2020 ESs
Fig. 5 Cluster and outlier analysis of ESs in Chaohu Lake Basin ( 2000—2020)
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6 2000—2020 ESs
Fig. 6 Hotspot analysis of ESs in Chaohu Lake Basin ( 2000—2020)

7 2000—2020 ESs TSI
Fig. 7 TSI between ESs in Chaohu Lake Basin (2000—2020)
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8 2000—2020 ESs -
Fig. 8 Spatial distribution of trade-off and synergy relationship between ESs in Chaohu Lake Basin ( 2000—2020)
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9 2000—2020 ESs
Fig.9 Correlation analysis of ESs and their driving factors in Chaohu Lake Basin (2000—2020)

4 2000—2020 ESs
Table 4  Contribution of ecological and social factors to ESs in Chaohu Lake Basin ( 2000—2020)
R? R} R} CR, 1% CR, 1% CRy 1%
CS 0.42 0.03 0.43 98. 12 8.00 -6.12
WY 0.31 0.04 0.34 92.61 13. 11 -5.72
2000 HQ 0.31 0.07 0.34 90. 12 21.22 -11.34
SC 0.57 0.02 0.57 100. 00 2.68 -2.68
wp 0.16 0.02 0.17 96. 45 10.71 =7.16
CS 0.43 0.05 0. 44 98. 30 11. 80 -9.91
WY 0.34 0.01 0.36 94.90 2.05 3.00
2010 HQ 0.27 0. 06 0.30 88. 60 20. 60 -9.04
SC 0. 60 0.02 0. 60 100. 00 3.05 -3.05
WP 0.15 0.00 0.15 97. 80 2.41 -0.18
CS 0.45 0.1 0. 46 95.91 21.51 -17.42
wY 0.35 0.02 0.38 91.41 6.34 2.25
2020 HQ 0.28 0.17 0.37 74. 87 45. 45 -20. 32
SC 0.59 0. 05 0.59 99. 83 7.95 =7.78
WP 0.16 0.02 0.17 95.78 10. 42 -6.20
o HQ 2020
CR, =20.32% 2000 o
2020 HQ ESs
WP o R
3
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