55 44 55 12 1 S & 7 i Vol.44,No.12
2024 4F 6 H ACTA ECOLOGICA SINICA Jun.,2024

DOI: 10.20103/j.stxb.202302160262

RS, B ARAL, TR, TG, 2 5. 2010—2020 45 Hp [ T UM 4k 5 A4 25 SR BT U IR 19 28 1 43 5 B Ml TR 28 AR A5 27 41, 2024, 44.(12)
5040-5058.

He Z Y, Yang Z K, Ding Z W, Wang S P, Li H.Spatial differentiation and influencing factors of the coupling coordination degree of urbanization and eco-
environment in China at city-level from 2010 to 2020.Acta Ecologica Sinica,2024,44(12) :5040-5058.

2010—2020 EREmIHHEX SESIIERFERSH
T E SR A INEZE

’fT; 7 1,2,3,4 71%%&3}11,2,3,4 TZ 4%1,2,3,4,* i—lﬂ:ﬂﬂ%l’zﬁ’“,-’g‘i %\1’2’3’4
1 R R L S PR B 2B, T EF - 475004

2 VIR R A A R R T B AR B IR S R P 475004

3 VAl R 2 KA R SRR B g ol FFE 8 475004

4 P RAF IR S5 R R RS R oG PR 475004

E IR S A A PR T2 5 TR BT B0 T B R R AR T B N TE EOR . BE TR BB S AR S
IR G LE GV AR AR R B IAFE S UM 2010—2020 4 Hp [ Ty s Bk 5 A= B3R5 AR GE RS & DI B2 247 00 B2 73
MrHSEMA R, 4R (1) WSk SRR SR A K P A R S B AU B R = B = M DX A5G, Al v
DR AE PO RS | PG AL DRI B 70 A AL 5 A= PR B BOK V- 2 B F AU AR, 2 55 0FAE B A RRAIE . (2) IS ] ST
JRT B A SR KR A S PR DK BB W i AR SR B4, ELLL HH L XA o 3 R s Al & SR /K 235 LL
DX 2 AR PG R DR T A, R R IR 4R SR A S B | St 2 b DX B AT g il — 20 i s PR 28 PR K P\ 35 HH X
FEAE AR H XA A, 3 LL DX AR Y AR AR AL DX, S Wt ) P AR AL 75 s X0 A A PR R, (3) DA P 3
BERT , PR R G Z A B A PSR [ 0, 3 B 2R ) e LA W80 5 i S ARty il Tl 50 S BT T e, e A A B R S b B, T
23 ]G3 AL 2R P Tl DR PR R R 5 DR RI B2 AP T ARt DX, ISR AL 5 A S BRI 5 MR OC R TERT R R B2y
i R RS AERAT ) A A5 PRI o R R e e, TR 18] o3 A b St g AU 25 S A A SRy, 2020 4F A 28R J5 B g L D kT 2 1
N 46, (4) WA ZRE SRS ST AERZS Sl SUA A 2R O0 Sy A A5 3R S50 B AR B T 4 (AR ot i3t
T RE LA KK G YRR I Blask JLASJ5 Tl A7 B 2 R

KR IR AR ASIREE RS PR s 5 R I

Spatial differentiation and influencing factors of the coupling coordination degree

of urbanization and eco-environment in China at city-level from 2010 to 2020

HE Zhiyuan'*>**, YANG Zhenkai'>**, DING Zhiwei">*** WANG Shipeng'*>**, LI Han"'***

1 The College of Geography and Environmental Science, Henan University, Kaifeng 475004, China

2 Key Laboratory of Geospatial Technology for the Middle and Lower Reaches of the Yellow River, Ministiry of Education, Henan University, Kaifeng
475004, China

