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Tab.1 Landsat satellite image information of Lingang Special Area in 24 phases
J¥*5 Number TR L% Satellite sensor PRI A] Acquisition time 2t Cloud cover/%
1 1984-04-23 0.20
2 1985-02-21 40.00
3 1991-02-22 10.84
4 1992-04-13 10.84
5 1993-03-31 0.01
Landsat 4-5 TM
6 1994-03-02 0.12
7 1995-04-06 8.07
8 1996-04-24 0.25
9 1998-02-09 0
10 1999-04-01 0.46
11 2000-04-27 0
Landsat 7 ETM SLC-on
12 2001-03-21 0.03
13 Landsat 4-5 TM 2002-03-08 0.24
14 Landsat 7 ETM SLC-off 2005-02-20 27.62
15 2006-04-20 0
Landsat 4-5 TM
16 2007-04-07 0.01
17 2008-04-25 0.64
18 Landsat 7 ETM SLC-off 2010-04-23 43.48
19 2012-03-27 0
20 2015-04-21 0.08
21 2016-04-23 7.38
22 Landsat 8 OLI 2017-04-02 0.37
23 2019-04-08 9.00
24 2020-02-22 0.02

http://www.shhydxxb.com



4 4] Wk

W1, A8 A e R SRR AR I VeI T DXl i P A 803

Xif 24 338 JERFE AR A T WAL PR, At [ e 41 i
T Bl A5 0 B L R R A S Al B EETY . R A
Landsat TG 45 U Be 3 25 5 0 8% & A7 4R 4
SETR W AR BT A 5 A 15 2 AR Ak
SIS MODTRAN A 1E 5 B3 56 8
528 B8 5 1Y Landsat 52583047 RARE . 22020
SESUAG N R E PR TR SRR S TR IR
PRI 5) 43 A0 TR AZT I 1 [ 24 26, DL =k £
T by e A TR S i i AR AR T Ik AT K
HORAE W A AR AR B HE S 5 2020 4R LY
B AR S % R, RIS R XA R 5
1 53 [ (http : //bzdt.ch.mnr. gov.cn/index. html) ,
XPEE A TR Y , Fe 245 2N I W B R X 24 132 ek
A

AT 5T R FH A% W b BR 5 15 i B 43 28 B0 4
HEAT 43 K BE VP €, R AL 25 & U 48 1 A
(GDP A VB S5 ) HEA7 I s 3 A DX 3 T £ 0K
1531
1.2.2 SGiEEEOHE

FI FI NDVI,NDWI ., NDBI #4) £ i} [i1] 57 5] iify
2R, N T R R AT T M R 5 A SR, AR B
Wt AR IR S5 R A 4E £ . NDVI.NDWI . NDBI
THRARXWT

N-R
M=NTR (L
A I A IH— AR P8 BUND VI {H 5 N R 1 4h
W B IS RN B S 5 % . NDVIHUE A
—1~1, KT 0 B A AR, Z50(F A AR 2 b
g

G-N
L=y (2)
A 1, IE— KRS 2 NDWI H ; G &Rk B
F A NN LT A B R T % . NDWIH FAk
FKARAE S KT OB R R AR BOfE e v D4 G 2K
P o T AR
M-N
L= vy (3)
A L H— AL HE S5 U NDBI {E ; M A 2L
GBI S N ORIE LT AN BB R . 2 NDBI
KT 0 B 3 T b, NDBI{E/N T 0 i 1 35k
7 b .
1.2.3 W [R) P 4] Jeedak vl A 1
F TR A UL | % R 1 45 138 52 ) A R

o HeAF 7 F  R 2 T 8RR )5 20 L0 A s 2R
SR OL, AT S B0 Lo A1, DR ke b 2
AT DB U A 0 e R i AT O T R E
U AT R RS B AR kR
1PN B8 A 1 B R i /D 2 Sk (1] e 51 45 i
(R

