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Abstract

Taking Guangdong-Hong Kong-Macao Greater Bay Area (GBA) as a research area, using the mul-
ti-temporal Landsat series of remote sensing data, four indicators of greenness, humidity, tem-
perature and dryness were extracted, and the remote sensing ecological index was established by
principal component analysis to quantitatively evaluate the ecological environment of GBA. The
situation changes, the research shows that: the ecological environment quality of GBA was domi-
nated by excellent grades and good grades in 2008, accounting for 98.40% of the area; the ecolog-
ical environment quality of the region was dominated by excellent grades in 2013 and 2017. The
proportion of the area is 86.21% and 86.45% respectively; in the three years, the proportion of
the ecological environment with poor quality and poor grade is small. Between 2008 and 2013,
the area of excellent eco-environment quality increased significantly, with a growth rate of
37.39%. From 2013 to 2017, the proportion of eco-environmental quality grades and poor areas
decreased by 0.1% and 0.4% respectively. The decline of ecological environment quality in GBA is
closely related to the decrease of vegetation coverage and the increase of surface temperature.
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DIEHBEAB XA RRX, FH3/MTHRLandsat RFBREIE, BRNEE. BEF. BE. TE4NME
Pr, BEERSSITELBBRESEYR, EEIMEBRRNBXASHERIETN, TFFREKE: 2008
FEBERABXAESHEREUMMER S BES NE, HEmMRHT G HHIX98.40%; 20134FE/120174F%
HXASHEREUREG NE, HEMET S5 51586.21%F186.45%; = MNMERHESHERE
BEMZRZL A S ER AR/ . 2008~20134E ], ASHEFREMKERAER N, 8K AN
37.39%; 2013~20174E[H], EFHE R BE LB EMZ M E R EIE s, 2582 70.1%F10.4%.
BRRMABXASHEREN TRSHESEESENRDOMBRBRENFAREEEVTIRR.
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1. 51§

IAESR, BEFA AU PO AR, T E IR R R G, BRI A RIS SR
I & H e S R ST X AR S AT DAY, AR T SR A M SE IR XS T R R e o R IR,
ARUARHIAL ., Bl AT E SIS A, e 2N T A SRR . H TR s BT A&
INEEPEAN BRI F0 R 22 A8 F B — I AR SRS AR AR [1],  GnoR) R b 2 T R DAl vl B4 B 28082 [2] A T K AR B 3
BEAT 7K IS IR ISR 72 [3] ) PR 8 250 s DA 4 7 2 A 4155 o F A HEAT 4R 717 3 X PR AR S RS 0P 0 s
1 41 H 2006 4F J5 IR ORG AU 10 CAE S IR ERRBIEN BEAR RGN [5], - B2 5 T A SR ERARBLIEEL(ED),
SR ENFAE — € A R Z AL [6], TRIFAK T- 2013 FF4 t 1 Y 1 JBAf 2545 4 (Remote Sensing Based Ecological
Index, RSEI), ZIEGEAHETIEBEE. S NESETFLE6] [7], ABePOs. ZOUHLVE A8 A4
BHE R R, BA—ERERE, Ca/3 7T ZHNH. REEEBIHET RSEI HHT T EM T ASHT
el S A W 5 04, R FC X AR AR RS il R R B Bk, ERNARSE 916 RSEL X
TR I 2 T AR S RS IR T S R A AR AT B A PR, R IUREAE S IR R R A
RJEFEFHAL, PR SFGCA AT, VAR AR R 0T R JE

B RS DX AR S o [ JBORE BE B . 0008 s (1 X3 —, 2 B 50K R K SR b B s
Hifz. 2019 4 2 H 18 H, by, ESFEIR (CERBATE X R A RINELY) |, (o ek Sk
TSR E R . F ORI, BRI X AN 2 il e i v ) O R i e . B fhR 6
B, BT @RI E B, A SRR S RTEX, IR BT IE R AT R AT
A RE . H TR E OO X A SRR LR SR, FE T RSEN LAY HEAT IR B S K
[ 0 B e DX A A A58 R SR DA FE L 5 R/ L, DRI, AR SCRE R By 0 M, {3 RSEN X B8 K
X 2008~2017 4 I AESHBDIRI AT 7041, DU Z I X A 5 AR S I B LR 2 il
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2. MREXEMRFGZE
2.1 MREHR

