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Abstract

To objectively reflect the water quality status of surface water, the fuzzy compre-
hensive evaluation method was improved using a combination of the Analytic
Hierarchy Process and entropy weight method for weight assignment, along
with the principle of weighted average comprehensive evaluation, and compared
with the single-factor evaluation method, Nemerow index method, and tradi-
tional fuzzy comprehensive evaluation method to evaluate the surface water
environmental quality in the Chengde area. The results show that: in 2021,
the surface water quality in the Chengde area exhibited significant spatiotem-
poral variability; except for some monitoring sections during July-September
where water quality was relatively poor, the water quality at the remaining
sections was within Class I-III; the main factors affecting surface water qual-
ity in the Chengde area were CODMn and TP; the single-factor evaluation
method and Nemerow index method cannot reflect the overall water quality
status; compared with the traditional fuzzy comprehensive evaluation method,
the improved fuzzy comprehensive evaluation method takes into account the
interactions among various pollution factors, reduces the influence of individual
water quality indicators on the evaluation results, and can rank water quality
within the same category, making it more suitable for evaluating surface water
environmental quality in the Chengde area.
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Abstract

To objectively reflect surface water quality conditions, this study improves the
fuzzy comprehensive evaluation method by employing a combination of the An-
alytic Hierarchy Process (AHP) and entropy weight method for weight assign-
ment, along with the weighted average comprehensive evaluation principle. The
improved method was compared with single-factor evaluation, Nemerow index
method, and traditional fuzzy comprehensive evaluation to assess the surface
water environmental quality in the Chengde region during 2021. The results
demonstrate significant spatiotemporal variations in surface water quality. Ex-
cept for certain monitoring sections that exhibited poor water quality from
July to September, water quality at all other sections fell within Classes I-III.
The primary factors influencing surface water quality in Chengde were CODMn
and NH3-N. Both single-factor evaluation and Nemerow index methods failed
to reflect overall water quality status. Compared with traditional fuzzy com-
prehensive evaluation, the improved method accounts for interactions among
various pollution factors while weakening the influence of individual water qual-
ity indicators on evaluation outcomes. Additionally, it enables ranking within
the same water quality category, making it more suitable for evaluating surface
water environmental quality in the Chengde region.

Keywords: water quality evaluation; improved fuzzy comprehensive evaluation
method; analytic hierarchy process; entropy weight method; Chengde region

Introduction

Given the complexity of real-world water environmental quality and the inher-
ent fuzziness in water quality classification and standard determination, fuzzy
comprehensive evaluation methods have been widely applied in water quality
assessment [1-3]. Compared with alternative approaches, fuzzy comprehensive
evaluation can transform complex and uncertain information into fuzzy concepts,
thereby quantifying qualitative problems and yielding more accurate evaluation
results [4-5]. However, traditional fuzzy comprehensive evaluation employs an
exceeding-standard weighting method that fails to reflect relationships among
indicators or among evaluation objects, and is significantly influenced by the
maximum pollution factor [6-7], leading to certain errors in evaluation results.
Moreover, traditional fuzzy comprehensive evaluation determines water quality
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categories based on the maximum membership degree principle, which can result
in information loss.

As a water conservation functional zone and ecological environment support
area for the Beijing-Tianjin-Hebei region, Chengde has made substantial con-
tributions to water resource security and aquatic ecological protection in this
region for many years, attracting long-term and widespread attention to its
water environmental quality. Water environmental quality evaluation forms
the foundation for water resource development, utilization, and protection, and
selecting appropriate water quality evaluation methods is prerequisite for ob-
jectively reflecting actual water environmental conditions [8]. Currently, com-
monly used water quality evaluation methods include single-factor evaluation [9-
10], Nemerow index method [11-12], comprehensive water quality index method
[13], fuzzy comprehensive evaluation [14-15], principal component analysis [16],
grey clustering method, and artificial neural network models [17]. Considering
that each method emphasizes different aspects and has certain limitations, com-
prehensive water quality assessment cannot be achieved using a single method
alone. Therefore, this study improves the traditional fuzzy comprehensive evalu-
ation method by modifying the weighting approach through combined weighting
using AHP and entropy method, and replacing the maximum membership de-
gree principle with the weighted average principle. This improved method was
applied to evaluate the water environmental quality in Chengde, with results
compared against those from single-factor evaluation, Nemerow index method,
and traditional fuzzy comprehensive evaluation to examine the effectiveness of
the improved approach.