I FH s 0] 3 1) e S 2 A7 3 TR Ak A ) S
oS AT 5 AR SR o X6 SEAR S5 R AT ARG I g S
AR B IR « TE 548 s Z 1 R Z S5, BF 6] 47 1) B
25 MH 5 25 A ARG TR A RE R AE WY
Ao A GRS Lk [l )32 647 3k T A ]
LA 1] A 7 T a7 B ) R e A A s R AR o
H A8 i Z A AR DG R o X fRT B ff A5 45
7 TR WFFEN 01T LB UL B Ao 3k v Ak E
TR A R AR 2278 A o G RT3 v X B s 1Y 43
MFNME R A —E e, e —ERE
1) M 75 R AN SE BRI DL T, Gtk Il vk AT e
PEALAEXSFROE Y4 R . TEARBESE etk IRk
RE A DR | A 00 A D 1 1165 5 8T e DX Tl b i 7
I S AR S5, R S S T 43 A RS AR 55 E 4 it
TSR LA o AR B AR Sy ST M, )
NDVI 52 B A2 AR A2 B 3 v K e 72 o
W FH b, U NDWI 2 1A R - AR rd
R, ZE 3T Ak 3t #2 v NDVI AT NDWI i 2k 25
bR 5 B 11 WA 3 [ N o e
SRR o A 2R A AR A B — AR e
MG MR, H A S W 5 e L A 1
2% , % 2 de KABDOT I AT 4y BV s 3 Tl Ak 7 4
1y, 5% 22 e /IMEL T B A AF 4y BV 58 B3k T Ak 1 41
1y, 3 Z ) B AF {5y 2 BV 3T Ak o 72 19 5 22 B
fi]t!
124 BBSUAR R/ 55002

A B 58 R H B BL AR AR 43 26 &% (Random
forest, RF)""7 X Ilfii it 87 - X 2047 4 b 1) FH /78 55 15
B2 AR AR 0 AR ) AR
SRR BRI AR R A
P RS BEVEAN S 6 N B IR . B X 28R Hh Y
INFEBEAR B, 5K FH] Majority/Minority ¥ /N BE 37E
TP, RHBEHEE L EEE
(Producer's accuracy, PA) . F /' ¥§ £ (User's
accuracy, UA) . B 4K i (Overall accuracy, OA) |
Kappa R HO6 43 2 85 A0S BE T

http://www.shhydxxb.com



804 NS NI S S 34 &
5 ok P PR 3, U D I SE R TEAE 1984—2020 4F
]

2.1 BT EE R 5 E AT B0 5 T 4L i
F] FH 1984—2020 4F Landsat i} [8] J5 771 1% J&&
AR PEEUNDVI NDWI NDBI., BEHL 2010 4 /i
Sk HE B B K 3R, 2010 41 5 Sk 3k T R H 4% e
144 3% 26 4% 55 NDVI . NDWI . NDBI 4F [N 4 {1 15
1) 328 A 1] 18] 77 50 0 A (& 3) , R FH RS sl 2494
UL AS CFT 1 RK/INR 3) EAT 25 Mg 4k B4 21 50
SRR R RS ([ 4) . Rl 4a & H L NDVI
RO R - TR - TR e BB X 2% T AE
1984—2020 4[] & A= T Wi Ak, J2 i Al b A% AR
3k i M R B 4b B, NDWI 2 B0 R -

] 2 A 7 T Ak, 2 P K s A AR SR 3R T b s
Kl 4c & i, NDBI 2 B Ao - L JH-FovE a8,
Di B 33 26 4% ST 7E 1984—2020 4F i) & 4 T 9 i
Ak, J2 R 7K S8 BB B AR S 3T I b R R
P L AT LA, T34 W A sk 2%, i
ND VI 7 AL AR {53 K 0 45 55 (5] 5a) \NDWIIE 17
A AF 453 460 25 5 (1K) 5b)  NDBI 3 11 4k 4E 43 76
W25 5 (F 5c) By, e K g% 22 (P, 40 5 bR id)
X R B AF 45 Sk 2005 4F, Bz /N BR 25 (P2, 21 55 A
0 WA AE Gy S 2010 4F , 150 B 356 B Y I 2 14
JC V-3 T AR TT 4R 19 AR 03 Sk 2005 4F | 3k T A &5
FAY Ay A 2010 4F

0.7 0.6
06 * 05F e
=] ¢ g e "
g g.i- g 04 ‘.
= el Zz 03} . .
a2 03} e % a eten® .
4 . Z 02}
@ 02 o
w . 2 01t *
= 0.1 ;
2 ot 2 ot
Z . 4 ®
—0.1}F * W -0.1}F .

.2 1 1 1 1 1 1 1 )
1980 1985 1990 1995 2000 2005 2010 2015 2020
A4y Year

(a) LA NDVIIa] 51 00m i

Original NDVI time series observations
0.8
0.6 |
0.4

02}

NDBI¥J{E NDBI mean
=

.2 1 1 1 1 1 1 1 )
1980 1985 1990 1995 2000 2005 2010 2015 2020
AEAY Year

(b) JEAANDWIH 1] 7 51 WL
Original NDWI time series observations

.6 1 1 1 1 1 1 1 )
1980 1985 1990 1995 2000 2005 2010 2015 2020

http://www.shhydxxb.com

4y Year
(c) JEHANDBIIF[A] 31 WL i

Original NDBI time series observations
3 JREGR iE R S NE

Fig. 3 Original time series observations



4 4] Wk

B, 45 K I P T SRS W VAR s i R DXl s fe R 805

2.2 EFHEFIINIEEHMNGE R LS

PG B F DX Bl P b ) /7 35 28
AR DX S5 AR 20% AEAS 55, FRER 1984—
2020 AT I T BT 2 4G, R 5 40 B3 LR SE AR
T Y AR B AR B £k L % — H WA 3 & b
AR

