
2025, Vol.30 No.3, 302-312

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/ licenses/by/4.0), which permits 
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Using TOPSIS Model with Modified 
Entropy Weight for Water Quality 
Assessment in Guizhou Province, 
China

□□  FENG Dongdong1, WU Liang2

1. IRI Consulting Group, Beijing 100037, China;

2. School of Political Science International Relations, Tongji University, Shanghai 200092, China

Abstract: Although the Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) model has been widely applied in water 
quality assessment by numerous studies, several common limitations remain unresolved. Specifically: 1) Subjective elements in methods 
such as fuzzy theory and the analytic hierarchy process (AHP) may distort evaluation outcomes; 2) The utilization of raw sample data is in‐
sufficient when constructing evaluation matrices; 3) The traditional entropy weight method in TOPSIS merely reflects statistical character‐
istics of the final matrix while neglecting richer information embedded in raw datasets. To address these issues, we proximate probability 
distribution function of various indicators by using cubic spline interpolation and fully exploit information in the existing massive sample 
data. In this paper, the entropy weight method is enhanced based on the concept mentioned above and integrated with TOPSIS model to 
construct a novel evaluation model. Furthermore, the experimental analysis using wastewater monitoring data from Guizhou Province, 
China, verifies its practicality, and its results provide valuable references for local water environmental management.
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0　Introduction

As the environmental factor intrinsically linked to 
public issues and habitat, water environment has always 
been the focus of environmentalists􀆳 attention. To control 
water pollution and monitor long-term or timely changes 
in water environment, water quality assessment has in‐
creased enormous attention for researchers. In the past 
two decades, there have been many researches on how 
to quantitatively evaluate water quality based on the en‐

tropy theory. Ma et al[1] merged the advantages of the 
Principal Component Analysis (PCA) and the informa‐
tion entropy (IE) to obtain the weights of indicators, 

which was established to assess the landscape water 

quality in Zhengzhou City, China. Mahjouri et al[2] used 

the discrete entropy theory to assess the efficiency of the 

Jajrood River monitoring network and revised both the 

location of existing monitoring stations and temporal fre‐

quencies of data gathering. Paul et al[3] applied informa‐

tion entropy to Water Quality Index (WQI) calculation 
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and calculated the Pearson correlation matrix between 
different parameters for analyzing its relationship. Li et 
al[4] have done a lot of research work on water quality as‐
sessment based on entropy weight theory, such as inte‐
grating entropy weight theory and WQI, applying set 
pair analysis method based on entropy weight[5], and im‐
proving Technique for Order Preference by Similarity to 
Ideal Solution (TOPSIS) method based on entropy 
weight[6-8]. Amiri et al[9] improved WQI with entropy 
weight and provided the entropy weighted water quality 
index (EWQI) for groundwater samples in Lenjanat 
plain, central Iran. The experimental results indicate that 
application of the EWQI is greatly helpful to identify 
and evaluate groundwater quality in Lenjanat, Iran. 
Singh[10] systematically introduced the application of en‐
tropy theory in environmental and water engineering, 
and proposed the basic construction process of the evalu‐
ation model. Kholoosi et al[11] used Entropy Based Water 
Quality Index (EBWQI) to assess groundwater quality 
and structured a new clustering method which was pro‐
posed based on multi objective optimization for 
EBWQIs data sets interpretation (MOC). The effective‐
ness of the MOC method was verified by comparing dif‐
ferent clustering methods. Li et al[12] proposed an im‐
proved TOPSIS-based approach called the Informative 
Weighting and Ranking (TIWR) method using the Crite‐
ria Importance Through Inter-criteria Correlation 
(CRITIC) approach, which avoids classifying several ob‐
jects into the same typical level and makes them distin‐
guishable.

TOPSIS model has been also widely applied in mul‐
tiple other fields[23-24], such as enterprise strength com‐
parison[25], safety of coal mines[26], investment deci‐
sion[27], highway transportation[28], urban sustainable de‐
velopment[29-30], tourism competitiveness[31], agricultural 
water resource management[32], and so on. In the process 
of water quality assessment, uncertain and fuzzy factors 
are often encountered, so many researchers are enthusi‐
astic about the research and application of entropy 
weight method based on fuzzy theory. Lots of researches 
have made considerable contributions to the fuzzy syn‐
thetic evaluation approaches with entropy method[13-16], 
and applied fuzzy theory and TOPSIS method to water 
quality assessment based on entropy weight[17-21]. An et 
al[22] introduced a fuzzy rough set to perform attribute re‐
duction, and combined an attribute recognition theoreti‐
cal model and entropy method to assess water quality.