1. Study Area Overview

Chengde City is located in northeastern Hebei Province, with geographical co-
ordinates of 115°54 ~119°15 E, 40°11 ~42°40 N. The region exhibits decreasing
precipitation from southeast to northwest. The city maintains a forest cov-
erage rate of 55.8%, earning it the designation “Lungs of North China.” As
the source area of the Luan River, Chao River, Liao River, and Daling River,
Chengde provides crucial water security for the Beijing-Tianjin-Hebei region.
This study selected 12 national/provincial control monitoring sections—Dacaop-
ing, Dasangyuan, Dazhangzi (II), Dazhangzi (I), Dangba, Dianzi, Tangsanying,
Xinglongzhuang, Gubeikou, Guojiatun, Litai, and Mengguyingzi—as evaluation
samples. Monthly water quality data from 2021 were collected, with CODMn
and NH3-N as evaluation indicators. The spatial distribution of water quality
monitoring sections is shown in [Figure 1: see original paper].

2. Methods

2.1 Single-Factor Evaluation Method The single-factor evaluation
method [9] compares measured values at river sections with standard values
from the Environmental Quality Standards for Surface Water (GB3838-2002)
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item by item, using the worst water quality category as the final evaluation
result. This approach is heavily influenced by the maximum pollution factor.

2.2 Nemerow Index Method The Nemerow index method [11] is a water
quality evaluation approach that comprehensively considers both the average
and maximum values of standard indicators. It features simple calculation and
can comprehensively and accurately reflect integrated water quality conditions.

The calculation formulas are:
[F%2 4 F?
Pi _ 7 +2 7 max

where C; is the measured value of indicator i; S
indicator 7 for class j; Fj is the average value; F; . .

P; is the Nemerow pollution index for indicator i.

i 18 the standard value of
is the maximum value; and

Based on standard concentrations of each evaluation indicator, the Nemerow
pollution index corresponding to each water quality class was calculated. The
Nemerow index grading standards are presented in .

2.3 Traditional Fuzzy Comprehensive Evaluation Method Traditional
fuzzy comprehensive evaluation [14] offers clear results and systematic character-
istics, enabling quantification of qualitative problems. It follows the maximum
membership degree principle to evaluate comprehensive water quality categories,
making it suitable for solving various nonlinear problems.

2.3.1 Establishment of Evaluation Sets The evaluation indicator set U was
established as {CODMn, NH3-N}. According to the five water quality classes
defined in GB3838-2002, the evaluation grade set V' was established as {Class
I, Class II, Class III, Class IV, Class V}.

2.3.2 Establishment of Membership Functions Membership functions [18]
can take various forms including trapezoidal, rectangular, and normal distribu-
tions. The descending semi-trapezoidal distribution is commonly used in fuzzy
comprehensive evaluation. Partial-large distribution functions apply to indica-
tors where larger values indicate better water quality, while partial-small distri-
bution functions apply to indicators where smaller values indicate better water
quality. This study only involves partial-small distribution functions, calculated
using formulas (3) through (6):

1, C; <85,
_ Si,541—Cs
Tii =S s Y <G <Sijn
0, Ci>S; i

where C; is the measured concentration of evaluation indicator ¢; S ; is the
standard value of indicator ¢ for class j; and r;; represents the membership
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degree of indicator ¢ to class j standard values.

2.3.3 Weight Calculation Traditional fuzzy comprehensive evaluation typi-
cally employs the exceeding-standard weighting method, calculated as:

Gi
a; = W
Ezjﬂ 1,3
where a, is the ratio of measured concentration to average standard value for
indicator 4; and W, is the weight of indicator i.

2.3.4 Fuzzy Comprehensive Evaluation The weight matrix W is multiplied
by the membership matrix R according to matrix operation rules to obtain the
comprehensive evaluation matrix B, followed by final evaluation based on the
maximum membership degree principle [19].

2.4 Improved Fuzzy Comprehensive Evaluation Method This study
improves the traditional fuzzy comprehensive evaluation method in two key
aspects: weighting method and evaluation principle.

2.4.1 Weighting Improvement The improved method adopts combined
weighting using AHP and entropy weight method to weaken the influence of
maximum pollution factors while considering interactions among indicators.

