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Figure 1 The location of the study area
(a) The map of China, in which the annotated area is the location of Shenzhen; (b) the map of Shenzhen

F 118 B AW AT KT AR 2L AWM A, AATTER b 2 th 1 B ik TR X — ik
MR AR T BORAR DA BT IR I ) . H 7, R O 5 R T35 SR W SRR 5 ¢ 55 M F )
PARREESE B AR, RIS W A R T Rk B e 4

X bR /7 55 3072 2 a0k SR IR BEAR S5 K 4y, 2 DXIORUBE - R /78 a5 AR A s D S 3R 3l 7 43 Hr
FRIBEAtl (=171 AR S ) FH B Bt A I A, 3l e R YIHBIX. 1999 2006+ 2010 4 b BER P96 T
SRR 5 H IR TR /N P RE B BRI, W58 T DI 10 4R i AL ERE A i) 1 R
F /7 55 AR Ak 1 23 ) il A

2 MIREXEFEIFEE N

RINTIAL TP AR e SV L X, MO BEARARVE I A 113°46/—114°37'E, 22°27'—22°52'N; VRYITH
LB 6 ANTERATEX: AR B X sh X, T2 X, kX, IR 1. w3 AR 5
PUALA, 2 AR e, (8] D22 10 & 1, POy — iy 2P . ORI AT i = e, G
BN, BKFE. WA 22.5 °C, M < m 38.7 °C, Ak —2 °C. LRI 355 K, P4
FE R & 1924.3 mm (http://baike.baidu.com/view/694048.htm).

BIE TSI DO S| IR e 40 a0 /s Rl EE NI 5T s 97 NG| /4855 1Y S i i . 4 R W (= SN PN B 5
Lo BT O SRV b RN s (3 T sk R SR AT 198 7 3k i st R %) b R /7 i 2 1) AR
ARSI T AR B (R 5 A1

BRI XN S5, B TR BRI AW m OB 5T oA /78 55 2 ) AR A g it
THARIRE. RSO RE B EEE SRR 1 FoR, o bR SR LA (CBERS) ST
Eoge MmN TR B A (HI-1B &) Ye# 8 AR IES B2 2 FioR.
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Table 1 Data resources used in the research of land use/cover change in Shenzhen

Data types Time Sources Study area

CBERS-01 1999-11-23 China Centre for Resources Satellite Cover overall
Data and Application

CBERS-02 2006-11-06 China Centre for Resources Satellite Cover partly
Data and Application

CBERS-02 2006-12-25 China Centre for Resources Satellite Cover partly
Data and Application

HJ-1B 2010-11-12 China Centre for Resources Satellite Cover overall

Data and Application

Land use/cover 2000 Institute of Geographic Sciences and Cover overall
map of China Natural Resources, CAS
Landsat TM 2002 University of Maryland Cover overall

* 2 HEMKFZELEMRESREENTRNILEEE B EXFEIENERFHESH
Table 2 Characteristic parameters of optical data from CBERS and HJ-1B satellite

Platform Sensor types Band number  Spectral range (um)  Spatial resolution (m) Revisit time (Day)
1 0.45—0.52 19.5
CBERS-01/ Visible/ 2 052059 19:5 26
CBERS-02 near-infrared 3 0.63—0.69 19:5
4 0.77—0.89 19.5
5 0.51—0.73 19.5
1 0.43-0.52 30
HJ-1B Visible/near-infrared 2 0.52-0.60 30 4
3 0.63-0.69 30
4 0.76-0.90 30

3 FEmiLHRRP LA A/ BETUHAR

AT B AL B RE N 2, B SR IE IR IR G R EAT LTI AE . B 8T MG R A AL IE
SETALEE, 2 5 BEAT RAR YR HRAE, IR SRR LA /2 i AR AL e R AR, CBERS
HJ-1B H0fi (022 18] 73 A — 4, WSRO SR EOR A, AT 028 & i T EERAR I e B0 1 4
FOEMRIR, T3 B 31 03 SRR REREAR. DRI AS SO0 AR B 56 70 2R 5 BRATE. S8 U AR M Ak B
Jei, e BRI 7 M ORI A /4 s A sh A E R

