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With the rapid development of marine economy industry, the activities for exploring and exploiting the marine resources are
increasing, and there are more and more marine construction projects, which contribute to the growing trend of eutrophication
and frequent occurrence of red tide. Thus, seawater quality has become the topic which the people generally cared about. The
seawater quality evaluation could be considered as an analysis process which combined the evaluation indexes with certainty
and evaluation factors with uncertainty and its changes. This paper built a model for the assessment of seawater environmental
quality based on the multiobjective variable fuzzy set theory (VFEM). The Qingdao marine dumping site in China is taken as an
evaluation example. Through the quantitative research of water-quality data from 2004 to 2008, the model is more reliable than
other traditionalmethods, inwhich uncertainty and ambiguity of the seawater quality evaluation are considered, and trade the stable
results as the final results of seawater quality evaluation, which effectively solved the impact of the fuzzy boundary of evaluation
standard and monitoring error, is more suitable for evaluation of a multi-index, multilevel, and nonlinear marine environment
system and has been proved to be an effective tool for seawater quality evaluation.

1. Introduction

Since the 1950s, marine environmental quality has been
studied by domestic and foreign scholars in detail, and
many methods for seawater quality evaluation are available,
including the single factor index method [1–3], the fuzzy
comprehensive evaluation method [4–6], the BP neural net-
work method [7, 8], the grey clustering method [9], and the
support vector machine (SVM) [10], among others. Each of
these methods has their own advantages and disadvantages.
Seawater quality assessment combines certain evaluation
indices and criteria with uncertain evaluation factors and
is a complicated process coupling the effects of multiple
factors and their content changes. The assessment indices are
often variable with fuzzy uncertainty. Commonly, traditional
methods of water quality assessment treat the evaluation
standard and a reference as a point [11, 12], and hence
the application of these methods have some limitations. In
recent years, application of fuzzy comprehensive evaluation

becomes more and more popular in real cases [13–17], for
solving the limitation problem in a classical mathematical
model that describes uncertainty with either-or only. In fuzzy
sets theory, we use this and that to describe the problems
in uncertainty [18], we could solve the problem of fuzzy
boundary effectively and monitor errors affecting the evalu-
ation results in environment evaluation. However, the fuzzy
comprehensive evaluation method has some uncertainties,
and the model is difficult to perform self-adjustment and
self-verification.Therefore, to evaluate seawater environment
quality scientifically with feasibility, we put forward a new
model for assessment of seawater environment quality based
on variable fuzzy recognition model and applied it in the
assessment of seawater quality status of the Qingdao marine
dumping site in China from 2004 to 2008.The results demon-
strate that with the method, we can reasonably determine
the relative membership degree and the relative membership
function of evaluation indices in all levels or intervals of
applicable standard and assess the grade ofwater qualitymore
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realistically and reasonably, which would be important as a
new concept and reference for improving the performance of
seawater assessment in China and, potentially, in the world.

2. Materials and Methods

2.1. Variable Fuzzy Model for Seawater Quality Evaluations.
The comprehensive seawater quality level of an object 𝑢 is
identified according to the standard of𝑚 indices and 𝑐 grades.
In the standard interval of each index at level-ℎ, point𝑀

𝑖ℎ
is

sure to exist, and thus, the relative membership degree of𝑀
𝑖ℎ

to level-ℎ is equal to one. The variable 𝑀
𝑖ℎ
is defined as the

standard value of index-𝑖 at level-ℎ.

(1) According to 𝑚 indices and 𝑐 grades, determine the
attraction domain matrix, 𝐼

𝑎𝑏
= ([𝑎

𝑖ℎ
, 𝑏
𝑖ℎ
]), of the

variable set for seawater quality evaluation, range
domain matrix, 𝐼

𝑐𝑑
= ([𝑐

𝑖ℎ
, 𝑑
𝑖ℎ
]), and 𝑀

𝑖ℎ
point

value matrix.𝑀
𝑖ℎ
can be determined according to the

following formula:

𝑀
𝑖ℎ

=

𝑐 − ℎ

𝑐 − 1

𝑎
𝑖ℎ
+

ℎ − 1

𝑐 − 1

𝑏
𝑖ℎ
. (1)

If ℎ = 1, then 𝑀
𝑖1

= 𝑎
𝑖1
, if ℎ = 𝑐, then 𝑀

𝑖𝑐
= 𝑏
𝑖𝑐
, and

if ℎ = (𝑐 + 1)/2, then𝑀
𝑖𝑙
= (𝑎
𝑖𝑙
+ 𝑏
𝑖𝑙
)/2.

(2) Calculating the relative membership degree matrix:
when 𝑥 falls to the left side of point 𝑀

𝑖ℎ
, the relative

membership degree model is calculated as follows:

𝜇𝐴

̃

(𝑥
𝑖𝑗
) ℎ = 0.5 ∗ [1 + (

𝑥 − 𝑎

𝑀
𝑖ℎ
− 𝑎

)

𝛽

] ; 𝑥 ∈ [𝑎,𝑀
𝑖ℎ
] ,

𝜇𝐴

̃

(𝑥
𝑖𝑗
) ℎ = 0.5 ∗ [1 − (

𝑥 − 𝑎

𝑐 − 𝑎

)

𝛽

] ; 𝑥 ∈ [𝑐, 𝑎] .

