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Abstract—Water quality assessment is an essential way to
research water environment. Considered uncertainty of randomness and fuzziness in water quality assessment, a cloud model
based on hybrid similarity approach (CHS) for water quality
assessment was proposed in this paper. Structure Equation Model(SEM) and Entropy methods based on monitored data could
determine the prior weights, and then they were combined to
obtain a comprehensive weight, SEM can find out the relationship
between indicators, which other methods could not. At the same
time, based on the advantages both distance and shape similarity
could obtain hybrid similarity, then determine water quality level
by maximum hybrid similarity value between standard cloud
and comprehensive cloud. This approach is utilized to a part of
Minjiang River in China, and compared to other three methods,
which are Single Factor (SF) method, Comprehensive Pollution
Index (CPI) method, and Grey Relation Analysis (GRA) model.
The results show that CHS and GRA are in accordance with each
other, and they are more reasonable than other two methods
because of considering the uncertainty of water quality. This
approach was effective to evaluate the water quality level, as a
reference for water quality management and applications.
Index Terms—cloud model, water quality evaluation, structure
equation model, entropy, hybrid similarity

I. I NTRODUCTION
The continuing increase in global population has had a
negative effect on the environment in recent decades, leading
to pollution of rivers, estuaries and oceans, especially in developing countries[1–4]. Water quality degradation decreasing
result in disruption the ecological balance of water bodies and
threaten regional environmental, which has been regarded as
one of the most serious environmental issues worldwide[1, 4].
Thus, water quality evaluation is a efficient way to prevent
worse water pollution in advance.
Various methods have been proposed to evaluation the water
quality. The common methods were the Single Factor(SF)
method and multifactor method[5, 6]. The SF method was
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used to classify water quality because of its simple theory,
using unique indicator which was the most polluted amongst
all of the evaluation factors included in the water standard.
i.e. reference [7] assessed water quality in Chinese Taihu
lake basin. The Comprehensive Pollution Index(CPI) method
was proposed to measure the level by the mean value of all
indicators, which are more reasonable than SF. i.e. reference
[8] applied CPI to evaluate the Ganges river system at five
different sites during multiple seasons. CPI could make higher
composite grade, though only one index is high and the others
are low, that is, to unreasonable water quality evaluation.
In fact, the uncertainty of water evaluation was caused
by complicity of water environment. There are two types of
uncertainty that should be considered in the water quality
evaluation: the first one is randomness, which is often exhibited in the monitoring and analysis of data; and the second
one is fuzziness of classification standard, evaluation class,
and degree of pollution [8]. Diverse study for methods based
on the above uncertainties have been proposed to determine
the water quality, which can be divided into four types:(1)
methods based on various statistical and stochastic techniques
for randomness[1, 4, 8–11], i.e. reference [9] evaluated the
groundwater quality by cluster analysis, exploratory factor
analysis and principal component analysis;(2) methods based
on fuzzy membership function, fuzzy logic and fuzzy set
theory, for instance, reference [12] reported the application
of fuzzy set theory for decision-making in the assessment of
physico-chemical quality of groundwater for drinking purposes. (3) methods based on machine learning and artificial intelligence for unknown patterns which were hardly captured in
the assessment process, i.e. reference [13] settled out method
based on combined neural network and genetic algorithm
(GA); and (4) hybrid models based on two or more methods or
techniques mentioned above[14], i.e. reference [15] proposed a
probabilistic fuzzy hybrid model to assess river water quality.
As stated above, randomness and fuzziness are simultane-

