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Iz N TR i B e g . AE DG 2R R
DMSP/OLS & A AT i , iz FH 25 18] R 260 | i Jk
fifpie ek R AR I B G EE LABR i T A
KT G B E , 52301 30T 30 A A B B OR 4 M A,
2015; AR HE 54, 2016) 5 WAT 725 F) HI /N il T AR
Jii B b Ok e A5 e AR b B, LT TIN =41 Y
XoF S A6 398 T R i B R AT 4R ORI Ak (W R 22 4,
2016) ; SCF] FH 22 A% A58, i FH 25 ) SR el & 5
1221 GIS HAR PRI i 1 AL AR 45, 2015) 5 SR
FHN 58 BRI | 51 o AR Il i i 75 | S il
(EHMESE, 2004)5 . (B B3R T i 47— B -
Tove R FAn Rl 7 V0 e 1 s A2 L, A6 T F K]
(28, AN HAT I M ASTR] X3 R A 1 (B ()
VA AT PO s T AR B A R 22 ok I 25T 4R
BURIE B —, I, R 22 (R0 55, 2015); LA
NV GET B A i 4 3 B, AR P R A PR 52
FI PR, a2 T4 B X Rl 5

FET e, ARG T T i BB 2 A3 ]
H 2H 213X — #0000 A0 AR T Ik T i B S A i R
(Tannier et al, 2011), H i HACRNER 3 Fh 5 1k
4 : (DRozenfeld 45 (2008) 2 1 (Y 4k i 2 #E 5374 (City
Clustering Algorithm, CCA); @Jiang %(2011) LA 5 #X
(8 2R AR A T 4B A T A, I R T A A
BRI A SR A B I IR T T 5 R
JE 3 (Zipf's Law) 7E 26 =T i 3& v (Hili T
W PR 5K T B AN G, RIS
FERYC RS, w R DR AR S T 4
AL (B 2 AR, 2014; BSR4, 2016), EHU T
P Y R SRAE I T 1 22 () SR A 5 I T 9 LS5
Fit 2Z VA7 AE AN AT A 1) O 2 ; B Tannier 55(2011) 42
tE R TR SR R s 5, 2 T 0 TR B RO Bk T
AL . Bk 3R ALy Pk e T AR ]
BRI ST R S g 45 A R iR 25 $e s T
T i B A R AT S o H P TR AR
IBCPRIME , L b B T RASEAN [] 1 O [ 5, Ik i I
BREAZ A SR MR ZE 25 A, PR b3 7 ik
iz I R T 3 AR A R R R AR 2 (T
&R, 2015),

Bl 2= A B X SRR A T e, #5256
o 245 22 [] 1oy AR A AT A= 0 B TR, 7 2 7 it
(RS0 e R, A 3O P RN 7 4 X 4% R 8di , mT
b it e S B TR R, S A9 T AR FERE B i S B (0T
B 2013; MBS, 2017), JFHL A HL T3 & APT
SEBLT Hb B Y AL SRR R, SRR R

P IR BT S B A Bl e AR R X A 5 1 o 24
ARCLEE T Tiang 25(2011) Fl Tannier 25 (2011) 4 F
FEJ5 %, I E -t P B BB JE 58 S (L
FEAT OB | 3T I A B IR 5K i 2 1R 3k T
G DA 3 SR 1 RS AR R L

2 B 5I7k

2.1 ARREBREIERIRF

Jiang %5 (2011) 1N Ry, NI T 3l 52 BR T 118
B BE A AN ZRBITE 3l A B il 1 SR AT
T A X, B S dne /N S e 3 D — A
TEAE S o T8 28 ST LS e N 2T Bl LA
23 (AP AR BE R RFIE , 18 3% A2 S %5 BE B AN 1 2
it 35 0] T 220 Wk i RS, o A A A L U] A%
IR TG S B S N 5 S b
Fa 2 SR OCHE , ARG A, BT ey ), an
L E O 255 T E T 400 N3k (R TR A,
2016).

