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Abstract

The maritime industry, as a cornerstone of global trade, faces numerous risks and challenges
that impact the safety, efficiency, and sustainability of operations. This study aims to present
an integrated and dynamic model for managing maritime risks. Initially, factors influencing
ship risks, marine cargo risks, and maritime energy risks were identified through a
comprehensive literature review. Subsequently, these factors were ranked and weighted using
multi-criteria decision-making methods such as DEMATEL and Analytic Network Process
(ANP). The results indicated that human factors hold the highest weight in ship risks; risks
related to the transport vessel are most significant in marine cargo risks; and maintenance and
repairs are of utmost importance in maritime energy risks.

To better understand the interactions between these risks, dynamic system modeling was
conducted, incorporating causal loop and flow diagrams. Four exogenous variables—ship age,
weather conditions, crew skills, and product type and packaging—were included in the model.
Sensitivity analysis revealed that increases in ship age and crew skills have significant short-
term effects on risks. Additionally, route planning can mitigate the adverse effects of
unfavorable weather conditions, and appropriate product packaging can reduce cargo risks.

The proposed model provides a powerful tool for managing maritime risks, enabling decision-
makers to develop effective strategies for risk reduction and resource optimization.
Implementing this model can lead to enhanced safety, improved operational efficiency, and
increased sustainability and competitiveness in the maritime industry. For future research, it is
recommended to extend the model to include environmental and economic risks and to utilize
real data to enhance the model's accuracy.
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' Crane Vessels
" Bundle

" Roll-Up

! Load-Out

® Concrete Platforms
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' Dry-Dock
" Module Support Frame
" Base Deck

" Modular Construction
® Towage to Site and Positioning at Site
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' Offshore Installation and Piling
2 Compliant Steel Platform
3 Floating or Tethered Structure
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! Liquefied Natural Gas (LNG)
2 Shuttle Tankers

U Module Support Frame (MSF)
" Air Gap
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! Concrete Platforms

2Trough

3 Gravity Base Structure (GBS)

4 Articulated Loading Columns or Platforms (ALPS)
3 Hibernia

¢ Arctic Sea
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' Tension Leg Platforms (TLPs)

' Floating Production Systems (FPSs)

" Tension Leg Platforms (TLPSs)

" Floating Production Systems (FPSs)

® Floating Production and Storage Offtake Facilities (FPSQs)
* Ship-Shaped Mono-Hull Design
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' Other Deepwater Platforms

" Guyed Tower
" Subsea Production Systems
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! Field Gathering System

" Treatment Facility
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@ Main Network: H&M.sdmod: ratings: Unweighted Super Matrix

Clusters | Nodes goal human factor | operation | vessel characteristic | vessel equipment
criteria | human factor 0.500000 | 0.000000 0.000000 | 0.000000 0.000000
operation 0.150000 | 0.000000 0.000000 | 0.000000 0.000000
vessel characteristic 0.250000 | 0.000000 0.000000 | 0.000000 0.000000
vessel equipment 0.100000 | 0.000000 0.000000 | 0.000000 0.000000
goal goal 0.000000 | 0.000000 0.000000 | 0.000000 0.000000
sub1 cargo 0.000000 | 1.000000 0.500000 | 0.615385 1.000000
certificate 0.000000 | 0.000000 0.400000 | 0.000000 0.000000
traffic 0.000000 | 0.000000 0.100000 | 0.384615 0.000000
sub?2 capitan 0.000000 | 0.166667 0.000000 | 0.000000 0.000000
charterer & repairer 0.000000 | 0.666667 0.000000 | 0.000000 0.000000
crew 0.000000 | 0.166667 0.000000 | 0.000000 0.000000
sub3 fire equipment 0.000000 | 0.285714 0.285714 | 0.000000 0.600000
navigation equipment | 0.000000 | 0.714286 0.714286 | 0.000000 0.400000
sub4 capability 0.000000 | 0.833333 0.000000 | 0.300000 0.000000
class 0.000000 | 0.000000 0.000000 | 0.500000 0.000000

