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Evaluation of water resources system resilience based on variable Pythagorean fuzzy and VIKOR coupling method
in central and southern regions of Hebei Province//Zhang Xiaoli', Jiang Lirong', Ma Rui*, Wang Wenchuan', Li
Yanbin', Wang Huijie’, Jiang Chenhui’ (1. College of Water Resources, North China University of Water Resources and
Electric Power; 2. General Institute of Water Resources and Hydropower Planning and Design, Ministry of Water Resources)
Abstract: To accurately evaluate the water resources system resilience in the central and southern regions of Hebei
Province, based on the three stages of water resource system disturbance ; before, during, and after, 18 indicators covering
key factors such as natural environment, population, socioeconomy, and technical management were selected to construct
an evaluation index system for water resource system resilience in the central and southern regions of Hebei Province,
reflecting resistance, recovery, and adaptability. To address the uncertainty and fuzziness in decision-making information,
the Pythagorean fuzzy set ( PFS) was introduced. By combining PFS entropy measurement and PFS divergence
measurement, the indicator weights were determined. The evaluation model for water resource system resilience based on
variable Pythagorean fuzzy and VIKOR coupling method was established. The model evaluation results indicated that the
water resources system resilience in the central and southern regions of Hebei Province showed an overall upward trend from
2015 to 2023, but was affected by fluctuations in the adaptive subsystem, leading to variations during 2018-2019 and 2021-
2022. Although the resilience values of water resources systems in various cities fluctuate, they are generally good, and the
resilience values change in different years due to changes in specific indicators.

Key words: variable Pythagorean fuzzy; VIKOR; water resources system resilience; central and southern regions of Hebei

Province
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Hebei Province

ARSI BE 5k R T 2015—2023 4E L4
DL A TGRS ORI A B RE T st 2
KRG AR,
2 WHRFE
2.1 EMIEREREE

P TT LB AR K BT IR RS AE 52 2 A o 5
I AN 752 =S5 & =4 OB VA i e 7 N s B ) VA4 Wi

- 191 -



i RIS AE IR R L R, X — i B, R4
P37 DU ks 381 o S5 4y A B ASUE FE 3K
5 HRAGSEHLELE S P | SEBLANHT & e SE A R B
BT T, AR SCEN XK B UR R G s L W B
S RRIE 7 o) e e =" L0 D VA T 116K 11 € 0 /& = R T
RitE 3 25dhR L KRR R G AT LA .
THCHIK IR R GARAE S T8 R FFE REA 52 40
FHYREST s T oK B IR R Ge e D RE 2 0 5 AR A% 1L
MRS B EFARSRRE J1 5 TR K B IR R G AE
X BT A PR S AR B SR AR A I BE RS A RE 5 B 454
FILIIRE LAIE Dy X #648 Ab i E 1 th oK BE R &R
G m R ) 2 22 07 T HopI IR T 3 SRR ST |
AN $e25 FoREHEZA T R G A AR
KR RGN R A R T EN 248
AT, A X E % Lestakova %727 (Y BF 58 1
A, NP B B B st ) Jg v b S PR () Dy B ] S
PRERBE 1248 500 (B B ZhRE- 2 48) = J5 i A T,
TPEPEHRHUIE RS AR IO o) 2 B s, A4 /K 5%
BRGDTETE AR (8 2) .

HRHUIEIE 48 R GUAE AT PRI R RS
FRE S | R 22 GE 76 & 32 T AL F 1 By A ik At 2
BRI LRl R 5, I ZRAE AR 2 N AF R bR E
SREEFEDR R IL RGBT BB, FE AR AR e B
DB CAnZK B8 P55 8y T & T 3R ), RS
TR EE R, PSR AR I B R 5
U, AN % R IR RS

VRSN 1 e AR Ge A O B BCR F E  BBAS
HGEPR A B E F AR RE S R R G e T4t
FErP B SRR, Qs Y A B IR EER AR I
FAGIRZ NI AR PR BRCRAR bR, KL R S8
JE  FEPR BT (s K Ak 30 bR R | R (B RE
AR | BRS8N AZ BUIR K S A RO w21
TRARAL AL B3R 0 2R B8 S R0R (NS =7l i T
R USSR AR ) | RGEAETS Y45 WK S K B i)

