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ABSTRACT

This paper explores the ATOMEX discussion-based tabletop exercise (TTX) and the
experiences of using the INCLUS tool to map and assess risk perceptions based on
different areas of expertise. This study investigates how an interactive browser-based
assessment tool contributes to a shared understanding of risk evaluation in the Arctic.
This paper discusses the importance of incorporating expert knowledge in shaping
maritime risk awareness and decision-making processes. It highlights the need for
expanded risk evaluation methodologies that prioritize key risk information and utilize
visual representations of expert judgments. The survey conducted by the INCLUS
tool with Arctic maritime rescue professionals and radiological and nuclear authorities
provides insights into risk and preparedness perceptions. The findings emphasize the
necessity of predefined guidelines, better training, clear roles and responsibilities, and
improved communication systems to mitigate risks effectively. The ATOMEX exercise
also emphasizes the complexity of Arctic maritime nuclear preparedness and the
critical role of interactive data visualization tools such as INCLUS in fostering a shared
understanding of risks and enhancing collaborative decision-making.
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INTRODUCTION

The Arctic’s harsh climate, severe weather, and unique environmental
challenges pose significant risks to maritime nuclear preparedness and crisis
response operations. Maritime nuclear search and rescue (SAR) operations
involve multiple organizations and experts, where both maritime SAR and
nuclear preparedness systems must collaborate. The High Arctic’s extreme
conditions necessitate thorough risk assessments for safe navigation, as
recommended by the Polar Code. Effective decision-making during such
emergencies requires detailed information about vessels, passengers, crew,
ice conditions, and weather.

Maritime nuclear preparedness systems involve many organizations and
experts. Interdependencies and many converged actors working together
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may hamper coordination and emergency response, amplify consequences,
and cause cascading effects on the community and environment (Kapucu &
Hu, 2014; Pescaroli & Alexander, 2015). Radiation emergencies can induce
severe stress, due to the fear of invisible dangers and a lack of knowledge
among emergency workers. However, in the case of a nuclear accident, the
most important consequence-reducing effort is rapid notification and the
implementation of protective measures (Choi et al., 2022). There is a need
to emphasize how various experts’ opinions can be utilized to shape risk
awareness in the Arctic collaboratively and to support effective decision-
making processes concerning the preparedness efforts of local governments.

The purpose of this paper is to investigate how an interactive browser-
based assessment tool contributes to a shared understanding of risk
evaluation in the Arctic. The paper begins by drawing on a theoretical
framework connecting the concepts of situation risk awareness, risk
assessment and expert judgments. The method is the risk assessment
conducted during a tabletop exercise (TTX) within maritime radiological
crisis response in the Arctic by means of the desktop tool INCLUS, which
collects expert judgments on a given situation. We then describe the case
of exercise and the scenario and situation of uncertainty, which necessitates
collaborative decision-making and the results of INCLUS risk assessments
during the exercise. We discuss the importance of incorporating expert
knowledge in shaping maritime risk awareness in the Arctic and draw
conclusions on future projections.

THEORETICAL FRAMEWORK

Situation Risk Awareness

In the last few decades, the ways of thinking about the risk concept have
shifted from narrow perspectives, based on probabilities, to conceptions, that
highlight events, consequences, and uncertainties (Aven, 2012). The concept
of risk awareness can be defined as knowledge of the presence of possible
events, consequences, and uncertainties or vulnerabilities. Similar to Endsley’s
(1995) concept of situational awareness, the notion of risk can be connected
to the perception of elements in the environment, the comprehension of
their meaning and significance, and the projection of their status in the near
future. Perception is about sensory detection of important signals from the
environment. Comprehension involves grasping the meaning or importance
of this information and forming a complete understanding. Projection is the
process of predicting how this information will influence future states of the
operating environment (Endsley & Garland, 2000; Naderpour et al., 2014).

Knowledge and experience play an important role in shaping risk
awareness in different situations (Mondino et al., 2020). The level of
awareness contributes to the use of this knowledge in decision-making.

