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Abstract
This study develops an economic risk assessment framework for maritime accidents within 
Trinidad and Tobago’s Exclusive Economic Zone, representative of Small Island Developing 
States. The framework integrates market and contingent valuation methods under the Total 
Economic Value framework with probabilistic risk modelling of drifting collisions. Consequenc-
es, expressed on a five-tier monetary scale adapted from the Simplified IALA Risk Assessment 
method were combined with probability estimates to quantify annual risk. Results are presented 
spatially, showing annualised risks of USD 30,000 to 2.48 million, highest in north-western Trin-
idad. The framework offers a transferable, evidence-based tool for prioritising targeted maritime 
risk mitigation.

Resumé
Cette étude développe un cadre d'évaluation des risques économiques pour les accidents maritimes dans 
la zone économique exclusive de Trinité-et-Tobago, représentative des petits États insulaires en développe-
ment. Ce cadre intègre des méthodes d'évaluation du marché et des contingences dans le cadre de la valeur 
économique totale, avec une modélisation probabiliste des risques de collisions par dérive. Les conséquenc-
es, exprimées sur une échelle monétaire à cinq niveaux adaptée de la méthode d'évaluation des risques 
simplifiée de l'AISM, ont été combinées avec des estimations de probabilité afin de quantifier le risque annuel. 
Les résultats sont présentés de manière spatiale, montrant des risques annualisés de 30 000 à 2,48 millions 
de dollars USD, les plus élevés se situant au nord-ouest de Trinité. Le cadre offre un outil transférable et fondé 
sur des preuves pour hiérarchiser les mesures d'atténuation de risques maritimes spécifiques
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Resumen
Este estudio desarrolla un marco de evaluación de riesgo económico para los accidentes marítimos dentro 
de la Zona Económica Exclusiva de Trinidad y Tobago, representativa de los Pequeños Estados Insulares 
en Desarrollo. El marco integra métodos de valoración de mercado y contingente dentro del marco de Valor 
Económico Total con modelos probabilísticos de riesgo de colisiones a la deriva. Las consecuencias, expre-
sadas en una escala monetaria de cinco niveles adaptada a partir del método de Evaluación Simplificada 
de Riesgos de IALA, se combinaron con estimaciones de probabilidad para cuantificar el riesgo anual. Los 
resultados se presentan espacialmente, mostrando riesgos anualizados de 30.000 a 2,48 millones de USD, 
los más altos en el noroeste de Trinidad. El marco ofrece una herramienta transferible basada en pruebas para 
priorizar la mitigación de riesgos marítimos específicos.



IHR VOL. 31 · Nº 2 — NOVEMBER 2025 65

QUANTIFYING ECONOMIC CONSEQUENCES OF MARITIME INCIDENTS 

https://doi.org/10.58440/ihr-31-2-a16 65

1 Introduction 
Maritime navigation drives economic and social de-
velopment in Small Island Developing States (SIDS) 
such as Trinidad and Tobago (TT). This reliance 
heightens vulnerability to maritime risks, including 
vessel collisions, oil spills, and infrastructure damage, 
which can have severe consequences. Historical 
and recent accidents in the Caribbean illustrate the 
impact of such consequences. Notable examples 
include the 2010 sinking of the Angeln off Saint 
Lucia, which led to substantial salvage and fuel re-
moval costs (IMO, 2010), and the 1979 collision 
between the Atlantic Empress and Aegean Captain 
near Tobago, resulting in fatalities and the largest 
recorded ship-sourced oil spill of 287,000 tonnes 
(ITOPF, 2025). More recent events include the 2023 
foundering of the Calypso 2 off Anguilla, resulting 
in the loss of two lives (IMO, 2024), and the 2024 
Gulfstream barge spill off Tobago, categorised as a 
Tier 2 accident requiring regional or national response 
by the Ministry of Energy and Energy Affairs (MEEA, 
2013; TT Guardian, 2024).

Risk assessment combines the probability of mar-
itime accidents with their associated consequences. 
The Formal Safety Assessment (FSA) guidelines pub-
lished by the International Maritime Organisation (IMO) 
defines “risk” as the combination of the frequency/
probability and the severity of the consequence (IMO, 
2018). “Probability” is defined as the degree of con-
fidence in the occurrence of an event, measured on 
a scale from 0 to 1, and “consequence” as the out-
come of an accident including injuries and/or fatali-
ties to passengers and crew, environmental impact, 
damage to the ship or port facilities, or commercial 
impact. Although the terms “likelihood” and “proba-
bility” are sometimes used interchangeably in the 
literature, they differ in application: likelihood is typi-
cally used in qualitative risk assessments to express 
expert judgement about the chance of an event oc-
curring, whereas probability represents the statis-
tical expectation or frequency of occurrence per unit 
of time (International Organisation of Marine Aids to 
Navigation (IALA), 2022a). The Safety of Life at Sea 
(SOLAS) Convention, Chapter V, Regulations 12 
and 13 explain that Marine Aids to Navigation (AtoN) 
should be provided based on the volume of traffic 
and the degree of risk (IMO, 2020, 2024). 

The FSA guidelines suggest quantifying conse-
quences such as fatalities, environmental degrada-
tion, and commercial damage. They recommend 
doing so using observed Willingness-to-Pay (WTP) to 
avert a fatality, drawing on past decisions and their 
associated costs, as well as societal indicators such 
as the Life Quality Index (LQI). These recommended 
techniques form part of the Total Economic Value 
(TEV) framework which captures the full economic 
value of environmental and marine resources by sum-
ming both use and non-use components. Use values 
are benefits from direct or potential use of resources 
while non-use values reflect intrinsic worth (Bolt et al., 

2005). The TEV framework has been widely adopted 
by institutions including the National Oceanic and 
Atmospheric Administration (NOAA; Arrow et al., 
1993), the World Bank (2025) and the Organisation 
for Economic Co-operation and Development 
(OECD, 2012) to estimate the value of resources and 
therefore potential losses. These institutions have ap-
plied the TEV to inform policies concerning the pro-
tection of the marine environment. 

