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Abstract 
Commercial maritime shipping faces an unrecognized structural vulnerability rooted in 

cognitive visibility bias (Bazerman & Moore, 2013; Tversky & Kahneman, 1974).  For over half 

a century, international environmental guidance and maritime finance have prioritized visually 

perceptible surface externalities, such as funnel emissions under MARPOL Annex VI, 

hydrocarbon discharges under MARPOL Annex I, and plastic refuse under MARPOL Annex V, 

while treating the marine soundscape as an economically benign void.  Consequently, 

underwater radiated noise (URN) has remained confined to non-mandatory guidelines 

(International Maritime Organization (IMO), 2024). 

 

This paper examines the systemic breakdown that occurs when isolated propeller-

quieting modifications impose hydrodynamic fuel penalties (Carlton, 2007; Leaper, 2019), 

triggering operational Carbon Intensity Indicator (CII) downgrades, sustainability-linked loan 

(SLL) margin step-ups, charter party disputes under NYPE and BIMCO regimes, and accelerated 

asset impairment.  Finally, it presents the multi-stakeholder decision framework deployed at the 

IEEE/MTS OCEANS 2026 Socio-Technical Simulation Workshop to de-risk commercial fleet 

balance sheets. 



Introduction:  The Sensory Illusion of Commercial Shipping 
  

If a 53-foot commercial freight truck began radiating a continuous 110-decibel 

mechanical screech (like standing three feet away from a pneumatic jackhammer) while 

shuddering across a highway corridor, fleet managers would pull the asset from service 

immediately.  Terrestrial logistics operators understand intuitively that intense acoustic radiation 

and mechanical vibration signify severe thermodynamic waste, imminent structural failure, and 

operational inefficiency. 

 

 On the high seas, an identical mechanical failure occurs across global trade lanes, yet it 

remains unpriced and unmanaged.  A modern 20,000 Twenty-foot Equivalent Unit (TEU) 

container vessel transiting at design service speed radiates underwater sound pressure levels 

between 180 and 190 decibels1 [an energetic acoustic footprint comparable to an atmospheric jet 

engine at takeoff] (Carlton, 2007; Heritage Centre, 2026; Leaper, 2019).  This acoustic signature 

propagates across hundreds of square kilometers, saturating low-frequency ocean soundscapes. 

 

 Yet on the bridge of a ship, navigation officers monitor silent digital interfaces; in 

corporate boardrooms, Chief Financial Officers audit bunker fuel ledgers without seeing an 

expense tied to acoustic radiation.  This structural blind spot demonstrates bounded awareness 

and the availability heuristic within capital markets (Bazerman & Moore, 2013; Tversky & 

Kahneman, 1974).  Because human beings lack aquatic sensory organs, maritime executives, 

lenders, and regulators perceive operational externalities almost exclusively through an 

atmospheric (or visual) lens. 

 

 This sensory bias is institutionalized across maritime law: 

 

• Atmospheric emissions (carbon dioxide, sulfur dioxides, nitrogen oxides, and black 

carbon) are chemically measurable at the exhaust stack, resulting in binding instruments 

such as the Energy Efficiency Existing Ship Index (EEXI), the operational Carbon 

Intensity Indicator (CII), and the European Union Emission Trading System (EU ETS) 

(European Parliament & Council of the European Union (EP & CEU), 2023; IMO, 2021). 

 

• Surface marine pollution (hydrocarbon discharges and plastics) is visible on the water 

surface, codified into strict liability regimes under MARPOL Annexes I and V. 

 

• Underwater radiated noise (URN), despite representing massive kinetic energy 

dissipation, remains governed by voluntary, non-binding recommendations (IMO, 2024). 

 

Physics operates independent of human sensory perception.  The violent collapse of 

cavitation bubbles across marine screw propellers represents shaft power diverted into acoustic 

shockwaves rather than forward thrust.  When operators execute isolated, reactive propeller 

modifications without addressing upstream wake non-uniformities, they trigger a multi-domain 

collision with commercial debt structures, charterparty performance warranties, and secondary 

market asset valuations. 