Above, we have introduced the extensive research 
work of scholars on water quality assessment based on 

the TOPSIS model. However, there are inevitably sev‐
eral problems in these works. First, subjective elements 
such as fuzzy theory or analytic hierarchy process 
(AHP) introduce human bias, potentially distorting re‐
sults. Second, the method emphasizes the final evalua‐
tion matrix while neglecting the rich original sample 
data used to construct it, often relying on regional or an‐
nual averages that reduce accuracy. Moreover, tradi‐
tional entropy-based weighting only considers statistical 
properties within the evaluation matrix, ignoring the 
more precise probability information available in the 
original data. Therefore, based on the framework pro‐
vided by the above researches, this paper proposes a 
modified entropy weight approach with TOPSIS model 
to establish an improved comprehensive evaluation 
method. It is targeted for the situations that the composi‐
tion values of evaluation matrix are derived from a large 
amount of data, such as the monthly multi-site wastewa‐
ter monitoring data used in this paper. With the simulta‐
neous consideration of the impact of subjective factors, 
this model evaluates the performances merely on the ob‐
jective data.

The main structure of the paper is as follows: In 
Section 1, a modified method for entropy weight is intro‐
duced thoroughly and combined with TOPSIS to con‐
struct a rational and effective evaluation model. Section 
2 provides some background information about the geo‐
graphical characteristics of Guizhou Province, China, 
the acquisition of data sources and the establishment of 
evaluation criteria. In Section 3, a case study of water 
quality assessment in Guizhou Province, China, in terms 
of yearly and regional analysis is conducted to examine 
the applicability of the proposed model. Section 4 pres‐
ents the conclusion.

1　TOPSIS Model with Modified 
Entropy Weight

1.1　The Entropy Weight Theory

1.1.1　Information entropy
Entropy theory first appeared in thermodynamics 

and was later introduced into information theory by 
Shannon[33]. Subsequently, the concept of information en‐
tropy emerged as a measure of disorder degree and the 
amount of information conveyed by an event drawn 
from the probability distribution of a random event. In 
the probability distribution, the higher the probability of 
occurrence is, the smaller the uncertainty is and the less 
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information it contains. Therefore, the average informa‐
tion provided by a random event can be quantified as fol‐
lows:

H(X )=-∑
i = 1

n

 p(xi )log ( p(xi ))
where xi is the value of the random variable X; p(×) is the 

probability of random event xi occurring.
1.1.2　Modified entropy weight method

Information entropy can be used to measure the de‐
gree of differentiation of the indicator. The greater the 
dispersion degree of a indicator value, the greater the in‐
fluence of the indicator on the comprehensive evalua‐
tion, and the higher weight should be given to the indica‐
tor. Differentiating from the traditional approach of pro‐
cessing weights in the entropy weight method, we make 
an improvement: Firstly, the approximate probability dis‐
tribution of one indicator can be estimated from all mea‐
sured value of this indicator; Secondly, the probability of 
every indicator value in evaluation objects can be ob‐
tained more precisely by locating it in the known prob‐
ability distribution; Finally, with more accurate prob‐
abilities estimation, the accuracy of entropy calculation 
and the indicator weight improves, which adequately en‐
hances the model performance. The specific implementa‐
tion steps are as follows:

1) Assuming that there are n measured values for m 
previously defined indicator, and l assessment subjects, 
so the corresponding matrix can be expressed as:
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where X is the original sample data matrix, Y is the 
evaluation matrix, l n.

