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The seawater environment quality evaluation research base on variable fuzzy

pattern recognition model
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1 Liaoning Key Laboratory of Physical Geography and Geomatics ,Dalian 116029, China
2 School of Hydraulic Engineering Dalian University of Technology, Dalian 116024 ,china

3 National Marine Environment Monitoring Center, Dalian 116023, China

Abstract: With the development of marine economy industries, huge quantity of sewage with only preliminary treatment is
disposed into the nearby coastal areas and has deteriorated the water quality of the near coastal region. Seawater quality has
received increasing scientific attention. Seawater environment quality evaluation is the process of analyzing combinations of
certain evaluation indexes and evaluation criteria with the uncertain valuation factors and changes in their content, which is
a complicated and uncertain system with coupled multifactor and multilevel effects. In this paper, the variable fuzzy model
method is introduced for the comprehensive evaluation of seawater environment quality, a seawater environment quality
assessment model based on multi-objective variable fuzzy set theory ( VFEM ) was developed. The water quality status of
Laizhou Bay of China was quantitatively studied, the results indicated that VFEM is a promising tool for evaluating the
seawater quality status,which can perform well and accurately evaluate the comprehensive status of the seawater environment
quality through the change of variable model parameters (@, p) ,combining the linear models and nonlinear models, taking
the stable result as the final evaluation of the seawater quality, and determine the level of water quality evaluation.
Therefore, the evaluation result is more reliable than other modeled results. In addition, the assessment model of seawater

environment quality based on multi-objective variable fuzzy set theory can accurately classify the water quality of the
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sampling points to rank the water quality grade of every sampling point more precisely. This approach can also provide new

concepts and means of improving and perfecting the study of seawater environment quality evaluations.

Key Words: unity of opposite ;variable fuzzy recognition ;seawater environment quality ; model
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Fig.1 Schematic diagram of opposite fuzzy sets
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Table 1 The judgment criteria regarding the level of seawater environment quality
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N I 5200, m 150206,k N M5 mM0E, w115 M20E, W N
A é . ’ bl ’ ’
4% Rank 12§ % 1% I3 11 2% 2% 2
H1{E (3.25,3.5] (3.5,3.75] (3.75,4.25] (4.25,4.5] (4.5,4.75] (4.75,5]
M5 VEE, w51V 00, , NV5HNEM, N5%NEM ,
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Table 2 The standard values of the seawater quality evaluation index
bR FEFFARE(E Standard values/ (mg/L)
Evaluation index 1% 1B IES B PA\ES
COD L #FE4 A x, < 2 3 4 5 >5
B4 DO x,> 6 5 4 3 <3
THLA Inorganic nitrogen x; < 0.2 0.3 0.4 0.5 >0.5
TG PEREMRER Reactive phosphate (L P i) x, << 0.015 0.030 0.030 0.045 >0. 045
£ Oils xo < 0.05 0.05 0.30 0.50 >0.50

(1)5 M AOKFAFER T2 W3 M2 IV IFIE IV 208K 53 00 R K bR fESE A 1.2 .3 4 Fi1 5 2%,

(2) M3 25 S R TR bR /K BUARE S AL X TE] % 45 IV 8T /K B0 T8 bn A i s (8 R H 20 o s (B 2 4%, 2548
FRARAEM AR A X B R A 2FFE 4 B (5,10 ] EHLAL(0. 5,1 ] 3G MEmEARER (0.045,0.09 ] A1ihi2K(0.5,1] I f#
00,375 X 1 2K, S HE R AR A X AR R (0,2 ] A4 6,9) EHLACH (0,0.2] , 1
BERER 4 (0,0.015] AH2%(0,0.05] 5 W2 T3 IV 257K 43550 BOH G R 7K AR 1 55 90 -5 1 — B35 b
BRI 2 (8] A4 A8 A DX R], SORE BT A 7K JBAR AR — AN A8 Ak X ]

(3) FIH 5 BEALECEE 45 /K B FE AR S5 G0 A8 A0 DX (13 R Y BE AL ™ A5 10 /K BT ARE.,

(4) R 3053 WK BT bR e b 2546 b 9 320 B G 7 S0, B H8  1 3140 FU(EL A5 IR, 7K i S R (L B S
I FHEA R A 7K 5 S5 A ) S BT 4ME, an sk 3 s