 
1 For brevity, sound measurements in this paper are expressed as dB, but they are dB re 1𝜇Pa @ 1 m. 



 

Perceptual Input 

(Human Sensory Trigger) 

Statutory Regime 

(Regulatory Mechanism) 

Balance Sheet Consequence 

(Financial Impact) 

Funnel Smoke & Soot 

 

(Visually Salient) 

MARPOL Annex VI/ EU ETS 

 

Binding Carbon Limits & 

Emission Allowances 

Predictable OPEX: 

 

Direct Carbon Levies, ETS 

Surrenders, and Fuel 

Surcharges 

Floating Plastics 

 

(Visually Salient) 

MARPOL Annex V 

 

Mandatory Discharge 

Prohibitions 

Punitive Fines: 

 

Port State Control Penalties 

and Operational Holds 

Harbor Oil Slicks 

 

(Visually Salient) 

MARPOL Annex I / OPA 90 

 

Strict Liability and Mandatory 

Containment 

Liquidity Event: 

 

Vessel Detentions, 

Remediation Costs, and Port 

Bans 

Propeller Cavitation 

 

(Invisible/Acoustic) 

IMO MEPC.1/Circ.906/Rev.1 

 

Voluntary & Fragmented 

Guidelines 

Capital Impairment: 

 

CII Degradation, SLL Margin 

Step-Ups, and Asset Haircuts 

 

Table 1:  The Sensory Regulatory Paradigm:  How Visibility Bias Drives Unhedged 

Maritime Capital Risk 

 

 

The Commercial Delivery Fleet Analogy:  The “Muffler vs. Mileage” Paradox 
  

To isolate how uncoordinated acoustic mitigation damages balance sheets, consider an 

analogous scenario in road freight. 

 

 A logistics operator manages 1,000 hybrid delivery vans optimized for 50 miles per 

gallon (MPG), financed through a low-margin sustainability-linked credit facility indexed to fleet 

carbon emissions.  A municipal corridor suddenly enforces an acoustic ordnance:  reduce vehicle 

exterior noise by 50% or incur operating bans.  To comply rapidly without redesigning the 

powertrain, mechanics install restrictive exhaust baffles and heavy, soft-compound tires.  The 

fleet runs quietly, but engine backpressure and rolling resistance surge.  Fleet fuel economy 

drops from 50 MPG to 38 MPG (a 24% fuel penalty). 

 

The resulting financial cascade is immediate: 

 

• Fleet carbon intensity breaches the sustainability-linked loan covenants, stripping the 

interest margin discount and activating contractual rate step-ups. 

 

• Fleet operating margins compress as daily fuel consumption escalates. 

 



• The 24% efficiency drop shrinks driving range per charge/tank, forcing mid-shift 

refueling diversions that cut daily route completions and require reserve vans to cover 

scheduled deliveries. 

 

This terrestrial paradox mirrors modern commercial maritime shipping.  Rather than 

$50,00 delivery vans, the assets at stake are $150 million merchant vessels carrying more than 

80% of global trade.2  

 

 

Hydrodynamic Cavitation Physics and the Quieting Trade-Off 
 

 The friction between acoustic suppression and energy efficiency is rooted in fluid 

mechanics and screw propeller boundary layer interactions (Carlton, 2007).  As shown in Figure 

1, the physical conflict originates at the stern, where non-uniform hull wake dynamics force a 

direct trade-off between radiated acoustic energy and open-water propulsive efficiency. 

 

 
 

Figure 1:  Acoustic Radiation vs. Energy Efficiency 

 

 

 

 
2 There is great debate what the actual percentage is.  Discussions vary between 80% to more than 90%.  

The bottom line is global shipping dominates global trade. 