3.1 ERIIETAE

ASCEL 2002 ) TM Bl hy 2, FEAF JLITIZIE R 4 508 BGAR 20 i S0 e e e T 20 4
M TP A SR IR B A AT LTI R, B AR T RR ZEAN I —MEot. 2006 4L
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CBERS data on CBERS data on CBERS data on HJ data on November
November 23, 1999 November 6, 2006 December 25, 2006 12,2010
Geometric correction [« Landsat TM in 2002
A

Two images from CBERS in 2006 mosaic

Cropping, Relative radiometric correction

A

Classification, Resample

v

Transfer matrix of land use/cover change

2 ERFBAERREE

Figure 2 Flowchart of remote sensing images process

®3 THFA/BESLIRH

Table 3 Classification description of Land use/cover

Types Description

1 Plough land It refers to the land of agricultural land, including cultivated land, newly reclaimed land,

fallow land, swidden, and the grass-arable land.
2 Forestland It refers to the land of trees, shrubs, bamboo, and coastal mangrove, etc.

3 Grassland It refers to all kinds of grass which are mainly herbaceous plants, including field, thickets

grass for grazing, and thin grass whose crown density below 10%.
4 Water body It refers to the natural water area and land for water facilities.

5 Urban land It refers to the residential land in urban and rural areas, and industrial land, mining land

and traffic land etc. outside.

6 Unused land It refers to the land not been used yet, which includes the land difficult to be used.

AL IEJa P 5t CBERS Ba b T 9%, S5 A ERDIT A7 B0 Rl < 58 11 23 0 A 3 A IS TR 38 IR 15
BT I I, BT R YIT TH R 1936 km?. Lh 2010 4F (K38 GG 0 SEUE, NI D8 AN ARG
fiE¥% (PIF, pseudo-invariant features) X 1999 A1 2006 4 1)1 [EFAZ HEAT AR R SR 1.

3.2 THAH/BEALE

Z M Anderson J R [R732R4A R 081 LUK 2000 4F1K)4x [ L3R FH /728 55 DR I, - DITTRiE 5 ¢ X
) - R P /8 st SRR 20 O W ﬂiﬂﬁ B K SR RFIA] b, Sk 6 KSR, 6 KSR
MBI 3. ABFFTrh St A i e, DK e AR A% AR DA AR DI R /7
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Figure 3 Classification maps of land use/cover in 1999, 2006, and 2010 in Shenzhen

AARHEST B LUK 2006 £4EEE 2008 IR YITT M AR T A SE il (http://61.144.226.82:8088 /was40/
outline?page=1&channelid=13815&searchword=%B2%DD%B5%D8&ispage=yes), A L& S H b [ F
R YILE T AR EL I 28 10%. PRIHEASHIT 0K B i A D Foeh— b R ) /78 25 287 6 K2RAE
AN FEAAT BT LA 2% [F) I i ok, A R H] /28 a5 BUIR ], Google Earth [ 1 ] 45

TR GE R R0 E AR S P IR G R A, R H ) v R R S TR D S e KA SR 73 S8 A2 B
S IR % B e 2, SR BEME N T & 2 IR 2, JEZ 807 BB B e KR . &
B E T 5T DX I8 49 B 016 T AR E A 1 AR KB 23 BE LI G —#E, I UM IE A2 A1, MR 4 DA i 536
B 5 KAARIVEAE CBERS & CCD(charge-coupled device) 30 FABAF /2R 19201 #EXUR S5 N
(http://www.cresda.com/n16/n1115/n1522/12149/10139.html) L CBERS-02B A CCD ¥¥i i B,
R I KABUSRVE Rl B /N BE S 92:/E. CBERS-02B A CCD ¥l B 40 R JaE N 19 7L 1
CBERS 524 1) 8 a6 Sl W EDIIT R, KB R AR I e N BV AR 7 RAOR . 2R as
A 29 He T Landsat5-TM F1 HIJ-1A/B CCD BB Es, FH I AR I B 43S 7 90t = oK B 3 7K A Al
TR KA I 7K AR BOVE FBLEAT T 32 B ASCIE S A T RAUSRVE N =AM 1K) CBERS A1 HI-1B 5440
172K

