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38T PR AR 2 R T A, 1L G A 5 b
B IR T RIS SR J2 3L () — S XERS . Davis B4 28
P8O IRATER BN B, a2 — A
S FRAT AR I T B ™A% 1T LY Y b s .5 (Da-
vis, 1978; 5| A FEEHl, 2008b)., ™ 3 i Hb sk 5 il & X
) AN ] 25 52 W O F 390 T 3% 20 48 1 4 B 9 4 i
(Rozenfeld et al, 2008). 1 & 3l it BRAR 1) Rif £ 2 —
S W SO i B A A R B b
L 7 L 52 Sk T RS (R 20K, 2008b), BF5E 5 4t
THITS G B 4518 A RE LS Hb S WO T B RRAE . 4K
T o R 25 %o I b Sl 31 T ) B 2 P
KA AR T A e 2 S AR . ARSI
T b Sl ME 2 A0, 4% =P < 3k X (City Proper, CP) 317
fkHbIX (Urbanized Areas, UA) FlI#S i [X.(Metropolitan
Areas, MA) (% EZ O, 2008b). G146 7 Ak 1 X A7 #
T AR SRR AR A R A Qo] 2 SO0 b 30 T e Ja
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2.1.1 BT

3k T R AR AR SN b — b e A R RGE
BRI B, 22 J0r DK I A3k T i R ) ik 2
S B T AR AR TN ARG — I T
() F2BERFAE o B IR T R AR AR &0 % A T b LA
JCIEE S, N PRI IE gk F AR AR AR 3R T
ST L FR 2 [ ()T L

T AR R ) R B AN R A B —
JE A B[] YA P15 b B AMS T  B N EE, U3
U2 S E s h AT B — D N R OTE R R T
WILEA%Z 0, 5T LI HAS i & 454 (Von Neumann
Neighborhood) (Batty et al, 1997; 4 Y645, 2000) X
BT R A I AR 5Ot A
AR 0, WK A5 50086 N HROT A I l—
AR RIBHENE R, B2 T R RA
FLAELE N 14T J 1E (Rozenfeld et al, 2008), A,
T AR SRR ) A B — A AR B 2

Ko RSSO IR B, SR,
Rozenfeld %5 (2009) 44 HH —F i FH T < i 1 B5 Y
I T B AA Y | Jia 25 (201.0) ik Tk T A 18 T B
it R FZ T S8 1 3k i A A )
2.1.2 IR HERGE

Tannier %5 (2011) R, 3T AU A 3 TERHIE,
1T HABTT R TR 28 4544 2R JE JR 22 3% (Fourni-
er Dusts), Ho75 [A] 20 2B 2L 4n /&1 1 7 (Frankhauser,
2008).,

Arr R 1 B Y T OB VR R R A 2 1
DX, H ] 6 Y [R] R B VR T, IR AR e IR R 1R
SIS R EA 3 Al SO X S
— R AR o 3 B 2s i [a) BR  RUS Fas 8] 43 A
IR ELIC T, M2 s — 2 LA, B, &AM

K1 FRE/R405(Fournier Dusts )i {k R & & (434 D=1.7227)
Fig.1 Fractal evolution of Fournier Dusts
(fractal dimension D=1.7227)

(i) gt 7y RO, LB b e 2 R gk . itk —
AT AT AN, 25 LRI B A R 5 RS Z B
AR I A AL , I LA 1 R) P 0 5 5 A AR
A Z RIWAAEE — LR . #5
S T A A AR e R AR BUE S IR 2T
B AN B A 5 AR JE R A B A ALY 43 B FEAE
(Frankhauser, 2008), 1H i T Hi & +4E 4%, H
FIE A% VA ) b, 2 BT T ) 53 A RIS (%) 500 xf LA AR
B, I, Tannier 25(2010) A FH 38 T 225040 1) o 14y
AT, A5 By B AT R B 5L 45k 5 (Minkowshi's Dila-
tion) T3 T AR AL, B Js A 43 TR RRAE K
FEIR T ARG A
2.1.3 JLTARIRY" Rt Ak A T 1 AR O ik