Cavitation Inception and Non-Homogeneous Wake Fields 

 

 A marine propeller operates in a non-uniform; highly turbulent wake field shed by the 

vessel’s stern.  As documented by Carlton (2007), when a propeller blade rotates through top 

dead center (the 12 o’clock position), it enters the wake peak, a localized zone beneath the stern 

where water inflow velocity is retarded by boundary layer friction, producing a severe localized 

spatial wake deficit profile, 𝑤 (𝑟, 𝜃) relative to the nominal bulk Taylor wake field (𝑤𝑇).  As 

localized inflow velocity drops, the effective angle of attack on the advancing blade profile 

increases, causing a sharp rise in hydrodynamic lift and a localized drop in static pressure across 

the blade’s suction surface.  According to Bernoulli’s formulation, cavitation occurs when 

localized static pressure falls below the saturated vapor pressure of seawater (𝑝𝑣).  While the 

bulk ship advance cavitation number (𝜎0) is formulated as:   

 

𝜎0 =
𝑝0 − 𝑝𝑣

1
2 𝜌𝑉𝑎

2
 

 

Localized blade section inception is governed by the section cavitation number (𝜎𝑟): 

 

𝜎𝑟 =
𝑝0 − 𝑝𝑣

1
2 𝜌𝑉𝑅

2
 

 

where 𝑝0 represents ambient hydrostatic pressure, 𝜌 is fluid density, Va is the mean axial speed 

of advance entering the propeller, and 𝑉𝑅(𝑟) = √𝑉𝑎
2 + (2𝜋𝑛𝑟)2 is the local resultant inflow 

velocity vector dominated by blade angular velocity (2𝜋𝑛𝑟) at the outer radial stations (𝑟
𝑅⁄ ≥

0.7).  When the blade sweeps into the 12 o’clock wake peak, the localized drop in axial velocity 

surges the effective section angle of attack, driving localized static pressure below 𝑝𝑣 and 

triggering dynamic cavitation. 

 

 Once operational speeds exceed a vessel’s Cavitation Inception Speed (CIS), typically 

between 9 and 11 knots for full-form bulk and tanker tonnage, and 12 to 14 knots for slender 

ultra-large container hulls operating under heavy draft, the fluid fractures at microscopic gas 

nuclei (Carlton, 2007).  This produces distinct cavitation regimes: 

 

• Tip-Vortex Cavitation:  Dynamic vapor filaments trailing from blade tips into the 

slipstream 

 

• Sheet Cavitation:  Attached vapor sheets expanding across wide fractions of the blade 

suction surface 

 

• Propeller-Hull Vortex (PHV) Cavitation:  Destructive, intermittent vortices bridging 

the propeller tips and the flat bottom of the stern hull plate under low advance 

coefficients 

 



In an idealized acoustic free-field, acoustic energy radiated by dynamic cavitation is 

governed by the second time-derivative of the instantaneous cavity volume (Carlton, 2007): 

 

𝑝 (𝑟, 𝑡) =  
𝜌

4𝜋𝑟

𝑑2𝑉(𝑡)

𝑑𝑡2
 

 

where 𝑝 (𝑟, 𝑡) is acoustic pressure at field distance 𝑟, and 𝑉(𝑡) is instantaneous cavity volume.  

Under operational boundary conditions, this monopole source radiation is substantially 

modulated by free-surface Lloyd’s mirror interference patterns3, dipole image source dynamics, 

and stern hull-plate acoustic scattering (Carlton, 2007). 

 

Hydrodynamic Takeaway:  Cavitation acoustic power is directly governed by cavity 

volume acceleration (𝑑2𝑉
𝑑𝑡2⁄ ).  Suppressing dynamic collapse without homogenizing 

the spatial wake deficit 𝑤 (𝑟, 𝜃) forces naval architects to de-pitch and unload outer 

blade profiles, destroying optimal hydrodynamic circulation. 

