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Extraction and Spatio-Temporal Evolution Analysis of Impervious
Surface in Guangzhou Using Landsat Images
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Abstract With the continuous acceleration of global urbanization, significant changes
have occurred in urban land use and coverage, among which the rapid expansion of
impervious surfaces is one of the most prominent features. As an important economic
center and international metropolis in China, Guangzhou has experienced rapid
urbanization development since the reform and opening up. Studying the impervious
surfaces in Guangzhou from 1994 to 2024 can comprehensively and systematically
understand the evolution characteristics of impervious surfaces in Guangzhou during
the rapid urbanization process, thereby providing a scientific basis for the sustainable
development of the city. Firstly, based on characteristic bands such as the Modified
Normalized Difference Water Index (MNDWTI), Normalized Difference Vegetation
Index (NDVI), and Normalized Difference Built-up Index (NDBI), while introducing
bands B1-B3 after Principal Component Analysis (PCA) of images and bands B1-B3
after Minimum Noise Fraction (MNF) transformation, a total of 9 characteristic bands
are combined to form the impervious surface characteristic bands. Then, the Random
Forest algorithm is used to extract impervious surfaces. Studies have shown that the
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Random Forest algorithm has high accuracy and stability in extracting impervious surfaces.
Finally, an analysis of the temporal and spatial variation characteristics of impervious
surfaces reveals that impervious surfaces showed a stage of rapid expansion from 1994 to
2014, with the expansion mode shifting from a single-core center to a multi-center
expansion mode. From 2014 to 2024, the growth rate of impervious surfaces in Guangzhou
slowed down significantly, and the center of gravity of impervious surfaces tended to shift
to the southeast, which is consistent with Guangzhou's overall urban planning and
development strategy of "expanding southward and advancing eastward", achieving good
research results.

Keywords: Landsat image; Feature traction, Radom forest; Impervious surface; Spatio-
Temporal Evolution

Page 31



1. 3

AN KR A IR T AR D FR bR, R
FEBINTE KV AN A RS 2 1R R,
PRI AT 1 /KBS, AR AT NS48 1
B T R T I A SR, R XK
T AIAEG AR 2 AV 4R S A A I R
PRGN, A BRI T AL R R B
AN K AR T IR S 5K RO T P P7 . A RN
TR 7K B 8 AR A S5 T T A ) S B DRI B[R] 8E
TF R AN T2 7K 3 181 FAY I 23 V5 AR BIF 90 2 B AR 308 i A 7T 455
BT R A% D AT

FE A $1 2535 15 T B /R 2K T 977 TR
BT EBIRRE. EAEKE RO % L, B
R 5 5 T M 4 TR, B
[RIERHER AT/, MUK BURS (MLO) |
KM RAS . (A5 T AR, IR
WO, AR, BETIAN, RE
R TE AR THEHET I LTS, 3 i el 4 A
LA IR (90 A O R LA 3T M L, AT £
SRR, SET SRR RAR.
o, R IRAOA A EIR I, E R B AL A
H R KA (I NDBD Sk 3R K £
B JEAESK, VRIESE IR, B %

ok

(CNND 121, U-Netl IR & 2 SRR )37 b i

70°0'E 80°0'E 90°0'E 10090'E 110°0'E 120°0°F, 130°0°F, 140°0°F,

B G B EK

Evidence in Engineering Science and Practice

10.63221/eesp.v1i01-04.30-36

AR TR, A R HUR 28 T 36 B (1 AN i
KIS

AN AEENEFECFTELTIHAT0: —2ET
LR AR, WMERE KR IE D B, RS
1994 - 2024 4] M T AS RIS HA AN K TS B =
TR B H A AN 35 7K T B4 AT B S A, ELOIE
R FET7 VSR A X T N T 30T A3 K T 1) 2 [R) A
WRHATIRN 0T, B BT IR N BRI 1T 47 5K 1 2 18]
FUERFVRRAE, Do) N TH A3 T Bk . ot B R A
FRT RS e e H R S 4 A e S S Hr

2. BARAMBLRITIE
2. 1. WXk

AR A RO X RO 5 R T, E
BITRCARE T T AL DR T B« 2 i 5O 1)
PSR IR T AR . AR A 2023 4, TN R B IX T
MO 1300 F AR, NAZEERFTARBET
1500 AU, s BE i N VAR SR A= b v sh AS T 4 3))
A A X Pk, ANEKE SR bR
i, VT SE HAR MR 2 R OP G H i R . 7RIk
N, RGUEEINREKEFKPEDERE, &
ASORT T 3 A A i b DX ARy K3 T PR T A o & O
B, A RO T AR A IR R AR A B A [
RIE IR .

