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Risk assessment is the management approach or framework of choice in many disciplines, including health care and research, engineering design,
and particularly the insurance sector which relies on the best available forward projections of natural hazards and accidents. The marine manage-
ment community, which includes researchers, practitioners, and resource managers responsible for individual targeted stocks, aquaculture activ-
ities, and the marine environment in general, has been slower to take up quantitative risk assessment approaches. Whilst there are prominent
examples where risk assessment and management approaches have been applied, they are relatively few. This article theme set presents examples
of such and identifies tools and approaches that can be applied to coastal and oceanic marine systems worldwide. The methods developed and the
lessons learned from these studies can be used to guide researchers, practitioners, and resource managers. It is hoped that this article theme set will
provide an overview of the current state of risk assessment as applied to marine resource management, and stimulate new thinking on how risk

assessment approaches can be applied.
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An overview of approaches to risk assessment

The prominent sociologist Ulrick Beck has linked the moderniza-
tion of many nations over the last century with the development
of the “Risk Society” in which governments, communities, organi-
zations, and individuals focus much of their day-to-day efforts man-
aging risk and, where possible, transfer risk onto others. Beck (1992)
argues that this fixation on managing and transferring risk is a defin-
ing attribute of our post-modern society, particularly in industria-
lized nations. Consistent with this view, a number of scientific,
public health, sociological disciplines, and technical practices have
adopted strong risk management approaches and frameworks
(e.g. EFSA, 2012, 2013, 2014, and see Mao et al., 2010). A topical,
but unpopular example would be the finance sector whose well-
evolved risk management processes are arguably advantageous to
particular parts of the finance sector, but less helpful to the remain-
der of the international investment community (e.g. Moshirian,
2011).

Policy and regulations in the health sector are increasingly risk-
based. Health policy is now commonly assessed in terms of indica-
tors that focus on risk to life expectancy, or average number of years
forgone or added as a result of proposed policy instruments (Yokota
and Thompson, 2004). Risk to remaining years of life is often mon-
etized and directly compared with the cost of healthcare to assess the
efficiency and effectiveness of health policy. These approaches are
explicitly risk-based as they seek to understand the risks to human
lives, or the risks that are mitigated by policy initiatives. Similarly,
the engineering design of infrastructure is also increasingly risk-
based (e.g. Dai et al., 2002). Structural design needs to balance the
likelihood of failure against construction cost, especially in zones
where natural hazards such as floods, earthquakes, or tornadoes
can occur (Cornell et al., 2002). In such locations, it is generally eco-
nomically inefficient to have all structures completely immune to all
possible hazards and, therefore, infrastructure is commonly built to
be immune to probable hazards. Assessing the difference between
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possible and probable requires a probabilistic analysis and the results
of such risk analyses are often formalized in building standards and
codes. For example, the Australian Building Codes now account for
very low likelihood extreme cyclone events (known as hurricanes or
typhoons in the northern hemisphere) for some parts of Australia.
These Codes, which apply to all structures, were developed based
on the estimated risk to a range of locations across the north of
Australia (Standards Australia, 2006). As a further example, road
tunnels in many nations must now conform to safety levels that
are several orders of magnitude safer than the likelihood of loss of
life on the adjacent sections of highways (Miclea et al., 2007). This
increased level of immunity or safety reflects road users’ preferences
for road tunnels to be safer than the conjoining open highway
(Standards Australia, 2011). This risk standard is then used to
define what safety equipment is installed in tunnels. Once again,
major management decisions are based on the results of risk assess-
ments.

The engineering risk assessment approach is also enshrined in
many national and international standards, most recently the ISO
31000 series. ISO 31000 defines the risk assessment process as con-
sisting of determining the risk context, identifying, analysing and
evaluating, and then treating risks. Similarly, risk-based approaches
have been proposed that incorporate future uncertainties associated
with climate change (Jones, 2001).

The insurance sector is the stalwart of risk management. Insurers
are highly leveraged around quantitative estimates of the risk of
natural and industrial hazards (e.g. Santomero and Babbel, 1997).
This is because insurance companies, and especially re-insurance
companies, tread a fine balance between earning income from pre-
miums and financial outlays following catastrophic events. As pre-
miums are collected before hazard events, and outlays redeemed
following them, insurers seek to set premium levels so that
enough revenue can be earned over the long term. These quantita-
tive estimates or predictions of future hazard events are generated
through the application of actuarial techniques, which can be
regarded as at the forefront of quantitative risk assessment
(Embrechts et al., 1999).

