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Abstract As a vital indicator for measuring
urban development, urban areas are expected to
be identified explicitly and conveniently with
widely available data sets, thereby benefiting
planning decisions and relevant urban studies.
Existing approaches to identifying urban areas are
normally based on midresolution sensing data
sets, low-resolution socioeconomic information
(e.g., population density) in space (e.g., cells with
several square kilometers or even larger towns or
wards). Yet, few of these approaches pay
attention to defining urban areas with high-
resolution microdata for large areas by
incorporating morphological and functional
characteristics. This article investigates an
automated framework to delineate urban areas at
the block level, using increasingly available
ordnance surveys for generating all blocks (or
geounits) and ubiquitous points of interest (POIs)
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for inferring density of each block. A vector
cellular automata model was adopted for
identifying urban blocks from all generated
blocks, taking into account density, neighborhood
condition, and other spatial variables of each
block. We applied this approach for mapping
urban areas of all 654 Chinese cities and
compared them with those interpreted from
midresolution remote sensing images and inferred
by population density and road intersections. Our
proposed framework is proven to be more
straightforward, time-saving, and fine-scaled
compared with other existing ones. It asserts the
need for consistency, efficiency, and availability
in defining urban areas with consideration of
omnipresent spatial and functional factors across
cities.

Keywords China; points of interest (POIs); road
network; urban block; vector cellular automata
(VCA)
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5 ABM AL, CA BIALE SRR BN 38 A TAT ST M X THEE . H A AR A (R S )y T
WaE T H N ERSE RN, R ANREA B AR AR 1 (Couclelis, 1985) o

I CA BASE ST X — MZ O LR A 2R (lattice ) B E . O Tl nl Bt )
B (MAUP) , VCA BRI NReE R 0tthal CA B B A Har B S0 87 ( Stevens and Dragicevic,
2007) o F38N, WER CA BPRASFARKINGEET BIRS A B RAF Ry, B2 X & Hahas
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FEAEIRIEAT TN TR . BRI, TR SCERT FEA e nTY 5, I POIs itk
FIHAAT SRR Bl O (5 B
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Bl izt COM 2573 862
VYN OBS 677 056
i@ TRA 561236

BT GOV 468 794

HE EDU 285 438
FEHX RES 167 598
L2 E] GRE 13 041

HAth OTH 534 357

4 L5

4.1 VCA BRI

IR AT T VCA B & 2SR RORGE, FASIN T2, 5 BIBdR 5k
5 (W I O N = 2 R s e [ PSR = 9 Y W N TS [ [ S Ernd 1 = P P T o 4
01T H¥ 2010 AEAC AT LR L HRIFFESE ( BICP) frbl i Lk A AT Bh4amiig 2010 AR5 X 55
PERTA HAR T MR AC ( BICP, 2010) o iz X BURE S 70T 12 813 V05 TR R 4N
B RS An AT X R CIERURT R PP KX RS S IX AR S A SR ) o 3F Ek
WFFEErE, FAEERA T 52 330 AMEIX, Horb 36 914 M A E AT X

x2 IEmHTHXEEERAZER

B EIEES4 FREIRZE 2

B 5.359 0.058 0.000
R R T B R £ -0.306 0.006 0.000
RS -0.009 0.001 0.000
POIs % & 3.431 0.085 0.000

R TSR (3 2) , FrAER R ECK AR IR 78.9% D EIE. B T BRI
A, FABA RN 1 p A6, AVTeN SR EX AT AR R A BT
AR AR IR S R A TR VCA B, DA R HEGE . Ff TR CA B P
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4.2 FESE IO IX

A FIRRIZIPR VCA BILIE T 4500 654 ANrhET , MRIEARD 851 054 AN RIS 2] KL
TR 51 286 175 T KL 707 330 MHIX (B 7) o AN TR B T HOs X 450
FAN, Hrp, BEST (MD) SF¥EE 1411 MR, BAgET (SPC) ¥4 407 4, Hph#
Zili (OPCC) V#4199 4>, #Zkili (PLC) V#1794, B4l (CLC) V26 4>, WILAAH, Bk
AT E s A TR, 3T I B2 o S rasud, T T AT DR HR AT i 157
DX HSCER RN R Bl 3 T A

