Vol. 22 No. 4
Aug. 2024

F22EE 41
2024 4F 8 H

BASEAN, L RIR, AR, 55 FET G MRBL R MR SR OCHE RETUMRE Sh AT (7], BEAKIL IR SR FIRHE (330, 2024, 22(4):
747-758. ZHAO L J, SHI'Y Z, LI F L, et al. Dynamic evaluation of water resources correlation system coordination based on cloud coupling
coordination model [J]. South-to-North Water Transfers and Water Science & Technology, 2024, 22(4): 747-758. (in Chinese )

P 7K b 5 KRB B Cor e 30)
South-to-North Water Transfers and Water Science & Technology

ETzimahiARE R
KRR K Ex R g AR SEM
REX AERE ", B, F X AEL, A5, 24

(1. INRE KFIB 5 BE, TrRg 250013; 2. AR K B IR S5 K PR T 5 5080 %, $5 R 2500135
3. AR A I /NG I SR KR A BRI S5 HHoLy, B7FF 2501005 4. BFRE R 2EK R SR 5 24 B, TR 250022)

E: LOLARA e DX, B 21 MUERPESEAR, SR AL -JZ 0007 10 5 7K BE IR SCIR 2R GE UM IR PR PP A F8 A A
L, A S A PR ALY, 0BT 2010—2021 4FK BEHEOCHK R G bR TE R sh 258 . S5 R R W] A4S 7K BT IO HK
R YR DI R AR B BN IRT b T AL R 3, AR N 0.608~ 0.715, 85 Hh A 5 i S5 GOzt th A1 2L Hh I 7K
- i) R G bR K P S AR A, A 2014 AF A 2019 AF B AR s A 2 [ _E A% i DRI P 9 38 S BUAR v DU IR A
AL, AN B BRSSP sl 22 S o BT S, PR ol s RO AR B 3 X > B P g s X > &
PEAEH X, Hor, 5% B T RS 5 TR & 8 2 SR B 3 dee L, 38 B R AWM IR KSR, ZEH T AN AR 5 U R K e e

BRGNS, HEFFAERI GO IR K5 AR LU 2R 48 5t 5 DG - It XK B8 IR SR 2R Gt P 4 g, i it 44ty 25 [l B4 4

KB G PMRBRL KB IR R GE; PR BE; ShaS 0P INAR4S

MESES: TV213  XHEHIREM: A

IKGEIR R PR B e DAL 2 S e . AR A 25 e Y
Senfik . Smg B R, H 585k REMA R
BRARGFEVIRI . W 2Tt 2 K R XK B IR
SRAFLEHG I, W] 52 /K B8 5 G HK 22 G W R 7 e
2R, Ik, BRI X UK R R G R 4
PRRIRRE, X4 T XK B IR OCHR R 42 4K T
Ry, A Bl DX AR AR A R 2R T R T kR
HAEZEEY,

UTAER, VI 2227 F WK B8 I OCHKE 2R G bR E AN
PEATAFSE, EEBILE OK-ZPF A7 B OK-RER-
R ORI ORI
G RIT . N A H S EN A R AT T
IR S LT AL PR R s sRAL
W5 & BLAE T DX AT HE TR UM O A 8 45 R4t = “OK -
RER-M B RGNS PR M RS Bt . AR R

iE HH#A: 2024-02-03 & [E HHA: 2024-04-22

DOI: 10.13476/j.cnki.nsbdqk.2024.0076

b Y RO R N X R, s S g A AR
A5 b ST P SAR T 1 I E] 5 37 T K B Ak T
PERE S AR L B s R FASE BT T IS LR
LR K -2 T AR AR AR R 5 a5 B A X
WAL Ty K- AL 27 R AR MR SY
PR T b BRI M, R R K 8
SRHET g R A - AR AL R B AR AL
BE S DA HE Y Al DGR HE S R R S R
B 55 HL BRI it eI R A0 AR DL JBE ok 4 W R 4 vh
22 [N 3R () (R 30 A R 5 T g R 28 - IO A TR i

BB A8 DRR S AR A TR T RS AR B RE X S
2 G & DR IR OC RAEAT 255 20 B bF A, 7 K
GRS AL X B A e A5 AN H ek )
2, IS T B BCR o 2 PR 7 e
IO R bR R R DL A bR Sl R A A —

™) £& tH AR B 1] : 2024-07-16
4% tH Rtk - https://link.cnki.net/urlid/13.1430.TV.20240714.2307.002

E®TA: INARA H AW ITHRIIE (2023CXGC010905); tIARA /K FIRMEMFEBE L BERHIF I H (SDSKYZX202121-3); INARA WIK R
PR S5 Hp O E S KR AR 5108555 H (XQHFHZL-K'Y202004)

EB B WL AN (1998—), 55, INAREEDT N, FENFK I 5K RIS, E-mail:zhaolijie] 998@163.com

BEEE TR (1980—), B, INA H A, IEFEZ TN, 4, 8N KEFEEE S H R KA SOK SRS . E-mail:

syz101066@163.com

KX KRE R T4T .


