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Abstract

It is of great significance to study how to balance the ecological environment and urbanization de-
velopment under the background of rapid urbanization to promote the sustainable development of
urban agglomerations. Based on the perspective of remote sensing, this paper combines the data
of daytime optical remote sensing and nighttime light remote sensing, and based on the Google
Earth Engine cloud platform to analyze the ecological environment, urbanization intensity and
coupling coordination degree of the Guangdong-Hong Kong-Macao Greater Bay Area urban agglo-
meration from 2000 to 2020. The results show that: 1) the average RSEI of the Guangdong-Hong
Kong-Macao Greater Bay Area urban agglomeration increased steadily from 2000 to 2020, and the
ecological environment showed a trend of improvement, but the differences between regions were
still significant; 2) after 20 years of urbanization development, The urban agglomeration of the
Guangdong-Hong Kong-Macao Greater Bay Area has formed an urbanization pattern with cities
surrounding the Pearl River Estuary gradually advancing to the surrounding areas; 3) in the past
20 years, the degree of coordination between the ecological environment and urbanization of the
Guangdong-Hong Kong-Macao Greater Bay Area urban agglomeration has been significantly dif-
ferent in space, and the overall level has improved. The research results can provide data support
and scientific reference for the sustainable development of the Guangdong-Hong Kong-Macao Greater
Bay Area urban agglomeration.

Keywords

Google Earth Engine, Guangdong-Hong Kong-Macao Greater Bay Area, Ecological Environment,
Urbanization, Nighttime Light

Copyright © 2022 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 5|8

Wi AR — A E K XK e B — E R R ARG R, (Rl R RE X ISR R VB 5 )y . B 4
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BT MRS R, XRHEE R Z RE T ESERORESYE, M UGREE N REEHE, R 6= FE41
TRMEE, £ ERE BRI A KRR A

ITAER, REIRBAR PR N X AR AP ST A M PP SR R R SO . B R A
M W REZRE. GIBE R FE MR IEEH, wTURAN R TR 8 = = A5 5. AEDL
WAL Z5 BRI, B AT S B s e EE RS W (6] [71F038 T AL 43 #7181 [O12= 4T 7¢ 1) B ZEF- B . R,
L o] i v AR B L 53 B v R SN 1) 2K 3 0 ST T B HE [ 10], A% G0 Ak B 26 A 0 77 92 Ak 40 SR 9 9 bf
NSy, Toikiw R R IX A P AR S 75 3R« Google Earth Engine (GEE)RE B A K =1 & (1 B AL
PR T AR R AR, 2o G T DR M 2 R R B, IR R SRR TSR ), R
SRR B A B LS 1] Rt 1 4B [ 11

BRI RS XA [ A X S B 5B AT ¥ . RUF RIS IR TP R m X 2 —, fEX 47767
TR Z 5 e b 5l SER - 2018 4, (CHEMRRRTE DXOR A RN EL ) IR 52 tH B AR O X 22 “ 4
VB S R R 58 4 0 ) — IS DRI SRR TR [12]0 76 KBERA XA BRI INFE T, EHEK
T IX LRG58 ) AE BR 584 ) AW ig iy, AR BEAE i A ERE AN e, DX AR SRR T I 4 s
Hi g, —efef FRRG T RS X AT RRS A E . (R, 3 e ol W 00 28 s v Ry [X AR 25 PR 8 S5k i Ak
(R JEAFAE, it 38 Z ARG P RAR B, A B T 50 4 B4R SR OV X AR S 8 5 i Ak (1 R R Bt
HESIR T A 5 A S IREE R ] FrE R R . AR S DL SRS X I i 9 7 R, FIH MODIS #id
AR KT A B HE, 2T Google Earth Engine V5 70 il i 37 AL A IR BE 48 S0 A i AT 648 40, 70ty
2000~2020 A EHERHOCHS [X ARG SR T4 AL RRAE,  FFis ARG U B ALY A S S I T
2 B IR A K, AR SSBURFER T TR A H ) 5 DX I b R & F i s v SRR bRl 22k Bis . e
L PR VR RS DXl T A P RR R R SR R S A R L