A bibliometric review by Huang et al. (2023), cov-
ering 1,181 publications from 2000 to 2021, found 
that most maritime risk studies focus on accident 
probability rather than consequence assessment. 
Methods that allow consequence assessment typ-
ically express results using weighted scores or 
ranking systems. Moreover, only a few approaches 
combine probabilities with consequence values or 
visualise the outcomes through mapping. Expressing 
the consequences of potential maritime accidents 
for diverse goods and services in unified monetary 
terms allows direct integration with budget planning 
and cost-benefit analyses. Mapping risk spatially then 
enables clear visual identification of high-risk zones, 
supporting evidence-based resource allocation and 
effective communication with decision-makers.

Using the TEV framework, this study develops an 
adaptable method for the economic assessment 
of risks to maritime navigation within TT’s Exclusive 
Economic Zone (EEZ), with applicability to other 
SIDS. TT was selected as the study area because it 
is representative of the broader maritime landscape 
of SIDS within the Greater Caribbean Region (GCR), 
sharing maritime characteristics, governance frame-
works, and environmental vulnerabilities (Seepersad & 
Davis, 2025). This study is guided by the following 
objectives:

1.	To estimate the value of potential consequences 
that may arise from maritime accidents occurring 
within the study area.

2.	To develop a monetary-based consequence 
scale specifically tailored for the assessment of 
maritime risks within the study area.

3.	To determine the probable economic conse-
quences associated with maritime accidents, 
considering both the most likely (ML) and worst 
credible (WC) scenarios.

4.	To estimate and map risk values for the ML and 
WC scenarios by integrating the consequence 
and probability metrics.

The probability aspect of the equation “Risk = 
Probability × Consequence” was examined by 
Seepersad & Davis (2025), who modelled the drifting 
collision probability within TT's EEZ. The current study 
focuses on the consequence component and the 
combination of probability with consequences. The 
results of the study present annual maritime naviga-
tion risks on maps and provides data that can be 
used to prioritise risk mitigation resources.

The remainder of this paper is structured as fol-
lows: Section 2 reviews the relevant literature on 
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the valuation of resources that can be negatively 
impacted by maritime accidents. Section 3 out-
lines the method used to assess economic conse-
quences of maritime accidents. Section 4 presents 
and discusses the results. Section 5 concludes with 
policy implications and recommendations for future 
research.

2 Literature review
2.1 Approaches for assessing the consequences 

of maritime accidents
Several established approaches are used to assess 
the negative consequences of maritime accidents. 
The International Association of Marine Aids to 
Navigation and Lighthouse (IALA) Guideline G1018 
(IALA, 2022a) outlines methods that rely on histor-
ical data and expert judgement. For example, the 
Simplified IALA Risk Assessment (SIRA) method es-
timates risk using expert judgement and historical 
data. Scenarios are defined, and likelihood and con-
sequence scores are assigned using assessment 
scales. IALA provides default assessment scales 
and recommends local adaptation but offers no spe-
cific guidance for doing so. The consequence scale 
combines monetary values, percentages, and quali-
tative descriptions, producing a composite risk score 
that guides whether control measures are needed 
to reduce risk to a level that is as low as reasonably 
practicable (ALARP; IALA, 2022c). The Ports and 
Waterways Safety Assessment (PAWSA) method 
similarly evaluates risk through weighted likelihood 
and consequence scores derived via the Delphi con-
sensus technique (IALA, 2022d). The IALA Waterway 
Risk Assessment Programme (IWRAP) does not con-
sider consequences.

The IMO also provides guidance for evaluating 
the impacts of maritime accidents (IMO, 2018). This 
process involves ranking available data and supple-
menting these rankings with expert judgement to 
ensure a comprehensive assessment. The FSA also 
recommends quantifying the potential costs associ-
ated with accident consequences through three main 
strategies: (i) observing the WTP to prevent adverse 
outcomes, (ii) analysing previous decisions and the 
financial implications attached to them, and (iii) con-
sidering societal indicators such as the LQI. These 
three strategies form part of the TEV framework. 

2.2 Benefits of using the TEV to quantify 
consequences

Plottu & Plottu (2007) describe the TEV framework as 
a means of consolidating all categories of value asso-
ciated with goods and services into a single monetary 
metric. Pearce & Özdemiroglu (2002) emphasise that 
assigning monetary values to non-market goods ena-
bles more informed decision-making. This aligns with 
the FSA (IMO, 2018), which notes that applying TEV 
to accident-related costs allows direct integration 
into cost-benefit analyses, improving comparability, 
transparency, and consistency in risk management. 

However, monetisation, while useful for analysis, may 
undervalue cultural, social, or intergenerational fac-
tors (Plottu & Plottu, 2007).

2.3 Institutions using the TEV framework
Institutions such as the NOAA, OECD, and World 
Bank apply the TEV framework in policy development, 
supporting numerous studies that inform cost-ben-
efit analyses and economic decision-making. The 
NOAA Panel on Contingent Valuation (CV; Arrow et 
al., 1993), established under the Oil Pollution Act, 
validated the method for quantifying public WTP for 
environmental preservation. Carson et al. (2003) ap-
plied a dichotomous-choice CV survey following the 
Exxon Valdez oil spill on March 24, 1989, when the 
tanker ran aground in Prince William Sound, Alaska, 
releasing 11 million gallons of oil. The study quanti-
fied non-market damages and informed the Natural 
Resource Damage Assessment process. Regional 
studies, including (Schuhmann & Mahon, 2015), fur-
ther demonstrate the framework’s relevance to SIDS. 
Despite recognition by the IMO and other interna-
tional bodies, TEV remains underutilised in maritime 
risk assessment. Monetary consequences are rarely 
combined with accident probabilities to generate 
probability-weighted costs or mapped spatially to 
guide resource prioritization – an approach essential 
for meeting SOLAS Chapter V, Regulations 12 and 
13.

2.4 TEV in maritime risk assessment
In this study, the TEV framework is applied to quantify 
the economic value of maritime goods and services 
that may be damaged or lost due to shipping inci-
dents. The main valuation techniques and their global 
applications are summarised in Table 1. Because val-
uation outcomes depend on factors such as national 
income, demographics, and societal risk perception, 
results are interpreted as indicative rather than exact.

