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Executive Summary

In the fa@ of resource rationalization and a changing client base, the Search and Rescue
Branch of the Canadian Coast Guard has expressed a need to quantify marine activities by
type, location, frequency, and duration, and identify trends wherever possible. In

paticular, there is a dearth of information on the extent and trends of recreational

activities. These fundamental inputs to a risk assessment model would help determine the
requirements and the deployment of CCG resources in the most effective manner.
Furthermore, this information would be very useful for targeting SAR prevention

activities and any other risk management programs.

Prior to embarking on such a venture, it is important to establish a comprehensive list of
relevant activities, and to defineetlattributes and measures by which they will be

quantified. When defining data requirements, it is crucial to consider the context in which
calculations and decisions based on such information will be made. To address this issue,
the Canadian Coast Guad(G) has contracted the Atlantic Industrial Research Institute
(AIRI) to define the data requirements which would adequately assess maritime activity
levels within a risk assessment model.

In order to construct a useful risk model, the type, format avedl ¢é detail of the data to

be collected has been prescribed. Significant activities and incidents that affect the
demand for SAR resources have been identified and evaluated. The relationship between
marine activity and accidents has been describé&e. risk estimation process may

include the examination of historical data, subjective assessment by experts, and the
identification of risk factors through reotiuse analysis. But more than just marine

activity must be considered when determining thiefastors; it is important to consider
geographic and environmental conditions, amongst others characteristics.

The process of collecting the right type and quantity of information is an iterative process.
Reasonable guidelines have been providedrf@saing activity data. Subsequently, risk
calculations must be validated to ensure that significant factors have been included, and
that the activity and incident data are compatible. Procedures will have to be developed
to ensure a steady source ofable data. A GIS database is the preferred interface, as
visual displays of activities and incidents are very useful for generating subjective
estimates and for validating results.

Many sources of information and databases have been identified. Aasgtlet has

been reviewed covering accident mensuration, marine occurrences, and risk analysis.
Some reports and data sets have been obtained to continue the process of integrating
available information, identifying data deficiencies, and establishegtportant risk
factors, and possible consequences for maritime incidents.
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1. Overview

This report presents tlveork conducted to assess the data requirements for incorporating
marine activities into a Search and Rescue (SAR) risk model for the Canadian Coast
Guard (CCG).

In section 2, the context and purpose of the project are explained. In section 3, the
framewak for a risk model is presented to provide a context for defining maritime

activity data requirements. Issues relating to adequate measurement of activities are
reviewed in section 4. A review of some literature related to accident forecasting, and
risk analysis is conducted in section 5. Finally, data sources and their respective contents
are outlined in section 6.

2. Project Background

Rationalization of Canadian Coast Guard Search and Rescue services has prompted
several initiatives in recent yeaaimed at improving resource utilization. A major factor

in the planning process is the expected type and frequency of maritime incidents. Several
approaches are possible to estimate these numbers, but in all cases the activity levels are a
major deteminant. Regional SAR Program personnel have identified this as an

important consideration:

Al't i s becoming increasingly apparent t ha
Search and Rescue System are changing. The traditional fisheries have

been failing andr@ being replaced in part by new fisheries such as

aguaculture and sea urchin harvesting. Traditional inshore fleets are

moving further offshore in search of fish. There has been a dramatic

increase in the use of personal watercraft such as Seadoosllaoalds.

There has been a similar boom in commercial enterprises such as whale

watching tours, parasailing and sea kayaking. On the traditional maritime

high seﬁas traffic, we have seen an increase in tanker and passenger ship
traffic.o

The Coast Guarllas expressed a need to quantify marine activities by type, location,
frequency, and duration, and identify trends wherever possible. In particular, there is a
dearth of information on the extent and trends of recreational activities. These
fundamentalnputs to a risk assessment model would help determine the requirements
and the deployment of CCG resources in the most effective manner. Furthermore, this
information would be very useful for targeting SAR prevention activities and any other
risk managenma programs.

! Kendrick, Paul, Supervisor SAR Programs, CCG, Halifax, personal communication.
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Concurrently, personnel from the Habitat Division of the Department of Fisheries and
Oceans (DFO) in Halifax have been collecting and collating data on a wide range of
natural and human activities along the coasts to provide a more comgiete pf the
extent and variety of the maritime environment in the region. Their information on
recreational and commercial activities is largely qualitative but this provides a unique
opportunity to collaborate on expanding the data to satisfy the Gaastr d 6s needs.

Prior to embarking on such a venture, it is important to establish a comprehensive list of
relevant activities, and to define the attributes and measures by which they will be
guantified. When defining data requirements, it is cruciabtwsider the context in which
calculations and decisions based on such information will be made. To address this issue,
the Canadian Coast Guard (CCG) has contracted the Atlantic Industrial Research Institute
(AIRI) to define the data requirements whichuMbadequately assess maritime activity

levels within a risk assessment model. In addition, the Bay of Fundy will serve as a trial
region for the application of the risk model.

3. Modelling Issues

The level of future demands on Coast Guard Search aswl&eesources depends on the
expected number and severity of maritime incidents. An incident can be defined as any
occurrence requiring Coast Guard Search and Rescue resources. This ranges from severe
accidents where people or property have been hatmesierdue boaters who may or

may not be lost. A risk model incorporates the uncertainty associated with the potential

for future incidents, and the range of possible consequences arising from them. A
proactive planning framework tries to anticipateragyes in risk patterns over time to

effectively adjust CG resources as required, rather than react to changes in conditions. In
the following sections a risk model is defined, the impact of maritime activity levels on

the risk is explained, and a compansaith traditional planning approaches is discussed.