3 Research Center of Regional Development and Planning, Henan University, Kaifeng 475004, China

4 National Demonstration Center for Environment and Planning , Henan University, Kaifeng 475004, China

Abstract: Coordination and balance between urbanization and eco-environment is an important measure to improve the

quality of cities and an inherent requirement to promote the construction of new cities. Based on the comprehensive
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evaluation index system of urbanization and ecological environment system, the coupling coordination model was introduced
to measure the coupling coordination degree of urbanization and eco-environment system in China’s municipal area from
2010 to 2020 and analyzed its influencing factors. The results show that; (1) From the spatial distribution pattern, the
development level of urbanization as a whole has a lead in the distribution characteristics for Beijing-Tianjin-Hebei, Yangtze
River Delta and Pearl River Delta regions, medium in Chengdu-Chongqing and central regions, and relatively backward in
southwestern and northwestern regions; and the level of ecological environment construction presents the distribution
characteristics of “high in the south, low in the north, and blossoming in many points”. (2) From the viewpoint of spatial
correlation pattern, the urbanization development level and eco-environment construction level both show obviously
clustering phenomenon, and the distribution is dominated by High-high and Low-low districts. Among them, the significant
LL zone of urbanization development level is mainly concentrated in the western region, and the wide range of low-value
agglomeration is obvious, reflecting that the urbanization of the region needs to be further developed; the significant HH
zone of eco-environment construction level is mainly concentrated in the southeastern region, and the significant LL zone is
mainly located in the western and northeastern regions, reflecting that the ecological environment in the western and
northern regions is not good enough. (3) From the coupling and coordination degree, the grinding effect between the two
systems continues to be good, the number of cities with mild or lower levels of dysregulation and coordination development
types is constantly decreasing. The whole has stepped into the stage of transformation and development. In terms of spatial
distribution, the coupling coordination degree in the eastern coastal region is higher than that in the inland region. From the
perspective of the coupling and coordination relationship between urbanization and ecological environment, there is a general
balance in the development of these two processes during the study period. However, there is an emerging trend towards
lagging ecological environments, with varying spatial distribution from south to north. By 2020, the ratio of cities
experiencing ecological environment lag in the south and north was 4:6. (4) In terms of influencing factors, the urbanization
rate, the urbanization status, urban harmony status, overall urban ecological condition, the level of investment in urban
eco-environment governance, the level of green and low-carbon construction in cities, and water resource utilization all play

an important role in explaining the situation.

Key Words: urbanization; ecological environment; coupling coordination; spatio-temporal differentiation; China
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Table 3 Principle of type division of coupling and coordinated development between urbanization and ecological environment system
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Fig.1  Spatial distribution of urbanization development in China at City-level
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Fig.2 Spatial distribution of ecological environment construction in China at City-level
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A5 2010 ,2020 4EIEAL 5 4 BB RGN LEG 1551, 12 4 B AR DGR B AH G 7 k231 2010
2020 AF [ T SR B2 (8] LISA 42 2R 8], IR A 3 B3l B Ak 5 AR IR 2R 6 Kk SR KT 1 25 [B) 48 R RHAIE
SGEHVLIE 3 K 4, [RIE AP E IR AR AL & S IK B Moran’s 1B 514 0.137 F10.127 , A= S EAE 5K Y
Moran’s I {H43 5124 0.126 1 0.110 3% 7€ B 1 [E T Sk AL 5 28 S IR BR 25 5 & SR /K F-A- 7R 48 0 B I 1 2 () 42
BIWG

RELKA I BEHHX BEHLX BFLHX Wl BFLLX FERFX [ ] BEX

B3 dETEHEAL L RATE LISA £EE
Fig.3 LISA agglomeration maps of urbanization development in China at City-level
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Fig.4 LISA agglomeration maps of ecological environment construction in China at City-level
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73, R R AR 2 HH X — 3081 R 4 m m Ui . 2010 4F 3 LH X80 24 4>, FE i fEiL
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Hi X B L i, TR B ARl i — 4k AR b IX BRIEVIVE ARl T 4R =48 2 S sthais H B0/ 1388 i
Hb  FEARZS [ 3 AT A BT A4k ST B A AR A, 03 LU XS ) 0 A e Bl o) I 450 i 2 0F o 9
F S HA7,2010 AFIRTECE A 78 A4, i Heik 26% , 25 (8] L ZE PG AL PE R i X K R AR v R A &
2020 4=, HoAS [8] 43 A7 78 H A< b DX 22 50 DX 3R [ 3] g BH - 35 BH — 2, S AR 54 4013 3 LA BT a2, 3 e 1
W/ 2 58 4, i HH 20% , ASHER I, 3 L6 Hi X AZ i 7= b LRSS | Tl AL G2 1% Ak & & J N 14 i
SRR AL R B TR R st = A TR SR AR R 42
222 EEHERSG

