55 44 3255 41 " & =2 i1 Vol.44,No.4
2024 4F 2 H ACTA ECOLOGICA SINICA Feb.,2024

DOI; 10.20103/j.stxb.202301130085
FRETRE , 2R M. BTk A 0 A 2548 B Al JC 8 T 9 X AR 25 R N 23 AR A o e AR 252440, 2024 ,44(4) £ 1476-1490.

Zhou Y Q, Li X.Spatio-temporal changes of ecological quality in Wuxi urban area based on water-beneficial ecological index.Acta Ecologica Sinica,2024,
44(4) :1476-1490.

ETAGFEESEYENTHTHEESRERNZTEN
ST

B, 5 A

Jemtpoll K2z Ake# B, Jbst 100083

FEE KR SEAN A A T i Y B BT 15 50 n 3T A8 A T8 DA 5 1038 o T T /KR DX 3, 20 T 7Kk A 28 T o S

T Google Earth Engine( GEE ) -4 #41LA9 2013 2015 ,2017 2019 2021 4EHY Landsat8—OLI S 155k , #) FH {5 ) ‘Jﬁ&@ﬂ?}mﬂ(ﬁi
F S (SPWI) | LEZRAPFRE(RVD) T — AL #FE 40 (NDLL) | T (NDSI) FRJEE (LST) # /K A 0 A 2546 20 (WBEL) |, XHLIR
TR TTIRIX 2013—2021 A 2 B AT At 22 28 AL 0 #r , 3 A Moran F8 50T T bk IX A SRR A2 0] A, 450 %
W1. (1) WBEL Bilve T /K (A A SR B2 0 DR TAB 58 505 T0TE I WK AR IX Sl A2 A B i AN T, RETE 4 b s 6 15 7K AR IX 45
TE PRI T AR ST 5 (2)2013—2021 45, Foi ik X -4 WBEIL 43314 0.4808 .0.4416 .0.5068 ,0.4471 .0.4682 , I [X A= A% Jo 1 &
ARk, AR /NI TR B R A (3) J0 8 T 3 X AR S R o A A S R TR 4> 67.5251km?, B AT S — B SE G
76.8633km” , A= 75 [0 R A5 AR G DX A ) T AR T A8 2 XY T AR, AR A A DX o A0 AR AR 80 L DX 3 2 3 S A % e A 18 X
KA DX AR 2 X3 F B T RBX SH R X ; (4) AFEE 2R3 22 8505514 0.6820.,0.7002,0.6367,0.7007 ,
0.6886, 4= A T it 23 (M) R A &, H DA —a IL—(RMREA R = IR IR X & X2 i A Sl 22 5 0
[ 282 (A R4, B R BN 15 B i X AU AR B R A AR i X A B R 4, AR S i FUA 1 B s () F A Gk, AR SO+
WBEL SE 3K PR U3 T 0889 385 X A A 25 0 2k A PRSI, 1) Ay [ R 4pf T 2 25 AR 4 5 A M I B 7 v A 5 5 et S
KR KR T A A8 B WBET) 3 3222 850 ( Moran $850) ; A= &1 ; Jo8 i Ik X,

Spatio-temporal changes of ecological quality in Wuxi urban area based on water-

beneficial ecological index
ZHOU Yinqgiao, LI Xiong"
School of Landscape Architecture, Beijing Forestry University, Beijing 100083, China

Abstract: Water is an important indicator of ecological quality, but the traditional urban ecological quality evaluation
methods often exclude the water body area and ignore the impact of water on ecological quality. This paper is based on
Landsat8-OLI image data provided by the Google Earth Engine ( GEE) platform in 2013, 2015, 2017, 2019, and 2021.
The information entropy weighting method was used to integrate the surface potential water abundance index (SPWTI) , ratio
vegetation index (RVI) , normalized difference latent heat index ( NDLI) , normalized difference soil index (NDSI), and
the land-surface temperature (LST) to construct the water-beneficial ecological index ( WBEI). The spatiotemporal changes
of ecological quality was analyzed based on WBEI in the urban area of Wuxi City, Jiangsu Province from 2013 to 2021. The
Moran index was used to calculate the spatial autocorrelation of ecological quality in the urban area of Wuxi City. The results