3.1 Disaggregation of Maritime Incidents Factors

If there were no patterns underlying various maritime incidents, predicting future
occurrences based on historic knowledge would be a fruitless exgrasteevents would
provide no information on which to base forecasts. The fact is that accidents arise from a
combination of predictable risk factors, and extraneous influences. For example, a small
craft caught on the open ocean in a major squallite ikely to capsize (high risk

factors), but the likelihood of being saved may depend on the chance of another boat
being nearby (random chance).

Given that critical risk factordoinfluence the likelihood of most incidents, forecasting
events based dmistorical incident data implicitly assumes that future activities and risk
factors are the same as past ones. In general, this is a questionable assumption, and the
implications of this potentially misleading rationale are reviewed below. The objettive
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the risk model is to identify and quantify the activity levels or exposure, the relevant risk
factors, and the possible impacts of an incident.

A representation of the elements involved in a generic maritime risk assessment is shown
in Figure 1. It enompasses both the occurrence of incidents, and the associated severity.
It is important to distinguish between these two aspects. It may be said that a particular
incident type will have a given rate of occurrence based upon a certain set of factors.
Then, given that an accident has occurred, it is important to limit the severity. The
severity of an accident is based upon a different set of factors, some of which may be
directly within the control of the persons involved.

"RISKFACTORS i | OUTCOME MEASURES
Type and Level of : : :
Activity —
Likelihood of
: Occurrence of Marin
Environmental : Incident

Conditions : : OVERALL
—} : RISK

Operator / Passengerl

Training Severity of Incident

Regulations /
Navigation and Safet
Equipment

Figure 1. Major Risk Model Components

The probability that an incident will occus based upon four major elements: the

activity itself; the expertise and condition of the people on board; the environmental
conditions; and the regulations/equipmeneetiihg the crew and vessel. One of the most
important considerations may be the inherent risks involved with the activity itself. For
example, the risk of capsizing may be inherently high in seaweed harvesting, where the
operators lean over the side bétsmall boat loaded heavily with seaweed; there is an
inherent risk of capsize, specific to seaweed harvesting. The second aspect involves the
training, experience and condition of the people on board. This includes navigational
expertise, common sensbout environmental hazards, substance abuse, medical
conditions, or any other human factors which may have a significant effect on risk. The
third consideration is the environmental conditions at the time of the incident. This may
include temperaturayind, precipitation, visibility, as well as geographic hazards.

Finally, the safety, navigational and communication equipment on board, or lack thereof,
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are additional factors to consider in determining the risk associated with a marine
incident. Thidinal factor will often be a function of the regulations concerning boating
safety and the degree to which they are enforced.

Theseverity of an incidenbnce it has occurred, is affected by the type of distress, the
environmental conditions at the tintee safety equipment of the vessel and crew (or lack
thereof), and the training of the crew. Each incident can be viewed as having an initial
severity, as well as a rate of change over time (which is typically of increasing severity,
but may be constaotr decreasing). For example, if someone has sprained an ankle on
board, there is a relatively low initial severity associated with this incident, and the
severity does not increase dramatically over a reasonable time frame. On the other hand,
if the boa has capsized in icy waters, there is a high initial severity associated with this
accident, and the severity of hypothermia increases dramatically over time. The
environmental conditions, although not within our control, play a significant role in
seveity. These include climatic and geographic hazards. Also, the level of preparation
of the crew and the vessel for an accident (i.e. Personal Flotation Devices, proper
clothing, life rafts, etc.) determines the severity of an accident.

The approach is tbreak into components (disaggregate) the major risk factors in
maritime incidents. However, since the principal thrust of this initial study is to
recommend data requirements for the assessment of marine activity levels in the
Maritimes in the context af risk model, concepts relating to all of the components in
Figure 1 will be presented in this study, but detailed discussions will only be conducted
for the activityspecific measures.

3.2 The Risk Analysis Framework

To calculate the risk associatedtwmaritime incidents, three estimates are required:

a) the level, trend, seasonal variation, and cycle for each activity class;
b) the level and trend in incident rates for each activity class;
c) quantification of possible consequences associated withygechf incident.

By considering a single geographic region (a SAR region or smaller area) and bounded
time window (a month for example), the variability in incident rates caused by
environmental and geographic factors is limited, so that the presdygisman focus on
activity-related factors. The process of preparing and validating the information for a
risk model is shown in Figure 2. A simple example of how these quantitative estimates
are used to calculate risk is presented next, followeddigcassion of approaches for
establishing the relevant parameters.
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Y
Risk
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Figure 2. Process of Validating and Refining the Risk Model

3.2.1 Elementary Risk Calculation

Consider the followng scenario as a simple example of risk estimation. Suppose that a
forecast of incidents involving small fishing boats in a given month in a prescribed area is
desired. For ease of presentation, assume that only two types of incidents are considered,
I1 and 12 (say capsizing and grounding respectively). Furthermore, assume that only two
consequences are included for each incident type, C1_1 & C1_2 for incident type 11, and
C2_1 & C2_2forincident type 12. Typical consequences could be damage t@athe bo
health consequences, or loss of life.

The activity level, AL, for the fishing boats can be measured in number of trips, total
hours on the water, or total distance travelled on the water. These are pros and cons of
using each of these units of measufhe essential criterion is that it be measured in
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units compatible with the recording of incident rates. For example, if available data
guotes Al capsize per 10000 km coveredo
month, then the actity measures should be expressed in total distance of exposure.
Consequences are represented as the probability of each possible outcome for each
defined incident (P1_1, P1_2, P2_1, and P2_2 respectively) and a measure of the impact
of the consequence. dfrerty damage can be measured in dollars, and health impacts in
lost wages and/or costs of medical treatment for example. These are many subtle issues
concerning the valuation of consequences and the summation of their respective impacts
which can be regiwed elsewhefeand are not essential for the purposes of this report.

