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Fig. 1 Calculation ideas of spatial balance degree of water resources allocation
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Tab. 3  Collection of water resource allocation plans in Changyi City

M4 B B T 2 4 2 8 A SRR3R A4k
R WIS BT 2030 4F BT KA 18993 Ji m',
Hodr, gk ek 12 268 71 m’, Tl 7k &4
3878 J7 m’, WA TR TR K= 1704 U7 m'. LB
B T T K R AT K, A5 2 ] K g R T
K g, G5 A K A R AR — 2 A T Pl L, B BT
7K BRI S LA ™ 08 . —J2 32 H R KRR
JH K AAZIRE A, 45 S BT R 9 3T 7K 8% I A
TEA S ME — R KGR A F 32 51 48K TR 1
JRIRRRE A, B4 X K e IR AR B RE B . R,
B A PR KSR TC T 5, B X 8k [ 1
AKETREC, MR IEHEK 2R G 8 1A 0 44k
23 IR AME

HRAE B T K BT IR B RS, S i K TR
Y fiy | et XA A | BT A A A P R A A )2 T ST
T B B K IR E A I Fe bR AR R . S
o KRS 2 e R s K | R OK L AMEAK R
VEANHE s 52 GORERR I, 150t 24 2 DA K T 1
FPEM R bR, Hor KR K T AN R K,
55 =K BRI K ) AR K R K IR BT R
VEEUE B T R 5% 10 4 2 851 i Em 48 4r; P 2
RO AN AR AR Tolk, ok WA S
YER VNP5
24 BEHZFERE

R T A3 BTN KO0 TR T B S T B 7K 9 U6 e
25 [A) A MTRE, MNBC B O R AT | K TR % . 5 7K
P 3 AR Oy U K, RE 12 05 R, RIDK
FAER 2030 4. B E KT IRECE R WL 3.
Hrh 5 F, T 58, #i BRIAR A 7K IR A9 7K XoF
% KB BT /K 4B

MRKPEE AR RS FrEEE
F, FAETTEE, PR T 28
R, XA K 5 A i
BlEXREE R, R AR TR B 4
R, P RAMARBEK TR
S, AMEKFE BRI IN20%
IR PRI AR
R K AR BRI 120%
2030
D, Tl TR 20%
D, Tk 7K IEN20%
D, Ll T Kk 20%
T KA
D, Fr K IEHm20%
D, A TR K 20%
D, HE TG KIS IN20%

MK IR 4 R B TR S, M S, Hodp, Jr
%S, MAMRKFEARIG N J7 %8, #E 7 58 F, WAl
Hahn 20% By AN E KSR bR, [R5 IR K IR 4 T 56
S, ML K AEFRIG N Ty %, TE TR F 1Y LAl 1
i 20% B3R KR

MK v 4 R R B TR Dy & D HiH,
J7% D, Al D, 43 5 R Tlk 7 7Kk 25 209% 388 Jin
20%, 774 D, A1 D, 73 5 R 42 75 K82 20% Fildg
I 20%, 75 % Ds il D, 43 3 A2 16 7 K90 20% Fi
BN 20%.

25 HEEERLEHH

IR 1 B 2 T /K G VR AR R X 45 T SR
TR RFE T, 19 8045 7153 BT i L 75 P 45
SERNAE K B it i K B A A R . TR A 1Y
AR BB L, 5 AS IRl K JR B K L 45 oK) it
K FUAS TR K P i K & 4, 3 — 25 I SPSS
AT 5AS T SR 00 2 () 4 B, PR 25 SR LR 4.
251 REXZAENARFERE Z Y

Ty J5 B % v
Fe 3 7% Ry. Ry Ry, 78 R, 19 3947 B 45K

KEBRGHA A 221 -



2% F2 BMAAESARBEFE) 2024 5 4 A

(0.281), & R, W1 52 155 (0.640) , FHHFEMLK
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Tab. 4 Evaluation form of water resources allocation plan

in Changyi City

VDN 2 By Atrlz HiF

R KU B AT g B SR
F, 0.927 0.873 0.512 0.456 0.556 8
R, 0.000 0.000 0.165 0.510 0.281 12
R, 1.000 0.873 0.571 0.573 0.640 4
R, 1.000 0.439 0.657 0.573 0.603 6
S 1.000 0.873 0.835 0.800 0.841 1
S, 0.933 0.873 0.512 0.899 0.776 3
D, 0.780 0.967 0.629 0.556 0.637 5
D, 0.996 0.829 0.442 0.280 0.464 10
D, 0.983 0.873 0.512 1.000 0.800 2
D, 0.669 0.874 0.513 0.111 0396 11
Ds 0.867 0.769 0.555 0.549 0.599 7
Dg 0.997 0.991 0.478 0.351 0.520 9