2. HRXEER

B4R K VS X (Guangdong-Hong Kong-Macao Greater Bay Area, GBA)& H #PU KB X 2 —, AL THF
X (21.33°~24.23°N, 111.219~115.25°E), BA “9+27 [XHE)E, BIEEFSEATEIX . 8 TR 47
BUX AN RAT MW SIS BRfgETT. Pl BN, RZEM. dimi. LI, KT, S
5.6 P AR 2019 SEEAANIN 7264.92 5N, ARYER T USRI bR, X89I 2 A0
XHAEN T > 1000 J3 ) FERIRT 2 ANERIX H A TE 500~1000 J5 N)FERIRTT 7 ASERIXE AN D
#1100~500 5 N\), 2018 ££ GDP A4 10.696 Ji4Z 70 B AT X & 3 [E T OFRE e i« 85715 0 e 1
Xz —, (EXBA A FRMEs K ehgs| e, J8 @ ERRHL ARG FTIE R R
B SO A BRI E TS

3. BiEKkiE
3.1. MODIS 3B

W2 HER A5 ' B { (Moderate-Resolution Imaging Spectroradiometer, MODIS) & 3 [H [ X fiit 2= i K H
W I FE 4R AE Terra (1999 4E K51 Aqua (2002 4F K55 T2 LRfE RS, G HERIIE% 2330 km, B
H 36 M HERIKE(0.25~1 um)HIEIE B, MODIS 7= 5l R — B BE 72 . KRR U=
ik bR v 2 SRR AR AE P, BT SE ). ROy E ST, B e iz N T s s
DL B AR At A 3 A 25 1) 25 P 7 3 R B VB U 0 U A D7 i o JORI e 2 SV IR T S S5 A S A
3% ) MODIS #5445 MOD09A1. MODI11A2 A1 MODI3A1 /=, &7 iS5 E Wk 1.
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Table 1. Research indicators and their data products

= 1. MRieR R ERR~ R

EELAN 7= i I IR 73 B2 CR) 73 [) 43 4% (m) =74

st MODI3A1 16 500 L3
Hh R MOD11A2 8 1000 L3
HhRIBEE MODO09A1 8 500 L3
WETE MODO09A1 8 500 L3

3.2. WEAT ¥

WLIAVKT S HE A8 S e N R B AT JAE - BRR T B A A O, 5 AR 203 M ARG, A
BTz HOS T3 A N AR FRE TR AR 13] [14] [151%5 NS5 ST 7T o . DMSP-OLS i 5k
BT EE E TR % L2 1R (Defense Meteorological Satellite Program, DMSP)$4 % 1) 7] TG % 26 P F1 4
5% & 4t (Operational Linescan System, OLS)f& /&85, & 72 B T AN JE i 30 M I i 28 — AR TR AT e 24
IS 6] 5 2 9 1992~2013 4F, #¥[) 43 ##% 8 1 km, 140K A (Digital Number, DN)J 0~63, {EXT 58 4L
T AR T A 2 B R ) B[ 16]. NPP-VIIRS & [AIAT Y6 £ kY5 T Suomi B A PIE A 1E Ak LE T
/£(Suomi National Polar-Orbiting Partnership, NPP)¥4 %51 7] WG 41 4h A8 4 55 4% (Visible Infrared Imaging
Radiometer, VIIRS), #4571 2012 4F 4 KA, A7 #3750 m, NPP-VIIRS 5245 n] 4RI 2 55 555 (1)
U5, AN [EIST S PR B Hh Py B P AR S P B i, AR T AT OB AN [ . ARSI T 2000 4 2005
4EF1 2010 5= DMSP/OLS 1 Stable Light (STL)Z#f 11 2015 F1 2019 4 NPP [#] VIIRS Cloud Mask (VCM)#(
PEILTE 5 4 IR EAT SeE A RATF TR T 5 A ST K R

4. ARFG=E
4.1. RSEI #33&

1B KA S F8 8 U(Remote Sensing Based Ecological Index, RSEI)FARIRAK[17]2% 3 £ H ) ¢ 4 5L T8 JK
ERAESIHIEIREL ZIEHS S, . REMTE 4 N Ed ik, 8% HTAESRETAN[17] 18]

[19]. RSEI ] H AR B R IR:
RSEI = f (Greeness, Wetness, Heat, Dryness) (1)

A H, Greeness  Wetness. Heat fil Dryness 73 N4k & AESE. BESEMTE &,

HEATHET MODIS #dlE i+ 5A35) 4 MES DR, 2 HRM EVI SREERIESRE & HIRHERIR
% %045 (Daytime Land Surface Temperature, DLST)RAFAE /& ZRIE AR He J5 156 =/ B RIERE 4 &
VA — Ak, 1 358 72 3 5 $ (Normalized Difference Built-up and Soil Index, NDBSDEET-FE /8. SR 5 FIH £k
4343 M (Principal Components Analysis, PCA) 5 ESEELR M . H shif e TRFrAUE, fERET AN E M =ik
B ZE B AT 28R A R 17] .