ously considered in the water quality assessment, which would
be prefered to decrease the error caused by both randomness
and fuzziness. Luckily, a new model proposed by Li et al. [16]
based on those reduced randomness and fuzziness in system
evaluation. The model could quantify both randomness and
fuzziness depending on three fixed parameters and presents
more advantages than a single randomness or fuzziness model
[1]. In 2014, reference [17] firstly applied this model in the
field of water quality evaluation, obtaining satisfied results.
However, water quality evaluation is a multi-criteria decisionmaking process, and its key point is to obtain appropriate index
weights in the cloud model, thus to receive rational results.
At present, there are amount of studies on the weight,
which can be divided into two clusters, one is the subjective
weight, and the other one is objective weight. The former is
strongly influenced by experts‘ knowledge, resulting in high
biases[18], while the later does not consider differences among
indices, and it ignores practical situations [19]. Therefore, in
2018, reference [1] proposed a comprehensive weight based
on AHP-Entropy for water quality evaluation. Nevertheless, different indicators are correlated with each other, and common
weight methods can not solve the problem. In fact, Structural
Equation Model(SEM) can deal with this issue due to its
statistical advantages, allowing error caused by measurement.
In 2019, reference [20] assessed the drilling risk based on
SEM and Monte Carlo(MC) to determine the relationship
between indicators and find out the key factors. In this study,
we constructed a comprehensive weight based on SEM and
entropy weight to determine reasonable water quality weight.
Since each cloud can be represented by three fixed digital
parameters, the similarity between different clouds according
to their distribution and shape could be found, so that evaluation level based on the maximum similar cloud could be
obtained. In 2004, Similar cloud and the measurement method
was first mentioned in reference[21], which based on the
distance of cloud droplets. This method was widely applicated
in collaborative recommendations, similarity search and evaluation and so on. i.e.reference[21] calculated the collaborative
recommendations similarity by the definition of cosine Angle
in 2007; In 2011, reference [22] proposed the similar degree
of cloud model based on the area of droplet expectation curve
and maximum boundary curve. Nevertheless, reference[21]
method has a little difference when the three parameters
of cloud model are far from each other, and reference[22]
method has had relatively complicated computation. Both
of them could not measure the similarity of cloud overall.
Fortunately, reference[23] claimed the hybrid similarity in
2018. This method was established from distance similarity
and shape similarity, which were calculated from the three
fixed parameters. So my study presented an improved hybrid
similarity methodology, by calculating the arithmetic square
root contribution rate of the product of two similarities, so
that the convergent in distance similarity and shape similarity
for different levels could be better.
In this paper, we proposed the cloud model based on SEMEntropy weight and hybrid similarity. The structure of this

paper is: Firstly, determining the indicators of the research
based on monitored data, and calculating a comprehensive
weight based on SEM and entropy weight methods. Secondly,
constructing an evaluation system of the cloud model and
calculating three fix parameters of standard cloud and comprehensive cloud based on combined weights. Thirdly, obtaining
water quality level in the study areas according to the hybrid
similarity between standard cloud and comprehensive cloud.
Finally, applying this method to Minjiang River in China and
validating it by comparing its results with other three methods.
II. DATA STUDY
The study focuses on the Minjiang river, which was the
typical representation of polluted rivers in Sichuan province.
Considered one part (Fig.1) of Minjiang river as an example
for analysis, the main sources of pollutants in this fracture
surface were the inflow from four tributaries Jinniu river,
Simeng river, Tiequan river, the inflow of Dongfeng canal,
the discharge of industrial wastewater, and the discharge of
sewage treatment plant on the upstream. The employed values
in this study consisted of six evaluation indices, including
Chemical Oxygen Demand (COD), Biochemical Oxygen Demand (BOD), Index Manganese(IMn), Ammonium Nitrogen
(N H3 − N ), Total Phosphorus (TP), Dissolved Oxygen (DO),
and these data were monitored monthly from January 2011
to December 2016. The quality of these data satisfied the
national standards, additionally, we used the z-score method to
standardize these indices, thus avoiding inconsistency induced
by measurement and calculation.

Fig. 1: The one part of Minjiang River.
III. M ETHODOLOGY
Realizing the status of water quality by consequence or uncertainty degrees, the cloud model could get the transformation
between qualitative concept and quantitative data. The standard cloud, represented the cognition of qualitative concept
water quality, to be obtained the similarity by comparison to
comprehensive cloud, which weight was determined by means
of SEM-Entropy weight methods, thus finally, obtaining the
level according to the maximum similarity.
The cloud model based on SEM-Entropy weight hybrid
similarity approach for water quality assessment could be
illustrated in Fig.2, and summarized as below:
Step 1: elected suitable water quality indices and transfer
these to standardized data;

Fig. 2: Framework of the cloud model-based water quality assessment approach.