indicated that; (1) The WBEI integrated the impact of water bodies on ecological indices, and compensated for the
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shortcomings of traditional methods that cannot reflect the ecological quality of water bodies, which could better reflect the
urban ecological quality including water bodies; (2) From 2013 to 2021, the average WBEI in the urban area of Wuxi City
was 0.4808, 0.4416, 0.5068, 0.4471, and 0.4682, showing the fluctuating changes and a slight overall downward trend of
the ecological quality; (3) The area of the urban area of Wuxi with excellent ecological quality decreased by 67.5251 km*,
and the area of good and general ecological quality increased by 76.8633 km’. The area of the improved areas of ecological
quality grade was larger than the area of the deteriorated areas. The improved areas were mainly distributed at the urban and
rural junction of Xishan District in the east and Binhu District around the Taihu Lake in the south, while the deteriorated
area is mainly distributed in Liangxi District and Xinwu District; (4) The overall Moran's I of the five years was 0.6820,
0.7002, 0.6367, 0.7007, and 0.6886, respectively. This indicated that there were significant spatial auto-correlation and
clustering of ecological quality in the urban area of Wuxi City. The main spatial clustering types of ecological quality were
high-high and low-low clustering. The ecological quality differences in different regions within the urban areas of Wuxi City
were significant, with similar spatial clusters mainly manifested as mutual aggregation between high ecological quality
regions and mutual aggregation between low ecological quality regions. This paper is based on WBEI to achieve rapid
detection of ecological quality in Wuxi urban area. It can provide method reference and data support for ecological protection

and environmental monitoring in similar cities.
Key Words: Water-beneficial ecological index; Moran index; ecological quality; Wuxi urban area
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Fig.1 Location and scope of the study area
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Wi B B VS O 5—8 A, A FEAFIHFE—F W GE R, Wik a2, 15 e GEE A £ oW
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Table 1 Data sources and description

BFSEAEN) Year FE IR AT Sensor type 1751%5 Ranks =it Cloud cover
2013 LANDSAT/LCO08/C01/T1_TOA 1197038 4.46
2015 LANDSAT/LCO8/CO1/T1_TOA 119/038 3.2
2017 LANDSAT/LC08/C01/T1_TOA 119/038 0.46
2019 LANDSAT/LCO8/C01/T1_TOA 119/038 0.19
2021 LANDSAT/LCO08/C01/T1_TOA 119/038 0.16

1.3 W55k
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FA PR TR RSEIFFH 4R WBEIH 45 R
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B2 2021 £XHHEEX WBEL 5 RSEI BE AT xS LE
Fig.2 Comparison of local details between WBEI and RSEI in Wuxi downtown in 2021
RSEL; # 8 2535 %1 Remote sensing based ecological index; WBEL; 7K AT A= 2545 %L Water-beneficial ecological index

2.2 BHX A FUE ( WBED) B 25 4% J5)
FRURHTIR A9 Ak I IE 8 T 9 X 2013—2021 4F i) 4> B[] BE 19 WBEL 25 [i] A= 25 25 0 50 1
B (E 3) , s 2SS g mmB e S (% 2) .,

£2 THWHHE 2013—2021 £ WBEIL £ HEFRFALL 5
Table 2 Area and proportion of WBEI grade in Wuxi urban area from 2013 to 2021

2% Worst B2 Poor R 4E Medium 4T Better .75 Best
WBEL %4 (0—02) (0.2—0.4) (0.4—0.6) (0.6—0.8) (0.8—1.0)
TR TR g3l [EA TR
O Year Area/km? % Area/km? % Area/km? % Area/km? % Area/km? %
2013 510.24 31.11 263.53 16.07 194.78 11.88 178.27 10.87 493.18 30.07
2015 508.87 31.03 309.61 18.88 263.41 16.06 192.00 11.71 366.12 22.32
2017 457.83 27.92 260.93 15.91 207.38 12.65 192.70 11.75 521.19 31.78
2019 520.94 31.76 307.53 18.75 243.12 14.82 183.50 11.19 384.87 23.47
2021 503.16 30.68 261.27 15.93 225.34 13.74 224.58 13.69 425.65 25.95

WBEI . 7K {71 A= 2535 54 Water-beneficial ecological index

MBS AEE -, H1 2% 2 AT, DA 2013 4F5] 2021 45, JoB) ik X WBEL 554% & Lb &2 Witk o1k, B 22 FiL 75
SRS FEAR R . P 75 S R DX T R L ) R 5 T R T T TR R 8 s AR Ak, B8 55 DX s AR B R R
4.12% , AU /D 67.53km” ; B S5 90 B THT AR o5 LB T 2.82% , THI AL HE N 46.31km? 5 A 45 55 45 22 S5 4% Fr o 1 AR
YIRS TH R I B L THE R R sh AR Ak, AL SR RR R AR 28%—29% ZE AT, AR, 2013—2021 4F
WBEI #{E 43 %4 0.4808 ,0.4416 ,0.5068 ,0.4471 ,0.4682 , 3¢ I Jo 8 T 3k [X. A 75 Jo -8 /K P-4 (| A7 78 Il sh A2 4k
SR EIEAE TR, MR R T BEE TR IR T A S R AL R R AR Z B TR KR 3 SRS A
SRR AN B AR N Tl AR A 7= A6 B = A A ISR T e SR A R A I N A5k 25 25 5% 16 sl otk B X 3k vl
AR, WK, T Az 25 5 i 0 28 fb b 3515 3k b 3R 11 38 o 8 f T 561 BT 2013—
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2015 4, STl P E AR b, el 15 P 1 R A DR 38 n [R) 26 R4 1 S sk R S b 1] T RE R S EUE SRR T
R 52015 AR5, 32 3R < BF b RBP4 5 ) SRk T Ak 1E AR RS, i 1 A2 JE B T < AR AS TR MR IR T i
P2 3k T A S B A B S 4R T, 28 2017 AR B (E ;2017—2021 4F, 32 b b ™ 1 35 (R 52 ) 38T b i
TR , [ s A S i i Il R A R S e Ao AR 3,