2) To align data values to a common scale and dis‐
tribution for comparison, normalization is applied to all 
acquired value xij for each criterion. After the 
subtraction-based conversion procedure and frequency 
calculation in terms of j-th indicator, we proximate the 

probability distribution Fj (×) for it by interpolating all 

handled data into cubic splines functions[34-36]. The proce‐
dures are described as follows:

a) To unify indicator type, the subtraction-based 
conversion procedure is applied as follows:

For the benefit indicator: x+
ij = xij -min{x1jxnj } ;

For the cost indicator: x-
ij =max{x1jxnj }- xij ;

For the interval indicator:

x-
ij =max{| x1j - x̂j | | xnj - x̂j |}- | xij - x̂j |.

b) Build a frequency table φ j (×) for each converted 

indicator value {x±
ij|i = 12n} and transform it into 

Pj (φ j (×)) which is the approximate probability of φ j (×) 
with being obtained by using the frequency φ j (×) divided 

by the total number of values.

c) Proximate the probability distribution Fj (×) by fit‐

ting Pj (×) with cubic spline interpolation method as fol‐

lows:

 Fj (x
±
ij )= 

 

ì

í

î

ï
ïï
ï

ï
ïï
ï
ï
ï

Spline(Pj (φ j (x
±
ij ))) 

              if  Spline(Pj (φ j (x
±
ij )))Î[0 max{Pj (φ j (x

h
j ))}];

Pj (φ j (x
h
j ))+Pj (φ j (x

h + 1
j ))

2
                                  others;

 (1)

where i is the sample data number index, j is the indica‐

tor index, xij is the corresponding value located in the 

sample data, x̂j is the ideal value of the j-th indicator, 

Spline(×) is the cubic spline interpolation function of 

Pj (×), and xh
j  is the data point of φ j (×), x±

ijÎ[xh
j xh + 1

j ).

3) Calculate the entropy of each dimension of as‐

sessment subject ytj based on the probability distribution 

of each indicator. Its expressions are shown as follows:

Ej =-
1

lnl∑t = 1

l

 ptjln ( ptj )
where ptj =Fj (ytj ) is the probability of ytj by (1), t =
12l.

4) The weight of j-th evaluation indicator is ex‐

pressed as follows:

wj =
1 -Ej

m -∑
j

 Ej

 j = 12m. (2)

1.2　The Methodology of TOPSIS

TOPSIS is a multiple objective decision making 

method which was firstly proposed by Hwang and Yoon 

in 1981[37], and Yoon made some further researches in 

1995[38]. TOPSIS, which uses the comparison between 

the distance of the solution from the positive ideal solu‐

tion and the distance of the solution from negative ideal 

solution, determines the priority order of the assessed 

subjects. Positive ideal solution is defined as the compo‐

sition of all the best value achieved for each indicator, 

while negative ideal solution contains all the worst 

value. The evaluation procedures of TOPSIS method are 

as follows:

1) Calculate the weighted normalized decision ma‐
trix
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Z = ( ztj )
l ´m

= ( ptj ´wj ).
2) Determine the positive ideal solution z+ and the 

negative solution z-:

ì

í

î

ïïïï

ïïïï

z+ = { }z +
j = { }max{ }z1jz2jzlj |j = 12m

z- = { }z -
j = { }min{ }z1jz2jzlj |j = 12m

. (3)

       3)　Calculate the Euclidean distance of each assess‐
ment subject to positive ideal solution D+

t  and negative 
ideal solution D-

t :

ì
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D+
t = ∑

j = 1

m

 ( )ztj - z +
j

2

D-
t = ∑

j = 1

m

 ( )ztj - z -
j

2

. (4)

4) Calculate the similarity of each assessment sub‐
ject Ct to the worst condition, and obtain the correspond‐
ing grade in centesimal grade system. The higher the 
grade, the better the evaluation result of this alternative 
subject.

Ct =
100D-

t

D+
t +D-

t

t = 12l. (5)

1.3　TOPSIS with Modified Entropy Weight

Based on the concept and methodology mentioned 
in Sections 1.1 and 1.2, the application steps (evaluation 
procedure) for the TOPSIS model with our modified en‐
tropy weights (as MEW-TOPSIS below) can be briefed 
as follows:

Step 0.  Normalize data and calculate approxi‐
mate probability distribution Fj (×) by Eq. (1).

Step 1.  Determine the weight of j-th indicator by 
Eq. (2).

Step 2.  Calculate the distance of each assessed 
subject to the positive ideal solution D+

t  and the negative 
ideal solution D-

t  by Eq. (4).
Step 3.  Sort the grade of assessment subjects 

from smallest to largest by Eq. (5).