HT AL 4 N ENENAG—, T 2500 FRebr g AT bR b A FE k4T PCA 185, JFLASE —FE R
(PCIKA4 % RSEL, ItAh, FRUCK PC1AEREAT bruELAL TR, M S BRI FE351 P9 (9 RSEI ] LA 734 o
4.2. CNLI #J&

HRIESE AT 7 45 ) DMSP/OLS (AT Yeldlafr 48 574, BULASCAE ] 1 Al TR KA S sh R ik
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AN H BB HER B RASAE T Y 201, FHIREUHEFEIX ¥ 2000, 2005 F1 2010 A HIRAEKT et . T
2015 A1 2020 FHAT6EHE K IE T VIIRS VCM HE 5, S50 = FATOCEARIE R R 4E 5 FAEESR A — 8k
AT LOME, ToVEBEEN A TASCHIBA, FUARSER T Li SF[21]15% H R A AR e 78 0% o
., B IX B VEM $idlE & o5 STL AH— B LT SR E, SeBl VEM $diiF1 STL #d (1 UTRC .
BT RHEVCHEL G R AT Y658, AR SCHIER T 258 I A1KT Y648 A (CNLI) A S e b X 355 11 4k 7K P R bR A
FIEBNEE, ZIREAERT AT P iE S 5 b E I T A B G TR AR AR B AR OO, REREERCR
X5k b S B0 22 4 I 3 T A0 A5 B PR A [22] . CNLI #5E SO S — b DXCAT G AR 7 LL(LAP) R 24007 Ol i 52
(MLD IR, HAXN:

CNLI = LAP x MLI (2)
Area,,,
LAP=—"" 3)
Area
MLp = 2 Ci X DN, > C,xDN, @
Z, ,C,x63
1, Areayg, REAT I XIRAITHA,  Area WYX S I DN, RATICEBICHIKEEE, CRITIGEN

DN; & e
43. BAARERERE

N T SE BV B ARBOCTE X I T B A B A SR S S T A AT RS S B i, ASSCBUIRTT CNLT
WA AR . RSEL ANARRRAEE “HRTiitl - PREE” 4P iih & EA A, KRR & oA MERE S D s SO “IlTh
b - I8 AAKR R0 A Z IR B RO B B M, AR A PR MRS D R, SR B I T A3 T A KT
A SR SR [23], A 308:

p = Gy ®

A, x yi B8 WAL - FRER” ARBR RS kA, EDH LS CNLI $8%0/ RSEI 6% D;
NI i AR PR B

4.4. Google Earth Engine £ &

Google Earth Engine (GEE)/2 —MER i EEE, 0T DUA T~ B 2 (R 450 v Ak e o i i e o =
HET G, H EAA6EEUE 645 Landsat. Sentinel. MODIS %5 R5IE K5 %, LIEKMEE S RiET%
X REHE . KA Google A FIFERFRINE /1 6554, GEE RAKIEHEAES), R 7 TE . 23 [E K
PR, AT CASEEL R . AT R TIE B [24]. Kk, ASCRIA GEE 7 & SLBEdEimik .. Hiibe., iR
PRI SR A AR AT, BE 8 DU i S B SL T A A

5. RS
5.1. £5REDH

HHE 4.1 o RSEI BFIHE AR, AL 5 SR, X 2000 F5 2020 FE R AVE X ) RSEL #4T
TS, gt TAFBET RSEI FIME, Wk 2 Fos, aJCUEH, #F 70X & 17 DL AT BUX 1) RSEL
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PRI T . 2000 4F 23 2020 FHANE], RSEI SE 8 X A 4 i A B 17, Hrh 3 R i AE S
JRE R, BARKERIT RET . AL, P TASRERZE . NENHXCRE, &b
[X RSEI ${EBAFAE— @ 25, A imi . BRET . SRYITTRIE T RSEL M8 2 4k i 3 LL i B 2
7 2000 % 2005 LB FRE#Y, 7F 2005 F£E 2010 EFKIEECNWI S, BARZD <SRRI FIRHE.

