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Evaluation of urban-water coupling coordination relationship and its influencing factors in lower reaches of the
Dongjiang River Basin // LIN Wei', CHEN Zilin®, LI Hui' (1. College of Forestry and Landscape Architecture, South
China Agricultural University, Guangzhou 510642, China; 2. School of Architecture & Urban Planning, Shenzhen
University, Shenzhen 518060, China)

Abstract: In view of the increasing interference of urbanization on the water resources system, the evaluation system of
water resources and environment was built based on water resources, water environment and water ecology subsystems, and
the urbanization quality evaluation system was built based on space, population and socio-economic subsystems. The urban-
water coupling coordinated degree of 14 districts and counties in the lower reaches of the Dongjiang River Basin was
calculated, and the main influencing factors of the urban-water dynamic coupling relationship were analyzed by using the
grey correlation model. The results showed that from 2010 to 2020, the urbanization level of the east bank of the Greater
Bay Area continued to improve, and the level of water resources environment was fluctuating upward. The urban-water
coupling degree had increased significantly, from running-in stage to high-level coupling stage. The coupling coordination
degree increased significantly from 2010 to 2015, and declined slightly from 2016 to 2020. The coupling coordination
degree of Huangpu District, Longhua District and other urban fringe areas decreased significantly, with significant spatial
differentiation. Under the high-level urban-water coupling relationship, population growth and construction land expansion
were the main factors that stress the water resources environment. The shortage of water resources, the low efficiency of
water use and the deterioration of water ecosystem services are the main reasons that restrict the development of
urbanization.

Key words: urbanization; water resources environment; coupling coordination degree; grey correlation model; lower

reaches of the Dongjiang River Basin; Guangdong-Hong Kong-Macao Greater Bay Area
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Fig.1 Overview of lower reaches of the
Dongjiang River Basin
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Fig.2 Evaluation index system of urbanization quality and water resources environment
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Table 1 Comprehensive evaluation index of urbanization

quality of each district and county from 2010 to 2020

Oy elTH WP E HHX ERE HHK EHX WX

2010 0.011 0.068 0.183 0.065 0.142 0.330 0.162
2015 0.018 0.127 0.235 0.082 0.178 0.485 0.211
2020  0.037 0.179 0.286 0.125 0.192 0.538 0.315

ARy REET OBAEX JERIX BRI fEHX BX X

2010  0.519 0.493 0.492 0.399 0.783 0.543 0.508
2015 0.554 0.617 0.574 0.444 0.805 0.583 0.571
2020 0.593 0.673 0.646 0.516 0.849 0.629 0.651
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Table 2 Comprehensive evaluation index of water resources

environment of each district and county from 2010 to 2020

4 JerlE WP E EMX EARE BIX EHX RX
2010  0.443 0.321 0.364 0.344 0.305 0.394 0.432
2015 0.490 0.385 0.392 0.373 0.331 0.394 0.452
2020  0.464 0.358 0.401 0.318 0.317 0.346 0.424
Ry REET AR ERX FFINX AKX PWX HHIX
2010 0.471 0.375 0.344 0.361 0.401 0.423 0.526
2015 0.491 0.373 0.335 0.378 0.364 0.420 0.492
2020 0.521 0.377 0.365 0.404 0.402 0.433 0.529
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Table 3 Coupling degree of urbanization quality and

water resources environment in each district and
county from 2010 to 2020

Gy NS WP S MK ZURE X X X
2010 0.250 0.426 0.546 0.345 0.439 0.923 0.808
2015 0.325 0.689 0.702 0.518 0.593 0.862 0.893
2020 0.404 0.721 0.792 0.540 0.642 0.978 0.954

Gy REN REK REK FIK REK S X
2010 0.898 0.815 0.837 0.845 0.821 0.802 0.878
2015 0.982 0.837 0.695 0.930 0.909 0.981 0.993
2020  0.998 0.892 0.847 0.984 0.906 0.990 0.991
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Table 4 Coupling coordination degree of urbanization

quality and water resources environment in each district

and county from 2010 to 2020

g S WP R MK EARR HIHX FHX BIRX
2010 0.281 0.295 0.454 0.358 0.208 0.543 0.590
2015 0.406 0.510 0.506 0.416 0.486 0.669 0.638
2020  0.373 0.478 0.592 0.385 0.373 0.442 0.586