Step 2: determined water quality criteria (COD, BOD, IMn,
NH3-N, TP, DO) and parameters (Ex, En, He) of each index,
thus to obtain standard cloud model based on given levels
(I,II,III,IV,V);
Step 3: calculated the indexs comprehensive weight based
on SEM and Entropy weights;
Step 4: by the combination weight and each indexs parameters to determine the comprehensive cloud;
Step 5: substituted the parameters transformed from monitoring data into cloud models to obtain the distribution of cloud
drop, and calculated the hybrid similarity considered distance
and shape between comprehensive cloud and standard cloud;
Step 6: the water quality grade could be gained, based on
the level with maximum hybrid similarity calculated from the
cloud model.

Fig. 3: A generic SEM schematic diagram.

Given indicator system in this paper, we just estimated the
indicator weight of water quality by means of measurement
model. Equation (1) was one measurement model in Fig.3, w1i
were the weights of latent variable ξ1 , which was the water
quality evaluation in this paper, Xi were the six indices actual
monitoring data.
Xi = w1i ξi + ei

(1)

A. Relevant weight method
1) Structural Equation Model: As a multivariate statistical analysis method, Structural Equation Model (SEM) was
widely used in recent years, which used the covariance matrix
of variables to analyze the relationship about variables and
especially considered the errors among variables. An SEM
was composed by measurement model and structural model,
all of which were estimated simultaneously [24]. Fig.3 was a
generic SEM schematic diagram used to illustrate the basic
concepts in SEM. In Fig.3, X and Y represented measured
variables, η represented endogenous latent variable, ξ represented exogenous latent variable; wi were the coefficient
between endogenous latent variable and measured variable,
ei were the residual errors.
An SEM measurement model was used to specify latent
variables as linear functions of other variables in the system.
When these other variables were observed, they took on the
role of “indicators” of the latent constructs. In this way, SEM
measurement models were similar to factor analysis, but there
was a basic difference—all elements of the matrix defining
the latent variables (factors) in terms of linear combinations
of the observed variables take on non-zero values [24].

2) Entropy: SEM has been widely applied in the weight
determination of risk assessment in various industries. It could
avoid the influence of human subjective factors of AHP
expert scoring. Meanwhile, due to its unique advantages, it
could allow certain errors in the weight determination and
found the relationship between factors. However, water quality
assessment had much uncertainty factors, which could lead
the complexity and instability. Regarded as a measurement of
disorder or uncertainty of a system, the notion of “entropy”
taken from the theoretical foundation of the modern information theory [25] has been introduced in hydrology and water
quality, particularly in uncertainty analyses [26, 27].
In water quality evaluation, Entropy of the observed data
under the ith criterion could be calculated by “(2)”:
Hi = −

n
X

pk lnpk

(2)

k=1

where Hi represented the uncertainty of observed water
quality data of one criterion with n potential intervals or
statements; pk was the frequency of the kth statement and

if pk = 0 then 0 ln0 = 0. Now the entropy-based weight of
the ith criterion w2i could be attained by Hi [28], as “(3)”:
w2i = (1 − H 0i )/(m −

m
X

H 0i )

(3)

i=1

where Hi0 = Hi /lnn, m is the number of criteria.
For the feasibility of SEM weight in the water quality
assessment, unlike the AHP-based weight, did not reflect the
subjective importance of criteria, but indicated the internal
convergence of data, and used entropy-based to demonstrate
the relative severity of “competition” of each criterion. i.e. if
the observed data had a central tendency which corresponded
to a low entropy, the “competitiveness” of the criterion controlling the decision-making was less compared to others. In
this manner, low entropy contributed to low weights [4].
3) Combination SEM Weight and Entropy Weight: Here,
a comprehensive weight calculating algorithm coupled with
entropy was proposed, which was expected to balance the
potential uncertainty of the SEM approach. A hybrid SEMEntropy weights algorithm of each indicator, obtained by using
arithmetic square root contribution rate of the product of two
weights, was given as “(4)”:
m
X
1
(w1i w2i ) 2
Wi = (w1i w2i ) /
1
2

Fig. 4: The numerical characteristics of Cloud Model(N=2,000).