In contrast, risk assessments are not commonly applied to the
management of natural systems and environments. It can be
argued that, at present, ecological risk assessment is a term that is
narrowly used for the assessment of impacts of chemical contami-
nants to the environment, that is, in ecotoxicology. This is although,
both globally and regionally, the largest threat or hazard to ecologic-
al systems and processes is mostly loss or physical alteration of
habitat, invasive species, or direct exploitation (as for targeted
species), and not chemical contamination. Therefore, it follows
that ecological risk assessment, perhaps the most powerful frame-
work for assessing anthropogenic changes to the environment, is
not currently being directed towards assessing and managing the
greatest threats facing natural systems. One of the reasons for this
is the widespread use of environmental impact assessments (EIAs).

For decades, EIAs have been one of the primary policy instru-
ments for environmental management and have become a globally
consistent approach to managing impacts of human activities, in-
cluding in the coastal and marine environment (e.g. Tullos, 2009,

Table 1. Comparison of the characteristics of EIAs and risk assessments.
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although see the caveats raised by Hedgpeth, 1973). However,
much of the advice generated by coastal and marine science practi-
tioners, through the generation of EIAs and similar assessments, are
implicitly risk-based but often do not explicitly follow risk assess-
ment methodologies. This can sometimes be a substantial limitation
in environmental assessment methods, but can also sometimes be an
opportunity to improve EIAs. The reason this can become problem-
atic is that governing agencies and natural resource managers often
operate within explicit risk management frameworks and, therefore,
are at times forced to apply quasi-risk assessments in the form of
EIAs to formal administrative processes that are expected to be risk-
based. It follows, therefore, that embracing a risk assessment ap-
proach could lead to increased uptake of scientific advice by
natural resource managers, and ultimately lead to better environ-
mental management outcomes. In any case, in the light of the im-
portance of the likelihood of possible consequences occurring, it
would be helpful if we moved away from EIAs that contain a com-
prehensive identification of the possible sources of hazard and con-
sequences but have cursory treatment of the likelihood of the
hazards occurring. To illustrate this, Table 1 presents a generalized
comparison of the information contained in a typical coastal or
marine EIA with information contained in a risk assessment.
Despite areas of commonality, there are key differences in the
requirements.

Fisheries science and management practitioners have recently
begun to apply formal risk management processes to fishing activ-
ities (e.g. Hobday et al., 2011). In many ways, this has been a
natural extension of quantitative stock modelling and assessment
as these approaches already involve the application of statistical
approaches for parameter estimation. The uptake of formal risk as-
sessment by fisheries practitioners has presumably been accompan-
ied by an upskilling of individuals and teams. Ideally, this upskilling
would have involved consideration of the plethora of literature and
guidelines detailing best-practice risk assessment methodologies.
However, having said this, a particular characteristic of the discip-
line of risk assessment is that the terminology and methodologies
are often applied in a loose manner—it seems that everyone is a
risk assessor. This may be a consequence of Beck’s Risk Society
where it could be argued that everyone is in fact by default, a risk as-
sessor and manager. However, it does not follow that despite our
universal pre-occupation with risk assessment and transference,
that we all follow formal and defensible methodologies for achieving
these outcomes.

Risk is most often defined as the product of the likelihood or
probability of an event occurring, and the consequences of the
event if it were to occur. Alternative definitions have been proposed;
for example, the influential risk communicator Peter Sandman
(www.psandman.com) defines risk as:

Risk = hazard + outrage,
as opposed to the more formal definition of risk as:

Risk = likelihood xconsequence.

Context identified Risk identification Risk analysis Risk evaluation Risk treatment
Risk assessment v v v v v
EIA v v ? ? v
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The Sandman definition has developed from the perspective of
public relations management of industrial accidents whereby the
key outcome to beavoided is public outrage. The classical definition,
commonlyattributed to Blaise Pascal in the 17th century (Bernstein,
1996), defines risk as directly and simultaneously dependent on
both the likelihood (commonly expressed as a probability) and
the consequence of the hazard occurring.

It is also important to note that risk perception in humans is a
psychological process through which an individual digests, corre-
lates, and assesses information about a hazard (Shackleton et al.,
2011). Decisions about the perceived severity of the risk are based
on, for example, an individual’s circumstances, their knowledge of
the risk, their personal experiences and beliefs, social norms, and
a consideration of the possible impacts that action or inaction
may have. Importantly, a scientific assessment of risk may not
always be the primary source of information in the risk perception
process, either at the individual or societal levels, particularly if
this information is not communicated in an appropriate manner.
For example, a study of coastal communities vulnerable to flooding
found that information from family, friends and local community
groups was perceived as more important in assessing flood risk
than information from media reports or government agencies
(Harvatt et al., 2011). It is vitally important, therefore, that risk as-
sessment procedures include stakeholders in the process and that
outcomes are communicated in a clear and intuitive manner.