https://doi.org/10.13476/j.cnki.nsbdqk.2024.0076
mailto:zhaolijie1998@163.com
mailto:syz101066@163.com

2% FA4W BAAESARBECFE) 2024 4 8 A

SERSTIE, 10 HASA PR BTV 46 b A S
DIV E 3 GRS T R 1 R T X PN E A,
T R 2= PR 3 0 A o 1 s ™, BB 743 220 i
S VESE TP AR AN E T, WIS I E i R
H EL 5 48, 20 v L AE K PR A 0 0 R 43
B RAEAS TR BOR B IR 2 1 ST 2
JSEH, ALK 5 PRSI AR el 5 DR IR P 0 o 1z

RHIFETIA = B SRS PR E A i
MR GEIRSCHR R G I, (AR PR 45 R Az A
P, AL A WFTEX 42, ik 21 MURIER R, R
FHIRAL-JZ U i 0 PEN R bR S A, M
G PR BLEL BT AT 1L R4S 2010—2021 4R 7K
BEVRICIR 2R GE i B P S Sh A SRR AIE o BIFSE AL
R AR A K BT IR SR IR 2 S8 b A e B S iR
S

1 FRXEFR

7R A8 M AT [ AR RV 0, b4 s S, M E K
=, VAR, RS H R A, R
B Tl B i AL T b X 28 B R ) BN S o, R
P R AL I A R | AR D i i 4 25, B E AR L I A
“E T R TR AL, 7E TR R R A A
Jay . AT AL & B AL E SO e R A T
EA R AN I 1) i ORI ey D e O i . 11
FU15.58 J7 km’, 5 48 B LAY 1.67%, BLEE 16 4~
M2 T, e TR AR R A, R4 B PR AR R X
(B A28 W A M) | & v pg Ll e X (T RS
BTN 57 I 7O N 111NN O & SO p2 % I NE (D)
TR S M X (5 5 L 15 a5 J I8 Il Y 2=
WS, ZAESF- R 666.5 mm, Z24E /K EE IR
MR 303.07 /2 m*, AHIK TR E 298 m’, # X /1
ANEEAEBRINASARRIZ, 2021 4F, 248 % E A 10170
TN, SRR 63%, HiIX A 7= B 83 095.90 12T,
D7 AR 3 0. INARA LI 1.09% 17K 58 5 &
R 7.20% BN DR 7.27% W45 MR, 52
BRIX K B2 5 SCHR R G DR R SR IL N L

2 WRAE

2.1 MEKFTRLIERAFNIIFIKR AR

IX 35 7 R X 2R 5 B A LS I PR R AN, 3
TERLE ATt s PEEE SR, 52 4 5 Sk
T K R I 2 G MR T SRR R R, Pl

<748« K x KK B

5B BAR)ZE . EWZE S54605)2 . BAR)Z 7K GE
KRG A PR . EZH 34 RGN
IR T R G R T XU K e IR B2k 1 . FH K
Bgs . KL VCEE L5 K E5H, 200 E 1K, &
At S F ARG T 5 KGR 0T 4 5t
SR P G50 5 a5t S8z R AR
TR T XA SR . T8 45 )2 i HEN]
2 #E e 21 MR MEFE PR A AL, IF R A Kaiser-
Meyer-Olkin( KMO) 2 ™% X 5 4 1 17 20 57 PE 6 56
Fe KM 2 K R R G I R G PRI F A AR R, AR S 3
i BBARA TR L 1,
22 BB RS EA T LS E

2 18 A WA ) 3 A TR e 22 -5 5 UL IR AS 45 i
15 BAS 2 0], R AL -2 R 3 AT i 41 A AR T
PR FEAR A

HW AL T w, R B 5, B S PR
Wr.

) BHEARBARAR LA PRS2 7o i HiL X B
i, i=1,2, oy j AR j=1,2, mo

Q)R HHE AR

1 n
H,»:—E[Z:f,«j]nfij} (D

. fii= rij/zrij’ %’lfuﬁil 0 K, é\ﬁjlnﬁj =0.
)RR E . AR N

1-H,

1= p
n-3H
=1

i=

FWALHE w, R 2R3, Bkl T K
XF 7K GEUR OCIR 2R ¢ [) |22 U H6 b i AT T B4 LA, 75
AR X B S B 1 P A e, T — A 15
X AEE I 3R A AR AIE 1] 2 e KRR IEAEL, [R] B AT —
BRI, 5 i E PR bR A, BRI
PR, T W27 SCHR [26].