FCE 0.191 0.208 0.236 0.365
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Tab.5 Comparison of water supply volume from various water plants in the demand-side regulation scheme
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F, 625 125 25 1459 1725 192 118 74 9 681 39 88 770 46 184 145 79 6.6
D, 1459 1379 192 118 59 9 681 31 88 755 46 199 13 79 5.1
D, 1459 1999 192 118 88 9 681 41 88 781 46 173 156 79 17
D, 1459 1725 192 118 74 9 681 39 88 770 46 184 145 79 6.6

625 125 25
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Fig.2 Radar chart for adjusting allocation method
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Fig.3 Radar chart for adjusting water sources
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Fig. 4 Radar chart for adjusting demand-side
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Evaluation method for spatial balance based on water resource allocation

LI Jiale"?, LIN Pengfei’, LI Yanbin', YOU Jinjun’, FU Min’
(1. School of Water Conservancy, North China University of Water Resources and Electric Power, Zhengzhou 450046, China;
2. Department of Water Resources, China Institute of Water Resources and Hydropower Research, Beijing 100038, China )

Abstract: The uneven spatiotemporal distribution of water resources has gradually become a significant
constraining factor for regional development, due to mismatches with population, productivity, and land layout. In
order to meet the demands of human socioeconomic development, a series of hydraulic engineering and water
supply facilities have been constructed to alter the natural distribution pattern of water resources and enhance the
spatial equilibrium of water resource allocation. Water resource equilibrium allocation is not simply a matter of
allocating a single water source to a single user, but involves complex water quantity distribution composed of
multiple water sources, users, and hierarchical engineering. Therefore, it is essential to analyze the spatial
equilibrium of water allocation from the perspective of the overall water allocation system.

An evaluation index system has been established, consisting of four subsystems: water source equilibrium, water
supply facility equilibrium, unit equilibrium, and user equilibrium. The water source equilibrium subsystem employs
the matching degree between the water supply proportion of each water source and its available water quantity
proportion as an indicator. The water supply facility equilibrium subsystem selects the matching degree between the
water supply proportion of each water supply facility and the scale of water supply as an indicator. The unit
equilibrium subsystem treats each administrative region as a computational unit and utilizes the matching degree
between the population of each unit and the water resources as an indicator. The user equilibrium subsystem uses the
matching degree between the water supply proportion of each water user and the demand for water as an indicator.
Subsequently, 12 different scenarios are designed, and the entropy weight TOPSIS method is utilized to
comprehensively evaluate the spatial equilibrium level of water resources. The entropy weight TOPSIS method is an

effective multi-attribute decision-making analysis approach that fully considers the importance of each attribute,
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thereby enhancing the accuracy and reliability of decision-making by avoiding subjectivity and uncertainty. In
practical applications, it is necessary to select appropriate methods based on specific circumstances and pay attention
to data quality and standardization.

The results indicate that the scheme involving external water diversion is the optimal solution, with a relative
closeness degree of 0.841, while the scheme without water resource allocation is the worst, with a relative closeness
degree of 0.281. Regarding the adjustment of allocation methods, in the scheme without water resource allocation,
the inability to conduct inter-basin water transfer and the widespread inadequacy of local water resources to meet
demands lead to a 0.275 decrease in relative closeness compared to the existing situation. The scheme involving
water source substitution exhibits an increase of 0.084 in relative closeness, and the scheme expanding the water
supply range of water plants shows an increase of 0.047 in relative closeness compared to the existing situation. In
terms of adjusting water sources, the scheme increasing the index of external water diversion demonstrates an
increase of 0.285 in relative closeness compared to the existing situation, while the scheme increasing the index of
groundwater shows an increase of 0.220 in relative closeness. It is evident that the effect of increasing the index of
external water diversion is more significant. In terms of adjusting water demand, reducing water demand can
improve the spatial equilibrium of water resources, while increasing water demand can lower it. The reduction of
agricultural water demand yields the best effect, followed by the reduction of industrial water demand, and finally
the reduction of domestic water demand, with relative closeness degrees increasing by 0.244, 0.081, and 0.043,
respectively, compared to the existing scheme.

This method combines water resource allocation with spatial equilibrium evaluation and utilizes the entropy
weight TOPSIS method to comprehensively assess the spatial equilibrium level of different schemes based on 12
allocation scenarios in Changyi City. This approach ensures that the results are more rational and objective, while

also providing reference for future water resource allocation work in Changyi City.

Key words: water resources allocation; spatial equilibrium; Entropy weight; TOPSIS method; Changyi City
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