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Research on Evaluation of Water Resources Carrying Capacity in Taian City

Based on “Basing Four Aspects on Water Resources” Principle
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Abstract: In order to further understand the comprehensive status of water resources in Taian City, this study established a water resource
carrying capacity evaluation index system based on the “basing four aspects on water resources” principle. Using an improved game theory
cloud model, it evaluated water resource carrying capacity in 2010, 2015, 2020 and 2023. The obstacle degree model was employed to iden-
tify key obstacle factors affecting water resource carrying capacity. The results showed that: Key indicators such as water consumption per
10 000 yuan of industrial added value ( C,,) and per capita domestic water consumption for rural residents ( C,, ), which ranked high in both
subjective and objective weighting results, were assigned combination weights within a relatively reasonable range through improved game
theory-based combined weighting. This effectively mitigated the bias on certain indicators caused by relying on a single weighting method.
During the typical years, the water resources carrying capacity of Taian City showed a fluctuating and improving trend. Its evaluation grade
rose from Grade Il (critical load) in 2010 and 2015 to Grade Il (tightly load) in 2020 and 2023. The constraint subsystem evolved from
“basing industrial development on water resources” in 2010 to “basing population development on water resources” in 2023, aligning with
Taian’ s socio-economic development stage. Key indicators like per capita water resources, water consumption per hectare of industrial land,
and ecological flow guarantee rates for major rivers and lakes ranked consistently at the forefront during the study period. In the future, Taian
City should continuously enhance its water resources carrying capacity by strengthening rigid constraints, upgrading the industrial structure,
and improving water resources management.

Key words: water resources carrying capacity; basing four aspects on water resources; cloud model; improved game theory; Taian City
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Tab.1 Water Resources Carrying Capacity Evaluation
Indicator System Based on “Basing Four Aspects on

Water Resources” Principle
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Tab.2 Grading Standards of Water Resources Carrying Capacity Evaluation Indicators

PSS 1 9 (BKR) 11 2 (B &#R) T 2 (I k) IV (k) VR (EHEE)
C, =95 [75,95) [65,75) [55,65) <55
C, >60 (50,60] (40,50] (30,40] <30
C, =90 [75,90) [75,60) [60,45) <45
Cy, =0.200 [0.087,0.200) [0.053,0.087) [0.033,0.053) <0.033
C,, <2 400 (2 400,3 000] (3 000,3 300] (3 300,3 600] >3 600
Cy =9 [7,9) [5,7) [3,5) <3
Cy <250 (250,500] (500,750] (750,1 000] >1 000
C,, =3 000 [2000,3 000) [500,2 000) [300,500) <300
C, =20 [15,20) [10,15) [5,10) <5
Cy (110,130] (95,1107, (130,145] (65,95],(145,165] (55,65],(165,185] >185
Cy (65,75] (60,651,(75,80] (45,607 ,(80,95] (95,120] >120
Cy <30 [30,50) [50,70) [70,90) =90
C, <12 (12,14] (14,16] (16,18] >18
C, <5 [5,10) [10,15) [15,20) =20
Cy <30 (30,60] (60,90] (90,120] >120
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Fig.1 Cloud Chart of Membership Degree for Per Capita
Urban Construction Land Area and Per Capita

Domestic Water Consumption in Rural Areas
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Tab.3 Numerical Parameters of Cloud Model Features

TN FE AR I H(&ERE) 11 %% (E7R#R) T 2% (I A7 2% IV (lE) VR EEE)
C, (100.00,4.25,0.42) (85.00,8.49,0.85) (70.00,4.25,0.42) (60.00,4.25,0.42) (50.00,4.25,0.42)
C, (65.00,4.25,0.42) (55.00,4.25,0.42) (45.00,4.25,0.42) (35.00,4.25,0.42) (25.00,4.25,0.42)
Cy, (95.00,4.25,0.42) (82.50,6.37,0.64) (67.50,6.37,0.64) (52.50,6.37,0.64)  (22.50,19.11,1.91)
Cy, (0.25,0.04,0) (0.14,0.05,0) (0.07,0.01,0) (0.04,0.01,0) (0.02,0.01,0)

