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Landsat8 SR 30 GEE
IR 27 BT W7 141 BABIF 58 B9
R S 1 30 7 B (earth system sci-
ence data) [?%)
B %3 K2 Worldpop BF 5
UNEE ¥l 100 ANERLER 7 KA (open data
for spatial demography) [2!]
7B X R it 30 b 7 RS- Chup: /7
gL www. dsac. cn)

2 B

HRAEAF 7 DX U 7 4 1) by 220 5 0, 7E 48
RSEI Y 4 g brbti b, 8% 1 LUL #1 POP, 4t
FTF 6 M EARAT IRSEL AR YT A A5 R85 ot i
PEATPRAG S 00T o BORBRERANIE 2 PR

| Landsat5 TM | | Landsat8 OLI |

| Eswrim s | [ gt |
v v

limstsets | | KR |
HoumslE] [z/zw])]

L [ @) W

z e

: : B

: KA Do e
i i ;

20004F, 20054, 20094,
20154 FI20204E % — 53¢ 1%

ALK AR R

[as¥l1

20004F. 20054F 20094,
20154 F120204EIRSEI

_______________ oo
B Ak
an| [ [am|i  [PURAATT R

_______________________________

2 HREARBEL
Fig.2 Flow chart of research technology

2.1 HREIER

BT —1b 22 B At F5 %8 ( normalized difference
vegetation index, NDVI){E NG ETs bR, T & &E#
W AE B AR OIR O A B B 5 R AR
ARSI R AR T i BB AR,
EC YN W



%3 19 T

SRt A A IR R PR

DAL g ) - 45 .

NDVI = PNIR T PRed , (1)
PRt PRed

:—thj Landsat5 @[EZ@(TE#Z‘ PNIR i PRed ﬁ’%Uﬁ% 4
s 3 &E&fiﬁﬂ‘%{, Landsat8 ﬁ@ﬁ?ﬁ* Prir 0
Prea STINEE S FEE 4 B
2.2 REER

JIt PR B8 8 A Oy 3 i 28R 2 AR Y WET 7
o WET J3i 5 PR oK AR | 38 R # b i I 2
I, RERS AR AT 4t S A 25 BR B Bl iR 2, ST
TR AR M 2k 0y ORI 2 AR g o F 0 T3
A lVSE
WET,, =0.0315pp,. +0.2021 pgeen +0.310 2 p, +

0.159 4 pyir —0.680 6 poyiy — 0.610 9 psyyiry >

(2)

WET,, =0.151 1pg,. +0.197 3 pe, +0.328 3y +
0.340 7 pyig = 0. 711 7 poyirs — 0-455 9 pswire »

(3)

ﬁ LJF' : WETTM j:’ Landsat5 j% J':&z TBA E/:J T4 E ;j:lElﬁ 1:/1_‘_\‘ H

WETOL[ j‘j Landsat8 & EY\‘ T2 E/‘J /E’lﬁ JE é:IEIﬁ 1:/]?» PBlue »

P Green » PswiIRl » PSswir2 79 & Landsats H%5 1,2,5,7
BB %A Landsat® W15 2,3,6,7 3 B 3,

2.3 PAERERR

VeHUHh 2 7R BF (land surface temperature, LST)
FRFEISESEDR AL Landsat 38 BB 1 IR ELLAME B
SRS AT TR E PR SRS AR 5T 35 T i
HRAHN:

LST = T/[1 + (R T/p)InH] ,  (4)
T = K2/In(K1/L6 +1) (5)
L6 = gain DN + bias (6)

s T AL A 1R FE (R ; R A RZLAMBE Y ot
WE( Ry =11.435 um , Ry, = 10.9 um )5 p K
1.438 x 10 > mK; H MHuFE LRGSR, K1 f1 K2 43
BIREARSEL Lo Ry AL AP B 0 $E HE ; gain,
DN F bias 5357 Ry PRET A B )38 25 18 R OC K
(B B, PT MBS AG K SR 3R
2.4 FTE#ER