I 4 AT, A SR R K 25 [ SE IS Ja) Bk | PR 3 HH X 2 3% LL X A R pg Vi m vh b
Il 22 4§ %) [ B IR 23 ) A0 A AR R, BLARTIT S, B3 HH X R 8045 T AR B HLIX, B0 PU Eg 9 sk #a 34 8. 3%, 2010
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e/ IR TR D, 2010 AEIR TR 13 A4S, H R BRI WL AR AR T PE X B 3 HH X
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FCRVLPY )V R L AR T A Ok 18 S, B LL RS M il ) Wi dce & 2 H i
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R =AM R FEE R X, Sk Rl B & 95 4N, B Hik 32%, ANHERBR, 33X 24 [X 32 4 F H AR B U8
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Fig.5 Spatial and temporal evolution of the coordination of urbanization and ecological environment coupling in China at City-level
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Fig.6 Spatial and temporal evolution of the relationship between urbanization and ecological environment in China at City-level
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PRIRARDUR | [ N B I 22 U R il T PR R GE 2 1] AR B A G B 0T iR+ SR ok 7 ke ofe | L 28— BB 22 et 2 it
e FE ) 3t T A R B A M e JRe 2 )i SUBRA R T AR A BRI B TR, 74 S e AR v [ A EE AT
7 5 Jr 1A [ IR, 2245 1) P T S B A A S g DX 90 A S BRI ) R, LS 00 g o St ) IR A R IR & BRI K i
Pyt e FE R ) ST AW FE A 0 g AL 7 25 18] A R B4, I8 T i DX R 2R~ B 5 A S8t M X 5 i, e
o DX LS8 B T A 23 I R T B A SR SR M M Sy o AR EE 2T B 5 4t DX A AR 28 PRI e I T 9l
Pt e BBk Fp L IO B 4 0 AT A% Ry, TGI8 o RS AL o i e e 2R S B i AR T 7 B — 2
et
2.5 RHRERERIER

i8] Are GIS10.2 BRAFAUAL P /A3 AR S B BEAE Y G, 4555, 971 A ARWT R AEIE 6, 158002
PRI BRIV T DX UV XN R X TS SR DLIAL 7,
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Fig.7 Spatial pattern of cold and hot spots in the coupling and coordination degree of urbanization and ecological environment in China at

City-level
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FIRARALES—r , ILARR A D AR, 2020 45, ZR R = Ay b DX 43 A i FBLAT T IS, i 7 R R ) i X
BTG | AR A S AR T RO A BT R, 5 e 4.6% T RER 3.6%, W 5 VA i X st &, 7E 4L
B 45 AN FRES] 13 A FEas ] S BEA VG g 1A VS GG B, 7 DY R i X 2 1) 40 A R DL SR A
SOV B S A G T L X110 2 ) B8 SR X, 7 P b b X 23 18] 43 A U AR L HE 7 =48 38 B X R A T i 5
SR RIEE A AR IR IX, 2020 4F4 VA A X sk ) PE AL X e r , RAFE AR H 7 = s A L X kv
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3 RWERSH

3.1 xR bR A Al PR TR i PR A
AT ] SPSS26 Bt R LA K HEA T AR AL AL B A5 2 BT YK , SRS 185 KMO A6:56: 72 11 Bartlett
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{E5T 0.621, BEWIE bR la] A7 72— MRS NE . Bartlett BRRAKG B0 45 5 73 51 3441.886.,839.590, Sig {H 44 M
0.000, RIA R BRI A, MIRESRAG I AR W] 1 Rl FI N 520 Ak
3.2 BT
— RO T, PRI T3 05 D BRI AR ER T 1 SR R AR 4 B R (e R T 1 I
TFH 5 A AR 2 A5 SRR FEE Y 65.242% , BV R FU 25 5Tk Rl 65.242% , BEAE X I A A8t ifF 4 7
BUFRg RS U . R, Al USEIRCRT 5 >R 5 E ot A7 A