1.4　Rank Correlation Knowledge

In statistics, the two commonly-used measures of 
statistical dependence between two ranked variable are 
Spearman[39] and Kendall[40] rank correlation coefficient. 
In Section 3, to examine the effectiveness and superior‐
ity of the proposed model, these two coefficients are set 
as the performance indicators for different evaluation 
methods. The calculation formulas for these two coeffi‐
cients are expressed as follows: Spearman rank correla‐
tion coefficient is given by

ρ = 1 -
6∑d 2

i

n(n2 - 1)
 (6)

where d 2
i  is the difference between paired ranks, n is the 

number of paired items, ρÎ[-11].

Kendall rank correlation coefficient is given by

τ =
4p

n(n - 1)
- 1 (7)

where p is the number of pairs items in the same order, 
τÎ[-11].

2　Supplementary Information

2.1　Geological Information

Guizhou Province is located in the Yunnan-
Guizhou Plateau of China, between 103°36′E - 109°35′E 
and 24°37′N - 29°13′N. As of 2021, the total area of the 
province is 176 200 km2, accounting for 1.8% of the na‐
tional total area. With 6 prefecture level cities and 3 au‐
tonomous prefectures, the province has a permanent 
population of 38.52 million people.

There are many rivers in Guizhou Province, and 
there are 984 rivers with length over 10 km, such as Wu‐
jiang River, Chishui River, Qingshui River, Nanpanjiang 
River, Beipanjiang River and Hongshui River, etc. In 
2021, the river runoff in Guizhou Province reaches 
105.3 billion cubic meters. The mountainous features of 
Guizhou 􀆳s rivers are obvious. Most of the upstream riv‐
ers have open valleys with gentle water flow and little 
water volume; the midstream rivers have interlocking 
valleys with rapid water flow; the downstream rivers 
have deep and narrow valleys with large water volume 
and rich hydraulic resources.

2.2　Data Acquisition

The sample data used in this paper is the site-
specific estimates of contaminant exposure (mainly con‐
centration or concentration statistics) acquired from the 
wastewater monitoring system of large-scale companies 
in Guizhou Province, and is published by the Depart‐
ment of Ecology and Environment of Guizhou Province 
on its official website. By focusing on the water quality 
within recent years, the data in the period from 2018 to 
2022 is selected. The number of data resource are repre‐
sented in Fig. 1. We can know from Fig. 1(b) that Gui‐
yang City, as the capital city of Guizhou Province, has a 
total number of 4 100 data values acquired from 2018 to 
2022 with ranking first among 9 prefecture-level divi‐
sions.
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2.3　Evaluation Criteria

The Ministry of Ecology and Environment of the 

People 􀆳s Republic of China promulgated the China Sur‐

face Water Environmental Quality Standard (GB3838-

2002) in 2002, listing 24 representative indicators and 

the national-scale benchmarks for screening-level assess‐

ment of surface water environmental quality. However, 
considering the difficulty of data access and the scarcity 

of sample data on some attributes, 18 indicators were  

chosen for the assessment criteria and presented in Table 

1 with the corresponding threshold values and levels of 

water quality.