ARGy RSEW RERX KK LK FHEK BHIX HEX
2010  0.837 0.571 0.582 0.602 0.810 0.779 0.894
2015 0.905 0.641 0.489 0.606 0.642 0.766 0.887
2020 0.950 0.593 0.642 0.801 0.833 0.812 0.929
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Fig.3 Urban-water coupling mechanism
3.3.1 MK BRI RIS £ B8 B &
IR A T X K 9 TR PR R Y 25 A O HE R
0. 676, 32 B IR BE Ak & B8 X6 K ¢ TR B 85 bk 318 4 ) 2
Z L EBEPARE N N8 (5K IR BT Bk
JEf R, R 0. 861) (HER IR (SCHRE N 0.776) |
N FIRBEAL R (GRS 0. 738 ) . N H 2R 2 it
WEEAL AT SRR 48 B, A1 2 b X K 8 U5 0 58 7R 4%
JE 7 s B R A, 2010—2020 4, BF5E X H
PO, NP GEIRFESE N, FK RS
T, XK G IR IR 2R 507 A e S2 A R K, X AR il
T U B R IR X AN W B T K B R R AR IS
TSR T L7 FH 7K B ) 458 A DG B3R AR 4P /K 9% U
WEE . U Y TR 2 A R ) AR,
[R5 o 7K A 2823 (R T BUE KA 7K BE IR I FE RN
KI5 GHER . 2010—2020 4F, A 5% X 15 F Hb 3 4
6. 34% ,2010—2015 45 158 FH #3844 o A2 0F 5T
X AT BEH X, 2016—2020 4F | i) By 1% F
Yok B 5k, 5 8 DX AT B 2 s B, KA AR R SIS
DiRe % Wik 1k, K % R P 85 1w Il IR Pk . A3
GDP(SCHREE A 0. 636) $- T XK BEIR AR A — &
SR, 285 b P & i ] B S BUK IR B TE Y UKW
TRIR 2 LA BB 7K A T i A 34 ] S RE i A
(CHRBE N 0.582) [ 5 9% P~ & W ( QB
0. 464 ) X 7K B¢ I A5 1) 3 2 BE AN
3.3.2 KFRRFATMAME R T RH Y HF
TR U B 558 X0 Ik B A B 1 25 S O HK R
0. 642, K FIRIABE R &Z R AR K
MIARMER . H K IEAEE R4 5 Wi &k e
[ SRER BE R B/ INHE T A K SR 2 1w (0. 713 ) LK
AZRJZT (0. 621) JKIAEE)ZT (0. 614) , il 29384
. 7 1 .



P g 3 2K BRI T N R AL 45 A B 7K B IR
(SR B SR BE fie e, 0. 858) /K IR I F7 2
AE( IR 0. 810) \ Hfz GDP HIzK 4 ( IRy
0.738) \ Tolk BRAK HER A bR A (ORI 0. 672) T
TG TP REAE TR B (ORHRBE 9 0. 656) 2, R HIK
GEUR B A S K 8RR B A TR by F 2
A5 DX i AR RSl A, 7K B IRAR i A% 1 B TR
BRI BZE S W, 24 7 Bl i o g . )
i, KA 25 R Gk 55 Dy RE R RE S M AL S i e 7o
UTARSR, eI AR S AR X B i T R Y
5 A T T B S BOR B BE 1 B IR | AR ok G
SH, YT RS AL B R TR BRI A RS,
SR R D RE s K TS % H M K IR BE IR B
BOWHTR Wl kAl B PR T B AS 2 — o 2
5 RARBEAR (SCHRE D 0. 646) A HAETE K
i (REREE T 0. 640) ([ BRIIBE (CHKE N 0. 624) |
NEIPR IR HERCER: (SRHRE 0. 608 ) (7K + £ 15 D fiE
(R BRE O 0.566) , ] [ 3 &5 2 fig ( SQ BK E O
0.509) AEASFREE HIZK i (SCHREE Oy 0. 482) 25 HiAth
KB PRERIE R 20 I AL e SR i 2 R L N

