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Abstract:  To mitigate the occurrence of berthing accidents in fog, this study constructed a cloud model-
based visual risk assessment framework for ship berthing operations under dense foggy conditions. Within
this framework, a comprehensive risk assessment index system was first established, encompassing four
dimensions: personnel involved in berthing, vessel characteristics, berth facilities, and environmental
conditions. Subsequently, the combined AHP and DEMATEL method was employed to calculate the
integrated influence weights of each assessment indicator. To address the uncertainty inherent in berthing
risks, the cloud model was introduced to quantify the risks associated with foggy berthing operations.
Finally, the proposed framework was applied to evaluate four typical berthing scenarios at the Waigaoqiao
Container Terminal of Shanghai Port. The results demonstrate that the marine clearance (fore and aft
distance) at the berth, the proficiency of pilots in foggy berthing operations, and the positioning
effectiveness of berth leading marks or lights significantly influence the risk levels of ship berthing in fog.
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This risk assessment model accurately evaluates and visually represents berthing risks across different

scenarios. It thus holds substantial importance for ensuring all-weather berthing operations and enhancing

port cargo throughput capacity.

Keywords: cloud model; ships in heavy fog;
hierarchy process ( AHP );
(DEMATEL) method
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Fig.1 Indicator system for risk assessment of ship berthing operations in fog
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Fig.2 Visualised risk assessment framework for ship berthing operations in fog
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Fig.4 Comprehensive risk cloud map for different scenarios



494

TBEIRAG T AR RS AN SEIA VAl XUBS: Al - 165 -

2.3 AR EER

WRAER 1 P INE R, — HAR b = R liE S 8%
K (4) = MBUER A MEEA R IES U, TR
93805 3 FLE R IESE U (4. 209,0. 475,
0.123) . BArifE = FROE S BOM L6 = FRIE S 8
AIEM = & 4%, i F Python 4 #2 , 15 B 25 & 1VF A6
SR, E 4c Bis, R R R 1.2
4 LR ZRHESEL I HUR LR & I = B, a0
Kl 4 s,
2.4 HRSW

1) BMRE Gt 3 MEE W = BT X
Iz R vy RS, 22 (1], 3R AR TZE LG 3 56 R S AR
A =, T 5 1, 5 2 Fdg s 4 JRUR: AH X 3¢
i, HE—Lopral A 5 3 vh U, B U T8 FRAS
#, HAE S EOR SR T SRR R - T,

2) Yse 1 Yyt 2 Midgse 4 v AR S 508
V3 R, S RS AR 3G A T B SR 57 () A E
PR REHE L 2s  FE A BRI A 25 [H] R 4% 1 55

RERSGE R AL 1) AL B O ME R TR, FLEE 5 2 3]
U A5 IR BRI R 52

3) BRAEAA A B X SR XS A AR A 5
s L M, Y5 2 U FehnAE 22 R bRl R
KT 7 A5 S8R M LA A R, X — AR TR i A5 37 5% 2
() SETE KU A7 B B T, R S 850 5 2 XU i 55 1)
FEJEHA

4) 553 M, S 4 B WE AL, %
SERELH A U, U, LR U, 82 )E, KE T
KA FEIAVE AL (1) KBS AT SR Ak F o] 45 5
2.5 EHBRBARALZHEF

3 2 Yy KRS PEAL A 9T 25 3R BH I A I
Jo PR T B 2 TR AR AKCE A6 AR e R AT
(7 SR HiAS D B 55 TP ST A RO D R Sk T
AZEHEEIARLABE ) 5 Wit bR TR, M ANSE I 1E
AP AU TR I, PR R AR RS A T SR IAE
My I I, DL 2, FRER 2 RT ROR SR
s T AT LA St 1) A R PR

R2 REEREHEEREART R

Table 2 Risk factor control measures and technical support

P P F TG TR
S ST R 4 5 iz, 5 Q#é
L PR B0 | e RS S e 1 | LD I B A
P BRI 2006 f 4016 B B - o
L | SURE | B ARSI KB 5 R | AL A b S AR
KT BRI B A B A AT | B8 2 e A
I 310005 R A B R0 (B (N ERCE) P | oy
o SRR | AR AL, R, A E% %@i;&iﬁéﬂfx ;’;ﬁi‘égﬁ
KHpRGACE | Bk, I A G b ok e | A TR
S B S0 7 5 B e e
s 1 AR 5 2T 155 LI AT
g | D A 1 TP B WAL L B4 A ok G LI T o T o 5 A
TR o
ERES
st e | RO T R S HU % BE 0t | R SR % 8 %
5| Gt T S SR L S . AR | TR, A B 60 £
FHETT | ) R BRI 2 i
pE A BT T ACEME R ST FEE
3 I/ 1

1) A B A AL B AR 4 A
I 19 THEARA R Z5 S T A AR SE 0 VR Ak XU P47
AR R | R R GE R B R B DA XU it T
PSR

2) $EH—FPEl A& AHP 5 DEMATEL J5 ki 45
AR TR, E % B T R A2 R G A
(AT EE B | O B 22 PR R A L SE I 275 R0

3) LT A BRI SE A AR EE IR AR AL X
B PTARAL PPAGHE SR, A 00 Ak XU A i 7 v g 468
RIS REAILE ), 52 B T RUBS: 7315 B R o 4
ALK PR 2 e SRR A T S

4) G — A e R R 250 M 45 R e A
BYAEIR AR GE, AR THE S IR A0 ISR A 1l
AR 22 A 5 TR TR) I 5 o 5 2 B - -
PRIE BRI BIL ] B4 SRR o



- 166 -

hoE T e B ¥ % iR H35%
China  Safety Science Journal 20254F

(1]
(2]

(3]

(4]

(5]
(6]

(7]

(8]

(9]

[10]

(11]
(12]

[13]
[14]

(15]

[16]

(17]

2 % X #

MOLINA-SANCHEZ R, CAMPOS A, ALFONSO M, et al. Assessing operability on berthed ships. common approaches
present and future lines[ J]. Journal of Marine Science and Engineering, 2020, 8(4) . DOI.10. 3390/jmse8040255.
B, 2. BB EARFH MR R BN SIS ]. PERVE,2017,40(2) :65-68,82.