AT DL K75 [X (Guangdong-Hong Kong-Macao Greater Bay Area)(GBA) NI FT X . ik Ay [X
AR IR TEX ARG M wYIL B, Bl BN, K58 il 0] BRER=
ARG, AT T ARG BRIL N, JBEHGHEZ, FEK TR, PR /K E7E 1300~2500 2K
], FEHIE AP, SN 5.6 7P A H . 2018 4EAHX ST EIA 7000 J5 A, & Hp E I BO0R B
B GO ORI XIS —, TEEZOR B KR B BB RS .

2.2. WHETRALIE

AL AU IX I Landsat 5 2138 &G AR A E N85 R, 43 74 LandsatTM (2008 4F) . Landsat 8 (2013
SRR 2017 4F)o N T IR AR AHFLARAERITE . RACRDEIRSE T I 22 57, DRUEFSAR ) 25 18] 22 0 i AE S
M, IR ERSAAR AT RS bR R K SRS BRI LT AR IE o 38 I 4 5 2 Wb A5 0 K P (B 3 45 A S e P A
FIH FLAASH KSR IE L AXS AR AT KA IE, SR Ik 2 T i AR AR Tk AR AT T LTS IE,
TR /N T 0.5 AMETTHIARG BEEIR . REEGE AR AE ENVI 5.3 IREE R kA7 4b 3 .

2.3, BRESERNTE

TE R A TR EU(RSEN AT AZR A IR BRI AE S IR BDIRBL6] [7]. XFEHCENSREE . 1BEE . HEATFE
4 ANfabr, Ol E RO R BORE RS TEAR, IR THRRR B, B TRIRIES T NG . 5 2006
HF o [ R PR BR3P B e ) AR 2SR IR 1 35 % (Ecological Index, ENFHEL, RSEI A ASZELN BT 75 X A AR ZS
IREL T (1) 5 SV USG5 SR AT AL, 72— @R B TR 45 2R . XFT- LandsatTM #1 Landsat
8 RESRFLARELAE, 0 ol A FH FLAH B B v B an T a4 -
1) GEEEFEFR: A3V — 4k 22 A 36 B (Normalized Difference Vegetation Index, NDV1)3AL 2 4t 45
b, AN
NDVI = (Pswml ~ PNR )/(pSWIRl + leR) )

K Poure » P AR LandsatTM 5% Landsat 8 28 B EEAR 1R 2140 1 I BOANIT 21 71k B 1) B %

2) {REfRhR: ZAEAR R FEARIE 2 GG R R IR WSS B 2 4Rtk A (8] TR E B A AT S5 R
X UG ) 2 56 A M TEAS AR 4 T P 28R AR 46 v] LSRR AR I IEAS 40 B, S SR BEAI 4y
&, HE5HERMHESEGEENRR. BT 2R S IR > 8 5 TR e B Ao, Fitk
75 RSEI AL, {1 Y208 A8 e b (3 B2 738 Wet SRACRIREFRAR[10], 23 N:

Wet =C,pg +C, 05 +C305 +Cy pnir + Cs Pswire + Co Pswire 2

K o5 Po~ Pr~ Pur~ Pswire TH Powre 77 HIFE R LandsatTM Bi Landsat 8 1E/E R ML 4006,
LU0 T LLAN R AL AL 1 MR L0 A 2 PR B ) S 28 . %) T Landsat TM %4, C1 = 0.0315, C2 = 0.2021,
C3=10.3102,C4 = 0.1594, C5 = —0.6806, C6 = —0.6109 [11]. %} F Landsat8 #i#%,C1 = 0.1511, C2 = 0.1973,
C3=0.3283, C4=0.3407, C5=-0.7117, C6 =-0.4559 [11].