(1) AHP Weighting AHP [20] combines qualitative and quantitative analysis by
decomposing evaluation indicators into a hierarchical structure, then conduct-
ing pairwise comparisons to construct a judgment matrix. The eigenvalues and
eigenvectors are solved to obtain indicator weights, followed by consistency verifi-
cation. The specific steps include: - Establishing the hierarchical structure with
surface water environmental quality as the target layer, water quality classes
as criteria layer, and evaluation indicators (CODMn, NH3-N) as scheme layer -
Constructing the judgment matrix using measured concentration ratios between
indicators to describe relative importance - Conducting consistency verification
using online data analysis tools to calculate eigenvalues and eigenvectors, deter-
mining weights, and verifying that the consistency ratio CR < 0.10

(2) Entropy Weight Method The entropy weight method [21] determines objec-
tive weights based on indicator variability to eliminate human interference and
improve accuracy. Calculation steps follow established methodologies.

(8) Combined Weighting AHP considers the impact of maximum pollution in-
dicators through pairwise comparison but neglects inter-indicator relationships,
while entropy weighting depends excessively on objective data and exhibits in-
stability with sample variations. Therefore, this study adopts the average of
AHP and entropy weights as the combined weight to balance both approaches.

2.4.2 Weighted Average Principle The maximum membership degree prin-
ciple in traditional fuzzy comprehensive evaluation is replaced with the weighted
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average comprehensive evaluation principle to better preserve original informa-
tion [22]. The weighted average principle is calculated as:

k
Br=2_ i
j=1

where b; is the membership degree to class j water quality in the fuzzy com-
prehensive evaluation matrix; By is the evaluation result based on weighted
average principle; and k is the weighting coefficient (taken as 1 in this study).

3. Evaluation Results

Based on monthly water quality monitoring data from Chengde surface water
monitoring stations in 2021, 12 national/provincial control sections were evalu-
ated using CODMn and NH3-N as indicators. Monthly monitoring results for
all sections are shown in [Figure 2: see original paper].

3.1 Single-Factor Evaluation Results and Analysis Single-factor evalu-
ation results are presented in [Figure 3: see original paper|. The results show
significant spatiotemporal variations in water quality, with generally better qual-
ity during January-March and October-December. The poorest water quality
occurred at Erdaohe Reservoir Inlet, Gubeikou, Guojiatun, Litai, Mengguyingzi,
Shangbancheng Bridge, Tangsanying, and Xinglongzhuang sections, where the
worst water quality in different months reached Class IV-V, with CODMn and
NH3-N as the primary influencing factors. At Erdaohe Reservoir Inlet, CODMn
concentrations peaked at 8.9 mg - L™! and 0.38 mg - L™! in July-September, re-
spectively 1.78 times and 1.9 times the Class III standard limits. Guojiatun
section showed the worst water quality, with CODMn ranging 7.1-7.5 mg - L1
and NH3-N 0.12-0.18 mg - L™!. Litai section exceeded standards for CODMn
during July-September, with maximum concentrations 1.64 times the Class III
limit. Mengguyingzi section was significantly affected by CODMn, particularly
in September when concentration reached 8.2 mg+L~! (1.64 times the standard).
Shangbancheng Bridge showed poorest quality in July-September with CODMn
at 4.1-8.2 mg - L. Tangsanying section peaked in September with CODMn at
8.2 mg- L' and NH3-N at 0.18-0.29 mg - L~'. Xinglongzhuang section had
poorest quality in July-September with CODMn at 7.9 mg - L' and NH3-N at
0.31 mg - L%

3.2 Nemerow Index Evaluation Results and Analysis Using formulas
(1) and (2), Nemerow indices were calculated for all monitoring sections. Water
quality categories were determined based on the Nemerow index grading stan-
dards in . Evaluation results are shown in [Figure 4: see original paper]. In
2021, water quality at all 12 national/provincial control sections in Chengde fell
between Class I and Class III. The temporal distribution shows best quality dur-
ing January-March and October-December, consistent with single-factor results.
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Sections including Erdaohe Reservoir Inlet, Gubeikou, Guojiatun, Litai, Meng-
guyingzi, Shangbancheng Bridge, Tangsanying, and Xinglongzhuang reached
Class IV-V during July-September. The proportions of Class I, II, and III wa-
ter quality sections were 16.67%, 25.00%, and 50.00%, respectively.