2.5 Design principles and recommended structure 
for CV surveys

Mitchell & Carson (1989) describe the CV method as 
a survey-based approach that asks respondents how 
much they would be WTP for the preservation or use 
of an environmental good or service. Implementation 
involves identifying the good or service being valued, 
defining the affected population, and selecting a 
representative sample to ensure the results reflect 
broader societal preferences.

Next, a questionnaire is developed to elicit WTP, 
providing respondents with a clear, neutral description 
of the good or service and the reasons for evaluating 
the proposed change. Details on changes in quan-
tity, quality, or probability, along with current conditions 
and responsible agencies, should be clearly stated 
(Ashford, 2021). The NOAA Panel (Arrow et al., 1993) 
recommends the use of photos, maps, or illustrations 
to improve understanding, provided these remain 
neutral and non-persuasive. Respondents should 
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reject a bid. Continuous formats include the open-
ended approach, respondents state their maximum 
WTP, and the payment card, where they choose 
from a predefined list. Dichotomous formats include 
the single-bounded (one yes/no bid) and dou-
ble-bounded (follow-up higher or lower bid) methods. 
A hybrid, the multiple-bounded format, presents a 
range of bid levels with graded certainty responses 
(e.g., “definitely yes” to “definitely no”), producing in-
terval data (Bateman et al., 2002; Arrow et al., 1993).

Empirical comparisons of contingent valuation for-
mats show mixed findings. The NOAA Panel recom-
mends the dichotomous choice format because it 
mimics real market decisions and reduces cognitive 
burden, improving validity and response rates (Arrow 
et al., 1993). Carson et al. (2001) found that dichot-
omous formats typically yield higher WTP estimates 
than open-ended formats, which often generate zero 
or low bids. Smith (2000) noted that, although WTP 
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also be reminded of budget constraints, trade-offs, 
and the availability of substitutes or alternative sites.

The next section of the questionnaire introduces 
the payment vehicle, specifying how contributions 
would be collected. Common CV payment vehicles 
include user fees, taxes, voluntary contributions, or 
price surcharges (Mitchell & Carson, 1989). Carson 
et al. (2003) selected a tax-based vehicle for the 
Exxon Valdez study, as volatile oil prices risked bi-
asing responses. The NOAA Panel (Arrow et al., 
1993) likewise recommended a referendum-style 
format with mandatory tax payments. While taxes en-
hance realism and credibility (Lee & Mjelde, 2007), 
low public trust can lead to protest responses 
(Stevens et al., 1991).

The final section of the questionnaire specifies the 
elicitation format used to measure WTP. Formats are 
either continuous, where respondents state or select 
an amount, or dichotomous, where they accept or 

Technique Description of the technique
Documented global cases in  

academic research

Directly applicable market valuation  
techniques

Market-based valuation estimates the economic value of goods, services, or resources using observed market prices, assuming 
they reflect real economic worth. Though methodologically simple, these techniques capture substantial portions of ecosystem 

value through measurable commercial outcomes (Abdullah et al., 2011).

Market price method

Estimates value using observed prices and quantities in 
established markets, reflecting actual consumer behaviour. 
Straightforward to apply where market data exist (Ecosys-

temValuation, 2025).

Applied in forestry, marine fisheries, and agricultural commodity valua-
tion (Khanal, 2001).

Operational cost method

Estimates economic loss by multiplying disruption duration 
(e.g., delay) by unit operating cost. Effective for quantifying 
direct financial losses using daily costs, port charges, or 

lost-revenue rates, though it excludes systemic or reputational 
costs (EPA, 2017).

Gonyo (2019) identified crew, fuel, and maintenance costs; 
Nwoloziri et al. (2025) applied it to vessel delays in Apapa termi-
nals; Počuča (2006) calculated ship operating expenses for delay 

valuation.

Loss-of-hire / replacement cost
Estimates the cost of restoring or replacing assets or environ-
mental functions lost due to accidents or degradation (Abdul-

lah et al., 2011).

Restoration of degraded crayfish streams in France averaged 
€225,000 over five years; UK peatland loss incurred €1.8–3.6 mil-
lion in added water treatment costs (Kettunen & ten Brink, 2006).

Insurance claims analysis

Uses insurance data to estimate actual financial losses. Suit-
able where accident costs are captured through hull, cargo, or 

liability insurance. The ISO recognises insurance as a formal 
risk treatment option (ISO, 2018).

Du Plessis et al. (2023) analysed weather-related marine cargo 
claims in South Africa, showing the method’s reliability for quantify-

ing maritime losses.

Non-market valuation techniques

Used when market data are unavailable. These elicit stated preferences through surveys or hypothetical scenarios to estimate WTP or compensation. They capture non-mar-
ket ecosystem and social values (Abdullah et al., 2011; Pearce & Özdemiroglu, 2002). WTP represents the “cost averted” by mitigation (IMO, 2018).

CV such as WTP
Elicits the maximum amount individuals would pay to preserve 

goods or avoid adverse outcomes; recognised as a robust 
stated-preference technique (Rozza et al., 2025).

The NOAA Panel on CV, established under the Oil Pollution Act (Arrow 
et al., 1993), validated its use for environmental damage assessment. 

Carson et al. (2003) applied it to the Exxon Valdez oil spill using a 
dichotomous-choice survey. Results informed the Natural Resource 
Damage Assessment and remain widely used in NOAA, OECD, and 

World Bank studies.

Value of statistical life (VSL)

Represents aggregated WTP for small reductions in mortality 
risk, reflecting the value society places on preventing one 

fatality (Wang & He, 2010). Used by IMO (2018) for monetising 
loss of life and injury, supporting cost-benefit comparisons of 

risk control options

Adopted by IMO (2018), DOT (2021), and OECD (2012) for safe-
ty-related policy appraisal.

Benefit transfer (BT) Applies economic values from one location or study to anoth-
er with similar conditions (Bateman et al., 2002).

OECD (2012) applied meta-analytic BT of VSL across environmen-
tal, health, and transport sectors, showing reliability and cost-ef-

fectiveness.