(2)

When 𝑥 falls to the right side of point𝑀
𝑖ℎ
, the relative

membership degree model is calculated as follows:

𝜇𝐴

̃

(𝑥
𝑖𝑗
) ℎ = 0.5 ∗ [1 + (

𝑥 − 𝑏

𝑀
𝑖ℎ
− 𝑏

)

𝛽

] ; 𝑥 ∈ [𝑀
𝑖ℎ
, 𝑏] ,

𝜇𝐴

̃

(𝑥
𝑖𝑗
) ℎ = 0.5 ∗ [1 − (

𝑥 − 𝑏

𝑑 − 𝑏

)

𝛽

] ; 𝑥 ∈ [𝑏, 𝑑]

(3)

in which 𝛽 = 1 and the function model is a linear
function.

(3) The comprehensive relative membership degree vec-
tor of sample 𝑗 to level ℎ is calculated as follows:

𝑗𝜇

ℎ =

1

1 + {∑
𝑚

𝑖=1
[𝑤𝑖 (1 − 𝜇𝐴

̃

(𝑥𝑖𝑗) ℎ)]
𝑝

/∑
𝑚

𝑖=1
(𝑤𝑖𝜇𝐴

̃

(𝑥𝑖𝑗) ℎ)
𝑝

}

𝑎/𝑝
,

(4)

where 𝛼 is the model optimization criteria parameter,
𝑝 is the distance parameter, and 𝛼 and 𝑝 can have 4
combinations given as follows.

(a) When 𝑎 = 1, 𝑝 = 1, the model is the fuzzy
comprehensive evaluation model:

V
ℎ (

𝑢) =

𝑚

∑

𝑖=1

𝑤
𝑖
𝑢
𝑖ℎ (

𝑢) . (5)

(b) When 𝑎 = 1, 𝑝 = 2, the model is the TOPSIS
model:

V
ℎ (

𝑢) =

1

1 + √∑
𝑚

𝑖=1
[𝑤
𝑖
(1 − 𝑢

𝑖ℎ (
𝑢))]
2
/∑
𝑚

𝑖=1
[𝑤
𝑖
𝑢
𝑖ℎ (

𝑢)]
2

.

(6)

(c) When 𝑎 = 2, 𝑝 = 1, the model is the activation
function model of a neuron:

V
ℎ (

𝑢) =

1

1 + [(1 − ∑
𝑚

𝑖=1
𝑤
𝑖
𝑢
𝑖ℎ (

𝑢)) /∑
𝑚

𝑖=1
𝑤
𝑖
𝑢
𝑖ℎ (

𝑢)]
2
. (7)

(d) When 𝑎 = 2, 𝑝 = 2, the model is the fuzzy
optimization model:

V
ℎ (

𝑢) =

1

1 + ∑
𝑚

𝑖=1
{𝑤
𝑖
[1 − 𝑢

𝑖ℎ (
𝑢)]}
2
/∑
𝑚

𝑖=1
[𝑤
𝑖
𝑢
𝑖ℎ (

𝑢)]
2
. (8)

In the conditions of fuzzy concept classification, using the
principle of themaximummembership degree to identify the
level of an object in assessment for seawater quality can easily
produce an incorrect final result. The level-characteristic
value proposed in the equation by Chen andHu [19] can fully
express the whole distribution characteristics of ℎ and V

ℎ
(𝑢),

canmake best information of the relativemembership degree
of level variables ℎ to a certain level, and can be used as the
criterion of the variable fuzzy set theory to judge, identify, and
determine the level:

𝐻(𝑢) =

𝑐

∑

ℎ=1

V
0
(𝑢) ℎ. (9)

2.2. Determination of Weight

2.2.1. Determination of the Experience Weight 𝑤
1
by the

Nonstructural Decision-Making Fuzzy Theory Model. The
limitation of the AHP model of putting a binary compar-
ison of the element attributes into the comparison of the
importance is analyzed, and a nonstructural decision-making
fuzzy theory model was presented by Professor Chen [20].
The two adjectives are used to describe the fuzzy boundary
values of 0.5 and 1.0 according to their degree of importance,
which are equally important and incomparably important,
and were further divided into 11 mood operators: “equally,”
“slightly,” “somewhat,” “rather,” “obviously,” “remarkably,”
“very,” “extra,” “exceedingly,” “extremely” and “incomparably”
which represent a different fuzzy scale (Table 1). The relative
membership degree of the objective to the importance of
the fuzzy concepts is calculated to attain the weight of the
objective set. The specific calculation steps are as follows.
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(1) An objective set 𝑃 = {𝑝
1
, 𝑝
2
, . . . , 𝑝

𝑚
} for compar-

ing the importance and build a binary importance
sequence matrix 𝐸 according to the degree of impor-
tance of the target elements.

(2) Arrange the sum of𝐸matrix lines from large to small,
and obtain the importance sequence of the objective
set.

(3) According to the matrix 𝐸, make a binary importance
judgment by experience.

(4) By the relationships between different mood opera-
tors and fuzzy scales, calculate the relative member-
ship degree of the objective to the importance of the
fuzzy concepts and attain the nonnormalized weight
vector 𝑤

1
according to formula (4):

𝜑
1𝑖
=

1 − 𝛽
1𝑖

𝛽
1𝑖

(10)

𝛽
1𝑖
is the binary importance fuzzy scale value between

objective 1 and objective 𝑖; 𝜑
1𝑖
is the relative member-

ship degree of objective 𝑖 to the importance.