3.3 Traditional Fuzzy Comprehensive Evaluation Results and Analy-
sis Measured CODMn and NH3-N concentrations from 12 sections were sub-
stituted into formulas (3)-(6) to calculate membership matrices. Weights were
determined using the exceeding-standard method, then multiplied with mem-
bership matrices to obtain water quality class membership degrees. Results
following the maximum membership degree principle are shown in [Figure 5:
see original paper|. Overall, Chengde’ s surface water quality in 2021 showed
spatiotemporal differences, with Class I-III water quality dominating. Sections
Litai, Shangbancheng Bridge, and Xinglongzhuang showed notably poorer qual-
ity during July-September. Class I, II, and III water quality sections accounted
for 8.33%, 33.33%, and 50.00%, respectively, with only 8.33% Class IV sections.
The membership degrees to Class I-III water quality exceeded 0.5 for most sec-
tions, while membership to Class IV and below was zero for all sections. Starting
from July, membership degrees to Class I-III began decreasing while Class IV
membership increased, reaching a turning point in water quality deterioration.
By October, membership to Class I-III increased again, returning to pre-July
levels.

3.4 Improved Fuzzy Comprehensive Evaluation Results and Analy-
sis Results from the improved fuzzy comprehensive evaluation method are pre-
sented in [Figure 6: see original paper]. Chengde’ s surface water quality in 2021
fell between Class II and Class III. Temporally, water quality was poorest dur-
ing July-September. Spatially, Erdaohe Reservoir Inlet, Gubeikou, Guojiatun,
Litai, Mengguyingzi, Shangbancheng Bridge, Tangsanying, and Xinglongzhuang
sections showed relatively poor quality. Except for Gubeikou (Class II), all
other sections had B values between 2 and 3, indicating Class II-III water
quality. The improved method enables ranking within the same water quality
category. For Class III sections in July: Mengguyingzi > Dazhangzi (I) > Xin-
glongzhuang > Shangbancheng Bridge > Tangsanying > Litai > Guojiatun >
Gubeikou. For Class III sections in August: Guojiatun > Tangsanying > Litai
> Shangbancheng Bridge > Dazhangzi (I) > Xinglongzhuang > Erdaohe Reser-
voir Inlet. For Class III sections in September: Guojiatun > Tangsanying >
Shangbancheng Bridge > Erdaohe Reservoir Inlet.

The improved method weakens the impact of maximum pollution factors, avoids
information loss inherent in the maximum membership degree principle, and en-
ables ranking within water quality categories, yielding results that more closely
reflect actual water quality conditions.

3.5 Comparison of Four Evaluation Methods The proportions of vari-
ous water quality classes from all four methods are compared in [Figure 7: see
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original paper|. Influenced by maximum pollution factors, single-factor eval-
uation and Nemerow index methods show significantly higher proportions of
Class IV-V sections compared to traditional and improved fuzzy comprehensive
evaluation methods. The improved fuzzy comprehensive evaluation method, by
weakening maximum pollution factor influence while considering inter-indicator
interactions, shows minimal Class IV section proportions and no Class V sec-
tions. This demonstrates that the improved method provides more reasonable
and accurate evaluation results.

4. Conclusions

1) The improved fuzzy comprehensive evaluation method, combining AHP
and entropy weight method, weakens the influence of maximum pollu-
tion factors while considering interactions among pollution factors. The
weighted average comprehensive evaluation principle better preserves orig-
inal information, making the improved method more suitable for surface
water environmental quality evaluation.

2) In 2021, Chengde’ s surface water quality showed significant spatiotempo-
ral variations: temporally, July-September had the poorest water quality;
spatially, Erdaohe Reservoir Inlet, Gubeikou, Guojiatun, Litai, Mengguy-
ingzi, Shangbancheng Bridge, Tangsanying, and Xinglongzhuang sections
had relatively poor quality, with CODMn and NH3-N as the main influ-
encing factors.

References

[1] Huang Rui, Han Longxi, Zhang Fangxiu, et al. Application of fuzzy interval
multi-attribute assessment in the analysis of water quality[J]. Yellow River, 2021,
43(5): 104-109.

[2] Li R, Zou Z, An Y. Water quality assessment in Qu River based on fuzzy wa-
ter pollution index method[J]. Journal of Environmental Sciences, 2016, 50(12):
87-92.

[3] Ao Chenghuan, Zhong Jiusheng, Zhao Meng, et al. Evaluation of water qual-
ity of Baihua Lake based on fuzzy comprehensive method and grey correlation
method[J]. Bulletin of Soil and Water Conservation, 2020, 40(1): 116-122, 129.