A simplified version of a risk calculation is represented by the following expressions,
where asterisks represent multiplication:

Risk = AL*1*P1_1*C1_1 + AL*I1*P1_2*C1 2
+ AL*I2*P2_1*C2_1 + AL*I2*P2_2*C2 2
= AL{I1*(P1_1*C1_1 + P1 2*C1_2) + I2%(P2_1*C2_1 + P2_2*C2_2)]

The following table presents some fictitious data to illustrate the risk calculation process.

Activity Class Small Fishing Boats in Sector 1 in June

Activity Level 15000km/mo. (=50 boat trips/mo. * 300 km/trip)

Incident Class 11 (capsize) 12 (grounding)

Incident Level 1/10000 km. 1/5000 km.

Consequence Class Cl1 Cl2 c2_1 c2.2
(minor damage) (major damage)| (minor damage)| (major damage

Consequence Likelhood P 0.7 0.25 0.6 0.1

Consequence Level $1000 $20000 $500 $5000

Risk = 15000*[(1/10000)*(0.7¥1000 + 0.25*20000) + (1/5000)*(0.6*500 + 0.1*5000)]
= $10,950

The calculated risk, within the defined parameters (location, time frame, incident class),

is expressed as the dollar value of expected damage. Naturally, the realized damage may
be much higher or much lower, but in the face of uncertainty over future events, a risk
analysis is the best method of estimating the average impact. The possibtpieonss

in this example may be deemed unrealistic by the reader, but any number and type of
consequences can be included in a real case, as long as the data are available to support
the analysis.

If the risk estimation is conducted in order to plan SAsburce deployment, then the
calculation must be extended to cover all months, encompass all sectors in the relevant
SAR region, and incorporate all significant activities, incident types, and potential

2 Gratwick et al; 1991.
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consequences. A more thorough description of theggsocan be found in other sources
(Canarctic,1995; Shortreed et al., 1995).

3.3 Parameter Estimation

The crux of this project is to address the issue of defining and acquiring the data
necessary for the preceding calculation. Although it may not bediately apparent,

each of the numbers required for the former calculation hinges on a good estimation of
the activity levels.

3.3.1 Activity Estimation

Examine first the question of computing the activity levels. There are three main issues
to be conglered: estimation of tHevelof activity; trendsin activity levels;units of

measure. For some activity classes, such as shipping lines and commercial fishing fleets,
a great amount of data is available which can be organized into an appropriate format.
Conversely, recreational marine activities are poorly documented, a situation to be
partially remedied by this study. Subjective estimates can and have been made in this
area, but objective data should yield much more accurate predictions.

Trends in sme activities are monitored regularly (such as commercial fishing activity or
cargo ship¥, while changes in smaller scale activities such as sea urchin harvesting, or
recreational boating are poorly grasped. As outlined in the opening section, cinanges i
the traditional client base for SAR resources can be best planned for by forecasting any
trends. Incremental changes in SAR resource deployments can be made by reacting to
trends after a short lag, but any decisions involving major capital equipmeg: gany
ineffective if trends are not properly accounted for. It is important to note that trends in
incident rates do not necessarily reflect changes in activity levels, as described in the
following section.

3.3.2 Incident Estimation

One of the maimssues in evaluating the risk inherent in various maritime activity classes
is how to estimate the incident rates for each type of activity. There are essentially only
three ways to estimate future incident rates: extrapolation of historical data; expert
conjecture; and roetause analysis. The most accurate prediction may result by relying
on all three approaches. Better activity measures and risk assessment can improve the
reliability of each of these methods as described below.

3 for exampleHickling Corporation/BoozAllen-Hamilton, 1996
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What is normally availale in SAR historical records and repmsd those of the

Transportation Safety Board (TSBare incidents broken down by type and period.
Furthermore, analyses are regularly conducted to categorize the incidents by the major
determinants (for examptapsizing discriminated by boat size; or groundings segregated
by weather conditions). However, the incident rate is not calcytatednit exposure

(i.e. activity level). There has generally not been the need nor the ability to do this.

However, cosider the effect of using historical incident rates to predict future

occurrences. Typically, a decistomaker would consult historical incident data, and in

the fictitious case below might conclude that the annual incident rate for the class of
events casidered will remain relatively constant. However, the same outcome might
equally arise from the conditions depicted in Figures 3b and 3c. In this situation, this

activity has actually been increasing in frequency, while the incident rate per unit

exposue (say per km travelled) has been dropping, perhaps because of some new safety

feature or training program. If the incident rate per unit exposure (Fig.3c) has now

stabilized, while the activity level (Fig.3b) continues to rise, the fallacy of guiding
decisions based on Figure 3a is apparent. In this case, a more accurate forecast would
predict that there will be an upwards trend in future incident frequency.

Fig.3a. Number of Incidents Fig.3b. Activity level
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g g
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H
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Fig.3c. Incident rate

1 2 3 4 5
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Figure 3. Incident frequency as a function of activity and incident rate

Thus, measurem of activity levels provides a necessary basis for the estimation of
incident rates per unit exposure which is an integral component of risk assessment.

The second approach to estimating incident rates relies on expert judgment about the
direction thaincident rates will take in the future. Expert opinion will generally play a
significant role in risk assessment as numerical predictions do not always encompass all
of the intangible factors. If however the expert is asked to predict incident freqjencie
s/he might just as well respond that it depends on whether the activity levels are going to
change, and whether the safety of the activity in question will be better or worse in the
future. In other words, the disaggregation procedure will often be par f
cognitive process. In this case, it may be more accurate to separately estimate any trends

in activity levels and in incident rates, bolstered by the best quantitative information

available.

