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Water quality evaluation of Qionghai Lake based on improved integrated water quality identification index method. FANG
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330029, China; 5.University of Chinese Academy of Sciences, Beijing 100049, China; 6.Qionghai National Wetland Park Protection
Center, Xichang 615050, China; 7.Xichang City Environmental Monitoring Station, Xichang 615099, China). China Environmental
Science, 2025,45(3): 1351~1363

Abstract: This paper optimized the traditional comprehensive water quality identification index model(CWQI) and established two
improved models: the improved comprehensive water quality identification index model based on game theory(ICWQIg), which
considered both subjective weight and objective weight, and the improved comprehensive water quality identification index model
with phased period combination weights(ICWQIp), which incorporated the variation of weight time. Taking Qionghai Lake as a case,
the water quality monitoring data of 11 sampling sites in different hydrological periods from 2020 to 2023 were selected to evaluate
the water quality of Qionghai Lake using ICWQIg and ICWQIp models, which could verify the scientific validity of the improved
comprehensive water quality identification index method. The results show that, compared with the traditional CWQI model, the
improved ICWQI5 and ICWQIp models both take into account the factor of TP exceedance. The evaluation results could better
reflect the actual water quality of the study area, and sensitively identify more pollution risk areas and severely polluted water bodies.
ICWQIp used phased weights instead of uniform weights, compensating the effect of environmental factors such as such as

precipitation on the weight of water quality. This could better identify the key environmental variables affecting water quality in
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different periods, leading to more accurate and reasonable results. At the same time, based on the improved comprehensive water
quality identification index method, it was found that the water quality of Qionghai Lake in 2023 was worse than that in 2020~2022.
The pollution degree of the northwestern lake area was higher than that in the eastern and southern lake area. The improved ICWQIg
and ICWQIp models showed better rationality in the water quality assessment of the Qionghai Lake, providing theoretical support for
the refined management of the lake’s ecological environment, and offering important reference value for water quality assessment of
other similar water bodies.

Key words: improved integrated water quality identification index; water quality assessment; phased period weight; Qionghai Lake
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Fig.1 Location map of sampling points in the study area
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Fig.3 Spatial distribution of Qionghai water quality
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Table 3 The weights of each parameter are weighted based on

the combination of entropy weight method, analytic hierarchy

process and game theory

NH;N TN TP CODg CODwn BODs DO

B T7 i

WAL 0.1406 0.1398 0.1406 0.1468 0.1418 0.1426 0.1479
JEURSHT: 0.0407 0.1330 0.2832 0.1857 0.0967 0.1101 0.1507
A4HFE 0.0402 0.1330 0.2840 0.1859 0.0965 0.1099 0.1507

N T HEAN R R BR (R 50,72 CWQL A
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Z JERCE IE DL A SO ICWQIG A1 ICWQIR i H
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Table 4 Weights of the phased parameters of the ICWQIp

model

HABGE
NH;-N TN TP  CODc CODyn  BODs DO
2020-01 0.068  0.159  0.334 / 0.114  0.129  0.199
2020-08 0.050  0.118  0.240 0.220 0.106  0.107  0.158
2021-01 0.046  0.168 0.217 0.217 0.109 0.081 0.162
2021-08 0.006  0.099 0313 0.232  0.095 0.067 0.188
2021-11  0.023  0.120 0.275 0.199 0.096 0.081  0.207
2022-02 0.086  0.189 0.202 0.176  0.110  0.079 0.157
2022-05  0.056  0.143  0.271 0.161 0.112  0.117  0.140
2022-08 0.029  0.122 0331 0.179 0.118 0.059 0.163
2022-11  0.037  0.110  0.258 0.189 0.096 0.135 0.175
2023-02  0.060  0.130 0321 0.146 0.081 0.180 0.083
2023-05 0.036  0.126  0.286  0.200  0.090 0.089 0.174
2023-08 0.026  0.151 0313 0.176  0.088 0.107 0.139
2023-11 0.047 0.127 0327 0.146 0.093 0.110 0.151
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Fig.4 Weights of ICWQIg and ICWQIp water quality

parameters
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231 KEIFH R EE R (L) 1 CWQI,
ICWQIG. ICWQIp =R BB TH 5 AF H 11 AR AE
MULE S A Tog B, 13 5 Fios, nf LR I Ly,
B KAE AR 90 0 2,820 3.221 Fl 3.421, 1,4 15/
43 5 1.2004 1.100 A1 1.200,1,4 If1°F- 35 {8 5

WA 1.644. 1.752 F1 1.770.ICWQI, (75 73 & %
$19.93%, Ltk CWQI 1) 17.95% 1 1.98%.1CWQIg
(1A% 5 2 H0h 23.52%, L ICWQIp 1 3.59%,1X %
] ICWQIg Ml ICWQIp 4% 0] 22 57 . CWQI B
3 70 25 1) b 5 RE W R U IR v G XU
K5,

3 M EAEAN RN AN R RAE R Lyg 40 ]
5 Fro 3R 5 & 5(a) T LUE HL,CWQI THEL Lyg
KIME T ICWQIg A1 ICWQIp 5 11~ 24 41 .
CWQI THE 1) Lq e /IMEF B RAE B AT 2023 4F
8 HiICWQIg T Ly I/MEN 2020 4F 1 Y
1.100, 5 K AE 4 2023 4F 8 H 1) 3.221;ICWQIp 1 H-45
i Lq 30/MELh 2020 4F- 8 H 11 1.200, 2023 41 8 H
It KN 3.421.

M 5(b)a] L H,CWQI. ICWQI Al ICWQIp
TR T (A RAE 2 QHL R QHI0 {22 = T3 Ath
RURE B KR Y HIAE R AT 50 QHIL 23014 2.820,
3.221 1 3.421.CWQI THHE 135/ L 8 1.200,H
BUAERFE 1 QH3 Al QH7;ICWQIG T /N Tyg 18
h 1.100, Y BAE KAE 15 QH3 A QH4ICWQI, TH5 1)
/N Ly 24 1.200, HBLLERAT A QHIL.

R5 SHERTER L, E

Table 5 I,q values calculated by the three models

VAN TTVE RME /M I ez R R
CWQI 2.820 1.200 1.644 0.295 17.95%
ICWQIg 3.221 1.100 1.752 0.412 23.52%
ICWQIp 3.421 1.200 1.770 0.353 19.93%
2.3.2 JKJEVFY SR 2301 wl g, =R AR

RSB VP A &5 A B 2= 5 R CWQILL ICWQIg
HTTCWQIp X 2020~2023 4= 1S i 7K i 45 2 34T VP4
iR 6 fron & 6(a)t CWQI [IPEA 45 1k
B T2 R LU b HrP R RR T 2K BRI KR & 85.31%,
27K 14.69%. 5 6(b)rH, 11 AN KA skl
IKFEA, T 2RKFE b 76.22%, 1T 2R/KFE 5 23.08%,
ICWQIg 45 R 12 715,2023 4F- 8 H RAF i QH1 (AT 1)
A1 ANEZEKFE, d0.70%, %K FE ) CWQI 112K
KEEAEE 6(c) T, [FAFE 2 76.22% 7K A0 T 2K,
23.08% A 11 K IR AE N 0.70%,H 1T KK S
ICWQIg ¥ TT /K53 A A P 22 57 ICWQIp 25 A4,
W RTE QHIGHEI )RAE mi ) 2023 4F 8 HAKFEN
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Fig.6 Water quality evaluation results of different methods
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