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Spatiotemporal Coupling Characteristics Between Urbanization and

Ecosystem Health in Chongqing City

Zhou Lingyan, Li Weijie, Wang Yong, Bian Hongyan, Wang Qiuhong, Liu Yan, Yuan Zhenzhen
(School of Geographical Sciences Southwestern University » Chongging 400715, China)
Abstract: [ Objective] The spatiotemporal interactive coupling characteristics between mountainous urbanization
and ecosystem health, and the complex relationship between ecosystem health and urbanization were studied
to provide a scientific basis for the scientific management and sustainable development of urban areas in the
region. [ Methods ] The spatial and temporal evolution characteristics of urbanization and ecosystem health
subsystems were analyzed for Chongqing City (a mountainous city) from 2000 to 2020 using the entropy
value method and the vigor-organizational-resilience-service (V-O-R-S) model to determine the mechanism of
the interactive coupling relationship between urbanization and ecosystem health subsystems. [ Results ]
D The comprehensive urbanization level in Chongging City from 2000 to 2020 increased year by year.
However, there was still a problem of uneven spatial development, and both the core zone and the low-value
area were significantly affected by topographic relief. @ The ecosystem health index from 2000 to 2020 was
moderate. The ecosystem health of the regions with rapid urbanization deteriorated significantly, while the
ecosystem health of Southeast Chongqging and Northeast Chongging with higher vegetation cover was good.
[Conclusion] The interactive coupling between urbanization and ecosystem health subsystems was on the

rise, but has not yet reached a highly coordinated stage, and contradictions still exist. To achieve high-quality
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and sustainable development in Chongqing City, it will still be necessary to take the green development path

and solve the problem of spatial and temporal inequality.

Keywords: urbanization; ecosystem health; coupled coordination degree model; mountainous city; Chongqing City
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Fig.5 Temporal trends in interactive coupling between urbanization and

ecosystem health subsystems in Chongqing City from 2000 to 2020
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Fig.6 Temporal trends in the interactive coupling between ecosystem health and

urbanization subsystems in Chongqing City from 2000 to 2020

35 ZEHENSESREERIRZREZEALZER

AHZEEE

WE 7 Fr7s, 2000 Fl 2020 4F 5 PEAT 45 4 WA 1k
SR RGE R W R G0 0] 128 B ARG OC R I 25 () A%
A, IR IREEAL 596 0 AL i DL R IR %5 =2
[B) () 22 B B O 2R, 2B | AR D 0 1) b B B OB
e, #£ 2000 FFH K TIRBA S AU S
I 55 [ea] 0 HES 5 DI ) 85 7 0 T DX Jee o IX. L AR AL A T
FEA P PR B R A Ay b X Ab T R G TEIR A
2020 AEIREEAL 536 1 LB T) D) 5 IR 55 2 1] A R
B PR EE AR R 22 A F TP RS B R AR A T AR Bl X ) 4
THRARPMHREE . ERT 2020 FFAR RS MRS

LR WAL W AR B8 2 0] 1 32 HRR A BE B 2000 4RI A
PR $E T, 7E 2000 47, HR T X 55 960 7R 4 DX 2R S R
Gifd 5 N H AL 2 ) S8 RS O AR T LR
5 AL 2 IR Ta] AT T X5 i AR R M X T D
JER 5 5 2 WA DL R s ) B Ak 22 1) L 3T X
LA R L X B O R R . AR 2020 AR, 45 X
HABRGMEES N OB 2 W) A9 52 5l A 8 R
P LA U 5 5 Ak 2 AR AL 2 ) 2 Ry A P R A Y
K- 5 5 25 ] AR A 22 T AR T D RE A L X SR A B
VA AR M DX 8% Oy o B2 2R 98 5 5 0 U SRR A L 22 1) 45 A
DX ELE O A O B A o E R 38 MK E
2020 AFIREFAL 55 A 25 2R G A FE 20 73 1) A 7 P 81 2 W