 

 When the blade exits the wake peak, ambient hydrostatic pressure recovers.  The vapor 

cavity implodes violently, producing localized microjets, high-frequency shockwaves, and 

acoustic pulses across a broadband spectrum from 50 Hz to over 10 kHz.  This mechanism 

accounts for more than 80% of total vessel URN (Carlton, 2007; IMO, 2024; Leaper, 2019). 

 

The Propulsive Efficiency Penalty on Isolated Modifications 

 

 While low-cost boss cap retrofits (such as Propeller Boss Cap Fins (PBCF)) can mitigate 

hub-vortex cavitation, suppressing blade-tip and sheet cavitation without modifying upstream 

inflow forces operators into isolated propeller geometry alterations on existing tonnage: 

 

• Unloading blade tips:  Decreasing radial pitch distribution at outer radii (0.7𝑅 to 1.0𝑅) 

and shifting circulation inward. 

 

• Expanding the Blade Ratio Area (BAR):  Widening blade chord lengths to distribute 

hydrodynamic lift over larger surface areas, dampening peak negative pressure. 

 

• Thickening leading edges:  Rounding blade profiles and adding anti-singing chamfers to 

avoid flow separation 

 

Delivered power (𝑃𝐷) required to propel a ship at speed 𝑉𝑠 against resistance R is governed by the 

quasi-propulsive coefficient (QPC) (Carlton, 2007): 

 

𝑃𝐷 =
𝑅 ⋅ 𝑉𝑠

QPC
=

𝑅 ⋅ 𝑉𝑠

𝜂𝐻 ⋅ 𝜂𝑅 ⋅ 𝜂0
 

 

 
3 The ISO 17208 series go into more detail about codifying the physical corrections required for Lloyd’s 

Mirror interference; however, it is beyond the scope of this paper to go into that level of detail. 



where 𝜂𝐻 is hull efficiency, 𝜂𝑅  is relative rotative efficiency, and open-water propeller efficiency 

is defined as: 

 

𝜂0 =
𝐽

2𝜋

𝐾𝑇

𝐾𝑄
 

 

 Expanding the blade area ratio increases wetted surface area, driving up viscous skin 

friction and torque coefficients (𝐾𝑄) for a given thrust coefficient (𝐾𝑇).  Concurrently, unloading 

blade tips forces a departure from the hydrodynamically optimal radial circulation distribution, 

degrading open-water efficiency (𝜂0).  While integrated newbuild designs and advanced retrofit 

packages (combining Mewis ducts, pre-swirl stators, or Schneekluth ducts with customized 

propeller geometries) can optimize wake inflow and recover performance, isolated, post-delivery 

propeller only retrofits executed on legacy hull lines impose an unhedged 2% to 5% net 

propulsive efficiency penalty (
Δ𝑃𝐷

𝑃𝐷
⁄ ) (Carlton, 2007; Leaper, 2019). 

 

Executive Takeaway:  Isolated propeller quieting retrofits inherently trade acoustic 

signature for propulsive drag.  Empirical sea trials confirm that achieving a 5 to 10 dB 

broadband acoustic signature reduction through isolated blade tip de-pitching imposes a 

direct 2% to 5% penalty on daily bunker fuel consumption. 

 

 

Logistical Speed Dynamics and Charterparty Risk Allocation 
  

The hydrodynamic efficiency penalty interacts directly with speed optimization models 

and maritime commercial contracts, as illustrated in Table 2.  Data synthesized from speed 

optimization and inventory payload models (Psaraftis & Kontovas, 2014), illustrates high-value 

cargo streams force vessels toward maximum upper speed bounds (𝑣𝑈𝐵), maximizing cavitation 

intensity and acoustic output. 
  