(5) R THEFERAT T VR 98 45 SR 04T L3, Ak 4546 A 1 B SR A R, RS0 0. 2, A T 57 1)
VFEM #RI 25 R 3,

F3  BAKKRERNIRAEN VFEM REKNITEENLER
Table 3 Comparison of the seawater quality standard values with the values calculated by the VFEM model

IKJFFEFR Seawater index IK 2% The level value
2LAE o s A A TEPERE R R h 2t o o
T T Kb ST il T ——

COD DO Inorganic nitrogen Reactive phosphate Oils Standard Caleulated
andart alcule

/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) anca e
1 0.235 8.276 0.082 0.004 0.012 1.000 1.04
2 1.589 9.923 0.025 0.006 0.015 1.000 1.08
3 0.692 7.123 0.033 0.011 0.021 1.000 1.19
4 1.542 10. 052 0.061 0.006 0.016 1.000 1.08
5 1.697 8.610 0.106 0.002 0.015 1.000 1.11
6 0.074 7.585 0.038 0.012 0.017 1.000 1.15
7 0.896 11.279 0.055 0.011 0.020 1.000 1.09
8 0.135 8.169 0.069 0.007 0.011 1.000 1.04
9 1.344 6.895 0.107 0.008 0.015 1.000 1.16
10 1.458 9.368 0.038 0.013 0.021 1.000 1.18
11 2.000 6.000 0.200 0.015 0.025 1.500 1.73

http ; //www. ecologica. cn



1894 A E = 33 %

IKJFFEFR Seawater index IKJFTZEL The level value
DL = oL i fn e A TR B iR Sk o o
e, PR i Kb T TS T TS N PR O
COD DO Inorganic nitrogen Reactive phosphate Oils Standard Caleulated
/(mg/L) /(mg/L) /(mg/L) /(mg/L) /(mg/L) andar aleutate

12 2.494 5.458 0.261 0.021 0.029 2.000 2.01
13 2.125 5.425 0.277 0.016 0.036 2.000 1.98
14 2.398 5.197 0.206 0.018 0.042 2.000 1.99
15 2.058 5.021 0.286 0.019 0.032 2.000 2.06
16 2.992 5.001 0.219 0.019 0.048 2.000 2.14
17 2.488 5.006 0.234 0.021 0.028 2.000 2.05
18 2.566 5.411 0.279 0.017 0.028 2.000 1.98
19 2.459 5.946 0.260 0.018 0.032 2.000 1.96
20 2.559 5.234 0.272 0.020 0.041 2.000 2.10
21 2.486 5.117 0.265 0.019 0.045 2.000 2.09
22 3.000 5.000 0.300 0.0225 0.050 2.500 2.39
23 3.255 4.223 0.382 0.028 0.261 3.000 3.12
24 3.356 4.156 0.344 0.025 0.135 3.000 2.97
25 3.427 4.272 0.325 0.023 0.113 3.000 2.85
26 3.338 4.722 0.355 0.025 0. 186 3.000 2.94
27 3.647 4.661 0.315 0.029 0. 145 3.000 2.95
28 3.598 4.978 0.375 0.027 0.242 3.000 3.01
29 3.458 4.255 0.376 0.024 0.281 3.000 3.09
30 3.397 4.233 0.356 0.029 0.136 3.000 3.02
31 3.525 4.115 0.330 0.027 0.248 3.000 3.08
32 3.255 4.983 0.362 0.026 0.274 3.000 2.97
33 4.000 4.000 0.400 0.030 0.300 3.500 3.47
34 4.856 3.222 0.424 0.031 0.458 4.000 3.92
35 4.159 3.156 0.458 0.037 0.422 4.000 3.97
36 4.256 3.948 0.455 0.042 0.354 4.000 3.89
37 4.128 3.447 0.475 0.043 0.359 4.000 3.96
38 4.239 3.250 0.440 0.033 0.378 4.000 3.90
39 4.215 3.019 0.435 0.034 0.344 4.000 3.90
40 4.961 3.965 0.412 0.043 0.444 4.000 3.93
41 4.057 3.948 0.472 0.032 0.425 4.000 3.79
42 4.265 3.224 0.495 0.044 0.483 4.000 4.05
43 4.158 3.216 0.417 0.038 0.458 4.000 3.94
44 5.000 3.000 0.500 0.045 0.500 4.500 4.15
45 5.127 2.447 0.591 0.085 0. 856 5.000 4.67
46 6.001 2.137 0.631 0.065 0.555 5.000 4.68
47 7.463 1.068 0.999 0. 069 0. 681 5.000 4.97
48 5.938 0.543 0.552 0.065 0.752 5.000 4.79
49 9.730 0.003 0.584 0.081 0.842 5.000 4.90
50 5.112 2.105 0.723 0.061 0.852 5.000 4.76
51 5.031 1.016 0.610 0.056 0.687 5.000 4.66
52 9.230 1.930 0.556 0.081 0.568 5.000 4.77
53 8.142 2.003 0.671 0.065 0.823 5.000 4.92
54 5.220 0.010 0.803 0.081 0.945 5.000 4.85

