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Fig. 2 Schematic diagram of visual interpretation rules
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Fig. 3 Distribution pattern and spatial evolution of urban land in the Yangtze River Economic Belt from 1990 to 2020
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Fig. 4 Comparison of KDE under different bandwidths in the Yangtze River Economic Belt
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Fig. 5 Theoretical framework of the relationship between urban population size and urban expansion change rate
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Fig. 6 The temporal evolution of urban expansion of the Yangtze River Economic Belt from 1990 to 2020

RS B
610

B 1990—20004F
CIASATECR S [l 2000—20054F

[ kyE [ 12005—20104F
C T [ 2010—20154F
A0 - B 2015 20204F

K7 1990—2020 4 K ITLHHF ML L _EATEX A3 i 4 sk s B2 4t i+
Fig. 7 The temporal evolution of urban expansion speed of cities at and above the prefecture level
in the Yangtze River Economic Belt from 1990 to 2020



448 B 2= R 794

REM Tl IR UR K = sl A R AR, LLERE . IR0 T oA R R i
T TG R, (HER R B 1990—2000 41X — B B 4% X s T P b s A X 22 18
21 205y, B2 TP A L5 5 4H 2 R0 B IR A 3ok, K = A b O i L i
v E R ) ok 32 R 0 A e B T b 28 0 & SR, 30T A 4 SR ARSI N KR AR T
DL 0. T8 . 324 AR 13 /T 7E 2000—2005 AP ok -8 2 H i §
SRR (7)), AR — BT e X I 9 5K e B e PR 5 4F . 3% 2008 4F
S REHLE R, 2005—2010 4F 8] T JiEh X3 T 9k B KR R R 5 20104F 2 J5 _Lifg
ToB . RN SR B 2 T AR e iR 55 TR LA IRk U RS AR T R, TR A
FON L BUM L TR 24 I S AEAE A R fE LR SRR IS 1Y 2010—2015 Al 1 L AN
R R0, WY kBRI T U X P LRI T 7 2005—2015 4[] 36 17 477 5k
B T

Hh i DX T e R Y A R EAE B R [R] R UiELX, ¥97E 1990—2015 4R &2 T
B, 201547 5 G R R 6 Herb Lk O R B, RS B A DX 3k
SR AN K, (HAE 2010 4 2 [ R E b X T 95k B KT B IX, 2010 4F)5 _LiiF
i DXGEER b X . NET 7 AT DA Y, H i i X B 2 2 3ok Tl R R A AR | i U AR
WAL, B3 T FH R 3 Sk A

ANHER I, 7E 2010 4F 2 K V128 3 A A IR i 7 ok B £ 2232 NI Hb IX 2, il
2010 4 2 Jim Bt 35 A b 3811 %) W A AR 9 e X I Tl 2 (R 45 A ) R, VT 2 5 43
WY sk R Az rh LR X T R . (EARTE R AR, 2015 4F 2 5 45 X ki
SR RE I RE BE R W, AT REMY IR DR S, 2014 4F 4 [ 5 RURAE AL R (2014—2020 4F)
12015 47 o L3k 17 TAE S DA s L AR i & e =L P 4 BT 3 ol P RS, i
Ja KITA T 28 B K@ S da i MU AR R A ) “HE 297" N
R JRELAR | T A T A A A D 7 T S A 49 e O ) R T IR T R A A R R
MGG REAR . BN RER (K 7)), L X R4 #2447 BUX AE 2015—2020 45X — i
BTSSR 45 AE R 1 B AR X9 i i A
42 KIIZFEHTY KSEELTES
421 ZAXEEEEBENETRIEZOX NESATUER, Tk =MHXIHLE
KV Z B P R R 3 Tl M FE A% 0 X . 1990 4E I8k 7 FH M 76 K VT2 Bl I 1 3 4 £ 4%
DX 2R KR AR O X, A% XA BT R g X« i — N i~
TE R R DI H i i s A v, e i R VD T 22 ) H 2 R R T
e X3 s 2N ST B9 A% O XA T KV 555 B i & BRI A5 BH T . 2000 45
o AR ST AZ O M T AT, DA I VT A v 8 DX R R R A% X,
255 B A RO DX IR /N 28 Jl T T, 5 PH T U2 Sl R AZ 00 X 381 2005 48 ik i
(A% O A HE— 2B B A, VLT B JE A% X, SORAZ O X [R5 46/ AL 2010
SETFER, W LR ST AR O A T 5, 2010 A AR T AN U 4T A O 0
X, IORAZ O IR K 2015 4R i DUTH AR T AR A2 O KSR, b ili S5 808 il
UAZO X PR S B e ¥ 31 2020 4F B4R 1 A 8 BT B i B k0 X, 985 5 fH
TR RORAZ O G Fr, AE R VDT AR B I8 OB A% L X

