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The ecological effect of road network based on remote sensing ecological index: a

case study of Fuzhou City, Fujian Province

CHEN Xiaohui, ZENG Xiaoying, ZHAO Chaochao, QIU Rongzu, ZHANG Lanyi, HOU Xiuying, HU Xisheng "
College of Transportation and Civil Engineering , Fujian Agriculture and Forestry University , Fuzhou 350002, China

Abstract; Based on the Landsat images in 2000 and 2016, the remote sensing ecological index ( RSEI) is employed to
estimate the eco-environment state of Fuzhou City, then the response mechanism of the RSEI to the road network is
quantitatively explored using three different sampling strategies, including road buffer zone, urban-rural gradient zone, and
section line. Moreover, the spatial heterogeneity of road kernel density (KDE) , RSEI and their relationships are analyzed
using globally spatial autocorrelation analysis and geographically weighted regression analysis, respectively, in different
spatial scales of sample units, including 500 mx500 m, 1000 mx1000 m, 1500 mx1500 m, 2000 mx2000 m, 2500 mX
2500 m, and 3000 mX3000 m. The results show that the areas in fine state of eco-environment are greater than those in poor

status, indicating an improvement of the eco-environment quality from 2000 to 2016 in the study area. The RSEIs in various
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types of road buffers are steadily increasing from 0 m to 3000 m distances to roads. Among which the influence thresholds of
the national road, provincial road, county road and township road are about 900 m, 900 m, 450 m and 750 m,
respectively. In urban-rural gradient analysis, the curve of RSEI increases with the increasing distances from the
administrative center, and it tends to be gentle after reaching a certain threshold, which is around 20 km in the district-
level, and 12 km in the county-level, respectively. However, the trend of KDE is exactly opposite of the RSEI's, but with
the similar thresholds. Along the section line, the RSEI is relatively low, while the KDE is relatively high in the
administrative center; and the RSEI of the inland area in the northwest is higher than that of the coastal area in the
southeast. Spatial autocorrelation analysis shows that the RSEI and the KDE have a higher spatial aggregation effect at the
two sampling units of 1500 mX1500 m and 2000 mX2000 m than that of the other sampling units, therefore, 1500 mx1500
m and 2000 mX2000 m are then employed as spatial analysis units to explore the spatial variations in the relationships
between RSEI and KDE using geographically weighted regression (GWR) model. The GWR outcomes overall indicate a
negative correlation between RSEI and KDE, but also identify the spatial paradigms in their divergent correlations, with the
negative associations mainly distributing in the central area of the study area. Our study can provide scientific basis for the

ecological civilization construction and sustainable development of road network for the study area.

Key Words: remote sensing ecological index; eco-environment; road network density; spatial autocorrelation;

geographically weighted regression
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Fig.5 Analysis of urban and rural gradients and the relationship between RSEI and KDE in different buffers
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Table 1 Linear regression parameters of RSEI and KDE

2000 4F RSEI-KDE

2016 4 RSEI-KDE

Pa— - " R - " N
P I I U L LT g
coofficient MOt Adjusted R*prit coefficient  MOOPt Adjusted R et

M Point T XE -0.038 *** 0.760 0.977 -0.989 -0.068 *** 0.751 0.959 -0.980
B X -0.032"** 0.770 0.897 -0.949 -0.048 *** 0.720 0.813 -0.905

EER=3 -0.080*** 0.787 0.864 -0.932 -0.137*** 0.790 0.945 -0.973

2 Line [l -0.104*** 0.786 0.714 -0.854 -0.138*** 0.800 0.650 -0.818
Hil -0.167 *** 0.786 0.538 -0.750 -0.260 *** 0.877 0.400 -0.657

L -0.205 *** 0.780 0.635 -0.809 -0.236*** 0.816 0.508 -0.731
ZHUE -0.170*** 0.754 0.745 -0.871 -0.207 *** 0.802 0.477 -0.710

I Face PUdL-Reg M -0.025*" 0.730 0.219 -0.468 -0.038 *** 0.649 0.222 -0.471
Y- -0.034 " 0.785 0.418 -0.646 -0.051*** 0.771 0.526 -0.726

Fg-d6 75 18] -0.057 *** 0.773 0.246 -0.496 -0.102 *** 0.759 0.359 -0.599

B %%*&E%*ﬁ;&( P<0.01) ,RSEIJ&’E‘@E‘Z&*&@ Remote Sensing Ecological Index; KDE . 18 B 4% % )& Kernel Density Estimation

M RAE R T o AIC VE RS TR RIL-A D0 B AR Al i 78 = 4R AL Fh  GWR A1) ATC 19468 X (B K
F OLS A AIC YL XHE 55 bR HE AT i 5% 22 7 AT 25 Moran's 1 A1, 3 AR LAY 6 SR
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GWR BT OLS iR W] GWR BLAL Y5k 25 5 BB ML A RS . 28 LR i | sy BUIAR [l I A U A LE
TAL Gt/ N e I ARRL | BAT 5 s ) P00 50KG B2, 7 Ak 30 2 () 848 O T S R, BB e e 4 ) il g A
etk

