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Y0 5 #E K (allometric growth)%f—%[& 1)
TEE R B 5e & —Euy, Hom K ATHRE A 3R R 3t
HAO#MREREEK,

izts iR, X(SOHWMESRUBTA DR
B HAMMKZ r A E N ERY, EETER

-, RBERRIEME R, WRREGXIER
ASCETARRY), FATRE T LA (5) Rl B ik 5 —
3R A O 5 A B 2 AR T — R T AR S Y
WA D SRR oA, ok (SR
5, BATRIRE T B A A A D R koe &
LT R O 8 o J RS DU — Bk A AR 19

K AEX(S)

s = coq (6)
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Table 1 Parameters and coefficients of regression equations between urban built-up

area and non-agricultural population (higher coefficients)

B R ¢ d BT R c d

#H 0.83454 0.34502 3.02361 ARIE 0.96760 1.33751 -1.83795
HT 0.87028 0.48508 2.20857 HM 0.81855 1.37230 -14.64189
EN 0.70375 0.50293 ~2.28427 AHE 0.91414 1.44541 -1.91001
] 0.96834 0.51676 -2.67617 D0 35 4F 0.88639 1.56041 -2.30229
[ik:3 0.94945 0.57385 ~3.36635 - 0.94446 1.60661 -18.46012
w/ 0.98239 0.69356 1.16919 1,4 0.84496 1.62975 - 18.86494
R 0.90244 0.69382 -4.76376 =M 0.94764 1.73265 - 3.76200
[y 0.83816 0.71250 1.09453 iSas 0.88365 1.75906 -19.99251
& 0.96919 0.84360 ~7.42692 BEAF 0.95432 2.00653 -23.67434
k#F 0.91123 0.90684 -8.25819 T 0.70176 2.17612 —4.84612
21l 0.86283 0.92053 0.42485 Kk 0.94619 2.31006 -29.61652
kit 0. 92999 0.96416 -8.00926 B 0. 99009 2.33250 -6.67123
w3k 0.84115 1.03314 0.17310 B 0.96450 2.37259 -28.71120
BEI1 0.97656 1.16702 - 11.22802 K 0.91393 2.86442 - 36. 13875
pidl 0.69145 1.20775 -1.20585 €K 0.98629 3.02569 —39.72237
b 0.92348 1.22071 -12.96105 st 0.98402 3.38156 -47.98134
B 0.9327] 1.25364 —12.90916 7L 0.84305 4.60937 ~ 64. 89660

& DU BRI REBIERT 1985 3] 1997 FHEMH (P EMTLTFE) :2)RP RZH B BHMELEL,

X B0 R BIERE 1984 &7 1997 &1
B, HAbbmmm 1984 EHERE, XEREH
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Table 2 Parameters and coefficients of regression equations
between urban built-up area and non-agricultural

population (lower coefficients)

W R ¢ d
FrIFIGIR 0.55464 -0.74079 8.09553
=H 0.05549 —-0.08823 5.49793
=M 0.32242 0.50861 -2.17134
BHE 0.55340 0.50961 1.83568
MR 0.53772 1.43186 -15.94105
KR (HIERHY)

2.2 [EHERBET BihAREFA OB EXRIAIE
BRTUBRKERVAORBERX A O L
LA ST, RATRAL S — AR
K (6) AT LAF AL
lgs = clgg + h (8)

hREH 1982 F, A—E XA 137 MERBY R
MLKF5 A E R A4 = SE 74 00, B 4
THHAKES ABE R £ S X R IF
OPF 5wkl

r=celgy+ f (9)
rREBHTAODSEBZADHRE, y RABERA
FRE, e fAEH., s BEFLERERE
IR B R BT RER . H A EE 50 ER LK
WHEA R — N BA KBRS REAIRTTILK T AY
E R S EX T 5, #7400, B H T A
R4, BiathRY, WRE\EEEBT.SHA
HEREAFSEMNKIIEN2EAHERE
FREMBKEREET - NARTMGH, FETR
WAHEREFEES SHAHERE=SEZ
EZ52EAHEREFSERIEL, BT LIEEH
AR R P,

B = R H (ST E)ERLAD
HEAOMBE, ARBHIKE, y AE2THA
¥IGDP1H, e 1 f BFF R EZH, U r=elny+ fH
BAIBEITEIR 07, HER (AR NIRRT X (9)
XA R F B

%3 Bt kFERMAY GDP H—TEEFLR

Table 3 Parameters and coefficients of regression equations between urbanization level and per capita GDP

R e f R e f

L 0.98267 0.06071 0.13094 ER - 0.98135 0.01665 0.12167
xig 0.90805 0.05274 0.14404 i3] 0.70663 0.06223 -0.09188
ok 0.98457 0.08881 -0.09344 14| 0.95191 0.03757 0.09182
AR 0.95309 0.05006 -0.08268 b 3.3 0.98407 0.13104 -0.71324
HE 0.96394 0.03495 0.11664 B’ 0.97718 0.10873 ~0.46011
ks 0.98588 0.03298 0.13714 HG 0.91934 0.05876 -0.17017
241l 0.99005 0.03572 ~-0.03479 FM 0.80705 0.01660 0.16381
Kb 0.97107 0.03897 -0.03374
BRI EFS UMNSHA Y GDP R AMEM T E, HANTHA,