HAHAGHEw, A H

w; =1 —-a)w, +aw, (3)

b o UEN 0.57

IKBEIEOCIR RGP AR PR AL R UL AR 2,
2.3 =ARS AR A RN 7 R

SRR FIAEE, W E, RS/ H.3 MEIES
BORAFAEE", AR SCR S A" SHE U
BRI PPN AEAL . B 5, THE PR 8 AR RS & 1
JH VPN SR = R AR S AL, e TE I iR R ES =

2

w



R, % ETZHE R AR IR X R E R M3 ST 0

A B 5 Dp I A A5 S 0 =5 LU, AU RS DR PP = 5 DA S5 S 1fE 5 B = HH A
T EBHR PR E N E S B R ES BB B, A 2 AR DL B2 D00 5 PP AN O S8 DA R S 2
IR B, s ARG R B ARAT A T R ALy ISR G MR | 285 PP i B = IS4
PR R B OCER R G A PR B, I IES W m = i LD R K B IROQ I 3R 48 K P A i 5 B 4

KA SRR A IR = e, THR T

AALRFE o

R 1 KEBEXBKRFITENIERER
Tab. 1 Evaluation index system of water resources linkage system
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Tab.2 Evaluation index weight of water resources correlation system
TRIRITS wi w wi it =) wi wa Wi it b =2 wi w2 wi
C, 0.128 0.120 0.124 Cy 0.090 0.150 0.120 Cis 0.149 0.121 0.135
C, 0.142 0.128 0.135 Cy 0.132 0.118 0.125 Cis 0.180 0.100 0.140
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Fig. 1 Cloud image of urbanization rate (a) and ten thousand yuan of industrial added value of water consumption (b) membership degree
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Tab.3 The division standard of coupling coordination degree D
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Fig.3 The change cloud map of coupling coordination degree between Jinan and Shandong in 2010, 2016 and 2021
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Tab. 4 Evaluation results of coupling coordination degree of water resources correlation system in Shandong Province
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resources correlation system and its subsystem comprehensive evaluation
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Fig. 5 The change process of coupling coordination degree of water resources correlation system in Shandong Province and prefecture-level cities

from 2010 to 2021
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Fig. 6 The spatial distribution change map of coupling coordination degree stage of water resources correlation system in cities of Shandong Province
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Dynamic evaluation of water resources correlation system coordination

based on cloud coupling coordination model

ZHAO Lijie"*, SHI Yuzhi'?, LI Fulin"?, HUANG Jiwen'?, QIAN Xiuhong’, LI Mingyang"’, WANG Rui"’

(1. Water Resources Research Institute of Shandong Province, Jinan 250013, China; 2. Key Laboratory of Water Resources and Environment of

Shandong Province, Jinan 250013, China; 3. Haihe River, Huaihe River and Xiaoginghe River Basin Water Conservancy Management and Service

Center of Shandong Provience, Jinan 250100, China; 4. College of Water Conservancy and Environment, University of Jinan, Jinan 250022, China )

Abstract: In recent years, many scholars have studied the coordinated evaluation of water resources linkage system,

mainly focusing on water-economic society, water-energy-food, water-vegetation-soil, water-economy-ecology and
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other fields. The research scale mainly involves watershed scale and regional scale, and the evaluation method
mainly adopts qualitative evaluation. Generally speaking, there are different combinations of grey correlation
degree, pressure-state-response model, coupling coordination model, distance coordination degree and so on. It is
well known that qualitative evaluation methods have certain ambiguity in the process of constructing evaluation
index system and quantitative evaluation criteria. The uncertainty cloud theory proposed by LI Deyi in China can
fully describe the uncertainty of qualitative and quantitative indicators and realize the mutual transformation of
qualitative and quantitative processes. It was less applied in the evaluation of coupling coordination of water
resources correlation systems. Therefore, cloud theory is introduced to construct cloud coupling coordination model
to analyze and evaluate the coordination of water resources correlation systems, which makes the evaluation results
more generalized.

The index system of water resources correlation system including 21 indexes was established. The entropy
weight-analytic hierarchy process combination method was used to determine the weight of the evaluation index.
The cloud uncertainty theory was introduced to construct the cloud coupling coordination model. The cloud
similarity was used to quantitatively give the evaluation results of coupling coordination degree of water resources
correlation system. Compared with the traditional coupling coordination model, it had better adaptability and
generalization. Taking Shandong Province as an example, the spatial and temporal variation characteristics of
coordination between water resources correlation systems from 2010 to 2021 were analyzed.

The comprehensive evaluation index of the economic and social subsystem was also growing, reaching a
maximum of 0.634 in 2021; the comprehensive evaluation index of the ecological environment subsystem was only
0.237 at the beginning of 2010. The coupling coordination degree of water resources correlation system in Shandong
Province has been continuously improved as a whole, from 0.608 in 2010 to 0.715 in 2021, realizing the transition
from primary coordination to intermediate coordination. In space, the coupling coordination degree of each city in
the province showed the distribution characteristics of high in the east and low in the west, and the coupling
coordination degree had been continuously improved with time.

The coupling and coordinated development ability of Jinan City and Qingdao City is the best, reaching a good
coordination level. The coupling and coordinated development ability of Dezhou City and Binzhou City is relatively
slow, maintaining at the primary coordination level. In the future, Shandong Province should strengthen the
coordinated development of water resources correlation systems in the northwest plain of Shandong Province and

promote the spatial balance of the whole province.

Key words: cloud coupling coordination model; water correlation system; coordination degree; dynamic evaluation;

Shandong Province
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