structure 0.000000 | 0.166667 0.000000 | 0.200000 1.000000

Bl S jloe 45 09800 08B (83059 Lo pge 4 RS 9 99800 (28 0)9 oo (il O 5 o

@ Main Network: H&M.sdmod: ratings: Weighted Super Matrix

Clusters | Nodes goal human factor | operation | vessel characteristic | vessel equipment
criteria | human factor 0.500000 | 0.000000 0.000000 | 0.000000 0.000000
operation 0.150000 | 0.000000 0.000000 | 0.000000 0.000000
vessel characteristic 0.250000 | 0.000000 0.000000 | 0.000000 0.000000
vessel equipment 0.100000 | 0.000000 0.000000 | 0.000000 0.000000
goal goal 0.000000 | 0.000000 0.000000 | 0.000000 0.000000
sub1 cargo 0.000000 | 0.150000 0.300000 | 0.230769 0.300000
certificate 0.000000 | 0.000000 0.240000 | 0.000000 0.000000
traffic 0.000000 | 0.000000 0.060000 | 0.144231 0.000000
sub?2 capitan 0.000000 | 0.083333 0.000000 | 0.000000 0.000000
charterer & repairer 0.000000 | 0.333333 0.000000 | 0.000000 0.000000
crew 0.000000 | 0.083333 0.000000 | 0.000000 0.000000
sub3 fire equipment 0.000000 | 0.028571 0.114286 | 0.000000 0.120000
navigation equipment | 0.000000 | 0.071429 0.285714 | 0.000000 0.080000
sub4 capability 0.000000 | 0.208333 0.000000 | 0.187500 0.000000
class 0.000000 | 0.000000 0.000000 | 0.312500 0.000000

structure 0.000000 | 0.041667 0.000000 | 0.125000 0.500000
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@ Main Network: H&M.sdmod: ratings: Limit Matrix

Clusters | Nodes goal human factor | operation | vessel characteristic | vessel equipment
criteria | human factor 0.250000 | 0.000000 0.000000 | 0.000000 0.000000
operation 0.075000 | 0.000000 0.000000 | 0.000000 0.000000
vessel characteristic 0.125000 | 0.000000 0.000000 | 0.000000 0.000000
vessel equipment 0.050000 | 0.000000 0.000000 | 0.000000 0.000000
goal goal 0.000000 | 0.000000 0.000000 | 0.000000 0.000000
sub1 cargo 0.103846 | 0.150000 0.300000 | 0.230769 0.300000
certificate 0.018000 | 0.000000 0.240000 | 0.000000 0.000000
traffic 0.022529 | 0.000000 0.060000 | 0.144231 0.000000
sub?2 capitan 0.020833 | 0.083333 0.000000 | 0.000000 0.000000
charterer & repairer 0.083333 | 0.333333 0.000000 | 0.000000 0.000000
crew 0.020833 | 0.083333 0.000000 | 0.000000 0.000000
sub3 fire equipment 0.021714 | 0.028571 0.114286 | 0.000000 0.120000
navigation equipment | 0.043286 | 0.071429 0.285714 | 0.000000 0.080000
sub4 capability 0.075521 | 0.208333 0.000000 | 0.187500 0.000000
class 0.039062 | 0.000000 0.000000 | 0.312500 0.000000
structure 0.051042 | 0.041667 0.000000 | 0.125000 0.500000