BB P2 I R AR Sk v ) DX 3
i, AR (A TE SCE RHECORT 4 Rl A5 £ 0 T
#Hu 0 SRR SHER . o BRI R R T
[ RISy FA =2 w1 i s L R0
HUC IR, K V0 IR VT T e e DX 1 R IR
oAb ST K P, 35 2% & ik, ik
ML K ——2014 4F3f T A T ARBIAE 649~1211
THNZZ I8 3l 23 (Al S S5 i et B — 2 At
TNk, UL, IR S MR E IR N S . 2%
AH ST (Tannier et al, 2011; FEEEE, 2016), EHLT
39T 23 TR) 9 L Ry 25 IR T e 02 B 8 3R = - 2 it
T 4 R RS L, LA e 6 T R R 13
FU T 1) & A 3 A IX 3. T 5 A 3T B R
], WF 7 DX 2 () 3 [t A S AH 6], K B07E 3396~
6803 km* 2 [i] . FI| FH F1 5 i 8] APT AR HUR T 9 B 1]
J2 38 i P 28 5 AE (18 1), ST AR TR Sl 16 9 S
PRI
22 MRFAE
2.2.1 Wiy akih 4

3 T R AE 5 5 0 T JLAAT 24 25 AN 0T A (s 2
Jt, 2003), Tannier 25 (2011) Ay 3l T A &R A4 25 1] 41
A5 T4 JE K 4 2 (Fourier Dusts) 1 43 4
o, R RS A e S S A DS L T R — TR
) I ZR A0 R 8 7 B 43 RESIE 55, 2015), Bifi
B AL RTEE N, R 2, A& AR
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Fig.1 Partial road network extraction based on electronic map

(taking Chengdu as an example)

5 HA R Z AIETE A T M I S PO X Fh 3 e
AR AT LA B ] R B T 7K 3 (Minkowshi's Dila-
tion)(Minkowski, 1903)2ill 5 . R Ffi & 1 420
BT, IR 3 5 38 B 58 S B 2 B T LA 0

- 2
¢ & L .: ?-;'. 'A.
:.5. 8 ..'.‘.' L
'. ':....":' ® o seee %
3 s,

a #RFEFE=30m

BT ARTEZ WL (B 2) , it — 2D sk gk, ST
B oy TR SRR A B BT b5 7E — kS 452 1k
P 5K (Tannier et al, 2011; Tannier et al, 2013), & 3a
YR BT sk 2R BT R R AR PR
EREH RIS, R PR R
[F1] SR e R RSO
N=ar” (1)
O N BEREECR o B r R AR D o)
YRR QSRR A A 2 1 O B, i A2 S LD
SRR ILMEC R A (E 3):
log(N)=Dlog(r) +log(a) )
2.2.2 BTy okl 2 ith AL
ST A EL ISR A5 1 AR ™ R 3 IR I A 73 25
e, T & —Fh BEALET 43 JE (Prefractal), /& 75 FR)JZ K
B AR R, 2017), 534850 D FE A —A
TR PRI, w3 s U Kt 2 T 25728 1h 4k 2130k
T E A TERRAE , DL 381 19 31 FE (Tannier et al,
2011; 2 AE, 2015), (H A BGE IR 42 8
JE BRI EAE R, TOE R B ok it 2 b O 125 B
WEM R RS BAHCHTE it Z AR S
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Fig. 2 Change in the number of clusters with different search radius
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Fig.3 Urban dilation curve (a) and double logarithmic curve (b)
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MO ECI R, TR 2R -5 B2 B R, $R 3
e R B O 125, LR R P48 282 A B Sk i AR R
A, 7R R 2R 08 5 KABLAT, VA SR (Lowe,
1989; Tannier et al, 2011; 2RIEGHZE, 2015):

_ )

k 14y )
AP R Y Ik 2R A iRy R A R £
T — B A, BN T T RS X B R AR
B R s NI AN P R OV R ES
() 22 B 25, 20 m s b R . 5X(3)iH
I AR RTINS 1 b R T il e il ARk
ST ELR Yy LY 0, I, RS A
KA TR B IR R %5