 

Operational Speed Optimization Models 

 

 Daily fuel consumption is a non-linear function of sailing speed (v) and payload 

displacement (w) (Psaraftis & Kontovas, 2013, 2014): 

 

𝑓(𝑣, 𝑤) = 𝑘(𝑝0 + 𝑣𝑞)(𝑤 + 𝐴)2/3 

 

where k, 𝑝0, and q represent hull hydrodynamic constants (q ≥ 3), and A denotes lightship 

displacement.  Fuel consumption scales with the cube of speed (v3), reaching v4 or v5 on high-

speed container tonnage. 

 

 Speed optimization is bounded by cargo inventory holding costs per voyage (𝐶𝑖𝑛𝑣) 

(Psaraftis & Kontovas, 2014): 

 

𝐶𝑖𝑛𝑣 = 𝑏 ⋅ 𝑤 = (
𝑃𝑐𝑎𝑟𝑔𝑜⋅𝑟𝑐𝑎𝑝

365
)w 



 

where 𝑃𝑐𝑎𝑟𝑔𝑜 is commodity market value, 𝑟𝑐𝑎𝑝 is the cargo owner’s cost of capital, and w is the 

payload tonnage. 

 

 For high-value containerized freight ($20,000 to $95,000+ per ton), transit delays 

generate inventory carrying costs that outweigh marginal fuel savings.  Shippers demand high 

operational speeds, forcing vessels into speed regimes where tip cavitation and acoustic 

emissions peak. 

 

Cargo Value 

($/ton) 
Optimal Speed 

(v∗, kts) 
Voyage Time 

(Days) 
CO2 

Emitted (t) 
Total Voyage 

Cost ($) 

$0 (Ballast) 10.46 5.30 206.04 $119,253 

$5,000 11.42 5.02 230.31 $133,299 

$10,000 12.24 4.81 252.99 $146,424 

$15,000 12.96 4.64 274.43 $158,835 

$20,000 13.61 4.50 294.88 $170,669 

$25,000 (Max 

Bound) 
14.00 4.40 310.24 $182,039 

 

Table 2:  Speed vs. Fuel vs. Inventory Dynamics (Psaraftis & Kontovas, 2014) 

 

 

The Regional VSR Trap:  Fleet Multipliers and Carbon Leakage 

 

 To protect marine ecosystems, regional authorities increasingly enforce Vessel Speed 

Reduction (VSR) corridors, restricting speeds to 10 or 11 knots within coastal zones (IMO, 2024; 

Leaper, 2019).  While coastal slow steaming suppresses acoustic output locally, uncoordinated 

regional polices induce systemic supply chain distortions: 

 

• The Fleet Multiplier Effect:  Container liner shipping operates on rigid weekly 

rotations.  Lengthening voyage duration across extended VSR zones forces operators to 

deploy additional vessel into the service loop (1/k fleet scaling factor, where k = 
𝑣1

𝑣0
⁄ ) to 

maintain weekly port frequency (Psaraftis & Kontovas, 2013).  The cumulative auxiliary 



power, bunker burn, and embodied manufacturing footprint of these added hulls erode 

local emission gains. 

 

• Open-Ocean Carbon Leakage:  Container vessels exiting restricted coastal waters 

routinely accelerate across open-ocean corridors to recover schedule buffers and secure 

dedicated berth windows.  Because fuel consumption scales with v3 or v4, this catch-up 

phase drives up net voyage fuel burn and generates intense open-ocean acoustic output. 

 

The Charterparty Split-Incentive and Contractual Defense Inversion 

 

 Under maritime commercial law, a shipowner owes the charterer an express warranty of 

utmost and due dispatch.  Reducing speed in non-mandatory acoustic zones without express 

contractual protection exposes owners to cargo delay and unauthorized deviation claims, as 

standard slow-steaming clauses (such as BIMCO (2012)) apply strictly to fuel optimization 

rather than voluntary ecological quieting.  Table 3 outlines the tension between the charterer and 

the shipowner. 

