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Mapping the spatial relationship between ecosystem services and urbanization in

the middle reaches of the Yangtze River Urban Agglomerations
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Abstract: Urbanization in China has entered a stage that urban agglomerations are the major urbanization mode. As the
extensive economic growth mode did not change fundamentally, the ecological problems during the urbanization process have
become increasingly prominent. Based on the land use/land cover change in 1995, 2005 and 2015, we measured the
spatiotemporal distribution features of the ecosystem services value ( ESV) in the middle reaches of the Yangtze River Urban
Agglomerations ( MRYRUA). In addition, we investigated the spatial relationship between ecosystem services value and
urbanization by using the bivariate Moran’s I methods, the ordinary least squares method, and the spatial regression models.
The results showed that; (1) the ESV during the study period in the MRYRUA decreased significantly, while the
urbanization level increased significantly, exhibiting opposite spatial distribution features; (2) there was significant spatial
dependence between average ESV and urbanization level in the MRYRUA; (3) the spatial regression model was proved to

be more suitable for measuring the spatial interaction between ESV and urbanization level. The development of urbanization
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would lead to the decline of ESV, and there was a U-—shaped curve relationship between them. The ESV is influenced not
only by the individual elements, but also by neighboring elements or even further elements. The spatial dependence effect
and spatial spillover effect between ESV and urbanization level should be fully considered to implement cross—regional joint

governance in the future land use planning and ecosystem protection planning.

Key Words: land use change; ecosystem services value; urbanization; spatial regression; the middle reaches of the

Yangtze River Urban Agglomerations
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55.62% ,10 km A5 R GRS I (L FRARAR B LL B 40 50 44.27% F1 59.08% , 1T LLE B AES ARG RS
WG B B R BRGNS AT A it X A 75 22 G IR 45 Ak T FRAE S W

R1 1995 F.,2005 F£50 2015 FRITHFRETRHESRGRENERETL
Table 1 Changes of ESV in the middle reaches of the Yangtze River Urban Agglomerations in 1995, 2005, and 2015
MR IS A

Land-use types 1995/4¢.7% 2005/42.7t 2015/4¢.70 1995—2005/%  2005—2015/% 1995—2015/%
HFHL Cultivated land 1995.11 1962.78 1901.97 -1.62 -3.10 -4.67
M Forestland 9026.02 9007.90 8934.00 -0.20 -0.82 -1.02
HiHh Grassland 184.67 179.99 171.69 -2.53 -4.61 -7.03
JKPR Water body 1717.07 1890.67 1851.32 10.11 -2.08 7.82
KA FHHL Unused land 0.11 0.09 0.11 -18.18 22.22 0.00
JEHL Wetland 582.84 517.85 654.76 -11.15 26.44 12.34
41t Total 13505.82 13559.28 13513.86 0.40 -0.33 0.06

ESV: B RGMR5 M E Ecosystem senvices value

F2 1995 4 .2005 F£50 2015 FRTHIFHE T HESRERSNELEHETL
Table 2 Changes in the structure of ESV in the middle reaches of the Yangtze River Urban Agglomerations in 1995, 2005, and 2015

;ﬁi’%{ypes ;(fri%u:rypes 1995/4¢76  2005/4Z76  2015/427C  1995—2005/% 2005—2015/%  1995—2015/%
P45 i 55 T 389.17 386.30 377.87 -0.74 -2.18 -2.90
Supplying services JEM A A 1076.53 1073.92 1063.13 -0.24 -1.00 -1.24
PA RS SRS 1637.17 1629.93 1617.55 -0.44 -0.76 -1.20
Regulating services SR 1798.25 1782.84 1795.66 -0.86 0.72 -0.14

TR ST S 2385.04 2434.55 2434.10 2.08 -0.02 2.06

AL B 1639.53 1671.97 1678.92 1.98 0.42 2.40
pEs]iSis (st 1733.75 1723.45 1704.60 -0.59 -1.09 -1.68
Supporting services Hefe AW 2 FETE 1903.99 1904.90 1890.12 0.05 -0.78 -0.73
CALARSS Cultural services  $RAIL &2 51 942.38 951.42 951.91 0.96 0.05 1.01
A1 Total 13505.82 13559.28 13513.86 0.40 -0.33 0.06
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Fig.2 Spatial pattern of average ESV at the 5 km grid scale in the middle reaches of the Yangtze River Urban Agglomerations in 1995,
2005 and 2015
ESV: B RGMRS5 M EH Ecosystem senvices value
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Fig.3 Spatial pattern of average ESV at the 10 km grid scale in the middle reaches of the Yangtze River Urban Agglomerations in 1995,
2005 and 2015
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Fig.4 Spatial pattern of urbanization level at the 5 km grid scale in the middle reaches of the Yangtze River Urban Agglomerations in

1995, 2005 and 2015
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Fig.5 Spatial pattern of urbanization level at the 10 km grid scale in the middle reaches of the Yangtze River Urban Agglomerations in

1995, 2005 and 2015
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Fig.6 LISA cluster maps between average ESV and urbanization level at 5 km scale in the middle reaches of the Yangtze River Urban
Agglomerations in 1995, 2005, and 2015
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Table 5 Regression results of spatial error model with lag dependence ( SEMLD)

5 km A% o RUBE b4 4= 25 R GRS h( 10 km A% 90 RUBE H 344 75 2R G0 AR 55 M

AR i Variables Average ESV at 5 km grid scale Average ESV at 10 km scale

1995 2005 2015 1995 2005 2015
WA ALK -0.481*** -0.351*** -0.363 -0.547 -0.475 % -0.445***
Urbanization level (0.037) (0.031) (0.022) (0.063) (0.054) (0.039)
AR AR 0.818 *** 0.495*** 0.445*** 1.130 " 0.745** 0.515"**
Urbanization level squared (0.128) (0.090) (0.050) (0.196) (0.133) (0.069)

-0.006 “** -0.011 """ -0.005 """ -0.001 *** -0.002 *** 0.005 """
Constant

(0.002) (0.002) (0.002) (0.005) (0.005) (0.006)
L. 1.034 """ 1.044 " 1.033 %" 1.030 *** 1.032 %" 1.021 "%
Spatial lag term

(0.005) (0.005) (0.005) (0.012) (0.013) (0.013)

. -0.402 """ -0.448 *** -0.414**" -0.234 " -0.209 *** -0.160 ***

Spatial error term

(0.019) (0.019) (0.019) (0.035) (0.035) (0.035)
Measures of fit
Log likelihood 16334.168 16367.525 16035.915 4513.859 4542.115 4431.021
AIC -32660.300 —-32727.000 -32063.800 -9019.720 -9076.230 -8854.040
SC -32630.600 -32697.300 -32034.100 -8995.350 -9051.860 -8829.670
R-Squared 0.739 0.728 0.731 0.711 0.697 0.6968
N 12614 12614 12614 3268 3268 3268

% % % P<0.001, * * P<0.01, * P<0.05;355 M AbriE%
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