3 FRE 0

3.1 Wi kL

IS — M A AR )2 A A
TE log-log AL Am &l I, 48 2142 5 AH Y A3k i R HF 4K
T e — 2 X A3 Py 2 B0 A AH R B9 20 TR e, 14
X [a] B g b JEE X (Scaling-range) ([ 26, 2017), 3%
TSRS BE R T 2 R SR B it AR L A 4
TIE L1 FARARUE T AR A T 2544 , & A AH [
HOF LT~ S RIS Sl NV £ 3§ SN ST AT 7N
[ (260l 5, 2015), Ik T4 5K iih Ze i 25 42 1 T2
AN IR ) A5 BB K 28 AT DR o 38T 43 I R
AR BE X o fe Kl 3 S 2 /i B3 i sk i A0 R
Wl B RHIE , R it 2R Z 5 i p kit 4R
FEET MM PTERE, LTI, 5 5 HEE
BCER PG 2 Lt A VD I T I S8 SO A
LIS m AR AR S 2R AR R R K 2R 1R
PN R B AR T R ok il £k, B 2 I Bl
HE—RRA IR FHA SR 1R i 5k th 4 345
Bl IR TATLUE , 7E AR T , 48 2B
30 m 34K Z 450 m B, 15 2 A SEREECH M 58609 4~
W 2 87 A, A KA TH U 1.88 km’ ¥ in &
5836.98 km’, A L AEREEL H 2B AW 1)
AR SIE S AT o Ry T B R
RPN AR b, AT R R ARy
I R 22 57 3R 1 B 1 G oz 2 o 1 =X
2l i1 4,

M 4 PRl LA S AR o s ER T B b
SRR E ok, HA s T nT HE P A v R B AT

F1 HESHHTIARIRMZE
Tab.1 The process of Chengdu city boundary identification
wWE At HROAERE

FEm WEA ARV le(r)  log)
30 58609 1.8814 1.4771 4.7680
60 26068 130.0276 1.7782 44161
90 16471 373.5820 1.9542 4.2167
120 11202 650.0751 2.0792 4.0493
150 7827 888.4098 2.1761 3.8936
180 5378 1203.3913 2.2553 3.7306
210 3592 1725.4802 2.3222 3.5553
240 2295 2268.6984 2.3802 3.3608
270 1425 2676.9900 24314 3.1538
300 832 3394.7753 24771 2.9201
330 505 4484.4668 2.5185 2.7033
360 317 4937.5135 2.5563 2.5011
390 199 5289.0576 2.5911 2.2989
420 129 5612.1670 2.6232 2.1106
450 87 5836.9844 2.6532 1.9395

MKV BEE R PRI, 5 A0 19 S HE 5L
H 34 2 AW D i3, H slR Kb
P, ROt B P . SR RSk
M B Z M REAT AR A 22 M. XTI
T, B R BRI N, JcriTd ok i Ze e XL
MEZIET AR — R EL . SREETIES
WY SRR BB 52 4 A ], (R T DX P (R 3k T T
SEASE L B A ERE, OBt s
BT A 5 R S 2 I 07 1 4 Ml 25 Az L4k 1Y) A
BT 2 MRS LS, X 2R
FEAE 2 Bl 40 T2 455 3K 09 38T AL £ K (Tannier et al,
2011).,

S E L 4 (R34 K il 2 rh R REAE it AR
S B ] 460 o B B XY o (R AR SRR
BE)UA MiEsmEh 4 . FEMA R, BREL
PRIEPRELRE 78 3 AR I R it 2, SCERE 0U5
) TR A5 AR 435 D1 3047 L 4 (Bayesian Information
Criterion, BIC) A i1 22 1 X480 & Ik AT A 00t
i U5 A) 8 (Schwarz, 1978), #k Bl AE LA £k 70
PRAL. BEE 2R N, BICH 2308/, A8 3C
VEHL BIC {H P T B 2 S5 # TP R 15— A a5
Xt N7 ) B O Ay B A ) 22 3001 2K PR 40 (Tannier et al,
2011; Tannier et al, 2013), FZ¢5 NIk 5K Hh £k
19 2 WA FUA B L ZR 2, HAUA I BE RPFI7E 0.999
[0
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3.2 WA FIRANER

XTI sk i e T it AR b, AT g
RN A A A o Aol b A K R A IR
flitt iR 2, 2 ANt it Ze i o s 2 AR 43 0T 1
A% JEAE N (B 5b BB L FT/R) . X2 e
T 9 L ) s A S (R AN WT g/ NRIL oK
A EEKF| T2k (Tannier et al, 2011), K IEiX 2
A iy 15 A AR e K A SE PR S, AT T LA
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Fig.4 Urban dilation curve of five mega cities