113°0E 113°20'E 113°40'E 114°0'E

20°0'N 30°0'™N
23°30'N
23°30N

23°0'N
23°0'N

B 1w 7 X 35

Page 32

0 125 25 50 75 100
—_— km
K 113°0'E 113°20'E 113°40'E 114°0'E
REEE, 2025



Q Evidlence

2. 2. BHERE KT

7 J8 B AW FUR N (RS BE K, fE TR R R
JiT, BT A s AR SR AR S 3 EAE R B 3R E
FURE R TR RYIEHE (https://earthexplorer.usgs.
20v/,2025-10) FREGEAR 73 #% )y 30 m, 4% Landsa
t 5 TM. Landsat 7 ETM +#1 Landsat 8 OLI/TIRS, H
TP T AL G WG HB X, R S TR RS
B 1E) & 1 24 R4S 10-KR4E 2 H A /b = kil 9 3,
DAL S ARt 960 28 PR S AG R RN 8] 43 791 9 1994 4. 20
04 7. 2014 71 2024 8% A KR & 7E 10-12
A HZ 28T 5% 2295 B ot 21 38 S5 22 40
FEdn, SRR TR E bR . RARE. U
1E. ik, EEERDISE AR, NG st 7t ik
%o

2.3. W T
2. 3. 1 AN K TH SRR AE 2= B 4 2

AT 5 2 B8 2 3 0 RO AN 32 K THD B B (1) 42 56
(L7913 —4b K ARG H (MNDWI) . A4 5 H(NDVI).
U — 4k 2 BUHE U (NDBI) S5 KA AIE 45 H0 AT 54 1 1 5 K
ey BRI KIE . Bz Rk, ST
PCA 5> 04 BL A2 MNF 2842 Ji5 B 55— R
By 55 O U B B = A gy U B A T R A
SEANE KT . FEBE SRR B, R, EEGZE
PCA &7 70 BT i B B1~B3 K MNF 75 # J5 45 i
B1~B3 i B UL &2 MNDWI. NDVI. NDBI % i 7Y
VIR HORE] AN 35 7K T s FE S U R e B o

2.3.2 FENIARM I REEE

BE AL AR AR Sy 061 2001 4F i 25 B B2 %
Breiman $&H, & — 3 T RS R L 2] O,
BB 2 A R R B A1 A R AT 2
B, BT RO T Ak I AR 1 4 A i
B, LR N AR DI R B0 B A R BE L
FE, EREANEBIREARLE, fxTEA B BFEAE S
BRE i — MR AR R SRR AT p R R,
BEMLE B — BRIk F M R, MAEE
FEFT A REAE o IXFE 0T DA AR P S 2 1] A Ok
PE R SR

TR M TTASE KIS B, BEALARAR A 73 2Kt
TN H%, 3T Landsat 545 F AN & /K T 48 54y
fiE, JEFEX TALER S R8T PCA X 2 )5
(1) B1~B3 % Bt . /N 75 4) B MNF 43 81 2 J5 1

REE, 2025

LAY B EK

Evidence in Engineering Science an

10.63221/eesp.v1i01-04.30-36

EEEEEE

B1~B3. MNDWI. NDVI. NDBI %55 4 5 g 70 1
YIME R OKMR. ANBEKE. . St
EAN 32 /K THT (P RFAE D B o B R 3R B S AN R A
K KA. AR R 2 ) I REAS 21 25
ZRRUL TR, B AR R SRR TR I 23 e G RE A SRR AE
HATBENLE R, DAORUEREER I 2 51tk 2R )E, X
THIRE I RFEAR, g H AN B — R S A it
T3, BIRIEN S B — N rRER, &ad
A TE T N e B A REE R, WNERR K
Z IR ANE R EZFEA > 2K . TEREARFE T,
KECH WL 7 =0 AN BRI B o s B
BRI KPR BB S 100 MFEA . H
H, 60 MEAH TRENLARMR AL 25, 40 MEAH
T3 R LE R R FEBRAIE o

