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T —Jr T, A IO AR 15 B BT
LR T — NI A A A, R AR T 5k AN
IR B T O A R ST Y IR
SR HROG B IR B TP E 54 KT IR
oM U Bk s AR EEE T M RO e AR BF 9T T
WAL S BT I 28 S AR R R . T3 — AT
TR JRF ARG IGRAE A 25 A58 5 5 1 A S 4540, Be
BT ) P X IR A PR i 5 sk BRAE) 3%
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Fig.1 location of study area

1.2 #iRiR

Landsat S5 2R I 9 5 [ 3t Jot Bl 45 =) B 1)
(https: //earthexplorer. usgs. gov/) , 5 14 % BU B [A]
412 2000 4F 2005 4F 2010 45,2016 4F J 2018
BB MW, = AT 3% , B &l RS E
B R IE B ik R Y S TiAL B ; DMSP/OLS %
-5 NPP/VIIRS %4k K B H 38 [ B 5 1 7 F1 R
B R (https : //ngde. noaa. gov/) , FARAREUN [A] 5
Landsat $i4fa x5 by 5 47 B X R0 Z00 408 2R 3B R #R i AR
RIFN 8 SR G m B At AR T A T G 5

2 R
A Landsat SERITR M ARE 0L FUE T

4 p N TR IO RSEL il i3 gOE B 5
NLI, #5245 B & bl o] BE R R PP A 3 £l

AR RS FPFE T E T bR A o
2.1 f5HmE
2.1.1 NLI

K] 81 7 B AT Y6 £ DMSP/OLS 5
NPP/ VIIRS & J&E A7 7E 22 7, B[R] TR AT 3 1%L
Pt ARl o D A ) 4F 43 2 18] B s B AT AT L
P, T B AE BOG R AT AR b 3O B IE
YNCWIE

DN, = aln(DN) +b (1)

KHr: DN F1 DN, 5350 I BOERT S RIS (B o F1 b
FERE, AR 12,75 Fi118.28, R* K 0.79, FFLA
ST 6 6 Bk B 3 47 DMSP/OLS 1 NPP/VIIRS
X 2 AR IR A B IE

R T RS E i S W R T b DX 3T A K

ARSCR AL Jfﬁ{lljt%l%‘ IR A NLL 2 o
SR T A & R 7K, 3 ik NLL 5[] s 34 )0 vl 4%
XEE V\jﬁ{?’ﬁ'ﬂﬁ( gross domestic product, GDP)
HEFTIRNH 43 7 2B, AR T NLI 5 4% X B (%) GDP 2%
FEAHDG, By LA NLI GEA2 FRAE 5 i 25 4> Hh X A 3k 7
K-, NLI AR

63

NLI = 2 DN, - (2)

63N ’

U DN, O DX AR IT K FEARLs ny D9 XN 5
IR BE L) BT A A TR] DN AAEAR T EG N 9 KN 15
JUEH, NLISRAE T — A% S o= R AR T 5
RS HoTE R A LU B SE R o

B BT NLE AT IH— 4R Ak #1453 19—k NLI
(normalization night light index , NNLI) , RfI

NLI - NLI

NNLI = m ; (3)
A NLL, #0NLL, 5350129 NLIAS B2 ) /A
TR T
2.1.2 RSEI

R X A4 IR R , 1% 2000—2018
AEI (] Landsat TM/OLI 3% J&& T3 2 52A% 11 58 AR M
X &t NDVI 8% WET % LST T )&% NDBSI
X 4 Ao RIS BE IR A T L
AT, FIUFEE — 80404 & PC, Ab AR % RSEL, K
5504 RSEL, J1—{k4bBE15 5] RSEL, B
RSEI, = 1 - [PC,(NDVI,WET ,LST ,NDBSI) ] ,

(4)
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Ko RSEL,, #1 RSEL,, 5351 RSEIL, #i# &)= 1) i
AN RS BT
2.2 BEMEKEE

