7512 i F 22 4R Vol.75, No.12
2020 12 ACTA GEOGRAPHICA SINICA December, 2020

R E T AR R R AR E B B = A AE
BAREHE 0 W GEH AER"

(1. BIUEF IR SRR B, I 4300795 2. GlBURF B L R G207 i Fi S0
I 4300795 3. IR B B TR B, #50IL 430079;
4 BB G RS A H G B3 WIT4TT)

R ST B2 1R AR G T R SN PR 2 (R A RS OE & (AR R A
Hh Sk T 2R 4 TP R A A SCR AT o A SR HI PRI 275 S gl B DA B Sl Bl , iR 58 A
RIS T 22K 5 N AU AR BE S 2R, I MU 23 AR PESRTEAR L N 1 B I 25 S A AL . 428K -
VR SR DRI A v L 5K, v LSO S SR AT AR LA, HLAR B 5 AR I G R ) e
iF r TN TV SR A R A 285 77 HH A SR W 3, T R A Bt 5 28 e 5 i L
BRI TR . AR M SERNBIIE A B2 R 5N RS S PR MG 2R, 5
SRR E SRR ECRT | B2y A5 23 AR B PR 1 DA T 38 [l R A R e P L, e 17
DN FEBEYR ) KIR T SRR A [w) MUk 17 2 8 A - 57 2% PR S B A R 7 v T R G A e
PR DR 1 14 DX 38 70 S5 S e T A 0 P 2 2 55, JHL PP AR I M DA [ RLASE 3 7 22 5 e A 2
H o FERTE AR N T BN 18] 4922 AL, i ORI A 2835 7 H 4R SRR AE 2009 4F-f
Oy 3 T WA I o LRI SR S T 1 2000 4F UKFRESEINE , 2008 4F LU 75 4E
FROERE R A P R R T ) ME 25 8 e - M RCR HoA KAk ok
bR BRI A B T IA R PRI A DT B GeRp i A A A , D S BRIX Il iy il e 8 5
Vi SRR A R A PR P S

KSR : AR T SR I s BRI TN 1 SR SR 5 MR8 5F

DOI: 10.11821/d1xb202012014

GRS N CRFE TR 2R . A28k 55% 0 N DR T, Titit 2050
ARG IR 68%" . BRI R AIEIE B, JUHR AR = E i BRI Y, SRk
BT S B R AT SR L R T A VIR, RO — K E | kg
TR AR ESR, RS L AR R TR A B TR I R R B . B 20174F,
b T AL R T 1980 4EAY 19.36% 38 N3 T 57.96%, Tt 2030 4E4435 687%™, 4Lk
ST At A T AT A AT R T i 23l IRl R KT R RS s L A R
B 5 PRI SR A R AR Z 0 A7 JE AN, XI5 Xz ] X sk P 3
T HITCA TS R IBAKT . AR SIS e A B E . Hil, PEIELATE
R T R SR LA T R AL B BE T, BT N FOE R AT SR . SRR R 5

Wim B 2019-08-06; fEITHHEA: 2020-07-07
EEWH: ERAKRPFE ST H(41971368); FEZKE G411 (2017YFA0604404) [Foundation: National Natural
Science Foundation of China, No.41971368; National Key R&D Program of China, No.2017YFA0604404]
EEE N EARA977-), B, WTELHN, 22, WA2E S0, #5007 m 3kl b5 s mpede . sh3as (a4 il
BHEZHE . E-mail: Imjiao@whu.edu.cn
2744-2758 T



1234 PRI 2 P IR TTRR T S bR PR 1 e 23 SRR 2745

DL T R R A = 0 Sl B P R Y, T AR RGN R B R BTN
BN ann] 4 R LA R BR300 T I T AT RS A R G H L

WY Rk R, W ER S A ORI LR, X AE D
FATHR R Y () = YN@'FRoR . H, g s ER+ (Scaling Exponent), .5 119
K/NK R BE ML E R Y() 53k A DR N()Z [ 54 2 . ST FRIEHE (Urban Scaling
Laws) SCHE TR DTS . HBE . SCfb . AR R 3o r e 80 L R ™, A AN ] [
FANHB X (P58 Fp SRS S AR B, 3 A BN GE A T 3R S B
TEDT 0 RIEHEGT PRI IE S, X R MOE bR B A AGE PR — M RS, HS
W HERA B Ul A R JRRRE R R I,

JRUERR AR [ IR RGeS ] RO R B — SR, HAr# oo
JEA R EENER A —E g, EEALSALIT 35 O AR AR E AR
FRAGEHE™ s @) VUG 2P [l A AL 38 MR B ki 2228 5 N 101 RIS (m] 9 b 22 1)
FZIEMATTEER | N FEHORP S HAD SNBSS . A BF5E 245 LR E R, W
MR EFEW L JHIRTEGDP. AL BEM . LR EER R, VB R IER T fb i &
BHEZR, RAZ 2 BT R G bR A AR

S E B RAREATT R T R AT, P0G X o 3k b B A T R 4
PERIFSE, H O AW FEBE X8 X AR AR AR, ez X B s R W E, T
fife ]z 2R IR TR 5 N UL Z [ AR OG- o DR 2 4k BE AR T0 A B TR 7 AL R
AR R RE A T B I T A BE AR AN, R A 8T & S A 1T A O b U
B MENBAI YGRS T E 5, TR RS A AR A Wk B R AR T
23 [a] S A AR ? AR — R R IR .