3) IEFEbR: M8 FH 4 LS S A% 1E fR3R JE (Land Surface Temperature, LST)SRACE B T8 R, ARN:

L = gainx DN +bias 3)
T=K,/In(K,/L+1) )
LST =T/[1+(AT/p)In¢] ©)
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RE)H, L 474 Landsat TM 25 6 % BRI Landsat 8 55 10 % B R C/EAE KSR AL AR HHE, DN A%
IKFEAE, gain 1 bias AE b &, i &Sk S rTA1, LandsatTM 28 6 9% B[ gain = 5.5157e-02, bia s=
1.238, Landsat 8 5 10 % B[ gain = 3.3420e-04, bias= 0.1, X (4)d, T AMLRIEAEIER, KoMK, 2
W EARSE, LandsatTM ¥ Ky = 607.76 mW-cm st um™, K, = 1260.56 K, Landsat 8 ] K; = 774.89
mW-em 2srum™, K, =1321.08 K. (5)F, LandsatTM %5 6 B 0ol A = 11.48 um, p = 1.438 x
10?2 m-K, Landsat8 %5 10 #ER I 0U% K 4 =10.9 um, p =1.438 x 102 m-K, & AHIE HLARST .

4) FREAEbR: MR AL AR 175 % (bare soil Index, S)AUE, (HIEHFFL X, A7 1EA
MRS, AT E R R T, BRI A R L (S A 34 £l ((index-based
built-up index, IBIIBI)& % HIF & #5#7(normalized difference soil index, NDSI) k% 7r, AR A:

NDSI =(SI +1BI)/2 (6)

o

SI = [(Pswml +P1) = (Ps + Pur ):|/|:(pSWIR1 + 95 )+ (Ps + Pur )] )

IBI = {ZPSWIRI/(pSWIRl + Puir )_[leR /(pNIR +Pr)+ Ps /(pe + pSWIRl):I}/{ZpSWIRl/(pSWIRl + Pur )+ I:leR/(leR +PR)* Ps /(pe + Pswirt ):I} ®)

XF, Pes Po~ Prs Purs Powr 7778 LandsatTM B Landsat 8 38 LG 6. 49t 4006, i
LLAN IRLIA 1 BB RS R
RSEI 14 FH 3= B %3 23 1 (Principal Component Analysis, PCA) 77218145 — 3 B/ (PCL) RS 4 N EFFR.
188 FHAZ T2 A R AR AR B AR HiHE AR 5 VE SR & 48 Frox PCL I TTRREE SR B 3. R E, B
G T NN EIE RS RIWZE . N T 5i— 4 NMabriEN, KoL EIEFRF TR, AR
TENHIEHELE 0~1 Z 8], ZJ5HiHHE PCA[12]. &fabrbrdifb A A:
NE = (1 =i )/ (Ve = Vi) ©)

A, NECAPRHEAG G S FEARE, 1N ZIEARTEAR TG § M, Vax AT Denin 23 S0 N B B 1) S K AEL AN B /M
N T G R X K AT X 32 B A B e AR RS, R P SO PR A — K AR SR 2 MNDWI $2 BUK 4
HERE[13], BBRKMAAE R

8 ArcGIS AR E R Mkt 5 PCL, BUNEI &SR, . . TREERAE SR
RESl. N THETH—nHr, [FFEX RSEI @ AThr#EfLAb TR, T HAETE 0~1 Z [A]. RSEI PEMR, R4t
AR LT

3. HREHHh

K] 1 75 2008~2017 4B BV X R AR SR HOE G A5 5L, PTLUE th, 2008 47 RS X # 44
BT EAMLL 2013 425 2017 %, AESIHE RN AR D, FEERERER T P,
J7IN T AR AL R M T PGS . 2013 4FAN 2017 FE ARSI R B, AR ERNHX 3
AR IRV B AR AGER, R B R A s I X . o 2013 AR AR S IR & 22 1 X IAE S T
i ARgd i R RYITT PR, 2017 RN A R TI AR E LR AR S I & 22 1 X 3. I aT DUE
H, ASAEENXBEE M MER G, Whlg. B3k, kKFES. T ZWXE.