R4 HHEAZMERTERRER

Table 4 Variance interpretation rate of factors influencing urbanization

B FHIE(E P I et s - 7 Al
W Initial eigenvalue Extracting the sum of squared loads Sum of squared rotational loads
Iz
3 LA 2T 4
Component g PRI g g PEERE e g TEIPIE
Total arance Accumulate Total ariance Accumulate Total anance Accumulate
percentage percentage percentage
1 4.265 28.431 28.431 4.265 28.431 28.431 3.909 26.057 26.057
2 1.970 13.135 41.566 1.970 13.135 41.566 1.952 13.014 39.071
3 1.306 8.708 50.274 1.306 8.708 50.274 1.334 8.895 47.966
4 1.207 8.044 58.317 1.207 8.044 58.317 1.316 8.774 56.740
5 1.039 6.924 65.242 1.039 6.924 65.242 1.275 8.501 65.242

T REAE X N - SCHEAT AT AR R, T B AT DN e, SR I 5 ik R e K5 221 A 3 TNk 5 B
AR e I 1) DR 3 A L G

R5 HEREHNETHREER

Table 5 Factor loading coefficient after rotation

EiFL7n %53 Component

Index 1 5 3 4 5
X, W % 0.844 -0.145 0.142 0.114 0.199
X, ALK AR L % 0.798 -0.092 0.179 -0.133 0.083
X B =EZ I % 0.148 0.052 0.828 -0.214 -0.146
X, o — M AL L % 0.729 -0.110 -0.178 -0.139 0.083
X WAENAGPFEANAZIL/ % 0.577 -0.031 -0.059 -0.137 0.079
Xs THFALIE &5 % 0.385 0.031 0.018 -0.602 0.196
X, B SR % -0.031 -0.095 -0.054 -0.056 0.879
Xy AR B AT AR T B 5 L % -0.505 0.437 -0.151 0.111 -0.154
Xy BT ANBAERARANGE A 0.183 0.244 0.101 0.709 0.344
X B2 JE B BT ORI KIS /% 0.506 -0.072 -0.065 0.245 -0.037
X WE WAL % -0.231 0.877 -0.064 0.046 -0.030
X W% HPR L % -0.063 0.903 -0.030 0.068 0.076
X3 W2 BARIRRELIL/ % -0.179 -0.198 0.582 0.272 0.061
X W% BEy7 AN % 0.538 0.090 -0.224 0.415 -0.020
Xis W L5 HELATHMLL % 0.231 0.097 -0.026 0.090 0.479

M 5 Al B Ja T3 o 1 D 5 FEB R A X, (X X, RIDBRARC A R 3t 7 — e 24 SRRk
SCHe EMUIX AR FEEE, BEHTIX = A7 AR AR, R A5 388 3 T AR G ROy (58 — =l 2
) LR WO . IBRSEIE BL R, BRI K P (4 52 T 5 A5 R0 ki R 3 A A B, LIk - A ]
BT BCE, kDXt AL AR BE A RN R A7, RS KF i B TR Bt 5 B 23 38 A 55 B et BE Az
BT BT S B A 1 TR PR R R AL S AR SR R T ) RS S M 7 1), Ty
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— P LTRSS L A B T LSRR 22 1 I BCEE IR IR AL A T RN R R DT A sl LAk i R AR O
B 22 1% I 0 R T 6 R R A S R B AR DL S B 5 A SR B AR A P AR X T AR
PETF AR T LABE = 3k vl Joe B %) A 3 B et DA B R 3 B A KT RGN SR AN B B T & RN A A AR X, ] B 3 208
Beig e SCImANIE Ab S o0 G S5 ), 5 e B A A 1 T A SR TR S AR S AR A U, R
Pl 3 H 2 A R A TS Y HE ORI TS FE , X A S IR BT i AN R RE R, W5 = P AR g A e A v g Xt
ABIEM TR IE N 5 = E G R, BRI IR 55 8l (4 3G 22 9 90 X AR AR A
F4 g, T DAASE D G IR A AR S BRI 5 A4 S R B AR A DMK, 58 2 7 oA S PE BRI )2
Xy (S UWALL) M X (3RS B L) |, 3% S WLk & PIpIR) 2 Xof DX 3alnl B Ak A P-4 TR AR B A5 L FRAB 2 1 T