JUMITE S BRI TR A RSET B4R A X R

Table 2. The RSEI urban agglomerations in the GBA during 2000 to 2020
% 2.2000~2020 FEHBRAE XTI EF RSEI (A

i 2000 4= 2005 4 2010 4= 2015 4 2020 4
Yk i
EEPRTH 0.74 0.77 0.74 0.74 0.8
JoMT 0.63 0.64 0.62 0.64 0.65
YT 0.53 0.52 0.56 0.54 0.58
LTy 0.52 0.5 0.49 0.48 0.51
ST 0.7 0.73 0.73 0.73 0.76
ol 0.57 0.47 0.51 0.47 0.5
JREETH 0.5 0.45 0.47 0.45 0.48
LI 0.67 0.65 0.74 0.69 0.73
PR 0.58 0.52 0.6 0.56 0.58
FFHEREAATEUX 0.65 0.68 0.69 0.7 0.71
WTR AT EX 0.43 0.42 0.49 0.42 0.47

B 1 R E RS XA R4 A RSEL (8] 4345, Bl PLREL, 2000~2020 42 35K X RSEL )
AAAFAE T LLUA SN 1) EHEIRKIS X RSEL Sk 2 BT, 2) KX g0 X KK{E RSEI B X5
Jrokiadh, X — AR S B RS XL AR A s T AL R I R R BN AN R AR S S 2
BRIt i T 5 25 VA 5%

| 51\ 20054
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Figure 1. Spatial distribution of RSEI in the GBA during 2000 to 2020
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Figure 2. Changes of CNLI under the urban agglomeration in the GBA
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HFrgEfaE B, BMIALT] CNLL 3K, SR CONLL &A%, (EHIGEK 745 2.2 £, M 2000
SR 0.05 _FTFE 2020 4149 0.165 7E 2005 454 2010 4R, Ko HhIX CNLI Bk oy B35, Horhikig
KT 10%H9 XA ERE T (21%) T IMM(15%) A ili(14.8%)F1 1 111(13.46%).

Bl 3 2 BRI T X 3 T BE AN RIS () CNLL S [ A ], ATDUOREL, KIBIX 11 AN 3Ea 6
AR CNLL S 20A BT Ft, 5 Har NPRASBT I B, AARIL T RV DX T A4 e RS 0 B B RRAE: 1)
2000~2010 4[], YN, BRIGANH ) CNLI S A8 - — AN 454, AL SA R [ S S5O s R BOR ( 3
BONZEGF TR R X, 30 T A R AR IR ANE K R 85K S 80T CNLT BT 2) 2010~2020
SEIR], EEMIL VLU IR LY CNLI S840 AR — N4, RIS IX IR T A6 A F R E H X 3 O T 32 ¥ )
AGY R, X —RHES SRS X BT X — AR 1 B e B M M BUR R A G

CNLIZZ

B 1% [0-0.2]
I &I (0.2-04]
. % (0.4-0.6]
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g% Bl = (0s8-1]
Figure 3. Spatial distribution of CNLI degree in the GBA during 2000 to 2020
3.2000~2020 FEHBRAERX CNLI FRZFE 5
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5.3. WA AR

A SCARHE 53T 1) RSEL A1 CNLI T 5 S A ORVS X RS & PR BE B 45 5, anl& 4 Fros . ST & 5 2000
A 2020 45, RSEI Al CNLI 2 [8] F#E G Wi PE B KA 230 R B3, 3 10 B B RIS [X ) AR A8 A5
TR DX 3R T A0 AR B P TR R R AR BT . BRI, 20 A R] b XCRR G P R AR ARHIE T A4
SR, 1) FasE N BEPC. B YOI UM BREAIEEEAE S UM S B R E R, 2) W
BRI s ] R I SR R IRRAE, JUIAE 2010 SRR B/ M 3) AfbARXRaE: Fly
iy RINFARZEARAAT RS PR, ER AR ZE AN A 1L RS & i IR B 8 A il T