Kl 6 78 T 1% ot (30° 53'N, 121°49'E) £
1990 .2000.2010 F12020 4E5214 | A4 + 3b A1) 1/ +
H 7 SR O, HeA 1990 12000 4F A6 8, 2010 Al
2020 4F- b 3k 17 FH s . 1 NDBI A NDVI il 6 &
L IZAZ T T 2008 AR IF LR IR T AL, I F 2015 4 58
BT A . PR, B (R 51 S 1S s 50T AR AT
EX 8K i AR

061
05} .
04}
03} L
02} .
0.1} .
0F .
-0.1} .

NDVI#{E NDVI mean

.2 1 1 1 1 1 1 1 )
1980 1985 1990 1995 2000 2005 2010 2015 2020
F45y Year

(a) R B IR DA TV 5 1
NDVIE ] 75 {E
NDVI time series observations were
smoothed by moving mean filter
0.8
0.6
04

02

NDBI#J{E NDBI mean
S

-04}F o°

3 it

31 HFB/EESE

AW 5E 16 B 1984 Fl1 2020 4FAE g B v 4E 4y
1) L it B 28 P 0 288 7 6T Wfe 8 387 e X B A7 4 i )
/78 26 W B 4328 AR BURIR 9 99 DA 180 0 348 3k Tl )
U B MR R I e T DX X e R R B o E R
B AR SO A R/ 55 2 R4y R DU 2K < T
Hi A B K SRR -, I BEAL AR AR 2503
255 15 2 e s 3 X9 3] 4 v ) /7 55 P (A
7) A NGE AN R 2 i . 1984 12020 4R 5445 43
2 AR B2 351K 99.69% H199.82% , Kappa Z 4k
100 0.99, 45 FH 2 R0 B A 2EORG BE R R P ORG
JEMR 2 Fin o 1 A o0 1 32 B i PR L T
(A3 T FH 7 S 0 S st e DR A A R

0.6
05F .
04} .
03} .
02}
0.1} .
0 L
-0.1} .

NDWI¥{ NDWI mean

—0.2 L L L L L L L )
1980 1985 1990 1995 2000 2005 2010 2015 2020
1)y Year
(b) R BIE IR P AT TV 5 1Y
NDWIHF ] 51 WL e
NDWI time series observations were
smoothed by moving mean filter

.
oe® *
.

.6 1 1 1 1 1 1 1 )
1980 1985 1990 1995 2000 2005 2010 2015 2020
EA40y Year

() SRR S A kil #8 BEA T Ja 1Y
NDBIH [ 741 UL E
NDBI time series observations were
smoothed by moving mean filter

B4 XABNHEIREFETEREHER EFZINE

Fig.4 Time series observations smoothed by a moving mean filter

http://www.shhydxxb.com



806 SIS T NI B 34 %
1.0 1.0 -
0.8 | 0.8+
o
§ 0.6 g 0.6
g 04 E 04
Z 02 Z 02
Z 0 Z 0
: 02 R
5 04 Z -04
2 =
Z 0.6F P1 e K522 Maximum residual z 06 P1 # k%22 Maximum residual
-08 1 P2 f/Ni% 24 Minimum residual -08F P2 /% 2% Minimum residual
_1.0 L L L L L L L , _10 L L L L L L L ,
1985 1990 1995 2000 2005 2010 2015 2020 1985 1990 1995 2000 2005 2010 2015 2020

A Year

(a) NDVI AT LA G A Pl 45 21
NDVI urbanization year detection results
1.0
0.8 |
0.6
0.4
0.2
0
-0.2
-0.4

