5 ikE REPOATS

E T RS EFINERERZMITRB TG 7775 R

=

wOERE, s, pe gt

(1. PEAMRFER) WSS EER%EE, IR BB 2665805 2. 1 E £ M4 A 4 5 MR ¥ FREH A FR
AL A BB EYIR I AT, K 300457; 3. & Simiizil PR A RA A, IR &5 266001; 4. A

AR A BRAR], KE: 300461)

WE: BFARARILSE, BAMATRIER AT K T EAR G RH T, KA ZE 044 A
B, AR MAIRATE: BBERY . A, k. BRF 4 SR EREFLAEME.
BRI E 2 A HS B EE A IRE BT, 428 B A5 H & (analytic hierarchy process, AHP)# &% 4%
BFeymE, ket b, AAAH B A7 ik (ordered weighted averaging, OWA)AL LA A&, & E 4
oW 3213 8 % Yi(geographic information system, GIS)# R A RAUT M1 P45 6950 A M e B . BT A9,
AHP-OWA T 464 K BE RALBR K 69745 B T2 TRE 69 %0, BA BT H, 295 et
£ 45 R AL H IR T AT G 7B it AR

KRR BEHEIRS; AT RAE; AHP; H 5 AT ik, B F

FE %S P732.1; P285.7
DOI: 10.11759/hykx20201108005

W LT %X Filg LAt . i LREEis
AR TR UL E R, (RS2 BN A S A
RS . Y55 ML HERCGSET . P es) .
g F IR R (R | TR i 55 ) AR PR 3R 45 52,
iy RAEHE LT 2 2 B AWK E M. ©5
VAR AT DRUBS:, X6 i O Ak o T % A A T D SR LA
R o HAT, PEAS AT XU 322 B X FpE
A 77 IS A R A, EEXEAS TR A1 SR TR TA] 9
PR 2o PPAG 238 R PR 2 A L BSR4
BT DU R4 ) 23k (analytic hierarchy
process, AHP) %5 )5 {H 2 BUATEAE— 2 19 E WA
B Pk, T = i 3 () ) S8 AR A XU 1) 20 25
Pk o TFEVEARG R FRE B L, XA ] X3k 3R 8, A
ARV R A, AN : XA b AR AR R A A BT, BEHL
MUK AR B . RO . XUGHRTRE DL EE X DU AN R R T
FE R UL B0 o ) 9 X S A A TE, B T B4 4% il
WEPEREE B R AN, % T AE A5 ) R R (i B R
P ) A HG Al 8] 3% (Of s R Bh 6 )BT Rl A
H BH5 B I . b 5T 48540 55 ) R {5 B O 11 B
RET . A WEERITAL o FEARZ AL
T, SRR T e EEERD, |
JE W T ECE AR B e, HLWA B p b By 2, AR
ZILA T IRV TEA 2k T X6 55 3k — o B XU B 3

XERFRIRAD: A

X EHE: 1000-3096(2021)05-0121-09

THTT AR, TR BBGAR T SN 125 WA
AT ) R T B, BT FER SO Y
(MODIS) T8 5 54l 2 1 H [ Vg 25 4000 A5 751 o ff o g
gk F] 80%!" M, DL T AL 38 IR 15 B VR 1) 1 55
WA, EFRAG R 55 K AR B 1 AT 6E o [R] B
TEZS MG THiE 55 K AR AR, 45 R 4 3R X S
GRRAE B F KR, P 5 B & 55 (geographic
information system, GIS)Z IR AT, tLE LN
%5 % [A) 38 e AR A 3R Ry — i PP A B A APEA
R F A Bk, WD s R T G % kA AR,
AT LA A AR X 30— B B[] P A b BRRRAIE, % LA
SRUAT XU B ¥ AE S e R N A TPA e pr b, &R
(EX L) F= st R AR e