Table 1 Overview of valuation techniques and supporting global applications.
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values differ between these approaches, there is no 
definitive theoretical or empirical reason to prefer one 
exclusively. Frew et al. (2003) also reported higher 
WTP values from closed-ended instruments. Vaughan 
et al. (1999) argued that dichotomous surveys cannot 
directly elicit true WTP, recommending open-ended 
pre-tests to set bid ranges and benchmarks. The 
NOAA Panel’s framework remains the benchmark for 
CV survey design and validity assessment.

The choice of elicitation format affects both re-
spondent behaviour and the econometric models used 
in analysis (Harris & Roach, 2021). Logistic and probit 
models are theoretically appropriate for dichotomous 
dependent variables, where outcomes are binary and 
relationships with predictors are non-linear (Cleary & 
Angel, 1984). In contrast, linear regression applies to 
continuous dependent variables, where outcomes vary 
across a range and relationships are assumed linear 
(Schneider et al., 2010).

The survey also captures socio-economic and de-
mographic factors influencing WTP, including age, lo-
cation, education, income, and marital status (Ashford, 
2021). Face-to-face interviews are recommended for 
more reliable valuations, and surveys should clearly de-
fine the target population and sampling frame. Although 
non-response is common due to the cognitive effort re-
quired, well-designed instruments can still yield valid re-
sults (Arrow et al., 1993). Minimum sample size is often 
determined using the Krejcie & Morgan (1970) formula:

In Eq. 1, S is the required sample size, X2 is chi-
square value (3.841 for 95 % confidence) for 1 de-
gree of freedom at the 95 % confidence level (3.841), 
N is the population size, P is the population propor-
tion, and d is the margin of error.

2.6 Econometric analysis of dichotomous WTP data
In binary logistic regression, the dependent variable 
is categorical with two outcomes (e.g. yes/no). The 
model is most theoretically expressed as

which models the log-odds (logit) of the event as a 
linear function of predictors. Equivalently, this can be 
transformed into the probability form:

maps this linear predictor onto a 0–1 probability 
scale. The logit form aids coefficient interpretation, 
while the probability form supports prediction. These 
formulations are standard in logistic regression theory 
(Chua, 2025; Harris, 2021). Analyses were per-
formed in SPSS to test model validity and identify 
significant predictors.

According to Harris (2021), logistic regression out-
puts – coefficients, odds ratios (OR), and p-values 

– describe both the strength and significance of 
effects. The coefficient β shows the change in 
log-odds per unit change in a predictor; OR > 1 
indicates increased likelihood, OR < 1 a reduced 
likelihood; and the p-value confirms statistical signifi-
cance at p < 0.05.

2.7 Scenario analysis in maritime consequence 
assessment

While valuation and econometric methods quantify 
the monetary impacts of maritime accidents, they 
do not show how these impacts vary under dif-
ferent conditions. Scenario analysis complements 
these methods by evaluating outcomes across 
plausible situations, typically derived from historical 
accident data. Two common types are the ML sce-
nario, reflecting expected outcomes under normal 
conditions, and the WC scenario, representing se-
vere but realistic events while excluding extreme 
improbabilities (Riding & Rawson, 2015).

Building on Seepersad & Davis (2025), who 
modelled drifting collision probabilities in TT using 
Monte Carlo simulation, this study extends the 
analysis to the consequence dimension. Monetary 
consequences, estimated within the TEV frame-
work, are combined with probability values to 
generate integrated, spatially mapped risk esti-
mates. This approach provides policymakers in 
resource-limited SIDS with an evidence-based tool 
for prioritising maritime risk mitigation.

3 Method
This study applies the TEV framework to monetise 
the potential consequences of maritime accidents 
within TT’s EEZ. The approach integrates market 
and CV techniques with probabilistic risk esti-
mates derived from Seepersad & Davis (2025) to 
generate spatially explicit risk values that inform ev-
idence-based prioritisation of mitigation measures. 
The monetisation process followed a structured, 
multi-step workflow summarised in Fig. 1 and sub-
sequently detailed.

3.1 Step 1 – Identification and valuation of impacted 
resources

The assessment began with identifying resources 
most vulnerable to maritime accidents using open-
source satellite imagery (Google Earth), literature 
review, and expert consultation (Step 1, Fig. 1). Key 
references, including A Guide to Beaches and Bays 
of Trinidad and Tobago (IMA, 2010), validated coastal 
resource boundaries and classifications. Fourteen ex-
perts from government agencies (Maritime Services 
Division, Environmental Management Authority, 
Ministries of Agriculture and Energy) and academia 
(University of the West Indies) contributed through 
structured interviews.

Vulnerability was determined by exposure to ship-
ping activity, sensitivity to pollution or disturbance, and 
ecological or economic significance within TT’s coastal 
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of resources, hazards, and mitigation actions. Data 
were collected in person (shopping malls, work-
places, universities) and online via social and profes-
sional networks, using snowball sampling to boost 
participation. The design and collection protocol was 
validated and approved by the University of the West 
Indies Ethics Committee. A pilot test refined clarity 
and flow. The final questionnaire included demo-
graphic (income, age, gender, education, occupa-
tion) and attitudinal (environmental awareness, prior 
visits) variables to identify predictors of WTP.

Binary logistic regression was used to model will-
ingness, selected over linear regression due to the di-
chotomous nature of the dependent variable. Statistical 
significance was set at p < 0.05, and model fit was eval-
uated using standard diagnostics. Three parameters were 
interpreted: coefficient β, odds ratio (OR), and p-value.

3.4 Step 4 – Development of a Monetary-based 
consequence scale 

The SIRA consequence scale (IALA, 2022c) formed 
the basis for developing the monetary-based conse-
quence scale in this study. The original SIRA scale 
combines qualitative descriptions, indicative per-
centage losses, and occasional monetary values, 
recommending local adaptation but without guid-
ance. This study addressed that gap by tailoring the 
scale to TT’s economic and environmental context. 
Retaining SIRA’s five-tier structure (insignificant to 
catastrophic), losses were expressed in locally de-
rived monetary terms, providing a consistent and 
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zone. Suitable valuation techniques were then selected 
to estimate annual economic contributions, covering 
both market and non-market values (Step 1, Fig. 1). 