MBI AR S M B I RS R
G A IR T AR S A S R R Z A Y
A UMR BRI fE— D RGN M E A E RS
PP E T RG R BRI

HEGIA 2 AT RGN IR AR, AN

C = VUE/ (U +E)* , (6)

X U AR fK-F 5 R4, B NNLL 5 E S
WET RS,/ RSEL 5 C 2 2 AT RGNS (H,
0<C<I1, CHMREM 2 T REZEEHH
SRS ALK 5 E S 3AEE 2 S F R4
RIERATH A MBS 22 S L) Rt ek, %
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GUA MBI BEAR , RIS T AR 7K1 R A 25 B 85 i
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JEPERREIY % Wt [ ke 2 A~ 2R GE bl A JE K-, B
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A D A UHAEE,0< D <1, D {HBRFER 2
DARGUR A, S 2 JHE T 2 A4

NNLI

(2)2000 4F

(b)2005 4F

3 HRGAA

3.1 WHL#HESN

2000—2018 4E AR NNLL 4nE 2 Frs . MIE
2 A DAY S 5 R DI ey Sl T A B i A
B R, I HLH P S A 400 4 i S8 RO XI5
TE2S (] b RIS AR AR | S 2T I S 2 7 kTl [X Je
POk

NNLI NNL[
1
N 0

(¢)2010 4¢

(d)2016 4%

(e)2018 4F

B2 2000—2018 FEp{ERTT NNLI 54k,
Fig.2 Changes of NNLI of Chengdu from 2000 to 2018

MZS [E] 53 A R F, 2000—2018 4F A, AR I
ALK AT, AR O I ORAZ O 5 1) SR
NNLI AT, - HAE R X E PO i e — i
FEL A g e DX Js . 2010 AR 2Z A1, BRI BR 1 i oA
FE R Se XIS R Ik 1) AU AR T M BOL AR
S SERER AR, B — SE X ISE FE O 0, 2010 4F
ZJa SRR R 2% XL B T B R RATO O
LA o3 A A B, I PO X5 TR Y RO
B i P IR B RIS A 3 R A AR
UL IX T R © 28 B, I T I i 52 E
SETEH PR A SR A5 IXCEL RV T B XA
< EL A DO U6 S KT ARY sk

MR P8R4 SRR (F 1) , AR T NNLL B,
PR BT NNLL M 2000 4R (4 0. 15 _EF 1
2018 4R 0. 81, S T AL 2E 72 M OR B F.
2000—2018 4F[A] NNLI ] DL H, S 0 3 X P
AEKTOGIEI AL T 0. 80 ZeAy, 1 PR A JUAT I U 1]
BT, OB VU ER X At 2 e B B R IR BT, A
HRUASEE A, HLITT 22 R Al B0 2 BAR X T HoAth

PR o PEREE T S DR W 1) 2h 45K, 4 3l
THL%’E%H’JWFHHCJ;E*}L%E%E 2000—2018
AEIIE], NNLL AW BT, JEHOZ L8 ke B I8
R T A48 v EL I T A6 TRGHU Y & R, NNLL iy 0. 04 A
Wr ETEE0.75 Zedy, Hofd & X EL Y NNLI i 52 Z 4
I
&1 2000—2018 F &R NNLI
Tab.1 NNLI in Chengdu from 2000 to 2018

A NNLI B/ME BRAH
2000 4f 0.15 0.04 0.22
2005 4 0.17 0.03 0.78
2010 4§ 0.36 0.09 0.95
2016 4F 0.48 0.34 0.74
2018 4F 0.81 0.73 0.92

3.2 ERIMERREFES T

2000—2018 4F i #R 1l RSEL 22 L an sl 3 frox,
Horp o A3 RSEL {H &, 21 (/U3 RSEL {HAK, &
PR bR REST g fEL DX IOAN B 40 Dk, FRAE 2R A5 30 58
575 1A DX 2 0 A T SRR R X A A PR B A
U U = 200 A T DR X R 4% X B
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(d)2016 4