AR E 275 AN MU R DA IR R, BT bR AR b T &R e )
FIRTHER G N OB PR R, 450 XIUR BARE, I 23 4 BER ST bR BE A 1Al st
AL, DA AT PR T Th b DX T 2R G A B AR i B i Ak R R R B K
SR A R R AR S

2

21 REX

g E A THC TG, T NI 2 By RO AR e X, A
X o TR DO T AR A i, L = e SR Y, HRENSAR R ik
X7 AT B —BCE ST Hek, A GRS 275 B LA L3 T RE XA ST B

R GRS EE T B X 22 5, AR SO 4 AT T LAY DX SRk T R R 4y . S A
A B H kR, RI0EdL (N) . Z&db (NE). 2% (E). & (C). %
M O(S). PiRp (SW) 57idt (NW) BRI (K1), EPRAMRARCHIFTE X0 T RE 0 HE
ARz RE A AR FED, KRS (P ANRIVIE FER&EF it S ke -+ =
AHAE (2016—20204F) LRI ), RO\ I T BEVE by SL RS T B A0 M BT . T
A9 B DA 45 Be i & 3 i R RIVE Lo £, Rt R MR B u B R E RS %
(2016 1 [EIR T HE AL RS ) B,
2.2 HERIR

FAE T EE N T HERE S BT A DX S B A RIS 2 AR IR AN E R
Wl R EEAND T, B (R ES T RS HEL) WX D 58 02 A,



2746 i B 2E 75%:

NBAFAECTN)
o <50

o 50~100 =€
© 100200 £ N m gt
O 200~500 £ NE o0

O =500 mmNW

VE: FEF SRR S o i PR IR 55 D0 0 T2y 20116(2556) B (b v s L s 1 S PRI A4
1 20164 [ 275 AN MR TN RIS AL X 958 5 3 vl e Jal 43

Fig. 1 The spatial distribution of urban population of 275 prefecture-level cities
and the division of regions and urban agglomerations in China in 2016

PR BT AL, HAA T B RS SR BR e AT X . s (P ESRT SR
%) (2001—20174F) . (P EIRAT @ GEIHFEY) (2006—20164F) K (rf BT i 4t
FHEH) (20002005 4F) 1 LA E 3T A FT i B R K, BIBR A 52 28 L e K
AT X RIAR B S8 oA B, My G AR S BERIE IE , B 275 MITTREA . W
WA WX R TREARBR IR, R AARSCRFFEIE
2.3 tRER
T B L R T A 4 24 40U Y Kleiber 22 ff——A YRR RS OB BRI R R 17 75 3/4
TP R, R OR A AP, SR 5 B R] S A AR R IEY . Bettencourt
EOZNIIE A B WS S I AT ARG T, BT EUAE A R sk Ak,
W N OO FIR TR PR Ry AR A BRI . AT Hebs Sk A0
T ) A AR 2 O 2R T AR Rk b BE A, R B 00
Y,(0)=Y, N (1)
K, YOFRWMTTTER NS ER BRI, GDPS) B &; ifCREIIT RS
RS TRISE T 5 NGO g It ia) ¢ P N EOUAE s Yo AbniEqL o s SAslE R 7
WRIEARE N T5 1 B R DR N LR 3FMER ™. g~ 1, k5N AR
RSB (g fr . (R . RIEAKES), S A DB RLEXR;
p=0.85<1, ik 5t d BRI AR R, ST OB R RN R, RPN
NIRRT, BRI/ AN OEIR, SORR A KT 2 R R = A
TR, KPR TR R B REEAYE B~ 115 > 1, IR S S HARSCHY A i
(WGDP., AR~ . e . JB9RAE), SR A OB R BT R, RN/ 2
KR, BERRINRER T AR, R T 30T 22 28 1) KB 4 800
XEC (1) BOSREUS , RHE/N Tk (OLS) 153 mlIH T
log Y,(1)=plog N,()+log Y, (2)



124 PRI 2 P IR TTRR T S bR PR 1 e 23 SRR 2747

% L& PN G PR T ] RE S SEURAS R A —RE BYRE IR, AT [mlH A it R 5k 22
SR TE S P A AR I 25 S B S (B T SRR N D B 2R IO B AT R [l U 40
7, WEIRERp LA logY,, FHSEPRERL L BUIER 2I52E @) -