3.2 Step 2 – Application of market valuation 
techniques

Table 2 outlines the key maritime resources, 
applied valuation methods (see also Table 1), rel-
evant formulas, and data sources. Application of 
valuation techniques is summarised in Table 2 
along with a further explanation of CV in Step 3.

3.3 Step 3 – Application of the contingent valuation 
technique

To estimate the economic value of environmental re-
sources, a WTP survey was designed following 
best-practice guidelines from the NOAA Panel and other 
relevant literature. The objective was to elicit respond-
ents’ willingness to reallocate tax payments toward 
protecting these resources from ship-based accidents.

A mixed-question format combined dichotomous 
and continuous components. The dichotomous section 
asked whether respondents were willing to pay (yes/no), 
capturing general support, while the continuous section 
quantified the amount, they were willing to pay for aggre-
gation and analysis. The binary format enhanced realism 
and reduced cognitive effort, and the open-ended ques-
tion provided finer resolution and cross-validation.

The survey minimised common CV biases, hypo-
thetical, social desirability, anchoring, and framing 
through neutral wording and fact-based descriptions 

Fig. 1 Method for estimation of maritime risk.
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comparable measure of economic consequences 
across resources.

Where relevant, percentage losses from the SIRA 
guideline were multiplied by the estimated annual 
monetary value of each resource. For instance, a Tier 
2 event representing a 10 % fisheries loss was ap-
plied to the annual fisheries value to estimate the cor-
responding economic loss. Because consequence 
models involve uncertainty, losses were expressed 
as monetary ranges rather than single values, fol-
lowing FAO/WHO (2006). The adapted scale also ex-
tends SIRA by including locally significant resources, 

such as beaches and swamps, ensuring relevance to 
the socioeconomic and environmental context of the 
study area.

3.5 Step 5 – Determination of probable economic 
consequences (ML and WC scenarios)

Building on the monetary consequence scale in 
Section 3.2, two scenarios were developed to rep-
resent plausible maritime accidents within TT’s 
EEZ. ML scenarios captured frequent, low-severity 
events identified from Maritime Services Division 
reports (Rambarran, 2021), newspaper archives 

QUANTIFYING ECONOMIC CONSEQUENCES OF MARITIME INCIDENTS

70 

Ressource /  
potential loss

Description of  
economic impact

Valuation  
technique

Formula /  
quantification basis

Data source

Fisheries

Temporary restrictions 
or contamination reduc-
ing catch volumes and 
income.

Market price 
method

Vf = Σ(Pi × Qi)

The mean annual fishery value 
Vf is derived by multiplying the 
landed quantity of fish Qi by 
the average market price per 
kilogram Pi.

NAMDEVCO (2025) 

Delays
Vessel downtime due to 
navigational blockage or 
restricted port access.

Operational cost 
method

Cd = Cop × td

The cost of delay Cd equals 
the daily operating cost of the 
vessel Cop multiplied by the total 
delay duration td. This approach 
reflects direct financial losses 
from idle time.

Howard (2019), Bhoncharan (2025)

Infrastructure Damage to coastal and 
offshore infrastructure.

Loss-of-Hire or 
replacement cost

Ci = Rc × tr

The infrastructure cost Ci equals 
the daily rental or replacement 
cost Rc multiplied by the repair 
or downtime period tr. This 
approach is used when direct 
damage estimates are unavail-
able.

Cavcic (2022)

Damage to ship Damage to or loss of 
the ship.

Insurance claims 
analysis

Cs = Σ(Ij /n)

The mean ship damage cost 
Cs is estimated from insurance 
claim records Ij averaged over n 
years to capture the representa-
tive annual claim values.

The Swedish Club (2020)

Loss of life

Fatalities, injuries, or 
long-term health effects 
from maritime acci-
dents.

VSL, BT

Vl = VSL × N

The total value of life lost Vl is 
estimated by multiplying the 
VSL by the number of affected 
individuals N, following (IMO, 
2018).

IMO (2018)

Beaches recommended 
for tourism

Temporary restrictions 
or contamination. CV WTP

WTP = WTP × P 

The WTP is calculated as 
shown in Eqs. 2 and 3. The ag-
gregate WTP equals the mean 
individual WTP multiplied by the 
affected population P.

WTP survey, Trinidad and Tobago 
(2024)Other beaches

Swamp

Table 2 Overview of valuation techniques and supporting global applications.
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Offshore infrastructure: Losses to offshore instal-
lations were estimated using the loss-of-hire or 
replacement cost method. Public data for the Noble 
Jack-up rig, operational in Trinidad and Tobago since 
2013, indicate a daily cost of USD 107,000 (Cavcic, 
2022). Where repair data were unavailable, durations 
from similar incidents were used as proxies. For other 
contexts, daily operational costs should be sourced 
from regulators or industry reports.

Ship damage: Costs associated with ship damage were 
estimated using insurance claims data provided by the 
Swedish Club (2020). The analysis covered over 600 
navigational claims exceeding USD 10,000 between 
2014 and 2018, incorporating a mean deductible of 
USD 100,000. The mean of the annual mean claim costs 
(Table 4) was adopted as a proxy for expected damage, 
ensuring deductibles were explicitly considered. 

Human life: Valuation of fatalities and injuries followed the 
FSA (IMO, 2018), which assigns a total value of USD 3 
million-USD 1.5 million each for fatalities and injuries or 
ill health. Ratios based on fatality and injury probabilities 
were applied to estimate total economic losses. Using the 
IMO-recommended VSL aligns with OECD (2012) benefit 
transfer principles, enabling cost-effective adaptation to 
national contexts.