(] IF b AR AT AT IXURS: 1 PP Ak 235 R A 52 B e 2
GiitsiR . HEH TR L2ENIEME KRR
R, WUAT AU B AETE A B[R] RN 23 (] b i 284k . s iy
KBS BE T E 45 5, 78 0 RN 52 B o FH A ke = S Fn
S, N4, GIS FAR T e KBS ITAL | IR RS |

Wk H 91: 2020-11-08; &1 H 4: 2020-12-07

FEETH: FERESIFAITRI(2017YFC1405600)

[Foundation: National Key R & D Plan, No. 2017YFC1405600]

T e FE(1998—), B, R TuA, Wik, FEMAR AR ITAG
5%, E-mail: dupei2020@126.com; $§#(1979—), B, MfE1ES, BitAT:
Ui, EFENFE GIS HidE A [mif5%, E-mail: zengjay@outlook.com

Marine Sciences / Vol. 45, No. 5/2021 121



HEIRkE REPOATS

W i K% 748 8 45y T R A T PR U FERLA T XU
U, 2 i GIS HEAR Ik B KU AT R B A9 st
GIS HARFNEA i 25 Ja P4 A T 1 P 58 2K PPN B L
LAY LR, XU PP Al 45 2Rt B 2% B A I ST E )
N EALACRE ST o XA R AT 2 B PR BRI . 52
SE IR0 ST LA S GIS FoR

2 BRTIR, ASCE BRI X R R, e
BIE AU T I APPSR B X 3 4F(2016—

2018) e 55 Kt v, et =S (Al iy 25 kLR ol
i AHP-FF A 2530 5 1 0 2 B4 KU [H 7 19
FUE, 454 GIS R, HEATAUT B ITHr, JFXSFesE
AL AT 0 HT o

1 AAT KRR 7 i

ARSCEENEE | ARG N B ST
B PG =N J7 AT R, PPAS AR AnIA 1 R

U BRI ! [l

i i w

i L s W | BEiE
b e T | T

! ' ' : T8 55 K

| ; R R
B T B v e
i | ; ;:L:{}CL:;; Himawaris | |
| [AHPIEERL | i isibive b %% !
§ OWATLFIRTE A kel | § i [y ] |
! RE AT AR :
1 : : T : : :<§L‘ :
; AR ;
| s <1_J| it |< ] [ pestE | |

BT ShA AT KU PPl e 15

Fig. 1

1.1 %38

SO P B4 3 25 BB B R A T A R
Yy MR PR R, SR A Y kg 2s 1]
AR E R, BARBR A SR R IR N 1 FTR

x1 HIEER*E

Tab.1 Data information

B 24 K &= R e
K% Grib2->NetCDF 4Bk NOAA
e &/ NetCDF 4FR NOAA
MEREYE  Grib2->NetCDF 4FR NOAA
T A NetCDF 2R NOAA
S H B NetCDF AR BODC

T 25 504 TIFF Jar Himawari-8

7£: NOAA(National Oceanic and Atmospheric Administration)$§ 3¢ ¥ [
FUMGHEM KA A P ; BODC(British Oceanographic Data Centre) 9t [E
HFTE2EAE PG Himaward-8 18 H AR 2014 4R R 0 “%4E-87 SR

Flow chart of dynamic navigation risk assessment

R Y A BRI, AT DL SO R A
(MongoDB) X - 24 B 558 8 28 40 447 3 285 50 Al 4
o AR 1 XA ST R BUIE 1T i — 2D U

1) K7 Eds

ARSI e T ) XUz R A 5 R St R <
EHRNOAA), F HALAIIA] 12: 00 BEHTAK 99 h K,
AR, TSRS . A2 w3350 0.5,
B E 3 BE% R 3 ho BCEIR ALy fip:/fipprd.ncep.
noaa.gov/pub/data,