 

Charter Contract Regime 
Direct Bunker / EU ETS 

Liability 

Commercial & Legal 

Friction Points 

Time Charter 

 

(BIMCO CII 2022 / NYPE 

2015) 

Charter pays 100% of excess 

bunker fuel and surrenders 

EU ETS carbon allowances 

Owner faces charter hire 

deductions, performance 

claims under speed/ 

consumption tables, and 

Agreed CII disputes under 

Subclause (c) 

Voyage Charter / Contract 

of Affreightment 

 

(BIMCO CII 2023 / Gencon) 

Owner absorbs 100% of the 

2%-5% bunker fuel surge and 

direct carbon levies on 

voyage P&L 

Owner suffers direct 

EBITDA margin 

compression, unhedged 

voyage delays, and attained 

operational CII degradation 

 

Table 3:  Charterparty Regimes:  Contractual Risk Allocation, Split Incentives, and 

Agency Costs 

 

 Crucially, executing an isolated quieting retrofit inverts standard BIMCO CII dispute 

liabilities.  Under the BIMCO CII Operations Clause for Time Charter Parties 2022, charterers 

are obligated under Subclause (c) to issue commercial orders consistent with the Agreed CII 

trajectory.  However, if an owner retrofits an inefficient propeller that elevates fuel burn, the 

charterer can defend against CII breach notices by invoking Subclause (b) and NYPE Clause 1 

(Owner’s obligation to maintain the vessel and machinery in a thoroughly efficient state).  The 

charterer can argue that the owner introduced a latent performance defect, legally shifting full 

financial liability for excess bunker consumption, carbon surcharges, and resulting CII 

downgrades back onto the owner. 

 

 

 



 

Debt Governance and Capital Structure:  The Poseidon Principles 
 

 While operational friction strains charterparty execution, the critical structural risk 

emerging from unmanaged acoustic strikes senior ship finance facilities. 

 

The Architecture of Sustainable Ship Finance 

 

 Over 35 international financial institutions, including Citi, DNB, ING, Société Générale, 

BNP Paribas, and KfW IPEX-Bank, are formal signatories to the Poseidon Principles, 

representing approximately three-quarters of global private commercial shipping (Poseidon 

Principles Association (PPA), 2023, 2024, 2025a).  Under Principles 1 and 2, signatories report 

portfolio climate alignment annually against decarbonization trajectories indexed to the IMO 

2023 GHG Strategy (PPA, 2025b): 

 

Minimum Trajectory:  20% absolute GHG intensity reduction by 2030, 70% by 2040, and Net-

Zero by 2050 (relative to 2008) 

 

Striving Trajectory:  30% reduction by 2030, 80% by 2040, and Net-Zero by 2050 

 

Under Technical Guidance Version 5.2, alignment is measured via the Annual Efficiency Ratio 

(AER) on a well-to-wake lifecycle carbon equivalent (CO2e) basis (PPA, 2025b): 

 

AER = 
∑ 𝑀𝑖 ⋅ 𝐶𝑓,𝑖 ⋅𝑖  LCA𝑓𝑎𝑐𝑡𝑜𝑟

∑ dwt𝑖  ⋅ 𝐷𝑖
 

 

where Mi is fuel consumed, Cf,I is the carbon conversion factor, LCAfactor captures upstream well-

to-tank emissions (~23% uplift for marine fuel oils), dwt is summer deadweight tonnage, and Di 

is distance sailed. 

 

Financial Takeaway:  AER is unyielding.  An unmitigated 3.5% increase in bunker 

consumption translates directly into a 3.5% elevation in well-to-wake lifecycle carbon 

intensity directly eroding borrower alignment scores. 

 

The Capital Structure Impairment Cascade 

 

 While the Poseidon Principles establish the macro portfolio reporting standard, the 

operational financial penalty is executed via bilateral Sustainability-Linked Loan (SLL) credit 

agreements pegged to annual AER trajectories.  Figure 2 and the following discussion illustrate 

how a well-intentioned shipowner retrofitting a fleet of ships can quickly lead to legal and 

financial ruin. 