MASTRILERE I, N3 3 1 3 AT A1 o T N REAATEUX AR S i, DAV X e, R X e 22 . PR

*3 IHPHHE TESITHIX 2013—2021 £ WBEI RH &
Table 3 WBEI and ranking of administrative regions of Wuxi city from 2013 to 2021

ATELIX 2021 He# 2019 He# 2017 He# 2015 He# 2013 4
District WBEI Ranking WBEI Ranking WBEI Ranking WBEI Ranking WBEI Ranking
Bilix 0.3792 2 0.3574 2 0.4205 2 0.3406 2 0.4240 2
HRX 0.2968 3 0.3184 3 0.3332 4 0.2556 4 0.2871 4
PEX 0.2035 5 0.2185 5 0.1887 5 0.1950 5 0.1586 5
HilIX 0.2908 4 0.2588 4 0.3756 3 0.3131 3 0.3255 3
I X 0.7015 1 0.6666 1 0.7216 1 0.6599 1 0.6961 1
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Fig.4 Spatial and temporal changes of WBEI in Wuxi urban area
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BF IR ZERE I, fh 3R 4 AT ,2013—2021 4F (], To8) ik X WBET R4 AN AR 1% DX 35, 17 L 35% 78 4 34% , JL
ARV ARRRFRRE AR AF I IX 3 36% T B2 30% , A8 47 IX ST AL 5 T 82.995km? 5 748 2 (14 IX 3 R 299% 2 T+
F]36%, T K& X 3k 09 i AL HE I T 110. 945km? ; F A, 2015—2017 4F (6], WBEIL 3 1% & K, $2 T 1 FLik
694.289km”, ILJF,2017—2021 4[], T 17 00 X A= 25 i s K A AR B B A R, A SRR T F R R
R DR o TR LG B AR AR 33% 254

MESTEAERE , 3 4 & 4 vl A, JoB) i X A 4 it RV RERR O (B R A fe Bl &, S ) b, AR
SRR X B A AN 1L DX R A T DX R AR AT 22 X 485 1 DX X AR A o o AR 2 R R
Ml SR A 25 R A G R AR 24 T FR A L 1530 . 2013—2017 4F, WBET 28 AL X A 4 S v | 29 X S5
Hul B AR B S THE R, Bl X BT 5 XS5 SR XS JE R S T, 2017—2021 4F, WBETL 45 £k X S A X 43
B, B X I X RS T, R X B 1L X5 R R SE TR R, AN DX i A 25 o 2 IR AR 3

x4 EHWHIEX 2013—2021 &£ WBEI H5 3L HER
Table 4 Area of WBEI Grade Change in Wuxi Central Urban Area from 2013 to 2021

. . 2013—2015 2015—2017 2017—2019 2019—2021
Class Grade éﬁfj} t’DJ ﬁﬂ t’DJ T/ % ﬁg}t’” ;k‘lzmz’ly oMb/ % é&gﬁm ;ﬁfi’w T/ % ﬁgﬁ’” ﬁmi’w TS/ %
752 Degradation ! 4691 47507 29 3604 40361 25 8124 51848 3 3856 861l 36

2 1419 93.78 149.81 153.16

3 31407 27379 287.43 394.40
R No change 4 58209 58200 35 54212 S4202 33 54695 54695 33 5543 SS4I3 34
TE4F Improvement 538034 58277 36 45050 69429 42 35483 57459 35 29780 49977 30