2.2.2. Determination of the Objective Weight 𝑤
2
by the Stan-

dard Level Method of Water Quality. Consider

𝑤
2
=

{

{

{

𝑥
𝑖

𝑆
𝑖

, 𝑥
𝑖
> 𝑆
𝑖
,

1, 𝑥
𝑖
≤ 𝑆
𝑖
,

𝑆
𝑖
=

1

𝑚

𝑚

∑

𝑗=1

𝑆
𝑖𝑗
, 𝑚 = 4. (11)

For DO

𝑤
2
=

{
{

{
{

{

1, 𝑥
𝑖
≥ 𝑆
𝑖

𝑆
𝑖

𝑥
𝑖

, 𝑥
𝑖
< 𝑆
𝑖
.

(12)

In the above formula, 𝑥
𝑖
is the measured value of the

𝑖th pollution factor; 𝑆
𝑖
is the standard seawater quality value

of the 𝑗th pollution factor at the 𝑖th level; 𝑆
𝑖
is the average

seawater quality value of four levels of the 𝑖th pollution factor;
𝑛 is the number of pollution factors; and𝑚 is the level number
in the seawater quality standard.

2.2.3. Comprehensive Weight. The weight determined by the
nonstructural decision-making fuzzy theory model is an
experience weight and can easily be influenced by anthropic
factors. During the evaluation process, the effect of some
indices may be overstated or reduced; the weight determined
by the standard level method is a mathematical weight. The
relative importance of some indices has not been considered.
The two types of weight methods each have certain advan-
tages and limitations.

Here referring to this paper [22], the combination weight
is adopted to improve the reliability of weight setting, which

combined the binary fuzzy clustering weight with the stan-
dard level weight, and the calculation formula is as follows:

𝑤 = 𝛼𝑤
1
+ (1 − 𝛼)𝑤2

. (13)
In this formula,𝑤 is the combinational weight,𝑤

1
is the expe-

rience weight determined by the non-structural decision-
making fuzzymodel,𝑤

2
is the objectiveweight determined by

the standard level model, 𝛼 is the sensitivity coefficient with
values of 0 < 𝑎 < 1. In general, the range of 𝑎 is 0.5∼0.7. To
reinforce the importance of the combinational weight, here
an intermediate value 0.6 was obtained and was regarded as
the sensitivity coefficient of the combinational weight.

3. Results and Discussion

TheQingdaomarine dumping site was one of the first marine
dumping sites for Category III dredged materials specified
by the State Oceanic Administration and approved by the
State Council since the implementation of the Regulations
of the People’s Republic of China on Control over Dumping
of Wastes in the Ocean. The dumping site is located in the
southeast of the Jiaozhou Bay estuary, 6.7 km from Qingdao,
and its area is about 7 km2, extending between 120∘1800 and
120∘2000 east longitude and from 35∘5924 to 35∘5839
north latitude. This site receives dredged materials primarily
from Qingdao port, other small ports, and navigation chan-
nels.

From November 1986 to 2009, the dredged materials
dumped at this site exceeded a volume of 8.00 × 107m3. This
sea area is close to the navigation channel, the aquaculture
area, and the holiday resort. It is the ecologically sensitive area
that is also important for economic development. Therefore,
it is important to accurately and timely evaluate the current
environmental conditions at the dumping site for preventing
ocean dumping from damaging the ecological environment,
marine resources, and the submarine landform.

To facilitate comparisons, this study utilized monitoring
data (Table 2) of the seawater quality at the Qingdao marine
dumping site [23]. In view of the pollution conditions of
dredged materials and the present seawater pollution situa-
tion at the dumping site [23, 24], nine evaluation factors were
selected, that is, COD, oils, DO, inorganic nitrogen, PO

4
-

P, Cu, Pb, Zn and Cd for the index standards, please see
the Seawater Quality Standard (GB 3097-1997). The variable
fuzzymodel was adopted to evaluate the situation of seawater
quality at the Qingdao marine dumping site.

The data from 14 monitoring points (Table 2) in the
Qingdao marine dumping site were used to validate the
variable fuzzy model. The characteristic value matrix and
the index standard value matrix of the seawater quality are
established below according to the Seawater Quality Standard
(GB 3097-1997) and the seawater quality monitoring data of
the 14 sampling points in the Qingdao dumping site [23], that
is, 𝑥 and 𝑦:
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𝑥 =

{
{

{
{

{

0.655 0.051 7.678 108.500 9.050 3.183 1.553 41.425 0.176

0.705 0.049 7.620 121.000 6.350 4.393 1.940 73.767 0.208

⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅ ⋅

0.725 0.023 7.635 97.000 6.250 3.660 2.678 32.542 0.187

}
}

}
}

}

𝑇

,

𝑦 =

{
{
{

{
{
{

{

[0, 2] [0, 0.05] [6, 12] [0, 200] [0, 15] [0, 5] [0, 1] [0, 20] [0, 1]

[2, 3] [0, 0.05] [5, 6] [200, 300] [15, 30] [5, 10] [1, 5] [20, 50] [1, 5]

[3, 4] [0.05, 0.30] [4, 5] [300, 400] [15, 30] [10, 50] [5, 10] [50, 100] [5, 10]

[4, 5] [0.30, 0.50] [3, 4] [400, 500] [30, 45] [10, 50] [10, 50] [100, 500] [5, 10]

(5,∞) (0.5, 1) [0, 3) (500, 1000) (45,∞) (50,∞) (50,∞) (500,∞) (10,∞)

}
}
}

}
}
}

}

𝑇

.