4 %

a. BT 2 G IO 4R B B AL T
B, AE DXk ] A AR AN X, T Wi T B AL e J oK
Pl L AT BE 5 7K BRI 2R K P BRI B AR
feifa#,2010—2015 4EFa 40 42 T, 2016—2020 4% H
BURSS TRERaS DXIRZE S BN, T Wi BB A K Bt
DRI T LW B

b. SRR K BRI 5 BB AL T,
HE A D B A2 22 K -F R B B, AR XA &
JEE 22 gt Wi /) (AT A7 A T S P 2 18] 2 SR 5 9
AL R 5 K B IR PR ST A P Iy AR Ak B
)),2010—2015 AFHE b4 B2 0 25 48 T, iy S o
PR AL g rp BE DR AR A, 2016—2020 AR4055 T
K AEATS A v RE IR RDIR 2 o A PIb 8] HE 225 18] 22 7t ]
FEIE, NIRRT BE T LA B, X5 X e A
JEEANSPA LA 2 T s 7K B DR T 1) A — B G

. FKFREGAIRAET IR 1 PR 4 < Kt
T H LG SR A A R a8 K B IR ER S5 1Y
ERNER KRR SR A AR AAF AE B HIK S
UL KB HEA K AR S R GUIR 55 T RE /K BERER
S5 PR A A e 1) T A

SR

[ 1] Ed, SHSC, 5,45, s — ook g 26 K
A RREEA BT ], B, 2013, 58(12):
.72 .

1064-1077. (WANG Hao, JIA Yangwen, YANG Guiyu,
et al. Integrated simulation of the dualistic water cycle
and its associated processes in the Haihe River Basin
[J]. Chinese Science Bulletin, 2013, 58 (12) . 1064-
1077. (in Chinese) )

i, A, XURKE, S KGR AL KO
BrlJ]. KRR, 2021, 52(1) : 3-11. (WANG Hao,
WANG Jia, LIU Jiahong, et al. Analysis of urban water

—
\S]
[

Journal of

Hydraulic Engineering, 2021, 52 (1). 3-11. (in

Chinese) )

BLAIR P, BUYTAERT W. Socio-hydrological modelling:

a review asking “why, what and how?” [ J]. Hydrology

and Earth System Sciences, 2016, 20(1) . 443-478.

[ 4] 20, R, s, 5. B BUT DX A
MBI X 2 ISR [T ] R # Ut g, 2018,
37 (12). 1609-1622. ( LI Xun, ZHOU Jingmiao,
HUANG Yaofu, et al. Understanding the Guangdong-

Hong Kong-Macao Greater Bay Area from the perspective

cycle evolution and countermeasures [ J ].

—
OV}
[

of megacity region [ J]. Progress in Geography, 37(12) .
1609-1622. (in Chinese) )

FRAE, FRN. EHERAEXHE R T ARE 9 A
IKFIE RIS 2 R[] KBTI S K TR A,
2020, 31(5) :23-29. (WANG Dayang, WANG Dagang.

Spatiotemporal distribution characteristics of the human:

—
9]
[

water harmony in nine cities of Guangdong Province under
the background of the Great Bay Area[J]. Journal of
Water Resources & Water Engineering, 2020, 31(5) ;23-
29. (in Chinese) )

IR, BdE =, o FURS. SRR DX I ) 7K ()
BEHT[T]. g KHEK, 2019, 35(18): 10-14.
(LI Junfei, YANG Leisan, MENG Fansong. Discussion

—
@)}
-

on water problems of Guangdong-Hong Kong-Macao
Greater Bay Area [ J]. China Water & Wastewater,
2019, 35(18) ;: 10-14. (in Chinese) )

Relby, BAESC, Wik, . B EERORE XK B BUR
LG22 PO R 5 FE BRI X LTS
[J]. d [ 5, 2021, 48(5):11. (WU Pan, ZHAO

Xinwen, GU Tao, et al. Current situation of water

—
N |
[

resources and its co-evolution trend with social economy in
Guangdong-Hong Kong-Macao Greater Bay Area: a
comparative study with the international bay area [ J].
Geology in China, 2021, 48(5) :11. (in Chinese) )