Despite the long-standing origins of probabilistic risk assess-
ment, it can be argued that many scientific disciplines followed
the trail blazed by classical physicists and chemists (underpinned
by Newtonian deterministic views of cause and effect) for much of
the twentieth century. This dominance acted to downplay the rele-
vance and importance of more statistical-based or probabilistic
methodologies for understanding cause and effect such as risk as-
sessment. Having said this, the rise of quantum mechanics as a
means of explaining shortfalls in Newtonian physics has helped to
promote the application of more probabilistic approaches such as
risk assessment. A consequence of this focus on deterministic
mechanisms was also that Bayesian statistical approaches, arguably
the most appropriate framework for risk assessment, were also rarely
applied until relatively recently (e.g. Siu and Kelly, 1998). As high-
lighted above, the approach of assessing risk in terms of likelihood
and consequence is the foundation of a number of risk management
disciplines, including financial, emergency, asset, and business con-
tinuity management. However, despite the long and distinguished
history of risk assessment, its uptake in coastal and marine applica-
tions has lagged behind its overall uptake by at least a decade
(compare Figure 1 with Figure 1 in Mao et al., 2010).

The core quantitative tasks in risk assessment are the estimation
of the likelihood and consequences of a source of risk. The first step
in a risk assessment is generally to identify the possible conse-
quences, ranging from immediate and obvious to more far-field
and cumulative. The identification of possible cascading conse-
quences is generally a tractable task. This is especially the case
where numerical models are able to simulate possible consequences.
This can also be achieved through engaging technical specialists to
identify potential sources of risk. However, this process of expert
elicitation needs to be undertaken with care as being a technical spe-
cialist is not a sufficient condition for being risk-intelligent (see, for
example, http: //www.projectionpoint.com for details on risk intel-
ligence, and see EFSA, 2014). In other words, many technical specia-
lists are clearly experts in their discipline, but can be poor at
estimating the likelihood of future events or conditions occurring.
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Figure 1. Absolute number of articles (a) and citations (b) during the
period 1945-2013 that are returned by a search for the string “risk
assessment” and “marine” in the Thomson —Reuters Web of Science
database. The x-axis begins at 1975 because the numbers were zero
before then. The search was conducted on 18 August 2014.

Therefore, developing alist of possible consequences is a relatively
straightforward task. For example, anyone who has been involved
with high profile or controversial coastal or marine infrastructure
development proposals or natural resource exploitation proposals
will have found that opponents to, for example, coastal develop-
ments or increases in fisheries allowable catches are very capable
of generating long lists of possible future impacts. Furthermore,
such opponents often then jump to advocating for the precaution-
ary principle (Lauck et al., 1998) to be applied as a justification for
not approving projects under the argument that there are so many
possible impacts that the risk will be unacceptable. This is a misap-
plication of risk assessment (and the precautionary principle) since,
in such cases, there is no defensible investigation of the likelihood of
the impacts occurring and, therefore, no distinction between pos-
sible and probable impacts. In other words, it is relatively easy to
come up with a long list of all possible consequences or impacts of
a proposal. However, this alone can be somewhat unhelpful unless
the corresponding estimate of the likelihood is provided so that pos-
sible impacts can be distinguished from the probable impacts. This
does not mean to say that low likelihood but possible impacts
need to be ignored; rather it recognizes that estimates of risk
require consideration of both the consequence and the likelihood.
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Estimating the likelihood of particular consequences is often
problematic. This is especially the case for low likelihood, high con-
sequence events. For high likelihood, low consequence events, there
are often considerable data and time-series available for analysis.
Hence, while low likelihood /high consequence risks are quantita-
tively the same risk as high likelihood/low consequence risks, the
latter are generally easier to assess and hence our confidence in
these risk predictions is often greater as we typically have direct per-
sonal experience with these events. This fact also means that even
subject matter experts can implicitly bias risk assessments towards
more frequent and better-known events. For example, there can
widespread differences in opinion, even among experts, over the fre-
quency of natural hazards such as earthquakes (e.g. Shearer and
Stark, 2012).

There are four general approaches for estimating the likelihood of
specified impacts occurring: (i) estimates based on the measured
impacts of similar activities in similar environments or contexts, (ii)
estimates based on results validated numerically, semi-empirically,
or using empirical models, (iii) estimates based on accepted theory
of cause—effect mechanisms, and (iv) expert elicitation and opinion
of one or more individuals. The robustness or defensibility of esti-
mates of the likelihood of impacts occurring will be maximized if
more than one of these methods is applied. For example, if expert
opinion alone is used, then this opinion should be developed from
the basis of theory, previously applied models, and/or similar exam-
ples presented in the scientific literature (see EFSA, 2014).

