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Urban Expansion Extraction Using Landsat Series Data and DMSP/OLS
Nighttime Light Data: A Case Study of Tianjin Area
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Abstract By taking Tianjin urban area as an example, a method is proposed to extract urban expansion by
combining multi-temporal Landsat TM/ETM+ images and DMSP/OLS nighttime light data, and validated and
analyzed. First, the candidate built-up area extent were obtained from DMSP/OLS data. Multitemporal Landsat
TM/ETM+ images and derived multivariate textures of the obtained urban extent were classified to extract built-up
areas for different dates. Urban expansions for different time intervals were obtained by post-classification
comparison method. In addition, the thresholding method was applied to multitemporal DMSP/OLS nighttime light
data to extract urban extents for different years and urban expansions of different time intervals were produced.
The urban expansion results from DMSP/OLS data and urban statistical data were used to verify the Landsat
TM/ETM+ results. The results demonstrate that the combination of Landsat data and DMSP/OLS data effectively
reduce the spectral confusion between bare land and urban area and thus produce higher accuracy than useing
spectral data from Landsat TM/TM+ images alone in extraction of urban built-up area expansion. Combination of
Landsat TM/ETM+ data and DMSP/OLS nighttime light data provides an effective method for urban expansion
extraction in mega-city areas.

Key words urban expansion; Landsat TM/ETM+ images; DMSP/OLS nighttime light data; change detection;
image classification

H R AR 4 (41371329) % By
Y H: 2015-02-08; &[] H#H: 2015-07-23; M4 Hi kR H 3 2016-03-18

475



R M(ARFIEI) 8528 38 20164 5 )]

WA K P R A i B R X Y AL
2x. XAk BHECR KV RO B EEARAR, Mo A A
YRR A — A E A e bR . IR
7 X H 7 Mk SR T AR /N T FR(ZY 3%), SR Y™
JEASAY O Ry MM . AR IR DL S A kAR AR 5 i
E

i SRR AR O T Y Y R R T
B 1R A B TR P 18 SRR 2R A T 30 T 9 T4
MY M T TR TR E AR, JF Heg oAby
PR KIS ) 43 SR 0 TR B0 3T
X BRI AL 437, Hop, 36 Landsat &%)
T EKHEMSS, TM, ETM+fl OLD)FI 2 HEH S 4
T2 114 (Defense Meteorological Satellite Program,
DMSP)#&# i) OLS (Operational Linescan System)f%&
JEAS R AL Y B T AT O B, DR AR R ) B (3 A
1972 AEFFEARIBCEE) . D0 L EdE - E, IR oIt
BRI, Tz W T3 R B DL ST SRt
Ge18-91_

Landsat 7 41 T35 BI040 PR L8 o 1) 25 (0] 43 P %
(30 m) . HAR A= W) 4 5 9 L A K3 OGIEE B
A (A4 R, T8 A B 38T B DX T 9 T ) 4 B
my s prt®, (HJE, I Landsat 5504088 17
T HE R X AR U R AT R A VR 2 Il . 7
30 m 3 HERRUEE b, 3T P9 AR A ] i 288 i) (i
IS HY)) Z [R5 48, REOR G H&otK
WAFTE. W TN A ) 26 AR 1R o0 REE TR A 1Y L)
FEZS (] SR 2, DRI T 28 01 8 D' 33 AR i 22 S
PEAR KU, ] bt 3k 717 28 500 5 T L% e 4 25 331 (A 4R
A Z TR b 2 B OGS R AR AR M . XS R 4
FIH] Landsat 5 51 8080 3647 30 117 8 B DX A 2 1L 5 2
o3 el R R . PRk, R DG (E B4R I it
R SRR T R RS EE A B . Ak, A
WF5E #2210 A =3 (85 B (a0 R S0 DL K 25 F)
FHA [ A% g (R 85 48 Ok e ik Ik iy 4 i IX S HL ™ e
R R BORS

DMSP/OLS % [0 AT 5t &0 4 B A7 A 4 19 6 0] 1K
JEHRIN GE 7 A e 23 Sl A 8 (0 JHE 2 48 T Xk
B NS0 S5 SO R A, AT LB A S L A 3k T
HHAF R, Pz N T X ek 4 1k ROEE iY 3k T
FENRE 7Y S| K R Vs TR AR (E I Y I A 7'
P 19 25 18] 43 HE R EL B AR (1 km), I HAFAE i T RO
(overglow)!'" 191
JL4E Landsat TM/ETM+4(4 f1 DMSP/OLS %

476

[T e R s A T B AN (5 B, {0 DMSP/OLS
TIAVAT SCH I 19 53 BE R AR, AR DA W58 K 7 )
JTYCHURE S5 Landsat TM/ETM+4UR 45 &4k, 1T
P IO T o B X R e i TR AE R . VF 2R
DMSP/OLS & [A] KT 't 5 45 £ B X 3k R 17 3 Tl
B, Jf# /] Landsat TM/ETM+ 3 5 jiIF DMSP/OLS
TIRVKT Y H A R B 3120 i, A R A
DMSP/OLS &[] Y44 %+ Landsat %548 93k 7 42
A R AT G AR BRI AL, HEAT X IR T 4 R 1 4
U3 Ar Y (H R 5 kb BN AR A o PR AR A T
AP Landsat TM/ETM + 554 (04 5 T 42 B 4%
B AR H 1454 DMSP/OLS % 18] 4T % K 3
Fl Landsat TM/ETM+Z4I DA K 12 B 22 9% B R
et ARBOR TP R AE B, JFEAT R T IR
b X 3 B g HAT AN 35 7K 2% T Y R X Ml BT A
Ao ARTCHR, IR A AR XA R I Y B E
P B X, WA . R B KRS —
VIPN E1 e