[ 8] miE, AN, ERFF, 55 BUEMORM XK 22 4 P
FAER IR B e WFE [J]. PRI, 2020(11) ; 6-
9. (GAO Zhen, HUANG Bensheng, QIU Jing, et al.
Research on the water security issues and suggestions in
Guangdong-Hong Kong-Macao Greater Bay Area [ J].
China Water Resources, 2020(11); 6-9. (in Chinese) )

(9] 5KTTI, SREAE, a5, ROV X 4 1L 80 it
KB T]. KBTI, 2021,37(5) : 1-8.



(ZHANG Wanshun, ZHANG Ziqgian, PENG Hong, et al.
Water quality variations of Jinshan Lake Basin in
Guangdong,, Hong Kong and Macao Great Bay Areal[]].
Water Resources Protection, 2021, 37 (5):1-8. (in
Chinese) )

PRI, A5 . R RS DXl i ik 395 3 R A
BifsRms [T ], BT, 2021,31(3) ¢ 14-19.
(CHEN Wenlong, HE Yingging. Causes and prevention
strategies on urban flood disasters in the Guangdong-Hong
Kong-Macao Greater Bay Area [ J]. China Flood &
Drought Management, 2021, 31 (3). 14-19. (in
Chinese) )

[LL] ppfe, XINZE, (Lgils, % AR T 2k =M

WK BHRMESSTEPEA L], P ([ ARk
fix), 2018, 57 (6): 8-16. ( LIN Zhonghua, LIU
Bingjun, WU Yingting, et al. Assessment of water
resource vulnerability of the Pearl River Delta metropolitan
under environment change [ J ]. Acta Scientiarum
Naturalium Universitatis Sunyatseni, 2018, 57 (6): 8-
16. (in Chinese) )

HHk, BRB%, R, 45 5T 20 FE RS IX A4
SHUBHRA[T]. A5 araE, 2018, 37(8) : 228-
237. (GAN Lin, CHEN Yingbiao, WU Zhifeng, et al.
The variation of ecological sensitivity in Guangdong-Hong
Kong-Macao Greater Bay Area in recent 20 years [ J].
Chinese Journal of Ecology, 2018, 37(8) ; 228-237. (in
Chinese) )

LUO Zengliang, ZUO Qiting. Evaluating the coordinated
development of social economy, water, and ecology in a
heavily disturbed basin based on the distributed hydrology
model and the harmony theory[ J]. Journal of Hydrology,
2019, 574. 226-241.

IR, RIKTF, B0, . TR A BT K IR
PRAP XTI R R S K B IR IR G B WP 5 [T ]. K LR
o8, 2014, 21 (6) . 271-277. (LYU Tian, WU
Cifang, LI Guan, et al. Study on the relationship between
the urban development and the environment of water
resources in Ganjiang river based on coupling model [J].
Research of Soil and Water Conservation, 2014, 21 (6) .
271-277. (in Chinese) )

b2, B, FHE s, % WRA A S KR
PASE MR AR [T ] KBRS, 2020, 36(2) :
21-26. (JIAO Shixing, WANG Anzhou, LI Qingyun, et
al. Study on coupling and coordinated development of
urbanization and water resources in Henan Province [ J].
Water Resources Protection, 2020, 36 (2): 21-26. (in
Chinese) )

W, WEH, kioF, & mmA i S KR
HOREE PR A R TS LT ). K AR FFE 4, 2020, 40
(6): 243-248. (TONG Yan, PAN Yujun, ZHANG

Meifen, et al. Coupling and coordinated development of

[

[

[

[

urbanization and water resources in Yunan Province [ J].
Bulletin of Soil and Water Conservation, 2020, 40(6) .
243-248. (iin Chinese) )