ASCE R R RHb | K B SRR o 6 Fh -SSR R H AR AR G
B Lk ROL AFE N B MR I ZRFEA. RGN R AG (%5 53, 20 0AE 3 DI HISE A _LEE X
Ty 2 DR T 15 NUNGRFEA. B2 T RIURIE, P T S I SRREAR AT 702K, SRS FT T2 2R
JEWIR S IR IEAT R LG, AR S A A VRAR 0, 8 [T 48 PRt AR 4 P 4 P B S 0 2028 A 7K
P, BB AU AT —  FE B TR 2. K23 2R AR R R (P b X E BT IR BV R AR, R IR0 49 0 A
WRAR A T UIAAEASE IS, AL R & MR A AL, PRI 0 & M2 S ke T I GhbEA, DA
B RREIE. rREE NS, HT CBERS £ R HI-1B £l 1025 18] 70 W AR R], AT o 2R )
FURPER 30 m, 73 KR HECRAE G R A 3.

Z2% A WIHL I BB, FERF T DR DO TR A, Sl vh S0 2RV AR A kappa %, X&) 3
F0 R 2 o o e AT RS BERL . 3 WIS A5 0 R IEI Y kappa ZRE70 12 0.79 (1999 4F) | 0.79
(2006 4F) , 0.81 (2010 4F), HJIEBIEATRVFAIRGEE 0.7 MEk P XL =588 o 2885 R
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Table 4 The land use/cover change matrix from 1999 to 2006 in Shenzhen

2006
1999 Plough Forestland Grassland Water Urban Unused Total
land body land land Percent%
Plough land 21.85 211 7.19 13.86 26.94 2.53 74.48
B 29.332 2.84 9.65 18.604 36.174 34

C 37.128 0.368 1.530 34.546 3.727 3.555 3.846

Forestland 2.6 462.46 74.73 2.08 18.05 4.06 563.98
B 0.461 82.001 13.25 0.368 3.2 0.719

C 4.418 80.624 15.898 5.184 2.497 5.705 29.122

Grassland 7.25 91.07 264.22 0.89 160.67 31.47 555.57
B 1.304 16.393 47.559 0.161 28.92 5.664

C 12.319 15.877 56.211 2.218 22.229 44.218 28.688

Water body 6.73 0.18 0.49 18.08 2.9 0.59 28.97
B 23.212 0.637 1.699 62.413 9.998 2.041

C 11.436 0.031 0.104 45.065 0.401 0.829 1.496

Urban land 19.18 16.5 101.16 4.91 417.78 18.66 578.19
B 3.318 2.854 17.496 0.85 72.255 3.227

C 32.591 2.877 21.521 12.238 57.799 26.219 29.856

Unused land 1.24 1.28 22.26 0.3 96.47 13.86 135.41
B 0.918 0.943 16.44 0.223 71.243 10.232

C 2.107 0.223 4.736 0.748 13.347 19.474 6.992

Total 58.85 573.6 470.05 40.12 722.81 71.17 1936.6

Percent% 3.039 29.619 24.272 2.072 37.324 3.675 100

a) 17 k W @« AEMRMASRE, IR k + 1 B 5 MRMORIAISRAY, R RN kB A
FAEAEAS Ny b+ 1 I IS RO TIAR (S0 km?), BUSA H IR B4R B Ay By = Agy x 100/ 8| Ay, £R
le WE) R R MR SRR K+ 1 B G R R RI IR LL . Ciy = Ay x 100/ 35_, Agy FoR k41 B 5 Fhs
M E I o B ORISR TOR I BB A7 SIS T AR B IR k4 1 045 b 3R ISR P T AR e oy
S A Ee A

BHRAR, P TR A A 5 R s AR R

3.3 IHFA/ BETHEBREEITE

ST RPN ) R T /2 A0 P AR D AR g (1) s s R v, T LSRAS Hh
k EHAE] k1 B0 R R B AR Cy, BRI T R B R AR R 28 R LA ) S A
Pt e T 20 R A s il - R FH /78 o R A B A e B G R IR A I 322231 3% 4 1 5 43 IR IR
PITT 19992006 411 HUR] FHAR AL EE R AE I FT 2006—2010 4F LA F AR A B F

Cij = Al x 10+ AP (LRI R < 100035 H]). (1)
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Table 5 The land use/cover change matrix from 2006to 2010 in Shenzhen