(14)

In reference to the standard seawater quality value and the
actual seawater quality conditions at the Qingdao dumping
site, the attraction domain matrix, the range domain matrix,
and the 𝑀

𝑖ℎ
matrix of the variable fuzzy seawater quality

evaluationmodel were determined.Here, for the oil, PO
4
, Cu,

and Cd, the standard values of the adjacent level are the same,
so the mean value of the two levels was used in the actual
classification to further divide the adjacent index levels. For
example, for the PO

4
index, the standard value of Grade II

andGrade III is 0.015∼0.030mg/L; to facilitate the evaluation,
the interval ofGrade IIwas taken as 0.015∼0.0225mg/L,while
the interval of Grade III was taken as 0.0225∼0.030mg/L.
Practice has proved that it has no influence on the evaluation
results.𝑀

𝑖ℎ
can be determined by formula (1).

Therefore, the respective attraction domain matrix, the
range domainmatrix, and the𝑀

𝑖ℎ
matrix of the variable fuzzy

seawater quality evaluation model are as follows:

𝐼
𝑎𝑏

=

[

[

[

[

[0, 2] [0, 0.025] [6, 7.768] [0, 200] [0, 15] [0, 5] [0, 1] [0, 20] [0, 1]

[2, 3] [0.025, 0.05] [5, 6] [200, 300] [15, 22.5] [5, 10] [1, 5] [20, 50] [1, 5]

[3, 4] [0.05, 0.3] [4, 5] [3000, 400] [22.5, 30] [10, 30] [5, 10] [50, 100] [5.7.5]

[4, 5] [0.3, 0.5] [3, 4] [400, 500] [30, 45] [30, 50] [10, 50] [100, 500] [7.5, 10]

[5, 6] [0.5, 0.75] [2, 3] [500, 600] [45, 60] [50, 70] [50, 90] [500, 900] [10, 14]

]

]

]

]

𝑇

,

𝐼
𝑐𝑑

=

[

[

[

[

[0, 3] [0, 0.05] [5, 7.678] [0, 300] [0, 22.5] [0, 10] [0, 5] [0, 50] [0, 5]

[0, 4] [0, 0.3] [4, 7.678] [0, 400] [0, 30] [0, 30] [0, 10] [0, 100] [0, 7.5]

[2, 5] [0.025, 0.5] [3, 6] [200, 500] [15, 45] [5, 50] [1, 50] [20, 500] [1, 10]

[3, 6] [0.05, 0.75] [2, 5] [300, 600] [22.5, 60] [10, 70] [5, 90] [50, 900] [5, 14]

[4, 6] [0.3, 0.75] [2, 4] [400, 600] [30, 60] [30, 70] [10, 90] [100, 900] [7.5, 14]

]

]

]

]

𝑇

,

𝑀
𝑖ℎ

=

[

[

[

[

0 0 7.678 0 0 0 0 0 0

2.25 0.03125 5.75 225 16.875 6.25 2 27.5 2

3.5 0.175 4.5 350 26.25 20 7.5 75 6.25

4.75 0.45 3.25 475 41.25 45 40 400 9.375

6 0.75 2 600 60 70 90 900 14

]

]

]

]

.

(15)

If 𝑥
𝑖𝑗

is on the left side of 𝑀
𝑖ℎ
, select formula (2)

to calculate the relative membership degree, otherwise
select formula (3) to calculate the relative membership
degree.

Based on the consideration of expert opinions, the
numerous studies available in the literature [25–29], and
the corresponding relationship between tone operators and
the fuzzy scale values given in Table 1, the two-dimensional
importance comparison matrix of 9 indicators from large to
small at a consistent scale 𝛽 can be determined, and the sum
of the fuzzy measure values is as follows:

𝑤 = (

𝑚

∑

𝑡=1

𝛽
1𝑡
,

𝑚

∑

𝑡=1

𝛽
2𝑡
, . . . ,

𝑚

∑

𝑡=1

𝛽
𝑚𝑡
)

= (1.99, 3.4, 1.07, 2.58, 1.79, 2.09, 6.86, 5.14, 1.09) .

(16)

By normalizing the fuzzy measure values matrix, we
obtained the weight of 9 indexes of seawater quality evalu-
ation:

𝑊
1
= (0.077, 0.131, 0.041, 0.099, 0.069,

0.080, 0.264, 0.198, 0.042) .

(17)

Using formulas (11) and (12), the weight (𝑤
2
) was obtained as

follows:
𝑊
2
= (0.110, 0.109, 0.107, 0.122, 0.112,

0.113, 0.109, 0.109, 0.109) .

(18)

According to formula (13), we could obtain the combination
weight of 9 indices:

𝑊 = (0.090, 0.122, 0.067, 0.108, 0.086, 0.093,

0.202, 0.162, 0.069) .

(19)
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Using (4)–(9) to calculate the characteristic level value of
sample at the time of 𝑎 = 1, 𝑝 = 1; 𝑎 = 1, 𝑝 = 2; 𝑎 = 2,
𝑝 = 1; 𝑎 = 2, 𝑝 = 2, and then the final evaluation results were
obtained according to the following formula (20), as shown
in Table 3:

𝑐 − 0.25 ≤ 𝐻
𝑗
≤ 𝑐 Corresponds to level 𝑐

ℎ − 0.25 < 𝐻
𝑗
≤ ℎ + 0.25 Corresponds to level ℎ,

ℎ = 1, 2, . . . , 𝑐 − 1,

ℎ + 0.25 < 𝐻
𝑗
< ℎ + 0.75 Between level ℎ and ℎ + 1,

tending toward one of the
two levels.

