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S S TR N S A R G, OB SR FHE
R (Chen, 2011a). 5B 2058 LR BEBLG A RL
T.H.Z —(Batty et al, 1994; Frankhauser, 2000), 4}
T[22 P2 AN K R B A0 5 AT A K
FIE 25 0 5% (Stanley et al, 1986; Batty et al, 1989;
Fotheringham et al, 1989; Batty, 1991a; Bk 5 %%,
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1994; Makse et al, 1995; Makse et al, 1998; Longley
et al, 2000). “H ALY EE AN AR ARRRTE T E
IR PR, W TE AR FE S HOE 0 4E . o
A g SCRNN 57 A 220, N [a) 08 23 A AN [a) 18 iz
FH AT RN J5 9] (Chen et al, 2017),  JH: w5 (1 18 11 30
T 25 53 R 5 75 125 2 T AR —2F A4 5 B2 5 (White et
al, 1993; White et al, 1994), X Ffi Jy 72 I EERE A= K
b B (cluster growing scaling) , 5K FH X Fli 77 72: 45 )
P 73 2 B 1 P 2 G R A% ] 24 %8 (radial dimension)
(Frankhauser et al, 1991), 33 Fift 4 B2 i 3 1l v
=i 5% G SCI, DRI RE A% B 4 b S Wtk v 2
Koo A E T I 5K Batty NS VEH HAE
[ 30 T 2R R BF 5T R 22 R T3 B 4E % (Batty et al,
1994).
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Fig.1 Sketch maps for defining the centers of concentric circles of spatial measurement
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Fig.2 Log-log plots of zone number and cumulative construction land area of Beijing
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Fig.3 Log-log plot of zone number and zonal construction

land density of Beijing
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Tab.1 Scaling range of each city in the Beijing-Tianjin-Hebei region in 2000, 2005 and 2010 (km)
2000 4FFRE X 2005 4FFREEIX 2010 4FAREIX.
i AR X W BRI HAREX W BREX AR X BRI
dtst 13 60 16 60 19 60
K 8 19 9 19 10.5 19
e 4 9 4 9 4 9
7N 3.5 14 35 14 35 14
KA 1.5 14 1.5 14 1.5 14
s 4 12.5 4 12.5 5 125
fiik 25 9 3 10 3.5 12.5
JER Y7 3.5 13 35 13 3.5 13
ZEEL 3 10 3 12 3 10
AKE 5 24.5 5.5 24.5 6 24.5
JELL 4 11.5 4 11.5 5 11.5
e 3 15 3 15 3.5 15
RO 2 12 2 12 2 12

T O AR T2 PR TR, T ) @3% AR R 43 B8 155 — FIAE AR X AN A 30 B0 A BE RS . L2000 4Fb mt g5 A1
S, A X LA 0~13 km, 3 13 km; 45 — 4R X {5 N 13~60 km, 2247 km,

B R S — R B X . 7R ST
R0 S AT BR T ORELAA R R L RTE R
FE ST )5 — R BE XY 10 a Z [MIERIE AT 1 25 AR
o HAtnTAERLAR R 7 ANk B TV LIS, B
B HI AR MK RS WSS —Ar X
TR P . DR, A AN b X
B IR A AR B T LA 5T R v (42 AR AIE
{HJ2& 2000—2010 4, b5t 78— F B Al T mit
LRIk T R T o R X N T A AR
P 8 20 P A A 1) ) 52 3 2 R A A N 1) FH
(Evans, 1985), iX Fl 3 52 0] LU Ay 36k 7 2 3R 5 1)
“BHEZA0 " (Chen, 2011b, 2014), X L7 HLIX )2 i
ERIE T 398 15 1 7 7 A4 F (Jefferson, 1939), Jb 5t
TR B LRSN3R T 28 5 O S ik AR PR AR
TR