* Marine Search and Rescue Annual Report, CCG, DFO, 1995.
® TSB Statistical Summary, Marine Occurrences, 1995.

t he
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For example, the expert might be advised 8000 Personal Watercraft (PWC) are

owned in Canada, and that the market has been increasing at 10% per year (this example
is fabricated). Furthermore, assume that the data show that the injury rate has been steady
at 1 per 10000 PWCs owned per yeaather than extrapolating the data, the expert

might confer with the manufacturers or retail experts to judge whether the market
penetration will grow or level off. Similarly, the expert could speculate that the incident

rate will climb as the popular veesibecome more congested, or decrease as increased
regulations or training are imposed. In any case, measures of activity levels and incident
rates are extremely useful in anchoring the forecasts to accurate facts.

Finally, rootcause analysis is a congttive approach to risk assessment. The key te root
cause analysis is to identify and quantify the principal risk factors, and then calculate the
likelihood of incidents. This technique can be applied at a macro or micro level. An
example of the formawrould be a calculation of the expected congestion in a harbour as
shipping increases and a calculation of the likelihood of any two ships colliding based on
their respective characteristicsThis type of information is acquired usipgst hoc

analysis ora substantial historical incident database. Sufficient data may be available
from Canadian, American, and other sources to identify the principle risk factors for
certain type of accidents during certain activities.

At the micro level, through reliabiliy est i mates of the systemds (
system failure rate can be estimated. For example, the failure rate of an outboard motor

as a function of age may be available from the manufacturer, which thus quantifies one

root-cause of certain fads being disabled. As another example, a study has postulated

that the collision rate of ships equipped with a particular safety device has dropped over

time due to the introduction of the deVicéf this is correct, the device is a significant

identifiable factor which mitigates risk in certain situations.

In other cases, historical data may yield trends in incident rates for certain types of
activities, but the risk factors may not be readily apparent. For example, the median
number of fatalities imecreational boating occurred at 70 horsepower when averaged
over 19691987, but then dropped to 50 horsepower in the subsequent four years with no
apparent reas8n Unless the risk relationship is understood, some estimates of accident
rates may have toe made at a more aggregate level, such as the mean fatality rate
associated with small pleasure craft, without attempting to distinguish by horsepower.

In reality, rootcause analysis is an extremely complex and probably unreliable procedure
for most cicumstances. However, the understanding gleaned in the process of
investigating causes can add significantly to the quality of the incident rate estimates
produced by other means. The classifications used to group activity measures for

® Morgan, R.R., 1979.
"Tiblin, B. V. 1990. Collision Avoidance Effectivenes§he Past Two Bcades. IfProceedings of IEEE

Pl ans 690: Position, Lod3448.on and Navigation Symposi
® Traub, G. L. 1988. Recreational Boating Accidents in Ocean WateRroteedings of IEEE Oceans
688: A Partner s HH49p1496f Marine | nterests
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example, should flect as much as possible the characteristics of the principle risk
factors. If the presence or type of communication device is shown to be a major factor in
the final outcome of disabled boats, activity measurements might be distinguished by
boats with adio, boats with cell phones, and boats without communication devices.

If the right sort of data is gathered over time by participating agencies (DFO, CCG, TSB),
statistical techniques can be used to better map the relationship between the data collected
on activities and incident occurrence. By determining the risk factors involved that affect
the occurrence of marine accidents, the Coast Guard will be better able to target certain
activities in the future for better SAR coverage or risk reduction pmogra

3.4 Model Validation

The process of validating and refining the risk model is illustrated in Figure 2. The
standard modeling procedure is to partition historical data such that the earlier segment
may be used to set model parameters, while thaireng data serves as a validation
benchmark for model predictions. When adequate data is unavailable, all historical
information is used to prepare the model, and validation is conducted following
implementation.

As discussed in the previous sectior tjuantification process may be a combination of
existing data, subjective assessment, and calculated risks based on causality. If the model
cannot be validated (either the results of the modelling process are too unrealistic or the
predictions turn outwentually to be highly inaccurate), an investigation must be made to
determine if the methodology or the data or both are deficient.

Methodological problems may arise if the wrong set of risk factors are included. For
example, if the incident rate for PV8@ erroneously assumed to vary with the age of the
user and this is factored into the risk calculation, it will lead to incorrect predictions if in
fact it is not a significant factor. Similarly, relevant risk factors cannot be omitted. Say
the probality of capsize is assumed to be the same for all fishing boat types, and the use
of large boats is predicted to decrease while the use of small boats is predicted to increase
by that same amount. The model would forecast that the capsize incidentdyequen

would remain constant. If in fact small boats are more susceptible to capsize, then this
result is wrong, and the model should have distinguished between boat sizes as a
significant risk factor. Another point is that the risk factors should be indepénlf

boat length is included as a risk factor for capsize, and so is the draft, it is possible that
double counting of the impact will result as most small boats have low draft. Finally,
other possible problems include the additivity of the riskoi@gcand the conversion of
incompatible units for consequences (dollars damage and lives lost for example),
however these issues are not of immediate concern.

Data deficiencies may lead to invalid results. Sensitivity analysis can be conducted for
the daa which is the most uncertain, to see if changes significantly affect the outcome of
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the analysis. Over time, as more data get collected, the reliability of forecasts should
improve. Furthermore, additional studies on the relevance of various risk fagtors

allow analysts to concentrate on the most important criteria, and concentrate their efforts
on refining the data in that area.

3.5 Comparison with Traditional Approach to Forecasting Incidents

The prevailing method to plan for the demand on SABue®S is to generate a forecast
by fitting historical statistics generated from Coast Guard Incident Reports, assuming
constant levels or possibly including a subjectively estimated trend factor. However, if
the levels of various activities or the rigcfors associated with them are changing over
time, traditional forecasting methods may be inadequate. Trends in activity types and
levels may be one of the main determinants of the changes for future demand on Coast
Guard Services.

There are several pattial weaknesses to the conventional estimation procedures for
forecasting maritime incidents.