2) VEAURE

A SO T R B S ke A 26 ) R ST T RS
EHR(NOAA), 4 H LRI 6: 00 TH AR 72 h 5L
35, HR 7S M HEE N 0.08°, IR N 1h, 4L
PR P HE R https://www.ncei.noaa.gov/threddscoastal/

catalog/hycom,

122 EPERE ) 2021 4F 1 55 45 % /45 5 M)



HEIRkE REPOATS

3) TR

A S R IR S K B 56 [ E 50 RS,
EHLR(NOAA), B HALETHHE] 12: 00 HHT A 99 h Y
P, BER S [ HERA 0.5°, BFRIZMHER R 1 he 2L
YEIRE M4k A« ftp://ftpprd.ncep.noaa.gov/pub/data.

4) i B2 A g

AR SCHI A i it R a5 B [ R RER
HHURI(NOAA), Hf HILHTHIIA] 6: 00 FUBTAE 72 h
edl, BolEnyzs sy Pk 0.08°, BFEIZHEREN 3 h.
BRI 3L A https:/www.ncei.noaa.gov/threddscoastal/
catalog/hycom,

5) IKIREHE

ARSI A B K R BN R B 0 [V I 2 e
L (BODC)., ¥tk 2k NetCDF, U3t 123 [ 4> P %
7 0.01°, EHE IR Mnk Sk http://www.bodc.ac.uk/data/
online_delivery/gebco,

6) % 5

KH SYM U5k, ME4E 8(Himawari-8) L2 ¥
HRCIE Y 2016—2018 =AY 55 K, Ab B 25 1
%5 K ARG T

B RBAE G — AL AL 0.125°0 BER B MRS, Bk
TP ER AR AL, Bl AR A T AE A ) 2 A A,
Y — W23 53 PR
12 AERAIEGH

AT XM S A, S R G oA
R, — B [a] P S A7 A A O R AR IR,
WV B AEAE — 8 VS AE DI ATA T XU, e 3K ol o 7 IR
T VAL 7 A A BT XU B TS g b, ol
VARG R I oE #e . TS WA K& SIH
(B2 5 JE B R B B A OC), S TG 45 R A
BB NG —WFEE, AR 4% R4, 25 AR
BE b, B 53R 0125 M o RS MEAS O SE i
EAR PG A (D FRFS:

$7,.
@) :ﬁ’ (M

Hr, o ) AR i, j)— > B 55 e HE AR, ZZ(,-J)
F— AN, Wk G, ) &S IR A X 3 AERER
P iraeit, iasE 1—12 A ENAEE LkAg
()2 (A R 4t 4G

1.3 RAE AN
TEAG D0 FH T 5 TEAR R AR R, A

AR LA T DRV B v U], X6 5 B XURS: 45 2R+ 73 B
B LA RRN SRR R A KURS DA 0 A
TE SUAT XURS: (A B Z0PAh B AR, (36 3 A>—ZfE
0. wEEsh HHEE(B). B LREHEB,) . X
TEPRIE (By), Horbife v 3 ) B0 45 0 48 1 Sl 7 T R O
AL A5 TR R (C) A i (Cy); ¥ AR IR AR X
OO R AOIRDL, B 5 KUGHL(C) FTRFIRL(Cy); X IEURR
TE PRI 245 RE 05 RAE XM R E Y E R, 451
JiE M JE (Cs) FN T 55 K HE AR (Co), il 90N St 4
5 6 1>
14 N EHZE

AHP JriEAE N — R, HERT B
GIS | R ARA A G R, 1 GIS 25 (8] Z IR A
ATz R ST BRBUS A AL R AR A T
A7 AU DR SR A R, A SR R 1 A ) 463 1) 7 23R
¥olls, xF 23 (i BAF 5l BT L KT
B, WA AHP ST70 R0, SR IRk hiE
TR B R A I B X T AT & WA~
HEY 7 WA, RSE R, ZJE X EAE T
4 —BE AL BRI IR AHP A, AHP &A1 HL 4425 B
wmr:

1) R FH—S50CRE I ok A A D A I

2) FHEAE MR AEAE, IR AR A I X I A
ik &, X HFEAT A — b L,

3) RIEH—AE A RHAE ] B PR AT — B 5,
— PR

4) B AN T 0.1 B, ARSI EAT]
SR B, W BRI B RRE
Tr] 5tV g A 1) 65 75 U O R A ) b A B AR AR
1~4 4,

Ik DL E AR ER, A S0 A XU PP R T AL
AARRES R NE 2 iR,

x2 FEETFNESR

Tab.2 Weight of assessment factors

HFRE A —ZUENE B ZHHENE C N E
TS RS RE(C) 0.170 7
(B1) Wk (Cy) 0.116 3
MAT IR I R WI1(Cs) 0.199 6
(A1) (B2) TRIR(Cy) 0.096 1
X IR IE PR HIEHIE(Cs) 02334
(B3) 1% KRAINZR(Cs) 0.1839

Marine Sciences / Vol. 45, No. 5/2021 123



HEIRkE REPOATS

1.5 REMHA

A7 AL T 2 OWA), 2 Bl 4 BB R
ANHEAT BHTHEY, T I RO 1 HE I ob i 0 A
R Ar o FT R SIREE 0 AHP KE, 7F—
SERE P& AN EWHEE, WA F mACE
T, BEMBORAL A AL B T ROARLE, 28 o KU 5
MR R HITEAG BR T o S T AR A B AR R
&, 5IAH R IACE 58 T i — 5 XA AT Ak,
5 H HE 44 SERT A ITAR PR T RO EE

A IR 7 5 0 A% 0 2 5 23 2 1 50308 2 3 4k
SERL, H T R B R E RN E AR E R, %
VB B U PE B T 2 ) W REAE L AR G, AR Sk
PR MACE S 1T BARR B X T
A FE A 4587

SE S by M (ay, 05,50, ) WKRENIEFI 955
FHAE, DL EA BT AR BE 55 07 1 S A 2 2):

bj—,u|
ijl bj —/1|
Horh, b, MHESI G 55 KIITEE, n BB, 1 %k

s(bj.u)=1- 2)

" b
%ﬁﬁ,uzszo

R, A AT B (OWAW 5 3 2 2 2
2x3):

wetlet) @)
ij1s(bj’”)
LR34 5T 25— o 4
B AR MR L TR, {6 AHP 7ol %
B (ET 40 0 PRI T, 69 4 SRR, 0 B2
PRI TENE, R (I ()R

WiV

Zzzlwkvk
Forkr, Risk, ) J RS L6 (G )AL 545 AT SRR,

HIRE TR AR, w ) W & AT E T

Risk, ) =" Wi i) (4)

k=1

W EBATT(, HAE R IH—ARAE, v AHP J5 23845 F AL,

wi FATF INBCE B 58115315 2 R AR E .

15 20/ RUHE R 23 HANZ IR [0, 0.2]% 4
[0.2, 0.4]%5%¢ 4> | [0.4, 0.6]~ K224, [0.6, 0.8]/G K .
[0.8, 111R & o

Wk BRI RS 1R R B XU L,

FIH GIS HARBIVERTET KU [, 7612 fI %) ¢, 42
A KB AS T2 ¢ IR ¢ k200 0 TR R, AR
T BN BE AT AR, 55— 25 [A) 43 HE R A A (8] 43
AR N D o S AT AR, S BT K
K B B SRR
2 BT
2.1 FBERREAN

A SCBRFETB 43 B X I A R SE g X, HAR AN &
2, 1% DX 3R b A Ao i VA VA W R T A, R S L
AHE, RIGPIEE L, 2IREEZNE FEE . ZiE
WK FEE, R TR AR R PR R T Y 8 R U,
AR BRI K G A SRR E FEUNA T, S8
BRI Z T A U8 R B X 00 55 11 IR R A e, i
FAE MU RAE 23%!12 JR 0 X e 22 K RE A F
83 d", HA A