6 15516 198.62 165.24 133.64

7 47.26 45.17 54.52 68.33

S AR 2 A0 3 R AE 25 4 R S R AR I 6. 78 T, 7 B B ARG

2.4 JCHTIIX WBEIL #4515 1

ARSCRH 500mx500m % WEF TR , 2B 3500 ASREAK , IF I SPSS BR824 WA 43 B, 2 57
DI K AT A 2546 %0 WBEL 75 5, NDLL . NDSI , LST . SPWI  RVI T/ H G A 45455 0 B 248 519 2013—2021
& B AR BARZE R
WBELy,; =0.265-0.208LST,,, +0.497NDLIL,,; ~0.229NDSL,,,,+0.243RV1,,, +0.339SPW1,,,,( R*=0.9996)  (17)
WBELy, s =0.234-0.163LST,,;+0.435NDLI,, ~0.204NDSL,,s+0.197R V1, +0.376SPW1L,,.(R*=0.9996)  (18)
WBELy,, =0.282-0.2471ST,;,,+0.403NDLI,,, ~0.203NDSL,,,,+0.285R V1, +0.350SPW1,,,,( R*=0.9994)  (19)
WBELy,, =0.265-0.2291ST,;,,+0.409NDLI,,, ~0.223NDSL,,,,+0.244RV1,,, +0.410SPW1,,,,( R*=0.9995)  (20)
WBEL,, =0.299-0.210LST,,,, +0.424NDLL,,, ~0.215NDSI,,, +0.267RV1,,,, +0.328SPWL,, (R*=0.9972) ~ (21)

M2 5 v, AR TRARAE 5 AR 1 [l AR 5 R B8 T ke, U BH T 26 A8 AR R 0B T
WX A S BT RO R bR o RIS, 25 BB RP349KT 0.99, U RN A Bk A B, Bl ik — 20 %)
FITUSEEREA B G AT T AL T, 2 B WBET A= 25484585 #4056 A4E 835 F5 (NDLI NDSI ,LST .SPWI ,RVI) [
THEHOSEI(ES) . ATRAE H NDLLSPWI A RVI 2 IE [ $8 45, NDSI #1 LST /2 i [a] 4845, M AT Fr%T WBEI
M TTIR R RBCER , 57K AR BE AR OC AT SPWI /K 44 =F B Fl NDLL H— b v $As EiOE A s i STk, Ui X
FORARAIE T 5, KR A 285 s S 3k Tl A A 25 0 1) o 24 AR 40, NDST Al RVT HLAG 448 i 1 STk %, Ui
AF R A 7 8 0 A 285 o o LA A I I T S ), 7T -5 3R T b K S A DG ) NDST AR Ay A 25 5 o 1) 2 2T
2, VLI At R bk, e FH i i o A 2 o LA ™ B 1 S TS R AR AR Y LST BTk FeAH Xf
A5, VLB ERS K AR AR RTIAR T Tl 38 00 S e, A=A R 3R X6 T T 38 DX A 285 B ) R e R X A5
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Table 5 Comparison of WBEI regression model coefficients from 2013 to 2021
4 fy W WARRE LR PR e Kl WA
Year Constant LST HAC NDLI NDSI 5 RVI SPWI R
2013 0.265 -0.208 0.497 -0.229 0.243 0.339 0.9996
2015 0.234 -0.163 0.435 -0.204 0.197 0.376 0.9996
2017 0.282 -0.247 0.403 -0.203 0.285 0.350 0.9994
2019 0.265 -0.229 0.409 -0.223 0.244 0.410 0.9995
2021 0.299 -0.210 0.424 -0.215 0.267 0.328 0.9972
YI{H Mean 0.269 -0.211 0.434 -0.215 0.247 0.361 0.999

LST: MR Land surface temperature ; NDLI ; I3 —fL 7 #8445 50 Normalized difference latent heat index ; NDSI; T F£ 45 %
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Surface potential water abundance index

1.0
0.8
0.6

Water-beneficial ecological index

0.4 K
02 Ly="0 6236x+09771.. K
’ R*=05849 * * . o3
. L
0 | | | |
0 0.2 0.4 0.6 0.8 1.0

Hi1 3 ¥ Land surface temperature

%% Normalized difference soil

3=0.6859x - 0.0116 - Lo
0.8 - R?=10.7868 - 0.8 |-
»
2 06 0.6 - o
= oA y =-0.625x + 1.0066 °
i - °
& 04 R2=0.778 ° \.
(=) [}
g 02 02+ e o . o
vc—e 0 . 0 1 1 L 1 1 L 1 L
K= 0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
(o)
5 H—AL IR TR
5 Normalized difference latent heat index Normalized difference soil index
=
; Lo $=0.7843x + 0.0108 L e
gz 08 R*=0.8149 P I
*a
H 0.6 -
&
® 04
%
02
0
0 01 02 03 04 05 06 07 08 0 01 02 03 04 05 06 07 08
Le SRR AR B IRAR i