S, 2R 4 R MR K X ORI 0TE & ) M X (BT A BAERR AU 45658 5 7 e
RNEBGRAT X, (BEE5 ) IR — e B b il it AR S o A S A 3l 8 Ak 2 i 20 A i WA Y
RN AT AW 7 | B 2o e AT AR AR 1 320 174 20 30 T i R A A A PR RN A 36 PR 1 B ek, )
B, FEIR T RROR AR, IR T 45 B 0 BB 0 S A IS R R ] Rk K Rk sl i AR €6 R R IR T 29 A
FH A= S ERBE O It (1) S, 00K B T RS T () PR £ far R0 AL 2SR | i v IR AL 5 AR S IR B R S 1
B,
3.3 AN T

W 6 FrR ARSI EEERT 1 T4 6 4, H ER 7 2 50HR N 62.866% , F L4 HURT 6

A TFAE R B AT 87

F6 ESHEEMERATEMEE

Table 6 Variance interpretation rate of ecological environment

IR RHIE(E P I iR s - 7 Al
o Initial eigenvalue Extracting the sum of squared loads Sum of squared rotational loads

ST AN - T | ey

Component g PRI g g PEIME e g PEIIE
Total anlance Accumulate Total ariance Accumulate Total anance Accumulate

percentage percentage percentage
1 2.639 17.592 17.592 2.639 17.592 17.592 2.361 15.738 15.738
2 1.978 13.185 30.778 1.978 13.185 30.778 1.891 12.608 28.346
3 1.601 10.673 41.451 1.601 10.673 41.451 1.656 11.043 39.389
4 1.146 7.640 49.091 1.146 7.640 49.091 1.258 8.386 47.775
5 1.065 7.097 56.187 1.065 7.097 56.187 1.193 7.951 55.726
6 1.002 6.678 62.866 1.002 6.678 62.866 1.071 7.139 62.866

RIS AT IR 7 liehe , e 7 B

HIZR 7 W, ERE o DA 7 3 RS 1 1 o5 LU R AT X6 (X, X, RIVZEZSERBRROL B it AR AR 22
AR I A R R R B, 25 R S W T SR A IR . R4 B A AR BEAR B S R 5 N
MPE RSB N R Z — — i 3 S A A RO i M X AT B o ) 2 SR B 85
D RS TS eAAE JS R B A AR 196 25 ] 008 e 5 | A R R 57 3 0 45 N 1 1 3T i, HE sl ALt 7
PR A P P P TR B S AR S B R G A IR K- 55 2 B AR A SC PR B0 9 2 X, (PElARER AL
FHE AT IL) X (BAAL GDP TR K HECR ) Fl X3 (B2 GDP TV HH (H ) R HEI ) | F 25855 4 BT rPAHSC
PERESR Y X (A2 TE BIR IO T ACAL B AR ) | D25 S [ B e HH Sl T o A S PRBE A BB AR L o 3 ) A2 28 3R 5
AR B EL R TR BERE ) MR B I, — B0, BB L PR A B R T8 o 2 2k
PO S AT RS A R AT LRI B AR v SRIBCAE 25 64T B0 ) A T 7 A (A R AT A% e A
PGS, XA R SIS AN B TR A SRR 1T ELAT ) T 8 i A A 2 3 Y e #
PURANE, I3 WA S AR IR R G RIM S DIROKF . 55 3 DN AR BREEIA BOK-F 1Y X (7 A
ARFANED) Xy, (7 NP HFHZHE () ) F X, (b TR AR ) AH SC MR R 3 AR B 1 T i) 2t € AR A 1
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Ko ST R AR B R BT 2l , ANURT AR T 2t B 2 AR AR A e s ) i L AT DA i /b BE PR
BRI LR AR T X BRI 1) ST, A7 B 0D PR 05 75 e A5 A AR R 2 w35 8 A Jie 5 W R T80
M55 5 A X CAE A HE RO ) A Sk fe K, TR FAOL N 1T A RE VR 9% 1, X IR i
ARG . MR RS m] A, ae v (8 8% AR AR 2% 3 BT 15 e AN B IR €, I A= 2530 58 R GE Y
J&J10 55 6 A5 Xy, (778 GDP HIZK ) AHSCHE .28, iX S Bt 2K IR A I 00 . /KB IRA HI a2
FEUKGIRALTT JAG AT R KU AR SR IR, X (R A L 78 B A AR R i, 1T 5
BOWSEAL S A IR R G RIH & DIRKF TR