el 525 ¢ SUPIACISION L1331 65 (29,5 51 Gelaio bajlomo (200335 S Culed 5 9

& Main Network: H&M.sdmod: ratings: Priorities — X
Here are the priorities.
lcon Name INormaIized by Clusterl Limiting
No Icon|  goal | 0.00000 0.000000
No Icon|  capitan | 0.16667 0.020833
No Icon| charterer & repairer I 0.66667 |0.083333
No lcon|  crew | 0.16667 |0.020833
No Icon|  cargo | 0.71928 0.103846
No lcon| certificate | 0.12468 0.018000
No lcon| traffic | 0.15605 0.022529
No Icon|  capability | 0.45598 |0.075521
No Icon|  dlass | 0.23585 0.039062
No lcon|  structure | 0.30818 0.051042
No lcon| fire equipment | 0.33406 0.021714
No lcon|navigation equipment I 0.66594 |0.043286
No Icon|  operation | 0.15000 0.075000
No Icon| human factor | 0.50000 0.250000
No Icon| vessel equipment I 0.10000 I0.0SOOOO
No lcon| vessel characteristic I 0.25000 |0.125000
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@ Main Network: cargo.sdmod: ratings: Unweighted Super Matrix
Clusters | Nodes goal cargo human factor | shipping & loading | vessel
criteria | cargo 0.100000 | 0.000000 | 0.000000 0.000000 0.000000
human factor 0.200000 | 0.000000 | 0.000000 0.000000 0.000000
shipping & loading 0.250000 | 0.000000 | 0.000000 0.000000 0.000000
vessel 0.450000 | 0.000000 | 0.000000 0.000000 0.000000
goal goal 0.000000 | 0.000000 | 0.000000 0.000000 0.000000
sub1 vessel characteristic 0.000000 | 0.000000 | 0.000000 0.000000 0.500000
vessel type 0.000000 | 0.000000 | 0.000000 0.000000 0.500000
sub2 cargo characteristic 0.000000 | 0.357143 | 0.000000 0.000000 0.375000
cargo type 0.000000 | 0.357143 | 0.000000 0.000000 0.000000
packaging 0.000000 | 0.285714 | 1.000000 1.000000 0.625000
sub3 crew 0.000000 | 0.000000 | 0.444444 0.000000 0.833333
loss history 0.000000 | 0.000000 | 0.111111 0.000000 0.166667
transportation institute | 0.000000 | 0.000000 | 0.444444 0.000000 0.000000
sub4 loading & unloading 0.000000 | 0.000000 | 1.000000 0.333333 0.000000
partshipment 0.000000 | 0.000000 | 0.000000 0.266667 0.000000
shipping detail 0.000000 | 0.000000 | 0.000000 0.133333 0.000000
transshipment 0.000000 | 0.000000 | 0.000000 0.266667 0.000000
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@ Main Network: cargo.sdmod: ratings: Weighted Super Matrix

Clusters | Nodes goal cargo human factor | shipping & loading | vessel
criteria | cargo 0.100000 | 0.000000 | 0.000000 0.000000 0.000000
human factor 0.200000 | 0.000000 | 0.000000 0.000000 0.000000
shipping & loading 0.250000 | 0.000000 | 0.000000 0.000000 0.000000
vessel 0.450000 | 0.000000 | 0.000000 0.000000 0.000000
goal goal 0.000000 | 0.000000 | 0.000000 0.000000 0.000000
sub1 vessel characteristic 0.000000 | 0.000000 | 0.000000 0.000000 0.300000
vessel type 0.000000 | 0.000000 | 0.000000 0.000000 0.300000
sub?2 cargo characteristic 0.000000 | 0.357143 | 0.000000 0.000000 0.050000
cargo type 0.000000 | 0.357143 | 0.000000 0.000000 0.000000
packaging 0.000000 | 0.285714 | 0.181818 0.285714 0.083333
sub3 crew 0.000000 | 0.000000 | 0.161616 0.000000 0.222222
loss history 0.000000 | 0.000000 | 0.040404 0.000000 0.044444
transportation institute | 0.000000 | 0.000000 | 0.161616 0.000000 0.000000
sub4 loading & unloading 0.000000 | 0.000000 | 0.454545 0.238095 0.000000
partshipment 0.000000 | 0.000000 | 0.000000 0.190476 0.000000
shipping detail 0.000000 | 0.000000 | 0.000000 0.095238 0.000000
transshipment 0.000000 | 0.000000 | 0.000000 0.190476 0.000000
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@ Main Network: cargo.sdmod: ratings: Limit Matrix