T e 2 1T, BRI X3 7 A K B 43 TR R AE
WF o H—, bt — R B XA E R K, 10 a
[i) 348 R B R K, ARSI 9K T 6 km, P8
BHAF 0.6 kmo 25 AREEIX P A2 [ GEEC DL Tin (4
TN 0.374), RS IXIF P, Jb 5t B3 T ik
Y SRR R R R A A o . T R —
bR X FIHEZ 45 2,10 a AL Ah 5K T 2.5
kmo 55 TR EE X PN A0 A2 1) 4 50K IR B T (2 i
0.44), J& AT A S T o e KR DL X R R K
HETT IR A PR T & o AN, RT3

FE XAE RN H 2/ N T AR X R R
KA ZIR, AR ERA R, K= A%
JE SR TR A 28 T T S — R B DX Fe R Y, S —
FrIEEXFERE 5 a oM 5K 0.5 kmo 28 AR XN,
& 10 4 BN IR S N (0.07) 0 AR AL HL T b, %
T B AN 5 R (R A 2, A3 B2 11 )
RO B U B DX PR R, 33 S B A P b ke = A
BRI FNAS B, CpT R HBER AR 3 AT
2000 4 55— B DX BB A2 4 km, J5 58 R LLAITHE
HE10 aE 95K T 1 km, JRAEAR, 5B AREX A,
S LLUFR R AE AR ) ARSI AR, HISERR %) 42 1) 4 45 241G
— 28 10 a[A] 3T A HEINIE BE 22 AR 2 AR 0.1
KAy o BARIX 3T AR — R BE DX FEL AR ], (H 2
HBER S — A B X AR [ 4EH5/ ), o gl 2 150 4/ M R e 152 HH
b g% R PR B SR IR T Ve R 2218 10 a2
(i) & —Am B XY A 5k . H AL WM L JRR B 7E
2000 45 A 55 —Ar B DX AR A2 3.5 km, 10 a [a] 3%
A o ENTRSE b5 B XA 1) 4EBOR 5 R B
DX AR [ AEESCHT A /N BE RS n o 35K 2 N3k Tl vy i
R A3 2500, TEIe S TR R A A i T AR
JEJE TR, Hos G 2 85 7E 2000 411
R BE IX 50 BB 42 3 km, 10 a 2 )5 , &5 B9 B X5
FEIYE N T 0.5 km, 2B AAE, SR, 2852 55 —
P B8 DX A ) A B 34, S0k R, 3 i T
B o AR T W, TR R R SR R 2000—
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Tab.2 Radial dimension of each city in the Beijing-Tianjin-Hebei region in 2000, 2005 and 2010
. 2000 412 [ 44 2005 442 A1 44 2010 4FAR ) 4K
HAREX W RREX AR X AR X F—hrEX BAREX

dent 2.0057 1.0999 2.0058 1.2977 1.9998 1.4741
(0.008) (0.024) (0.008) (0.034) (0.009) (0.041)
PR 1.9832 0.9560 1.9941 1.2459 1.9944 1.3933
(0.012) (0.039) (0.015) (0.026) 0.014) (0.026)
PE 2.0177 1.0949 2.0147 1.1572 2.0148 1.2112
(0.016) (0.007) (0.014) (0.013) 0.014) (0.013)
oMl 1.9967 0.9124 2.0035 0.9233 2.0053 0.9477
(0.011) (0.006) (0.009) (0.007) (0.009) (0.006)
R 1.8556 1.0329 1.8556 1.0329 1.8556 1.0372
0) (0.022) (0.022) (0) (0.021)
i 1.9534 0.9101 1.9550 0.9484 1.9652 1.0143
(0.01) (0.012) (0.009) (0.015) (0.006) (0.021)
ik 1.9680 0.9198 1.9591 0.9084 1.9865 1.0112
(0.016) (0.022) 0.011) (0.025) (0.005) (0.022)
JER Y 1.9821 0.9145 1.9897 0.9357 1.9908 0.9671
(0.017) (0.01) (0.015) (0.011) (0.015) (0.011)
ZRE 1.9513 0.8649 1.9424 1.1303 1.9492 1.1935
(0.023) (0.021) (0.024) (0.026) (0.023) (0.026)
AR 1.9983 1.0626 2.0004 1.098 2.0043 1.1348
(0.007) (0.014) (0.005) (0.017) (0.004) (0.024)
FELL 2.0098 1.1018 2.0137 1.1237 2.0279 1.1976
(0.023) (0.021) (0.023) (0.023) (0.023) (0.026)
fiss 1.9727 0.9414 1.9729 0.9539 1.9729 0.9830
(0.008) (0.014) (0.008) (0.015) (0.008) (0.011)
kxO 2.0709 0.7917 2.0709 0.7966 2.0825 0.8887
(0.0123) (0.008) (0.012) (0.008) (0.008) (0.011)