1) The sparseness and variability of most historical incident classes may generate
inaccurate forecasts. Sound statistical procedures can be used to extfapolate
past frequency levels, but small data sets often lead to very high uncertainty (large
confidence intervals) in future incidence levels. A common procedure used to tighten
the confidence bounds is to aggregate data from similar incident classéde prior
statistical analyses, but this will tend to mask underlying causes. For example, if the
average number of drownings from small boats in the last five years is used to
forecast the expected incident rate, the results may be highly inaccurate if alashol
the cause in a large percentage of cases, and inebriated boaters are expected to
decline through policing and education.

2) Potential incidents which occur relatively infrequently may not appear in historical
records at all. For example, the collisidriiwo container ships or the capsizing of a
ferry boat, although extremely unlikely, can occur. Such small probability but
potentially large consequence events should not be ignored in the evaluation of
Maritime risk. However, rare events by definitioil\generally not appear in
historical records, and other means of assessing their likelihood must be adopted.
Conversely, certain Afreako accidents
predictions. If two ferry boasts had collided recently withrgddoss of life,
elementary statistical analysis would predict a very sharp increase in the fatality
trends, although this type of accident may never occur again in the region.

3) Future maritime activities or incident rates may differ significantly in g degree

may

from past observations. The intensity of some activities, such as Personal Water Craft

(PWC) use, is increasing significantly, while others are dwindling such as certain
fisheries. Current and future incident rates may also exhibit noticeéejpetures
from historical levels. For example, improved navigational and safety equipment is
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reducing the rate and severity of several classes of incide®sne forecasting

methods are more sensitive to changes in the underlying factors but theskytypi
require large quantities of reliable current data, and complex interactions can lead to
erroneous results without understanding the root causes.

Statistical analysis is an essential tool for predicting maritime incidents, but suitable
factor analys must be conducted so that forecasts are sensitive to changing
environments. Since historically, maritime activity levels have not been monitored or
analysed, most of the SAR information available provides absolute number of incidents
per unit time, andot relative to activity levels. Measuring activity levels will permit the
calculation of incidentates which should provide a much clearer view of the major
trends in the demand for Coast Guard SAR services as illustrated in the foregoing
sections.

4. Measurement Issues

In the following sections the approach and criteria used to define data requirements are
presented. This includes a description of what type of data is required, how the data is
categorized, and how decisions are made about the ofalagious types of information.
Sources of data and formatting issues are presented in section 6 below.

4.1 Types of Activity and Incidents

In formulating a risk model of marine Search and Rescue, the scope of activity that is
occurring on the oceans niue identified and quantified. The list should include any
activities that could possibly be involved in an incident requiring Search and Rescue
assistance. This includes all activities that occur on the ocean: fishing, harvesting,
commercial shippingand recreational marine activity. Furthermore, activity in the skies
must also be considered; in the event of an aircraft going down in the ocean, Coast Guard
Search and Rescue resources would be required. One must be able to estimate where,
when, anchow many incidents will occur. The occurrence of these incidents are a
function of the level of activity that takes place on the ocean. For each activity, an
incident rate must be established which is adequate for calculating overall risk. The first
stepin this procedure is to catalog all possible types of occurrences, and then to
incorporate the relevant ones into the model following further analysis.

The strategy adopted to develop this part of the model is to generate as comprehensive a
list of activities and incidents as possible, and then refine them based on several
considerations described below. Accordingly, the list of activities presented in Appendix
A was compiled from several sources. Likewise, the list of potential incidents (Appendix
B) isan amalgam of Canadian Coast Guard classifications, Transportation Safety Board

®Morgan, R.R., 1979.
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records, and a selection of U.S. databases. These lists may be subject to future
modifications as a result of further investigations and expert input.

4.2 Data Reduction and Classification

Due to the high level of detail required to quantify and analyse activities, it is important to
reduce these lists by the greatest possible amount. There are many considerations in
refining these lists:

distinctiveness of an activity cqrared with other maritime activities;

relative importance of an activity or incident for the risk calculation;

spatial and temporal scales required;

desired and potential degree of detail available for each activity or incident;
availability (current or fture) and reliability of data for each activity or incident;
value of the information for each activity or incident relative to the cost or effort of
acquiring it;

compatibility of activity and incident data;

e distinguishing sitespecific information from dta on classes of activities.

In order to address these points, more detailed information is required for various

activities and incidents. Thus, a listatfributeshas been developed (Appendix C), some

or all of which may be used to characterize patéir classes of activities or incidents.

This list of attributes serves as the preliminary basis for the type of data to be collected in

order to quantify and describe the activities and incidents, and thus provides possible

factors in the prediction of AR resource demand. Each attribute can be considered a

potential factor in the risk model. For example, size of ship may play a factor in the

number of incidents,; | arger ships require n
therefore increasing thrésk of collision.

4.2.1 Distinctiveness of activities

Any activities that share the same characteristics (attributes) may be grouped together, as
long as any differences would not affect the risk model. For example, if mussel, scallop
and oyster farmingre not different enough to warrant separate groups, they could be
merged as shellfish farming. By generalizing in this way, we reduce the time and data
collection effort required to form a representative risk model by eliminating unnecessary
details. We distinguish here between the level of detail required by the risk model and
that already collected by various agencies. That is, although the risk model may not need
to distinguish between mussel, scallop and oyster farming, these data may already be
available as separate records, and should be combined as required.
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4.2.2 Relative importance of occurrences

To determine what types of marine occurrences will play a significant role in developing
the risk model, the simple ranking technique shown b&aygeful in narrowing the
number of important considerations.