5% 2 JH ¥ #EAF - T DT OB AL 55 A 2 AR G A A I 2 R 5 R AT 405

15T 2000 AR L3 E SN O 7 A RE AT SRAEAL AR AR AR 95 3 0 AR A R RN DAL 3R B A
BT EEMOBT 1994 AEE TR DRI A B L R A R B A i SR 9 e )
1997 4R F PO Y B BOR L 51 U T & e S R BER XA IR A TR T /N R3S R ST R AR B

U&R EH&SPU U&R EH&SPU

EH&SPU EH&SPU

EH&SPU EH&SPU

EH&SPU EH&SPU

20004 20205
wmethiAE CIE=WE CO+EE EEXEANE SERE Il EEDE

TE: UV RIR WL 5% IS A 06 R 5 U0 FR ML 5 4140 1 Il i 22 TR 4 26 % s URR R 48 Ak 5 B0 00 1) 1 252 RS A
K F; URES AWML S ESREMS MM EHE KR EHOPU FaRAEB RGNS A 0L R 2 4 X R EH_SOU Fm/E
BRGER S SIMPR AL TG R EHESPU R A 35 R Gl e 5 2 MIRLL 10 2 Tl 5 8 R 3 EHQEU RoR S R Gid B 5 2 0%
AL S ARG LR

0 100 200 km

B7 EXTHEANESERGRRIZZEAZEREXENZEES
Fig.7 Spatial patterns of interaction and coupling between urbanization and ecosystem health subsystems in Chongqing City
TER IS 548 T A DM KL R v A T AR BERE W] 47 25 e Ji 2 R 3R (R e il
PRHUR L CR A B AP R BIR R 3T A MO BOR SN E R A SR RNE A AR O HLBE A
ROUE AR ECA BT T R RUVES IR Z 2B R X PRIR A T PR S5 BOR A B i 10, #1356 95 e 1] LA
SR B TEAE S IR AR EOT LU, OF BRSO E DAaE AR 2 AR 4 e R ) 4 45 TR B 1 K P B



106 7K R E

%43

2020 AFIRARAL 55 A 25 AR G0 Ak B 2L 1) A8 5 D R JEE A
W R4 Th . Hrp 2020 AFE R AR 25 R GU A R
AL 2 St 2 18] (19 52 HARA BE IR 2000 4R T 2
Th ARG AL T B AR K L IF HIAE AR & 48 1 K - i
P T A5 25 2R G T 1) 415 BT L 3R W B A 78 9 R T e
W F) S5 [ 95 5 A1 B9 Tl 55 g O T e ok i R T 42
FEIR D SRR JE A TR L) LR AT D Rk & i
BRI A B4 (4 I B 2R R ) 4 22 (20102020
AF) ) K AR AR R A 57 2l T 4 e 3 L A O T ECR
BN T ZDA L E B PR T 5 2R B IR Y 3Kk, S Bkt
YR AR B THE — B A TRAR A K A
1 3B A K S 1 2 4 8l o o R DX 9 R L % 22 5%
1 4 JR o AELI T 77l e o T 0 K KT B A
% I ELX A 25 B 50 3 B — 5 R JEE 9 7 e B0 AR 2