AT NOARER 2E

2005 4F A3 KA A HE1E (E 1b), 18 [l 4~8 km, H:
£ K IR R DRIREE K TE 2000 45— bR EE
X J0 2 2.5 km, 15 5 5 a8 410 0.5 km, 787 Jb 3K
7 H & F I A XS e e . LA AR X
I AEECH /IMRES I, & TR G o SRR £ 2000 4F
5 — bR X B 2 2 km, B R BRE X R
Ko KFE LAY —br B XA A e R0, 15— Fr
JEE X AR [ A8/ o XA Tk K 1 B A
HRAESR T G AN . BREEIX
70 /MR R, HOA 1.5 km, 3X 0] R AR EEIA
) B JEE B T R A G (BT 1e)o ARFETE 10 afA],
TCI S I A Xk, 38 A A ) K, AR LT %A A
1k, AT UE R b 5Kk 208

B kU, R I 4EEOE KA 2 R . — Rl 2
DX A 1 e 1 B SE , o) — i R A i

HiRAk, B2 T B ME A B T R TR, £
RO NITE R Z o B R 1 K2 )
WAL LB (B S) o ZRAE R, B —hr 3 X3 I
I P HERS 21 K, bR B B Y R e ik
IRAEAN K R 5 55 bR B X3 L RN AR 1) 5506 25 o)
[ AHERS , FHREASGE o 45 3T 4% ) e BORIAR B X
Pl 22 0] 14 2 1 S e 1 3 N4 403 4 o 501 A A8 Fb
fE. MIE Sa spa] DI Y S i DO Ak X 3 2%
PR K. A fSEdb 5T 13 km, SR 5 2 K 8 km,
Wb A A R S km, AR PR AN
1.5 km, F-¥{E R 3.3 km, LTSS —AR ) X 3T
Rl A A ) 44, B R 1.6 £, H kAT
AL G T A3 B A DX I R B X — S K
T3 A, Bl R AR, X b 22 IR Ak SR R R .
2010 4F , b 5T A9 20 — bR B DX 3 LR T S (Y
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Fig.4 First scaling range of each city in the

Beijing-Tianjin-Hebei region
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T [ A 23T 0.001 52005—2010 4F , -2
J10.005, A&l Sc v LIt 55 A5 B X Bl A
TEAT BN R B, 3 IR 5 — s B DX T R 1 3
7, 50 bR B X BB AR K, R T — A
X, 55 “AREE XAMEITE 10 a Z A L3 721k
5 AR B X R AR b 3 B R e T A — R B
X I F s Ak . HRHE R 5d, 745 —FR I IX, & I
Z AR I e E 25 AR . A B A BN
B U EE — R B X VI PR RIS e IX A2 1) A L
H—ERIEARCNE . Bl B ] B4 RS |, A2 1) 4 B0
ARIR AR A, 2000—2010 4F , 45 — AR X 42 ) 4
BOFHIRIN T 0.07, X J& N2 bR KO ARk
A R RE BRI I — 5B 43 1l X, b s BT8R+
3G IR

23 HSZFERENE DS

R TIRA T i nURBIR T A KBS, B 505
JE X AR ) GRS 4 S A B RE Z B e R AR
PEMUT H AN Hb XA 7™ B (GDP) ik LAk 7K
NI GDP AR . ST X AR, SR
Je b BE X TR (AR ) ZE BRI A b 2 2 5 B E A T
KT, e Ja At & G B oy B AR mAGE A [l
IH, AR I, AL 2010 45 145 5k 16151 36 8 m
(F3)o GHERFM . H— Bk I, 43K X Rt
T S P TR W R R K AR B A IR 2
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FH 35 Bl A2 o B o DN 4 ] DA R At B 2
TE, BUANTRER 1l 2 B8y o XRE, BUERELAS ST
DU E A, AT DR T AU SR B AR e 4 Ty, S
Ao (L 5T % B R i T B A ) o