3. RS0
3. 1 AFE/KH 3K EIPE

AW TR WAL 3 S SR R IE KT . AE
B KA. BLESEDIA KA, S FE D BENLRAR K
LSRN E KT AG FEVE € 45 Rk 1 ps, Wl B
B, BENUARMREIETEANE K TH 2 BT TH B A B
MRS, AT HEEUA I, IR T AN IR B R (E 55
AIRESZ PR RS FE M E MR = . B ANED AT E
K B B i 02 2014 4E IR B T 97.54%, &AKA
2004 F-4rikE 93.53%; 5 F-n kappa REIHLE 90%
PL L, R BEHLAR AR EETE AN B KT R BT TH B A
BT PR B EDURS FEE R L PR e 1k

B EM AT 7 FNE FERAIE S RS

FH | AIORE AFERE S BEE Kappa R
1994 0.9951 0.9451 0.9715 0.9589
2004 0.9811 0.9353 0.9576 0.9381
2014 0.9905 0.9754 0.9700 0.9530
2024 0.9902 0.9633 0.9334 0.9026

3.2 ANZEKHEHERZEA

X 1994-2024 45 (8] 7 M 7 DY A 5] 8] 5% 1A
KBRS TR 2, BRI, TN AEK
AR 2 HFEMKRER . 199444, T IHTA
% K TH T AR 218 927.355 km?2, (5 4 T A T AR
12.86%; #2024 4, ANiFE/KHEHRHEK S 2426.262
km?, /& HIAF] 33.65%. 7E 1994 - 2004 FE/AE], |
PH T AN 3% 7K T T AR A 927.355 km2 35 K & 1505.863

Page 33



Q Evidence

km?2, EHEKERN 6.24%. XM, SN T
PO IR T B B, TR IUH KREIT R, 5
TRk Tl pE X i 5 iE S, 803 K i
OG0, 20042014 4, AN iE K AR H T
583.712 km?2, 4EIIEK- 2N 3.88%., MR K
BET—MBCA BT R, AR E B S KIS
P X B, SN T I T B B T K R
s AR T AL, IRITER I H S 2, H3 X K
o0 AR Ml DX A A S A A AN 7 K T 1 AR 4 4 0
hhe 7E 2014-2024 “EHAA], AN K HRIAR A 2089.575
km238 K- %5 2426.262 km?, FEWK-ZEN 1.61%.
Kl — P, XEBEMR T M EERT
AR EA, R 7 LT R I E R,
N OR R AR S, — e B T AE
KT T AR ) PR K
113°0'E

113°20'E  113°40'E

B G B EK

Evidence in Engineering Science and Practice

10.63221/eesp.v1i01-04.30-36

2 FEMABKIHARSES T (EAkm?)

B4 | ANEKEER bhE ERETh RREE

1994 927.355 12.86%

2004 1505.863 20.88% 578.508 6.24%
2014 2089.575 28.98% 583.712 3.88%
2024 2426.262 33.65% 336.687 1.61%

114°0'E 113°0'E

3.3 B AIE K IE 22 18] 40 AT RFAE

HIT 2] 1994 4. 2004 G, 2014 S 2024 4
JoM T ANE KT A A A B UL 2D, BT AT
L5 2 AR AN [F] X 3801 40 A0 22 57 SRR E] 3 ()
Fi7me 1994 4F FEANTE KR M A O3 IX (G
BT ORI RS GESES X 38D .

113°20'E  113°40'E  11470'E

A

23°ON  23°20'N  23°40'N

22°40'N

N

A

Z

=

-q-

&

z

[ =3

-

e

(o]

Z

Pl B

[__ES-ZaTl By
ki

il -

2004 Cmt |8

&

(o]

0 10 20 40 60 80

23°40'N

23°20'N

23°40'N

23°30'N

z Z
=1 FBil KBl Lo
@ 55K . Rk | D
[ K A I KAk
. . . -
| 2014 %+ 2024 CI#+ =
3 , 1 ) B
A o 10 20 40 0 80 0 10 20 40 60 30 ™
113%'E  113°20'E  113°%40'E  114°0'FE 113°0'E 113°20'E  113°40'E  114°0'E

