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Study on water resources optimization allocation in Taizhou City under provincial-municipal water network
integration//Zhang Yalin', Li Xin', Fang Guohua', Dong Lixiang®, Lu Yangyang', Wang Rui' ( 1. College of Water
Conservancy and Hydropower Engineering, Hohai University; 2. Taizhou Design Institute of Water Conservancy &
Hydroelectric Power Co. , Lid. )

Abstract: This study addressed the uneven spatiotemporal distribution of water resources, prominent supply-demand
conflicts, and insufficient resilience of the water resources system in Taizhou City. Based on the provincial- and municipal-
level water network projects in Taizhou City, and considering mutual support and coordinated regulation between water
networks at different levels, a multi-objective optimal allocation model for water resources under provincial-municipal water
network integration was developed. The model aims to maximize water-supply economic benefits, minimize the Gini
coefficient of water supply satisfaction, and minimize the total water shortage, and was solved using the NSGA-II
algorithm. Four schemes were compared under precipitation guarantee rates of 50%, 75%, and 95%, including the
independent municipal water network operation (S1), intra-municipal water network mutual support (S2), fixed-point
supplementation from the provincial water network (S3), and deep integration of provincial and municipal water networks
(S4). The results show that, compared to the baseline S1 scheme, the S2 scheme can significantly alleviate industrial water
shortage, increase water supply economic benefits by approximately 10. 7%-11. 0%, and reduce the Gini coefficient of
water supply satisfaction to 0. 045-0. 071 under different precipitation guarantee rates, yielding substantial short-term
benefits. The S4 scheme achieves optimal comprehensive benefits under all three precipitation guarantee rates, with the
total water shortage reduced to 27. 8 million-102. 8 million m®, water supply economic benefits reaching 323. 893 billion-
330. 616 billion yuan, and the Gini coefficient of water supply satisfaction ranging from 0. 019 to 0. 042, though its
dependence on external water supply increases. Deep integration of provincial and municipal water networks can optimize
water resources allocation at a larger spatial scale, thereby enhancing the overall resilience and allocation efficiency of the
water resources system.

Key words: provincial-municipal water network integration; optimal allocation of water resources; NSGA-II algorithm;

water supply resilience; Taizhou City
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Fig.1 Generalized diagram of water resources allocation system in Taizhou City
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Fig.2 Flowchart for solving multi-objective water

resources allocation model based on NSGA-III algorithm

®1 RKAFRHEE

Table 1 Value of water equity coefficient

KA AT 3 Tl Al
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IR 0.67 0 0.33 0
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E[SiP WIS 0 0.33 0.67 0
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Table 2 Value of water supply sequence coefficient

il AT fa S Tl Al
5K 0 0 0 0.5
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3R K 0 1 0.33 0
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Table 3 Water demand forecast results for each district of Taizhou City in 2035

e 2L 3
Hrix AR TR AL I g
W5 R 4.03 1.82 3.53 4.44 5.36 0.58
I ¥ 0.95 0.65 1.53 1.92 2.31 0.12
FNEV 0.45 0.22 1.02 1.28 1.50 0.06
ilJE Fr 0.41 0.15 0.89 1.12 1.31 0.04
=k 0.36 0.21 0. 64 0.75 0.91 0.04
=Rl 6.20 3.05 7.61 9.51 11.39 0.84

F4 AT 2035 FEARM ATk 2T LR

Table 4 Forecast results of local available water supply in Taizhou City in 2035

43X WFEK AL m? MU g K A2 m? H R kA2 w? EH KA m? AR AR m?
i R 8.31 0. 047 1.76
I V6 3.45 1.21(2.57) 0. 006 0.49 15.28(16.64)
filJE Fr 2.17 0.003 0.01 2.18
FNEN 1.32 0. 004 0.05 1.37
=1k 0.93 0.003 0.07 1.00
=RLNT 16.18 1.21(2.57) 0. 063 2.38 19.83(21.19)
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Table 5 Statistics of water shortage corresponding to
optimal solutions of each scheme under different

precipitation guarantee rates
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Wi R 0 1.133 0 0 0. 506 0
Vv 0 0 0 0 0 0
St AlE R 0 0 0 0 0 0.029
RER 0 0 0.365 0.6250.845 0.014
=IH 0 0.067  0.209 0.3190.479 0
WEFERE 0 0 0 0 0. 506 0
it A 0 0 0 0 0.143 0
2 AlER 0 0 0 0 0 0
REH 0 0 0.365 0.625 0. 845 0
=1k 0 0.067  0.209 0.3190.479 0
WiEFREE 0 0 0 0 0 0
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L BOK B E R 1L 133 42w’ b Tl B B K &
94.4%; K655 = 1T R AR sl K 5 R 5, 78
50% \75% ,95% MK ARIEZ TN, K G R B4R kK
2392 0.365.0. 625 F10. 845 12 m?*, = T A Y4
P Bk &3 5108 0,209 .0. 319 1 0.479 /2 m®,
ARBKE 20 0. 043 42 m®  HIXF BN {H 23 (8] 43
MM, 76 S2 HERT, G M B Tolk Bk PR
0.067 1 m* | X35 2% 55 W & G2 fiff; i 4 S3.S4 7T &
T B REIOK SN KK S AR B T
3.3.2 XA P HAKEL