X T AL, AR SCHE U LI A K3 — 1 75 HE ) o
A N RSN [ = Ry B O HERE AL (B 2 TR R
), ZAREARIKIRTE 16 m A |, & S35 s 20 ke
TR, RIR LA 25 5 201

, R
120° 122° 123° 125°E

K2 T2 X R 2 &
Fig. 2 Schematic of experimental area

22 EETENBIAEG T
BRI 55 5 DB, W25 IR AE S |
MzsE sy L2 S RO E, SR 14 9 B
() Himawari-8 T2 5 dE 171855 [ i, Siit 2016—
20184F 31 1 104 K1Y S fE45 5, 15325 25 (Al & A=
W, EBGHR A gEE AR, WK 3, B e &
AT BERZG6 H .7 ), Bk ZEm,
FRAERIT IR/ N 0.16(8 A3 10 H), 5 i

124 HFHERLE /2021 4F /55 45 4 /5 5 )



WRIRE REPORTS

5 KRR Z TG R B WA RS K
R B 25 A A LR, i e X R ) 1

Z
o

o~
o

120° 122° 123°
(2) —A (2016—20184F)

37°N

120° 122° 123°
(d) /\H (2016—20184F)

125°E

2.3 FHERRIRE

AR PERFEZE 2020 4F 7 H 30 HAIAEE ZE
2020 4F 10 A 12 H 00: 00 2] 09: 00 [8]F% 3 h KP4
BRI TR S o SO0 T B 1 T R B Vi A
BR AT o g SR R KRS PP AS 25 SR AN B 4 B
DX 35 VG A1 XURS: ARG = AR, 55227 A 30 H i)
B PP S SRR = FAES 2 10 A 12 HIWEER,
PSR — H NI SEE A5 R, KU R LA K,
Jry AR AT LU B KU AL (7 A 30 H ABEREE A X
Sl RIS {1 B EF () 328 185 ), PEAR 25 R AR T 3h 3
PRI LE 1

DR B8 {8 AH X A v DX I 2R 46 F B0 VG SR VR I,
TG, A 5 AT 1 58776 1t DX B e ]
TR EZEEE S HE R, 4 TR AR, KUK
(EUAH X A i HL AR AR AR o 7RI B0 5 DX I XU A2
BN & AP R AR Ak, 2B — R R AR LN,
TR AR R AL IR T AT, B
P 55 R HE AR ITAS 1) KBS (B AR R T 10 A 47,
PR T o DX T A7 DRV B 25 43 A A R o S e
10 A 12 Hf KB ER] 0.48, Rk G, 7 A

125°E 120° 122°
(b) P9 (2016—20184F)

120°  122°
(e) T-H (2016—20184F)

K3 i A ARG

Fig. 3 Statistics of sea fog occurrence frequency

A T 25 A R BT A DX, I R AT R
YOAFAE T AE XU o

123° 125°E 120° 122° 123° 125°E

(c) A (2016—2018%F)

5e - | 2 o " J
123° 125°E 120° 122° 123°
(® +—H (2016—20184F)

30 Hfm ARGAE] 0.58, LG rERE, Uii%E 3
WATTHR EARINE R

I LY K 35— 2 s S AT T AT A T IR 15 0
Kl 5, fRes EOUW Ml 2 A [R] B[R]0 2 AU i) 25 8] 43
AFERLAE 10 12 AT e K(E 5 5] 0.45, K
K B 5 B (0.6~0.8) YRR B, At 24 JXUIS: DA 19 3 1]+ B
KIE, 7£7H 30 HpZ Wik T 10 H 12 H, &
A 0.52, 4k e B Y KU R T At X 8k, B B
15112 SN s S I e o O o 5
bR 54 (121.225°E, 35.519°N) 45374 IR F (A /& 6),
10 A 12 H & FEUE S IERE LI, KEHE
WM 0.34 EF-50.41, W5 K AMRIN 0.06, XL
LR FEATCR i, 7 A 30 H, KUt B ZEE T
Mk, EAE 9: 00, KU . TR & EE AT BT g, 7
Uit R SR OR, I R RUR (E 45 2R R 0.453, [
6: 00 = 0.012, Vil OWA 3 7l i3 gy @ iUk
IHGE AR 1R L A, BT TR AN AL (0116 3)
HR, AR TR AR R E . 7 B s K E
AR R 0.12, T RS {78 AH T Y U 1 0 45 v ok
F10H.