(20)

As shown in Table 3, the evaluation results of 14 sampling
points based on the variable fuzzy evaluationmodel are more
consistent with the evaluation results based on a BP network,
fuzzy comprehensive evaluation method, and fuzzy genetic
neural network method, and only slight differences between
the evaluation results of the variable fuzzy evaluation model
and the results of other models were found in few sampling
points. With the variation of (𝑎, 𝑝) parameters in variable
fuzzy recognition model, the characteristic level value of
four different mathematical models at the sampling points
remained within a small fluctuation range. Furthermore,
compared with other evaluation methods, the variable fuzzy
evaluation model can provide a more accurate position of
the water quality level. The conditions of seawater quality at
sampling points can be accurately differentiated according to
the characteristic level values. The evaluation results by the
variable fuzzy evaluation method at sampling points 2 and 5
are slightly inconsistent with the results by the othermethods.
Now, differences between variable fuzzy recognition model
and fuzzy comprehensive evaluation model at those points of
discrepancy are analyzed further.

For sampling point 2, the evaluation result based on the
variable fuzzy evaluation model is between I and II, tending
toward II, while the result based on the BP network and fuzzy
genetic neural network is Grade III, and the result of fuzzy
comprehensive evaluation method is Grade II. According to
analyzing the original data of point 2, the values of COD,
DO, inorganic nitrogen, PO

4
-P, Cu and Cd are 0.705mg/L,

7.620mg/L, 121 𝜇g/L, 6.35 𝜇g/L, 4.393 𝜇g/L and 0.208 𝜇g/L,
respectively, which fall within the range of Grade I; the
concentrations of Pb and Cd are 1.94 𝜇g/L and 73.767 𝜇g/L,
respectively, which fall within the range of Grade II; and
only the content of oil, is 0.049mg/L, which is close to
the Grade III standard, but still falls within the range of
Grade I or Grade II. Based on the actual seawater quality
conditions at the Qingdao dumping site, oil, Pb and Zn
strongly influence the seawater quality of Qingdao dumping
site. The weights of these indices are 0.122, 0.202 and 0.162,
respectively, accounting for 48.6% of the total weight, so the
classification result of between Grade I and Grade II, tending
toward Grade II, is reasonable. The average characteristic
level value by the variable fuzzy evaluation model was 1.66,
and this evaluation result is more credible than the results of
othermodels,more consist with the actual conditions of point
2. The results of BP network, fuzzy genetic neural network,
and fuzzy comprehensive valuation method were Grade II

or Grade III, overemphasizing a few pollution heavy factors
and causing the evaluation results too high. Similarly, the
situation of point 5 is similar to point 2.

Analyzing the causes of the differences between BP
network, fuzzy comprehensive evaluation method, fuzzy
genetic neural network evaluationmethod, and variable fuzzy
evaluation model in Table 3, fuzzy comprehensive evaluation
method determines the water quality level on the basis of
the maximum membership degree principle, thus, when the
membership degree of the water quality at a level site does
not differ considerably from the adjacent level (e.g., the
membership degrees attached to Grade I, Grade II, Grade
III, and Grade IV are 0, 0.34, 0.37 and 0.29, resp.), many
important information may be lost, therefore, which often
leads to the final evaluation results incorrect. BP neural
network and genetic neural network adopt feed-forward
networks, and their network structure is determined by
experience, which always shows a great deal of randomness.
As a result, it is sometimes possible to obtain a very small
global optimum, causing the misjudgment of the final result.

This paper combines the monitoring values of seawater
quality indicators with the national standard to build a sea-
water quality evaluation model in variable fuzzy recognition
model, to deal with greater subjectivity problems of water
quality evaluation with limited data. To a certain extent, we
will measure the ambiguity and uncertainty of water quality
evaluation objectively and increase the credibility of the rank
of a sample point [30].

The method of the seawater quality evaluation model
based on variable vague set theory in this paper is able to
combine linearmodel with nonlinearmodel through changes
of the variable model parameters (𝑎, 𝑝). This method not
only avoids the instability of evaluation results caused by
the single model but also can reflect the difference of the
membership degree of the adjacent water level and finally
take the stable level value as the final evaluation results of
seawater environment. It can arrange the situation of water
environment quality of various samples and clearly determine
thewater quality status thatmakes the evaluation resultsmore
trustworthy. According to the linear or nonlinear feature of
the evaluation objects, seawater quality evaluation based on
variable fuzzy recognition model can select variable models
with the changes of variable model parameters (𝑎, 𝑝) and
combine the linear features with the nonlinear features of
the evaluation objective, which weakened the influence of the
index weight on the final results. It makes the model more
flexible and accurate and avoids “over-fitting” because the
neural network structure is too large. It also ensures that the
model has better generalization ability and predictive ability.

However, for variable fuzzy recognition model, the ratio-
nal weight setting is still an important factor to determine the
reliability of the evaluation results. Due to cross-iteration of
the parameters of variable fuzzy recognition model and the
variability of indicators weight vector, it is very important to
reasonably set the indicator weight according to the nature of
a real case and the importance of actual decision objective in
practice.