ARG AR RO B8 T B AR IR 5 P 98 32 K
AR

4 g

ARSI Al T 25 A WAL KOS s T
HETABEEEMALRSAESRGE M S T RGES
RV 7 Gf 1 H R C IR &
V-O-R-S) ; Hrxh 72 A% G 00 9 k58 43 A R B
R HUMFTE S I — X — 7 110 WL A A 850
s T BB 2 (B AR A AL AR A X — X 27 LA
Fet 22k 227 2% [a) 1) #R G O Z2 RUAIL ) 1) 0 5475 4 ke
Z RSO I X 27 R A U R B R R Y T
20002020 4FE RT H R B B3R 5 AT RS
@R oy Z 8], DA S AR S RGeS AL R 2
EMsEEAAGRR., TEEHWMT . OpA A0 4t
XA eas [A 4 B R T Y &5 G B AR K T A
2000 4E 19 0.05 $2TF 2 2020 9 0.34, H g sE 1k 14 &
JE RN KRNI B 9K 19 00 G B B 2 o S T DA
2V K IK Bl A R 1 B B L AT A AR 25 ) R AN S8 A 1Y
5] AL, AR TT DX 25 5 3ok BEL Ak 7K - 259 0 U AR e
AALHLIX ;5 @2000—2020 4F (1) 45 25 &R G0 fd B4 B —
FLAL T5& HOR A (0.43~0.56) , 76 T A 20 43 v i 1 %
FOA BRI 5 ), i 55 I Ak KT 85 e i A T IX
(9 A2 25 R e A R 0 Ak 1 3, T b 4 v 8 HL 255 3R
BAAR AT AR B i 2 R AR S DR X5 i AR G 2R A
FREXMAESRGAEFRO R4, OWaifk 54
RGN 73 DL S A S RGeS WU AL T R 4
()28 H R A B Ab T 18] U JE ih 42 22 0L AT R B 55 45
s DRI BT S R o A EA )R AT R ALY
KB ATy T R b B L R R ) T A DR S N
¥y ) R,

X IR G DUR A RCH AT AT 0 BRI
VAR G I ] JEE AR g A 285 2 0 At R AR O 3 255 47
el SRR K T R R . ML Y 3k T T K
R T MR A g, R ECEY SRR L, X 2
M DXV S A= 25 A8 2 o 40, B il e A 8 e ik
7l A B Y AL A RN TR G, AR R R CRT BRI A K
AR . TOIT e T Bk T 0 M R Ak
JE L BHAT T4 BO0E BRANRE B . DI 2t DX
— 2 S8 A A AR A HE A SO BTN R B 5k T AR A
B, B 08 FAR A S R G BE Ry SE e . N HAR A
Sl T 7 5K B IR R B ) AR BBE it LR s L &
BARES RGP TR, U, 7k iy fbid 72
L BORE I EAT A B 23 ) ML) R S T R K
& L R R R AR ARSI R . NI
PR B B X A S R U IR 55 2R A8
SRTNT o AN 5 B0 B JROT 6 T el B IR T AR R 4
2 55 B BT P . DRI Tl XY S PAT RO AR
Ak K R R I 55 ST AR AR AP X TR AR O 2
S AR B9 A S RGNS R R L R AL AN AR
T B B DI 38 B2 A X A 9l i P i i 7 A S A
0 A, A i DR 5 5 B U™ L RE R AR B A%
Gr B e A AL X A A Ao 1™ B 1Y) AR S B 8
ETTRER L I I ER DI NS o S N S P -3
SR B ARSI AL R R U 2k L BT L
I3 = Wi Y7 DX L 5 VAR A% — b SCAR i U o e, 42 T
DI M) 3 A28 5 K S a2 Ml DO T I A i R
4 ) BB 2 T 2% 3t DX B A R B A K S o DRI R
O 2 il — S W 5| AT (9 AT RS 5 g 3T 2 3 AR 55
A BRRE A1 L B AR N gt 3 AR Bl RN AT
)2 B 2 S e 55, i T B B9 BRI, 0% X 2
64.21 0 BT £ b B B2 257, 3 I T M TR E
TEAE AU . DR 32 DX R 78 43 %t J5T A 7S 3R
S5 0 I8 355 e AR RO AP L 5 B J) s T sl T RO
Yk . SR o & A L AR TS M R B
Wee ARG 3t 5 9 3 XU o BRI $i2 e Jes RS AR L7 K F
TN A Z5 PR AP PRI A 3G B8R 2N ARO6F R T A 4 L A
7 R . A BETE A B o UK A BURE A8 O HfE
By A 25 OR AP R I B s o R R 4R it — e Ak 0 IR
i BT A4 3 B