2010
2006 Plough Forestland Grassland Water Urban Unused Total
land body land land Percent%

Plough land 14.69 0.88 13.84 3.84 21.34 4.25 58.84
B 24.959 1.502 23.522 6.525 36.268 7.224

C 36.388 0.172 2.752 17.014 2.848 3.901 3.038

Forestland 0.93 440.04 117.86 0.05 8.39 6.34 573.61
B 0.162 76.713 20.548 0.009 1.463 1.106

C 2.304 85.888 23.432 0.222 1.120 5.819 29.619

Grassland 1.03 62.99 273.44 0.06 98.15 34.38 470.05
B 0.219 13.401 58.172 0.013 20.881 7.314

C 2.551 12.295 54.363 0.266 13.097 31.556 24.272

Water body 13.79 0.65 3.19 17.23 4.06 1.21 40.13
B 34.362 1.631 7.938 42.928 10.113 3.028

C 34.159 0.127 0.634 76.340 0.542 1.111 2.072

Urban land 9.76 7.39 83.36 1.37 581.23 39.69 722.8
B 1.35 1.023 11.533 0.189 80.414 5.492

C 24.176 1.442 16.573 6.070 77.561 36.430 37.323

Unused land 0.17 0.39 11.3 0.02 36.21 23.08 71.17
B 0.243 0.544 15.883 0.021 50.88 32.429

C 0.421 0.076 2.247 0.089 4.832 21.184 3.675

Total 40.37 512.34 502.99 22.57 749.38 108.95 1936.6

Percent% 2.085 26.456 25.973 1.165 38.696 5.626 100

a) B 4.

3.4 THFH/BETUXEBEREE

MR A A A ST I % 5, B TT B 6 D SR BRI /8 6 SR A
SRS MR B A B 5. WEOFAUIR Kt L MR 8 S A AT

R = (Ka/K3)/(Ca/Ch), (2)

K, Ko Ky 20 AR B IIE R € 3R ] /8 i SR 5 ] R WSS IR I AR, Cas Gy 23
AR 2 s X WS — R L R Y /7 e SR AW S IAT) S ST IR PR T . S A A 2 W] AL e e
Mkt MM T /78 26 A AL DB 5, 2 SROE DR SR A T /722 25 R B AR R4 R R > 1, MR
T2 DX IR A = MM Y /8 o 2R 2 AR A A 4 XK. 90 s T AR SRR I e DX b R /83 i A2 41X 4
;;j% [22—24].

WYHT 6 X, 20 W RARISAE. KN 4 A4S, 73R E X B m X SR RAMT 2
AN, 3R L XA R X SR L ITARAS 214 iy S AR 20%, KERA 8 TRl x, 2dFkik; ok
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Table 6 Regional analysis of land use/cover change in Shenzhen

1999-2006 20062010
urban area rural area urban area rural area
Plough land 0.60 1.13 1.03 0.99
Forestland 0.85 1.04 0.99 1.00
Grassland 1.08 0.98 0.86 1.04
Water body 1.12 0.97 0.64 1.19
Urban land 1.14 0.96 1.08 0.98
Unused land 1.14 0.97 1.25 0.96
2010(114°2.4'E, 22°39.9'N) 1\‘1

2006(114°3.2'E, 22°39.7'N)

1999(114°1.7'E, 22°39.3'N)
0 1 2

1]

Kilomenters

4 FYIHHEAME TN

Figure 4 Barycenter change of urban land in Shenzhen

Hh A TR 80%, A AR, BFH, . SRUIT 5 N AN AR P R X I - A /46 i A AR AR X
AR I SRR 6.
3.5 ThFIFH/BEELTURE

LR /A i R K AR AR R EARDL AR 2 R A ) AR A B ¢ AESR Lt
HIHT 48w R AT EL AR (R E) T TTEN

Xy = Z(Cm‘ X Xi)/ZCtia
i i=1

1

©
Il

3)

3

7

Y, =Y (CiixY)/ Y Cu,
1

i=1

A X\ Yy RIEORES ¢ SRR ORI T /B i R AT O I 2R A EARAR, Cyy FRRER i AN/ X
SR LB R, Xy Yy 2RSS 0 AR LT 2 AR AR, n RIRHITIEIX A /N X
R BN

M PRI TR S AR 5 b L A /8 i 2R R (R 2 A Oy, ] DA 2SI B A it
A /2 2 2R A ) A (A 227240 SR (3) o, VRIS F VAR AL o ST SR LI 4
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4 FHROH
4.1 TR/ EET TSR

MRPER 4. 2 5 B 3, AT LRI 1999 4EF] 2010 FFyR YT AES T Ak 0 R - 3R /78 5 A4k 2
W FRFAE.