2 ZMAMEREIUESHE
Tab.2 The degree of polynomials and goodness of fit R’

Wil 2SR A R
R 7 0.99989
[LE7S 8 0.99981
#HiX 6 0.99991
B 4 0.99984
Kb 5 0.99952

TR
' XE)F

W 5 BLAN , 76 St s U R A0 1) TG 55 KA AR A SE B
B, B AR IR & XY il %5 KA (Tannier
et al, 2011; Tannier et al, 2013),

20 3) A 2 5 AR IR T 5 5K 1h £ 14 ith 2248
1k (& 5b, 6b, 7b, 8b, 9b), 5 AMFAIR T B 5k A2k Y
i R B BARIE SR — (A 76 & BN FEl N A7 AR
1| B2 D O = DO 1 T o N IR = s )
Z HLAEA R ] Y 1g(r) (B IR R 1) o BRI A] 5 7
B fERE B B(E . A Sb Sk BGAR T 3T 5k il R AR
FRIEL, Fh AT AT, 78 a5 1.5~3.0 P9, X6z 1)
TR 31.26~1000 m, 777 — A~ Kl A5 Ai— A~
W/ NI R AR, A2 AN R 13 T DN 19 6 55 K il
SO e (s X, RIR 3 B S br
SRR R R S (B AR S ITR ) o AR T 7E 1g(r)
k2,12 B U e R HHRAE kR 0.76 (2 3, B 5b), [F]
FRAT DU 2 P4 iR R R Y A BITE 1g(r) ol
2.05.2.14.2.09 Fl12.11 Zb B A5 i 2 e KAB &k, AR N
0.43.0.34.,0.33 F10.65(3 3, [ 6b, 7b, 8b, 9b), L
P E ) S AR 03 T 10 S LR R S R

F3 SMFREAIAFIRAER
Tab.3 Results of urban boundary identification of

five mega cities

SRR fRM A SRR AT TR

W80, g km' BUkm K/%
AR 2.1220 132.6965 07634 7693466 604  27.38
P99 2.0583 1143630 04296 349.7785 440  -20.50
I 21415 1385055 03442 5373624 553 -2.83
B0 2.0936 124.0469 03297 4502214 734 -38.66
Kb 21120 129.4084 0.6481 3587668 336 6.78

o

lg (r)’

5 AR TSR 5 (a) BT 5 2k 522 AL 12 (b)

Fig.5 Urban boundary of Chengdu (a) and urban dilation curve's curvature variation (b)
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Fig.6  Urban boundary of Xi'an (a) and urban dilation curve's curvature variation (b)

km SRR
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Fig.7 Urban boundary of Wuhan (a) and urban dilation curve's curvature variation (b)
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Fig.8 Urban boundary of Nanjing (a) and urban dilation curve's curvature variation (b)
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Fig.9 Urban boundary of Changsha (a) and urban dilation curve's curvature variation (b)

(K 5a, 6a, 7a, 8a, 9a), AR VPHZ I FE R AT
U0 1 B A B B B (E - R UK 133,114,139, 124 F1I
129 mj; e R AERE T BKIK A 769.350.270,317 Fil
359 km® (3¢3).

R B U 7V WA S S R T
2SRRI 5k i 2 B I I T S T AR S O
GETHAFE % 2015 ) Hh 3k i e B DX T AR A 70T L
(F23), KIRDUAHE VD 2 A3 T 14 T R 25 S /)N
B L VE AT A TR 22 S A K, AR T A i
23 [A] T A LY (18 B O AR 254, PRHAS, 1 B AR
SEJEUPN AT S0l T T R D 24 Ry A iR T
JEE v 5 YT SR A AR A I K AT T L R /N R UE
HIFEWTE AN, & A T 8 A R R 2R
AR (B S). PEZE TR /N B PR e 3L
AEHAE 2012 4F 3 57 DU L3R E R K s IR RR X
DX PN AR AR I RS SN AR 6) s B At T
Z H SR M BRI R 520, DX 0 2 I A 2 Ak iy
TH A8 S AT A B, A 3 T SR A B s T i
PRI K (5] 8) o