NDBI¥J{H NDBI mean

AEA)y Year

(b) NDW DB i fL AR R I 25 51

-0.6 P1 fiz K4%2% Maximum residual
-0.8 P2 fiz/Mi% 2% Minimum residual

40y Year
(c) NDBUM T AR R I 25

NDBI urbanization year detection results

5 WHHERRUER

Fig.5 Urbanization year test results

NDWTI urbanization year detection results

71985 1990 1995 2000 2005 2010 2015 2020

‘
ol M
(a) 19904F H 5214 (b) 20004F I 44% (c) 20104F EL 92314 (d) 20204F ELISEAR
1990 high-definition image 2000 high-definition image 2010 high-definition image 2020 high-definition image
1.0 r 1.0 -
0.8 - ® NDBI%: NDBI data o 0.8 } ¢ NDVI%ui NDVI data
0.6F— A IAJAZE Fit the regression line . 06— A 12K Fit the regression line
0.4 0.4
A o 2 0
Z 02 Z 02
-0.4 0.4
-0.6 + -0.6 | %
-0.8 + -0.8 |
1oL L L L L L L y —1.0 L L L L L L L y
vy (=) v (= wv (= v S v (=) vy (=3 v (=) v (=3
(<2 N N (= (== — — [\] o =N (=N (=3 (=2 — — [\
S A &S S o o o X N &S S o o o
- = =~ & a8 & a & - = =~ & & & & &
Ay Year A7y Year
(e) 20204F = AR () FEA S NDBI 1) )74 1 28 () FEAS SNDVI ) 341 i £k
2020 high-definition image Sample point NDBI time series curve Sample point NDVI time series curve

6 FEBITHmHHLE

Fig. 6 Urbanization process of a pixel

http://www.shhydxxb.com



4 4] Wk

W1, A8 A e R SRR AR I VeI T DXl i P A 807

#1434 Bare land
mm 3 A Urban land
. B Vegetation
= K3 Water

12.8 km

032 64

#+Hb Bare land
3 Urban land
B B Vegetation
Bl K Water

032 64

12.8 km

(a) 1984

(b) 2020

7 19847F12020 FF L BE S KE
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Tab.2 Accuracy evaluation of land use/cover classification in the two phases-confusion matrix

FL5225 5] Real class

AU Sy ek — F P BAKEE Kappa REX
Year  Classification result S TR bt e Bt Bt UA/% Overall Kapp.a
Water Vegetation ~ Urban land ~ Bare land Total accuracy/% coefficient
K5k Water 814 0 0 0 814 100.00
B Vegetation 1 767 0 0 768 99.87
1084 17 F 3 Urban land 0 0 395 0 395 100.00 99.69 0.99
# - H1 Bare land 2 0 6 903 911 99.12
K3t Total 817 767 401 903 2 888 -
H P H KRG PA/% 99.63 100.00 98.50 100.00 - -
K8, Water 3 440 0 3 0 3443 99.91
F#% Vegetation 0 803 0 0 803 100.00
2020 T F L Urban land 1 0 273 0 274 99.64 99.82 0.99
#1-31 Bare land 0 0 5 478 483 98.96
J3t Total 3341 803 281 478 5003 -
H P H R PA/% 99.97 100.00 97.15 100.00 - -
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Monitoring the urbanization process in Shanghai Lingang Special Area
using long-time-series remote sensing images

CHEN Ming, GUO Dongxu, MA Zhenling, MENG Meiqing
(College of Information Technology, Shanghai Ocean University, Shanghai 201306, China)

Abstract: To monitor the long-time-series urbanization process of the Lingang Special Area of China
(Shanghai) Pilot Free Trade Zone and analyze its spatiotemporal continuous change characteristics and
driving forces, this study utilized Landsat long-time-series remote sensing images from 1984 to 2020.
Annual average and pixel-level time-series curves of the Normalized difference built-up index (NDBI) ,
Normalized difference vegetation index (NDVI) , and Normalized difference water index (NDWI) were
constructed. Linear regression fitting was employed for abrupt change detection to determine the start and
end years of urbanization. Based on this, 1984 and 2020 were selected as benchmark years, and a random
forest classifier was used to classify the land use/cover types of Shanghai Lingang Special Area. The results
showed that from 1984 to 2020, the additional urban land mainly originated from water bodies and
vegetation. The urban land area increased by 346.73 km?, with an average annual growth rate of 12.85%.
Taking 2001 and 2010 as turning points, the process was divided into three stages: slow development stage
(1984-2000) , with an average annual growth rate of 8.83%, medium-speed development stage (2001-
2010), with an average annual growth rate of 12.49%, and rapid development stage (2011-2020) , with an
average annual growth rate of 15.39%. The study revealed that economic and population growth were the
primary driving forces of urban land expansion. Spatially, the urbanization development of Shanghai
Lingang Special Area exhibited characteristics of coastal and patchy distribution. The speed and sources of
urban land expansion varied across different periods, and economic development and urbanization process
promoted each other. This research holds extremely important practical significance for the future refined
urban construction of the Yangtze River Economic Belt and the rational and effective utilization of estuarine
and coastal resources.

Key words: long-time-series remote-sensing images; urbanization process; change-point detection;

random forest classifier; Shanghai Lingang Special Area
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