2000 AFTF 4, B AR PO 3 X J] 10 H Al 4% X
LA IR A R, ol A vy SRR L ik, AR
HE IR I BK, BT LIRSk T R B ST AR T
N AP L. 2005 4F, DLAUDIR X
G R AR A AR DA S 21 R A
WX Y HL, JF H A 2005 40146, SCER 2 B A A%
DX E S B SR e 4 DX A A S R AL 1 I L
[F R FSEAT P Lol X558 % ) BRSE AL R ol i 52
M KF) Sy Al 2B BEAR Y B A B 2010—
2018 45, i I X 1 4% KB 3 85 9 3% A A W
Jeil, ST A P R e LR T A SRS AL
B B rP O AP0 30 X B R LR B S BORCAT JE 4
DX SR FR S5 A A B

RESI 0% = e
e = [0.0.4) o L3 [0.0.4)
4 = [04.0.5) | #8 = [04.0.5)
[0.5,0.6) 1[05.0.6)
= [0.6.0.7) =1[06.0.7)
= [0.7,1.0] = [0.7,1.0]

¥ RES] G
= [0.0.4)
= [0.4,0.5)
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3 2000—2018 FE &R RSEI ik
Fig.3 Changes of RSEI in Chengdu from 2000 to 2018

3.3 WmHEESERRESHAESR

A PMEREE D AT LR IER R T L 54 38
BOREPL B A I R A RS . R 2 WL
& th,2000—2005 AR T A IR IX SRR R
PEREG 2RI, D ¥ 0. 48 Wi b 5 AE B R 40
TR B HoAth 14 N EAG D ¥ /N F
0.48, A FIk i fb F1AE IR R G R B BL, AL N
PGSR, H 2010 AFEFF 46, 5 FVLX R IX
T SRR D R EL TRV X BT DX A R X AH 44 Ak
T REFS R, Hl 7 X B4 TRk
o 2016 AFEFF4G, AR T B4 T R AR,
2018 475 AR T A X ELg D 30, 50 &2 47, 2L
P2 B F G20 W 2x LA B AR B2 36 o [ B 06 23 1)

R2 2000—2018 F R HEXEM/EHEKE

Tab.2 Coupling and coordination status in various regions of Chengdu from 2000 to 2018

