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2008; ,2013) (Saaty, 1972)
AHP s
1 19KFER
> Tab. 1 The 1~9 numerical scale of the judgment matrix
s ajj
) 1 i J
( , 20006; 3 ! J
, 2012; Xu et al, 2019; , 2022), 5 i J
7 i J
9 i j
’ 2n,n=1,2,3, 4 ! J a=an]
( , 2012; , 2016; =1 £ 9, a;=2n+1
Jha et al, 2022); a;=1/n n=1,2,...,9, a;=n
> ( n s Qi Qi
, 2014) ,
(Mousavi et al, 2015; )
, 2018), )
Rc (0.1) R
, AHP (2) Rc Ic
Ir( 2), Ix n s e
(1) Rc 0.1,
Amax(A)—n
lp=———"7—"—, 1
1 c 1 (1)
, Amax(A) , n
1
R.=-%. 2
<= (2)
F2 nMIEMERIBENIEER I
Tab. 2 The random index /Ix of the nth-order matrix
3 f
’ 1 0.00
2 0.00
3 0.52
, Python 4 0.89
5 1.12
11 6 1.26
: 7 1.36
AHP Saaty(1972) 3 1.41
P 9 1.46
10 1.49
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2021) (
, A , 2006; , 2012; Xu et al, 2019),
Amax(A) w ,
w 5
(Saaty, 2000) w 3)
Aw = Amax(A)w . 3) ,
(Ramanathan, 2001), 13
GB 3097-1997 (
1.2 2004) GB 18668-2002 (
, 2004)
R 0~1,0
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( , 2019),
(Mousavi et al, 2015),
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( , 2004) R
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, 2014; ,
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Tab. 3 The judgment matrix of the main guideline (B, C, D, E,
and F) to the target layer (A)

(Kennish et al, 2002),

A B C D E F 2.1.1
B 1 1/7 1/9 1/3 1/5
C 7 1 1/2 4 3
D 9 2 1 5 4
E 3 1/4 1/5 1 1/2
F 5 1/3 1/4 2 1
3 Rc=0.025 2
0.1,
: (0.036 5) (0.292 0)
(0.449 4) (0.084 5)
(0.137 6)
, 1,
2003;

12

(

, 2020)

, 2020),

0 ( ;
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2.1.2 2009),
> 8 :
(Turner et al, 1969; “ ? (
, 2009; ,2011) , 2008)
, ; (4
, (Mathews, 1981)
5 HY/T 069-2005
( , 2016; , 2019), ( , 2005)
, A (95
( , 20006)
R : 0 0~1 1~2 2~3 3~4 4
4 t/m’, 0.6 m (
, 2020) s ( , 2003),
, 5
200 %4 REEDTORE
5 Tab.4 The evaluation standards of substrate types
5° (Barber et al, 2009)
, 0.0
, - - 0.2
( , 0.5
2000), 0.8
( , 1.0

x5 KREH. REREE. BKRKEE. 7. EREYIENRE
Tab.5 The evaluation standards of seafloor sediment load, silt layer thickness, seafloor slope, red tide, and bait biological stuff
(animals or plants)

: /m G - feae
/(t/m?) ) ind./m’) /(mg/m?®) /(g/m?)
0.0 0 0.6 5 0 0 0 0
0.2 0~1 0.4~0.6 4~5 0~1 0~50 0~30 0~10
0.4 1~2 0.3~0.4 3~4 1~2 50~75 30~50 10~25
0.6 2-3 0.2~0.3 2~3 2-3 75~100 50~75 25~50
0.8 3~4 0.1~0.2 1~2 3~4 100~200 75~100 50~100
1.0 4 0.0~0.1 0~1 4 200 100 100
2.1.3
S s ( , 2001; , 2006;
, ,2009) ,
(Branden et al, 1994), , 2014 SC/T 9416-2014
, ( , 2014)
( , 2003; ,
, 2006), 25~30 m,