FREQUENCY OF OCCURRENCE

LOW MEDIUM HIGH
LOW 6 5 4
CONSEQUENCES MEDIUM 5 3 2
HIGH 4 2 1

Each incident is located in the matrix according to the relative frequency of occurrence
(either low, medium, or high) and according to the level of severity of the consequences
(either low, medium, or high). Occurrences ranked as 1 require the most analytical effort,
while rough approximations may suffice for rank 6 events. A preliminaryiontéor
examination and elimination might be to focus efforts on the occurrences that are
medium or highrconsequence, and that have a mediorhigh-probability of

occurrence. This will provide a more manageable group of occurrences that have a
significant impact on the demand for SAR resources: incidents that occur frequently, and
accidents that involve serious consequences. Other occurrences will not be excluded
from the model, but may be included using less sophisticated risk estimates.

4.2.3 Spaial and temporal scales

Decisions must be made regarding the categorization of activities and incidents into
discrete slices of time and space. Annual averages may be sufficient foahgeg

forecasts of resource requirements, butimoath periods armore suitable for risk
assessment. Similarly, an area the size of a Coast Guard region is adequate for planning,
but a more refined scale will be used to characterize incidents and activities, as shown by
the location parameters in the Attributes list p&pdix C). One important consideration

here is the fact that different agencies use different boundaries for their maritime
jurisdictional units, so translation will normally be required to that the data conform to

the standard CG regions.

4.2.4 Degree bDetail

As shown in the list of attributes (Appendix C), many characteristics could potentially be
measured to varying degrees of precision. For example, the ship weight may be recorded
as accurately as possible, or simply within a 5000 ton range.a€lorctass of activity

and incident, the method of calculating risks will determine the desired level of detail of
information. Broader ranges are desirable since the data collection is simpler, and the
calculations are generally more robust when moreegdfall into each category.

However, if the distinctions are not fine enough, sensitivity to important risk factors may
be missed. For example, characterizing all boats as small (less than 50 feet say) or large
otherwise is not a sufficient distinctiofihis would lump container ships in with modest

size fishing boats. The question is whether to categorize boats by 100 foot increments.
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The most sensible approach is to use existing categories from the SAR or TSB database,
so that the activity measures ammpatible with the incident records (see point 4.2.7
below). However, this decision is tempered by the availability of data as described in the
following two points.

4.2.5 Availability and Reliability of Data

Establishing the data requirements forriis& model is an iterative process. If data are
already available or easily obtainable, and useful for the risk calculation, they are more
likely to be incorporated into the model. For elements where the data are impractical to
collect, or deemed unrebke, a more sensible approach is to modify or simplify the risk
model accordingly. Sources of information are provided in section 6 , but reliability of
the information cannot usually be judged until implementation accentuates the
deficiencies.

4.2.6 Vabe of information

In defining the activity data which should be collected or collated by the Habitat Division
at DFO, the value of the information to the risk model must be weighed against the
difficulty in obtaining it. This is the natural extension loé tcriteria considered in point

4.2.5 above. That is, if a set of data is very important for the risk estimates, but
inordinately hard to collect, a value judgment must be made based cuoffiadsther

simplify the model, or expend a greater efforgenerating the desired data. When the

need arises, some of the decisions may be jointly made by the analysts and Coast Guard
personnel.

4.2.7 Compatibility of activity and incident data

As discussed in section 3 of this report, the measures for atdwilg, incident rates,

and consequences must be in units compatible for risk calculations. Since incident and
accident records have been maintained for some time by SAR and TSB personnel,
initially most activity measurements should accord with thesensghdélowever, new

factors may be introduced into the measurement system for new activities or rare events
where the existing incident classifications may be inadequate.

4.2.8 Sitespecific measures versus general activity class data

For certain activitieand certain attributes, these are some measures which can or must be
made on a classide basis, and others which are sifeecific. Most activity levels will

be measured by location, since by definition the purpose of this exercise is to establish a
spdial risk distribution mapping. However, many of the attributes will not be location
specific. For example, injury rates while using PWCs may only be available on a regional
or countrywide basis. A general incident or activity rate may be adjustguhfticular

sites if there is a justifiable reason for assuming that the risk might be higher or lower.
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4.3 Non Activity-Based Factors

As illustrated in Figure 1, the occurrence of incidents requiring SAR resources are not
solely a function of the amouand type of activity that takes place, therefore the risk
model should not be solely activibased. Other factors include environmental
conditions, operator characteristics, geographic hazards, and navigation and safety
equipment. Appendix D preseratdist of various factors that may prove to have a
significant impact on the occurrence of marine incidents. Information collected
concerning some of these factors is essential to the formulation of a realistic SAR risk
model. While activity data is begrcollected, much of the neactivity related

information can also be collated as the Habitat Division of DFO has already identified
and located many geographic and natural variables which can affect the activities in
guestion. Part of this process invedvthe identification of similarities and differences
between locations in terms of risk factors. As discussed in section 4.2.8, locations with
comparable risk factors, such as the same weather conditions, currents, geographic
hazards, should not differgate their parameters on this basis.

4.4 Data formatting and presentation

There are several issues to be considered to streamline the data flow.

a) The data must be converted to a format compatible with a Geographic Information
System (GIS). Currentlyhe DFO Habitat group is using Mapinfo, which is
relatively inexpensive, and deemed suitabl
definition, SAR tasks are largely defined by location. A GIS facilitates a geographic
rendition which is practicallyssential for SAR deployment decisions. Views that the
GIS could generate include:

e activity regions: boundaries could be drawn around areas in which activities
normally take place. This could include fishing grounds, shipping lanes, whale
watching toursflight paths, etc. Different colours and/or layers can be used to easily
distinguish among activity types.

e activity levels: this representation requires some assumptions, but would still provide
an intuitive feel for the intensity distribution around thgion. The choice of units is
a key feature here. If number of outings is used as a basis, this number could be
displayed within each of the activity regions as defined above. Better still, circles
could be placed in the centre of each region wittdtameter proportional to the
intensity of the activity. Once again, different colors can be used for corresponding
activity classes. Different units, such as bloatirs/month, or bod&m/month will
provide different views. If data is available on a nbnbasis, annual averages of
activity levels can be displayed as well.