L & % x @ ]
(1] 75 Bk, 2o TF i 40 AR b B A AL 5 30T e I A 1y
FE R R[] 20 M. 2018,38(9) : 1-9.
[2] Bian Hongyan, Gao Jie, Wu Jianguo, et al. Hierarchical
analysis of landscape urbanization and its impacts on re-

gional sustainability: A case study of the Yangtze River



5% 2 3 JH

B MR W PRI IAEAL 5 2R A AR T A PR ) N S R R AE

407

[3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

Economic Belt of China [J]. Cleaner Production, 2021,
279:123267.

Kang Peng, Chen Weiping. Hou Ying. et al. Spatial-
temporal risk assessment of urbanization impacts on eco-
based on

system services

framework [J]. Scientific Reports, 2019,9(1):1-11.

pressure-status-response

Peng Jian, Tian Lu, Zhang Zimo, et al. Distinguishing
the impacts of land use and climate change on ecosystem
services in a karst landscape in China [J]. Ecosystem
Services, 2020,46:101199.
He Chunyang, Gao Bin, Huang Qingxu, et al. Environ-
mental degradation in the urban areas of China: Evi-
dence from multi-source remote sensing data [J]. Re-
mote Sensing of Environment, 2017,193:65-75,
Jonathan Foley. Living by the lessons of the planet [ J].
Science, 2017,356(6335) :251-252.
Alma Mendoza-Ponce, Rogelio Corona-Nunez, Florian
Kraxner, et al. Identifying effects of land use cover
changes and climate change on terrestrial ecosystems and
carbon stocks in Mexico [ ]J]. Global Environmental
Change, 2018,53:12-23.
Chang Mingyang. Luo Xinyi, Zhang Yaru, et al. Land-
use diversity can better predict urban spontaneous plant
richness than impervious surface coverage at finer spatial
scales [ JJ. Journal of Environmental Management,
2022,323:116205.
Fang Chuanglin. Liang Longwu. Chen Dan. Quantita-
tive simulation and verification of urbanization and eco-
environment coupling coil in Beijing-Tianjin-Hebei, China
[J]. Sustainable Cities and Society, 2022,83:103985.
Lu Yonglong. Yuan Jingjing, Lu Xiaotian, et al. Major
threats of pollution and climate change to global coastal
ecosystems and enhanced management for sustainabili-
ty [J]. Environmental Pollution, 2018,239:670-680.
Fu Bojie, Mark Stafford-Smith, Wang Yanfen, et al.
The Global-DEP conceptual framework: Research on
dryland ecosystems to promote sustainability [J]. Cur-
rent Opinion in Environmental Sustainability, 2021,
48:17-28.
Bili R P AR B B IR B SR A R B T R gk kR
(1] b F %41 , 2019, 74(12) :2431-2436.
Liu Jiyuan, Deng Xiangzheng. Impacts and mitigation
of climate change on Chinese cities [ J]. Current Opinion in
Environmental Sustainability, 2011,3(3):188-192.
R B R PR T e AR A 3T A R K SR ST B
HMLRN IR 7R« 3 T 10 2 ST 55 b Se AR 3 B L A L.
PRTTHL&I L2021 ,45(5) : 9-20.
RS TR VR B AR AL S AR AR R i AR
M & R BE T[] ] b~ 40, 2020, 75(3) - 589-606.

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Gene M. Grossman, Alan B. Krueger. Environmental
Impacts of a North American Free Trade Agreement
[M]. UK: Cambridge, 1991.

Jill L.

Kahn. Taking the“U”out of Kuznets:

Caviglia-Harris, Dustin Chambers, James R.
A comprehensive
analysis of the EKC and environmental degradation []].
Ecological Economics, 2009,68(4):1149-1159.