Nk EO T, Siit 4 AN EEIERR S B SR B . FRUEZEFD 4 AN AR PCL I E
i, ZERWNE 1. HE 1K, 2008 4. 2013 45, 2017 4FE AR VS [X 38 A A5 F8 50 RSEN Y14 A
0.7913. 0.8851. 0.8930, 2008~2017 4E[], RSEI [J-F¥MH 2iZ 0 LIS, #i8 2008~2017 4= B35
KV X A SR B AW . L 2008~2013 4E (1], RESI FI4E-F- 34 infE >4 0.0188, 2013~2017 4[A] RESI
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[F4E~F- 35748 e 0.0020, i BATE 2008~2013 4F (A% M0 X [ A= &S IR BT R IR THIR FE R . 2017 AR EME 5%
S S KT X A AR SIS L. 2008 £ETH], £ FE(NDVI). I8 (Wet) R (LST) X PC1
AT E I 9 IEAR, VoA IR R A A . 49800 5 R SR P X S I VS X A A IR Y A 1 THT 5 1
F; TREE(NDSI)ST PCL IR A (B A AR, 356 B 2 00 P b R - S5 A58 /K T X T S P VB VS X ) A R
FEC 971 THT S 5 £ 5 (NDV/ 1) PR 288 i L (1) A8 0 85 K, 00 B i s 2 2 ) 2 A5 A B 1) 32 B2 R R . 2013 4R 2017
AR, ZRPE(NDVI)ANREE(Wet)ht PCL M#ff (B3 9 1EAE, i B M SR A 4 5 1980 R o S s s IX (1)
AEZRBUAEL IE T S ME R s #AE(LST)RIT BE(NDSI)X PCL AR A (R AR, Ul A LSRR B . S S A Ho
R b S5 ANIZE 7K T T SRR TS X0 A SRR B T 5200 o 28 (NDV 1) A JEE (LST) P 28k A B 1) 46 RHE 52
Ko ULBHIX N bR RS AR SRR R R BN . G (NDVI)AEEE (Wet)%t PCL 3k far (i I8 5HE 2
FUK T FABE (LST) AN FE(NDSI) X PCL 1) 4547 (B P 48 X6 (B 2 1, 2 BH 1 SR AR AP AN 1 49808 P o) 1 B i Ry
DX (1 AR R0 P et U FH KT bR B AN S /K TR AR 28 B AR o« 2013~2017 4[] B 5 RIS [X A=
AP B 1) o5 e 7 i PR el R b SRR S (R - = B B V)R R

AR TR

SR
ATBUA T

M

0 25 50 100 150 ZOQI,‘

Figure 1. Ecological status of GBA from 2008 to 2017
1. BHEMATEX 2008~2017 AR

Table 1. Statistical results of ecological indicators in GBA
%= 1 BERKXERESEMRSEITER

Year Item NDVI Wet LST NDSI RSEI
Mean 0.7116 0.8972 0.8266 0.7138 0.7913
2008
PC1 Load 0.9744 0.1103 0.1960 —0.0007
Mean 0.8051 0.5595 0.8328 0.2158 0.8851
2013
PC1 Load 0.8418 0.0489 —0.5376 —0.0042
Mean 0.8229 0.7393 0.8405 0.2348 0.8930
2017
PC1 Load 0.7741 0.0644 —-0.6297 —0.0089
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T BERS T AF I AT B X I AE ST R, Rz X = MR A SR L 0.2 i
B, Ripeft. R oy B2, 2 5 AL WA 2 fos. 3% 2 8 RESIE & A8 AR5 T & i 2> L

[ 4rEuast
RSEI Level

B > 0.00.2)
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[T 0406
[ & 0608
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- — — K

Figure 2. RESI of GBA from 2008 to 2017
2. BEERKEBERESHEREFR

Table 2. Area and percentage of each RSEI level in GBA
F 2 BEBRALRXRSEI SFRENREE S

2008 2013 2017
RSEI Level
Area (km?) Percent (%) Avrea (km?) Percent (%) Area (km?) Percent (%)
Poor (0.0 - 0.2) 57.73 0.11 337.28 0.63 17.94 0.03
Inferior (0.2 - 0.4) 22.05 0.04 1271.74 2.38 1221.78 2.28
Medium (0.4 - 0.6) 775.50 1.45 0.00 0.00 0.00 0.00
Good (0.6 - 0.8) 26519.22 49.58 5764.38 10.78 6010.91 11.24
Excellent (0.8 - 0.1) 26113.50 48.82 46114.61 86.21 46237.38 86.45
Total 53488.01 100 53488.01 100 53488.01 100