Marine Sciences / Vol. 45, No. 5 /2021 125



WRIRE REPORTS

37°N
37°N

35°  36°
36°

35°

34°
34°

33°
33°

120° 122° 123° 125" 120° 122° 123° 125°E 120° 122° 123° 125°E
(a) 20204107 12 H 03:00 (b) 2020410 4 12 H 06:00 (¢) 20204£107 12 H 09:00

37°N
37°N

36°
36°

35°

35°

34°
34°

33°
33¢

120° 122° 123° 125°E7 120° 122° 123° 125°E 120° 122° 123° 125°E
(d) 20204£:7J130H 03:00 (e) 2020%:7J130H 06:00 () 2020%F7J330 H 09:00

P4 XU ITAih 45 2R

Fig. 4 Risk assessment results

/ it AR fE ! it R Lt R A
T 02 ,/ =039 | o 043
4034 032 | 4033

120° 122° 123°E 120° 122° 123°E 120° 122° 123°E
(a) 20204£107 12 H 03:00 (b) 2020410 12 H 06:00 (€) 20204£107 12 H 09:00

P

JULTE RS (B JULTE RS (B JLTE RS (B
/ -049 N / -052 -050
25 | =0.26 0.29
120° 122° 123°E 120° 122° 123°E 120° 122° 123°E
(d) 20204£7 A 30 H 03:00 (€) 202047130 H 06:00 () 202047130 H 09:00

Bls il ks —iE = s AL AR A2 1L

Fig. 5 Risk change of the channel between Cheng Shanjiao water area and Lian Yungang Port

126 HEEERLF /2021 4F /55 45 4 /55 5 3]



HEIRkE REPOATS

0.45 16

0.4 14

035 T AT RS AL

03 o - VR A/ (m-s™)

= 0= — wE e
# 025 o .
B 02 8 Z == MKill/(ms)
®oY ¢ B --iRF/(msT)
& 015 K k. 24.65m

0.1 * . 2056 C

0.05 2

0 0
3:00 6:00 9:00
Hif ]

0.5 18

0.45 16

0.4 .

035 - AT 1
= 128 - P mes)
w0 .. e 10 E —wmEramE
B 0.25 - : = - s
%{K \.\',_’ 8 i —JXLE/(mS )
w 02 6 B --WE/msT)

o1s | K oo

e 4 JKEE: 24.65m

0.1 =T HHEE: 26.16 C

0.05 2

0 0
3:00 6:00 9:00
HsF ]
(6)20204:7H30H
E6 IPAh ALK

Fig. 6 Variation of estimation factors

R, %07 LB 8 50l DX — i Bt
AR AT DR, XU 7 A o e UL T A 25 SR g
A BRI E X 3855 2 MR 55 Z LA T XU AN ] B9 A5
RIS SR AR E, eGP B IX LA T XU 45 1

3 &

AR SC 32 B NEE 23 34T 06 AR B R IR s A AT
DB VEAR 09 J5 3, B0 55 & AR iR BAE Sy — > 2
FR RS PEAR R 7, 48 F AHP Fll OWA 7k Mg &
THEAEE, fJn R GIS £ AR sh 4 A s AT XU 14
RERE 2, 1555 & A 45 R A% 7R B IX S8l 7 5 B e (]
P IR B RE A, B LA S — AP B, X TEAR B
b U 3 ) e A7 AU BT B . [R5 4 AHP
A OWA kit B mids KB AA, BE2e A AR 1k i
B B TEAR PR 6 T RUBS B 52, A B M A AT R
W o Sl A RURS: P4k 45 SR B 6% 0L JR 7 A T RURS: Y
AT R