Risk Assessment

Generally, a risk assessment follows a multi-step process: estimation of the
situation likelihood, estimation of the situation severity and estimation of
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the situation risk (Naderpour et al., 2014). The likelihood estimation states
stem from analyzing prior experiences and understanding of the overall
situation and trends. The consequence states of an understanding of the
hazards are usually determined by analysis which concerns what may follow
the occurrence of a hazardous situation. The estimated risk of the situation
combines these directions in a certain way often by adding dimensions of
vulnerability, complexity, uncertainty, or difficulty in coping with arouse
situations. The goal of risk assessment is to enhance understanding of the risk,
to use that understanding to evaluate the significance, and to rank alternatives
with respect to risk (Aven & Tekdi, 2022, p. 68).

Discussions of Arctic risk uncertainties and consequences add a focus on
including the preparedness and vulnerability dimensions, with information
on the allocation of preparedness resources and the development of
infrastructure (Marchenko, 2018). Arctic risk factors may escalate an
emergency of any size and severity. Lack of resources, coordination
complexity, longer response times, cold climate complexities, and other
risk factors may interact with each other, representing amplifying factors
for disaster risk in the Arctic. Even a minor accident in this region may
have ripple effects far beyond its political, functional, or time boundaries
(Andreassen & Pincus, 2022). Risk has been an important issue in the
maritime industry because of public concern about catastrophic accidents.
Understanding what makes people vulnerable is key in informing the risk
management process. While there are a few available assessments of risk in
the Arctic Sea regions, it is important to take the subjective opinions of first
responders and local communities into consideration.

Expert Judgments and Uncertainties

Expert judgments are widely used to support analysis and decision-making,
especially when available evidence is scarce, of varying quality, or only
indirectly relevant. Situations requiring expert judgment are typically marked
by uncertainty (O’Hagan, 2012). Expert judgments are often linked to the
concept of uncertainty. Experts can assess uncertainties within their field of
expertise, but these judgments can also be easily criticized for being subjective
(Uusitalo et al., 2015).

From a management perspective, uncertainty is essentially the absence
of precise knowledge, no matter what causes this lack of information
(Refsgaard et al., 2007). Expert knowledge plays a crucial role in shaping
maritime risk awareness and decision-making processes in situations of
uncertainty. Co-creating risk understanding by acquiring more perspectives
from relevant stakeholders helps reduce uncertainties (Johannessen et al.,
2025). Consequently, collaborative risk assessment with various experts can
enhance risk awareness.

There is a need to expand risk assessment methodology with knowledge
and experience that enable the understanding and prioritization of key
risk information. Consequently, easily obtained data through simple time-
efficient processes represent a variable of how people think and talk
about a specific hazard in their environment. As Paton (2003) argued, the
relative importance of variables can be reflected in the frequency of expert
assessments.
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METHOD

Expert assessment is a well-established method for estimating relationships
that are either too costly or impractical to observe directly, such as
hypothetical scenarios (e.g., Krueger et al., 2012). Estimating value is a
challenging task, especially if many environmental factors need to be taken
into account simultaneously (O’Hagan et al., 2012).

Expert assessment needs to consider which experts to choose, how to
determine the model, relevant knowledge on understanding the dynamics of
a system, and possible variables. Several experts can be used, and each can
evaluate uncertanties related to their area of expertise.

INCLUS Assessment Tool

INCLUS is an assessment tool used to collect expert judgments on the weights
and rankings of risk. It is an innovative collaborative risk management
software tool for identifying, understanding, and managing risks. The tool
has been used extensively in various assessments around the world, such
as SARC rescue exercises (Hario, 2018). The views and assessments of the
experts are assisted by automatic data sorting and visualizations.

The survey for the ATOMEX TTX 2024 was designed to map risk
perception and risk understanding between the SAR and nuclear safety
authorities, as well as the academic participants. In total, 10 respondents
participated in the survey. In all categories, there were novices and
experts.

The first part of the survey aimed to identify which risks were the
most relevant for the participants in the dedicated maritime radiological
scenario. The risks, uncertainties, and challenges of the INCLUS surveys
were selected based on interviews with experts in advance. The content
of the risk assessment surveys targeted three aspects of risk understanding
and decision-making: likelihood, impact and difficulty in coping with the
risks.