T8 B MG A B W S | R M P
Mrrhf s I —Fh B . @R GA T o —F
WA AR, BEAR [R5 O3 A B i P ) &8 Sl [ A v v
17 5 408 3 A1 EE 7R 415 458 (Moore Neighborhood) (Batty
etal, 1997; BKEZ 64, 2000) o S M i b sl B
WA e R R, AR R BT AR IR AR AR 1% 40
P T 2 RS S RIS IR S8, , R AR SR Hh — ik
TP By e 2 A0 AR A ek A 5 T i TR
T

JIrVE SRR R fE AL, JR R X A R AR5 3 A
WEHATY R L. B T EUR B 4 2
FRIRME | TR Rl &R Bl A R FH I B A7 7 3L
ARG B BUE L AR 2t 2k vl — LE 4P Y
SR, AR Bl DL il . A SOf
I A R 3B 1) SRS FHAEAEAR R L, BE AT AR
FEARTRIPBUE AL, ]REME K0 B ]
b AE TSR 2 1 AT

27 R ) RN 2 B - — R A
G5 S G T I LART P 2E A S5 53 A 5 8y
FIAEAS s o B AR r A &R X =2 LA
PR X B S AH A IR TCE A RS 0 W R
TEXIFF G SR PG T A TR

FIH AR e 1 Ak 7 75 el 2 B MR T i R
X el B, Rl B AR A AR H A b 2 2E o F
Tk I S B O TS B A
FROE, 308 N RESE R B AR RO T 1Y 321 Bt ik
FTEE R (BRE DL, 2003), B 242 r SAEREACE N
TE4 REEE N 23 R A SO Bt C & . B
LA s T IR A AN LU i 3 T S5 44, T2
— B T Hi 2 (Prefractals) i & Z4A% 5 76— &
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REEJE BN BB G B R IE . HETa AL 2
— Al AR T R A A R (B DL,
2008a), HFHIE ZiE T [ LU FEE AL Ak ok
19 (Portugali, 1999; Benguigui et al, 2000), A~ifi 24
) 3 T AR BT A T 485 SR 1 R B S ol B A THT R
R, i kBT A8 2R r HAEREECH N XL
XTECM 4, SEBR AR — s RO FL 4R 30 53 08
PEo FT UL EAR, AT DA RSOGOt 2 B XY
U R S 23 TR OSSR i A 51 IS TR, DT
SE T 0 330
2.2 MREXREEIR

7 ) 18 SRS ) 55— Bk DA B i B
DX IR A5 ) AR A RS 9/ JH Al DR 2% 3 o 1 5%
2% o A SCH SR 0 R 430 2 19881992, 1999
2006 4F- b 5T Hb [X (39.3°~41.3°N, 115.3° ~118.2° E)
Landsat 32 J& €11 , 73 #E 4y 30 m, F & 7326
BT e T A 0 Sl RS s I M T TR
MR T KRR L3t Xk R 4 — o T 3 2
R, 43590 358 BT 200 A4~ Y1 AR AR F 100 A4S K 56 R
A AR W B3 2 ) Kappa R B4 E0.9 L |,
22 JRpk BEFIAE 90% LA b o F T b — BB AR IX )
AT P M B IR X e, % T T i BRI
SURK o AT A EEAE 25570 | b, g & SORE
FAEAL, R BB M ARSI, P& 1S P8 5 i
FI X SR SRS DA BT, BF9E DX s 1T
BRIV o — b X5 b ) 25 ) o A —
SERRRE b 1z IX NS0 2l 23 (8] 3 A, ALt
AR F2 B FH A 9 DX 15 FH b %) 245 ) A SR 1 o
b5l X IR T i A