We use weight-determination method of the compre-
hensive weight which combines the subjective nonstructural
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Table 1: Corresponding relationship between the tone operator and fuzzy scale values.

Tone operator Equally Slightly Somewhat Rather Obviously Remarkably
Fuzzy scale 0.50 0.55 0.60 0.65 0.70 0.75
Tone operator Very Extra Exceedingly Extremely Incomparably
Fuzzy scale 0.80 0.85 0.90 0.95 1.00

Table 2: Monitoring results regarding seawater quality in the Qingdao dumping site in 2003.

Sampling point COD OIL DO Inorganic nitrogen PO4-P Cu Pb Zn Cd
Q1 0.655 0.051 7.678 108.500 9.050 3.183 1.553 41.425 0.176
Q2 0.705 0.049 7.620 121.000 6.350 4.393 1.940 73.767 0.208
Q3 0.680 0.027 7.612 131.000 8.100 4.768 4.133 38.775 0.378
Q4 0.735 0.034 7.567 102.500 8.150 4.023 1.228 29.725 0.130
Q5 0.700 0.034 7.502 101.500 6.550 5.982 2.493 57.383 0.226
Q6 0.750 0.029 7.553 88.000 6.550 3.475 2.298 49.400 0.286
Q7 0.935 0.100 7.635 128.500 6.300 3.265 2.867 45.925 0.193
Q8 0.835 0.049 7.635 122.000 7.900 4.393 1.522 33.958 0.124
Q9 0.600 0.062 7.519 97.500 5.950 3.143 2.317 39.675 0.201
Q10 0.585 0.018 7.572 92.000 5.900 4.957 1.253 27.350 0.143
Q11 0.640 0.024 7.594 97.000 6.850 3.407 2.218 35.150 0.154
Q12 0.670 0.028 7.676 84.500 6.100 4.517 2.192 41.200 0.188
Q13 0.655 0.021 7.517 83.500 4.850 6.967 2.670 32.792 0.248
Q14 0.725 0.023 7.635 97.000 6.250 3.660 2.678 32.542 0.187
The units for COD, oil and DO are mg/L; the units for inorganic nitrogen, PO4-P, Cu, Pb, Zn and Cd are 𝜇g/L.

decision-making fuzzy weights with the objective standard
level weights and provide a reference for weight setting.
In the future, how to set index weight more reasonably in
actual marine environment evaluation and how to determine
the level of seawater quality according to the characteristic
level values will be studied to improve the application of
multitarget variable fuzzy recognition model for seawater
quality evaluation. Each water quality evaluation method
owns different emphases. Variable fuzzy recognition model
can combine the linear features with the nonlinear features
of the evaluation objective and provide a reference for the
multi-objective decision solutions and can be promoted for
the evaluation of othermulti-index,multilevel, and nonlinear
systems.

Using the monitoring data of the seawater quality at
Qingdao dumping site (1985–2003), the comprehensive sit-
uation of Qingdao dumping site (1985–2003) is evaluated
by variable fuzzy comprehensive evaluation model. The
evaluation results are shown in Table 4. From Table 4, we
can see that the results of seawater quality in the Qingdao
dumping site all satisfy the standard of Grade II specified
by the Sea Water Quality Standard (GB3097-1997). In 1997
and 2003, the seawater quality of Qingdao dumping site was
rather poor and the characteristic level values were 1.59 and
1.64, respectively, which is within the range of Grade II. In
other years, the water quality of Qingdao dumping site was
satisfactory and met the standard of Grade I. From 1998 to
2003, the order of seawater qualitywas as follows: 2002> 2000
> 1985 > 1991 > 1997 > 2003. Overall, the seawater quality of
the Qingdao dumping area presents a drop-rise-drop trend.

From 1985, the seawater quality of the Qingdao dumping area
started to decline. In 1997, it reached a low point, and the
characteristic level value of the Qingdao dumping area was
only 1.59, which only corresponded to the standard of Grade
II. From 2000, the seawater quality of the Qingdao dumping
area tended to improve. However, in 2003, the seawater
quality began to deteriorate again, and the characteristic
level value of the Qingdao dumping area in 2003 was 1.64,
which was the worst among the seawater quality situation
of the examined years. The major impact factors affecting
the seawater quality of the Qingdao dumping area are heavy
metals Pb, Zn and oils; Pb is especially themost serious factor
for the seawater quality of the Qingdao dumping area. From
1985 to 2003, the content of Pb is always within the range
of Grade II or Grade III; only in 2000, the content of Pb is
satisfied with the standard of Grade I. Secondly, the more
serious pollutants are oils and Zn. In 1997, the content of oil
exceeded the standard of Grade II 0.49 times. The dumped
dredged materials are the primary cause affecting the seawa-
ter quality of this area, and the wastes dumped into the sea are
mainly the dredged materials of Grade III. In these dredged
materials, there are a number of pollutants which may affect
the marine environment of the Qingdao dumping area, such
as Pb, Zn, oils, and the compounds of other elements. These
pollutants are transformed into harmful substances through
chemical reactions and biological reactions, which affected
the seawater environment of the Qingdao dumping area.
Nevertheless, compared with the environmental conditions
of the time when the dumping area was delimited, the envi-
ronmental conditions of the dumping area have essentially
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Table 3: Comparison of the comprehensive seawater quality evaluation results.

