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Driving factors and their interaction effects of ecosystem service value in the

Hohhot-Baotou-Ordos-Yulin urban agglomeration
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1 State Key Joint Laboratory of Environment Simulation and Pollution Control, School of Environment, Beijing Normal University, Beijing 100875, China
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Abstract: The enhancement of ecosystem function within the Hohhot-Baotou-Ordos-Yulin urban agglomeration is significant
for advancing ecological protection and promoting high-quality development in the Yellow River basin. Ecosystem service
value (ESV) was evaluated based on the land use types in the study area from 1990 to 2020, the random forest model
coupled with the SHAP method were used to analyze the importance, response, and interaction of the driving factors, and
partial least squares path modeling was used to identify interaction paths of the driving factors. The results showed that (1)
the area of cropland, grassland, and water exhibited an initial increase followed by a decrease, while the construction land
area continued to increase. The ESV underwent an initial decline, followed by an increase of 62.28 billion yuan, primarily
due to the conversion of cropland and grassland to forest. (2) Land use was the most important driving factor of ESV

change, with a 61.24% contribution rate. Natural factors, including topography and meteorology, were the next significant
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contributors, with 17.59% and 17.05% contribution rates, respectively. Socio-economics factors had the least impact on
ESV, with only 1.73% contribution rate. The responses of ESV to driving factors were characterized by nonlinear changes.
(3) The proportion of water was the most important interaction factor, and the interaction between driving factors showed
different effects when the driving factors were in different ranges. Topography, meteorology, soil, and socio-economics
indirectly influenced ESV by affecting land use. The direct effects of socio-economics on ESV were negative, while its
indirect effects were positive. It recommended to strengthen the protection of grassland, forest, water, and other ecological
spaces and further to coordinate their relationship with urban construction and mineral resource development. Furthermore,
the implementation of multi-factor collaborative management and control of regional ecosystems was oriented towards

improving service functions.

Key Words: ecosystem service value; land use; driving factors; Hohhot-Baotou-Ordos-Yulin urban agglomeration;

interaction effects
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Table 1 Value coefficient per unit area of different land use types

BRGNS Bt it i KK A it
Ecosystem services Cropland Forest Grassland Water Unused land
B Food production 1463.69 424.47 351.29 1170.95 7.32
JERHE T Raw material 358.6 966.04 512.29 336.65 21.96
KBRS Water supply 29.27 497.65 285.42 12133.99 14.64
SARVHTT Gas regulation 1302.68 3176.21 1814.98 1127.04 95.14
SRV Climate regulation 680.62 9513.99 4793.58 3351.85 73.18
L3R 35 Waste disposition 197.6 2824.92 1580.79 8123.48 300.06
7k 3CIE S Hydrological regulation 2188.22 6937.89 3512.86 149647.67 175.64
AR HF Soil conservation 761.12 3878.78 2210.17 1361.23 109.78
AR5 3R MEFR Nutrient cycling 226.87 292.74 168.32 102.46 7.32
) Z R Biodiversity 248.83 3527.49 2005.26 3732.41 102.46
25 Esthetical scenery 109.78 1551.51 885.53 2766.37 43.91
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Fig.3 Changes in land use transfer in the study area from 1990 to 2020

3.2 ESV B2 A
3.2.1 ESV [ As L

1990—2020 4EAF5E X ESV 246 F S5 LI # Horfr 7 1990—1995 4F ESV Wi 2 , 76 I 1 ] bR H
T FEURT K 3o i R s B 34 R B R, 4 BB T 7.64% (14.14% , 351 9% 10 bRt =2 255 A8 OBk b A0 5 Ml | 353 2K 1Y)
IR F LA B, FE 2000—2005 4F ESV A5 25, 78 I 0T TR AR e AR MR e K, 3R 3 T 11.89% 35
M T2 EOR R T RE RN kb . ESV ZERFS N ER LN T 62.28 2.7, AL T FR B RIHE L A i ok
AR RIS N T 21.18% ., (2 FIEI4) .

F2 1990—2020 F£H R X 2 ESV/1LTT
Table 2 ESV of different land use types in the study area from 1990 to 2020

+ iy A0} Year

Land use type 1990 1995 2000 2005 2010 2015 2020
#FHL Cropland 241.69 239.51 272.89 280.65 271.11 270.81 271.30
i Forest 272.39 251.19 317.61 386.13 361.98 366.18 399.04
HiHh Grassland 1569.55 1616.77 1473.56 1473.25 1513.34 1474.78 1482.76
JKBE Water 534.31 492.86 535.61 512.23 518.74 540.76 533.26
FAFHHL Unused land 25.90 24.30 20.29 21.57 21.50 21.75 19.76
&1t Total 2643.84 2624.63 2619.96 2673.83 2686.67 2674.28 2706.12

ESV. AR RG MRS5S E Ecosystem service value
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