4.2 Estimated economic values for non-market 
resources using CV

4.2.1 CV WTP-survey results 
A total of 384 surveys were distributed, of which 188 
were returned with complete responses, yielding 
a 49 percent completion rate. Although below the 
target, this aligns with typical CV studies, where the 
hypothetical nature of valuation tasks and the cogni-
tive effort required can reduce response rates. The 

71 

(2018–2024), and expert input. Historical incidents 
and their distribution are detailed in (Seepersad & 
Davis, 2025). WC scenarios represented severe but 
credible accidents. Consequences for both sce-
narios were categorised using the five-tier monetary 
scale, with mean losses estimated and summed to 
ensure precision and consistency across resource 
categories.

3.6 Step 6 – Estimation and spatial representation 
of risk 

For each scenario, the mean estimated loss from the 
monetary consequence scale was multiplied by the 
corresponding mean drifting collision probability for 
the area. Probabilities were derived from (Seepersad & 
Davis, 2025), who subdivided larger areas into oper-
ationally similar segments. The areas were defined by 
maritime activity, vessel type, and exposure to oceano-
graphic conditions such as currents, winds, and waves, 
ensuring each zone represented a distinct operational 
and environmental risk unit. Using mean probability 
and consequence values produced representative an-
nual risk estimates and maintained consistency across 
categories, following the standard formulation: Risk = 
Probability × Consequence.

4 Results
Sections 4.1 and 4.2 present the resources identi-
fied as vulnerable to maritime accidents, the valuation 
techniques applied, and the corresponding estimated 
economic losses.

4.1 Estimated economic losses for market-valued 
resources

Fisheries: The annual value of fisheries was 
calculated by multiplying landed quantities by cor-
responding market prices per kilogram. Monthly 
landing data from NAMDEVCO (2025) were analysed 
for two key sites, Port of Spain and Orange Valley, 
covering 2019–2021. The mean of the three yearly 
totals (Table 3) was used as the representative annual 
value, indicating the potential direct economic loss 
to the fisheries sector. For broader application, major 
landing sites should be included, with supplemen-
tary data from cooperatives or government agencies 
when official statistics are unavailable.

Delays: Economic losses from vessel delays 
were estimated using the operational cost 
method. The daily operating cost of a Very Large 
Crude Carrier (VLCC) was taken as USD 25,000, 
representing break-even levels (Howard, 2019). 
In Trinidad and Tobago, vessels are typically 
allocated 72 hours (three days) of laytime; de-
lays beyond this threshold were valued at USD 
25,000 per additional day (Bhoncharan, 2025). 
In other contexts, standard laytime policies and 
cost structures should be obtained from port or 
industry sources.

2019 $3,100,000

2020 $1,300,000

2021 $4,400,000

Total value of fisheries 
over 3 years $8,800,000

The mean annual value 
of fisheries $2,900,000

Table 3 Annual value (USD) of fisheries at Port of Spain and Orange Valley (with rounded values).

Year
Mean claim cost 

(including a 100,000 USD deductible)

2014 $550,000

2015 $525,000

2016 $650,000

2017 $775,000

2018 $900,000

Mean claim 
cost $680,000

Table 4 Ship damage costs were estimated using data from The Swedish Club (2020) (with rounded 
values).
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NOAA Panel notes that lower rates reflect task diffi-
culty rather than disengagement. Dataset adequacy 
was confirmed using the Events-Per-Predictor (EPP) 
rule (Riley et al., 2019), which recommends at least 
10 positive responses per predictor. With 15 predic-
tors and 188 cases, the dataset met this threshold, 
ensuring sufficient power for robust binary logistic re-
gression analysis.

4.2.2 Regression findings
The dependent variable represented respondents’ 
WTP (1 = willing, 0 = not willing). The random order 
of survey responses confirmed independence of 
observations, satisfying the assumption that data 
points were not repeated measures from the same 
individuals. One extreme outlier in the WTP data 
was replaced with the modal value to minimise dis-
tortion of the mean while maintaining the dataset’s 
central tendency. The overall model was statistically 
significant (p < 0.005), indicating that the predictors 
collectively improved model fit relative to a null model. 
These conditions confirm that the estimated coeffi-
cients and odds ratios are reliable and interpretable.

Income and occupational status emerged as the 
most significant predictors of WTP. Respondents re-
porting no income were 95 % less likely to support 
tax reallocation compared to higher-income groups 
(OR = 0.048, p = 0.008), while those earning be-
tween USD 5,000 and USD 10,000 annually were 
91 % less likely (OR = 0.093, p = 0.026). Conversely, 
individuals employed in professional or manage-
rial roles were 7.7 times more likely to support real-
location (OR = 7.676, p = 0.015), and those in the 
“other” occupational category were 9.2 times more 
likely (OR = 9.212, p < 0.001). An OR greater than 
1 indicates that the predictor increases the likelihood 
of willingness to pay, while an OR less than 1 indi-
cates a decrease in likelihood. The p-value shows the 
level of statistical significance, with values below 0.05 
suggesting that the observed effect is unlikely to have 
occurred by chance.

Age, education, visit frequency, and environmental 
awareness did not reach significance, suggesting 
that willingness to reallocate tax funds is primarily 
shaped by economic capacity rather than demo-
graphic or attitudinal factors. Some of these results 
displayed numerical instability, a condition where ex-
treme coefficients or odds ratios occur due to sparse 
data in certain categories (e.g., no respondents in 
a given age group expressing willingness). While 
education and environmental awareness showed 
weak positive trends, the effects were not sufficiently 
strong to draw firm conclusions. Overall, the regres-
sion analysis confirms that economic capacity, as 
reflected in income and occupational status, is the 
primary determinant of WTP in this context. 

While overall WTP was consistent across marine 
resources, the amount respondents were prepared 
to contribute varied by resource type. The mean WTP 

for the Caroni Swamp was USD 198.89 and mode 
USD 45. For beaches recommended for tourism the 
mean was USD 121.27 and median USD 73.50. For 
non-tourism beaches the mean was USD 102.90 
and median USD 45. In all cases, the most frequently 
stated value (mode) was USD 14.70. The mode is 
considered a more reliable basis for policy recom-
mendations than the mean, as it reflects the typical 
respondent’s capacity to contribute and avoids infla-
tion from a small number of high-income outliers. 