Point
Number

Variable fuzzy evaluation method Fuzzy
comprehensive
evaluation

BP neural Network Fuzzy genetic
neural Network𝛼 = 1

𝑝 = 1

𝛼 = 1

𝑝 = 2

𝛼 = 2

𝑝 = 1

𝛼 = 2

𝑝 = 2

Average
value Evaluation grade

Q1 1.464 1.593 1.309 1.471 1.46 Between I and II,
tending toward I Grade II Grade II Grade II

Q2 1.645 1.894 1.327 1.762 1.66 Between I and II,
tending toward II Grade II Grade III Grade III

Q3 1.597 1.761 1.504 1.694 1.64 Between I and II,
tending toward II Grade II Grade II Grade II

Q4 1.354 1.427 1.231 1.357 1.34 Between I and II,
tending toward I Grade I Grade II Grade I

Q5 1.614 1.823 1.465 1.707 1.65 Between I and II,
tending toward II Grade II Grade III Grade III

Q6 1.492 1.705 1.304 1.553 1.51 Between I and II,
tending toward II Grade II Grade II Grade II

Q7 1.636 1.802 1.491 1.716 1.66 Between I and II,
tending to II Grade II Grade II Grade II

Q8 1.451 1.539 1.370 1.497 1.46 Between I and II,
tending toward I Grade I Grade II Grade II

Q9 1.512 1.645 1.399 1.586 1.54 Between I and II,
tending toward II Grade II Grade II Grade II

Q10 1.273 1.352 1.124 1.229 1.24 Grade I Grade I Grade I Grade I

Q11 1.402 1.507 1.309 1.510 1.43 Between I and II,
tending toward I Grade I Grade II Grade II

Q12 1.463 1.611 1.348 1.538 1.49 Between I and II,
tending toward I Grade I Grade II Grade II

Q13 1.476 1.552 1.453 1.602 1.52 Between I and II,
tending toward II Grade I Grade II Grade II

Q14 1.421 1.529 1.346 1.557 1.46 Between I and II,
tending toward I Grade I Grade II Grade II

Table 4: Results of the variable fuzzy comprehensive evaluation of seawater quality in the Qingdao dumping area (1985–2003).

Year COD OIL DO Inorganic nitrogen PO
4
-P Cu Pb Zn Cd Variable fuzzy evaluation model

Average Evaluation grade
1985 0.45 0.038 8.73 1.26 0.31 0.49 4.13 2.715 0.13 1.30 I
1991 0.89 0.015 7.86 25.9 6.82 0.36 5.7 9.8 0.17 1.33 I
1997 0.65 0.0745 7.76 77.3 14.96 4.74 1.28 42.5 0.07 1.59 II
2000 1.54 0.021 9.17 94.42 15.75 2.98 0.86 13.7 0.18 1.14 I
2002 0.48 0.024 7.99 65.7 6.5 2.04 1.49 11.16 0.28 1.11 I
2003 0.72 0.039 7.64 102 6.9 4.30 2.25 41.54 0.19 1.64 II

remained unchanged. The benthic community structure in
the dumping area has not undergone any significant changes
due to the dumping of dredgedmaterials.The dumpedwastes
of theQingdao dumping area are somewhat controlledwithin
the predicted management, and the dumping of dredged
materials has no impact on the offshoremarine environment;
the basic function of the ocean dumping area is still to be
maintained.

4. Conclusion

We build a seawater environmental quality assessment
model based on variable fuzzy recognition model, in which

uncertainty and ambiguity of the seawater quality evaluation
are considered, and themonitoring values of seawater quality
evaluation indicators and the standard value of seawater
quality are combined. Through the application of this model
for theQingdaomarine dumping sitewater quality evaluation
and comparison in performance with other models, the
model is proved to be an effective tool for seawater quality
evaluation. The following conclusions can be drawn.

(1) Seawater environmental quality assessment model
based on variable fuzzy recognition model consid-
ers the uncertainty and ambiguity involved in the
seawater quality evaluation, combines monitoring
values of seawater quality evaluation indicators and
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the standard value of seawater quality, and selects
the right variable model of the different parameters
according to the linear or nonlinear features of the
evaluation objects. Therefore, the method is more
flexible than other models, and the evaluation results
are more stable. It can arrange the situation of water
environment quality of various samples and clearly
determine the water quality status that makes the
evaluation results more credible; therefore, it is more
suitable for evaluation of a multi-index, multi-level,
and nonlinear marine environment system.

(2) Different indices in different seawater environments
have different effects on the evaluation results of
seawater quality. In this paper, weight-determination
method of the comprehensiveweightwhich combines
the subjective nonstructural decision-making fuzzy
weights with the objective standard level weights and
provides a reference for weight setting. When the
evaluation model is applied to other applications,
it is necessary to set the index weight reasonably
according to the specific conditions of seawater qual-
ity evaluation.

(3) In the future, how to determine the level of seawater
quality according to the characteristic level values is
an important part, which needs to be improved in the
application of amultitarget variable fuzzy recognition
model for seawater quality evaluation.
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[11] L. Cea, M. Bermúdez, and J. Puertas, “Uncertainty and sensi-
tivity analysis of a depth-averaged water quality model for eval-
uation of Escherichia coli concentration in shallow estuaries,”
Environmental Modelling & Software, vol. 26, no. 12, pp. 1526–
1539, 2011.