RT EEENETHEERE

Table 7 Factor loading coefficient after rotation

ity %43 Component

Index 1 5 3 4 5
X6 B T 0.886 -0.209 -0.136 0.073 0.011 0.070
Xy HRME TR/ % 0.883 -0.084 -0.044 -0.024 0.018 -0.065
Xig HFRAOK B R A/ % -0.037 0.156 0.662 -0.163 0.247 0.014
X9 TIE A EAE A 0.109 -0.038 -0.037 0.016 0.873 -0.009
X Wi zs AR R R AL % 0.677 0.078 0.170 -0.215 0.377 0.008
Xa1 SR I AL/ hm? -0.079 -0.057 0.717 0.144 -0.277 0.026
Xn Ji 76 GDP /K E/m? 0.076 0.053 0.096 -0.065 -0.020 0.909
X THHAE A R () TifEIX -0.111 -0.231 0.642 0.084 -0.150 0.099
X N A HE -0.297 0.759 0.093 -0.013 0.072 -0.069
Xos Pel AR AL 1 5% 17 1L/ % -0.245 0.002 -0.442 0.001 -0.214 0.044
X6 — B Tl AR 255 R % -0.078 -0.474 -0.002 0.590 0.246 0.239
Xy TIKAEEL) AR AL B /% -0.364 -0.065 -0.030 0.093 0.009 0.385
X A T b TG AR AL B 9% -0.072 0.082 0.061 0.786 -0.092 -0.081
X9 BN GDP Tk /K Al it /1t 0.133 0.669 -0.067 0.367 0.030 0.028
X3 AL GDP AR (F) 2R HEUE -0.067 0.700 -0.140 -0.197 -0.077 0.074

3.4 Zigordr

F A B34 AT R0 SR AL 5 A A5 3T R SRR G DI IR 7 P52 BB R0 R 3R 0 A 25 BRI S0 LA 3R 49 77 1
MZEEAERI (I 8) o HEEA R I ¥ 1 B R B A RS T AR T S A= R B Sl o A= 25
SEIR BRAATRE T o (O AR i e R L SR BERA IS 00 o SR A A A 418 i o 15 B L IR 55 B
eIz B B, e AL 5 AR AT R G ARE G UMA , dbT7 — BN SRR S HE B A S 3R AL Y
PR R BETE 2 A BRI T AR S PRI R 37 LA S B AL 5 A AR R O IR A S s i DX T AR L R 1 3
T LASR R AR K F- SR Tt R BE S B RE IR) L, 5200 P8 A A 358 S AL 5 A AR B R B, 5
PV 2 RO A TS5 Y MG IR ARG, AH SR T R R 2R =7 i i /0 ¥ e R A PR35 B4 52 0, DA T >4 25
=k B FEEE RTINS PR A 3R RS PR AR S B ROK P . AU AR YA 2 PR AT LUAE S 3
LIRS , TR ARSI A O T, A B T BRI T (0 PR I5E S HE AN A SR, B v AL 15 A AR 5 1)
FAE DMK o ST B AR AR B0 R TS A S BRI A B A S8 2 LA B 3T o (0 ARl el T B A v
AT BT v AR5 A AR T AR GE AR & BRI /K-, 3 PR Oy R o PR R A8 i A A5 3, 4 i A
SRGMTRETERMZAENE  FETH T B NTERRBT ) FISNME R R T, L 5 A AR5 R GEpy Wp il 1 ) DL AS:
FIARARTE . e, R KB AR A M T S R S5 AR SR R SRR S PR K-, BAL GDP
IR R A3 e i e 7 e J 75 X, DR R 7K B IR K RESOM) I 5 X AR A PR B Jl— 5 19 T g, 2 T 5 UK B I Y
A BETT 2R KI5 A R S5 IRDRE , ) A 285 R 8 1) V- Rt St B O7 T S ), DA T AR AR B A 5 A S BT R G RB
BRI
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Fig.8 Interleaved coupling diagram of influencing factors
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