FERAKO), BRIITU B (8)FH ¢, B Z=cU+k (12)

q = px = p(elgy + f) (10)
XE, p R MHEXHADSE, r EEIBEREK
ANOEEHREAOHBHE, R (10) KA
(8), ®ATH : lgs = clglp(elgy + ]+ A

NTEFEEOEFERR, B (BN TR

EH elgy M, £ /M), N ERXTEH

lgs = c(lgp + lglgy) + & (11)
XH, k=clge+h, BEE. XQDRRTHTHE
BEERESH A D RTLEFRRKFHXE,
HEHER TRXRQDEFE SN TEREER.

Hb Z%Flgs, s MRTTMBERXER, U%ETF
(lgp +lglgy), p WEWEAO, y AEHAY
GDP, ¢ flk R E=E ) RE . LIVERE Z, M
U, RBS[E]F 5 3R 1 — o &R R T 447
BEALR K, W L . 58 K5,
KW EFWL BB . EE R F D RE.
HLER JEIT% 17 MR e K. E 17
MEFHAOBBEI IO EFEETHETER
BAD, ERA=SELREETET LMK
BH, F489 10 MRATCRAMEENE=BET
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Eofras (EAdbsiR 1980 Fnf e, HE 9 Wi
% 1984 SE T LMY ), BHIET B 9 1984 4F F 1997 4F
(R&1992 %), ATEIERENER, E58 6
W S E GDP it R,

Fadt NI ADETHEEFEAHEXRER T
AEKTF 0.9,2 KT 0.8, RN, MEEL
F0.8, AEEEATRE, H0.62139, £5FHI6
AR HE SR R EE KT 0.9, R+
Ay4F, SR Z WE U S 0 b B R B 2 T8l AT
B B 69 R, e, BERdERR, H 4.152 661, T
K KD BEAF HEBERTHIE 1~2 Z 0,
HEMEBDAT 1. MELALEXEMNEFR? K
{13, 35 4 M1 5 PR ENEF R R BB 2R
BRI KRS FIEADHRT ALY
GDP B K Eay — A HF, T Z [ LA
EHEHERILEZABEETRWER, wEAL
B ¥ REZIRTTR . JL R 1984 £E 89 T K
ANH}945.18 T A, A¥J GDP 2 105.7 76(1980
FEAHAH), AKX E RN 366 m*, B 1997 4, X
=IEAR BN 1 216.7 JT A5 503. 1 JLFA 488
km®, XIRTEIIMFFEHEEL NN 1.96%,
7.67%,2.24%, i K& X 548 45 0 H K o
3 4 0.92%,8.32%,3.53%, L@ 8 4 Al A
0.62%,9.45%,6.53%, AHX T E A O
F \Y GDP WK EM T, Ry @ X R i)
Wk ZBE LTI, T EEHERRERAERKER
M X P AT B3, AR EMEIE R KT s
B, T M N IERF IR CRENEE AR, &

6 FH T 4 F 10 MR X =841 09 LB
KX ATUEN . FEOTEADFE Rk ER
F ey, BEIT 3.673%, H A ¥ GDP (34 F1
Rk Z W RAE, N 10.02%, T EHWEERKERMN
KRN 2.08%, HX FRIEMHE K
2 X RIREE . Bl K4 PHEBEMNEIITS
PR 2 BWR/AD, RE 0.34759, SR, ELE Z
WU RO R R BER K, FTRES 1984 S LLHT E
MR AE B B AR S A PR E A 1990 EAH AT X
LSBT RABRAET BB UM, S ANE
I, BRI FHE LA T BT M4, 7T Bl
I ER SRR, ROTMER T LR E,
ERRGEREN Z U WHEEET &,
(EAUA KL ST T: 0
WETERT R T EETXE DMK GDP

M AL, BENEADNRAT WS E LR EIH
Fe g5 AR o, B, BT EE 1
SR — R E AR K, R ATE TN 9 MEH
M AE KT R GDP, 18 2 /9 | I3 F A HE %
FHN0.71, WHEE K% RN KB LR
o, XELLE B, XEEMAEERKEE b
SR ARAY R SIS TE
3 wHitie

Wit EER SRR, RO UEBEWT
1/15

F—, RAITAEA LA DFRRB I CLF - $UE
v 0 LA B R X T R R R B OLF - SEIE T B &
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%4 BT oDPiTHBEHEITHIE

Table 4 Regression equations by constant price GDP

B —REEF R R BT —TEETR R
dbx Z=0.966149 U —4.68494 0.93070 =¥ Z=1.992869 U -12.50974 0.87544
X Z=1.409912 U-8.02562 0.93233 Bl Z=0.610944 U - 2.42607 0.83433
ok Z=4.152661 U - 29.4401 0.98863 AR Z=1.425902 U - 8.64949 0.78523
[ig’S Z=0.458416 U -1.18859 0.93214 - T=] Z=10.493706 U -1.65868 0.62139
i Z=0.347590 U —-0.47979 0.95363 Hi Z=1.130649 U -1.27047 0.96251
B8 AF Z=1.343652 U —1.75805 0.95577