P 1 3 48 %0 (soil index, SI) FI 4 37 4 45 %4
(index — based built — up index, IBI) 215403 T F1g
#3% NDBSI ™) | th T8 58 X S8 (R 43 e U4k
S MR T, PRI 20K 2 MR G  H T3
YNSWIE

NDBSI = (IBI + SI)/72 (7)

IBI = {2PSWIR]/(pSWIRl +PNm) - I:pNIR/(pNIR +pRed> +p(}reen/(p(}reen + Pswiri )1t/
{2pSWIR1/<pSWIRl +pNIR) + [pNIR/(pNIR + Pmd) +Pcmm/(Pcmcn + Pswiri ) ] } , (8)

SI = [(Pswml +pHe(I> - (pN]R +pB]ue) 171 (Pswml +pHe(I) + (pN]R +pB]ue)] o (9)

2.5 LUI

- F T RE 8 S W\ S48 T+ E 2517 Sl 0 il i 35
JERIES HARPREE R, 2 NS B R A BRI
LRI AHIFSE 5 LA M L B R )
Hi 24 B & B ( conversion index of construction land
equivalent, CI) g & F W AT Sl i 22 )2 1Y
Ve, S IR B4 5] AL 2 Y B R
2.6 POP

POP(_A/km* x 100) JZ e N2 35 3f %t A 45 30 5%
Jit AL . POP 48 16— & I [a] N I B0 7
DY 2 [ o AR . Hat s A0

POP = /(100 x 100) , (10)

AF Q2001 km® NAY A I ECRE, HEVTTTIL 20 a
T I 50 b 5, AT 233 i) 43 A e DA o
JE b ety NI S0 A AR R R .
I, ARBF5EH POP 48 IRSET PR P g — A~ A -
2.7 1RSEI

A 58 K F 3 B 53 43 B (principal component
analysis, PCA) 4 & IRSEL, I 7 4% 6 1 f—4§

PRSI — TR G 1R L B R R R — &
ooy (PCy) b, 4% IRSEL RERS LR 6 T 5 x
fH B R PCA LML AR A8 bR T B % L,
G PR NI 57 | R 5325 T S PO A 18 3 L 11 4
25 o

H1F 6 AR RN A G —, NI, 75 PCA Z
Al ALK 6 ASFEBR T IHEA T IA — AR Ab 3 15
AW

Py =(P-P,)/ (P, -P,) , (1)

L PyRIH—ALE 968 {E s P A H— LRI bR
VB s Py P, 39000 H — AL 55 09 fe /I MEL
AR KAH

XFEFRIERT PCA ZHI, SR B E 9 VA — ALK AR
#8 % ( modified normalized difference water index,
MNDWI) St T T K R AT AR A B 22 3k 4 PR /K
X WET 4 5 AN E 38 J80s2 0, 6 T 52 0 PCA. 1 28
THESMG o B 6 DHEARE NG R — B &2, 28
JE BT Z 1T PCA 133 PC .

DAE A 25 BR BB 4y PC R, L sk



- 46 - H & %

2023 4§

PC, " HRAG I HE A5 T8 B IRSEL , B
IRSEl, =1 - {PC,[f(NDVI,WET,
LST,NDBSI,LUI,POP) ]| .

N T AE T AR b ] ) LA & [ AR X TRSET,
HEATIH— AR AL B, /Y

(12)