100 m ,  10~60m (2020)
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, GB 11607-89 (
10~20 m , 1990) GB 3097-1997 (
20~30 m s , 2004) R
5m GB 18668-2002 (
, 2004)
( , = (D
2019), , pH
, (Bleckmann, 1986) , ,
0.8 m/s (Chang, 6 2) s
1985; , 2006) , S ,
R 7
) 3)
SC/T 9416-2014 R Z s 7
( ,2014) R 6 7
F6 KR, KFE. pH ENEIFMIRAE
Tab.6 The evaluation standards of water depth, current, and pH
a b c d K, K,
/m 0 X<a,X>d 5 10 30 60 0.57 3.97
K1
/(m/s) (X—aj <X <b 0.2 0.4 0.6 0.8 1.32 1.74
b-a
L=
1 bsX<c
pH J-x 6.8 7.8 8.5 8.8 0.75 1.26
( d7 j c< X<d
—C
i L K K| K; X sa, b, e, d
%7 KRR RS RITRNE B RS BTN R
Tab.7 The evaluation standards of other parameters in water quality criterion and the parameters in sediment quality criterion
a b K
0 X<a
X— K
L= ( ”j a<X<b 5 6 1
b-a
1 X>b
2 3
1 3
( LAS ) 0.03 0.10
/(mg/L) 0.000 5 0.001 0
1 X<a
0.000 5 0.001 0
b-x\*
(S ) L= ( - ) a<Xx<bh 0.02 0.05 1.3
0 X>b 0.2 0.3
0.015 0.030
(x107% 0.000 05 0.000 10
(<10°°) 0.001 0.002
0.001 0.005
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a b K
0.005 0.010
0.05 0.10
0.001 0.005
0.000 05 0.000 20
0.02 0.03
0.005 0.010
0.02 0.05
0.005 0.010
0.01 0.02
/(mg/L) 0.002 5 0.005 0
(x10°%) 0.025 0.050
0.002 5 0.050
( N ) 0.01 0.02
(a) (ng/L) 0.001 25 0.002 50
“Co 0.015 0.030
PS¢ 2 4
(Bq/L) 1%Rn 0.1 0.2
B4Cs 0.3 0.6
B1Cs 0.35 0.70
(x10°%) 1 2
(x10°°) 1 X<a 150 300
x107 —x\¥
/(ng/me) EMO’G; b= (I;—)a(] XS ;52(; (j.(;(()) '3
(x10°°) 0 X>b 0.01 0.02
(x10°°) 0.01 0.02
30 60
40 80
0.25 0.50
0.1 0.2 1.3
10 20
75 150
17.5 35.0
( LAS ) LAS [Linear Alkylbenzene Sulfonates, ( S R
( N ) ; ;a, b
2.2
) 5
( , 2019), ,
1,02 (S ,
5 : 0.0~0.2, 0.2~0.4, 0.4~0.6, 0.6~0.8,
0.8~1.0, 5

2.3
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M, 4, ;
S XY M , M ;
Xi Y; ’
0.5 > Xi , Yi
b
M=%, 4) 1~12 , 11 12 1; 1~5
. n , 1.0 08 05 0.2 0.0
i Y; L, 3
0.5 )
S’ s 5
(%) ’
s =Y wisi, (5) (2020)
) Si i , Wi i
L) , 8
(2 5
( S S 85 Sy Ss) 31
8 1~7
’ , 2020
(
2.4 , 2020),
( 55, )
56 ), Python )
5 b ( 6~7)
, 1~7
“roundl, ”  “round2, ”
*8 ZEHIERSHE
Tab.8 The criteria values and parameters values in the study cases
1 2 3 4 5 6 7 8
11 7 12 11 11 12 11 11
/m 20 19 18 17 16 15 15 15
/(m/s) 0.6 0.5 0.4 0.3 0.5 0.4 0.3 0.4
1 1 5 1 1 1 1 1
/(t/m?) 5 4 5 4 5 4 5 6
/m 0.4 0.5 0.6 0.5 0.4 0.5 0.4 0.4
/(°) 1 2 3 6 4 3 4 5
pH 7.7 7.8 7.9 8.0 8.3 8.2 8.3 8.0
2.1 2.3 2.2 2.4 2.3 2.0 1.8 1.5
2.2 2.6 2.4 2.5 2.0 2.0 1.8 1.5
/(mg/L)
0.05 0.05 0.06 0.04 0.03 0.04 0.03 0.05
0.000 6 0.000 5 0.000 7 0.000 6 0.000 4 0.000 5 0.000 4 0.000 5
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1 2 3 4 5 6 7 8
0.000 4 0.0005  0.000 4 0.000 5 0.000 3 0.000 5 0.0004  0.0005
0.015 0.020 0.018 0.027 0.025 0.030 0.020 0.025
0.18 0.22 0.21 0.2 0.25 0.15 0.20 0.15
0.012 0.016 0.014 0.018 0.027 0.020 0.012 0.015
(x107%) 0.000 06  0.00006 0.00007  0.00005  0.00006  0.00005 0.00004  0.000 05
(x107%) 0.001 2 0.0014  0.0013 0.001 0 0.001 2 0.0010  0.0012  0.0010
/(mg/L) 0.000 5 0.000 8 0.000 6 0.000 9 0.0015 0.002 0 0.001 5 0.002 5
0.005 0.006 0.005 0.006 0.006 0.004 0.005 0.005
0.02 0.04 0.03 0.05 0.06 0.05 0.04 0.05
0.002 0 0.0030  0.0025 0.002 8 0.003 2 0.0020  0.0030  0.0025
0.00004  0.00006 0.00005  0.00007  0.00008  0.00005 0.00008 0.000 10
0.015 0.019 0.017 0.021 0.022 0.028 0.020 0.015
0.004 0.005 0.004 0.005 0.004 0.009 0.004 0.005
0.015 0.021 0.018 0.024 0.024 0.045 0.020 0.025
0.004 0.005 0.004 0.005 0.006 0.008 0.005 0.005
0.009 0.012 0.010 0.011 0.012 0.018 0.008 0.010
0.002 0 0.0030  0.0020 0.002 5 0.003 0 0.0020  0.0030  0.0025
(x107%) 0.025 0.030 0.020 0.025 0.030 0.025 0.020 0.025
0.002 5 0.0028  0.0020 0.003 2 0.003 0 0.0020  0.0015 0.002 5
0.012 0.013 0.012 0.013 0.014 0.010 0.015 0.010
(@) (ug/L) 0.00120  0.00130 0.00125  0.00140  0.00150 0.00120 0.00130 0.00125
Co 0.015 0.018 0.012 0.016 0.017 0.016 0.010 0.015
2S¢ 2.2 2.1 2.0 2.6 2.5 2.4 1.8 2.0
1%Rn 0.09 0.11 0.10 0.12 0.12 0.10 0.05 0.10
Bab) ¥cs 0.30 0.40 0.25 0.35 0.30 0.25 0.20 0.30
¥7Cs 0.030 0.040 0.035 0.040 0.030 0.025 0.035 0.350
7.0 5.7 5.8 5.9 53 6.0 6.5 6.0
(x107%) 0.8 12 1.0 1.4 1.1 0.8 0.9 1.0
(x107°) 150 200 175 125 190 200 180 150
(x107%) 200 220 250 350 300 220 200 250
(x107%) 0.25 0.30 0.20 0.40 0.35 0.30 0.20 0.25
(x107%) 0.005 0.012 0.008 0.014 0.009 0.008 0.005 0.010
/(ng/mg) (x10°°) 0.005 0.004 0.012 0.009 0.008 0.005 0.009 0.010
25 35 30 45 40 35 20 30
45 45 30 50 42 35 45 40
0.30 0.25 0.30 0.35 0.35 0.30 0.48 0.25
0.05 0.06 0.10 0.08 0.10 0.12 0.18 0.10
5 15 10 13 12 10 18 10
50 60 80 85 80 90 140 75
15.0 25.0 20.0 16.0 18.0 20.0 32.0 17.5
/(x10* ind/m®) 185 300 300 80 300 200 280 250
/(mg/m®) 200 50 80 200 155 150 180 200
/(g/m?) 150 60 70 80 90 100 100 150
( ) 1~55;
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EVALUATION METHOD FOR SITE SELECTION SUITABILITY OF ARTIFICIAL
REEF AREAS BASED ON ANALYTIC HIERARCHY PROCESS