[12] M. T. Bhatti and M. Latif, “Assessment of water quality of a
river using an indexing approach during the low-flow season,”
Irrigation and Drainage, vol. 60, no. 1, pp. 103–114, 2011.

[13] N. B. Chang, H.W. Chen, and S. K. Ning, “Identification of river
water quality using the fuzzy synthetic evaluation approach,”
Journal of Environmental Management, vol. 63, no. 3, pp. 293–
305, 2001.

[14] C. Ren, C. Li, K. Jia, S. Zhang, W. Li, and Y. Cao, “Water
quality assessment for Ulansuhai Lake using fuzzy clustering
and pattern recognition,” Chinese Journal of Oceanology and
Limnology, vol. 26, no. 3, pp. 339–344, 2008.

[15] J. H. Kim, C. M. Choi, S. B. Kim, and S. K. Kwun, “Water
quality monitoring andmultivariate statistical analysis for rural
streams in South Korea,” Paddy and Water Environment, vol. 7,
no. 3, pp. 197–208, 2009.

[16] L. Liu, J. Zhou, X. An, Y. Zhang, and L. Yang, “Using fuzzy
theory and information entropy for water quality assessment in
Three Gorges region, China,” Expert Systems with Applications,
vol. 37, no. 3, pp. 2517–2521, 2010.

[17] D. R. Pathak and A. Hiratsuka, “An integrated GIS based fuzzy
pattern recognitionmodel to compute groundwater vulnerabil-
ity index for decision making,” Journal of Hydro-Environment
Research, vol. 5, no. 1, pp. 63–77, 2011.

[18] S. Y. Chen, M. Li, and S. Y. Wang, “Rationality analysis and
application test of variable fuzzy clustering iterative model,”
Journal ofDalianUniversity of Technology, vol. 49, no. 6, pp. 932–
936, 2009.

[19] S. Y. Chen and J.M.Hu, “Variable fuzzy assessmentmethod and
its application in assessing water resources carrying capacity,”
Journal of Hydraulic Engineering, vol. 37, no. 3, pp. 264–277,
2006.

[20] S. Y. Chen, The System Fuzzy Decision Theory and Application,
Dalian University of Technology Press, Liaoning China, 1994.

[21] R. R. Zhou, Research on Total Amount Control for Jiaozhou
Bay Near Shore Area Pollution Based on ANN and Genetic
Algorithms, Ocean University of China, QingDao, China, 2009.

[22] J. Jin, H. Huang, and Y. Wei, “Comprehensive evaluation
model for water quality based on combined weights,” Journal
of Hydroelectric Engineering, vol. 23, no. 3, pp. 13–19, 2004.

[23] L. Zheng, W. L. Cui, Y. Jia et al., “Evaluation on seawater
quality by fuzzy comprehensive evaluation method in Qingdao
dumping area,” Marine Environmental Science, vol. 26, no. 1, p.
4, 2007 (Chinese).

[24] J. Yin, “On the management of marine dumping ground-taking
the third category dredged material marine dumping ground
outside the Jiaozhou bay, Qingdao as an example,” Coastal
Engineering, vol. 20, no. 1, p. 4, 2001 (Chinese).



Abstract and Applied Analysis 9

[25] X. G. Li, J. M. Song, N. Li et al., “Source and biogeochemical
characteristics of nitrogen and phosphorusin Jiaozhou Bay
sediments,”Oceanologia et Limnologia Sinaca, vol. 36, no. 6, pp.
562–571, 2005 (Chinese).

[26] Y. Li, Z.M. Yu, X. H. Cao et al., “Distribution and enrichment of
heavymetals in surface sediments of JiaozhouBay,”Oceanologia
et Limnologia Sinaca, 2005.

[27] L. Wan, N. Wang, Q. Li et al., “Distribution of dissolved metals
in seawater of Jinzhou Bay, China,” Environmental Toxicology
and Chemistry, vol. 27, no. 1, pp. 43–48, 2008.

[28] Z. G. Dong, A. G. Lou, and L. W. Cui, “Assessment of eutrophi-
cation of Jiaozhou Bay,”Marine Sciences, vol. 34, no. 12, pp. 36–
39, 2010.

[29] L. Q. Ma, Y. Li, Y. J. Zhao, S. Peng, and Q. Zhou, “Temporal and
spatial trends of total petroleum hydrocarbons in the seawater
of Bohai Bay, China from 1996 to 2005,” Marine Pollution
Bulletin, vol. 60, no. 2, pp. 238–243, 2010.

[30] D. Wang, V. P. Singh, and Y. Zhu, “Hybrid fuzzy and opti-
mal modeling for water quality evaluation,” Water Resources
Research, vol. 43, no. 5, Article IDW05415, 2007.



Submit your manuscripts at
http://www.hindawi.com

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Problems 
in Engineering

Hindawi Publishing Corporation
http://www.hindawi.com

Differential Equations
International Journal of

Volume 2014

Applied Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Probability and Statistics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Mathematical Physics
Advances in

Complex Analysis
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Optimization
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Combinatorics
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Operations Research
Advances in

Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Function Spaces

Abstract and 
Applied Analysis
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

International 
Journal of 
Mathematics and 
Mathematical 
Sciences

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Algebra

Discrete Dynamics in 
Nature and Society

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Decision Sciences
Advances in

Discrete Mathematics
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com

Volume 2014 Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Stochastic Analysis
International Journal of