Central Statistical Office data (CSO, 2025) indi-
cate a mean monthly household income of about 
USD 1,353, so higher thresholds would likely over-
estimate most taxpayers' capacity. Since the study 
measures the reallocation of existing taxes rather 
than new taxation, realistic and equitable values are 
essential. Using the mode WTP and the national 
population of 1,368,333, the estimated total contri-
bution for each resource was calculated as: 

Substituting the values, 14.70 × 1,368,333 yields 
approximately USD 20.1 million.

4.3 Monetary-based consequence scale for the 
study area

The monetary-based consequence scale adapted 
from the SIRA Guideline (IALA, 2022c) is presented 
in Table 5.

4.4 Economic consequences associated with ML 
and WC scenarios

This section quantifies the economic losses for 
the ML and WC scenarios. The ML scenario in-
volves a drifting collision between a medium-sized 
SOLAS vessel and a smaller non-SOLAS craft 
(e.g., fishing boat) in rough seas within TT’s EEZ, 
causing moderate vessel damage but no major 
spill or fatalities. Such events occur at an esti-
mated rate of 0.6 per year, mainly due to human 
error and adverse weather (Seepersad & Davis, 
2025). The WC scenario involves a SOLAS-class 
oil tanker (e.g., the Gulfstream tanker) colliding 
nearshore, resulting in a major spill, severe en-
vironmental damage, and financial and human 
losses. Mean total losses were approximately 
USD 0.7 million for ML and USD 6.2 million for 
WC, dominated by environmental and operational 
impacts (Table 6).

4.5 Estimated spatial risk values
Fig. 2 presents the spatial distribution of drifting 
collision probabilities across five focus areas 
within TT’s waters. Each map (Areas one to 
five) shows grid cells colour-coded from green 
(low) to red (high) according to the proba-
bility that a drifting vessel will collide at that 
location. Numeric ranges beside the colour bar

QUANTIFYING ECONOMIC CONSEQUENCES OF MARITIME INCIDENTS
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(4)Total Contribution = Mode WTP × Population
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Table 5 Consequence scale for estimating losses associated with maritime accidents in TT.
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Consequence category
Mean estimated consequence  

for the ML scenario
Mean estimated consequence  

for the WC scenario

Fisheries 146,500 1,120,000

Delays 187,500 550,000

Loss of life 750 505,000

Infrastructure 7,500 56,000

Damage to ship 65,000 200,000

Beaches (tourism) 100,500 1,257,000

Other beaches 100,500 1,257,000

Swamp 100,500 1,257,000

Total 709,000 6,202,000

Table 6 Mean estimated consequences by scenario (expressed in USD with rounded values).

Fig. 2 Spatial distribution of 
the drifting collision probability 
(Seepersad & Davis, 2025).
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indicate model-derived probabilities. Area one shows 
generally low probabilities with isolated instances of 
higher risk. Area two reveals the highest variability and 
overall drifting probability, indicating the need for priori-
tised risk mitigation strategies. Area three shows stable 
yet slightly elevated probabilities compared to Area one. 
Area four shows moderate risks, with distinct pockets 
of higher probability, while Area five maintains a stable 
and consistently low-risk profile with minimal variation 
(Seepersad & Davis, 2025).

The mean of the annual probability of drifting collisions 
per area is presented in Table 7.

The mean probability of drifting collision per area 
(Table 7) was combined with the mean economic 
consequence estimates from Table 6 to calculate the 
annual risk (USD) for each area and scenario (ML and 
WC). The results are presented in Tables 8 and 9.

5 Discussion
5.1 Economic implications of potential losses from 

maritime accidents
Socio-economic status, particularly income and 
occupation, emerged as the most influential deter-
minants of WTP. Respondents with lower incomes 

Consequence category Area One – ML
Areas Two & Three  
(combined) – ML

Area Four – ML Area Five – ML

Fisheries 5,860 58,600 8,790 2,930

Delays 7,500 75,000 11,250 3,750

Loss of life 30 300 45 15

Infrastructure 300 3,000 450 150

Damage to ship 2,600 26,000 3,900 1,300

Beaches (Tourism) 4,020 40,200 6,030 2,010

Other beaches 4,020 40,200 6,030 2,010

Swamp 4,020 40,200 6,030 2,010

Mean risk per area 28,350 283,500 42,525 14,175

Mean risk per area (rounded to 
nearest $10k) 30,000 280,000 40,000 10,000

Table 8 ML Scenario – estimated annual drifting collision risk by area (USD, rounded).

Table 9 WC Scenario – estimated annual drifting collision risk by area (USD, rounded).

Table 7 Mean of the annual probability of drifting collisions per area.

Area Mean of the annual probability of drifting collisions per area

One 0.04

Two 0.2

Three 0.2

Four 0.06

Five 0.02

Consequence category Area One – ML
Areas Two & Three  
(combined) – ML

Area Four – ML Area Five – ML

Fisheries 44,800 448,000 67,200 22,400

Delays 22,000 220,000 33,000 11,000

Loss of life 20,200 202,000 30,300 10,100

Infrastructure 2,240 22,400 3,360 1,120

Damage to ship 8,000 80,000 12,000 4,000

Beaches (Tourism) 50,280 502,800 75,420 25,140

Other beaches 50,280 502,800 75,420 25,140

Swamp 50,280 502,800 75,420 25,140

Mean risk per area 248,080 2,480,800 372,120 124,040

Mean risk per area (rounded to 
nearest $10k) 250,000 2,480,000 370,000 120,000
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norms of environmental responsibility.
The regression model exhibited sound performance, 

consistent with socio-economic theory and statistically sig-
nificant at the five percent level. Given that the objective of 
this research was to develop a practical, transferable ap-
proach for SIDS, emphasis was placed on achieving a par-
simonious model with clear, interpretable results rather than 
complex statistical optimisation. This reflects the study’s 
focus on ensuring that the analytical framework remains 
applicable in maritime administrations with limited technical 
or financial resources. Future applications of this approach 
could include additional diagnostics, such as pseudo-R² 
statistics and classification accuracy, to further demon-
strate model robustness and predictive reliability. 