Table 1　Surface Water Environmental Quality Standard limits

Index

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

Indicator

pH

Ammonia Nitrogen (NH3-N) ≤
Fluoride (F) ≤

Cadmium (Cd) ≤
Chromium(VI) (Cr(VI)) ≤

Mercury (Hg) ≤
Chemical Oxygen Demand (COD) ≤

Volatile Hydroxybenzene (VH) ≤
Sulfide (Sul) ≤

Lead (Pb) ≤
Cyanide (Cya) ≤
Arsenic (As) ≤

Petroleum (Pet) ≤
Copper (Cu) ≤

Five-day Biochemical Oxygen Demand (BOD5) ≤
Zinc (Zn) ≤

Anionic Surfactants (AnS) ≤
Total Phosphorus (TP) ≤

Level I

6-9

0.15

1

0.001

0.01

0.00005

15

0.002

0.05

0.01

0.005

0.05

0.05

0.01

3

0.05

0.2

0.02
LoR: 0.01

Level II

0.5

1

0.005

0.05

0.00005

15

0.002

0.1

0.01

0.05

0.05

0.05

1

3

1

0.2

0.1
LoR: 0.025

Level III

1

1

0.005

0.05

0.0001

20

0.005

0.2

0.05

0.2

0.05

0.05

1

4

1

0.2

0.2
LoR: 0.05

Level IV

1.5

1.5

0.005

0.05

0.001

30

0.01

0.5

0.05

0.2

0.1

0.5

1

6

2

0.3

0.3
LoR: 0.1

Level V

2

1.5

0.01

0.1

0.001

40

0.1

1

0.1

0.2

0.1

1

1

10

2

0.3

0.4
LoR: 0.2

Levels of water quality I-V represent excellent, good, mild polluted, moderately polluted, severe polluted, respectively; LoR: Lake or reservoir; The unit of 

data: pH is dimensionless and the others are mg/L.

Fig. 1　Number of related data resource
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3　Result and Discussion

In this section, we apply the proposed model for 
yearly evaluation water quality across the regions in Gui‐
zhou Province with the dataset and criteria mentioned in 

Sections 2.2 and 2.3. As the implementation procedure 

stated in Section 1, estimated probability distribution for 

each criterion is fitted by all sample data of it, presented 

as a separated graph in Fig. 2. From the visualization of 

probability distributions, we can figure out that the fitted 

Fig. 2　Cubic spline interpolation of probability distribution Fj
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probability distributions are generally in line with the ac‐
tual situation, except for some points in Fig. 2(j) that de‐
viate slightly. 

In order to scientifically and comprehensively dem‐
onstrate the overall changes of water environment in 
Guizhou Province, the comparative analysis is con‐
ducted from two aspects. On the one hand, to see the 
trend over time, our evaluation is based on the yearly av‐
erage value of each criterion from 2018 to 2022; On the 
other hand, in a comprehensive water quality evaluation, 
the regional comparative analysis should be concerned, 
so an analysis based on the yearly average of each crite‐
rion of every prefecture-level division from 2018 to 
2022 has been run.

3.1　Annual Analysis (2018-2022)

The yearly average values of predetermined indica‐
tor from 2018 to 2022 are shown in Table 2. The evalua‐
tion matrix Y in our model is composed of each of them.

To prove the effectiveness and superiority of the 
methodology proposed in this paper, we selected the 
other two approaches to run comparative analysis as fol‐
lows:

a) TEW: Use traditional entropy weight methodol‐

ogy for calculating weights, where ptj =
y'tj

∑
t = 1

l

y'tj

 and y'tj has 

been normalized by Max-Minimum regularization 
method;

b) Wei(x): Use the methodology proposed by Chi‐
ang et al[41] to calculate the entropy weight, where

Ej =
1

0.6487l∑t = 1

l

Wei

æ

è

ç

ç

ç

ç
ççç
ç

ç

ç
ö

ø

÷

÷

÷

÷
÷÷÷
÷

÷

÷y'tj

∑
t = 1

l

y'tj

,

Wei(x)= xe(1- x)+ (1 - x)ex - 1 j = 12m.

c) MEW: Use the modified entropy weight method‐
ology proposed in this paper (see Section 1.3).

Baijiu (a special Chinese liquor) industry is known 
as one of the pillar industries and has been the mainly 
driving force of economic growth in Guizhou Province. 
It is logical to infer that there exists a direct relationship 
between the output of Baijiu and the quality of water en‐
vironment because the volume of industrial sewage dis‐
charged will inevitably increases once the production 
volume of Baijiu increases. Therefore, the evaluation 
model performance can be measured by the correlation 

