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O#E, 492 489 Akm’, LR TFRAMFEEHX
HABK(FAEERL) . IHERINEXHAETH
BXRACEAOX(ANOEEHN 123 A/
km?) , R RBREAEEERNEEX(AOF
BEYh 429 \/km®)  HLARK IR, BB X MR
#L A 17 MR 21 S BEETTHRAMTRR,
BEoARERERENT IR HEM X W
ANOEE, A0 571 Nkm®, BEEXMRHE, B4
RETHATERT  EAEMNERX(ADHEEY
541 ANkm®) (BILER(ANDOHELA N 514 N/
km®) (IWZX (A O AN 436 A/km”) # ARt
AT, HAK I, BRI M, 16 4
R 9 MERTFEAMMTER(BERE L

®1 EFTAREERAMUFREHAD
Fnid X E AR E4E (2000 45 )
Table 1 5th census data of the urban area and population
based on different threshold values (2000)

el Wi Af [ AR T
T 2986227 2119 2986227 2119

#& 2707406 1351 2707406 1351
i 2805924 2961 2805924 2961
HE 1541053 2049 927938 882
KE 564632 1155 - -
ME 1222023 1054 867100 427
¥ 1017900 752 1017900 752
HM 892902 1569 1046843 906
WHH  HTF 1046843 906 613573 347
533 605443 731 605443 731
HE 1139227 1915 1139227 1915
¥FE 1232302 2239 234666 329
Ky 1929377 1749 996789 1749
4N 550933 539 550933 539
W% 947853 1245 947853 1245
BH 595430 1042 595430 1042
#E 1276391 1415 1276391 1415
BEEH N 21 A4 94
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(a) (b)
1n4=0.59311nP-1.072 g o | 1n4=0.78241nP~3.9205 .
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Fig.1 Log-log plots of urbanized area-population relationships of the Shandong
2 LWFEHETAO-BEERXRNLATHEETHEARKMBXEY
Table 2 Calculated parameter values of four models based on two thresholds for three cases
UAREIRREEIR PN MR EE IR
W BRITER - " AN ; . RERN
BB 0.001 863.991 0.612 0.001 467.471 0.746
2% ¥ REL 824.715 9921.072 0.687 §75.131 5.00E —-07 0.781
WAELE) Fo W R 909. 543 4.00E -07 0.571 574.396 0.000 0.675
TR 0. 443 0.582 0.669 0.023 0.780 0.776
21 R 0.001 710.382 0.679 0.001 369. 168 0.772
. MR 830.758 10151.186 0.709 853.422 6E - 09 0.775
! FEREB 794. 602 4.00E -07 0.702 495.642 6.00E ~07 0.722
B 0.342 0.591 0.711 0.020 0.782 0.794
KHUERE 0.001 427.857 0.738 0.001 235.349 0.851
. SR 1157.762 14365. 785 0.794 1124.493 9. 00E - 07 0.900
L Fo BT 646.02 8.00F - 07 0.735 509. 170 0.000 0.846
RN 0.011 0. 861 0.796 0.003 0.933 0. 898
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mEZ.
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EREAAR, XRBTAKKNEREN, HE,7#
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WAD -WEEBGERFAT I, VEREEK
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BRHAN, MR, ELLANRTREBTEYR
RE, BERIPRUNSRAELZEL 6 MEEK
B9 MBS RN 6=0.848, FiE FHIS £
HIFRHERIE (0.85) , ILRAZELL0.85 RinER
T BB, WA 22 ki g A\ 35 A T BRUE T LASE
LR

YRR FEFIXS G, RN F R — T KIER L
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£3 #HAL-EERHETAD-HE
HARREEKER
Teble 3  Allometric equation for urbanized land area { or radius)

and population size in some countries

EREBX i 4 A HXEH
ﬁ,}fﬁl 1958 4ERART R =0.04140P%¥®  (.870
2 1950 A =0.00126P%%%0  0.927
1960 A =0.00151P%%57  0.922
H & 1960 A =0.00028P%%  0.976
1960 A =0.00850P%%%  0.976
g8 1960 A =1.30000P>%%  0.883
1965 A =1, 44000P%4%  0.889
1960 R =0.02920P%%™  0.987
LIE S WEFHE  A=0.87TnP-0.42 -
= 1953 A =0. 000013 P! 380 -~
iy 2000 IFRENA) A=0.34234P%%0  0.711
(R 2000 LIBEMRA) A =0.01983P%7%  0.794