e incident rate: the calculated incident rate can be presented visually (with numbers or
circles) to facilitate the validation process and better understand the risk distribution
in theregion. For example, the rate of capsize per-koamight be higher in one
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area than another, leading the analyst to determine whether the discrepancies are due
to natural variations in the data, environmental conditions, or poor safety practices in
someregions.

e incident frequency. the rationale would be the same as above, but as well a
comparison can and should be made between historical incident frequencies (by
activity class, area, and time period) and forecasted frequencies so that the differences
can be easily perceived. This might relate to model validation in the initial stages of
the project, but also eventually lead to a better understanding of the anticipated
changes in the maritime environment.

e risk factors: any of the factors used in thekicalculation can be displayed with the
GIS to better perceive regional differences. For example, a higher collision rate might
be assigned to vessels in congested areas, or a range of different grounding rates
might apply to different zones along theast

b) As shown in Appendix C, several types of location data may apply to different
activities. Ultimately, they must all be converted into units which are understandable
to the GIS software. Normally, the entire region of interest will be partitioned
tiles, or small areas, and each activity will be associated with the appropriate tile(s).
Although SAR administrative regions are already defined, much smaller zones are
required to properly map changes in activities, activity levels, and risk$acitie
fineness of the mesh may have to be adjusted as data are collected and the variability
of activities and risk factors are investigated.

c) Fields must be included in every data record to indicate the source, date, and
estimated accuracy of the 4t This fAimetadatao i s essenti e
database integrity and differentiate recent, reliable data, from approximations.

4.5 Measurement Improvement Process

Given the wide range of data sources available (described in section 6), it is mhfmorta
note that the activity measurement process will have to be refined over time. As part of
the risk model validation (Figure 2) some deficiencies in the results will be traced back to
inadequate data. As described in the previous section, decisibhawe to be made

about whether to improve the database or relax the model precision.

The data requirements definition is an iterative process. It is not possible to predict in
advance all possible adjustments which will be made over time, but somplesawil
assist with the planning process.

a) As regular contacts are made with local data providers (boating associations,
aguaculture groups, small rental operations, etc.), there may be opportunities to
recommend that they gather additional inform@ativhich would benefit the risk

° Dramowicz, Dr. E., GIS Workshop for the Canadian Coast Guard, Lawrencetown, NS, June 1997.
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analysis. Furthermore, procedures may be established to facilitate the regular updating
of the DFO database from these disparate sources.

b) Ongoing analysis of the amassed data will give analysts a better perspectivielon wh
risk factors are relevant to which types of activities and incidents. The data fields
may have to be amended over time to reflect these newly discovered relationships.

c) Some information may only be available on an aggregate level initially, stich as
national accident rate for PWC us&géut if there are indications that the risk is
different on the oceans, or by model type, or location, then efforts may be made to
discriminate on these bases.

5. Literature Review

Typically a literature revi® is included near the beginning of a document, but given the
potentially diverse readership for this report it was deemed to be more relevant following
the sections on modelling and measurement issues. This section includes a review of
research and repsrthat have been which could be useful in developing the CG SAR
activity measurements and risk analysis. Literature has been collected from the DalTech
library, Dalhousie Law Library, Halifax Regional Library, through searches on the
Complindex (Internatinal index of published research articles) and Novanet (index of all
Atlantic University Library holdings), the Institute for Risk Research (University of
Waterloo), and various government departments and agencies, including the Canadian
Coast Guard, the @partment of Fisheries and Oceans, Consulting and Audit Canada, and
the Ministry of Natural Resources. Articles have been selected related marine traffic and
accidents, vehicle traffic and accident prediction and forecasting, and risk analysis.

In addition to the literature review, Appendix F also contains an annotated list of all
articles encountered during research, including a brief synopsis and rating for each one.
They are included because not all articles were not selected for use in the literaéwe

but may be useful in the future as the project develops, or for research in tangential
subjects.

This section serves to bring together published information and data by experts in the
field of operations research, marine analysis, and traffiysisahat is relevant to the
prediction of marine incidents and location of hazardous areas. Section 5.1 presents a
discussion of various analyses and methods of determining hazardous locations and
predicting occurrences, determining which occurrencesvliith locations present the
highest risk, and their applicability to marine Search and Rescue operations. It discusses
the topics of accident prediction and hazardous location identification for highways and
intersections, collision prediction for marimessels, as well as an overview of risk

" Taylor, W.F. Operator Proficiency for Small Craft, Discussion paper, Chairman Council of Boating
Organizations of Canada, June 1995.
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analysis applied to a Search and Rescue scenario. Because Risk Analysis plays such a
large role in this project, Section 5.2 reviews some of the techniques most applicable to
the present project. Section 5.3 exaesi the various factors that should be considered
when formulating a model of demand for marine Search and Rescue resources. It covers
levels and recent trends of marine activity and marine incidents, vessel populations and
vessel characteristics, openasdtributes, as well as environmental and other factors.
Section 5.4 provides an overview of some of the difficulties encountered in collecting this
type of data.

5.1 Analytic Approaches to Transportation Risks

Many measures and relationships hbgen developed to try and best represent the
hazards associated with traffic. Probably the most studied discipline has been road
traffic, which can provide some insights into effects of trying to monitor maritime activity
levels and estimate risk factaned incident rates. Some methodologies which have been
applied to the marine industry are also presented. Air and rail traffic studies may also be
useful, but have not been explored to date.

5.1.1 Road Transportation and Traffic Analyses

Although thee has been a limited number of analyses done in the past on the prediction
of marineincidents, researchers and experts inrtiael transportatiorsector have been
studying the prediction of accidents, fatalities and hazardous locations for many years.
Due to the wealth of information on the prediction of road occurrences, a good starting
point for a discussion on incident prediction and hazardous location identification is the
research done in the road transportation sector. The first two methodsequtdssaty

are used to identify hazardous locations, while the next two deal with forecasting and
prediction of the number of accidents for a specific location.

