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Fig.1 Planning Map of Four Metropolitan Core Areas in Zhejiang Province
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Fig.2 Comparison of DN Values Before and After Nighttime Light Image Correction in Zhejiang Province
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Fig.3 Comparison of Statistical Data and Nighttime Light

Growth Rate in Zhejiang Province
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Tab.1 Rank-Size Fitting of Cities in Zhejiang Province
from 1992 to 2020

Ay /AR q R Ay /AR q R
1992 0.97 0.97 2007 1.00 0.95
1993 0.96 0.97 2008 1.00 0.96
1994 0.95 0.97 2009 1.04 0.93
1995 0.94 0.97 2010 1.06 0.92
1996 0.94 0.96 2011 1.06 0.92
1997 0.94 0.96 2012 1.06 0.92

1998 0.94 0.95 2013 1.05 0.89
1999 0.95 0.95 2014 1.04 0.89
2000 0.96 0.95 2015 1.09 0.90
2001 0.96 0.95 2016 1.10 0.91
2002 0.97 0.95 2017 1.11 0.94

2003 0.98 0.95 2018 1.12 0.95
2004 0.98 0.95 2019 1.13 0.96
2005 0.98 0.96 2020 1.12 0.94
2006 1.02 0.94
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Tab.2 Fitting Coefficients of Population and

Land Urbanization

R? R?
PR vk xPEL REER || WRT ki xI WE

FOM 096 094  0.96 | &% 080 081 0.85
T 094 093 0.96 | MM 073 0.70  0.82
M 087 089 091 | S 090 088 0.78
2% 0.80 072 092 || &M 057  0.62  0.67
WM 062 061 0.82 || Wik 070 068 0.77
4% 0.89 083 0091
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Tab.3 Regression Results of Allometric Growth Model
for Urban Agglomeration

T a a, R* F
B —3.73 1.11 0.96 650.91
T —1.69 0.95 0.93 331.83
LM —1.57 1.38 0.81 111.26
5% —5.35 2.81 0.92 282.94
W —3.46 1.87 0.82 119.13
Pl —0.82 1.57 0.91 262.14
IS —6.05 2.68 0.65 48.81
i —3.27 1.95 0.82 115.39
FHili —5.31 2.54 0.78 93.72
B —24.11 6.44 0.57 33.91
il K —10.78 4.83 0.27 9.65
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Fig.4 Diagram of Population-L.and Urbanization in

Zhejiang Urban Agglomeration
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Fig.5 Fitting Results of Allometric Growth Models in the Four Metropolitan Areas of Zhejiang

i &S AT A AT R T X R D X ey N
0.792, T P AR T K A% 0 KA @, F 0.641, # M #R T
XA X @ 2 0.8520 3K 3ANER T X Y a,<<1,
& W LI DN 11 388 3 KT A b 3 T AR R T
I ST AR R T A SCRR T XA O X a0 A
1.566, B fi &5 T A 3B 1 X, & B 4 SCAR T X
3 XN 11 348 3 /N A b 3 T A 3G S I T R e
VAL &R, R GE R 5 2019 4 & A 1 CHF TR T
X & SRR A Y FE A —

3.3 IANEERM B R E A K E RN

FH (7)) B W T 0 A AL R, 45 R L
Fd, R AR, UG IA RS R
R*H W W& T+, - 5 06 6.47% , fx = 1Y
A 12.61% . o, g<<p, W3k i A H LR

M 2% TN 8% Kl N S 6 A4S ST AE A
Sl T A S AR v 32 B0 6 DA RN LGB BN F R
B TR T 5 =6, ki A T I e S
AN B oK 3K 5 A3 AE T A AR R a2
E2IpyAE 5 DN R n - QNI N:E A LU N

4 % iE

AR SO R BT AR 4 A dt S & TS5 8
B, Xt T VT3 R XA T - kT A AT TR
PLEESERIT

1) 5% 90 Y30 71 B 7 5 - A 0 RS ASE A 1Y [l 11
3¢ FH T VL 0TI R 45 A A R A Sk R, A R T 4y
A B, HoiP 1992—2005 4F , Wi V136 o 7F 7 057



54T B 2 W

RS WL TR N 10 5 b R 4 I 5 3 S R R AR AT 5 285

R4 MAFREFHEEMEER
Tab.4 Model Fitting Results with Lag Factor

H W 2% Wi Po £ B2 R"”
BN —3.37 0.10 1.96 0.98
BM —0.65 047 0.82 0.87
2% —5.23 0.74 2.05 0.95

BL=ps i
WM —2.89  0.70 2.66 0.87
A —0.74 073 0.84 0.94
N —2.72 1.43 3.43 0.85
T —1.40 091 0.89 0.97
s —5.89 1.58 1.07 0.69

B1= P, Fril —4.90 1.39 1.06 0.79
BN —23.29  3.32 3.16 0.78
ik —11.23 277 2.55 0.66
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(AR S
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4) 0 - s 3l T AR A R W TR B S [ 3T R
TANTR A ZR 0 3 T RN, e T M A i Al
SR F IR X AE B N E LT e e
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Spatiotemporal Differentiation Structure Evolution of Population and Land
in Zhejiang Urban Agglomeration

WANG Yufeng' WANG Juan’
1 College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China
2 Urban and Rural Planning and Design Institute of Yunnan Province, Kunming 650000, China

Abstract: Objectives: As the acceleration of global urbanization, traffic congestion and environmental deg-
radation have emerged in the urban area. Based on the light and statistical data, this paper studied the spa-
tial evolution between urban people and land, and revealed the significance of its coupling and coordination
characteristics for the sustainable development of cities. Methods: For primary data, a series of preprocessing
are needed to eliminate the problems of supersaturation and discontinuity of inter-annual data. Based on the
lighting threshold, this paper excerpted the built-up areas of urban agglomeration in Zhejiang Province year
by year, compared them with the statistical data, and analyzed the corrected data source relatively. Firstly,
based on the order-scale distribution model of urban order and urban population in Zhejiang Province from
1992 to 2020, we made a dynamic analysis on population aggregation and distribution in its development
process. Then, we constructed the population-land urbanization allometric growth model by using popula-
tion and light area, as well as judged the spatialization of man-land relationship in urban development.
Finally, according to the lag phenomenon of population growth relative to land development, we proposed
an allometric growth model with lag factor, and used the lag term model to judge the characteristics of un-
equal growth of people and land in different cities. Results: The structural system of urban agglomeration is
relatively mature in Zhejiang Province, and the distribution of cities is reasonable. However, the primacy of
city is gradually improved, and the population is gradually gathering. The results of allometric growth
model show that the man-land relationship of urban agglomeration in Zhejiang Province is generally low in
the eastern coastal cities and high in the western inland cities, and the planning of the four metropolitan
areas is reasonable. The improvement of fitting accuracy of the proposed model with lag factor obviously
shows that there is lag effect between population urbanization and land urbanization, with an average in-
crease of 6.47% and the highest increase of 12.61%. Among the influencing factors on land urbanization,
the dominant factor in Hangzhou is the existing population in urban areas, while the dominant factor in
Ningbo is the new population in urban areas. Conclusions: The proposed allometric growth model with lag
factor can correct the model errors and improve the fitting accuracy of urban man-land relationship. It can al-
so effectively evaluate the temporal and spatial evolution characteristics of man-land relationship in regional
system, explore its development and put forward countermeasures.

Key words: nighttime light; urban population; land urbanization; rank-size rule; allometric growth mod-

el; urban agglomeration; spatiotemporal differentiation structure
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