Median WTP amounts varied across resource types, in-
dicating that respondents distinguished between ecosys-
tems based on perceived importance. The Caroni Swamp 
received the highest valuation, reflecting its ecological rarity 
and cultural significance, while non-tourism beaches were 
valued lower, suggesting a preference for resources that 
provide direct recreational or economic benefits. Survey 
design effects may also have contributed to this pattern 
since the swamp appeared first, respondents may have 
stated higher amounts before experiencing budget fatigue; 
a recognised response pattern in CV studies. Randomising 
question order in future surveys would help control for such 
effects.

These behavioural findings carry clear policy implica-
tions. Tiered contribution systems proportional to income 
could improve fairness and affordability, while allocating 
a portion of tourism revenue to marine conservation may 
better align funding with perceived value. Communication 
campaigns should highlight the long-term and intergener-
ational benefits of conservation, as these motivations tend 
to influence willingness. Longitudinal studies could assess 
whether WTP remains stable under changing economic 
or environmental conditions, while alternative statistical 
methods, such as generalised linear or hierarchical models, 
could refine segmentation and improve predictive accuracy.

Finally, the framework developed in this study integrates 
accident probability with economic consequence, ad-
dressing a key gap in previous maritime risk approaches 
that emphasised probability alone. By localising conse-
quence categories to the economic and environmental 
conditions of TT’s EEZ, the framework provides a practical 
and transferable technique for prioritising risk mitigation and 
resource allocation in SIDS where maritime sectors un-
derpin national economies.

5.2 Applicability and relevance of the conse-
quence scale 

The consequence scale classified impacts by se-
verity across key loss categories, using monetary 
estimates from the valuation framework. This enabled 
consistent comparison of both ML and WC acci-
dents within a single assessment system. Expressing 
losses in monetary terms supports cost-benefit and 
budget planning, strengthening policy relevance. 
Adaptation to local data and expert input shows that 
the framework is practical for SIDS, where resources 
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significantly less likely to support reallocating taxes for ma-
rine conservation, reaffirming that financial constraints limit 
participation even among those expressing environmental 
concern. In contrast, individuals in higher occupational cat-
egories demonstrated greater willingness, reflecting both 
greater economic capacity and a stronger sense of envi-
ronmental responsibility. The absence of significant effects 
for education and environmental awareness suggests that 
financial capacity exerts a stronger influence on willingness 
than attitudinal factors. Although stated willingness was 
generally high, respondents frequently raised concerns 
about affordability and fairness, indicating that support 
was conditional, anchored in principle but constrained by 
household budgets. Any overstatement of willingness may 
have occurred due to social desirability bias, whereby re-
spondents provide answers aligned with perceived social 
norms of environmental responsibility.

The regression model exhibited sound performance, 
consistent with socio-economic theory and statistically sig-
nificant at the five percent level. Given that the objective of 
this research was to develop a practical, transferable ap-
proach for SIDS, emphasis was placed on achieving a par-
simonious model with clear, interpretable results rather than 
complex statistical optimisation. This reflects the study’s 
focus on ensuring that the analytical framework remains 
applicable in maritime administrations with limited technical 
or financial resources. Future applications of this approach 
could include additional diagnostics, such as pseudo-R² 
statistics and classification accuracy, to further demon-
strate model robustness and predictive reliability. 

Median WTP amounts varied across resource types, in-
dicating that respondents distinguished between ecosys-
tems based on perceived importance. The Caroni Swamp 
received the highest valuation, reflecting its ecological rarity 
and cultural significance, while non-tourism beaches were 
valued lower, suggesting a preference for resources that 
provide direct recreational or economic benefits. Survey 
design effects may also have contributed to this pattern 
since the swamp appeared first, respondents may have 
stated higher amounts before experiencing budget fatigue; 
a recognised response pattern in CV studies. Randomising 
question order in future surveys would help control for such 
effects.

These behavioural findings carry clear policy were sig-
nificantly less likely to support reallocating taxes for ma-
rine conservation, reaffirming that financial constraints limit 
participation even among those expressing environmental 
concern. In contrast, individuals in higher occupational cat-
egories demonstrated greater willingness, reflecting both 
greater economic capacity and a stronger sense of envi-
ronmental responsibility. The absence of significant effects 
for education and environmental awareness suggests that 
financial capacity exerts a stronger influence on willingness 
than attitudinal factors. Although stated willingness was 
generally high, respondents frequently raised concerns 
about affordability and fairness, indicating that support 
was conditional, anchored in principle but constrained by 
household budgets. Any overstatement of willingness may 
have occurred due to social desirability bias, whereby re-
spondents provide answers aligned with perceived social 
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6 Conclusion
This study developed an adaptable economic risk as-
sessment framework grounded in the TEV approach, 
addressing risks to maritime navigation within TT’s EEZ and 
offering applicability to other SIDS. The framework achieved 
all four objectives: it quantified potential economic con-
sequences of maritime accidents; constructed a locally 
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losses under both ML and WC scenarios; and integrated 
these with probability metrics to produce spatially explicit 
risk maps. The findings revealed that while frequent minor 
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a practical, transferable decision-support tool for prioritising 
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The strength of this study lies in integrating historical ac-
cident data, market valuation, and CV surveys, enhancing 
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derived data grounds estimates in real economic condi-
tions, while standardised methods ensure comparability 
across resource types. The monetary consequence scale 
marks a major advancement but has limitations. The TEV 
framework depends on stated preferences, which can in-
troduce uncertainty when respondents are unfamiliar with 
the resources being valued. The monetary ranges are in-
dicative, providing realistic but generalised estimates rather 
than precise figures. Percentage losses were adapted 
from the SIRA scale, offering plausible but simplified re-
lationships. Furthermore, the scale does not fully capture 
secondary or long-term ecological and socio-economic ef-
fects extending beyond the immediate incident timeframe. 
The scenario-based approach aligns with the FSA (2018) 
and offers a practical, transferable decision-support tool 
for maritime administrations. Future work should validate 
the results of this study against real incident data to refine 
predictive accuracy and integrate real-time environmental 
and vessel-traffic parameters. Applying it across other SIDS 
across the world would further confirm its robustness and 
generalisability to diverse maritime contexts.
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