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A study of coupled dynamics of regional ecosystem services and its driving forces

using GeoDetector and fsQCA integrated analysis

ZHANG Zhaohui, LI Yajie"
Faculty of Economics and Management , Shihezi University, Shihezi 832000, China

Abstract: The interplay of ecosystem services plays a crucial role in the integrated development of the economy, society,
and environment. This research focuses on the Hotan region in Xinjiang as its subject of study. By employing the InVEST
model, the coupling coordination degree model, GeoDetector, and fuzzy set qualitative comparative analysis method
(fsQCA) , this study assesses the values of four pivotal ecosystem services: carbon sequestration, soil conservation, water
resource protection, and habitat provision in 2020. Furthermore, it analyzes the degree of coupling and coordination among
these types of ecosystem services and their trends, investigates the driving factors and mechanisms behind service
integration, and discerns spatial heterogeneity based on differential land-use patterns and intensities. The findings of this
study are as follows. Firstly, it is revealed that the overall degree of ecosystem service coupling coordination is low, and the
spatial heterogeneity is characterized by the mode and degree of differential land use. Second, the GeoDetector analysis
identifies the main factors influencing the development of ecosystem services coupling, underscoring the augmentation of
pairwise interactions. Specifically, the GeoDetector model shows that in a single factor, average temperature per unit area,

average rainfall per unit area, topographic fluctuation, and livestock size dominate the coupled development of ecosystem
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services. In addition, the two-way interactions between all factors have a significantly enhanced effect compared to the
dominant role of a single factor. Thirdly, the result of the fsQCA analysis shows that there are 5 effective multivariate
conditional configurations, which are caused by natural factors, human factors, and the joint action of natural and human
factors. Furthermore, three differentiated configuration paths have been sorted out. These paths emphasize the heterogeneous
combination of differences in the six different antecedent variables, enabling the full realization of the coupling development
of ecosystem services. The combination of the GeoDetector method and fsQCA method provides a comprehensive and
innovative approach to exploring the driving factors of ecosystem service coupling and deciphering the driving mechanisms.
Through the effective combination of the two methods, the driving factors and specific action mechanisms that lead to the
coupling development of ecosystem services can be deeply analyzed. The results of this paper show that in order to achieve
the goal of scientific and fine management of ecosystem services, attention should not only be paid to the dominant role of
the single factors but also to the interactive effects of two factors simultaneously. At the same time, the synergistic effects of
multiple dimension factors should be considered to promote the coupling of ecosystem services, so as to achieve continuous

optimization, and finally achieve the goal of sustainable development of ecosystem.

Key Words: ecosystem services; coupled dynamics of ecosystem services; driving force grouping; GeoDetector; fuzzy set

qualitative comparative analysis
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Table 3 Univariate necessity test results

AP b — 3tk EoE £ FRRAR b — 3tk B AR
Conditional variables Consistency Coverage Conditional variables Consistency Coverage
X, 0.6611 0.5426 ~X, 0.8102 0.8331

X, 0.7085 0.6375 ~X, 0.6954 0.6442

X, 0.7324 0.7703 ~X3 0.6324 0.5100

X, 0.5938 0.6527 ~X4 0.7677 0.5993

X; 0.7721 0.7227 ~Xs 0.6446 0.5743

Xe 0.6266 0.6068 ~Xe 0.7730 0.6674

R AR

Z5R IR 6 DRI SRR AR B — B ERMR T 0.9, B A5 A5 P18 1 R 0 ik B R HE Bl A 2
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Table 4 Driver groupings that fully realize coupling between ecosystem services

FAF B £075% Configuration

Conditional variables H1 H2a H2b H3a H3b
X, @) O O O

X, @) * O )
X, ) * ) ®
X, O * e) )
X ) ° ) *
X, <& o o o ®
—3¥k Consistency 0.85 0.96 0.93 0.95 0.98
JA 78 55 5% Original coverage 0.39 0.33 0.37 0.40 0.30
ME—7 55 % Unique coverage 0.09 0.06 0.05 0.06 0.02
SRR Y —30PE Consistency of the general solution 0.87

SRR 5 ¥ Coverage of the general solution 0.70
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