HAI 1, R AR B 1 BT, e 2, A AR S
PRIE I ST 22

S RARSH AR E ! KA — LA IR 1 5 )
IRSET 1770 AL 35 ZE(H AT o

3 HRGAAH

IRSEI = (IRSE, - IRSElL, )/
IRSElys = IRSED, ) (13) 31 gty e agmtirsy i
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Tab.2 Results of PCA of each index in each year
O BRSO NDVI WET NDBSI LST LUI POP PRI FRAE(E TR
PC, 0.530 0.229 -0.204 -0.777 -0.002 -0.149 0.5172 0.887
2000 4F PC, -0.472 -0.096 0.131 -0.224 0.007 -0.837 0.049 0 0.084
PC; -0.544 -0.137 -0.729 -0.274 -0.006 0.281 0.010 2 0.017
PC, 0.495 0.232 -0.225 -0.795 -0.001 -0.136 0.5716 0.895
2005 4F PC, -0.573 -0.109 0.127 -0.297 0.005 -0.745 0.049 1 0.077
PC, -0.520 -0.118 -0.723 -0.219 -0.006 0.381 0.010 8 0.017
PC, 0.517 0.241 -0.074 -0.171 -0.580 -0.551 0.551 4 0.868
2009 4F PC, 0.463 0.130 0.387 0.113 0.298 0.719 0.061 6 0.097
PC, 0.528 0.217 -0.536 -0.255 -0.540 0.173 0.0110 0.017
PC, 0.444 0.327 -0.250 -0.790 -0.091 -0.002 0.244 6 0.744
2015 4F Pc, 0.327 -0.214 -0.053 -0.151 -0.906 0.027 0.052 8 0. 161
PC,4 0.619 -0.398 -0.217 -0.492 0.412 -0.013 0.021 4 0.065
PC, 0.444 0.310 -0.738 -0.231 -0.330 -0.012 0.2413 0.753
2020 4F PC, 0.206 0.170 -0.221 -0.018 0.939 0.001 0.0525 0.164
PC, 0.516 -0.041 0.291 -0.953 0.046 -0.002 0.0217 0.068

2 JBI/R T 2000—2020 4F 6 1A S AR R AE A
Ivi) =5 B A v ) 28T L AR AR IR AIE TR . AR
2 AT LA s A0y PC, RRAE A 53 ik 26 2 5
70% , LHH 6 T 48 b (1 R AE 15 B LA FE h F PC
FE PC, 1,6 T3 B0 PC, A R fr /N A I 2,
NDVI 5 WET #¢ PC, W i 2 i B0 1E, % AE S35
e A B B0 s T NDBSI,LST, LUI J% POP 1F
PC, Y 28 o (B A F, X6 A 25 0 B8 0 7 A= 07 T 5
Mo XS5 REEARFF A LRI UL, A5
F PC 6 TRSET (1L
3.1.2 EBABSKEESH

3 BN T AN 6 NMEFR S IRSEL 7244
S K IRSEL SE44948 . H 38 3 1) Z41,2000—2020 4F
], IRSEI {f M 0. 18 7151 0.38, FFF T 111% , H
1, 2000—2005 4 [a], IRSEI 4§ %k & & 4 78 1k,
2005—2009 4E[f], IRSEI $5%k I T+ 94% ,2009—2015
4£1a] , IRSEL $5%¢ E T} T 20% ,2015—2020 4E]d] , IR-
SEIFEEC T I T 9% o M6 A B 48bn &, WET
Y5 IRSEI (1 F-¥AH G B fie 1,y 0. 685 POP 4845 5

IRSET f)-F- A BE AR, 0. 19

#x3 FEEH IRSEI K IRSEI 5 Zi5irH) FHHEXE
Tab.3 Mean value of IRSEI and mean correlation

between IRSEI and each index in different years

IRSEIL

4y NDVI  WET NDBSI LST LUI pop ol
2000 4= 0.72  0.75 0.73 0.75 0.53 0.20 0.18
2005 4= 0.71  0.75 0.73 0.74 0.53 0.21 0.18
2009 4= 0.74 0.75 0.75 0.74 0.57 0.21 0.35
20154 0.55 0.57 0.55 0.16 0.42 0.17 0.42
2020 4= 0.59 0.56 0.54 0.15 0.43 0.17 0.38
ijlEl 0.66 0.68 0.66 0.51 0.50 0.19 0.30

2000—2020 4E 7T AT IRSET B2 43 A tn &l 3 iy
o HHIE 3 A%, 2000—2020 4E 5 W3 7T AT IRSEL
BZS (B A B AR AL, AR 25 PR 4 2 1) IX 3k = B4y
ATAEE LT AL AR DX | 7 B I v DX 3 5 B AR X
B, AR IR () DX 8 B A AR R L A S
REEHLIX o ST VLT A R X A S R B
it T oY 5 Pa X
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Fig.3 Spatial and temporal distribution of IRSEI from 2000 to 2020
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4 /R THUL S WA S PREE i S ) T
FUE LB, 2000 4F 5 2005 4F, #E7L T A A4 S A B
JoTHE GO o3 AT DL AL, S5 90 R 25 R 22 1 AR
A AL R o 2000 A7 VLT S o 2
5 A S 55351 49.95% 5 48.28%
Ja SRR E I T R AR SR AL L,
4350k 1.04% ,0.52% F1 0. 21% , 2005 4E WY1
FERNENASIEE A i m, 200 65.48% ,