Table 2　Annual average data from 2018 to 2022

Year

2018

2019

2020

2021

2022

Year

2018

2019

2020

2021

2022

Year

2018

2019

2020

2021

2022

pH

7.705 649 038

7.596 832 579

7.611 994 135

7.528 308 605

7.542 894 988

COD

41.194 497 61

58.636 595 74

47.614 619 88

43.631 120 94

40.334 080 46

Pet

0.242 833 333

0.288 000 000

0.428 779 817

0.219 280 702

0.377 697 368

NH3-N

2.218 877 358

17.407 902 440

11.950 289 470

3.944 491 324

3.012 403 175

VH

0.008 844 000

0.017 628 571

0.024 967 857

0.018 758 727

0.015 626 923

Cu

0.025 690 392

0.048 353 023

0.050 450 490

0.057 808 904

0.025 273 939

F

0.793 355 172

1.013 375 000

1.071 107 692

1.281 439 560

0.983 992 366

Sul

0.015 857 143

0.011 500 000

0.057 333 333

0.035 314 286

0.007 288 889

BOD5

13.588 019 80

19.010 683 23

13.851 808 51

14.187 259 62

11.286 042 30

Cd

0.002 103 718

0.009 976 583

0.012 171 297

0.005 669 974

0.006 857 291

Pb

0.013 748 431

0.029 205 373

0.022 938 481

0.034 279 444

0.031 125 277

Zn

0.037 261 143

0.061 352 187

0.096 942 279

0.058 896 296

0.029 614 194

Cr(Ⅵ)

0.017 436 180

0.015 895 943

0.031 627 435

0.203 736 393

0.014 607 706

Cya

0.007 033 898

0.033 862 791

0.007 315 789

0.010 504 878

0.011 013 559

AnS

0.438 692 308

0.731 400 000

0.436 705 882

0.499 822 581

0.229 783 784

Hg

0.000 052 200

0.000 206 735

0.000 082 500

0.000 229 193

0.000 132 766

As

0.009 732 093

0.023 159 138

0.000 846 242

0.004 046 790

0.003 531 145

TP

0.701 116 667

0.375 273 810

0.242 118 881

0.359 455 128

0.431 660 465
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between the annual output of Baijiu and the yearly grade 
got from model. For this, Spearman and Kendall rank 
correlation coefficients are selected as the reasonable in‐
dicators of model performance (see Section 1.4). More‐
over, the data related to Baijiu we used is the annual out‐
put of Baijiu enterprises above designated size in 2018-
2022 published by National Bureau of Statistics. The re‐
lated results are shown in Table 3.

Both rank correlation coefficients show that there is 
a negative correlation between Baijiu production and wa‐
ter quality. This is consistent with the inference men‐
tioned above. Furthermore, these two rank correlation 
coefficients, which are also indicators of model perfor‐
mance, turn out to be closer to -1 while calculating the 

correlation between the evaluation result obtained from 
our proposed model and annual output of Baijiu, suffi‐
ciently justifing that it is a more favorable approach than 
the other two. Additionally, it is noticeable that the an‐
nual output of Baijiu in 2020 was the lowest. Part of the 
reason for this is the outbreak of the COVID-19 epi‐
demic. There were severe disruptions on economy and 
society triggered by this, including decreased social mo‐
bility, slow-down in all industry production and so on. 
Reduced human activity led to predictable decrease in 
pollution, so that the volume of sewage discharged hit 
the bottom in this year, and water environment improved 
significantly at same time, which is precisely consistent 
with the rank-order of the evaluation grade in 2020 got 
by our proposed model.

3.2　Regional Analysis

There are nine prefecture-level divisions in Gui‐
zhou Province, including Guiyang, Zunyi, Bijie, Liu‐
panshui, Qiandongnan, Qianxinan, Qiannan, Tongren 
and Anshun. The evaluation from a regional perspective 
is beneficial to understand the detailed changes in the 
water environment of Guizhou Province, and build a dy‐
namic pollution map based on the inter-regional com‐
parison with the time trend basically. Similarly, we use 
the novel methodology MEW-TOPSIS to evaluate the 
water quality of these nine regions on an annual basis 
(see Table 4).

The evaluation results show that the water quality 
of most cities in Guizhou Province has decreased to 
varying degrees in the past two years, except for Zunyi 

Table 3　Annual evaluation score and rank

Year

2018

2019

2020

2021

2022

Spearman

Kendall

Baijiu output

Volume/ 

107 L

30.90

27.39

26.62

34.81

28.90

—

—

Rank

4

2

1

5

3

TEW

Score

18.24

6.68

32.80

15.76

66.03

-0.2

-0.2

Rank

3

1

4

2

5

Wei(x)

Score

34.84

8.90

27.77

28.35

57.86

-0.2

-0.2

Rank

3

1

4

2

5

MEW

Score

19.86

38.29

82.41

15.22

18.47

-0.9

-0.8

Rank

3

4

5

1

2

All ranks are sorted from smallest to largest.