(1) At R B A 3l o f s ke 3k o P HB RS g, =i i B k. A 1999 42| 2006
X 7 W, WYIRBE LA 578.19 km? §fER] 722.81 km?, (FRIYITTEARITFIM 29.856%F]
37.324%; 7 N BN b 22.220% 0k F L. A 2006 AR E] 2010 FFIX 4 A, R
AR 722.8 km? ¥ J& 2] 749.38 km?, (HiRYITH SR TR 37.323% 2] 38.696%, 4 4 P 4 i )3 B H
M5 13.097%K F b, dybm] DL RN I oAb ek R W 8, STy P R RASE R 2 4 i, JCHLAE 1999 4F
F| 2006 AF AR eI, 32 BRI L O R .

(2) fESR A R R SR TR Y he S B HB TR AR D . 1999 4EF 2010 AEHFHE IR 7301 2 74.48,
58.85, 40.37 km?; VRN BRI R 5L 3.846%, 3.038%, 2.085%. ML L&, 1999 4E, 2006 1)
B> A 36.174%, 36.268% 4 A0 A BT Hb; IRATTHIAR 19 JiE 2 3 SO Hh AR 952D 1) B 22 i PR

(3) ARHLFT L 4 25 (W TR AN K, 3800 S5 R AH EL L AR L. N 1999 4F 21 2010 4F, ARHE 1 AR
53 & 563.98, 573.6, 512.34 km?, FLHLIF A 730l & 555.57, 470.05, 502.99 km?. MK 7, 2006 4F,
2010 “F MRS A 15.877%, 12.295%K H T Hihh; S 4» 54 15.898%, 23.432%K H T #kHb. I
Ak B, 1999 EA1 2006 4EHIEHL 5 28.92%, 20.881% Ak, R I T Hb, 16.393%, 13.401% 54k K
R, ARHEH B 13.25%, 20.548% K54k Ay st (R, R 3 ERE AL A I M RO AR L, Ak 3 5
A A R 3K B DR kg b it SRR T ARk Bk Bl Ak Ay e, Sk 2 R (89281 Ay LY
gE

(4) S ACRERE P AR b 32 A I R . A 1999 AEF 2010 4F, AR H - SR
EATHF S A 6.992%, 3.675%, 5.626%; MAERAL T, 1999 4EF1 2006 AR H -5 4T 71.243%,
50.88% A4k B by P st m] DL YR DR 2 R AR b M g 2 A b 3l .

M 1999 4EF 2010 I Ik i AR b, R R | B AR b A A IR H
I M R R oy P R b TR IR, b R M 2 RS0 40 45 R A HL A .

4.2 THFH/ BETUXEBERSH

M 6 T LSBT 2 Aot A /48 5 ST AR AR A AR DL HE W] SR A DI ZE 5. DA 1999 £E 3]
2006 4F, IRINTIIC A AT HE b K BRI It RAH] 3t 4 Fh b 3 SRR A 224 KT 1, RAM R
A BB FUMR D P FD -+ 2SR AR AR A Z KT 1. A 2006 A2 2010 4, RIS A A AL Sl A
M ARMH] ot 3 b SRR BRI AR AR RT 1, SRAME R B KA 3 b R A AR
WFRT 1. il AR DAL S BHT HORUR A JH s A AR A 2L, SR OGN s 1904k AEAR
IR AR A A BRI ORA TR . AN 1999 4E 21 2006 45, PRINTI ISPy LI /78 i A2 i e A
GRYIT AT S, E2 A 2006 421 2010 47, AN TR /48 s A2 A0 9 E IR T T Y, SN 1A
J /78 i AR A5 L S T 95