P 2 B4y AN K B NLAR MR SR 7 645 R

Page 34

REHRE, 2025



Q Evidlence

2004 5, A& K HEITT 46 1A 30T F 1 X 5k
AT RS 2000 4T M TTBUR AL SR H € N
I T A R R A R AN R ) RS <RE AR B
Rk, PUBC RS (A PR AT — 8. AER TR, X
WHH . K TESHIX, BTAE T MTE
FENVEER RN A, Tl B A E 2 /N X AN W 2
W, ANIE KT AR SN, ERTTIREE, fEERK
RPN X A S A5 X IR, sh T b
X I ATAGHERR , AN IE /K TR T & 4L . TEIR T R0,
T E R — sy, Wi, KA%E, BEE DS
KA AL E e ) 5E 3, AN E K LBl i
s X, AN KTH O W) P R IR . 2004 4F
£ 2014 5, ANEKHEY 5K EINHE, W
A TE R X R =k e X — 0 R K, F &
B X ARG VD IX, 2R S0 35 30 X R IG 3 1X, el T 2 i
TR KRR N, WEEyisry &, M A mH
G Ie X LS, HESh T YOk, IR,
HUBAZ B WA 3 T IR X P R, Ak
(T, A5 2R 350 Hh DX Rl A3k T 7k 1 B U e
B 2024 4, EARAIE K I KE R A AT ieE, =
1523 [0 43 A _EATS (e R s AL AR % . — L83 7 % 1H
X 3 1) SO FHBE BT, A A AN /K T BE I A 2
FRF, FEIRTTHIX, WEgybHiix, B 5 a i i
SEHEMPL R, ANEKEmARE—Sy K, H
TE FIK R 8 3 R R N A SR AR, TR
T B SHRIK R, TR T BN A BRI T
25 [R5 o

3. 4 T KRR E T

FLO S Bl U T RS S AN 7K THT PR B AR A
o PRAEZEMGIE BE sl Bl R RN, T AL
SESH, B M S b BE T E A 43 (8] 2 AT R AE A
K% . I EOIERE . bRk IR A R
J M T AN KT (4 koA 2OM 3 B [ BEAT 20 A
A B RN BRI 75K 0 22 18] R NVRFALE o

EEOIERE T, 1994 £ % 2004 48], ANiEK
[ O R PE R RS, FEBhEE B 2.83km, EE & H T
1994-2004 (6], JM TR E X X 5T
SEXIMAFEKE ML . B AERHX . A
2 XA K A KM 3G 0, 383k X AN 32 /K i 2 20
RN . AREE R B X AT X, BT okl
X R XA XA R, HESh 7 IR E O )
T . 2004-2014 4E[0], AN /K TH E O X EH A AR AL
TS, BENFEE N 2.21km. N T ANE K )

REE, 2025

» L?z'?’f% 5 Q—’i&

in Engineering Science and Practice

10.63221/eesp.v1i01-04.30-36

FEY KT RN RIE-TIrE A H . fERILTT ), B3
X 5T O IR IX B R H 26 B %, BEECE
LAt v i 1 56 S ANV B R R R, IO EE TR
IR T I RE MRS, ANE K IS 2 A0 3 T AN W 1)
AL  FIREfH . 2014-2024 (8], ANiE /K H E O A 4R
RS, BEHEEE N 1.27km. X—EB RS
W “E. Ry ks —%, BT
W AR (8] B AR R T R RIS . X R EOIT
PR R N THAE IR T R Rl #E B 1) AR e
Ji T AR, ERCT AT O AL, R
A7 1) A A )3 T R JEAS R, AR TN T AR X
SRR R X 7R B 7 TR PR A

N30 113°20°F 113°40°F 1 14°0'F 1130F 113°200°F. 1I340'F 1 14°0°F.
=

i
&

>
A4'N

230N

23°0'N

22°30N

N30 11352001 RARRETINES 11470L 113" 13e20rE 112401 JREN S

3 AN KN ZHARHE (a) ANBZKIHY 7K (b) A& KT 7K
7 T S EL U i L

4. g

A FCAE B BEATLAR PRS0 T M T 1994-2024 4
[ AN KT AT PR EL, AR T4 0%, BENLARA
VAR RE S B0 (Y IX 4y AT K T AR L. 7EA
ZOK IR E I T, 2% 7 OA A7 K H B
BT A8 TR ORI, AR AR SRR AE HR AN I K
T3 545 S R IE R B, AROR S 1 i (1) kS FE A
FRsE k. JETAE KA FR A SR, X &0 (8] B )
AN K I SRR AT TIRAN T FEAN I /K TH 5
ORI, AT IRTHSE R m AR e, AR
B2 ML AU THERAS S5IHHE, UHRE G
M e T