LUK, AR ST A5 TR R W (R RN L B 45 )Xo A
T EARWFE, T — P e R e m b o8 4,
TR ST

Marine Sciences / Vol. 45, No. 5/2021

& 3CHk:

[1]

(6]

SENOL Y E, SAHIN B. A novel real-time continuous
fuzzy fault tree analysis (RC-FFTA) model for dynamic
environment[J]. Ocean Engineering, 2016, 127: 70-81.
BALMAT J F, LAFONT F, MAIFRET R, et al. A deci-
sion-making system to maritime risk assessment[J].
Ocean Engineering, 2011, 38(1): 171-176.
ELEYE-DATUBO A G, WALL A, WANG J. Marine and
offshore safety assessment by incorporative risk mod-
eling in a fuzzy-Bayesian network of an induced mass
assignment paradigm[J]. Risk Analysis, 2008, 28(1):
95-112.

AFENYO M, KHAN F, VEITCH B, et al. Arctic ship-
ping accident scenario analysis using Bayesian network
approach[J]. Ocean Engineering, 2017, 133: 224-230.
T3 i T DL 307 00 285 1) e 6 TS 2 VR M DXL T Al
Koy [D]. i RO TR, 2017.

WAN Weiqiang. Risk assessment and classification of
Ro-Ro passenger ships in Bohai Bay based on Bayesian
network[D]. Wuhan: Wuhan University of Technology,
2017.

LEE H H, KIM C S. An analysis on the relative impor-

tance of the risk factors for the marine traffic environ-

127



[10]

[11]

[12]

128

HEIRkE REPOATS

ment using analytic hierarchy process[J]. Journal of the
Korean Society of Marine Environment & Safety, 2013,
19(3): 257-263.

BT, SRR, 2R T gl DU 0 25 i e B AR
JOTIE S i DAL PT AT HERIESE (D], AR SY, 2019,
31(1): 94-102.

SHAN Yulong, ZHANG Ren, LI Ming. A feasibility
study on navigation in a key sea area of the northeast
passage of the arctic based on the dynamic Bayesian
network[J]. Chinese Journal of Polar Research, 2019,
31(1): 94-102.

WANG J, LI M, LIU Y, et al. Safety assessment of
shipping routes in the South China Sea based on the
fuzzy analytic hierarchy process[J]. Safety Science,
2014, 62: 46-57.

GULTEPE I, CANADA E, MILBRANDT J A, et al.
The fog remote sensing and modeling field project[J].
Bulletin of The American Meteorological Society, 2009,
90(3): 341-359.

MO DT, SR, ARG, SF. WSS TR BRI Y
HER[T). WVER, 2017, 41(12): 146-154.

XIAO Yanfang, ZHANG Jie, CUI Tingwei, et al. Re-
view of sea fog detection from satellite remote sensing
data[J]. Marine Sciences, 2017, 41(12): 146-154.
XU, KoL, SKRIRF, 5. SR T g 2 N 2% 07
0 B IR B I 25 TL AR SO MR (0], P G 4,
2019(6): 13-22.

LIU Shuxiao, YI Li, ZHANG Suping, et al. A study of
daytime sea fog retrieval over the Yellow Sea based on
fully convolutional networks[J]. Transactions of Ocea-
nology and Limnology, 2019(6): 13-22.

DORMAN C E, MEJIA J, KORA D, et al. World ma-
rine fog analysis based on 58-years of ship observa-
tions[J]. International Journal of Climatology, 2020,
40(1): 145-168.