ZHANG Zi-Niu"?, WANG Zhen-Yan"?*** LI Gui-Hua'!, ZHAO Mei-Han**

(1. School of Earth Sciences and Engineering, Shandong University of Science and Technology, Qingdao 266590, China; 2. Key
Laboratory of Marine Geology and Environment, Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;
3. Laboratory for Marine Mineral Resources, Qingdao National Laboratory for Marine Science and Technology, Qingdao 266037,

China; 4. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract As an effective means to increase fishery resources, artificial reefs play an important role in the construction
of marine ranching, to which the scientific site selection is the first technical issue to be solved. At present, there is no
universal quantitative evaluation method for the site selection of artificial reefs. We built a hierarchical structure model
based on the analytic hierarchy process (AHP), in which indices of social, physical, engineering, chemical, and biological
environment are set as main guideline factors; and those of marine functional zonation, water depth, current, substrate type,
substrate carrying capacity, silt layer thickness, seafloor slope, water quality, sediment quality, red tide, phytoplankton,
zooplankton, and benthic organism are set as sub-guideline factors. The sub-guideline factors were set as evaluation
criteria. Water quality and sediment quality were set as multi-parameter criteria. Based on the relevant national and
industry technical standards, several normalization methods were used to establish fully-quantitative evaluation standards
for evaluation criteria. Combined with the actual analysis of the factors that are considered in the construction of artificial
reefs, the weights of the main guideline factors can be quantified. Considering the effect of artificial reefs fishery resource
enhancement, the evaluation and determination steps for two types of special cases were set in the evaluation process. The
two special cases are: 1) the value of a single environmental parameter exceeds the limit; and 2) the values of several
parameters in the multi-parameter criteria is about to exceed the limit. The Python programming language was used to
create an evaluation system to efficiently calculate the evaluation values and assign them to a suitability level
correspondingly. According to the actual survey data in the marine ranch demonstration zone in Rizhao, Shandong, eight
specific cases were set to verify the method. Case analysis shows that the evaluation method proposed in this study had
good practicability, which can effectively analyze and obtain the evaluation results of reef construction suitability in the
target sea area. Meanwhile, it also can provide a reference for site selection of artificial reef.

Key words marine ranching; artificial reefs; site selection; analytic hierarchy process; evaluation



