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Coupling and coordination relationship between ecosystem
services and human well-being in arid oasis cities

—A case study of Suzhou District, Jiuquan City, Gansu Province
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China; 2.Gansu Ecological Construction and Environmental Protection Research Center, Lanzhou, Gansu
730030, Chinas; 3.School of Economics and Management , Xinjiang University, Urumgqi, Xinjiang 830046, China)
Abstract: [Objective] The spatiotemporal evolution characteristics, coupling coordination relationship, and
driving factors of ecosystem services and human well-being in arid oasis regions were analyzed in order to provide a
scientific basis for synergistically promoting ecological governance and livelihood improvement in arid regions.
[ Methods] Taking Suzhou District, a typical arid oasis in Jiuquan City, Gansu Province, as the study area, the
United Nations Sustainable Development Goals framework, the Millennium Ecosystem Assessment system, and
the functional structure of human well-being in China were integrated. Ecosystem service value accounting, a

coupling coordination degree model, a random forest algorithm, and a geographically and temporally weighted
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regression model were used. [Results] (D During the study period, ecosystem service value in Suzhou District
showed a trend of first decreasing and then increasing, declining from 8.96 X 10° yuan in 2003 to 8.24 X 10° yuan in
2013 and then rising to 8.32>X10” yuan in 2023, with regulating services constituting the main component of
ecosystem service value. The human well-being index increased significantly from 0.28 to 0.51, and the
development function represented by per capita GDP and public services showed the most prominent growth.
@ The coupling coordination relationship between ecosystem services and human well-being gradually evolved
from a stage dominated by antagonism and imbalance to a stage of adaptation and coordination. Spatially, a
significant differentiation pattern was observed, with high-high clustering along the southern Qilian Mountains and
low-low clustering in the central urban area and oasis agricultural area. @ Urbanization process and agricultural
development intensity were the main factors restricting the coordinated development of ecosystem services and
human well-being. Increased vegetation coverage, a higher proportion of the tertiary industry, and a narrowing
urban-rural income gap showed significant promoting effects. The influence of these driving factors exhibited
obvious spatiotemporal heterogeneity. [ Conclusion] The coupling coordination relationship between ecosystem
services and human well-being in Suzhou District shows clear spatiotemporal evolution characteristics and spatial
differentiation, and is affected by the heterogeneous effects of multiple factors, including urbanization, agricultural
development, and vegetation coverage.

Keywords: ecosystem services; human well-being; coupling coordination; arid oasis city; Suzhou District,

Jiuquan City, Gansu Province
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Fig.1 Overview map of Suzhou District, Jiuquan City,
Gansu Province
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Table 1 Data sources and descriptions
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Table 2 Ecosystem service value per unit area in Suzhou District BN .6/ (hm? « a)
MRS K MRS T B PN Ol 1R H 7K I T U H
asWA 1562.3 468.7 312.5 624.9 234.3 0.0 15.6
45 MR 55 JERH A 781.2 1249.8 624.9 468.7 312.5 0.0 0.0
IR R 2812.1 937.4 468.7 2343.5 12 498.4 156.2 0.0
ARV 1249.8 3593.3 2031.0 2343.5 937.4 156.2 —468.7
. S AR A 1093.6 4061.9 2343.5 3693.3 3124.6 312.5 —312.5
a9 Rk 55 )
AL ER B 312.5 3593.3 2031.0 3693.3 8124.0 156.2 —312.5
IR SCI Y 1874.8 3124.6 2031.0 23 435.0 15623.0 156.2 —4687.0
T O 1874.8 3593.3 23435 2812.1 937.4 312.5 31.2
LR R % A FE TR G 312.5 369.3 312.5 312.5 156.2 15.6 0.0
G/ EA = 468.7 4061.9 2812.1 4687.0 4061.9 312.5 15.6
SCAR IR 55 EE3-9l 312.5 3124.6 1874.8 4687.0 3124.6 312.5 156.2
BN/ (Ot -hm %) 10 502.3 26 031.9 15931.3 49 374.6 51 384.2 1874.8 —5138.4
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Table 3 Assessment system for human well-being in Suzhou District under framework of sustainable development goals
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Table 4 Definition of stages and development levels of coupling coordination

between ecosystem services and human well-being
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Table 5 Composition of ecosystem service value in
Suzhou District (2003—2023)