Bashir Muhammad. Energy consumption, CO; emis-
sions and economic growth in developed, emerging,
and Middle East and North Africa countries []J]. Ener-
gy, 2019,179:232-245.

Liu Wenjie. Jiao Fengchao, Ren Lijun, et al. Coupling
coordination relationship between urbanization and at-
mospheric environment security in Jinan City [J]. Jour-
nal of Cleaner Production, 2018,204:1-11.

Fang Chuangling, Liu Haimeng, Wang Shaojian. The
coupling curve between urbanization and the eco-
environment: China’s urban agglomeration as a case
study [J]. Ecological Indicators, 2021,130:108107.
Tang Feng, Wang Li, Guo Yiqiang. et al. Spatio-temporal
variation and coupling coordination relationship
between urbanization and habitat quality in the Grand
Canal, China [J]. Land Use Policy, 2022,117:106119.
Wang Jieyu, Wang Shaojian, Li Shijie, et al. Coupling
analysis of urbanization and energy-environment
efficiency: Evidence from Guangdong province [ ]].
Applied Energy, 2019.,254;113650.

Xie Xue, Fang Bin. Xu Hanzeyu. et al. Study on the
coordinated relationship between urban land use effi-
ciency and ecosystem health in China [J]. Land Use
Policy, 2021,102:105235.

He Jianhua. Pan Zhenzhen. Liu Dianfeng. et al. Explo-
ring the regional differences of ecosystem health and its
driving factors in China [J]. Science of the Total Envi-
ronment, 2019,673:553-564.

PRI AR Bl I 3R I T A K P 1 55 T B H
AT 3B LT AR . 2009, 64(4) : 387-398.

Pan Zhenzhen, He Jianhua, Liu Dianfeng, et al. Pre-
dicting the joint effects of future climate and land use
change on ecosystem health in the Middle Reaches of
the Yangtze River Economic Belt, China [J]. Applied
Geography, 2020,124:102293.

PAA X D A SRR G SN INE ST
WO AR, 2001,21(11) . 1885-1892.

i B FLELA , SO . S A S RGP . TR
Frim 1] AE R3] ,2001,21(12) :2106-2116.

Chen Jiandong, Li Zhiwen, Dong Yizhe, et al. Cou-

pling coordination between carbon emissions and the

eco-environment in China [ J]. Cleaner Production,



408

K - PR 4R

%43

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

2020,276:123848.

Bai Xuemei, Shi Peijun, Liu Yanshi. Society: Realizing
China’s urban dream [J]. Nature, 2014,509(7499).
158-160.

Fang Chuanglin, Liu Haimeng, Li Guangdong. Inter-
national progress and evaluation on interactive coupling
effects between urbanization and the eco-environment [ J].
Journal of Geographical Sciences, 2016,26(8):1081-1116.
Zhao Yabo, Wang Shaojian, Zhou Chunshan. Under-
standing the relation between urbanization and the eco-
environment in China’s Yangtze River Delta using an
improved EKC model and coupling analysis [J]. Sci-
ence of the Total Environment, 2016,571:862-875.
Liao Shiju, Wu Ya, Siu Waiwong, et al. Provincial
perspective analysis on the coordination between urban-
ization growth and resource environment carrying
capacity (RECC) in China [J]. Science of The Total
Environment, 2020,730(9) :138964.

Yang Jie, Huang Xin. The 30 m annual land cover
dataset and its dynamics in China from 1990 to 2019
[J]. Earth System Science Data, 2021, 13 (8):3907-
3925.

XL , 5 B AE R R . 58,20 thad 90 ARG H E L i
) FHAE A B 23 AR B B R 43 7 (0. 3t B 5%, 2003,
22(1):1-12.

Kang Peng. Chen Weiping, Hou Ying. et al. Linking
ecosystem services and ecosystem health to ecological
risk assessment: A case study of the Beijing-Tianjin-
Hebei urban agglomeration [J]. Science of The Total
Environment, 2018,636:1442-1454.