SARAF A K, BORA A K, DAS J, et al. Winter fog over
the Indo-Gangetic Plains: mapping and modelling using

[14]

[15]

[16]

[19]

[20]

remote sensing and GIS[J]. Natural Hazards, 2011,
58(1): 199-220.

FiFiE, EREAR, XV, 5. e K H N R 55
FI 3 N B R[], RBUR A 2 i (R BB D,
2020, 45(8): 1117-1125.

DU Qingyun, WANG Yumiao, LIU Jiping, et al. Adap-
tive cartographic techniques for disaster emergency
services[J]. Geomatics and Information Science of
Wuhan University, 2020, 45(8): 1117-1125.

CHANDIO I A, MATORI AN B, WANYUSOF K B, et
al. GIS-based analytic hierarchy process as a multicri-
teria decision analysis instrument: A review[J]. Arabian
Journal of Geosciences, 2013, 6(8): 3059-3066.
YAGER R R. On ordered weighted averaging aggrega-
tion operators in multicriteria decision-making[J]. IEEE
Transactions on Systems, Man, and Cybernetics, 1988,
18(1): 183-190.

XU Z H. An overview of methods for determining
OWA weights[J]. International Journal of Intelligent
Systems, 2005, 20(8): 843-865.

XU, ZEihTt, BRI, B UK O A REAE N Y
Wi R [T]. BEUERL#, 2019, 41(6): 1167-1175.

LIU Cheng, CHE Dasheng, LI Xiaodong. Sea ice dis-
tribution and influencing factors in the yellow sea and
the Bohai Sea during winter 2018[J]. Resources Sci-
ence, 2019, 41(6): 1167-1175.

KA, SRR AR RS R R PR
PR AR (A SR B 1), 2008(3): 359-366.
ZHANG Suping, BAO Xianwen. The main advances in
sea fog research in china[J]. Periodical of Ocean Uni-
versity of China, 2008(3): 359-366.

e N RN [ Ry b LA T IR . LT i
X[M]. dbmt: AN RACH H Mt 2018: 183-187.
Maritime Safety Administration of the People’s Repub-
lic of China. China coastal navigation guide: northern
sea area[M]. Beijing: China Communications Press
Limited Liability Company, 2018: 183-187.

TEPERLF /2021 4F /55 45 45/ 45 5 1)



HEIRkE REPOATS

Navigation risk assessment method based on dynamic marine
environmental factors

DU Pei', ZENG Zhe !, REN Li-feng?, LI Zheng-hai®, YANG Jian-chang*

(1. College of Oceanography and Space Informatics, China University of Petroleum (East China), Qingdao
266580, China; 2. China National Petroleum Corporation Marine Geophysical Prospecting Branch, Tianjin
300457, China; 3. Cosco Shipping (Qingdao) Electronics Limited Liability Company, Qingdao 266001, China;
4. Offshore Oil Engineering Limited Liability Company, Tianjin 300461, China)

Received: Nov. 8, 2020
Key words: marine environmental factors; dynamic navigation risk assessment; AHP; OWA; sea fog

Abstract: Navigation risk has a higher uncertainty with the complicated evolution of maritime meteorology envi-
ronment over time. In this study, we dynamically evaluate the navigation risk of ships using spatial-temporal
analysis. Four dynamic marine environmental factors, namely, wind field, current, wave, and sea temperature; and
two static marine environmental elements, namely, sea fog frequency and submarine topography, are selected as the
evaluation criteria. The preliminary weights of each evaluation criterion are calculated using analytical hierarchy
process (AHP) and the optimized weights are developed using the ordered weighted averaging (OWA) combined
AHP. Dynamic risk maps of navigation assessment are generated with the support of Geographic Information Sys-
tem. Results show stable performances. This study reveals that the significant impact of evaluation criteria with a
large numerical variation on navigation risk can be highlighted by the AHP-OWA method. Furthermore, the dy-

namic assessment results obtained in this study can directly show the evolution process of navigation risk.
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