X H 2000 4E 2005 4 2010 4E 2016 4 2018 4E
U E D c U E D c U E D C U E D C U E D c
LI IX 0.71 0.54 0.48 0.56 0.78 0.50 0.48 0.57 0.95 0.29 0.42 0.55 0.74 0.34 0.46 0.52 0.92 0.50 0.48 0.61
XL X 0.15 0.58 0.31 0.28 0.18 0.60 0.35 0.33 0.46 0.37 0.47 0.43 0.61 0.43 0.49 0.51 0.86 0.56 0.49 0.60
TSR 0.17 0.58 0.37 0.34 0.26 0.58 0.41 0.39 0.44 0.42 0.45 0.44 0.56 0.44 0.49 0.50 0.85 0.55 0.49 0.60
VLI 0.19 0.58 0.41 0.36 0.26 0.61 0.41 0.39 0.57 0.36 0.47 0.47 0.55 0.44 0.49 0.50 0.85 0.59 0.49 0.61
R X 0.22 0.61 0.41 0.38 0.21 0.63 0.38 0.37 0.58 0.36 0.47 0.48 0.56 0.41 0.49 0.50 0.86 0.58 0.49 0.61
BRI 0.19 0.59 0.41 0.37 0.24 0.62 0.42 0.40 0.61 0.39 0.48 0.50 0.58 0.37 0.48 0.49 0.86 0.57 0.49 0.6l
e 0.13 0.62 0.37 0.33 0.11 0.62 0.34 0.31 0.41 0.40 0.48 0.44 0.52 0.41 0.49 0.48 0.83 0.56 0.49 0.60
HHILX 0.14 0.58 0.33 0.30 0.15 0.61 0.34 0.32 0.39 0.40 0.46 0.42 0.50 0.39 0.49 0.47 0.83 0.56 0.49 0.60
SN T 0.07 0.69 0.22 0.21 0.06 0.66 0.20 0.19 0.17 0.45 0.30 0.25 0.38 0.51 0.48 0.45 0.76 0.63 0.50 0.60
AR HE T 0.07 0.70 0.24 0.23 0.07 0.64 0.21 0.20 0.17 0.45 0.31 0.26 0.37 0.52 0.48 0.45 0.75 0.62 0.50 0.59
wINTT 0.05 0.62 0.23 0.20 0.05 0.61 0.19 0.18 0.15 0.42 0.31 0.25 0.38 0.47 0.48 0.45 0.75 0.60 0.50 0.59
4GB 0.04 0.64 0.11 0.10 0.04 0.62 0.17 0.16 0.12 0.42 0.27 0.21 0.39 0.40 0.49 0.44 0.77 0.56 0.49 0.58
PN 0.04 0.72 0.15 0.14 0.03 0.64 0.12 0.12 0.09 0.47 0.21 0.17 0.33 0.53 0.47 0.43 0.73 0.64 0.50 0.59
W HE 0.04 0.67 0.16 0.15 0.04 0.60 0.20 0.19 0.13 0.41 0.38 0.28 0.35 0.43 0.49 0.43 0.75 0.60 0.50 0.59
TSk 17 0.04 0.70 0.12 0.12 0.03 0.61 0.13 0.12 0.09 0.44 0.22 0.17 0.34 0.47 0.49 0.43 0.74 0.62 0.50 0.59
SRR T 0.15 0.63 0.29 0.27 0.17 0.61 0.29 0.28 0.36 0.40 0.38 0.35 0.48 0.44 0.48 0.47 0.81 0.58 0.60 0.52
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2)2000—2018 4= (1], s AR T 45 X E. RSEI 4%
AEFEA I, R L BUZE 18 T I %, 2000—2010
4 RSEL M 0. 63 R[4 0. 40, {H 2010—2018 4E [fi]
RSEI A5 T BHE A, B2 T 0.58, 3 H AR T
RSEL S {E XA W48 0o A I 7 S 30BR 3k 7l 1k 1)
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AR 0.29 ETHE] 2018 4R 0. 60 , 2 B AR i H
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Coupling coordination analysis of urbanization and ecological
environment based on nighttime light remote sensing

CHEN Hang, LIU Hanhu, LI Jinhao, FAN Shiling, GE Zongxu
(School of Earth Sciences, Chengdu University of Technology, Chengdu 610059, China)

Abstract; The scientific assessment of the overall status of the interactions between the urbanization and the
ecological environment in Chengdu is of great significance for optimizing the pace and quality of urbanization and
improving the quality of the ecological environment. This study adopted the nighttime light and Landsat remote
sensing data obtained from the DMSP/OLS and the NPP/VIIRS. Based on these data, the normalized night light
index ( NNLI') characterizing the urbanization process and the remote sensing ecological index ( RSEI)
characterizing the ecological quality were constructed, respectively. Then, the two indices were combined into a
coupling coordination degree model for evaluation of the coordination between the urbanization process and the
ecological environment quality. The study results are shown as follows. The urbanization process in Chengdu had
been accelerating from 2000 to 2018, with the NNLI increasing from 0. 15 in 2000 to 0. 81 in 2018. By contrast,
the quality of the ecological environment was negatively affected by the urbanization process and showed a downward
trend in some areas, with the RSEI decreasing from 0. 63 in 2000 to 0. 58 in 2018. The coupling coordination
degree of urbanization and ecological environment in Chengdu was gradually improved. From 2000 to 2018, the
coupling coordination state entered the stage of good coordination from imbalance. However, the overall
urbanization process in Chengdu is ahead of the development of the ecological environment, which is lagging be-
hind.
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