VEBIAIR Y. Lee(1989), Mt RA ILFR 1999 S BIRI A
XEHRET .
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Lo 1 R. Welch F 1977 E{4 58,
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®
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KRR A O FIC BSR4 (2001 F187) W
BERXERBEEITHE, ZABE ERARE
ERER, PUE BRI LIRME

S = 0.000 7F*%* (9)
Af L, FATWRIERLAD,S AEBXER, BIA
TR RN 0.936 , 4R BER 4 0. 854 , HiRATHEH
(W.HE2a),

SR, AR 2a PRI AFI S0, BrEe T S0
FRE N FHE" . BT FWIHE
A PSR AEEER (S 0E 2b) B

§ =0.000 1F -1.679 5 (10)
BURMXRECH 0.96, AR, FERIAD -
X EREEESFIM RN E X R, KRE,
EFEER T, IR W A O SR X R RE
FiBES, XA B 5IER A O WG iR
X A RS A AR SRR R —— M E
HROAERXR, ALELEEZRENWA LR,
BT/ IR E B, HR(9) 5FK2.3 +
M XILR R BT W AT LR B, R R
BN AREET b EAEEEY, XE
bR FE LR /M T R X i L3 A B K
SRR X A 40+ b P EIR B — 25

S$=0.0007 F 08542
R*=10.876

0 50 100 150 200
FRIAD A

b, ERIFEAE S AR R

K IEAR L A O AR R X E R A K R B A

Fig.2 Relationships between built-up area and non-agricultural population on Log-log plots

(a. Allometric relationship for whole data; b. Linear relationship for partial data)

Note: In the second case, the largest two cities, Jinan and Qingdao are ecluded.
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An Allometric Analysis of the Shandong Urban
System Using Ideas from Fractals

LIU Ji-Sheng', CHEN Yan-Guang’

(1. College of urban and Environmental Sciences, Northeast Normal University, Changchun, Jilin 130024 ;
2. Department of Geography, Peking University, Beijing 100871)

Abstract: In this paper, the relationship between urban population size and land area of urbanized area of Shan-
dong Province, PRC, in 2000 by is analyzed means of the fifth Census data. Without an accepted definition of
urbanized area in China, we define the urbanized area by means of variable thresholds and two lower limit values
are adopted: one is abhout 500 person/km’, and the other is around 600 persons/km®, taking into consideration
the scale invariance of urban form. The system of cities is divided into three cases: first, larger cities without the
towns of counties; second, the towns based only on counties; third, whole cities including both larger and smal-
ler ones. Four simple functions in common use are tested: (D linear, A = a + bP; (2 exponential, A = aexp
(bP) ; @ logarithmic, A = a + bInP, and @ power, A = aPb. Where A represents the urbanized area, P de-
notes the population in the corresponding urbanized area, both a and b are parameters regarded as constants un-
der given conditions.

Among the four functions, the power, which is most widely used in the literature on fractal and self-organ-
ized criticality, fits best for both the data based on different thresholds without considering the counties. Howev-
er, if the smaller cities based on counties are taken into account, the results make a difference and then the loga-
rithmic one fits better than the power. This implies that only the larger cities in Shandong Province conform to the
law of allometric growth. The cause that the smaller ones fail to obey the law can be explained demographically .
the data are not based on cities strictly but on districts for administrative purposes. The scaling factor of allomet-
ric model, b, is computed such as b =0. 711 and & =0. 794 for different thresholds, negative allometry results
implying that A increases at a slower rate than P. In addition, the data based on non-agricultural population and
built-up area are also fitted into the power function, which gives the allometric coefficient as b =0.854 <1, a
negative allometry result still.

Although the statistical results of the allometric equations in some cases are not satisfactory, we can stll
draw a clear conclusion that the Shandong urban system is rational state where the urban area-population relation-
ships are concerned. The suggestion is made that self-organizing theories can be employed to optimize the urban
system in the studied area.

Sometimes the allometric relationships retrogress from the power to the logarithmic one, just as it does in
Shandong systems of cities. This phenomenon is interpreted theoretically in the light of mathematical transforma-
tion. As a matter of fact, if we suppose that the growth rate of urhanized area is restricted without reason, the al-

lometric equation will inevitably change into the reverse-exponential relationships.

Key words: urban systems; allometric growth; urban land-human relationships; fractal; Shandong Province