SRR, RITGA b oA N UEAITT b S AN R A 23 ) SR AR AR AR, — KXk
EIE AL B IR T A O X, SR B CRERAUN BT B A% R, 4B Bty
RIH — ek RETL, ARSI, ARER G, WNERRERER, Tl



24 58S RITETE T 3K A I 23 73 SR E B AL 449

a.1990 4% b. 2000 4F

LK LK
= RED X
m ERLX

c. 2005 4F d. 2010 4F

AL X AL X

- LK

- ERLX
e. 2015 4F f. 2020 4F

Pl

- REX
AL X
0 500 km = RED K
— - ERLK

F8  1990—2020 4K YT 2 T bl 7 P 2 25 13 0 A

Fig. 8 Kernel density distribution of urban land in the Yangtze River Economic Belt from 1990 to 2020
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Fig. 9 Spatial distribution of the urban expansion difference index in the Yangtze River Economic Belt from 1990 to 2020
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Tab. 2 Results of global spatial autocorrelation analysis of urban expansion scale in different regions
in the Yangtze River Economic Belt from 1990 to 2020
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Fig. 10 Results of local spatial autocorrelation analysis and hot spot analysis of urban expansion scale
in the Yangtze River Economic Belt from 1990 to 2020
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Fig. 11 Results of local spatial autocorrelation analysis and hot spot analysis of urban expansion scale
in the lower reaches of the Yangtze River Economic Belt from 1990 to 2020
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Tab. 3 Descriptive statistics of main variables

e bk 5 BEAY  E b BME BOKE
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fRRE i PR EAEANO(E AN Upop 476 1.508 2.247 0.055 23.35
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Y AR RDLS 476 19.656  12.672  4.551 76.799
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Tab. 4 Benchmark regression of urban population size on

the urban expansion change rate
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K= LTI TR B PR JE SR SRS JEE PRIk 3T 7 5 22 5 i 2K
SR T S AR AT i E M3 M4

WML IX P SR TGO Ty S g O 0001 T30D 239
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Tab. 6 Heterogeneity test according to different regions of the Yangtze River Economic Belt
PRI < T 9 K 28 S B UEDT
72 i IX Fp i b X AL IX
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Spatiotemporal differentiation and influencing mechanism of
urban expansion in the Yangtze River Economic Belt, China

ZHANG Min', YANG Liya', HU Zhuowei’, YANG Ziqing’
(1. School of Public Administration and Policy, Renmin University of China, Beijing 100872, China;
2. College of Resource Environment and Tourism, Capital Normal University, Beijing 100048, China)

Abstract: Nowadays, the disordered expansion of urban land has become an important
problem on China's urbanization. Urban population growth is widely recognized as a crucial
driver of urban spatial expansion. Therefore, it is necessary to clarify the spatiotemporal
differentiation characteristics of urban expansion and understand the relationship between
urban population size and urban expansion. Based on Landsat TM/OLI remote sensing images
and socioeconomic statistics data, this paper identified the urban land in the Yangtze River
Economic Belt (YREB), China, between 1990 to 2020. This was achieved by combining object-
oriented automatic extraction and human-computer interaction visual interpretation. The study
then examined the spatiotemporal differentiation characteristics of urban expansion at
difference scales using expansion speed, expansion difference index, kernel density analysis
and spatial autocorrelation. Finally, the relationship between urban population size and urban
expansion in different regions was investigated using the Two-way Fixed Effects Model. The
main results are as follows: (1) After 2015, urban expansion speed decreased significantly in
different parts of the YREB. Moreover, the time series characteristics of urban expansion in the
cities of the upper and middle reaches were found to be different from those in the lower
reaches. The upper reaches had higher expansion speed than the middle reaches after 2010.
Spatially, the urban expansion in the YREB shows significant spatial heterogeneity. High-speed
expansion areas have shifted from east to west, and the differences in urban land scale between
the upper-middle and the lower reaches tend to converge. Urban expansion in the lower reaches
exhibits strong spatial dependency, while in the middle-upper reaches, there is no significant
spatial autocorrelation. (2) The relationship between urban population size and urban expansion
differs significantly among different regions. The upper reaches show a negative correlation,
while the middle-lower reaches exhibit a "U-shaped" relationship. This indicates that there is no
obvious over-expansion of population size in the upper reaches, whereas there is in the middle-
lower reaches. Residents in the middle reaches have demonstrated a higher sensitivity to urban
comfort and quality of life. Finally, the study provides regional policy recommendations,
aiming to offer scientific references for targeted urban policies and promote high-quality urban
development.

Keywords: urban expansion; spatiotemporal differentiation; urban population size; fixed
effects model; urban expansion difference index; Yangtze River Economic Belt