Ratio vegetation index

B 5 WBEI 5&IER_4HHAE
Fig.5 Two dimensional Scatter Chart of WBEI and Indicators

Surface potential water abundance index

2.5 TeH I A AR

ZE[E) [ ARG

R Tt — 2By o T A A R
2013 .2015 2017 2019 2021 4 75 B 1) 23

75 [ 5 e 4

1E, FIH ArcGIS #1414

23 I [ H G5, X6 48 T X

SJA) oA FEAT AL Ao ARy 5 22 18 K730 o 0.6820,0.7000

0.6367.0.7007 ,0.6886 , P {H141/NTF- 0.05 , 15 BH Jo 85 i 3 X A 25 i

i s (8] 73 B A R IE AR DG 2 R AR

AEBENLIE , A=

4 0.6820;2019 =45 [a) IFAH & MEfR 58 | 15 3] 0.7007 . 3 A JC 85 7 X AR 25 5 & 55 F 3

http : //www.ecologica.cn

SAEA GRS S B THE TR, # L TR R BERBcsh Pk, LA 2013 4525
2 e PR G, H2R

ENXEPSESEER



4 1 JASINE A TR AR AR SR R OB T I X AR A R N s AR AR 1487

SEPE I A A R A AE R DX 3R] 40 BH S T R PR AT B 5 0 9 DX A FH T & KT A OC, 2013 48
IR DX i A7 R A FH M ot SR T 2, 45 28 FH iR 2%, FH b s o) AR S PR 55 s Bl T & BRI TR A, 25 8 b AR 2
J A X, 23 (B AR et 2 2019 4FIRFIIE(H ;2019 4FLUE , v RESZ « AR 25 W MO T gL i i s ), a1 F
PRI —FHE 300 T 2 el R T 0 2 e P S, 335000 AS 38 7K b 1T Rt %) 2 2SR T ARG U 553 17 45 282 [l AR AR S

FIFH B 22 F8 B — 254007, 4531 WBEL (19 5 PR AL, BPA B35 -5 (H-H) fRAIK(L-L) &%
(H-L) A5 (L-H) o HE 6 AT, TE3 Tk X 2 ] [ AR SCHRRAE LA - B2 (H-H) AR R 2 (L-L) I E,
25 () AR AT R AR B, o R O A X AT IX sk LA TE AR SR A 0 H-H SRR 3 | d A A 28 o e A g IX ik 32
B PRI X PRI T R P b 32 2 L-L SRS U I X A A T i AR IR B ) T SR AE X T & 528
SN PR BRI AN B U A S i R ISR, A XS BH S BT, JE B T IR X A A T B DL H-H
BHMN L-L B2 A he e b HL o5 AR, H-L SRIEA L-H B2 A /0 HANEL, 6 T8 T 9 X 45 BF S 4E 47y
2SRRI SRR X IR, HLL H-H R L-L B3 JEINERT,

3 itig

ARSI T AR S T LA N o, i S AR R 2 B B, AT GEE P&, 5l AKIMEH KA
FabR , A BRI AL B AR E K AT A 25850 WBET, X TG4 T X 2013—2021 4F A 285 i f: Aisf 25 28 Ak J 43
Hro BEABFZE R WBET kb T 1540 1038 B4 A5 35 50 RSEL JC I - K MR B AS A2, 38 FH T /K (AR B 3 i
A Y 1 SEAG I 5PN AR SO — 2P SHA S S

(1) WBEIL S HA5 bR 1A B

TE LA HIFR bR 7T, AR O A 18 SR A SR B SR 7E RSEL RYAEA [ MRS A AT IX B 4RE i, 38 Y 31
WE SRR, BRI e bR 2 DR 8 RUESE FARAE R AR o 32 BRI, KA A e A 18 SR SR LS
RSET —#f, I AR3E A TR AR KR Y 5% K3k K B AR B | T B A AR X Skt A7 HE BB, 22 W Ak A A
BB T e Z K BT BB SO ANE o A SO T 2 22K AU T 1 A S B A, iz T WBEL 454k,
TEAL G 50 AR KL RSET B LR 34K K 4 BE (SPWI) JH— AL I HFE R0 (NDLD) 25 AR K 7, X B8
3 YORTRRAE A RE A TSEUERF ST, 45 5 7R , WBEL BEME BT b 5 /K K Xk, BEIX /v s 2 R fE B, H S
TR 5T X AR S R ol — BOPE o 5, BRSO T RSEL, %45 515 JIAO %532 F WBEL 4307 1 5 P01 4 55
DX AR X P T AR5 1 X DA X A 25 i A e 45 SR —300 > UERA T WBEI 78 22 /K B3 i A 45 i
DU N FH AT e ST AT