Peng Jian. Liu Yanxu. Wu Jiansheng, et al. Linking
ecosystem services and landscape patterns to assess
urban ecosystem health: A case study in Shenzhen
City, China [J]. Landscape and Urban Planning,
2015,143:56-68.

Li Weijie, Xie Shiyou. Wang Yong. et al. Effects of
urban expansion on ecosystem health in Southwest
China from a multi-perspective analysis [J]. Journal of
Cleaner Production, 2021,294(6141):126341.

BRJTIN, T3, BB S RIL i i B AE S RS
il P 2 A8 R AR 0 AT [0 0L 2R 5 2 4L 2022, 42 (1)
138-149.

Benjamin Burkhard, Franziska Kroll, Felix Miiller, et
al. Landscapes’ capacities to provide ecosystem serv-
ices: A concept for land-cover based assessments []J].
Landscape Online, 2009,15:1-22.

Xu Qian, Yang Ren, Zhuang Dachang, et al. Spatial
gradient differences of ecosystem services supply and

demand in the Pearl River Delta region [J]. Journal of

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[52]

Cleaner Production, 2021,279:123849.

Xie Gaodi, Zhang Caixia, Zhen Lin, et al. Dynamic
changes in the value of China’s ecosystem services [ ] ].
Ecosystem Services, 2017,26:146-15.

Chen Junyu, Jiang Bo, Bai Yang, et al. Alatalo, Quan-
tifying ecosystem services supply and demand shortfalls
and mismatches for management optimization [ J]. Sci-
ence of The Total Environment, 2019,650:1426-1439.
Tang Panli, Huang Jiejun, Zhou Han, et al. Local and
telecoupling coordination degree model of urbanization
and the eco-environment based on RS and GIS: A case
study in the Wuhan urban agglomeration [J]. Sustain-
able Cities and Society, 2021,75:103405.

Muhadaisi Ariken, Zhang Fei, Nwc D, et al. Corrigen-
dum to “Coupling coordination analysis and spatio-tem-
poral heterogeneity between urbanization and eco-envi-
ronment along the silk road economic belt in China”
[J]. Ecological Indicators, 2020,121:107014.

Yang Yi, Hu Na. The spatial and temporal evolution of
coordinated ecological and socioeconomic development
in the provinces along the Silk Road Economic Belt in
China [J]. Sustainable Cities and Society, 2019, 47:
101466.

Shi Tao., Yang Shenyan. Zhang Wei. et al. Coupling
coordination degree measurement and spatiotemporal
heterogeneity between economic development and eco-
logical environment: Empirical evidence from tropical
and subtropical regions of China [ J]. Journal of Cleaner
Production, 2020,244:118739.

Yang Chun, Zeng Wei, Yang Xin. Coupling coordina-
tion evaluation and sustainable development pattern of
geo-ecological environment and urbanization in Chongqing
Municipality, China [J]. Sustainable Cities and Society,
2020,61:102271.

Chen Wanxu, Gu Tianci, Zeng Jie. Urbanization and
ecosystem health in the Middle Reaches of the Yangtze
River urban agglomerations, China: A U-curve rela-
tionship [J]. Journal of Environmental Management,
2022,318:115565.

FKE1 A R I L [ T PR B A B i 5 AR AR BB
HREI A AT [T BB 22 47 . 2016, 71(5) . 817-828.
Chen Jiandong, Li Zhiwen, Dong Yizhe, et al. Cou-
pling coordination between carbon emissions and the
eco-environment in China [J]. Journal of Cleaner Pro-
duction, 2020,276:123848.

Jia Liuyao, Ma Qun, Du Chunlan, et al. Rapid urbani-
zation in a mountainous landscape: patterns, drivers,
and planning implications [J]. Landscape Ecology,

2020,35(11) :2449-2469.



