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Spatial difference of ecological services and its influencing factors under different

scales; Taking the Nanchang Urban Agglomeration as an example
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1 School of Geomatics, East China University of Technology, Nanchang 330013, China
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Abstract: Under the background of continuously promoting the construction of ecological civilization in Jiangxi Province,
analysis of the spatial differentiation of ecosystem service value ( ESV) and its influencing factors is of great significance to
the protection of ecological environment and the promotion of regional sustainable development. Taking the Nanchang Urban
Agglomeration as an example, this paper uses the equivalent factor method and spatial autocorrelation analysis to analyze the
spatial distribution characteristics of the average ESV at various grid scales of 1 km X1 km, 3 kmX3 km, 5 kmX5 km and
10 km X 10 km. The influencing factors and scale differences of spatial heterogeneity of ESV at different scales are studied
by using geographic detector and spatial regression model. This paper aims to reveal the role of various influencing factors in
the Nanchang Urban Agglomeration on the spatial heterogeneity of ESV, and provides scientific basis for improving the

quality of ecological environment and promoting green development. The results show that; (1) At different grid scales, the
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spatial distribution of the average ESV is relatively consistent, which is generally higher in the west and north, and lower in
the east and south. There is significantly spatially positive correlation and spatial agglomeration effect at various grid scales,
but the agglomeration effect decreases with the increase of grid scale. (2) The results of geographical detectors show that the
spatial heterogeneity of ESV in the Nanchang Urban Agglomeration is affected by the synergy of natural environment and
economic and social development. The degree of influence of different factors on ESV is significant. At different grid scales,
the contribution of HAI is the largest, which is the leading factor affecting the spatial heterogeneity of the Greater Nanchang
Metropolitan Area. The reason is that the increase of human activities, such as urban expansion and farmland reclamation,
has led to changes in the structure of land use. This affects the spatial distribution of ESV. Moreover, any two factors have
higher explanatory power for spatial heterogeneity of ESV than a single factor. However, with the increase of grid scale, the
explanatory power of each factor and the coupling and coordination between factors for ESV decreases. (3) With the
increase of grid scale, the fitting degree of spatial regression model decreases, and the action intensity and direction of the
influencing factors affecting the spatial heterogeneity of ESV are different at different grid scales. At different grid scales,
HALI has the strongest explanatory power to ESV, and has obviously negative effects, indicating that human activities have

strong inhibition to ESV.

Key Words:; multiscale; ecosystem service value; influencing factor; spatial regression analysis; Geo-Detector; the

Nanchang Urban Agglomeration
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Fig.1 Land type distribution map in the Nanchang Urban Agglomeration
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Table 1 Data sources and descriptions
Bdln 44 7k Ky B[] PR B A IR i
Data name Data type  Time period Resolution Data source Website
S https://earthdata. nasa. gov/
E - " g 2020 30 mx30 m 2 1 X b WL 4 3K v PG esds/ competitive-programs/
mon
evao measures/ nasadem
A — A R £ . N ,
TR 2% B 0 TR 2% 15
Normalized difference & 2019 1000 mx1000 m ;22;?&;&;‘;51;@ https ://www.resdc.cn/
vegetation index N
- I Bk 22 B2 o
Tj‘ i . & ™ 2020 1000 mx1000 m  1901—2020 4F 7 & 1km 43 #¢ http : // www.geodata.cn/
emperature ~ - 3K :
" S RS R s
Kok | 5 Ml Bk R G B2 B o
RT fall & ™ 2020 1000 mx1000 m  1901—2020 4 [# 1km 43 ¥ http : // www.geodata.cn/
ainfa N "
ESUIEN YIS v e
3% GDP ) r LR 27 B BB 2 5 0 R
M - N — : . e
Average GDP %K 2015 1000 mx 1000 m T R R https ://www.resde.cn/
Py = BRR G R 2% L
AP % 2020 1000 mx 1000 m RIS PR AR G 7 A L http ://www.geodata.cn/
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Table 2 Factor of ecosystem services value in the Nanchang Urban Agglomeration
e 2 HEBRGMRSS B {E Land use type
Ecosystem type b it N K5k B AR
Farmland Woodland Grassland Water Built—up land Unused land

A7 Aliment production 3680.807 1214.666 1582.747 1950.828 0.000 828.182
J5#1 ¥} Raw material 1435.515 10968.805 1325.091 1288.282 0.000 736.161
S ARV Gas regulation 2650.181 15901.086 5521.211 1877.212 0.000 2871.029
AT Climate regulation 3570.383 14980.884 5742.059 7582.462 0.000 3110.282
JK LAY Hydrological regulation 2834.222 15054.501 5594.827 69088.747 0.000 2926.242
JEHIALHE Waste disposition 5116.322 6330.988 4858.665 54659.984 0.000 2907.838
1545 £ Soil conservation 5410.787 14796.844 8245.008 1509.131 0.000 4435.372
W Z R Biodiversity 3754.423 16600.440 6883.109 12625.168 0.000 4177.716
S2F 5 Esthetical scenery 625.737 7656.079 3202.302 16342.783 0.000 2042.848
&1t Total 29078.376 103504.293 42955.018 166924.597 0.000 24035.670
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Fig.2 Spatial distribution of ESV per hectare at various grid scales

*R3 FEKRMRETHY ESV £/F Moran's I &t 2

Table 3 Global Moran's I statistics of ESV per hectare at various grid scales

F& R Grid scale Moran's [ E(I) Z(I) P

1 km ¥/ 1 km grid 0.769 0.000 330.793 0.000
3 km #& ™ 3 km grid 0.676 0.000 98.040 0.000
5 km 4™ 5 km grid 0.605 0.000 53.165 0.000
10 km %M 10 km grid 0.500 -0.002 22.513 0.000