A G TR R MERIES VIEM AT A K K A (B A ) LEAp AT 45 2R, VRFEM 5
TAH HEFA 5 32 B A R S PERety , B NI RS BE TR @ =2 ,p=1 I, VFEM 2 RDRG BE iy, B
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Table 4 Comparison between the evaluation level values by VFEM with those of other models

RZELH () FETE FIIX R Y 53 L SOFEN PV S ) RO
TEAM The absolute error ( grade) occurring in each range/% Average PRI/ %
Evaluation model absolute Average
[0,0.1] [0,0.2] [0,0.3] [0,0.4] [0,0.5] [0, 0.6] difference relative error
BP #1204
LRI [12] 36.41 67.81 78.89 89.46 92.12 100 0.31 9.18
BP neural network
BOZR A ITH Fuz
PR Fusay G 35.67 69.79 83.67 91.27 95.19 100 0.26 6.51
comprehensive evaluation
b
% TJM‘FF . (18] 45.67 71.56 88.38 94.12 98.29 100 0.18 3.74
Set pair analysis
] AR a=1,p=1 44.44 79.63 94.44 100 100 100 0.13 3.07
PR a=1,p=2  38.89 72.22 88.89 96.30 100 100 0.15 3.71
Fuzzy recognition a=2,p=1 81.48 90.74 96. 30 98. 15 100 100 0.06 1.30
a=2,p=2  70.37 88.89 94.44 98.15 100 100 0.09 1.87
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3.3 W RER S BbR i

SEA SN IR V5 YL BUIR 7 8 EEN I F . COD (fh2AFE R ) (DO (R4 OHLA I MR
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SN B TR AR K VPN FEASE R X
[1.57210 6.33110 0.48385 0.01027 0.07410]]
2.40941 5.77574 0.75243 0.00755 0.08520

1.62615 7.24533 0.03539 0.00258 0. 04881
| 1.40875 7.31602 0.02669 0.00707 0.07937
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Fig.2 The location map of monitoring points in Laizhou Bay
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JEEZ M, COD DO JCHLZA ., I MWl R 55 A7 T 2% 7K T 25 6 90l ) 5% mal AL EE 43 51 Ok (0. 1705 ,0. 1387 ,
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Table 5 The comprehensive evaluation results of seawater environment quality in Laizhou Bay

b 422 /S35
VFEM BEMIZE & TP
B NO Fuzzy
" a=1 a=1 a=2 a=2 TaEvuE SEHE PEM 252 comprehensive
p=1 p=2 p=1 p=2 Stability range ~ Average Assessment grade evaluation
1 2.40 2.60 2.24 2.66 2.24—2.66 2.47 IS 2
2 2.69 2.90 2.29 2.82 2.29—2.90 2.67 115 T 2 ) s 11 2 M=k
3 1.61 1.67 1.54 1.51 1.51—1.67 1.58 I 5 1020w 1 2 IS
4 1.49 1.56 1.40 1.43 1.40—1.56 1.47 I 5 20w T 28 12
5 1.53 1.54 1.52 1.50 1.50—1.54 1.52 I 5 1020w 1T 25 2
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10 1.63 1.65 1.64 1.58 1.58—1.65 1.62 I 5 T 250w 1 25 2
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12 3.13 3.19 3.23 3.49 3.13—3.49 3.26 m m
13 2.16 2.26 2.02 2.09 2.02—2.26 2.13 IS IES
14 1.61 1.62 1.64 1.57 1.57—1.64 1.61 I 5102408 m 125 [IES
15 1.56 1.60 1.53 1.52 1.52—1.60 1.55 I 5 1020w 1T 25 IS
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18 1.69 1.70 1.73 1.69 1.69—1.73 1.70 I 5 12w T2 M
19 1.46 1.51 1.35 1.37 1.35—1.51 1.42 15 10 240w 1 2 S
20 1.54 1.63 1.36 1.40 1.36—1.63 1.48 I 5 020w T 2% M2
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