B 5t % i ‘ 1o
T wee : STl o R
Lih R 0 500 1000 km ’
- / [FEEE|

7 FEREERTPE SR TEHXORE
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-35{  RSquare Adj=0.773 721 RSquare Adj=0.772 21 Rsquare Adj=0.814
,;ﬂ( AT ERFENS 34 AT PEERBENE ) AT ERBENS X
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b. K FATATHNHX RE

8 JWEREN

BRI IZAMGE T B ARG, RS T 3RTHIIX. (Arcaute etal., 2013) , PRITI7EXTEL
FUE b, Sl X R/ NS HER 0 5 2 TR PO R B 2R AR o 558 1, Xt RIS IE 1A
FHEPHEAN T R VCA KT (Viet et al., 2009) o 4 IS UFZE AR T obEGE, Tl 1K
FI A AR (PRI X SOt S ) S5 0T SR ATT I, R e 3R IR R b (14 8a) &
HERREAMNIPARK, Wl X BB N e 2 T a KR # X kil (Jiang, 2013)
17124 B2 AU (log-log) 43 ANy, FRAIPREABAEAE DX £kt 2 TV KP4 21 58 L1
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HRLE (power law fit) (HHH R 0.988, a2.06) o X3t BRI T 55 4% 2 A1) (i #5062 K
Homs RPAE R FA IR i DR b F TRt

FON, FATHRE R AU A R T B A TEEE ST Th RO DORUEERE S, AT B PR
IR AT 0 % 2T PR IR . BUATR S, FRA TS At D i n DU R 2
709% FORTTHBIX o T TR TR Oy T A T B ARA TR 3T B B I 4 2R . Hpk
fie, b, M. KD e HRT 137, RGN RAEBAT 0.77, il . AFE10 o &0
1.28, RAEAHTEING 0.65 2o A 25 R /INT P IN D, FoA PRI ] S 4 e
FEER (I RAHEE] 0.9 KUA L) o Z3EREHARYT, FA B aT DARL TS AR b
DA TR AR

4.3 R A RS T A e X

W H AT A E R T, Bl PRS- R 2B R MBI 25 5 . Ry 7SR T
X e R, FATIAN T AR TEE B ST, Aandent (MD) | Fst (SPC) | Kb (OPCC) |
¥y (PLC) FIATEWE (CLC) , FIERH S HAMEIRERT RS R T R, X Se s e im g
J&7L (DMSP/OLS) . AR ELAMLERS 22 XA (B9)
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SHABBIREARIERAALL , WS FA IS R A BT DG BT B o B fiAER)
AT, At = BRI A S5 SRAEADR A bty h S TR PO 2RI A R 28 R e
FERDG e X —BUR AT REAE T4 Mo 5k Bt ¥ ol AT S OB B AN NI P A T . i
RSt P H AR R RTS8 R T AR UE . Z5 b, FRAIM T IEARR T A PR TR Rt A=
SGFREE R e AR T AL RSB X k20 S A A R T B0, A5 REMEm A & o 21 5
ST o A PREAERALIGUE AR5y 28 B TRARI (5 B

5 g

5.1 BOMEIE

ARG Rm KT 654 A FETS T A3 T X A B SR A T RO A T -
OFEPFRAIZ 8™ 5 ( GLOBCOVER ) H1 300 K43 #1238 7 STy HbIX 3 7] ( Bontemps et al., 2011 );
22008 =M ICEETERAF 1 TR PERIIMITHIX (Yangetal., 2013) ; @XFT Jiang (2013 )
R X5 H ( head-tail division rule ) £ 2010 FEYHE A DA (Wuetal., 2015) , kit
39 007 P4IX (subdistricts ) FHA VBT FA NV (977 APVT5TK) B0THIX ;. @R
AR R A BT L, 7 P T AR S 4 S M T X, L b b DX P34 R i i
A TR <2 S s A B THER, RIS  JE e B s i S A G2k 4R R LULCC F
5% (Liuetal., 2014) [(E&M#IEE (LANDSAT T™M ) Bdlate, Xthe n—Fpiuar L s b o