2) Standard cloud model: It was necessary to transform the
surface water pollution level into a standard cloud model to
assess water quality. For an indicator with bilateral constraints,
the numerical characteristics of the standard cloud model could
be calculated as “(5—7)”:
Ex = (Bmax + Bmin )/2

(5)

En = (Bmax − Bmin )/6

(6)

He = k × En

(7)

(4)

i=1

Where w1i was the SEM weight of the i indices, w2i was Entropy weight of the i indices, Wi was the final comprehensive
weight.
B. Cloud Model
The cloud model, first proposed by Li et al. [15], was a
type of transformation model that synthetically described the
randomness and fuzziness of concepts and could implement
the uncertain transformation between a qualitative concept and
its quantitative instantiations.
1) Model parameters: The cloud model could effectively
describe the overall quantitative property of a concept by the
four numerical characteristics as follows:
Ex (Expectation) represented the mathematical expectation
that the cloud drops belonged to a concept in the universe.
It could be regarded as the most representative and typical
sample of the qualitative concept.
En (Entropy) represented the uncertainty measurement of a
qualitative concept. It was determined by both randomness and
the fuzziness of the concept. In one aspect, as the measurement
of randomness, En reflected the dispersing extent of the cloud
drops and in the other aspect, it was also the measurement of
fuzziness, representing the scope of the universe that could be
accepted by the concept.
He (Hyper entropy) represented the uncertain degree of
entropy En.
N (Number) represented the number of the repeat simulations. Note that in Fig.4, the x-axis represented the values
of the water quality index, and the y-axis represented the
certainty degree of a water quality grade. N was set to 2000 in
this study to balance accuracy, robustness, and computational
expense [1].

where Bmax and Bmin were the maximum and minimum
of the concentration range of an water quality indicator,
respectively, and k was a constant that changeed according to
the randomness and fuzziness of different indicators. A larger
He, as mentioned above, indicated greater randomness of assessment indicators; a smaller He suggested less randomness
of assessment indicators and randomness that was more easily
lost [29]. In this paper, k was assumed to be 0.1.
In this case, combined with standard water quality criteria
(TABLE I), the three perimeters (Ex, En, and He) of each
evaluation index were calculated according to “(5—7)”. The
modified equations were applicable for fixed intervals, noting
that Bmax for grade I of criterion COD, BOD was missing.
Here, we referenced article [1] to solve this problem, results
were shown in TABLE II.
TABLE II: Standard cloud model parameters of water quality
grades of all criteria
COD
Ex
En
He
I
7.50 2.50 0.25
II
15.00 2.50 0.25
III
17.50 0.83 0.08
IV
25.00 1.67 0.17
V
35.00 1.67 0.17
N H3 − N
Grade
Ex
En
He
I
0.08 0.03 0.00
II
0.33 0.06 0.01
III
0.75 0.08 0.01
IV
1.25 0.08 0.01
V
1.75 0.08 0.01
Grade

Ex
1.50
3.00
3.50
5.00
8.00
Ex
0.01
0.06
0.15
0.25
0.35

BOD
En
0.50
0.50
0.17
0.33
0.67
TP
En
0.00
0.01
0.15
0.25
0.35

He
0.05
0.05
0.02
0.03
0.07

Ex
1.00
3.00
5.00
8.00
12.50

He
Ex
0.00 11.25
0.00 6.75
0.00 5.50
0.00 4.00
0.00 2.50

IMn
En
0.33
0.33
0.33
0.67
0.83
DO
En
1.25
0.25
0.17
0.33
0.17

He
0.03
0.03
0.03
0.07
0.08
He
0.13
0.03
0.03
0.02
0.02

TABLE I: Quantitative boundaries of water quality grades of all criteria.
Evaluation
indices
I
II
III
IV
V

COD
(mg/L)
≤ 15
≤ 15
≤ 20
≤ 30
≤ 40

BOD
(mg/L)
≤3
≤3
≤4
≤6
≤ 10

3) Comprehensive Cloud Model: The comprehensive cloud
[30] was based on the uncertainty of latent variable concepts. It
extracted and combined the concepts of the indicator layer into
the comprehensive concepts of the upper level to improve the
abstraction of the concepts. This extraction process made the
latent variables contained all the information in the concept
of indicator layer, and had different intersections with the
standard clouds of different levels.
According the numerical characteristics of six indicators,
respectively combined with the comprehensive weight of water
quality evaluation indices, to determine the comprehensive
cloud numerical character Cz (Exz ,Enz ,Hez ) as “(8—10)”:
Exz =