3 FiRE 0

W B — 2 AR R, FLWTT AR R AR £
AT SR ERRE, Wi, alG s s
RIS B KA R T AR 4 AR N sl
AR X VLR . 36 1 A3 TARIR Y JE B b ik i i 1Y
2006 4t 5 b DX I 7 301 SR 2R AR 5 R I
W, RWIBEE R AR BRIk T A 1 Bt 23 Bl
2o BB T i S A T O . R, A
SEM AR, A RER e T T A SR, X
RPN TTISENEEA BT, T AR R e
8 R B E A S IR 8 488k 3 FEl (Rozen-
feld et al, 2008), Jia %5 (2010) ¥ 1 5. 1 b JH F I i

BB T SR X P R R MG, R XHE R AR R
{EE T8 . Tannier 55 (2011 )i i X XU £ £k ik
T2 A4S, FIH Lowe(1989)45 i i35 it 26 I
J— o5 5 EAR ) SRR R B B R B R
Pt 5 0, SE T S AR B DX T L, SRR AR
W W E TR H 20 T 2R A RO AR
Ak, 1 B SE HR I T IR 25 19 X4 (Bi-fractal) (White
et al, 1993, 1994; X4k A= %5, 1999) K¢ fiF A 1 % 7
XYL 2 . Ak, 2SI RE R
S W IR 0 R TE RS, DR e Rl i DL -4k
Toe KA 15 AR 2 s B X A3 P4 3 B0 S 1Y)
R GBI i . TR, A
SCAE X BR B DX R4 T 5 15 A SR F Tannier 45
(201L) B 7 2 , Wi 2 SR D i 1) 4 35 b o 1) b 5 045

K2 s I BAGO TR R B

Fig.2 The principle of cell clustering in raster image

F1 2006 FL X HAFIRAERFESHEER
Tab.1 Results of Beijing boundary identification
corresponding to varied search radius in 2006

R M AERE BRI km® S R (K km
20 3984 784.42 4180.44
30 3429 786.65 4260.78
33 3066 800.66 4490.82
40 2694 804.44 4595.88
45 2450 811.07 4727.34
47 2107 848.44 5251.92
54 1905 850.57 5315.52
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T T A5 A T AR 2 — I 3 T it A, A
FERT— B ZI AT AS JE b & AR AR AL, SOk B R AN
R A5y (3R T T S A TR AR AE RO S8 A ) {FLR A7
—SEMALZ AL . B 3 ML b X LA H 5 R
AR RO 2k I, e g 2k it 2ot g 32 M
5o AFAUEEAT L& B, A NMEG I - A AUE 25
Ty ARl HITERAL & A T RERA AR L .
AAAEA A RO T 2R O BT 285 S 0047 L3 mT DL &
B, SR SO B AL G RO B AE T R . X Ui
RO EN Z A BB B AL Bl 25 i M
ST IE BB o SR, A LARER B AT A
OB R B K H 5 AN B S — 2, S 27 AN
WEEN 7 —2 B AK T RNAME R R R
GF ANk 2 i o W WHLA I B RO $4E 0.984 LU
I JEHE LA DL R*¥4E0.990 L) L, fif HL[A)—4F
Uy RERAEA 22 B3 . F LRl /5
FJa 2T ADHE A HAT — 2 R R , HLE 1)
LAMERRAE R R] . 3R TR A A R AT R
E, AR Z PR r (S5 AR N A RO 28t 4207
RERNE S LABCAE A SRR, AT LK 4243 2
A 2ANBRIE X, RIAT 5 A0 B A AL i — MR X, S5
27 MBS T 55— MR IX

55 5 AT (B W A 24224l 45 m Xz
FAC IR AN T YR PRy 15~45 m
B, kTR A 2 B — o TR ARRAE 48 PR R
T 45 mist, J BT FIR TR S 4 TR FRIE B, 2
B 5 — oI RRIE . X EE , AL RUIRTIE A T
fiE EL A 24 bl B4 JE (Bi-fractal) ( White et al, 1993,

K3 R DA (r) S AR (N) PR EE X 43 S 5]
Fig.3 Demarcation of scaling range based on search radius r
and the number of clusters N