 

 

 



 
 

Figure 2:  Capital Structure Transmission Cascade 

 

 Consider an asset operating near regulatory thresholds:  a borderline “C” rating on the 

IMO operational efficiency index (IMO, 2021).  The shipowner executes an isolated propeller 

modification to satisfy regional acoustic limits, incurring an unhedged 3.5% propulsive 

efficiency penalty.  The balance sheet impact unfolds methodologically: 

 

1. Operational CII Downgrade:  Because annual fuel consumption per capacity-mile 

climbs by 3.5%, operational carbon intensity breaches required limits.  The vessel falls 

from “C” to “D” under statutory rating thresholds (IMO, 2021). 

 

2. Statutory SEEMP Part III Sanctions:  Under MARPOL Annex VI, a vessel rated “D” 

for three consecutive years (or “E” for a single year) must submit an audited revision of 

its Ship Energy Efficiency Management Plan (SEEMP Part III).  The owner is legally 

mandated to implement an approved Plan of Corrective Actions, imposing operational 

constraints. 



3. Credit Margin Ratchets & Cash Flow Compression:  Under standard Loan Market 

Association (LMA) Sustainability-Linked Loan terms, missing annual AER thresholds 

activates a compounding two-way margin ratchet:  the borrower forfeits the green interest 

discount (typically -5 to -15 bps) and incurs a contractual penalty step-up (+10 to +2- 

bps), generating a net margin spread of up to 35 bps.  In single-vessel Special Purchase 

Vehicle (SPV) financings, this unbudgeted drain consumes Net Operating Cash Flow 

(NOCF), directly compressing project Debt Service Coverage Ratio (DSCR) covenants.  

In syndicated corporate facilities, performance degradation across multiple modified hulls 

erodes group EBITDA and broadens balance sheet refinancing risk. 

 

4. Secondhand Asset Liquidity Haircut:  In the Sale and Purchase (S&P) market, 

institutional buyers discount tonnage carrying persistent “D” ratings to account for the 

capitalized cost of mandatory SEEMP Part III hydrodynamic remediation (e.g., 

retrofitting Mewis ducts or re-profiling bulbous bows) and commercial exclusion from 

tier-1 green charter pools.  These assets suffer a 15% to 25% valuation haircut, 

compressing Loan-to-Value (LTV) covenant headroom and accelerating premature asset 

stranding. 

 

The Cross-Domain Collision:  Four Siloed Stakeholders 

 

 
 

Figure 3:  The URN Cross-Domain Collision 



Figure 3 displays why this balance sheet vulnerability persists.  This vulnerability persists 

because key industry stakeholders operate within isolated institutional domains (Bazerman & 

Moore, 2013): 

 

1. The Commercial Shipowner:  Focuses on charter rates, voyage P&L, and fuel 

expenditure.  Noise is treated as an external factor until local ports impose operational 

limits.  When uncoordinated propeller retrofits are executed, owners face unexpected 

carbon penalties, charter disputes, and credit margin increases. 

 

2. The Naval Architect:  Optimizes hull lines and propellers to satisfy statutory 

EEDI/EEXI rules, frequently concentrating blade loading at outer radii to minimize 

surface friction in idealized open-water models.  This satisfies theoretical compliance but 

produces aggressive tip-vortex cavitation in non-uniform, real-world stern wakes. 

 

3. The Environmental Regulator:  Establishes localized VSR corridors to safeguard 

marine mammals.  Formulated without accounting for network routing mechanics, these 

rules cause fleet expansion and open-ocean acceleration that increases global emissions. 

 

4. The Maritime Financier:  Evaluates loan portfolios strictly through carbon intensity 

(AER) metrics under the Poseidon Principles (PPA, 2025b).  By failing to account for 

hydrodynamic trade-offs associated with emerging noise standards, lenders underwrite 

assets vulnerable to accelerated regulatory and capital impairment. 