(2) WBEI 5 TiANH S 254885 (NDLL NDSI ,LST . SPWI  RVI) (9 £ Jc a1 3 3¢ 22 1] LIFE Y, J64 i i 4
A B B R S T TR VR S R R - MR P DA DG Herp KRR (SPWIT) A
B3 558 (RVI) AR 2 i 20 A S H b8 5, NDST A A2 3R T 50 5 A8 78 7K R A8 A , B e pr) S 3 Tl
FYSREE . B e K VT = A Nt DXV IR A ik O IR T 2 — 3l 10 4Rk IRtk & Vi . f I’ S vl A1, A 2013
%2021 4E3k , BGHTIMX H-H B H A G L-L B2E T 5 i AR B RS 0] R X 25 A4 2
R 2 IR AR S B AR B A AR, 25 18] b H-H R L-L R0 AR 46 vh HLT & AR, T RE 2 R A G
B A AN P T B 1 DA SN = L0 = B s O it A o A N8 1 | P PR - Oy g B3 1 /N T (R 2 2
e AR A P HUAR XT3 22 | r DA — BLR A A8 it e f A DX 30 A7 JE B IR i A 285 0 A AR AR G 5 Ay X3
SERT JE IR 2 G54, X AT RE SR Ab @i bR | s - bR 25 A 06, X RS XIEIASE (2023) O 11
o R —3%.

(3) WFREAEAE BN I 3l i A A B i s i IR AR 22, BT S5 AR 0 26 K 23 UDRR O R B | 10 B 4 2B 8 Rk
HE A AA PRI = AR R I R 7 AR, 3ok i f R 4 % A 25 o A 7 A A7 T R e, {H
FEI T At R b SRR A B, 2 AN 25 K b T A R SO B I XS AR A S bl A5 A 25 A B 7R P b g £ 4
B, e A ORI T AR AR TR TR, AN SO T ICB T 10 AF IR AR A8 B i i 25 AR Ak G5 SR W] IR A

http ; //www.ecologica.cn



1488 JAE = 44 %

0 11 km

REBRA
RIPNTE
B F-RR % (H-H)
| E-IEER H-L)
O fi&-Ri%2% (L-H)
| R-IER 3 (L-L)

6 FTHWHHEX 2013—2021 £ LISA BHE
Fig.6  LISA cluster diagram of Wuxi downtown from 2013 to 2021

WF5E 227K BRI A 25 i s S (3t D7 A 5, o i i 5 55 AR A5 RS A A el A e B AR i . (EOR BB SE
— AR BECE S BUR AR B T R OT SR A SCHIA R . ARRWFFE BT AT 455 WF 5T IX - 3 A

AL N IERS (A5 S AR | S 4 TR A #5205 Bl D 300 A 2 T s

w

http ; //www.ecologica.cn



4 1 JEBAE A T RIRE A ZSHE A JO T 3 X AR S R I 2 AR A AT 1489

4 Zig

(D) ARICIHETF GEE & K SPWI KA FEE NDLL H— i A48 8 K AR 98 AGHE, RIS B AL
A HK AR T A P850 WBEL, 18 H T 2K Bk 9 A A m IS, A Ree K IR AR S T | R
X oo B B AN . A BT I S AT X AR S TR

(2) ISR ZERE ,2013—2021 4E TC T3 X WBET 35 %073 %14 0.4808 ,0.4416 ,0.5068 ,0.4471 .0.4682, 5
SETH I B P T FE R 0 U B e B 45 A 0y 1 HO AR B RN, B A AR T R S TR R R, 2013—2015,
2015—2017.2017—2019 F1 2019—2021 DY~ 8] B A= 25 5 i 0 Fb 451 4303l 0 36% .42% .35% .30% ; M= 25 It
IR LG43 3R 29% 25% 32% 36% , Hib 2017 FA S B4R o

(3) INzs 4 B b, JC8h i i) DX AR 2 T i — A, JL R B L X AE T R T 3 & 25 530, DA BRI X
R B3 T P DX A S TR B A 25 AEJR R A AR A A T R X A 1 DX 2 A T e A A 1 X
PE] gt b X35 B A AR PG 00 ) 30 & 3 FE X3, A A5 i i R R A 25 AN I 94 IX 8 = B TR B /K AR
g1 o A (ARG Jey AR S A ER A v B A3 UG AR

(4)2013—2021 4F 5 552 R&ﬁ:}‘jﬂjﬁ()6820 0.7000,0.6367 .0.7007 ,0.6886 , it A 57 X A 75 o i L 45
SR ZS [ IEAROCME . 28 [Bl40 0 DL H-H SRR L-L R0 32, HgdErh . L-H RIS H-L R s, H
AR, U TG T X A A T i A () SR S W 2, A S i e (IR A ) o0 IX A B, LD S IR S
REXNE,

22 3L Hf ( References)

(1] BHE, HEY), BH)F. fEASHERG S AR, EE%M, 2016, 36(19) : 6328-6335.

[2] ZhuMC, Shen LY, Tam VW Y, Liu Z, Shu T H, Luo W Z. A load-carrier perspective examination on the change of ecological environment
carrying capacity during urbanization process in China. The Science of the Total Environment, 2020, 714, 136843.

[ 3] Ahmed Z, Asghar M M, Malik M N, Nawaz K. Moving towards a sustainable environment; the dynamic linkage between natural resources, human
capital , urbanization, economic growth, and ecological footprint in China. Resources Policy, 2020, 67 101677.