0

(e) 2020 4F

HU R ER A ZEN DA N e 32.72% . 2009
AF N 2015 AF (14 A 28 AR O S A A B AR AL, S
GRS IREE BT 65% , S RN R Y
07 FER/N 7B 1% 24 o 2020 ARSI S i
AL R, A 68.69% , HIRIE 5 W N 2%,
H30.79% ,Hoax i L BI/NTF 1% o 28 bRk, #ET
117 2009 4FF1 2015 A4 A5 T AR R AR B4, S5 9 v
KAL) AE SRR BT AL R

*4 BEMAEEFR IRSEI HyEFR 5 LG
Tab.4 Area and proportion of IRSEI of each grade in each year

s 2000 4F 2005 4F 2009 4F 2015 4F 2020 4F
WA/ km® /% @R/ /% @Rk W% WEEV/km® WH/%  WRV/km® W/ %
24[0,0.2) 6 385.38 48.28 8 659.39 65.48 0.01 0.00 1043.53 7.89 4 072.28 30.79
#22[0.02,0.35) 6 605.60  49.95  4326.90  32.72 4478.66  33.87 2529.22  19.12 0.00 0.00
H110.35,0.55) 137.20 1.04 79.37 0.60 8674.53  65.59 9495.07  71.80 9083.81  68.69
[[0.55,0.75) 27.78 0.21 0.03 0.00 37.34 0.28 142.90 1.08 63.43 0.48
#10.75,17 69. 04 0.52 159.31 1.20 34.46 0.26 14.27 0.11 5.42 0.04

Mz B (B 4),2000 4, #0704 A5 0 b
SN 72 A DX I O AT AR R AL T T

SFPON B2 B X I P o A AE T T . 2005
A LRSI ARG O B2 1A 53 AT A TV g > S
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Fig.4 Classification of ecological environment quality from 2000 to 2020
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Jite AR A T AR S A EE R DL N 4 BT BORE,
2000—2005 45, YT ARSI R A 73.93% 1)
AT AR R B A AN A B JBE A8 T R W) S A e ) L A g
2.64% 557.25% , B3 AR 7 5 W R AR 22 19 5 LE g
MH9.97% 5 6.21% , FEA AL b o fe i, Ui
MR A 25 3 35 Jo i 7 O 3 ) BE AR DR 5 AN 5
2005—2009 4F, VLT AR 25 BR 35 U] A A 4 1L i) A
1, 9 89. 03% , B B 7 7 55 W) 4 A% 92 1T BR LE i) i
%, 5390129 0.02% 5 1. 27% , T AR A 058 o
FE IR B 2 $2 7t 2009—2015 4[], JE7TTTHA &

AR5 R AU L5153 591 0 50. 84% 55 20.09%
W A8 22 SR AR 22 L 3 R 9. 25% 5 7. 63%
W) 0 A8 0 L B R W I 7 22 e o, 0 R YT
A ASFRIE R A8 0 ] (] s A 4R T 5 2015—2020 4F
[, PR 5 R A 2 5 W) WA 22 T AR o LG a0 g
20.46% 55 10. 84% , W ik A by~ 5 7 B2 A U L 481 - )
H4.24% 55 0. 54% , T AR ASIREE AR 22 1 LU A5 e
FASGF (4 FO] AH FE AR 230N , T AR 253 5 Tt
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Tab.5 Changes of ecological environment quality to different degrees