%5 BYUEFEMHcDPIHEBIMNEIERE

Table 5 Regression equations by current price GDP
i) —TEEFE R g —nEEFR R
B Z=0.99114 U - 4.62207 0.90576 b 317 Z=1.80535 U-9.81576 0.92971
M Z=1.84269 U -1.49824 0.92132 M Z=1.52836 U -5.30322 0.98459
& Z=0.91760 U - 11.80348 0.96829 HIK Z=2.41825 U -16.60257 0.91937

R HHEXAY,
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Table 6 Built-up area, municipal population, per capita GDP and their annual average growth rates of 10 cities in China

e B X EE (km?) MM AD(BA:TTA) A% GDP(T)

1984 1997 & u( %) 1984 4 1997 £ u( %) 1984 4F 1997 4 u(%)
b4 366 488 2.238 945.18 1216.70 1.961 2105.72 5503.15 7.67
P 242 380 3.532 798.89 899.80 0.919 1845.94 5219.39 8.32
k-] 181 412 6.532 1204.78 1305.46 0.619 3242.50 10 483.45 9.45
[iE:3 133 162 1.529 544.56 662.06 1.514 810.56 2979.32 10.53
T 88 115 2.080 343.60 549.20 3.673 1396.82 4834.41 10.02
Lk 49 83 4.137 114.73 151.94 2.184 1613.86 4214.66 7.66
Kk 57 110 5.187 496.95 571.91 1.087 1278.78 4617.50 10.38
=310 92 119 1.999 603.33 688.34 1.019 793.76 3882.84 12.99
LE 87 144 3.952 825.03 984.97 1.372 781.89 2897.21 10.60
L] 65 85 2.085 331.64 407.89 1.605 777.73 3034.31 11.04

Hu B METHPRE,

LT AN AN DB REE KR,
X WA AT =3 NS LR IR — KA AR,

B, R KE R KAER A D/ EIFS 4T
UK ERMAEA O, HEAY GDP £
RFRERNE -0 EOHE, RiTABSHEA
OFEERERKXR, IR LERATLUA
ST IR 7T (A X AR, MR AT —E S
=4I

FERTE M RS o, ROVRBRMHRAD
BB HE 5 1 IR s R B HE I R 5 2 B,
FEEHMIER, it m R ADKT BE,
EEBXERAET L, XA RE
WUFRML, ER, BT RE—MBAME, AT
X HRIZ, RENER EELEREFLZ K,
X REBTREZ, THEMTHSRHHTE
JeRA D Z M HAE R AR K E R X HERTRE
THAFRE D, RE TR R, FIW 16 Y
FEFREN—FHEL, WRE, NEZAEHAR
W, EN, B, RATRTE M EEO TR, X4
Eaze I lVE: 5408

BEE REWR T A OEEWE, BRI A D
Wb, b TRER(7) K E R BUHREE, XAk
FAOKRAERGIEHRIAD,

B, AXHREREBATES LT AR
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The Allometric Growth of Urban Land Use and Population
and Its Experiential Research

LIANG Jin-She, WANG Min

( Department of Geography, Key Laboratory of Environmental Change and Natural Disaster,
Beijing Normal University, Ministry of Education, Beijing 100875)

Abstract: Urban land use dynamics has been an important issue for LUCC. But as many factors are involved,
and for the lack of corresponding time-serial data, dynamic study of urban land use is a hard nut to crack.
This article aims at obtaining a function that can describe the dynamic process of the change of urban land
magnitude. We start at the rank-size rule by urban population and the rank-size rule by urban built-up area,
and derive a mathematical relationship that the land use size of a city and its population observe the law of allo-
metric growth, which is derived from biological studies. In other words, when we consider a city as an organ-
ism, at least it has two organs, the size of the built-up area and the population of such an area, where the
growth rate of the former is in proportion to the growth rate of the latter.

Because of the lack of time-serial data of urban built-up area-population, we substitute urban non-agricul-
tural residents for built-up area population and do regression analysis for the allometric growth relationship.
Forty cities in China are presented for the case study, and the results verify the theoretical relationship.

Then we deduce a function consisted of the size of built-up area, the total population and the GDP (gross
domestic product) per capita of the city. It is as follows:

lgs = c(lgp + lglgy) + &
where s represents urban built-up area, p is the total population of a city, y is the GDP per capita of the city,
and ¢ and k& are parameters. We have presented many large cities including Beijing, Shanghai, and Tianjin
etc. as experiential studies, and gained such a function by regression analysis of a time-serial data of those cit-
ies. Results show that the function is correctly derived.

Our results can be used to predict the size change of built-up area of a city in China that is being in the

rapid urbanization.

Key words: urban built-up area; population; per capita GDP; allometric growth; case study