1994; X4k %5, 1999) HUZEERIE . X FHIE S HRAE
AR AW ) BRAE SR, ks DA AT X,
PRS2 B R o 3l T SEAAR A 43 A M 53T
GERE IR A AR X BN, Hh SEARTE R AR R AR i
) e A B 98 K A A R AR 2 S B — S R
Mo XT3 LIAMG X, By TSR A,
A8 F AR U R B 5 T DX I (), LS4 B
TE B B4 B T 50 AR A IR T X 2 R B (25
5o LTI A 43 T RHAE I e A8 1R 7T B2
HWRPRME KRB TS 456 XA S Ay L ik
WP . A0 2 B , RO Bl 4R R PE AL LR
YA B TT AN 2 BB AR B — 84k TR SIS KR
R X BT AL RO T A S A AR RRE . Y
Y B KN 5 SR A )2 B A G, RVER R
H AT T8RP B U FE B . 1988-1999
A b DX R X A3 A B RAR LT TR
IR, SRR A B3 2 2 B, SRR
H A Ak T 15 2 408 3 2 42 A8 1 B AR B 348 K
1999-2006 41, At 5t b X 4 15 1 b o0 A S B0 — 4
RIFRE , RIS o> SRR AS T ik, 540 S A
A IR Rl — SR RE , SRR H R b,
H T A A 1) — SE SRR TR A T A 0T R R
B H AR BT AR A2 AR Ab A SRR B T o
PLER — N BE DX 31 FBLVE S 1B JE 2 382142 1Y
WaE bR UE , LG ICHE A AT T % 8 RS
JCHA R E AR EE BN 4 R . X —25 R i
T 3 R PR 3 T 30 SRR ) B 15 T A A FH AR 38k
BN e Bt | s e = 18 A e B P e A=
7 VR LI 2006 A b 5T b X HE 1 FH M43 A IR
o FE TR 4 4B T A5 2006 A7 30k T 1 AR
PGS RINE 6 s . gk a0 R FIE G,
TAERFA AT BRI EE I, L A AR AL T4F
B R RSB R T R B AR T
T X 3T L A A M, K B S (] A A

F2 WA EERB FKitIEIR
Tab.2 Statistical indices of double logarithm curve

- ﬁg - @5¢mmm§%mMMgmﬁﬂaﬁ§E
e IR 1 L0 R Wl
1988 0.970 -1.17 0.997 0.992 -0.67 -1.42
1992 0.969 -1.30 0.984 0.993 -0.66 -1.56
1999 0.960 -1.75 0.986 0.990 -0.78 -2.15
2006 0.945 -154 0.986 0.993 -0.55 -1.99
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K4 BoofRERTER R B

Fig.4 The effective range of a raster pixel

E PO 28 Bk S {52 30 BE B S 088 BL Y52, IR 4
AR e By Ml H s B A AR — R BOAH B A, R
SOMRR I A B 2200 o Sal T TR phy AN [] 3t B LT
AT AT R 25 T8 A LA T2 B DE R R % o S
BETE T3 DD b 2 [ AR B B8 A R0 e 31
B FRAE g PR, OF R Zad AR BRI IE
ARSI S0 A 8, AR EERE S S E T
b B S 6] AH B A RO R 0 TR
BRT b 5] 6 L (X B E R — 2 SR X
SRARAE R (EAR I 32 B N T30 XA R 23

K15 2006 4k 3 Hi X #HE 15 F i J3AfbR 15
Fig.5 Distribution of built areas in Beijing in 2006

P16 2006 4Fb st i X3 T 141 AU 45 R
Fig.6 Result of Beijing urban boundary identification in 2006