4.3 THFH/BEECTUIH
FEBEE S AL RERR RN, b LA T /78 i 2 A SR TR 7 2 i) b 2 R AR AT B R AR 4. AR S

148



HEREE FERY B4 T

CATRIITIT I FH HOA IO 5, BF 90N 1999 4F 31 2010 4RI E LRSS DL, B 3 vl & H, WA
H LN 1999 41K 114°1.7'E, 22°39.3'N [a] b 77 M AL 2] T 2006 4E[1) 114°3.2'E, 22°39.7'N, X
FPEIETT M EAEE] T 2010 421 114°2.4'E, 22°39.9'N. RIAM 1999 2] 2010 3T 30T H &
O I [ B R

4.4 THAFH/ BETLEZWMEZRSH

S ORI P /78 55 A RSN D A HE T . R BRI 5 (267281 N\ N 36 i L )
(1) 3R /78 AR A IR f1 22— 290, MR 2010 SESEHEMEE 6 Y4 N I A s, iR
E NN 10357938 A, [A] 2000 4E55 5 Y4 N HE% 251K 7008428 AAHEL, 10 4L N 3349510 A,
B 47.79%, G- AN 3.08%. A LIRS 3G b 4R S EUEE fa A N, A& &5 AT+
M= RS T K S AL S H AR R AR A O LR /78 56 = A B0 RN AR
TR A 3 Kb gE R AT k. 3 K k45 MILE 2000 4E, 2008 4, 2010 £E43 58 1.2: 50.5:
48.3,0.1: 48.9: 51.0, 0.1: 47.5: 52.4. 2008 FEIRYINE = Mb LL 815 Yo 26— 77k, 2010 SEIXFRIL1E &5
FAAEARSE, YRYITIE 10 AEIRTTN (RS 3E n A0 LL G5 b= g FE K 365 — 7=k 9 ke T SO H s 1
sk, eSS I RAE N B AR e 2R A T A 2SI AR B B A R T SR AR BT A R
$ T A DX R R ) AR AR A

—ANHBIX ) R H 78 5 S5 A AT AT R AR S I BRI NI ), BOR K 2% LR 78
i AN SC IR 2 R AR FH () A AT R, 6] R /7 25 A8 A A 4 ek PR PR B S s (31381 St
PITT RAMHIX , 2003 AFEARYIFEH T <O FIIPR 22« o b P IX I A ERR (1R L7, 2004 4F- 2005 4F 13k
T2 5 | A3 T A A B TE, RN e 8 T i A 1) SCAMBIARY (http://www.curb.com.cn/page-
show.asp?id_forum=011268, http://szzand.com/news.asp?classid=26&id=13) . KIILIRIITTI b+ H A
P /78 75 AR A5 5 (B K SR IITH 2000 4F LUK R A Ji dde st 2 — S50

5 ZEieFNiTie

M 1999 4EF] 2010 4F, GIITT I A0 A& R GHE, X6 3 i1 75 sKASK B I, LECE R /78 o5 2870
RAET WR AR, Forr R s B . SRR A A O S ) SR MR R S
FH G TR, S RbR b 2 5] 358 0 65 R MR EL AL R 3. RIS, VR - M A T /78 5 AR A X 4 2 S A
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A study on land use and land cover change during urbanization
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Abstract Land use and land cover (LUCC) change are key components in global environmental change. Ur-
banization is a factor that leads to large-scale LUCC changes. In this paper, we used CBERS and HJ-1B data
for 1999, 2006 and 2010 to analyze the spatial processes of LUCC from 1999-2010 in Shenzhen, China. After
applying several image-enhancing processes (including geometric correction, mosaic calculation, cropping, and
classification), land use/cover classification maps for each year were generated and used in the calculation of a
transfer matrix for the periods 1999-2006 and 2006—2010. We found that large-scale LUCC changes took place

in Shenzhen during rapid urbanization. Large areas of grassland, plowed land and unused land were converted
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to urban land; and, some areas of grassland converted into forest, and vice-versa. Regional differences in LUCC
changes in Shenzhen during the past 10 years were significant. With the acceleration of urbanization in Baoan
District and Longgang District, the intensity of LUCC gradually increased in rural areas of Shenzhen, but de-
creased in urban areas. The barycenter of urban land in Shenzhen showed a trend of expansion to the north
during urbanization.

Keywords China-made satellite, land use/cover, remote sensing, Shenzhen City
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