A UEED

OCO00O000000
oRrNwbULaNDbR
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Figure 4. Changes of coordination degree between eco-environment and urbanization in the GBA during 2000 to 2020

& 4. 2000~2020 FEHRAEXESIFMESHHHIBS M IEAESHT L

N TAET el i AL 3SR S 3T AR & W RRHE , A SCIR R BIF TE IXCRR & DR SEBRI oL, KA L IX
R IR RIL ) A PTREERAN-EA R, AR S VR > R A RIbRE LR 3. fEULIERE E, 454
RSEI A1 CNLI HYZ{E, R R & Ph SR 7 =Fh 22 57 2R (R 4), DR R A A 5T i 5 i A 2 1) £

(LSEE

Table 3. The classification criteria of coordination degree between eco-environment and urbanization

3. SRS EH RS AR S AR S iRE

- i AR B Y G PR G IR S
1.5<D<17 S SR

12<D<15 Hh B K KRR
09<D<12 BRI
0.8<D<0.9 S b
0.5<D<0.8 Hh P

WA K R
02<D<05 R 47 i
0<D<02 DI 1
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Table 4. The classification criteria of difference types between eco-environment and urbanization

4. AR EHT S AR EREEXI S IRE

ESR A U 2 S S Y
0 <|RSEI-CNLI| < 0.1 ka2t
RSEI-CNLI > 0.1 T A ) Y
CNLI-RSEI > 0.1 Az 25 5 R e Y

Kl 5 A 6 24 2000~2020 4 B AR OIS XA A IR0 55 30 7T A VI R B S AN 22 S R B s ) o A I,
M b, RARSEG XS A AR I T, TR A 2 DX 3 A R A KT X O A B R R KT
U S

gl s I 6 TLAEH, 2000~2020 4, ZERS. EMANTIHEAL TR RS, JEH AWt
W JE R AR A M X AR AT A S A SR B AR S YR R, RECN R, TSRS
REFED KR, HRBRBIM T HALX L B mf &Y R0 R GE, BRI b B,
EI T A 5 7 I T A S A S TR R FD s Al AR A, R R R NS R, T
PN AR BB IR 4, HR RS R R AR T B, (R IR 2R T A A 5 2 s BRIIGE 2 ORAF b B B il
AAS R G REEH PR AR AR, WAESRER G NFRD A B THARES
Jo B e A
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Figure 5. Spatial distribution of coordination degree between eco-environment and urbanization in the GBA during 2000 to 2020
[ 5.2000~2020 FEFERAEXESHRESHHUNMBEFRZESH
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- Z%Z. mESEESER

Figure 6. Spatial distribution of difference types between eco-environment and urbanization in the GBA during 2000 to 2020
B 6.2000~2020 FEBRABEXESIFRSWHUERLB=EIH
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6. &t

K LHET Google Earth Engine = V&, I M4 H [ 5708 BN A LT i iS5 2 5 TR 300 7 i
1 2000~2020 B TS DU T A B AR S PR EDIR UM T AL BERRRFAE 5424, JRREE 1RGP R R
BRY, JE— DX T S AR SRR A R PR EAT A BT AT LR . S5 R 1) BB OV X I T L
2000~2020 4E[i] RSEI ¥J{Ef e T, S LI AR, (EHX ) ZESKIHEE; 2) CNLI
FRELRE 0 AT R 255 1 S W 3 T B (R 3R T A KT, B STRD P S L RER (Y CNILL BEIR K,
SR PR T 1) CNLL S3ME B A%, H G LG 0 535 5 T e X s 3) 20 20 3R iifb & g, BEHsmK
TS DX 3 T BT i T DA BRYL 1 B3 1T ) DY & 32800 HE 1 (A3 T A A )=, v vy i P Tl Ak T B )
DRI ZR5E. FNMEIRAEHN X, Ko B3l Tl A3 T D00 23 A 2R3 T B 2 X s 4) 20 4[] SR R X (1 4R
S IR BRI -0 DX 355 17 40 A & D R R e B AR E A BT AN, 23 F) 20 A BOR B, Ak b, B TS X
ST A ) AR S AR S 3 T A R B R R B A T O

=
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