N H3 − N
(mg/L)
≤ 0.15
≤ 0.5
≤1
≤ 1.5
≤2

IMn
(mg/L)
≤2
≤4
≤6
≤ 10
≤ 15

W1 Ex1 En1 + W2 Ex2 En2 + · · · + Wm Exm Enm
W1 En1 + W2 En2 + · · · + Wm Enm

(8)

Enz = W1 En1 + W2 En2 + · · · + Wm Enm

(9)

q
En2i + He2i )), ( En2j + He2j )
q
Sims (Ci , Cj ) =
p
max( En2i + He2i ), ( En2j + He2j )
(11)
min(

p

DO
(mg/L)
≥ 7.5
≥6
≥5
≥ 0.3
≥2

Fig. 5: The relationship between standard cloud and comprehensive cloud.

•

Secondly, the distances similarity was only connected
with Ex, the overlapping area of two expectation curve
were S(d), the distance similarity of indicator as “(12)”:
Simd (Ci , Cj ) = S(d)/S(0)

W1 En1 He1 + W2 En2 He2 + · · · + Wm Enm Hem
Hez =
(10)
W1 En1 + W2 En2 + · · · + Wm Enm

4) Similarity between Comprehensive Cloud Model and
standard cloud model: When the cloud model of an water
quality indicator assessment was achieved according to the
given cloud drops, it was necessary to calculate the similarity to determine the level of the specific cloud belongs
to. Fig.5 was the position relationship of standard cloud and
comprehensive cloud, yz (x) represented comprehensive cloud,
y1 (x) and y2 (x) represented the standard cloud of Grede I
and Grade II,respectively. The expected area curve method
was commonly used to judge which standard cloud was
more similar to the comprehensive cloud. For the Fig.5, the
overlapping area between y1 (x) and yz (x) were nearly as the
area between y2 (x) and yz (x), but y1 (x) and y2 (x) had much
difference in shape.
Therefore, considering the difference of cloud model‘s
shape and distances in this paper, which to determine the
similarity between the specific comprehensive cloud model
and a standard comprehensive cloud model for judging water
quality level.
• Firstly, the shape similarity, which measured the similarity of uncertainty between the specific comprehensive
cloud model and a standard comprehensive cloud model,
was in connection with En and He but wasn‘t influenced
by Ex, equation (11) as follow:

TP
(mg/L)
≤ 0.02
≤ 0.1
≤ 0.2
≤ 0.3
≤ 0.4

•

(12)

Where d = |Ex1 − Ex2 |, S(0) was the overlapping
area of d = 0. Simd (Ci , Cj ) was a fitted curve y =
a × exp(−((x − b)/c)2), by means of Gaussian curve to
match, which came from Wangs article, the parameters
of fitted curve y can be determine by seeking the table
of fitted result, thus calculating the distance similarity.
the improved hybrid similarity was calculated by using
arithmetic square root contribution rate of the product
of two similarities, so that the similarity in distance and
shape could be better convergent, as “(13)”:
p
(Sims (Ci , Cj )) × (Simd (Ci , Cj )
p
(Sims (Ci , Cj )) × (Simd (Ci , Cj )
i=1
(13)

Simc (Ci , Cj ) = P5

For the index cloud, i was the level of standard cloud, j
was the specific cloud s, for the comprehensive cloud, i was
the level of standard comprehensive cloud and j was the
comprehensive specific cloud z.
IV. R ESULT AND DISCUSSION
A. Water Quality Indicator Assessment Results
Consider the water quality evaluation indicator of COD as
an example. Its quantitative numerical characteristics were
(13.53, 3.5, 1.19) and its qualitative concept was shown in
Fig.6 A, it mostly fell between Grade I ,Grade II and Grade
III in the standard cloud models.
The similarity between the cloud model of COD and its corresponding standard cloud models, which could be calculated
via “(11—13)” to the specific level belonged to, the TABLE III
showed that Simd (C1 , Cs ) = 0.276, Simd (C2 , Cs ) = 0.630