5. &R

AT 5T FE T Landsat 2 85218 SCELANIZE /K TH] 1) $2
H, X AN F A AN /K T 3047 B 25 0 i R B DA 465

8

Page 35



Q Evidlence

(1) BENUARMR SR ARSI M T ANE KT 375K
A 2B A RFALE 5 T E AT L A G EE ARG S 1K

(2) 1994 45 2014 HE[8], P 7T AN K I AR 4
TE Y sk, Pkt PR T O A L,
AN KT RS B 7 A1 S 1 v 5 AR B P skAsi

(3) 2014-2024 0], BEEE S0+ )\ K AEZ S
B 28 W AN A B R A 2 T SO b e T — A R
A JR AR, TN T AN K TH A e 3 8 R N
IR, ANIE K O PR T AR, X 53
Wem# Ry ski@as—8, HdF—0um T
P T AE 2 (8] _E 1) 2R T 5 ) R RS

BAR, WEIUEE RANE K R BUR RO AR,
HWMAFAE AN B2 AL BT RAFR T RBROL
WAL, XE S SFECRYAE “FURIE IS,
X IBUCHZ RN IZ K 2 [0 IRE . )5
AT 70K 28 H] Landsat 5248 SCHRFAEA ) LA Ry
ik, DLERTHANIE K TR ) RS FEANAR SE 1

SR

[1] AR, 4R, 25 7,55 25 T Landsat £E 5 5 41 S48 L
T AN 7K ] 328 S I DN [ 0] b 3 2 ) 5 J5.,2018,16(01): 1-5+7.

[2] RIREK, E IR MR AN I K TS IR RN F T 0],
FEJK2E],2016,20(05):1270-1289.

[3] A, K BA I 45, 55— PR AR BN E K T (19 ) WG B i
BB [I]. R T FE 541 ,2020,36(08):127-134.

(4] 32758, 5, SO, S I T AN /K T 2 SR 2 SR BT i )
ECBHIE L [I] AN I TR S 3R (E AR
7),2022,21(06):657-663.

Page 36

PGB

Evidence in Engineering Science and Practice

(3]

(6]

(7]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

10.63221/eesp.v1i01-04.30-36

Tt 5, RN TT, 2 AN K T TR R S N AT 9 3 R
[7] R AL 2E 5 F2,2013,28(03):327-336.

R g2, BT Landsat R 5L AIIR X ANIE K 10 7 56 F2 Ak 5
B9 [J] AR T Y6 R 5 4R (B SRR 1R),2025,41(04):86-92.

TRIh, T BRI A, BT RHE R B A O R AN IE /K T $REL
4T [J]. M0 EE 2= 8] {5 £.,2022,20(04):48-53.

B4, 25 AT NDISI -G &9 AN &K T AS S PEII]. e
IRIEITTE R 2 AR B 23],2015,31(03):129-131.

AARIERAK . — b R B HAS 328 7K THI (14039 28 308 J i 2 0] U UK 2
SR (1E BRHAAR),2008,(11):1150-1153+1211.

BT ERTIUT 30a NI /K TH I 28 ARG 50 [J]. MR =5 (R 45
£.,2020,18(03):12-15+6.

TR0, SO S, TR B Y, 5. — Tl X 38 55 2R AN /K T 9 20,
MR 2,2018,43(02):83-87.

PE T, ARGk, 4 22 A5 I T At A R 2 X 4% 1) 7 20 38
AR ANIE 7K BB I [0].38 1845 5.,2020,35(04):47-55.

A, L, A T2 RUSRRIERL & (1) U-Net 45 54>
AR AN K T HR BT 7 [ 0] 38 B R 5 87
FA,2022,37(04):811-819.

2023 £ET PN T I8 T A AR X AR G B LA A T M T AR AN
H AR TEIR R M sl (2025-12)
9557600.html

PRI RS 2R, BT OLL SU R B s A& /K H
FEMU S 25 [ #% JE 43 BT[] B2 U A2%,2015,37(10):1920-1928.

R K T BE AL AR AR S I T AN E K T E B iR
I——PAK AT NI [].90 2238 41%,2020,(11):43-49.

2N B, E AR 2, 55 B HLAR AR LE 30 77 AN 7K TH F2 o 1)
LT FU[0]. 2= R IV R 2 23 (AR B2
J%),2017,37(03):73-78.

REHRE, 2025


https://ghzyj.gz.gov.cn/zwgk/xxgkml3/qt/tjsj/qt/content/mpost_9557600.html
https://ghzyj.gz.gov.cn/zwgk/xxgkml3/qt/tjsj/qt/content/mpost_9557600.html