In effect, the assessment of the likelihood of future events occur-
ring is a prediction. While the basis of the prediction may be at least
partly developed from previous occurrences of the impacts or con-
sequences under investigation, fundamentally it is a future-looking
prediction and, therefore, subject to the well-documented difficul-
ties that humans have in predicting future events, especially those
that occur infrequently (Gregory et al., 1996). It is, therefore, critical
that the basis for any prediction be systematic, methodologically
sound, and well documented. Such systematic methodology is at
the core of formal risk assessment methodologies, and this high-
lights the criticality that risk assessment practitioners have a deep
understanding of these processes. For example, while workshops
may be a good approach to elucidating the possible consequences
of projects, or changes to regulations, workshops alone may not
be suitable for generating estimates of the likelihood of conse-
quences occurring. That is because workshop participants may
not be well equipped to compare very low and very high likelihood
future events without bias (Yang et al., 2009).

As a result of the difficulties in assessing likelihood, the most
robust approach is to follow the prioritization presented above.
However, in some cases, detailed previous examples may be
absent and, for ecological systems, numerical or even empirical or
analytical models may also be unavailable. For physical processes,
the movement of water in aquatic environments is well described
by the Navier—Stokes equations of motion that can be adequately
encapsulated in numerical hydrodynamic models. The same
cannot be said for ecological systems as they cannot be fully
described by a single set of coupled partial-differential equations.
It is this inconsistent approach to assessing likelihood that is a key
difference between formal risk assessment and EIA.

A clear benefit in applying risk-based approaches is that the iden-
tification of probable impacts can be differentiated from a long list of
possible impacts. However, perhaps one of the most valuable out-
comes of a risk assessment exercise is in the identification of gaps
in the knowledge /data required to quantify the risk. Thus, even if
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the exercise cannot adequately quantify the risk per se, it will
almost always result in a ranked list of research questions that
must be pursued to support the risk assessment process.

An article theme set: Risk assessment and risk
management in the marine sciences

In the context of the above, and given the widespread adoption of
formal risk assessment frameworks in many disciplines, we
thought it timely to assess the uptake and application of quantitative
risk assessment and risk management approaches in marine and
coastal resource and environmental management. To this end,
this article theme set presents eight case studies in which risk assess-
ment has been applied to inform and guide the management of
coastal and marine systems.

Taranger et al. (2015) provide details of the development and
implementation of a quantitative risk assessment approach for in-
vestigating multiple risks associated with Norwegian aquaculture
activities. The results of these analyses provide valuable knowledge
for the ongoing management of the aquaculture sector in Norway.

Stelzenmueller ef al. (2015) applied risk assessment approaches,
including the use of Bayesian belief network models, to develop spa-
tially explicit information to underpin marine spatial planning. This
approach was able to incorporate impacts and recovery potential for
different fishing fleets with different vessel and gear characteristics.

Fletcher (2015) provides a personal view and lessons learned from
applying risk assessments to the management of several key stocks
and ecosystems. Key lessons learned include the importance of en-
gagingand empowering stakeholders through assessment approaches
that are more intuitive so that they can actively understand and par-
ticipate in the risk assessment process. Similarly, Cortés et al. (2015)
detail the results of an investigation into how risk frameworks can be
applied to the analysis of population dynamics of cartilaginous fish
populations. The results of a comparative assessment of different
approaches applied to the same stock are provided.

Azmietal. (2015a,b) provide two reports based on a series of bio-
security and pest invasion studies. The global marine biosecurity re-
search and management community have recognized that directing
resources to manage incursions is most effective if resources are
deployed according to risk. However, this can only be effectively
achieved if the assessment of the risk is accurate. These two
studies provide examples of how this can be achieved.

Risk screening is commonly applied as the first step in quantita-
tive risk assessments. Cotter et al. (2015) undertook an ecological
risk screening exercise for fisheries off the Southwest coast of
England. This involved extensive stakeholder workshop tasks to
both elicit information, and ensure engagement with key stake-
holders. The ecological risk screening approach was effective in eli-
citing and integrating disparate information that can then be used to
prioritize management resources.

Knights et al. (2015) provide a demonstration of how causal
pressure-state linkage approaches can be incorporated into a risk
management framework. This approach can be used to investigate
the relative magnitude of different impact pathways and thereby
identify ecosystem components most at-risk. Finally, Astles (2015)
highlights the importance of addressing multiple scales and risk
pathways in both the ecological system and the human system,
and the need for risk communication throughout both the assess-
ment and management processes. This study provides an approach
for transitioning from effective risk assessment to risk management,
demonstrated through a case study of an urban estuary.
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All of these case studies demonstrate the considerable advantages
and utility that risk-based approaches offer. It follows, therefore,
that there is considerable potential and scope for risk-based
approaches to be applied to the management of marine fisheries,
aquaculture, spatial planning, and other activities that occur in
coastal and marine systems, in coordination with the direct manage-
ment of living resources and habitats.
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