®2 BRET2RZEBRMBEXSHE

Table 2 Table of global spatial autocorrelation parameters at different scales

N 2000 4F RSEI 2016 4F RSEI KDE

Research scale Moran's [ A P Moran's [ A p Moran's [ A P
500 mx500 m 0.506 153.017 0 0.596 180.306 0 0.989 299.206 0
1000 mx1000 m 0.516 71.176 0 0.548 81.948 0 0.972 145.561 0
1500 mx1500 m 0.487 49.171 0 0.481 48.538 0 0.944 95.404 0
2000 mx2000 m 0.548 42.101 0 0.525 40.334 0 0.878 67.755 0
2500 mx2500 m 0.393 34.742 0 0.392 34.665 0 0.820 72.980 0
3000 mx3000 m 0.384 26.952 0 0.368 25.811 0 0.812 57.546 0

FF ArcGIS BRAF % 3 ALY ]9 SR B 725 (8] SR, HoHR 78 1500 mx 1500 m A1 2000 mx2000 m 4>
RUBETR B4R BE A v, R e sk v A IR TS WA Tl A 25 B B ot 5 O 23 B 22 ] B e &R DAIEL 8 AT LA
F il BK L RSEI # KDE 2 I AA XX R, HAH WA ES M55, 7F 1500 mx 1500 m RET (& 8),
RSEI 5 KDE f9 f1 [B1)5 £ 85053 A 76 B 5 X vt 1 K8 43 X B, R BT B % KDE B934 01, RSEL 3 ¥ il /b, % [
2000 4EF1 2016 4E A1) 2B 25 18R Ak , G 8 R B A7 Tk 28 L 3 2% i V0458 B | HL 2000 4F 43 #i i X sk
KT 2016 4F ;2000 mx2000 m KT (& 8) (9 RSEL A1 KDE 123 [A] 434 % £ 5 1500 mx 1500 m £ AL ; 78
ARSEI (1) [0 9 Z2 55075 [m) sy AR B v (& 8) , PN RUBE T 9 47 [l 1) 2R 550 32 A 2 A ZEIF 9 X vl X8, A L
F 2000 412016 419 RSEL A9 4340 1% 00 , 25 (8] 43 S 5 B

%3 GWR 5 OLS I #Hit&R
Table 3 Parameter estimation results of GWR and OLS

2000 4F: RSEI-KDE 2016 - RSEI-KDE ARSEI-KDE

BRI A WS R RO e W e RO e e e e
Research scale Adjuztcd AIC  Residual Re;idial Adju;ted AIC Residual " d'ial Adjuzted AIC Residual d'ial
k ST Moran's 1 ST Moran's 1 sqiate Moran's T

GWR 052  0.541 -67486.868 640.339  0.201 0526 -50512.911 917.977  0.249 0.466  -89560.352 400.861 0.231
102 0.609 -14359.266 195.944  0.085 0571 -10691.594 264991  0.097 0.548  -21228.809 111.323 0.078

152 0.649  -5738.652 91.679 -0.014 0594  -4144.263 122265 -0.024 0.586  -9067.861 50.256  -0.029

202 0.631  -2642.108 63908 -0.019 059  -1944.796 79.511  -0.025 0592 -4801.087 32.494  -0.019

252 0619  -1279.287 45.886  -0.086 0574  -877.487 55.613 -0.081 0.581  -2781.686 22361  —0.080

302 0.62  -723.921 34456 -0.056 0570  -492.414 42454  -0.043 059  -1839.643 16271  -0.06l

OLS 052 0016 -31977.092 1399.835  0.491 0.068 -19106.312 1839.442  0.557 0.005 -60650.112 761.804 0.493
102 0.001  -3401.869 537.478  0.513 0.029  -1205.673 643.966  0.526 0.000 -12024.107 264.341 0.472

152 0000  -379.016 302.581  0.488 0.013 340.252 344.547  0.466 0.001  -4638.870 140.211 0.424

202 0.002 253342 202.075  0.549 0.006 606.972 225750  0.520 0.004  -2232.583 92.744 0.487

252 0.005 440.880 150.818  0.397 0.000 622.066 164477 0.389 0.011  -1268.325 66.571 0.363

302 0.011 458.817 118215 0392 -0.001 549.849 125.678  0.366 0012 -777.777  51.465 0.348

GWR ; HbH AL [ A58 Geographically Weighted Regression; OLS : fie/N ~ R[S Ordinary Least Squares; AIC; ZRitf B2 EN Akaile information criterion

41 hHe
TER RS B8R T Rl 20 5SR F OLS A RUFT GWR R BUIRT T 48 M T A 3% I 2 3 5 1 A 3R I
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Fig.8 Spatial distribution of regression coefficient of GWR Model
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