A= 6 FHKAE 4 FhO5 2 H0 3 RS K ARIE R T 2 6E
RBNARAREE AR T RGAE At SRR KT
AR . Tl HZKFE ST TR T oAz,
FEAE PRI R A 7E S2 7 IR A 1
Tl BRAKAS B B R S, 78 S3 A1 S4 Jr T Tolk i
IRIEA SR A TE T W B 5 FANT AR 444, T
v K A5 20358 A PR

Ak FH7K 32 KoK ik sl wg mi fee oy ik 2, HLAR AR
TERASEAL, FES1 FETREM =TT EEZE
BOKIX, HBERE KGR IE RS &, oK st — 24w,
FE S2 J5 % T i T T B B O R e AR AR TE N T
MV K TR R Tl BOK A5 B0 84000 s TR
P ARAF A IR AR AT R, Al Bk A% SR 5 ST SEAR—
B AVTENGE T 0. 143 42 m® (e 01, Ak
RBIFAR k3, 7 S3 R FA KM v
I ) FR SR A T I T S B 1A AR K SRR 3R A
STl {8 A7 BRSO HE 47K 5 ) TR A R, xRl
BOKMZAERMA RE . 52 AL, S4 7 RIKEE
HMEBANG 5 2 KR AL B ST RS2 1
()42 Jey eIt , %0 A SGE R B R A0 Bk A
SR Tl SOk B R, A 850k fe T ATk 7 52 b A
ARGV BT BET | & Y e 5 e K XRG4 B+ 4 T
K I A5 A N M 5 AR T TR P 3

AR AR ARUE R T 2% T S8 e LA VT 1 1) E s b
B MoK B LR 6, B3 6 nl A, AR R
PR S K 2Bk AR DL R R oK R
MHEEHB M ZES, 581 FERMI,S2 HEERN
] R K ARIE T K R 4 = 3. 3% ~ 6. 8%, fit K
LT RS B 100 7% ~ 11, 0%, K & B K
33.6% ~64. 7% , oK W = L Je R % 0. 114 ~
0. 136 F&Z 0. 045 ~0. 071, 136 B 7 38 P 358 B 5% g %
FEIA KBRS 4R T B AROR, I G oy
X 5 HK P 2Z (8] K B S3 7 A 50% Fl
T5%PRUER T 5 S2 5 A —E (HAE 95% FRIE3
UK SRR S 3. 3%, MBUK R S2 05
PR 31. 8% , 52 ZAUH 0. 071 FE % 0. 066, %
BN AN B B AR UE R R 2 R KA FE iR
BEfEH] . S4 7 REEARIEA, HAK Btk
VRS TR R T Y R e, BB R =
0.278~1. 028 {2 m*, 3 J& R — L% % 0.019~
0. 042, 13648 T 7K W) il 15 i A 78 44 1o (A KRS i 28
ke iy Rl Bs i — 20 4R TR AR AP (H 5 k]
iF, Sd J7 G AN AL 24 5 X Bp [m] A9 40 i 2 5 | 5
AME TR S XK A PN RRUE , K IR R gt

A REZ B

x6 FREMEKREXRTEARSUBENENEREHERGKEE

Table 6 Objective function values and total water supply volumes corresponding to optimal solutions of each scheme

under different precipitation guarantee rates

e Bk B /AZ m? Mok 2 B kas/ 4250 (SRR IS BEUKEEAZ m’
P=50% P=75% P=95% P=50% P=75% P=95% P=50% P=75% P=95% P=50% P=75% P=95%
S1 16.51  17.41  18.41 2896.05 2929.71 2951.58 0.114  0.125 0.136  1.817  2.187  3.073
S2 17.06  18.59  19.44 3215.57 3249.23 3267.95 0.045  0.057  0.071  0.641  1.011 2.040
S3 17.06  18.59 ~ 20.09 3215.57 3249.23 3282.23 0.045  0.057 0.066 0.641  1.011 1.391
S4 17.42  18.95  20.31 3238.93 3271.05 3306.16 0.019  0.032  0.042  0.278  0.648 1.028
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