[ 4] Stefanov W L, Netzband M. Assessment of ASTER land cover and MODIS NDVI data at multiple scales for ecological characterization of an arid
urban center. Remote Sensing of Environment, 2005, 99 (1/2) . 31-43.

[5] ChenXL,XuY, YangJ X, Wu Z I, Zhu H. Remote sensing of urban thermal environments within local climate zones: a case study of two high-
density subtropical Chinese cities. Urban Climate, 2020, 31: 100568.

[6] LiAH, BoY C, Chen L. Bayesian Maximum Entropy data fusion of field observed LAI and Landsat ETM derived LAI. 2011 IEEE International
Geoscience and Remote Sensing Symposium. July 24-29, 2011, Vancouver, BC, Canada. IEEE, 2011 2617-2620.

[ 7] Vibhute A D, Dhumal R, Nagne A, Surase R, Varpe A, Gaikwad S, Kale K V, Mehrotra S C. Evaluation of soil conditions using spectral indices
from hyperspectral datasets. 2017 2nd International Conference on Man and Machine Interfacing ( MAMI). December 21-23, 2017, Bhubaneswar,
India. IEEE, 2018 1-6.

[ 8] Eid AN M, Olatubara C O, Ewemoje T A, El-Hennawy M T, Farouk H. Inland wetland time-series digital change detection based on SAVI and
NDWI indecies: Wadi El-Rayan Lakes, Egypt. Remote Sensing Applications: Society and Environment, 2020, 19 100347.

(9] P NRICAEIFRF R, 4SRN H AN (HI192-2015) . P EFREERN A R, 2015, 5.

[10]  ERE, B#ES, 2/MA. 2T GIS bt AL SRR M 5 00, B+ BEIE K, 2008, 20(1) @ 91-96.

(117 FRWREK. ST A A5 B B N . AR 38241, 2013, 33(24) : 7853-7862.

[12] Wang S D, Zhang X Y, Wu T X, Yang Y Y. The evolution of landscape ecological security in Beijing under the influence of different policies in
recent decades. Science of the Total Environment, 2019, 646. 49-57.

[13] Sun X, Tan X Y, Chen K L, Song S, Zhu X D, Hou D L. Quantifying landscape-metrics impacts on urban green-spaces and water-bodies cooling
effect: the study of Nanjing, China. Urban Forestry & Urban Greening, 2020, 55: 126838.

[14] Folch-Fortuny A, Arteaga F, Ferrer A. PCA model building with missing data: new proposals and a comparative study. Chemometrics and
Intelligent Laboratory Systems, 2015, 146, 77-88.

[15] Sholehkerdar A, Tavakoli J, Liu Z. Theoretical analysis of Tsallis entropy-based quality measure for weighted averaging image fusion. Information
Fusion, 2020, 58. 69-81.

[16] Wang Y H, Liu Y M. Bayesian entropy network for fusion of different types of information. Reliability Engineering & System Safety, 2020,
195 106747.

[17] 5k, B, siRE, £5°, AR, X8 5 T4 B ERSEF 0 S0 2L R A 548 800 76 22 7 AR A PR I i s A M . A 25273

http ; //www.ecologica.cn



1490 JAE = 44 %

[18]
[19]
[20]
[21]

[22]

[23]
[24]

[25]

[26]
[27]

[28]

[29]

[30]

[31]

[32]

[33]
[34]

[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]
[43]
[44]

[45]

[46]
[47]

2023, 43(5) . 2114-2127.
Yao K X, Halike A, Chen L M, Wei Q Q. Spatiotemporal changes of eco-environmental quality based on remote sensing-based ecological index in
the Hotan Oasis, Xinjiang. Journal of Arid Land, 2022, 14(3) . 262-283.
Jiang F, Zhang Y Q, Li J Y, Sun Z Y. Research on remote sensing ecological environmental assessment method optimized by regional scale.
Environmental Science and Pollution Research, 2021, 28(48) . 68174-68187.

KA, Bz, BOFIR. BT O A 259 RO AL 1 BRI B B S A S PRI T M. TR IXAFRY, 2019, 36(6) ¢ 1521-1527.
F{%ﬁm BARLAE, RS, T AR A SR RO L T VLS ARSI I, FARBTIRGE AR, 2022, 34(1) : 230-237.
Ling H B, Guo B, Yan J J, Deng X Y, Xu H L, Zhang G P. Enhancing the positive effects of ecological water conservancy engineering on desert
riparian forest growth in an arid basin. Ecological Indicators, 2020, 118 106797.
AR, O, FE, BR, B —. T HERSBCL AR AT PR ROV I S AR R AR AT, JBEME L, 2022, 37(4) : 106-113.
Huang F, Ochoa C G, Chen X, Cheng Q B, Zhang D R. An entropy-based investigation into the impact of ecological water diversion on land cover
complexity of restored oasis in arid inland river basins. Ecological Engineering, 2020, 151 105865.
Jiao Z J, Sun G Y, Zhang A Z, Jia X P, Huang H, Yao Y J. Water benefit-based ecological index for urban ecological environment quality
assessments. IEEE Journal of Selected Topics in Applied Earth Observations and Remote Sensing, 2021, 14 7557-7569.
T G ANE TG, http : //daj.wuxi.gov.cn/ztzl/wxnj1/wxnj2021/index. shtml. [2022 12- 23]