Clusters | Nodes goal cargo human factor | shipping & loading | vessel
criteria | cargo 0.050000 | 0.000000 | 0.000000 0.000000 0.000000
human factor 0.100000 | 0.000000 | 0.000000 0.000000 0.000000
shipping & loading 0.125000 | 0.000000 | 0.000000 0.000000 0.000000
vessel 0.225000 | 0.000000 | 0.000000 0.000000 0.000000
goal goal 0.000000 | 0.000000 | 0.000000 0.000000 0.000000
sub1 vessel characteristic 0.067500 | 0.000000 | 0.000000 0.000000 0.300000
vessel type 0.067500 | 0.000000 | 0.000000 0.000000 0.300000
sub2 cargo characteristic 0.029107 | 0.357143 | 0.000000 0.000000 0.050000
cargo type 0.017857 | 0.357143 | 0.000000 0.000000 0.000000
packaging 0.086932 | 0.285714 | 0.181818 0.285714 0.083333
sub3 crew 0.066162 | 0.000000 | 0.161616 0.000000 0.222222
loss history 0.014040 | 0.000000 | 0.040404 0.000000 0.044444
transportation institute | 0.016162 | 0.000000 | 0.161616 0.000000 0.000000
sub4 loading & unloading 0.075216 | 0.000000 | 0.454545 0.238095 0.000000
partshipment 0.023810 | 0.000000 | 0.000000 0.190476 0.000000
shipping detail 0.011905 | 0.000000 | 0.000000 0.095238 0.000000
transshipment 0.023810 | 0.000000 | 0.000000 0.190476 0.000000
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@ Main Network: cargo.sdmod: ratings: Priorities — X
Here are the priorities.

m Name INormaIized by Clusterl Limiting

No Icon| cargo characteristic I 0.21739 |0.0291 07
No lcon| cargo type | 0.13336 0.017857
No Icon| packaging | 0.64925 |0.086932
No Icon|  goal | 0.00000 0.000000
No lcon|  crew | 0.68658 0.066162
No Icon|  loss history | 0.14570 |0.014040
No Icon| transportation institute | 0.16772 l0.016162
No Iconloading & unloading | 0.55823 l0.075216
No lcon| partshipment | 0.17671 0.023810
No lcon| shipping detail | 0.08835 0.011905
No Icon| transshipment | 0.17671 |0.023810
No lcon| vessel characteristic I 0.50000 I0.0G?SOO
No lcon| vessel type | 0.50000 0.067500
No lcon|  cargo | 0.10000 |0.050000
No Icon| human factor | 0.20000 0.100000
No Icon| shipping & loading | 0.25000 0.125000
No Icon|  vessel [ 045000 J0.225000
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@ Main Network: energy.sdmod: ratings: Unweighted Super Matrix

Clusters Nodes goal construction & implement desgin exploitation & maintenance
criteria construction & implement 0.363636 0.000000 0.000000 0.000000
desgin 0.181818 0.000000 0.000000 0.000000
exploitation & maintenance 0.454545 0.000000 0.000000 0.000000
goal goal 0.000000 0.000000 0.000000 0.000000
sub1 material 0.000000 0.000000 0.272727 0.000000
method 0.000000 0.000000 02727271 0.000000
team 0.000000 0.000000 0.454545 0.000000
sub2 condition 0.000000 0.454545 0.000000 0.000000
process 0.000000 0.363636 0.583333 0.000000
structure 0.000000 0.181818 0.416667 0.000000
sub3 location 0.000000 0.000000 0.000000 0.583333
overhull 0.000000 1.000000 1.000000 0.416667
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@ Main Network: energy.sdmod: ratings: Weighted Super Matrix

