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Spatial relationship between ecosystem services balance and urbanization in the

middle reaches of the Yangtze River
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Abstract: The research on the interaction between ecosystem services and urbanization is a hot and frontier field of
international human-earth system research. This study selected 325 counties in the middle reaches of the Yangtze River, and
estimated the ecosystem services balance and the level of urbanization in 1995, 2005, and 2015 through the ecosystem
services supply and demand balance assessment matrix method and urbanization-related indicators. Meanwhile, the bivariate
spatial autocorrelation model and spatial measurement model were used to explore the spatial relationship between ecosystem
services balance and urbanization. The results showed that; (1) during the study period, the ecosystem services balance in
the middle reaches of the Yangtze River has deteriorated, while the level of urbanization continued to rise. (2) There was a
significantly negative correlation between the ecosystem services balance and urbanization, and the spatial clustering
patterns of different regions showed heterogeneity. (3) The spatial measurement model with added control variables was
proved to be more suitable for explaining the spatial relationship between the ecosystem services balance and urbanization. It
showed that the impact of urbanization on the ecosystem services balance had a negatively external effect, and this

negatively external effect gradually weakend when urbanization reached a certain stage. Finally, we suggest that in the
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process of urbanization, ecological space should be managed as a whole; cross-regional cooperation needs to be tried; and

ecological and economic resources should be shared and complemented.

Key Words: ecosystem services balance; urbanization level; control variables; spatial econometric model; the middle

reaches of the Yangtze River
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Fig.2 Spatial distribution of ESBI in the Middle Reaches of the Yangtze River region from 1995 to 2015
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Fig.3 Spatial distribution of ESSI in the Middle Reaches of the Yangtze River region from 1995 to 2015
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Fig.4 Spatial distribution of ESDI in the Middle Reaches of the Yangtze River region from 1995 to 2015
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Fig.5 Spatial distribution of urbanization level in the Middle Reaches of the Yangtze River region from 1995 to 2015
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Fig.6 Spatial agglomeration characteristics of ESBI with urbanization in the Middle Reaches of the Yangtze River region from 1995 to 2015
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x4 ETREMETESHWELNTEREIX RISHT
Table 4 Diagnosis of spatial dependence relationship between ecosystem service balance and urbanization from 1995 to 2015
1995 2005 2015
Gy WK IR A KT A A LS G S )| i e
Variable Urbanization Add control Urbanization Add control Urbanization Add control
level variables level variables level variables
KL Moran’s 1( error) 0.68*** 035" 0.68 0.43 %+ 0687 0.54%%*
Diagnosis of spatial LM(lag) 322.56 " 94.09 *** 408.66 *** 46.55 " 353.08 """ 39.41 "
dependence Robust LM (lag) 14.09 *** 31.20 %" 37.97 " 7.95 " 15.44 %% 549"
LM( error) 381.18 "~ 103.67 *** 380.52 """ 156.01 *** 388.19 """ 239.30 ***
Robust LM (error) 72.71 %" 40.79 *** 9.83 %" 117.41 % 50.54 *** 205.38 ***
WA RS R-Squared 0.55 0.92 0.34 0.95 0.45 0.98
Fit indicators Log likelihood —-1388.11 -1063.02 -1401.97 -961.81 -1384.13 -902.61
AIC 2780.22 2138.03 2807.93 1935.62 2772.27 1817.23
SC 2787.79 2160.74 2815.50 1958.32 2779.83 1839.93

% P<0.1, % % P<0.05, * * * P<0.01; LM hiiks 8 0 Fe 11 Lagrange multiplier; AIC ; 75%3t1 {5 BN Akaike information criterion; SC; Il 7% BLYEN Schwarz'

s criterion
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Table 5 Results of spatial regressions between ecosystem service balance and urbanization from 1995 to 2015
A5t Variable 1995 2005 2015

f# B A B Explanatory variables WK -0.2918 *** -0.5113**" -0.4813***
AR BN Z VR £ 0.0314 *** 0.0501 *** 0.0398 ***
Control variables KoK & 0.0236 ** 0.0567 *** 0.0225***

F TR 0.0128 0.0086 0.0082 *
A EEFR bR R-Squared 0.94 0.96 0.99
Fit indicators Log likelihood -1018.82 -939.99 -810.06

AIC 2051.65 1893.97 1632.12
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