Ji 76 GDP F7K &t (n, , Fl)
UNEL T JE D)
KGR B (ny, 1E )

HEK Lt (ny, TEIT])

NI KA (ng, B0
IRGHIRFF KRN (ng , T17])
Tl 7K & (g, B0

HRBLYE B,

LR X Al K& (ng, H10])

KRS VK AR (ny , 18D
- B B ’

L 2 L) P

e o= A (516D

NFEPRBEE (ny, , 1E17)
HEAIREE KR (nyy, 1E 1)

ORI BT (nyy, 1E 1))

W BOS ARG R (ny5, 1ETT)

T BHEBE R A (nyg, 1E 1)

WX AU (nyy , E )
MR (nyg, IE17])

B2 Eh@EtRAKkFERENEENERER

Fig.2 Evaluation index system of water resources system

resilience in central and southern regions of Hebei Province
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Table 1 Evaluation index level standards

31 n]/m3 nz/(/\/km2) 113/'on13 n_/’me3 n_.;/m3 ne/ % n7/'me3 ng/’me3 n9/’fZ‘m3
El3agiy <100 <100 >2000 >30 <500 <10 <2 <5 >4

R >100~200  >100~200 >1500~2000 >24~30  >500~1000  >10~40 >2~3 >5~10 >3~4
— % >200~300  >200~350 >1000~1500 >17~24 >1000~1700 >40~70 >3~4 >10~15 >2~3
55 >300~400  >350~500 >500~1000 >10~17 >1700~2200 >70~100 >4~5 >15~20 >1~2
AEH5 >400 >500 <500 <10 >2200 >100 >5 >20 <l

sy n/% ny/(kWh/J578)  np,/m’ n/1¢ m® n, /407G ns/ % ny/ A0 ny7/% ng/ %
El3agiy >60 <650 >2200 >5 >50 >30 >20 >45 >50

iR >50~60 >650~750 >1700~2200  >3~5 >40~50 >24~30 >14~20 >41~45 >40~50
— i >40~50 >750~850 >1000~1700  >2-~3 >30~40 >16~24 >8~14 >38~41 >30~40
55 >30~40  >850~1000 >500~1000 >1~2 >20~30 >8~16 >3~8 >35~38 >20~30
AEH 5 <30 >1000 <500 <l <20 <8 <3 <35 <20
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Table 2 Positive ideal scheme and negative ideal

scheme of each indicator

LD UELYCYES NELvCYES
n (0.656,0.344) (0.935,0.065)
n, (0.461,0.539) (0.706,0.294)
ns (0.501,0.499) (0.514,0. 486)

ny
ns

ng

(0.593,0.407)
(0.534,0. 466)
(0.049,0.951)

(0.881,0.119)
(0.579,0.421)
(0.750,0.250)

nq (0.681,0.319) (0.957,0.043)
ng (0.559,0.441) (0.886,0. 114)
ny (0.535,0.465) (0.844,0.156)
ny (0.764,0.236) (0.945,0.055)
ny (0.069,0.931) (0.638,0.362)
n, (0.500,0. 500) (0. 644,0.356)
n3 (0.514,0. 486) (0.863,0.137)
Ny (0.550,0.450) (0.906,0.094)
s (0.210,0.790) (0.730,0.270)
N (0.514,0. 486) (0.895,0.105)
nyy (0.830,0.170) (0.954,0.046)
ng (0.767,0.233) (0.926,0.074)
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Fig. 4 Comprehensive measurement values of water
resources system resilience in central and southern

regions of Hebei Province from 2015 to 2023
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Fig.5 Water resources system resilience values in

central and southern regions of Hebei Province
from 2015 to 2023
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Fig. 6 Evaluation results of water resources system resilience of various cities in central and southern

regions of Hebei Province from 2015 to 2023
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