Figure 1: Three stages of the INCLUS survey tool during ATOMEX TTX 2024.
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In the next step, experts with sufficient domain knowledge about the
different risk categories were engaged to identify and assess the risks
during the exercise. The participants were asked to complete three different
surveys (Figure 1). The goal of the first risk identification survey was to
identify what each participant perceives as potential risks or uncertainties
affecting collaboration and which risks are relevant to assess in the next
stages. The participants were asked to flag all pre-identified risks and
uncertainties that they found relevant or thought could have an impact on
the operation and collaboration. If the participants had further suggestions,
they could add their suggestions, and that risk was added to the next
two surveys. Risks that did not receive any flags were discarded from the
surveys.

In the second survey, the participants were asked to assess the likelihood
of the risks as well as how large of an impact those risks would have on
operational handling from their perspectives. They also had the opportunity
to further explain their answers in a comment box for each risk. The goal
of the second survey was to understand risk perceptions based on different
levels of expertise and experience.

In the final assessment survey, the participants assessed each risk based
on how easy or difficult it was to cope with it. The idea was to assess the
challenge level for the risks in order to understand how difficult it actually
was for the different authorities to prepare for or deal with the identified
risks and uncertainties. Once again, the participants were encouraged to
explain the answers further in a comment box. The inspiration for this
assessment comes from the possible, implement, challenge, and kill (PICK)
decision analysis methods on the prioritization of processes (George &
George, 2003; Badiru & Thomas, 2013; Jones et al., 2023). Jones et al.
(2023) utilized the PICK method to prioritize and classify practitioner needs
for research and innovation across Arctic maritime safety and security actors
by importance and level of difficulty (challenge). This method allowed them
to set attainable priorities for future activities on maritime safety and security
in the Arctic and, on the other hand, discard the ones that were too difficult
to implement. Drawing from this method, the goal of the final assessment
was to identify priorities for learning and collaboration activities among
the authorities and to focus on further research agendas. We aimed to
analyze the difficulty of coping with the risks, together with the impact
assessment, to see which risks have a large impact and are difficult to
cope with.

At the end of the survey, the participants were asked to list three main
preparedness challenges in maritime nuclear SAR operations from their
perspectives. The experts could provide their ideas while simultaneously
seeing each other’s suggestions and allowing comments and dialogs on the
identified risks. The tool assisted via automatic data sorting (Pyykönen &
Kivinen, 2020).
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TABLETOP EXERCISE “ATOMEX – 2024”

A TTX “ATOMEX – 2024”was held on 07 October 2024 in Espoo, Finland,
on the campus of Laurea University of Applied Sciences. The purpose of
the TTX was to identify risks and uncertainties related to preparedness and
collaboration in radiological or nuclear maritime SAR operation by using the
INCLUS survey tool. A tabletop is a discussion-based exercise type in which
all participants gather and communicate in one common room (Elvegård &
Andreassen, 2023).

The scenario involved a container ship in a position north of the small
Norwegian city Honningsvåg, coming from the Russian city Murmansk
with a cargo of 4000 containers bound for the Swedish city Gothenburg
with a speed of 20knots. Among the cargo were radioactive and nuclear
materials. The vessel experienced a minor explosion on board, allowing
exercise participants discuss and assess the situation. After a while a fire
developed, and the participants discussed a situation with ongoing release
or exposure.

Nuclear preparedness in Norway is organized through a Crisis Committee
for Nuclear Preparedness under the leadership of the Norwegian Authority
for Radiation and Nuclear Safety (DSA). The committee has a mandate and
is responsible for taking measures to reduce the impact of a nuclear accident.
The DSA delegates authority to the Crisis Committee in the acute phase
of a nuclear incident. Norway currently has a permanent contingency plan
against nuclear incidents. The objective of national nuclear preparedness is
to handle all potential incidents, regardless of probability. Maritime nuclear
safety preparedness is characterized by complexity, especially in cases of
SAR operation, because multiple organizations and at least two emergency
preparedness systems are involved: maritime SAR and nuclear preparedness
(Badu et al., 2024). This organizational complexity represents an uncertainty
for collaborative risk assessments.