IR REIR RN L AR AR 3 B BT AR A &, RO s X (F
BIHARZ) 300 2K x 400 2K ) e/ HAD VU 2 m G e A AR , xS et ol AT 0 5 7
KRR S B RS A RUE IR Sl 45 R . NES RN MERE, R LIRS R
65. 5% AT HIX. (KL 30 606 V5 T2K ) SROCIEISIIANR . & ERIX PN 2 Al A]
ANPERS, FRATI T 2 R AR 1 P Al 45 R B AT Fh R T P A AR A5 R o SR TAIZAIT ST 45 SR A
FEIFRA1I#4 80075 ( GLOBCOVER ) £ B S A it S ar o FeA 4 Rk A 20 801 -7
TKAOMTTHIIX (44.5% ) A SIEFRAIZ B ™5 ( GLOBCOVER ) #1328, X AIGEE FRiX A~ Eiik
AP TR AN HER T TR AS—BUTTE I o SEoh, 545 81.9%I1ds Ty HbIX B T A 14 FE AT AR AR T
I, IERIAFAI IR SR G NIV BB, S 80%I 15 &L rT AR A& Fh A TR
BT R B B T, 2T SR L s AR 2 385 (MOHURD, 2013 ) FITARRIIN =% .
TIFATTR 45 S 5 6 T A2 S P2 A S5 5 2 TR LU R s T2 1) (76.8% ), iXFIARSE T
BT P00 T ARROROE . R IR R, 74. 2% b 5 B e s T S S
TSR T AR IR RN T R R R 2 A — B, SEPRmIAR 3 S
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*3 TEEIESET 654 MPEE T H XL
ZESPER  WHER  HREE  FHHMHRRYT 52E+THNER

HOR = (m) (km?) ™ (hm?) ZE (km?)
2E g 2012 269 46 713 18 404 3125 N/A
BB RE 2008 300 45 834 1345 3 407.7 30 606 (65.5%)
EfrEZHIE~® 2009 1000 39789 12 701 313.3 20 801 (44.5%)
NEE RS 2010 6700 126 860 728 17 425.9 38 245 (81.9%)
BEEXAOBEE 2012 500 46 703 4221 1 106.5 35 868 (76.8%)
TR R 2010 1000 45 201 2892 1 562.9 34 644 (74.2%)

IR, Pl HRAERE MR AE RO HERAR, PO AR5 B T LA S HOR ] — ML — TR 2
RIMT,  ERATI T AT AR O A SRATOC T3 s X A E A B 5 e 2 TR AR R DG A, S b3
W1 T AR A5 A st

N T HAFA T A8 2 A T2 LIS TS Sham BE ARSI, FARA 1 R 2 2
s LA POLs Bl A2 o FEFATTHERIITA 654 /NHEST I3 T DO, 85.9%ii 1 25 21 [
S RSk POk v o RS B S RAE B AT I B IX S5 5R T 76.1% IR & POLs Bk i 1
PIr A PR o XdE—2P T T AR PR H A5 vk P VA B 3 A ple St S5l 7% 2 ) 283
i

5.2 JC PRS0 e DX Ty K Rk i R A

R 7 E RIS R S R TH R 2 S, BATERA T —ERAA LN T,
FREVEPS LA T AR RS, QIRSNE . MR a5 pe . BT e, Ty s
P (B 10) o Xk, FRADHEARFEREIIUGN 10 28 N T T g ER AR 11 T RS
B PP EERIT AR o X HE A SRR AR AN T A FCIAI BT I E O i T T 28 AR 5t
ARSI AR, ATk TR DX O 45 SRl N A ST i DX Ik R A I iR LR )T 1
SRERNy, HA 2oL (ot . ANVEREEES ) WRREg AN oA B T AR YE
PSSR A, ABTFTH S T TR A B A - % e B 2 VO PR S SR 3 e
HELAFRBIIR 520 TR, AREE VGI BRI 5t NI BCSRtE , AR Fe s i s se g oy —
AALAFT RIS SRS A AT e Bl g . 5 iS5k EROREEEYE, RSN 4
THRT AR PTG FATIER R 5 i v] AR AR DA F Bl 5 AL B S B B e AR
HRP A SEAHS SR T R R ST R R SRS 00, Rl AE o XM YA e Lt
HA 2T TR0 i Ak B 5 T AR A A s S g vHiny, S0 A — et rT e A
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