and Simd (C3 , Cs ) = 0.157, and others very small. The water
quality evaluation indicator of COD belonged to Grade II in
the standard cloud model according to the maximum similarity
principle. That’s to say, the quantitative assessment result of
water quality evaluation of COD was Grade II. The qualitative
assessment result of COD was between Grade I, Grade II and
Grade III, and the quantitative assessment result of COD was
Grade II. Therefore, combining qualitative and quantitative
assessment results, the water quality evaluation level of COD
was Grade II on the one part of Minjiang River.
From the TABLE III, the assessment results of water quality
evaluation indicators of BOD, IMn and DO were also Grade
II and N H3 − N was Grade III, TP was Grade IV in the a
part of Minjiang river. The water quality evaluation in 2011
to 2016 were main affected by N H3 − N and TP, thus many
remediation measures might be taken to improve water quality.
TABLE III: Similarity of water quality indicators between
specific cloud and standard cloud
Index
COD
BOD
IMn
N H3 − N
TP
DO

I
0.276
0.294
0.034
0.054
0.002
0.018

II
III
IV
V
Index Grade
0.630 0.157
0.011 0.000
II
0.479 0.120
0.025 0.000
II
0.315 0.156
0.003 0.000
II
0.141 0.192 0.063 0.005
III
0.023
0.142 0.199 0.127
IV
0.195 0.155
0.133 0.004
II

B. Water Quality Comprehensive Cloud Assessment Results
When the cloud model of an water quality indicator assessment was achieved according to the given cloud drops, it was
necessary to calculate the similarity to determine the water
quality level of specific comprehensive cloud model belongs
to. As mentioned before, we obtained the comprehensive
weight at the begining.
1) Analysis of the Weight: As described above, this study
utilized SEM and Entropy two weight methods to calculate
the comprehensive weight.
For the determine of SEM weight, it‘s essential to test the
significance of the parameters, thus to validate the rationality
of indicators weight in measurement model. To constantly
amendment fitting index by AMOS software, the final test
results of various fitness indexes of SEM established were
shown in TABLE IV. The results showed that the multi-item
fitting index of the model meeted the requirements, and the
modified model had a higher fitting degree than original model,
so the modified model was adopted, the results as Fig.7. From
Fig.7 could be seen, the observation index BOD had a certain
negative reaction to N H3 − N , which could not be obtained
from other methods such as AHP. This effect also passed
the significance test, to may control N H3 − N with more
BOD for water quality study. Then, the Entropy weight was
determine by means of the “(2—3)”, thus the comprehensive
weight was calculated by “(4)” combining SEM weight and
Entropy weight, and the all results were shown in TABLE V.

Fig. 7: the weight results of modified model in SEM.
TABLE IV: Test the significance of the measurement model
of water quality evaluation
Model
origin
modified
Model
origin
modified

CMIN
7.840
10.033
GFI
.912
.962

DF
8
8
AGFI
.844
.900

P
.062
.263
NFI
.752
.809

CMIN/DF
.980
1.254
CFI
.896
.946

RMR
.053
.031
RMSEA
.085
.056

We could find that the SEM weight showed that N H3 − N
and TP were the two crucial indicators among six factors,
while BOD was considered the least crucial. For the Entropy
weight, N H3 − N and BOD were regarded as the most
important, and DO as the least crucial indexes. Similar to the
SEM weight, the comprehensive weight showed that N H3 −N
and TP were the two crucial indicators, followed by IMn,
which was in accordance with the actual situation, indicating
that the water quality evaluation of this part of Minjiang River
was mainly affected by N H3 − N and TP. Since the Entropy
weight not considered the differences of practical situations
of each index, causing dissatisfied results that deviated from
the decision makers‘ subjective cognition. While SEM transformed actual monitoring data into five grades that based on
the water quality criteria,not only considered the measured
results, but also considered the actual classification situation,
and was not even affected by the subjective factors of expert
scoring.
After investigating the actual polluted situation in the study
area, it was learned that the monitoring part was located
downtown, surrounded by five sewage plants and some waste
water plants from the upstream, thus contributing to relatively
serious levels of pollution. Although BOD should be larger
in our subjective cognition because it was the most intuitive
embodiment of organic pollutants, the value of 0.086 in SEM
weight very far from actual conditions, but the Entropy weight
could balance that. Therefore, both SEM weight and Entropy
weight were complementary, the determine of comprehensive
weight with the advantages of two weights, should be rational
to resolve the relative assessment problem.
2) Analysis of Water Quality and Comparison with Other
Methods: The water quality was classified by five grades in
this study, we assumed that the level, no more than Grade
III, was good, which lower grade means better water quality.
By combining with the comprehensive weight and “(8—10)”
to determine the standard comprehensive numerical character-