fIRE, |7, 8L, D, 5kiG, @R 5T GEE F1 RSEI (K =M — bRt X A7 ESTEAL. Ak, 2023, 42(2) -
436-444.
Yang J, Huang X. The 30m annual land cover data set and its dynamics in China from 1990 to 2019. Earth System Science Data, 2021, 13(8) .

3907-3925.

Cheng B, Li H E, Yue S Y, Huang K. A conceptual decision-making for the ecological base flow of rivers considering the economic value of
ecosystem services of rivers in water shortage area of Northwest China. Journal of Hydrology, 2019, 578 124126.

Rong Q Q, Cai Y P, Su M R, Yue W C, Dang Z, Yang Z F. Identification of the optimal agricultural structure and population size in a reservoir
watershed based on the water ecological carrying capacity under uncertainty. Journal of Cleaner Production, 2019, 234. 340-352.

Yang X S, Peng LL H, Chen Y, Yao L Y, Wang Q Q. Air humidity characteristics of local climate zones: a three-year observational study in
Nanjing. Building and Environment, 2020, 171 106661.

Liou Y A, Le M S, Chien H. Normalized difference latent heat index for remote sensing of land surface energy fluxes. IEEE Transactions on
Geoscience and Remote Sensing, 2019, 57(3); 1423-1433.

2R, PR, XUBLA, 272 F—CHBEEE(ND V) 765 5 KA X AE . TRERbR2 4, 2023, 45(1) ; 54-63.

Xie Y W, Zhao X J, Li L L, Wang H Y. Calculating NDVI for Landsat7-ETM data after atmospheric correction using 6S model; a case study in
Zhangye city, China. 2010 18th International Conference on Geoinformatics. June 18-20, 2010, Beijing, China. IEEE, 2010. 1-4

Adeyeri O E, Akinsanola A A, Ishola K A. Investigating surface urban heat island characteristics over Abuja, Nigeria: relationship between land
surface temperature and multiple vegetation indices. Remote Sensing Applications: Society and Environment, 2017, 7. 57-68.

Liao W H, Jiang W G, Huang Z Q. Spatiotemporal variations of eco-environment in the Guangxi Beibu Gulf Economic Zone based on remote sensing
ecological index and granular computing. Journal of Geographical Sciences, 2022, 32(9) . 1813-1830.

XUMER, sl , BB, By, IR, TR X e R SRR e 2R, 2022, 47(6) : 143-151, 203.

JEFe e, EMAT. M HURIE SN 2 AR R TB B I 5. BT A, 2020, 31(6) : 1999-2006.

Sreeparvathy V, Srinivas V V. A fuzzy entropy approach for design of hydrometric monitoring networks. Journal of Hydrology, 2020, 586 124797.
Li X F. TOPSIS model with entropy weight for eco geological environmental carrying capacity assessment. Microprocessors and Microsystems, 2021,
82: 103805.

Gao P C, Wang X Y, Wang HY, Cheng C X. Viewpoint; A correction to the entropy weight coefficient method by Shen et al. for accessing urban
sustainability, 2020, 103, 102742.

WA, B, BRI, T CAERIRFRRG OB AR RITE (AT ) ) B A WA S 507 ik BT R385 RN SR 244,
2011, 27(3): 103-107.

PREGFH, RS, T AN TR ROBE A9 o [ X 0 22 5. U241, 2012, 67(8) : 1085-1097.

AR ﬂﬂﬂdﬁz 1A —A6 22 FoK R FRE0( MNDWT) S IBUK IA(E B IFSE. 8 824, 2005, 9(5) : 589-595.

FLE S, B, AL, XTI, BhXRE. PIgRikri B 1994—2017 454 48 i (9 i 25 sl 28 Wil S 9k 2 g 4 i, 3Rl i g, 2022, 41
(3): 437-450.

XM, 23R, BKEL. 2010—2020 45 K1 0 B /K ok ST 25 2816 5 S R 43T, K L REIRFL%, 2023, 41(7) :49-53.

i, HE A, B RY RS RSN, PEAD - WIHRSEREE, 2003, 13(1); 65-69.

http ; //www.ecologica.cn