Clusters Nodes goal construction & implement desgin exploitation & maintenance
criteria construction & implement 0.363636 0.000000 0.000000 0.000000
desgin 0.181818 0.000000 0.000000 0.000000
exploitation & maintenance 0.454545 0.000000 0.000000 0.000000
goal goal 0.000000 0.000000 0.000000 0.000000
sub1 material 0.000000 0.000000 0.113636 0.000000
method 0.000000 0.000000 0.113636 0.000000
team 0.000000 0.000000 0.189394 0.000000
sub2 condition 0.000000 0.129870 0.000000 0.000000
process 0.000000 0.103896 0.097222 0.000000
structure 0.000000 0.051948 0.069444 0.000000
sub3 location 0.000000 0.000000 0.000000 0.583333
overhull 0.000000 0.714286 0.416667 0.416667

@ Main Network: energy.sdmod: ratings: Limit Matrix

3 Cedylhe A 09l o0 ST g0 e Yo Ol 3l om

Clusters Nodes goal construction & implement desgin exploitation & maintenance
criteria construction & implement 0.181818 0.000000 0.000000 0.000000
desgin 0.090909 0.000000 0.000000 0.000000
exploitation & maintenance 0.227273 0.000000 0.000000 0.000000
goal goal 0.000000 0.000000 0.000000 0.000000
sub1 material 0.010331 0.000000 0.113636 0.000000
method 0.010331 0.000000 0.113636 0.000000
team 0.017218 0.000000 0.189394 0.000000
sub2 condition 0.023613 0.129870 0.000000 0.000000
process 0.027729 0.103896 0.097222 0.000000
structure 0.015758 0.051948 0.069444 0.000000
sub3 location 0.132576 0.000000 0.000000 0.583333
overhull 0.262446 0.714286 0416667 0.416667

ol 15 2ot SUPETDECISION 31 5 g e o oma 3535 i sl o




@ Main Network: energy.sdmod: ratings: Priorities

Here are the priorities.

lcon Name
No Icon desgin
No Icon|construction & implement
No lcon _exr::loitation &
maintenance
No Icon goal
No Icon material
No Icon team
No lcon|  method
No Icon structure
No lcon|  process
No lcon|  condition
No Icon location
No lcon overhull

INormaIized by Clusterl Limiting

| 0.18182 |0.090909
| 0.36364 lo.181818
| 0.45455 0227273
| 0.00000 0.000000
| 0.27273 0.010331
| 0.45454 lo.017218
| 0.27273 0.010331
| 0.23484 0.015758
| 0.41325 0.027729
| 0.35191 0.023613
| 0.33562 0.132576
| 0.66438 |0.262446
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Selected Variables
200

100

0 10 20 30 40 50 60 70 80 90 100
Time (Month)

cargo risk : current —— humanrisk: current
—— hullrisk : current —— operation risk: current
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Parameter : hull risk
Display ¢ Mean absolute deviation between base run and +/-10% runs
Runname : currentvdfx
age=0.7

-(0.18) 0.380848
"capability & exprience" = 0.2

+(0.22) 0 16

-(0.9)
"type & packaging" =1

+(1.1) 0.3
"builder/ tonnage" = 0.5

+(0.55) 0.190099

Sk S,
Parameter : cargorisk
Display : Mean absolute deviation between base run and +/-10% runs
Runname : current.vdfx
(0.9)

"type & packaging" = 1

"capability & exprience" = 0.2

+(0.22)
Sl S
Parameter : human risk
Display : Mean absolute deviation between base run and +/-10% runs
Runname : currentvdfx

"capability & exprience" = 0.2

+(0.22) 0.106193
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Parameter : operation risk

Display : Mean absolute deviation between base run and +/-10% runs
Runname : current.vdfx

"type & packaging" = 1

+(1.1) 0. 303

-(0.18) 0.0645917

"capability & exprience" = 0.2
+(0.22)
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