Table 4　Evaluation score rank of area

Area

Guiyang

Zunyi

Bijie

Liupanshui

Tongren

Anshun

Qiandongnan

Qiannan

Qianxinan

2018

Score

71.25

67.4

38.32

69.25

70.63

83.37

84.41

48.77

75.25

Rank

6

3

1

4

5

8

9

2

7

2019

Score

83.11

51.1

57.13

75.35

69.67

63.73

73.77

51.44

56.45

Rank

9

1

4

8

6

5

7

2

3

2020

Score

74.49

45.21

71.81

72.59

74.81

51.13

70.7

71.24

79.47

Rank

7

1

5

6

8

2

3

4

9

2021

Score

71.51

68.75

58.56

59.78

59.02

75.49

63.28

75.43

64.35

Rank

7

6

1

3

2

9

4

8

5

2022

Score

67.67

75.95

80.28

59.64

55.76

70.92

55.5

64.51

67.8

Rank

5

8

9

3

2

7

1

4

6
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and Bijie which have a significant improvement in water 

quality. As the political, economic, cultural, educational, 
scientific and technological center of Guizhou Province, 

Guiyang has maintained a high social mobility and or‐

derly production operations for three years since the 

COVID-19 epidemic, and the water quality has slightly 

declined. After the epidemic, the resumption of work 

and production will be promoted in a sequential manner. 

In this process, it is even more important to strengthen 

the protection of the water environment, strictly control 

the discharge of sewage, and improve the environmental 

protection awareness of production enterprises. In addi‐

tion, the water environment in the three southern autono‐

mous prefectures of Guizhou Province has also deterio‐

rated, which requires high attention from local depart‐

ments.

4　Conclusion

With the subtle improvement in entropy weight 

methodology, the modified model we proposed exploits 

the useful information of data to a maximum extent. The 

improvement is specified as using cubic spline interpola‐

tion to fit a more proper and accurate probability distri‐

bution for each indicator in evaluation and substituting 

the original way of probability calculation for the en‐

tropy weight method with it. Then, an improved compre‐

hensive evaluation model for water quality is con‐

structed scrupulously by combining it with the TOPSIS 

model. To prove its practicality and superiority, a case 

study of water quality assessment of Guizhou Province 

was conducted by using the wastewater monitoring data 

of large-scale companies, and two rank correlation coef‐

ficients are set as model performance indicators on the 

foundation of a solid inference about the relationship be‐

tween the production Baijiu and water environment. In 

final, the outcomes not only suggest the boosted effec‐

tiveness and accuracy of model but also projects a sim‐

plified panorama of water quality changes of Guizhou 

Province in recent five years, which contributes to re‐

mind some local authorities specially the ones in Bijie 

and Zunyi city to pay more attention to the water envi‐

ronment and enforce pollution control at sources. In ad‐

dition to be applied on water quality assessment, the 

high flexibility and versatility of the model we proposed 

is expected to accommodate further extensions and be 

put into practice in various fields.
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基于改进熵权的基于改进熵权的TOPSIS模型在中国贵州省水质评价中的应用模型在中国贵州省水质评价中的应用

冯冬冬 1， 吴亮 2

1. 艾利艾智库, 北京 100037

2. 同济大学 政治与国际关系学院, 上海 200092

摘要摘要：诸多研究已将TOPSIS模型应用于水质评价，但仍有共性缺陷亟待解决。具体表现为：带有主观性要素

方法，如模糊理论、层次分析法等可能会扭曲评估结果；构建评价矩阵时原始样本数据利用不足；传统

TOPSIS中的熵权法仅能反映最终矩阵的统计特性，却忽视了原始数据蕴含的更丰富信息。为解决上述问题，

本文利用三次样条插值法近似拟合各指标的概率分布函数，深度挖掘既有海量样本数据的信息价值，并在此基

础上对熵权法进行改进，与TOPSIS模型相结合，构建了一种新型评价模型。最后，以中国贵州省废水监测数

据为例验证了该模型的可行性，其结果为当地区域水环境治理提供了一定的参考价值。

关键词关键词：水质评价；熵权；三次样条插值；TOPSIS；大数据
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