A

B

C

D

E

F

Fig. 6: Water quality evaluation indicator cloud models and corresponding standard cloud models. Pink, green, blue, cyan and
yellow standard cloud models indicate Grade I, Grade II , Grade III, Grade IV and Grade V, respectively. All water quality
evaluation indicator cloud models marked in red.
TABLE V: Index weight obtained by the three methods
Index
COD
BOD
IMn
N H3 − N
TP
DO

Entropy Weight
0.090
0.148
0.085
0.531
0.107
0.039

SEM Weight
0.134
0.086
0.153
0.246
0.254
0.127

method GRA.

Comprehensive Weight
0.118
0.121
0.122
0.387
0.177
0.075

istics Cz (Exz , Enz , Hez ), and then calculate the similarity
between specific comprehensive cloud and standard comprehensive cloud. The validity of the proposed cloud model based
on SEM-Entropy weight and hybrid similarity approach was
assessed by comparison with other three methods: the Single
Factor(SF) method, the Comprehensive Pollution Index (CPI)
method and Grey Relational Analysis(GRA). Results of the
various methods were shown in Fig.8.
During 2011 to 2016, it could be seen from the corresponding evaluation results of each month in Fig.8, there
were 44 months (61.11 %) in CHS compared to 38 months
(52.78%) in GRA at grade II, and 19 months (26.39%) in
CHS compared to 24 months (33.33%) in GRA at grade III,
that‘s to say, most of the grades between CHS and GRA were
in accordance with each other and they were belonging to
grade I to grade III, meaning Minjiang River had a good
water quality, to some extend, a total of 62 months (86.11%)
were in the same grade. There also existed different results in
three months (Mar 2011, Apr 2011, Apr 2013) because the
GRA results were only evaluated by fuzziness, while CHS
contained the information of both fuzziness and randomness,
so that some data randomness of indicators was missing using

Fig. 8: Comparison of water quality grades using various
assessment methods.
Fig.8 also showed that the other two methods results of
SF and CPI were even worse than the GRA, which were
determined by the methods themself and not considered the
uncertainty of water quality. In general, SF results were major
determined by the worst level of all indices so that the water
quality trait more poor grades, and the CPI based on the SF to
determine the mean value of all polluted indices, thus judging
the water quality level. CPI could make higher composite
grade, though only one index is high and the others are
low, leading to unreasonable water quality evaluation in final.

Generally, the cloud model based on SEM-Entropy weight
and hybrid similarity could not only obtain more feasible
water quality result by the advantages of the randomness and
fuzziness using the similarity but also provide more reasonable
idea for the water quality levels.
V. C ONCLUSIONS
In this study, to begin with, we combined SEM and Entropy
weight methods to determine a comprehensive weight of water
quality evaluation; then constructed a hybrid similarity by the
comprehensive weight to determine level of water quality;
followed by comparing it with three common methods using
monitored data from Minjiang River in China. The final results
showed that proposed method was feasible and reasonable.
Here were the mean reasons:
• The observation index BOD had a certain negative reaction to N H3 − N in SEM weight, which could not be
obtained from other methods such as AHP. This effect
also passed the significance test, to may control N H3 −N
with more BOD for water quality study.
• The comprehensive weight based on SEM-Entropy
weight showed that N H3 − N and TP were the two
crucial indicators, while DO was considered the least
crucial. Combining the advantages of two weights, the
comprehensive weight should be more rational to resolve
relative problem.
• During 2011 to 2016, most of the grades between CHS
and GRA are in accordance with each other and they were
belonging to grade I to grade III, meaning Minjiang River
had a good water quality. There also existed different
results because the GRA results were only evaluated by
fuzziness, while CHS contained the information of both
fuzziness and randomness, so that some data randomness
of indicators was missing using method GRA. And the
other two methods SF and CPI were even worse than the
GRA, because of not considering the uncertainty of water
quality.
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