() =log Y1)~ flog Y, N,(1) (3)

4 log WO TESRZZ P HIEIE CUMB b EZ U RIS, WIRLHO SR8, T LSRR . SIBR
S LA PR TR B O B BB, BRI A U S R

3

31 FEWHTERNIRER

RIPIEARHEZE SRS A, SRS A TAREE S o L2016 47 e X T AR S 3k i
NERE B (18 2a), P& AR 22 I EIE OREARIEZE XTI N (FEZR) M fE8 A 2UE
(RS Cni), L RECAXEAME CREME), TLUASBIER . ASCE SR 2016 4FH) & £

1477 %
1.2 %}%
: 3
= M- 1.0 l% -
] = ;4
= il §{' oSBT ®
) & o HLRlEE e Al
) 0.8 1 } o HH © Il
= '} o ZW e B
o il
T 1 T T T T T T T T T T T T1TT
BOROROE R Mo E MR Mg <
EddEsue<2ouURER=R
% o Al R RN MEESEdm 28 4R
SRR mEEIEsd2nds
. : : : : proe § O gADEE KX
50 55 60 65 70 15 S o ¥ E E = Z8W
B N #
g [HTH A B ﬁém i = "
FEIRTER «

= o
—o—
——
—e—
BEHFB)
S~
o

BEHF®B)
N
1
he'S
——
s
-~
e
.—.—.
-0
o
— @
o

& 1.0 W++ 2 0 % %
= +§9? = : i s ¢ 08 '
0.8 0.8 - +
®
S S S S S B ) S S S S St Sy 2 2 2 2 8 8 8 8 B 2
BERZHEOL S BRI BRED RS HES R EEEBE EE B E E M B
DA g et riicEd ROR 8 R E &8 2 & ® B £ 3
TE NEERE U8 ERHEOR Sdos ® L & m X 2 B ® @ -
L dHe 0 B EkiEs  Soxe - oK B = =
Be EKE £ L ONRER  EEEe % 2 & 2 % % % &
BY Bam L EE o x b hem ® & Iy B
e xxm  fw # d K K I = K
AR T & % i ' W
PRk, § B & =% X
- »&E Jn’?( = = <\1
478 E £ =
g : 5= ST
WrTEtlEE S

K2 20164 H [T 20 R AFR A
Fig. 2 Urban scaling in China in 2016
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Fig. 4 Urban scaling exponent of seven regions in China in 2016
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Tab.1 The comparative analysis of spatial stratified heterogeneity of urban population
and main urban indicators by regions in 2016
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Tab. 2 Economies of scale for infrastructure and public service, individual needs for household
energy consumptions and agglomeration benefits for economic outputs of seven regions in China in 2016
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Tab.3 The comparative analysis of spatial stratified heterogeneity of urban population
and main urban indicators by urban agglomerations in 2016
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Fig. 5 Urban scaling exponent of eight agglomerations in China in 2016
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Abstract: Urban scaling laws depict the nonlinear relationship between urban indicators and
population size within an urban system, but its applicability and significance in China's urban
system is not clear. This study applied the data of 275 prefecture-level cities in China to explore
the scaling relationship between different urban indicators and population sizes. We also
attempt to present an empirical analysis of spatio- temporal characteristics of urban scaling
exponent (f) from 2000-2017 to enrich the understanding of urban scaling laws. The result
shows that as a typical fast urbanizing country, China's urban development conforms to the
urban scaling laws but presents some different characteristics from developed countries. There
is a significant increasing return to population size of economic output brought by China's
urban population agglomeration. Nevertheless, the economies of scale for land use,
infrastructure and public service are supposed to be strengthened. Some infrastructure and
living facilities indicators have a super-linear or linear relationship with the population size,
which are contrary to the expected sublinear regime. The scaling exponents of education,
medical and health care and other urban indicators are far below the sub-linear thresholds of
developed countries, which reflects the uniqueness in a fast urbanizing country that large cities
are given priority to infrastructure construction and the unbalanced development of different-
sized cities. The spatial distribution characteristic of scaling exponent reflects the differences in
the degree of coordination of urban development, with the most significant differences in
Northeast China. We also analyzed the evolution of scaling exponents of major urban indicators
over time. Economic increasing returns to population size effect of large cities in China was the
most significant in 2009 before falling slightly. Urban land expansion in large cities has
continued to accelerate since 2000 and still remains at a high level after 2008. It is urgent to
control the extensive urban land expansion and improve land use efficiency, especially in large
cities. This study on urban scaling in China contributes to fully understanding the
characteristics and evolution of urban systems in the fast urbanizing country. This paper is
supposed to provide a support for achieving a balanced regional development and
implementing new urbanization development strategies as well.

Keywords: urban scaling; allometric growth; scaling exponent; agglomeration benefits;
economy of scale