FEE, B, RHR, . BBRAEXALSRS
I 55 f 2 A S HOAUA S PRI ARAE LT ] AR 24k,
2020, 40 (23) . 8403-8416. ( WANG Shihao, HUANG
Lin, XU Xinliang, et al. Spatial and temporal evolution of
ecosystem services and its trade-offs and synergies in
Guangdong-Hong Kong-Macao Greater Bay Area [ ] ].
Acta Ecologica Sinica, 2020, 40(23) . 8403-8416. (in
Chinese) )

i, EEAE, WIS, KBS IR T
S DR R B [ ] K BEIRER Y, 2021, 37
(2): 19. (WANG Hao, WANG Jianhua, HU Peng.
New connotation of water resources protection: “quantity-
quality-domain-connectivity-biology” coordinated protection
and restoration [ J|. Water Resources Protection, 2021, 37
(2): 1-9. (in Chinese))

i pg, PRLLVL, 845, 45 TR RILIR SR %K
ARG [T ]. KBRS, 2021,37(5) : 16-21.
(HE Yanhu, GUO Hongjiang, TAN Qian, et al. Type
identification of significant types of water problems in the
Dongjiang River Basin, Guangdong Province [ J]. Water
Resources Protection, 2021, 37 (5): 16-21. ( in
Chinese) )

FAEE, SBERH. DL 3ok R A7 52 B Sk A
[N].JtHA H 4, 2020-10-09.

FUREE, SRR, S2RGE, A RV IS 5 A2
It BTN [T ] AR, 2019, 39(18) : 6850-
6859. (LYU Leting, ZHANG Jie, PENG Qiuzhi, et al.
Landscape pattern analysis and prediction in the Dongjiang
River Basin [ J]. Acta Ecologica Sinica, 2019, 39(18) ;
6850-6859. (in Chinese) )

KR TR A B B A R 5 K R RS A
[J]. AREIT,2019,50(1):95-101. ( ZHENG Wei.
Coupling analysis of new urbanization quality and water
resources safety in Guangdong Province [ J ]. Yangtze
River, 2019, 50(1) :95-101. (in Chinese) )

ESN, S, RS, . Bk = KOS
ASEERRE S PR TS (1], M BE A7 4R, 2021, 76
(4):973991. ( WANG Shaojian, CUI Zitian, LIN
Jingjie, et al. Coupling relationship between urbanization
and ecological resilience in the Pearl River Delta [ ] ].
Acta Geographica Sinica, 2021, 76 (4):973-991. (in
Chinese) )

LY, XK, R, 45 BT EGER) InVEST 4
TR B R ST A 2 R G 55 D RN 25 AR AL R fiE B 2 i [A]
F[J]. KEAHEF5T,2020,27(5) :381-388. (WANG
Xiuming, LIU Xucheng, LONG Yingxian, et al. Spatial-
temporal changes and influencing factors of ecosystem

services in Shaoguan City based on improved InVEST[J ].
<73 .



[25]

[26]

Research of Soil and Water Conservation,2020,27 (5) ;
381-388. (iin Chinese) )

AR, REW, RBR, % LA R RUB X
B A PR AR i s A [T ] iRy
WCHKRPBIER) ,2018,57(2) :3241. (SU Chunsheng,
WU Xiaoqing, CHEN Xiaohong, et al. Dynamic impacts
of land-cover change on soil erosion in a gradient
development basin [ J ]. Acta Scientiarum Naturalium
Universitatis Sunyatseni, 2018, 57 (2). 3241.
Chinese) )

RO, FREAE,, SRR /K. o [ Rl A B 2 A 7
BRAGS[T]. MW AR 25 5 i, 2007 (3) : 413424,
(ZHU Wenquan, PAN Yaozhong, ZHANG

Estimation of net primary productivity of Chinese

(in

Jinshui.

terrestrial vegetation based on remote sensing[ J]. Chinese
Journal of Plant Ecology, 2007 (3 ). 413-424.
Chinese) )

FERIE, VFAMS, SKRAEE, 4 K1 5 X 9 45 1
XTI B RE IR [J ] MR, 2016,71(3)
449458. ( WANG Yuefeng, ZHANG

Qianyu, et al. Influence of stream structure change on

(in

XU Youpeng,

regulation capacity of river networks in Taihu Lake Basin
[J]. Acta Geographica Sinica, 2016,71 (3) ; 449-458.
(in Chinese) )