1 HREXREE
1.1 #HAREKX

AR 3C AR [ A 5 8 IR T e T Sk BF 5 X
(B 1) REET A F AP R A A6, s
11946.88 km?, & v [E 565 = KO TT Fn BB T, XA
PR . REET AL . PEdb) Kb X i
1, A B s ek DL R A sk, R E e
JiREPN L X AT P A B T A G, 2 T T Y
v . BRI 25 L, B H R Y
Mo &t ASNME. HTaENIEERE, K
LTI 8 30 T 0 PRl
1.2 HIERTALE

A% 3 R A Landsat TM/ETM+ %% #% I DMSP/
OLS W IAT e 4kcd, FEMWAHriE 20 48k K
SRR A5 R . HEH 1992 4 7 H . 2001
4E 9 H M1 2006 4F 7 H ) Landsat TM/ETM+Z 61
Bt . R 3 AN A ) ARSI 9 AR IR [E) 34 R B
%, BMIFEA—F FE, EECRHM X Fik 34
AE4 1Y) DMSP/OLS & [ AT a8 o Bbsh, A ik
WA T R AT X R R ( R GEiH4E% ) 15
SN 3 A0y i HE R X ARG T

X 3 MEMAY Landsat TM/ETM+ %
ITHiAREE . T 2001 4EM R A D it = 55 7 5,
X iz AR i3t 47 2 55 55 A B (haze reduction), FR—



4T Landsat 4 Ml DMSP/OLS 2 [ AT 6 K A 3 9 R 42 . LUK HE i o )

O LI X
@iEHEHX
.......... PRI
20 km
/
i
1\
Py
1 HRERHMEBME
Fig. 1 Location of the study area

WA . X 3 AN TM/ETM+EHR AT LA
Fic v, T UE A X O AR IR 25 RMS) 1E 0.4 4~ 1% o0 LA
o ¥ 3 IRECHE S 9 MR R BT Bk 4435%2997 15
JER/N, BBTR R ERINE 2 Fis. %X A 35

MR AR X A Bl KR
WL MHbEE 6 250 XTRESEFAHRY Landsat BR324
JIT 2R FH B IR A FIORG B P A o P A G 560 R AR T
= 1.

Hi T DMSP/OLS 1% & & A7 HEAT 48 S % 1,
A LR B OLS ATOCEUE AN RE E3ExT I, B, R
FH Elvidge 454t A4 B4 IE (intercalibration) Jy
%, XARFE AN OLS AeBdEiTiiE. AT
6 % W 2 RS S P A5 20 A B AT B S5 T
3 M, KRN OB R A O 5 Landsat TM/
ETM+%E AR 9 30 m BIT R/, I UTM
WHERAE bR R G . RKEEHIX 3 MER ) OLS & [RILT
SEEMG A 3 Bis .

2 A

A S AR BB T LLMERE 4. Landsat TM/
ETM+%0#i 5 DMSP/OLS %44 &ttt e 2 i £ 41
B ST A A DX Y PR, A5 IS () st ) B ) 3 T TR
o AT D PR AR b R T A R DX A D T A AL

RS, ESEF ) DMSP/OLS B 15 1) 3 iy 4t
BCIX B RBEGE R, I HA XA B A 5 s

(a) 1992 4F; (b) 2001 4F; (c) 2006 4F. W B 7,4,2 p B, &G, HEOFR

E 2 XKEFEHMXFFEH Landsat TM/ETM+B% & & Bl
Fig. 2 False color composite of Landsat TM/ETM+ images of Tianjin in different years

&z 1 Landsat TM/ETM+E & 5 25045 B LM BT R B REAR (R TED

Table 1 Pixel numbers of the samples used in Landsat TM/ETM+ image classification and accuracy assessment
1992 4 2001 4 2006 4
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Fig. 6 Urban spatial distribution of Tianjin derived from the classification results combining Landsat
TM/ETM+ data and DMSP/OLS nighttime light data in different years
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Table 3 Accuracy assessment of urban change detection with and without DMSP/OLS nighttime light data and texture information
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Fig. 7 Urban expansion of Tianjin derived from Landsat TM/ETM+ data combined with DMSP/OLS
nighttime light data for two different time intervals
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Fig. 8 Urban expansion of Tianjin derived from DMSP/OLS nighttime light data for two different time intervals
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Table 4 Areas, expansion areas and AGRs derived from Landsat TM/ETM+ data combining with DMSP/OLS
nighttime light data, DMSP/OLS nighttime light data and urban built-up area data
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FE R I 337.50 424.06 540.00 86.56 2.57 115.94 4.95
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