4 ip L

IR, Ik T 00 SR SR 3 T H 3 5RO
) LS ) AT, 5 AR PRI ™ T 24 T I T AR Y
HEJE . [ AR 5 T S I B (B M) 2R T 2L
P, R34 9K Bl £, DR 51 V8 BRI T ¥ 321 9 (Tan-
nier et al, 2011; Tannier et al, 2013), X} FHE M,
TR LK, S B s AR U R, 3l
J A2 b M A R 252 i A K, R 5 T TE Y
Wk il Ze U I T i R A s R R

AR S HE T B8 S A A i il £ ) nk i s L ok
15 7R, B SE RE Z A0 - RTEFLFN D 8e it
ol i ARSI, ORI FHIE 58 S I A TR
ST 1 5 A TR0 B, ket T UL PR R ok
MIRZE o (R TREARCR R A SO R i
5 B ELAR B 10 KN 3T B4 A G & A T4 AT [
(B INZ ] b R 22 5], 2 75 55 iR PR 28 sl
AR By 23 (B TE A A R T B — AR AT o

AR SO FH I8 1 58 S A8 3 5k il 2 X 3k i
RTS8

(1) 1Z 7 15 3 38 1% 38 X5 R i gE EA T AT
58, BEE R BRI R T RS H . 1)
I T B ke ot 28 1 e R o 23 1 P A A 1) A A S
I BV AT BBl T A A ) T RRURIR T i 2

(2) ASSCHT A By BB A S AN K T ) il 2R AR
A i R 35 A AE SR KA, 1] DA B 52 S5 A s
U8, R CT 5k it 4 i) 2 TR R AR RO 3k i 34 A2
HHLHAR

(3) BCAR P ZE R B R U T 1 A )
B AR B 4 9 M 133,114,139, 124 F11129 m,
AH L (%) 385 T A A T8 AR 43 301 o4 769 .350,270,317 Fl
359 km’., SR TTGE i HAF4E 2015) H A9 R T 3 Al
DX , PRI 45 S B dne A S sy K v 5 iR
ol P S i e R DX TR AR K, V22 S s /o P
B A T T A DX PN A A T FRAR TR ) DR DX i XL
FoIX, o) R, 4RI 5K 5 ok B o HERR
FEREAR X Z A6, S A s A3 PR U 7 A il X e
BB IEZ AL o R T A X T AR 25 SR K, AT
AEJ B T I8 PR 235 K R N 2 W& 2
T A L AR An s R 18 5 7 50 B 1
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(4) AR SCOMIFH A8 3 52 S B U T s 57, $ B
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TIEZ%.
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Identifying urban boundaries by clustering street node based on neighborhood

dilation curve:
A case study of Chengdu, Xi“an, Wuhan, Nanjing and Changsha

LIN Xiaojuan'’, FANG Shifeng’, XU Yali'?, ZOU Baoyu', LUO Mingliang"*

(1. School of Land and Resources, China West Normal University, Nanchong 637002, Sichuan, China; 2. State
Key Laboratory of Resources and Environmental Information System, Institute of Geographic Sciences and
Natural Resources Research, CAS, Beijing 100101, China; 3. Institute of Land Surface Processes and
Environmental Changes, China West Normal University, Nanchong 637002, Sichuan, China)

Abstract: Identifying urban boundaries is the basis of qualitative and quantitative study of cities. Most of the
existing studies on the identification of urban boundaries rely on predefined distance thresholds or incorporate
census data. Although fractal geometry method using building vector maps to identify urban boundaries can
overcome this problem, the research of urban boundary identification in China is often hindered by the difficulty
of obtaining vector building distribution data. This study draws upon existing research results and puts forward a
new method to identify urban boundaries by clustering street nodes based on neighborhood dilation curves. The
results show that the key to this method that uses street nodes from electronic map as data source lies in finding
the optimal distance threshold corresponding to the maximum curvature. The distance threshold for extracting
urban boundaries of Chengdu, Xian, Wuhan, Nanjing, and Changsha are 133, 114, 139, 124, and 129 m; and the
area of city clusters are 769, 350, 270, 317, and 359 km®, respectively. The method of using street nodes vector
data to identify urban boundaries is simple and feasible, and the data are easy to obtain. So the results of this
study may provide some reference for the study of urban morphology, urban evolution, and urban planning.

Key words: urban boundaries; street nodes; neighborhood dilation curve; curvature inflection point; electronic map