" BESV/ 4 A S Sk
109 R%/% R%/% WR%/% WR%/%
2003 89.62 20.5 62.3 8.0 9.2
2004 88.85 20.3 62.6 7.9 9.2
2005 88.01 20.1 62.9 7.8 9.2
2006 87.15 19.8 63.2 7.7 9.3
2007 86.28 19.6 63.5 7.6 9.3
2008 85.40 19.3 63.8 7.6 9.3
2009 84.52 19.0 64.1 7.5 9.4
2010 83.63 18.7 64.4 7.5 9.4
2011 82.91 18.4 64.7 7.5 9.4
2012 82.63 18.3 64.9 7.5 9.3
2013 82.35 18.2 65.1 7.5 9.2
2014 82.42 18.3 65.0 7.4 9.3
2015 82.50 18.4 64.9 7.3 9.4
2016 82.58 18.6 64.7 7.3 9.4
2017 82.65 18.8 64.5 7.2 9.5
2018 82.73 18.9 64.4 7.2 9.5
2019 82.81 19.0 64.3 7.2 9.5
2020 82.89 19.1 64.3 7.1 9.5
2021 82.98 19.2 64.3 7.1 9.4
2022 83.07 19.3 64.2 7.1 9.4
2023 83.17 19.3 64.2 7.1 9.4
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Fig.2 Evolution of ecosystem services in
Suzhou District (2003—2023)
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Fig.3 Evolution of human well-being in

Suzhou District (2003—2023)
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Fig.4 Coupling coordination degree between ecosystem services and human well-being (2003—2023)
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Table 6 Distribution of coupling coordination degree

levels and relative development degrees in
Suzhou District (2003—2023)

A IR 2 26 2 5 AR 5 R 0 A / 4

FORE R RE B OESRE o AKH

Kl g U mE W RSN iR
2003 0 62.5 25.0 12.5 0 33.3 58.3 8.4
2004 0 60.0 26.5 13.5 0 35.0 56.6 8.4
2005 0 58.0 28.0 14.0 0 38.0 55.0 7.0
2006 1.0 55.0 30.0 14.0 0 40.0 53.0 7.0
2007 2.0 53.0 32.0 13.0 0 43.0 51.0 6.0
2008 3.0 51.0 34.0 12.0 0 45.0 49.0 6.0
2009 4.0 49.0 37.0 10.0 0 48.0 46.0 6.0
2010 4.5 48.0 385 9.0 0 50.0 44.0 6.0
2011 5.0 47.0 39.0 9.0 0 51.0 42.0 7.0
2012 6.0 46.8 40.2 7.0 0 52.5 39.5 8.0
2013 6.7 46.7 41.7 5.0 0 53.3 38.3 8.4
2014 6.0 43.0 43.0 8.0 0 55.0 37.0 8.0
2015 5.0 38.0 450 12.0 0 57.0 35.0 8.0
2016 4.0 33.0 440 19.0 0O 59.0 32.0 9.0
2017 3.0 28.0 420 27.0 0 60.0 31.0 9.0
2018 2.0 25.0 39.0 34.0 0 62.0 29.0 9.0
2019 1.0 22.0 35.0 42.0 0 63.0 28.0 9.0
2020 0.5 20.0 31.5 48.0 0 64.5 27.0 8.5
2021 0 18.0 28.0 54.0 0 65.0 26.0 9.0
2022 0 17.0 26.0 57.0 0 66.0 25.5 8.5
2023 0 16.7 25.0 58.3 0 66.7 25.0 8.3

R84 J5) Moran’ s T 43 B 45 R (3% 7D 0] A1, 2003
—2023 4R M X A 73S R GRS 5 NS5 AR Ak pg R A B
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Fig.5 Coupling coordination degree between ecosystem services and human well-being across townships
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Table 7 Global Moran’s I values and spatial
clustering characteristics of EHC in
Suzhou District (2003—2023)

FEAy 4> J7) Moran”’s I{H p1E
2003 0.386 0.008
2013 0.452 0.004
2023 0.517 0.001
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Table 8 Local Moran’s I spatial clustering characteristics of EHC in Suzhou District
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Fig.6 Staged variation trends of key factors in
Suzhou District (2003—2023)
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Table 9 Influencing factors of GTWR model along
southern Qilian Mountains and in northern
desert area of Suzhou District (2003—2023)
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