B, AN RS A T B 22 45 5 R T UTE A 1
P, SEC T — LR A3 (R S R A
728 G QL VAU S wey Qe =va 45 Hb S e |
BB R v, A PR UE 22 % v e R A Sl
B B B TR i A RA KPR, Bl
HEASEREE, A R B R AL AT

3 eSS4

AR 27— R B DX AR 1] AR5, ol DU i, S

T DX Ak XS89 4> B 5K . Batty 4§
(1994)?,&%%& HF 2T 29 ANk A9 2 R S 5
HE(P242), T i 13E 1.93, A0 G AL U FIE AZ AL ; e A1
FIR 2513, @%ﬁ‘*jﬁn%a(ﬁ% B F:380; K
SRR e 1.7 254 DRI I sh &S it 3
PR IR 2GS RS i o)l W S Y o
R I PRI % BERR R, > 53 Ak ik R, 3k T
B H Y P ERIE Tt 2 4, HH B ZE A HEE
AR BN R < ¥ NER =T B WABUE ML (5]1i]
I UL K H G 3T B B AR A 1 A b (R 2D,
2005) EJ 171 A AR o 2 2L 2 T X A% 2t 50T
B o RS AEEORIAR ) AEBCAE S [ 2 AH A5 1 (Batty
et al, 1994), {H J& P 5 v 3 A AH 45 (Frankhauser,
2007) HHT, AT A 202 LA, A% AR 550 11



1

SRR A - BURBEIR T A AR A AR il X B 3

F3 2010 FEFEEZWHIRE XER . ZEHEHSHIEFHRENEXRERENTRY

Tab.3 Correlation coefficients of scaling range, radial dimension, and socioeconomic data of cities

in the Beijing-Tianjin-Hebei region, 2010
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Radial dimension analysis of growth and form of cities
in the Beijing-Tianjin-Hebei region

ZHANG Feng', CHEN Yanguang'", LI Xiaosong’
(1. Department of Urban and Economic Geography, College of Urban and Environmental Sciences, Peking University,
Beijing 100871, China; 2. Institute of Remote Sensing and Digital Earth, CAS, Beijing 100101, China)

Abstract: Urban growth and form are important contents of geographic research on sizes and shapes. Fractal
dimension is an effective scaling parameter to describe urban form and reflect urban growth. Based on remote
sensing data of construction land in 2000, 2005 and 2010, this study analyzed the spatial pattern and change of
cities and towns in the Beijing- Tianjin- Hebei region. Fractal measures, including radial dimension and the
corresponding concept of scaling range, were applied. The main results are as follows: 1) The first scaling area
and its growth rate of Beijing are the largest in the Beijing- Tianjin- Hebei urban system, producing a shadow
effect on the surrounding cities. 2) On the whole, the farther from Beijing, the smaller the scope of the first
scaling range of other cities. 3) For almost all the cities in the Beijing- Tianjin- Hebei region, the first scaling
areas are overfilled by construction land. 4) Economic development level has the greatest impact on the overall
urban construction land expansion in the region, but the driver of urban construction land expansion in Beijing
has changed from economic factors to population factors. Based on these findings, several conclusions can be
drawn: 1) Beijing has dual effects in the process of urban development in the region, including the primary city
effect, and the shadow effect. While Beijing drives the development of the Beijing-Tianjin-Hebei region, it also
inhibits the growth of some other cities. 2) The central part of each city in the study region is too compact, but
the development of the peripheries is relatively disorderly, and the main city areas and outskirts lack integration.
3) Population may become the key dynamics of the urban change in the Beijing- Tianjin- Hebei region. The
principal role of economic return growth may be replaced by the economies of scale based on urban population
agglomeration in the future. These results and conclusions may help the research community and government
authorities understand the status quo and future development trend of urbanization in the Beijing-Tianjin-Hebei
region from a new perspective.

Keywords: Beijing-Tianjin-Hebei region; urban system; urban land use; fractal; radial dimension; scaling range