 

Macroeconomic Transmission:  Impact on Global Supply Chains 
 

 
 

Figure 4:  The Acoustic Inflation Cascade 

 



 Figure 4 illustrates the acoustic inflation cascade resulting from the previously discussed 

structural inefficiencies.  Because maritime shipping carries greater than 80% of global trade, the 

acoustic inflation cascade compounds across macroeconomic supply chains: 

 

• Freight Rate Adjustments:  Carriers facing increased bunker consumption and capital 

costs adjust Bunker Adjustment Factors (BAF) and levy environmental compliance 

surcharges, transferring costs to cargo interests. 

 

• Supply Chain Inventory Inflation:  Slower coastal transit times and supply chain 

friction elevate inventory holding costs (Cinv) and landed import costs, cascading into 

consumer retail prices (Psaraftis & Kontovas, 2014) 

 

• Institutional Portfolio Exposure:  Pension funds and sovereign wealth funds holding 

maritime debt, asset-backed securitizations, and green bonds face unmodeled collateral 

risk if assets are prematurely written down due to compound carbon-acoustic non-

compliance. 

 

 

Breaking the Silos:  The IEEE/MTS OCEANS 2026 Simulation Workshop 
 

 Resolving this multi-domain challenge requires moving beyond static white papers, 

single-discipline conferences, and isolated engineering models.  Executive decision-makers 

require an integrated operational arena where hydrodynamic, regulatory, and financial trade-offs 

are stress-tested concurrently under dynamic market conditions. 

 

 On September 21, 2026, at the IEEE/MTS OCEANS 2026 Conference in Monterey, 

California, this socio-technical simulation will be conducted: 

 

 
 

Figure 5:  The IEEE/MTS OCEANS 2026 URN Simulation Framework 



Enterprise Role-Based Alignment 

 

 As illustrated in Figure 5, the simulation organizes cross-functional leadership into four 

dedicated operational tracks to stress test 5-to-10-year commercial URN compliance roadmaps: 

 

• Maritime Regulators & Port-State Control:  Model network freight routing dynamics, 

quantify open-ocean carbon leakage and fleet multiplier effects (1/k), and stress-test 

regional Vessel Speed Reduction (VSR) policies against international trade lane 

throughput before ratifying localized acoustic caps. 

 

• Commercial Fleet Executives & Operators:  Audit charterparty risk allocation across 

Time Charter and Voyage Charter regimes, draft protective riders reconciling voluntary 

ecological quieting with utmost dispatch warranties and insulate balance sheets against 

BIMCO CII Subclause 9b) and NYPE latent defect claims. 

 

• Naval Architects, Acoustic Physicists, & Classification Society Surveyors:  Stress-test 

localized section cavitation inception (𝜎𝑟) against non-homogeneous wake deficits w (r, 

𝜃), evaluate wake-equalizing Energy Savings Devices (ESDs), and decouple acoustic 

damping from the 2% to 5% open-water propulsive penalty (𝜂0). 

 

• Maritime Financiers & Asset Underwriters:  Quantify portfolio Annual Efficiency 

Ratio (AER) sensitivity under the Poseidon Principles, model two-way Sustainability-

Linked Loan (SLL) margin ratchet exposure (+10 to +35 bps), and stress-test SPV Debt 

Service Coverage Ratio (DSCR) headroom and secondary market valuation haircuts. 

 

The transition from voluntary acoustic circulars to binding international standards is 

underway.  Maritime leaders who master these multi-domain dynamics will protect their capital, 

secure advantageous financing terms, and deploy commercially resilient, quieted fleets.  Those 

who remain bounded by visibility bias risk seeing their assets penalized, downgraded, and 

impaired. 

 

Access the executive briefing dossier and secure workshop registration: 

 

https://urnsimulation.com 

 

https://urnsimulation.com/
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