1264 o OB

H34%

4 Phig s

4.1 g

3 T b 3RS LA TG T T T B R
ISR IR TR 5310 5 AR & — ik % (Rozenfeld et
al, 2008) . /b XA O T HLTE B e IR
2T RS A AR 45 10 0 TG S b s B S v
ST R SRR PRI ST A b
S 1 JE B, 7E Tannier 45 (2011) A1 Rozenfeld &5
(2008) A #4 tH  vE I Ik i i BRI R R T
ARSCHE T — L AR b 1 3 R PR 5
AT %, A S A R PG O 8 i AR
B, HA A B . BN, AR T Tannier %
(2011) LA J¢ Jia %5 (2010) £ ) iy R i U7 v, AL AR 2
— BRI X2 5 . Tannier %(2011) 53K 7
TR BSR40 Y O T U, Jia
Z5(2010) 11 F ARIR T 2 AR TR FH A a2 i
SRV DX A3 A 9 O R o L X R B
RIS 5, P ISBE 1 AR BU LTS AN T R 1 5 B
(T AH N S , e LAGRAIE AN S A7 A — 2640y
M FER o IR0 R ) 3 B s LA AR i1
SEIEPE . IR T AR % s O I ROk [ 22
I, T 30 T 5 1 B A A T AR A T A
T BB R A SRS AT DA 38 T 2 B AU
S5 S ORI T T R R S 8T A,
HHECT Rozenfeld 55(2008) #2& H A% 5 7% , A 05 12
BB ANTR « — R I T AR Ak 3k i AR
ST AT B E W MIEOT , v LATRI B iR T 2 AR R
3 BRG] s o sl T A ERAS T i AR S
B, o TR A T 8 A0 s =Rk AR, i 2
Ot R RS 7 R TC R A 4 R X
SRV R, DT 55 R S 45 S A — e 1 B
P o T EE AR R B A 1 8T i U R
T AR TR 23 Rl R R S 4 SR A T 25 5 BT, B
SR Hb A 2 S AR LT ) A AR I L, — e R Y
BRIk T 340 R 5 SR = XA o
4.2 it

F 27 6 b 3k T e i s R 28 64 7 0
58, IR QI FAR IR Bk 5 3 i i AR
S D5 e — A AR H5 i ) b B v, R AR
S LUK 1 RSP 3 A0 b PRI AR T O 2R 3R, LA
A5 I8 JLAAT Hr s 118 FH R B 5 2R A e L AR 3 P
QFI I Z )y il i R B X IR 38 &R 242, 7

R UG ALFR EANRT LS AL G2 Y SR S 2%
b n] DL SR T R AR, AN, %7
LA TSR IT R AR R, 8 T s 1R I R
T FHHOE S I /- TEARRE . Qi X b5t 444y
AR B TR 25 A 20 A , ) P A SR Rl 45 2 A
HAERER H Z AR G R, fa7n 1 AL at s X AR
FHH B SR BEARFAE . @R b U B i i) 3 T2
FEAE, RIBR B XA R R AR A SCR B T
18 TT B4 RV AR IGE B AR 1% GE 1 v 17 & 41
S, AT BGE B B T AT X A3 i 5
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Urban boundary identification based on neighborhood dilation

TAN Xingye, CHEN Yanguang’
(College of Urban and Environmental Sciences, Peking University, Beijing 100871, China)

Abstract: Urban spatial analysis should be based on reliable measurements, and the most basic measurement of
a city is its size. Defining urban boundaries objectively is fundamental for determining effective city size. In
recent years, a number of Chinese and international scholars have developed improved methods of urban
boundary identification. Among these, the majority apply vector data that can reflect the spatial organization
relationships of entities internal of cities. However, access to these vector data is often limited. In this study,
based on existing research a new method of urban boundary identification with remote sensing data as input and
using neighborhood dilation and quantification is put forward. Our method takes a spatial neighboring merging
approach. By changing the neighboring range of pixels, different numbers of spatial clusters are obtained. An
optimal radius can be determined according to the scaling relationships between the neighboring range of pixels
and the numbers of spatial clusters. GIS technology is then adopted to define urban boundaries. By applying this
method to analyze remote sensing images of the Beijing area, we found the effective range of pixels. Remote
sensing data used by this method are characterized by real-time acquisition and easy access. Also, the calculation
procedure is straightforward. Thus, in future efforts of urban boundary identification, our new method may
provide a complement to existing methods.

Key words: urban boundary identification; urban patterns; city clustering; neighborhood dilation and

quantification; fractals; scaling; Beijing