FH 72 2 T] 1, 2008 45 K [X AR S PR i i MRS 5 RS0 3, HLIAR T o Ee ik 98.40%;
A AR P A SR TR, BT OGN 1.45% ;A2 AR R B 2 RN 2 (R S R T o T AR EL A9 BN
KUN 0.04%71 0.11%. 2013 4FF1 2017 4F B AVE X A A A E I /DAL SSE g o 32, FLmAT o Lfsl 4y
Al 86.21%71 86.45%; AEARIMBL R REHRIXZ, Pt 572 10.78%H1 11.24%; A A5 &4
ZERNZE RSB S AR EL IR /N . 2% 2 %1, 2008 FE 2 2017 4FE[H], BEHEBOTE X FIBAERIR
SR BRI E R A, AT E L AR LA B T LR AR . 2008~2013 4E[A], AR ASEAR R
SRR I, G 37.39%, A5G0 AN PHEAVE Frissl, (H2 RS IREE R & 22 FlER
ZEWITHARA Frig N . 2013~2017 4F(R], ARAS 0 S5 R T AR E ] 23 3K T 0.24%7F0 0.46%, A7
AR R A e 2 RN 22 (R THIAR L 451 23 iUk T 0.1% 1 0.4%. X iH, 7£ 2008~2017 £EH, BEHEHAS
X B AARLE I A 2 AR P S AR SR B, Hh &) 2 AT %01, 2008 SR 7L X %A W] AR SR B
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SO SR, AR PR BT R b R R X A (T X, RSP R AR s
X 2 EAALE P X B ARG, BV PR TR, T AR I B AN T PG AL, T Rl o i
KIS E BN R, 0%, B % B FLIRT X B>, 2018 4F I 2017 4R IX A A PR B %
AR MR A, 90k T7 X R 2 A PR B 06 A TS L 0 8 .- 2013 47 2 S SR 2
XA B A T TR Y, DA bl ARZE T BRI B R, 2017 4R A TR B
B BA TR, LB AE h X R R, AR, T BIRIKA, W X T
oo WUBAFIRIR, I 0T RICEBIR M RB KT B S , M o (ARG . 2018 491 2017 4FAE T
WKL ST 0 K0 5 DX 00 A A PR B 5009 B2 0 VR D I 40 Ay 8 B0
R, 5 AR 2 BT A TR BR L, 2B RS AF ISR BE, T AT 45 8 M P B O
HORRE, SRR R AT SRR, BB AT, KIS R, (R SRR L A
W5 U

4. &g

AR SO B RS [X 2008~2017 4E ) Landsat RVEESE, 2Rl 3e it WE . HE. TE 4
N5 NREEEVIRCTRNR, RAEW HITITE, 4 MEWREITE S, B EBAESTE, Jf
XoF 3 AN B PR B R O X (W AR S AR IR AT T TR, AT A AR

1) 2008 £ 2013 4F. 2017 4F B I [X 1) 18 A2 S 8 2035 7373 0.7913. 0.8851. 0.8930, &
A TR AR

2) 2008 = BB XA ST iR MR SRS RS N F, AR & ik 98.40%; 2013 4
2017 izt X ARSI E LSRN F, HEARET & L) 53 mlis 86.21%7F1 86.45%; =AMk
ASPRES R B 22 A2 I T 5 T AR LU 58/ . 2008 4R 2017 4 18], SRR KT [X (1) B4R A 2085
JRESEFRE R, AT E R R IAR LA B A BiR RO, Fir, 2008~2013 4:[A], A
iR BRI A R IE N, B Ly 37.39%; 2013~2017 4R (8], Az AR R S O A S A 2 T AR L
B Pl 53kl 7 0.1%81 0.4%. 78X AR AR B i S A0 55 40 32 B A AE PR AL X e 5 AR B IX 3. A=
BWE R EEN X R E Mm@, Wiy, B3k, KEW. T . BWXE.

3) 2008 4Eff, ZEEE(NDVI)Z s MR R B R . 2013~2017 4E[H], £ (NDVI)FIFASE(LST)
Fe R AR AR F B R . BRI X AR A PRI 0T 5 1 T -5 M A 7 i P 9D R b it P P T v
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