[4] Wang Shunsheng, Huang Tianyuan, Chen Hao, et al. Application of fuzzy
comprehensive evaluation model based on CRITIC weighting in water quality
evaluation[J]. Water Resources and Power, 2018, 36(6): 48-51.

[5] Dong Wen, Wang Ruichen, Li Huai’ en, et al. Spatiotemporal characteristics
analysis of water pollutants in Xixian new area in Weihe River Basin[J]. Journal
of Hydroelectric Engineering, 2020, 39(11): 80-89.

[6] Jia Benjun, Zhou Jianzhong, Chen Xiao, et al. Neural network estimation
methods for varying output coefficients of hydropower stations[J]. Journal of

chinarxiv.org/items/chinaxiv-202403.00177 Machine Translation


https://chinarxiv.org/items/chinaxiv-202403.00177

ChinaRxiv [$X]

Hydroelectric Engineering, 2021, 40(1): 88-96.

[7] Adimalla N. Groundwater quality delineation based on fuzzy comprehensive
assessment method (FCAM): A case study[J]. Arabian Journal of Geosciences,
2020, 13(23): 1256.

[8] Lu Linfang, Wang Huihui, Hu Yawei, et al. Application of several evaluation
methods for river water quality in the Yangtze River mainstream[J]. Journal of
Southwest University (Natural Science Edition), 2020, 42(12): 126-133.

[9] Ning Yangming, Yin Faneng, Li Xiangbo. Application of several evaluation
methods for river water quality in the Yangtze River mainstream[J]. Journal of
Irrigation and Drainage, 2022, 41(9): 117-124.

[10] Yin Xueyan, Yan Guanghan, Wang Xing, et al. Applicability of different
water quality evaluation methods in river-connected lakes: A case study of
Dongting Lake arealJ]. Journal of Environmental Engineering Technology, 2023,
13(3): 1070-1078.

[11] Li Su, Yan Zhihong, Xu Dan, et al. Application of improved Nemerow
index method in reservoir water quality evaluation[J]. Science Technology and
Engineering, 2020, 20(31): 13079-13084.

[12] Zhang Xinhui, Liu Haozhen, Li Jinjing, et al. Water quality evaluation in
aquaculture area of Zhonglu Island in the East China Sea based on improved
Nemerow index evaluation method[J]. Journal of Applied Oceanography, 2019,
38(2): 225-231.

[13] Peng Qi, Zhang Yu, Zhang Qiang, et al. Model of water quality assessment
based on improved TOPSIS coupled with Hasse diagram[J]. Yellow River, 2021,
43(1): 93-96, 128.

[14] Zhang Jie, Jiao Shulin, Zhao Meng, et al. Water quality evaluation and anal-
ysis of main surface tributaries of Baihua Lake in Guizhou Province[J]. Yangtze
River, 2021, 52(6): 13-19.

[15] Wu Xijun, Dong Ying, Zhang Yaning. Application of improved Nemerow
pollution index method in water quality evaluation of Yellow River main
stream[J]. Water Saving Irrigation, 2018, 43(10): 51-53, 58.

[16] Cheng Peng, Sun Mingdong, Hao Shaonan. Water quality assessment of up-
stream rivers of Guanting Reservoir based on the simplest water quality index[J].
Ecology and Environmental Sciences, 2023, 32(2): 372-380.

[17] Jia Yizhen, Shen Juqin, Wang Han, et al. Research on fuzzy evaluation of
water resources value in Lanzhou City[J]. Yellow River, 2018, 70(9): 68-73.

[18] Zhong C, Yang Q, Liang J, et al. Fuzzy comprehensive evaluation with AHP
and entropy methods and health risk assessment of groundwater in Yinchuan
Basin, Northwest China[J]. Environmental Research, 2021, 204(5): 111956.

chinarxiv.org/items/chinaxiv-202403.00177 Machine Translation


https://chinarxiv.org/items/chinaxiv-202403.00177

ChinaRxiv [$X]

[19] Ding Xiaowen, Chong Xiao, Bao Zhengfeng, et al. Fuzzy comprehensive
assessment method based on the entropy weight method and its application in
the water environmental safety evaluation of the Heshangshan Drinking Water
Source Area, Three Gorges Reservoir Area, China[J]. Water, 2017, 9(5): 329.

[20] Wang Yan, Shi Rongyuan, Qiao Changlu. Evaluation of water resource
carrying capacity based on fuzzy comprehensive evaluation method in north-
ern slope Economic Belt of Tianshan Mountains[J]. Bulletin of Soil and Water
Conservation, 2018, 38(5): 206-212, 219.