T 2000—2005 4= 2005—2009 4= 2009—2015 4= 2015—2020 4= 2000—2020 4E
SRR AV km?  WO/%  EAVkmE WE/%  mEVmE WO/%  wEVKkm? BV/%  mRVKkm® HB/%
i 5.5
[ﬁ_ﬁll_%) . 821.62 6.21 167.38 1,27  1223.97  9.25  1433.22  10.84  395.50 2.99
AR 1318.17 9.97 2.63 0.02 1 008.76 7.63 2 706.29 20.46 178.73 1.35
[ -0.1,0.02)
FEARAR
.1 . 400. . 1612.2 12.1 453. .92 1 . .01
002005y ST 7393 00.89 3.03 612.28 9 8453.99  63.9 059.36 8.0
Vi
FepALUE 348.94 2.64 879. 65 6.65 2 656.56 20.09 70.91 0.54 1149.94 8.70
[0.05,0.1)
] 5.5
UGk 959. 11 7.25 11774.46  89.03  6723.43  50.84 560. 58 4.24 10441.48  78.95

[0.1,1]

MZETE] EF (] 5) ,2000—2005 4F, 24 2/3 ()3
ARSI i A AR AR A s VT AR S B o i
P B R A AEACTE LA L A3 i it i B X, AR S
PRIEUE 5 B0 A7 A P IS LA v A 0 v DX
2005—2009 45, FELT AR 25 FR 45 S R [ A A A8
b, A B AR U 0 AT T DY R ML X, 2009—2015
AR T R A AP B B AT R T, A T
T3 ARAE AR R B X 78 70 DX I AR 2 R a5 A

b, T2 T AL 5 PR i v X . 2015—2020
A LT R R A SR B TR A AR A AR A3 IX
BA SRR R 22, A TV R i X, D
=077 e | 5 Y S TR P A 7 o e 8
X5 2000—2020 4 i), YT 7 A= AR B R AT
PRI B RGBONEE  ESHEDRAHIX F 2
I3 T AU VY R I DI, X R 2 A
A

(d) 2015—2020 4F

(e) 2000—2020 4F

O v D et [ o [ wecsesr [0t
El5 2000—2020 & THAESKEZEE
Fig.5 Space change of ecological environment in Zhanjiang City from 2000 to 2020
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Exploring ecological environment quality of typical coastal cities based on an
improved remote sensing ecological index: A case study of Zhanjiang City

WANG Jing'?, WANG Jia"*, XU Jiangqi'”*, HUANG Shaodong'*,LIU Dongyun’
(1. Beijing Key Laboratory of Precision Forestry, Beijing Forestry University , Beijing 100091, China; 2. College
of Forestry, Betjing Forestry University , Beijing 100091, China; 3. School of Landscape
Architecture , Beijing Foresiry University , Beijing 100091, China )

Abstract: Urbanization has decreased the area of ecological land and deteriorated ecological environment in

Zhanjiang City. Therefore, it is significant to quickly, comprehensively, and accurately monitor the changes the
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ecological environment quality in this city. Based on the Landsat images in 2000, 2005, 2009, 2015, and 2020,
this study constructed the improved remote sensing ecological index (IRSEI) using six indicators, namely greenness
(NDVI) , humidity (WET) , dryness (NDBSI) , heatiness (LST), land use (LUI), and population distribution
(POP). Using IRSEI, this study quantitatively analyzed the changes in the ecological environment quality in
Zhanjiang during 2000—2020. The results are as follows: (1) The mean IRSEI values of 2000, 2005, 2009, 2015,
and 2020 are 0.18, 0. 18, 0.35, 0.42, and 0. 38, respectively, showing a first increasing and then decreasing
trend. @ According to the difference processing on IRSEls during 2000—2020, the proportions of ecological
environment areas with significant improvement ( dominant ), improvement, no change, deterioration, and
significant deterioration in the study area are 78.95% , 8.70% , 8.01% , 1.35% , and 2.99% , respectively.
3 The IRSEI can effectively reflect the poor urban environment along the coastal zone during 2000—2020,
specifically manifested as a low IRSEI value of building land along the coastal zone. The results of this study can
provide a theoretical and scientific basis for Zhanjiang’ s ecological environment protection.

Keywords: ecological environment quality; coastal zone; improved remote sensing ecological index

(ZRERE: K E)