ECD) BRI Z (1) NhRiEE P oA BIET UL 2] fr 2 DA 2R o i — B AL AR 1 2 T B

3.2 BRGNS E A ] 53 S 1 b BRI 53 B
3.2.1 BT

MR 4 W LA, K E AT ESV 2 55 itz 2] AR R St S st R 2L FER , AR M
REETR £ 55 ESV (2R 22 e K, il ¢ St &9, HAL B9 STiik 7 e, Horb e 1 km 4% ) B 5T
BRITIRB] T 89.2% , W AZEIG s X AR ARS8 A 7 A KB T4, 76 3 km 5 km (10 km #% & HAL /9 ¢ G211
TEIB AN 33X A 3R I IR B/ N I s %) 23 ] S R P B 5 1 ke A% I 1 3 5 BTHR 1R 39% , 1 T
AR GO ESV 125 [1] 53 S A G ORI 52, HLIEBE Y g e E L2 B E # I B34 K& 22 0] s NDVI
B TTER JI7E 3 km 48 R i 2l 30.4% , FEHIHAE 3 km k& 23 [R1 45 40 5 PR e K, 1% PR X IF9E X ESV 28
[i) S Jo A 1 S e AR 58 5 o R R AR AE 454 D RUBE A BTk 10 12.8%—30.2% , X AIFFE IX. ESV %5 [i) 5 o M (1) 5%
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Fig.3 LISA cluster diagram of ESV per hectare at various grid scales

W 4555, 31X AP IR 76 1 km F1 3 km #& B ¢ Soitm AR5, S km F110 km HH UAHXT /N s N8 FEAES km
K& BTER B e R 17.5% ,10 km A& IR Z ; #175 GDP R4 /K R 30k i BE 25 09 4 RUEE STk 11 3478 10.0% S LA
3RS IX ESV 53 [a] SR AR A K

F4 FAEEMRET ESV ZiE 45 R EFHRM

Table 4 Factor detection of ESV spatial differentiation at various grid scales

1 km #% ™ 1 km grid 3 km #% ™ 3 km grid 5 km /%K 5 km grid 10 km 4%/ 10 km grid
% : : :
Influencing factor q geitht P q Geitht p q Giitit p q Giitit p
q statistic q statistic q statistic q statistic
2 Elevation 0.302 0.000 0.256 0.000 0.195 0.000 0.128 0.000
B Slope degree 0.390 0.000 0.329 0.000 0.239 0.000 0.167 0.000
H— e R
Normalized difference 0.274 0.000 0.304 0.000 0.239 0.000 0.172 0.000
vegetation index
S Temperature 0.244 0.000 0.248 0.000 0.206 0.000 0.153 0.000
F%7K Rainfall 0.095 0.000 0.103 0.000 0.086 0.000 0.076 0.000
BE3E T HE 25 Distance to city 0.050 0.000 0.076 0.000 0.060 0.000 0.022 0.064
Hi¥% GDP Average GDP 0.100 0.000 0.009 0.000 0.098 0.000 0.086 0.000
N1 B Population density 0.036 0.000 0.088 0.000 0.175 0.000 0.130 0.000
S G
AR 0.892 0.000 0.709 0.000 0.542 0.000 0.289 0.000

Human active index
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Fig.4 Factor interaction detection of ESV spatial differentiation at various grid scales
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Table 5 Stepwise linear regression analysis of ESV at various grid scales

ARGt OLS Z i /N "€ Ordinary least square

Variable 1 km# 1 km grid 3 km A& 3 km grid 5 km #$1% 5 km grid 10 km #§% 10 km grid
H B Constant term 5.843 """ 5742 5.811** 5.156***
72 Elevation 0.01***

LI Slope degree -0.104 *** -0.084*** _0.138 %

1 — Lk Bl

ﬁrmliffﬁf?ffince vegetation index 0137 01417 01317

S Temperature 0.013 "~ 0.031*~ 0.185""
[%7K Rainfall 0.016*** -0.092"
BEYRTTHE 25 Distance to city 0.006 *** ~0.018 ** ~0.062 *** —0.207 %
¥ GDP Average GDP 0.01*** _0.133
AN Population density 0.04 " 0.017** -0.058 ***

AN M FEFEEL Human active index -1.072*"" -0.998 *** —0.894 *** _0.722 %
R? 0.911 0.732 0.573 0.344
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6 AEEMRET ESV ZEiREMT

Table 6 Spatial error regression model of ESV at various grid scales

g SEM 75 [AiR 251 Spatial error model

Variable 1 km M 1 km grid 3 km #K 3 km grid 5 km ™ 5 km grid 10 km A% 10 km grid
W # Constant term 4.963 *** 3.793*** 4.772 %+ 3.658***

=A% Elevation -0.009

B Slope degree -0.055*** -0.025 ~0.072%**

I — A L

Normalized difference vegetation index ~0.009 7 -0.0817 ~0.065"*

3 Temperature 0.071*** 0.206*** 0.365
F47K Rainfall 0.054*** 0.002***
BE3ETTHE 2 Distance to city 0.006 *** 0.055*** 0.011 -0.225***
H44 GDP Average GDP 0.017 *** -0.064
NI % & Population density 0.119 *** 0.038 -0.035

N HREMIFE S Human active index -0.993 *** -0.808 *** -0.620*** -0.573***
N % LAMBDA 0.620 0.749 0.723 0.759

R? 0.927 0.819 0.706 0.598
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