[21] Zhang Qian, Li Guogiang, Zhuge Yisi, et al. Application of improved fuzzy
comprehensive method to water quality assessment in Erhai[J]. Journal of China
Institute of Water Resources and Hydropower Research, 2019, 17(3): 226-232.

[22] Yang Lei, Qu Xiangning, Ma Zhenghu, et al. Water quality evaluation and
spatial difference of Yuehai wetland in Ningxia[J]. Arid Zone Research, 2021,
38(3): 640-649.

[23] Wang Dan, Zhang Shuanghu, Wang Guoli, et al. Quantitative assessment of
water stage changes of Poyang Lake in dry period and its influencing factors[J].
Journal of Hydroelectric Engineering, 2020, 39(3): 1-10.

[24] Zheng Lanxiang, Yang Cheng, Li Chunguang. Water quality evaluation of
pumped storage reservoir based on Analytic Hierarchy Process[J]. Yellow River,
2014, 66(10): 81-83, 88.

[25] Shi Shigiang, Wang Peijing, Hu Ming, et al. Evaluation of Beijing rural
sewage treatment technology based on Analytic Hierarchy Process and Grey
Evaluation method[J]. Acta Science Circumstantiae, 2022, 42(5): 13-21.

[26] Tan Hao, Liu Yan, Zhao Zhigiang, et al. Characteristics and evaluation of
groundwater quality in Jinghui Canal irrigation area[J]. Yangtze River, 2021,
52(5): 18-23.

[27] Bai Fan, Zhou Jinlong, Zeng Yanyan. Hydrochemical characteristics and
quality of groundwater in the plains of the Turpan Basin[J]. Arid Zone Research,
2022, 39(2): 419-428.

[28] Wang Hongyan, Liu Yuyang, Zhang Xiaowei, et al. Geology-engineering
integration Shale Gas Sweet Spot evaluation based on analytic hierarchy process:
Application to Zhaotong Shale Gas Demonstration District, Taiyang Shale Gas
Field, Haiba Area, X Well Region[J]. Earth Science, 2023, 48(1): 92-109.

[29] Zhang Shuyu, Wang Wei, Liu Yiwei, et al. Water quality evaluation of
sea cucumber culture based on triangular fuzzy number analytic hierarchy pro-
cess[J]. Journal of Huazhong Agricultural University, 2023, 42(3): 88-96.

[30] Shapiro A F, Koissi M C. Fuzzy logic modifications of the Analytic Hierarchy
Process[J]. Insurance: Mathematics and Economics, 2017, 100(75): 189-202.

[31] Liu Shan, Zhang Nan, Wei Zhen. Research on water quality comprehensive
evaluation method based on rough set information entropy[J]. Yangtze River,

chinarxiv.org/items/chinaxiv-202403.00177 Machine Translation


https://chinarxiv.org/items/chinaxiv-202403.00177

ChinaRxiv [$X]

2019, 50(2): 75-78, 89.

[32] Tian Fujin, Ma Qingshan, Zhang Ming, et al. Evaluation of water quality
in Xin’ anjiang River Basin based on principal component analysis and entropy
weight method[J]. Geology in China, 2023, 50(2): 495-505.

[33] Du Shudong, Guan Yanan, Li Xin, et al. Water quality evaluation with
improved comprehensive pollution index based on entropy weight method: A
case study of Baiyun Lake[J]. Acta Science Circumstantiae, 2022, 42(1): 205-
212.

[34] Ding Qizhen, Lei Mi, Zhou Jinlong, et al. An assessment of groundwater,
surface water, and hydrochemical characteristics in the upper valley of the Bor-
tala River[J]. Arid Zone Research, 2022, 39(3): 829-840.

[35] Yan Feng, Yi Fanghui, Chen Li. Improved entropy weighting model in water
quality evaluation[J]. Water Resources Management, 2019, 33(6): 2049-2056.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.

chinarxiv.org/items/chinaxiv-202403.00177 Machine Translation


https://chinarxiv.org/items/chinaxiv-202403.00177

	Post-Print of Surface Water Environmental Quality Assessment in Chengde Based on Improved Methods
	Abstract
	Full Text
	Evaluation of Surface Water Environmental Quality in Chengde Based on Improved Methods
	Abstract
	Introduction
	1. Study Area Overview
	2. Methods
	3. Evaluation Results
	4. Conclusions
	References