DAI Houxing, WU Zhaolin. Dynamic pre-assessment of maritime traffic risk under poor visibility conditions[ J]. China
Navigation, 2017, 40(2). 65-68, 82.

GAO Yuan, JIANG Guoyou. Research on influencing factors and countermeasures of fog navigation in Weihai
Harbour C]J. Proceedings of 2018 the 5" International Conference on Education, Management, Arts, Economics and
Social Science (ICEMAESS 2018), 2018. 1112-1114.

SHEN Yongtian, ZENG Zhe, LIU Dan, et al. Exploring spatial non-stationarity of near-miss ship collisions from AIS data
under the influence of sea fog using geographically weighted regression: a case study in the Bohai Sea, China[ J]. Acta
Oceanologica Sinica, 2024, 42(12). 77-89.

GOKSU S, OZCAN A. A quantitative dynamic risk assessment for ship operation using the fuzzy FMEA . the case of ship
berthing/unberthing operation[ J]. Ocean Engineering, 2023, 287. DOI. 10. 1016/J. OCEANENG. 2023. 115548.

LUO Xiaofang, LING Hao, XING Mengxia, et al. A dynamic-static combination risk analysis framework for berthing/
unberthing operations of maritime autonomous surface ships considering temporal correlation[ J]. Reliability Engineering
and System Safety, 2024, 245. DOI.10. 1016/]. RESS. 2024. 110015.

LIN Bowen, ZHENG Mao, CHU Xiumin, et al. A novel method for the evaluation of ship berthing risk using AIS
data[ J]. Ocean Engineering, 2024, 293. DOI.10. 1016/]. OCEANENG. 2023. 116595.

KHAN R U, YIN Jingbo, SHAIR M F, et al. Factor assessment of hazardous cargo ship berthing accidents using an
ordered logit regression model[ J]. Ocean Engineering, 2023, 284. DOI.10. 1016/]. OCEANENG. 2023. 115211.

UL IRE Y, B3, 5. AAR IR EWMXMmIIITHTRREE[]]). EBBBAZEFIR, 2020,
41(1) . 57-63.

LI Zhuang, HU Shenping, GAO Guoping, et al. A Bayesian decision model for the risk of ship berthing operations during
different tides[ J]. Journal of Shanghai Maritime University, 2020, 41(1). 57-63.

LI Chunxu, ZHAO Jun, DING Gege, et al. The study of risk assessment method for ship berthing based on the " Human-
Ship-Environment" synergy [ JJ. Journal of Marine Science and Engineering, 2024, 12 ( 11). DOI. 10.3390/
JMSE12112022.

KALITA N, BORA K A, SARMAH R, et al. Comparative flood hazard assessment in Assam’s Belsiri River basin using
AHP and MaxEnt models[ J]. Revue Internationale de Géomatique, 2025, 34(1) :37-51.

HE Peng, LU Fei, SUN Ruishan, et al. Examining influencing factors and their hierarchical relationships in flight crew
resilient behavior through a hybrid ISM-DEMATEL approach[ J]. Scientific Reports, 2025, 15(1). DOI. 10. 1038/
S41598-025-85990-4.

SHI Jiahui, LIU Zhengjiang, FENG Yinwei, et al. Evolutionary model and risk analysis of ship collision accidents based
on complex networks and DEMATEL[J]. Ocean Engineering, 2024, 305. DOI.10. 1016/]. OCEANENG. 2024. 117965.
gEZe, @E, 800, %5 ET&H AHP-DEMATEL 8Y10HUK X MK RN ()], BIVE TR KSR,
2022, 43(7) . 944-949,992.

XUE Yanzhuo, ZHOU Ying, LU Yang, et al. Risk evaluation of ice entrapment of ships in Arctic ice area based on fuzzy
AHP-DEMATEL[J]. Journal of Harbin Engineering University, 2022, 43(7) . 944-949, 992.

BRI, 0B5R1Y , RIEE , 5. EF B ACHSHEN -=RAUGEH RIIGRMAXIEGL]. PEZENZZR,
2024,34(4) .232-238.

CHEN Na, HU Yitong, YUAN Yingfeng, et al. Firefighter training injury risk assessment based on game-theoretic
combinatorial empowerment-cloud model[ J]. China Safety Science Journal, 2024, 34(4). 232-238.

HU Jiageng, WANG Fugiang, LIU Peiheng, et al. Evaluation of urban water cycle health status based on DPSIRM
framework and AHP-FCE-cloud model [ J]. Ecological Indicators, 2025, 170. DOI; 10.1016/]. ECOLIND.
2024. 112935.

JIANG Yuanqi, YUAN Dongsheng. Risk hierarchical management and control model based on AHP-DEMATEL-cloud
model[ J]. Financial Engineering and Risk Management, 2024, 7(2) . DOI. 10. 23977/FERM. 2024. 070214.

EER-N: AER  (1976—), 5, ZHOME N, M YRR, 3222 S5 A AR AR
BREAIN Uiz KB % 7w S . E-mail ; trqin@ shmtu. edu. cn,,