INCLUS Assessment Results

The participants identified several key risks and challenges in
nuclear emergency preparedness in the maritime Arctic, focusing on
communication, competence, and coordination. The survey results
highlighted various risks and challenges associated with nuclear emergency
preparedness in the maritime Arctic, focusing on issues such as a
lack of adequate protective equipment, communication difficulties,
insufficient information, and coordination challenges among different
authorities.

The three risk assessment surveys provided results for expert judgments
of the estimation of identified risk probability, estimated impact, and the
difficulty of coping with them. The results are presented in Figures 2, 3 and 4.

Figure 2 presents the results for all categories of risks for all exercise
participants including SAR experts, nuclear safety experts and researchers.
Quite a few risks were ranked high in the likelihood and impact that they
could have on the operation. One major concern was how long the expert
advice and radiation risk assessment would take or whether there was a
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challenge in assessment consistency due to rapid changes in the situation,
which influenced how to plan initial actions, assign assets, and conduct any
operational handling without expert advice. This is due to the SAR system
being reliant on quick and sound advice from radiation safety authorities on
safety aspects for rescue crews. This, in turn, increases the risk of a window
of opportunity to act or evacuate any possibly injured people. Both of these
risks were also ranked high in the impact and difficulty assessments as seen
in Figure 3.

Other notable risks that were perceived as high were uncertainties and
challenges linked to the captain of the distress vessel not giving sufficient
information about the situation and any possible risk with radioactive or
nuclear cargo, as well as not having adequate response equipment and lack
of a common situational picture with the authorities and other stakeholders
involved in the emergency.

As seen in Figure 4, the participants estimated that the risk of weather
conditions further increasing the radiological and nuclear risks is quite
likely but also difficult to cope with. The participants also deemed that the
likelihood and difficulty of having challenges in setting tow for the distress
vessel with potential risk of radiation exposure was high. In addition, the
participants were concerned that the authorities, volunteers and lay people
may have different interpretation of the same risk data, such as dose rates
and prognosis.

Figure 2: INCLUS survey results, impact and likelihood, all categories, and all groups.
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Figure 3: INCLUS survey results, all categories, and all groups.

Figure 4: INCLUS survey results, all categories, and all groups.

DISCUSSION AND CONCLUSION

The incorporation of expert judgment is crucial in shaping maritime
risk awareness and decision-making processes. This study highlighted the
importance of integrating expert knowledge to enhance the understanding



142 Elvegård et al.

and management of maritime risks. Various assessments from different
participant groups highlighted the need for understanding situation-specific
aspects, such as recognizing radiation risk elements, and the early
involvement of ship captains. Clear roles and responsibilities, harmonized
guidelines and procedures across authorities, and well-defined legal
responsibilities and actions were also emphasized.

The participants consistently pointed out the necessity for predefined
guidelines, better training, clear roles and responsibilities, and improved
communication systems to effectively mitigate risks. Risks that were
considered difficult to cope with but deemed to have a major impact on
the operation were related to potential delays in expert risk assessment
and the initial actions of rescue assets. As these risks are intertwined and
may hamper operational capability, it is crucial to prioritize these risks in
further collaboration activities. The early involvement of experts and the
consistent sharing of reliable information were deemed essential for ensuring
a coordinated response.

The assessments revealed variability in the probability distribution
indicating the likelihood of various collaborative outcomes.

The ATOMEX TTX exercise identified the need for collaborative risk
assessments based on multiple criteria to enhance the understanding and
management of risks. Future qualitative studies should explore techniques
for combining uncertainty estimates from multiple experts to assess the same
variables. This approach could provide a more comprehensive understanding
of uncertainties.

However, the study’s limitations, such as the small number of respondents,
restrict the ability to draw definitive conclusions about the overall risk level.
Despite this, collaborative risk assessment and data visualization have the
potential to significantly map group risk awareness and enhance mutual
trust, as part of exercise activities (Elvegård et al., 2024). In conclusion,
the integration of expert judgment and collaborative approaches in risk
assessment can substantially enhance maritime risk awareness and decision-
making processes.
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