(28] MR, ZOW. WO T 8 MR AR S R Gl fr

[31

[

[

[

RIERE STy AT [ T]. ¥R~ 4i,2013,68 (1) :45-57.
(LIN Zhenming, XIA Bin.

development ability of the urban ecosystem in Guangzhou

Analysis of sustainable

City in the perspective of entropy[ J]. Acta Geographica
Sinica, 2013,68(1) :45-57. (in Chinese) )

SO, BRALTT, SR BT AHP-IRIAE A P4 4 T 7K
GEWTT A FHREBE VA (] AR ADK FL R 2E 8, 2020,
40 (2). 11-16. ( Al Yadi, WEI Chuanjiang, MA
Zhenzhen. Evaluation on water resources development and
utilization degree based on AHP-entropy weight method
[J].
Resources ,2020,40(2) :11-16. (in Chinese) )

XK B8 T AT 5 24T /K R Sl 5 S H 5K B
PG RARMFELD]. Feil)  LROUM R ,2018.
TR, FRdfEia). St K e IR-2e A S R A
RO G U AL R AR A SE [T ] HE R HE K 2,
2015,34(6) :44-49. (ZHANG Fengtai, SU Weici. The

Advances in Science and Technology of Water

Evolution characteristics of coupling and coordination of
water resources-economy-environment-society system in
Guizhou[ J]. Journal of Irrigation and Drainage, 2015,34
(6):4449. (in Chinese) )

(A H 391:2021-06-30  Zift: £35)

(LE#%F 65 1)

[23]

[24]

BEMR, kR, T 6, % ST EAR 2250 A FiAk JE
HOEER A B A AL R ST« LA 22N T ol [ ]
+ 52 X 5%, 2013, 30 (2):299-307. (LI Guodong,
ZHANG Junhua, WANG Naiang, et al. Prediction of climate
change trend based on rescaled range analysis and non-
periodic cycle analysis: a case study in lanzhou city[ J].
Arid Zone Research, 2013, 30 (2): 299-307. ( in
Chinese) )

HKEE, FM AN, T GEA. B EE AR BN 22 20 ik (R/S)
I3 IEE TR K VAR L) ] A0k T AR 441, 2010,26
(#8F) 2).212-217. (ZHANG Xin, CAI Huanjie, YIN
Xiaonan. Variation trends analysis of runoff and sediment
time series based on R/S method in Wuding River Basin
[J]. Transactions of the CSAE,2010,26( Sup2) :212-217.
(in Chinese) )

SR IR bR, A5 TRYITIT K AL A R fif B R
RABANE BT [ J]. R ITA 2 B B 4k , 2020, 37 (5 )
28-33. (SHI Guijun, GUO Liyuan, LI Tao, et al. Variation
characteristics and future changes of precipitation in
Shenzhen[ J]. Journal of Yangtze River Scientific Research

Institute ,2020,37(5) :28-33. (iin Chinese) )

.74 .

(261 V7300, 220U, %548 Je. 56T /N 73 A i3 L 1 S e

[27]

(28]

IKABACIARERESELT ] hERRE D 4 HiBsRE} 4, 2004
(12): 1176-1183. ( XU Yueqing, LI Shuangcheng, CAI
Yunlong. The research on precipitation change in Hebei
Plain based on wavelet analysis [ J]. Science in China;
Series D Earth Science,2004,34 (12) :1176-1183. (in
Chinese) )
B | ARREK SR AE S R A3 A [T] . el i
FH,1990(2) :113-124. (HUANG Qizhang. The analysis of
the precipitation-climate characteristics and causes of
formation in Guangdong Province[ J ]. Tropical Geography,
1990(2) ; 113-124. (in Chinese) )
R RH , ESOKE T 4R, 45 S5 T EOF [ fE a4 bk i
W2 AR AR Zr BT [ ] B R B TR 2 24 i ( AR
), 2017, 31 (2): 73-79. ( ZHAO Jiayang, WANG
Wenhui, JIN Quanfeng, et al. Analyzing spatial and
temporal distributions of precipitation in Fujian Province
using empirical orthogonal function [ J ]. Journal of
Chongging University of Technology ( Natural Science),
2017,31(2) :73-79. (in Chinese) )

(ks H391:2021-09-03 i : REZKOR)