c (2 100.00, (2 700.00, (3 150.00, (3 450.00, (3 750.00,

2 254.80,25.48) 254.80,25.48) 127.40,12.74) 127.40,12.74) 127.40,12.74)
C,, (9.50,0.42,0.04) (8.00,0.85,0.08) (6.00,0.85,0.08) (4.00,0.85,0.08) (1.50,1.27,0.13)
C,, (125.00,106.17,10.62)  (375.00,106.17,10.62)  (625.00,106.17,10.62)  (875.00,106.17,10.62) (1 125.00,106.17,10.62)
c (3 500.00, (2 500.00, (1250.00, (400.00, (200.00,

3l 424.66,42.47) 424.66,42.47) 636.99,63.70) 84.93,8.49) 84.93,8.49)

Cy (22.50,2.12,0.21) (17.50,2.12,0.21) (12.50,2.12,0.21) (7.50,2.12,0.21) (2.50,2.12,0.21)
Cy, (120.00,8.49,0.85)  (102.50,6.37,0.64)  (80.00,12.74,1.27) (60.00,4.25,0.42)  (197.50,10.62,1.06)
C,, (70.00,4.25,0.42) (62.50,2.12,0.21) (52.50,6.37,0.64) (107.50,10.62,1.06)  (135.00,12.74,1.27)
Cy (15.00,12.74,1.27) (40.00,8.49,0.85) (60.00,8.49,0.85) (80.00,8.49,0.85)  (100.00,8.49,0.85)
Cp (11.00,0.85,0.08) (13.00,0.85,0.08) (15.00,0.85,0.08) (17.00,0.85,0.08) (19.00,0.85,0.08)
Cy (2.50,2.12,0.21) (7.50,2.12,0.21) (12.50,2.12,0.21) (17.50,2.12,0.21) (22.50,2.12,0.21)
C., (15.00,12.74,1.27)  (45.00,12.74,1.27)  (75.00,12.74,1.27)  (105.00,12.74,1.27)  (135.00,12.74,1.27)
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Tab.2 Evaluation Index Weights

F ARG b l%"ﬁ}ﬁﬁﬁ‘?% ‘kﬁﬁﬁ?ﬁ%?‘é [lEsiR R
GE) T SRR w0, AR w, AARE DT
C, 0.063 0.061 0.062 9
( 0-/;100) C, 0.024 0.069 0.046 12
C 0.110 0.071 0.091
C,, 0.058 0.08 0.069
A, C,, 0.034 0.058 0.046 13
(0.235)  Cy, 0.025 0.064 0.044 15
C,, 0.039 0.114 0.076 5
C, 0.118 0.094 0.106
A, Cy, 0.073 0.081 0.077 4
(0.293) €,  0.088 0.001 0.045 14
Cy, 0.107 0.022 0.065 8
C, 0.129 0.06 0.095
A, C, 0.033 0.078 0.055 10
(0.272) Cp 0.033 0.062 0.047 11
C 0.066 0.085 0.08 6
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Fig.2 Radar Chart of Indicator Weights for Three Methods
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Fig.3 Cloud Map of Water Resource Carrying Capacity

Evaluation of Taian City
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Tab.5 Evaluation Results of Water Resources Carrying

Capacity of Taian City

Ay A, A, A, A,  ZEIHNER

2010 I % 1123 1124 % 1123

2015 I 2% 1|2 1|24 %% 1|23

2020 I 2% % || 23 I %
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Tab.6 Obstacle Degrees of Water Resource Carrying Capacity of Taian City in Representative Years %
2010 4E 2015 4E 2020 4F 2023 4E

TESG S TR PRI TRE i T brbE TRE $5b7 e TRE s5b7 EiEga
i) U g e U mE (e Y mE o e T @

C, 12.75 C, 4.00 C, 0.00 C, 1.83

(23A 114) Cr %33 (2;4 ]84) Cr -7 (15A ]32> Cr L7 (1Aé3 ) Cr 0.00
: C, 1.15 : C, 16.06 ’ C, 13.53 : C, 0.00

C,, 2.63 C,, 0.00 C,, 16.95 C,, 11.38
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