Some major differences limit the applicability of road traffic studies to the maritime
sector:

¢ road traffic is fairly easy to measure accurately

e routes are constrained

e large reliable databases have been used to predict risk factors

5.1.1.1 Identifying Hazardous locations with Raguality Method

Zegeer and Dean (197®rovide an overview of methodsd the response variables

used by appropriate state officials in the United States to identify hazardous street
locations. The response variable, also known as the dependent variable, is the measure of
performance of the system under study. Respongables used by state officials

includetotal number of acciden{by class of street, type of location, and city

population) severity of traffic acciden{®ased on average daily traffic, accident costs,

and numbers of fatal, injury and property damagg accidents)traffic accident rate

(expressed in accidents per million vehicles for intersections and other spot locations)
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traffic accident severity ratébased on average daily traffic, accident costs and the
number of fatal, injury and properiamaye-only accidents)andtraffic accident

probability rate The authors further explore the use of the traffic accident probability
rate (or ratequality control method) to determine a critical rate for a particular road
location, above which is consideredzardous. This probability rate is determined
through the use of an equation based on the average traffic accident rate for all road
locations of like characteristics (accidents per million vehicles), the number of vehicles
traversing the particular rddocation during the analysis period (millions of vehicles)
and a probability factor determined by the level of statistical significance desired. This
method is continued and refined $iokes and Matabuzi (1996yvith the addition of an
additional additre factor to the predictive equatiofarko et al. (1996)continue with

this line of thinking by using a regression model to estimate the normal number of
crashes, determine a trend and forecast of the afmweal number of crashes, and
priority-ranks te areas based on the abovem number of crashes and the confidence
level. They also note that the abavarm number of crashes represents the magnitude of
the problem (i.e. how many crashes could be avoided if the safety level was normal).

In theory, his simple method of analysis could be extended to an examination of marine
accident rates. Realistically, however it is much more difficult to establish defined sites

in the open ocean than it is on land where there ardgiegmined traffic patterns.éi in

an intersection). Statistical techniques like these may be useful in ocean city ports, where
there are defined areas and traffic patterns for most vessels, or in some otefined
restricted areas.

5.1.1.2 Identifying Hazardous Locations witHazardous Accident Rates

Higle and Hecht (1989)lso discuss several techniques that, through use of statistical
equations, identify hazardous signalized in
individual accident rates (i.e. the number of accidpatamillion vehicles entering the

intersection) as compared with the overall accident rate and an upper threshold value.

These technigues work as a Asieveo by siftin
considered hazardous. One would want saisobust technique that tends to catch

hazardous sites while allowing ntiazardous sites to pass through. Although it is

unreasonable to expect that any technique will work perfectly, the importance and

challenge lie in being able to quantitativelyidefthe errors resulting from this method.

Two types of errors arise: identifying a si
and failing to identify a site as hazardous
Each technique is evalted based on the proportion of false positives and false negatives
committed. One should note that a false negative error is far more serious than a false

positive error; if the number of false negatives tends to be low, one can be reasonably

sure thathe set of sites that is flagged contains most of the truly hazardous sites.

The techniques are relatively simple equations that report a site x hazardous if either its
accident rate/Ay) is sufficiently higher than the population meah Ax > p + ko
(relative measure), or if the accident rate is higher than a chosen threshold value or upper
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limit on acceptable accident rates (absolute meastye) Ar. This method of analysis to
determine hazardous locations could be extended to a marine applieatept for the
inherent problems in identifying the traffic in a particular location. Furthermore, with the
exception of sea ports, traffic congestion does not play the same role as it does on land,
where traffic must all follow specified routes (roadsfhwvut straying. This is an intrinsic
problem in trying to apply most road traffic analysis methods to an ocean environment.

5.1.1.3 ThreeTier Prediction Incorporating Factors

Lau et al. (1989)develop an accident prediction model that involves a dtdgeelevel
procedure which provides a framework for safety evaluations of highway intersections.
This threetiered system for accident prediction allows for three different levels of
refinement in a model, depending on howdapth a study is required.evel | involves
creating a base model to determine a relationship between two variables (i.e. an equation
relating traffic volume and the number of accidents). This model or equation is derived
from a grouped set of data of all intersections using galiniques as Least Squares
Regression, Maximum Likelihood, and so forth. It provides a somewhat crude estimate.
Level Il employs a fairly new grouping and classifying technique called Classification and
Regression Trees (CART). This allows for marffedent outside factors to be

considered in the model (i.e. in intersection example: design, control, proportion of cross
street traffic, and environmental features of the intersection). Locations with similar
characteristics that have higher or loweri@eot records than other intersections in

general can be grouped together based on any chosen set of factors. The estimate
obtained in Level | is refined and adjusted by the difference between the predicted value
obtained in the base model of Level | dhd average of observed values of the particular
grouping in Level Il (the residuals). Level lll utilizes a linear combination of the group
estimate obtained in Level Il with the accident history of the individual intersection.

This method is useful ithat it is one of the few that allows for the inclusion of as many
factors as is desired (i.e. in Level Il). In a marine environment, these factors could
include vessel characteristics, environmental conditions and operator attributes. Again,
the difficulty in easily extending it to an op@&tean application is the lack of defined

Al ocationso for which data is collected.

5.1.1.5 Time Series Forecasting

Khasnabis and Lyoo (19893lemonstrate the feasibility of using tBexJenkinsmethod

of time series @alysis technique for forecasting traffic accidents. Time series is a set of
observations generated sequentially in time (i.e. total number of accidents for a location

each month). It is assumed that there exists a pattern of autocorrelation between thes
sequenti al 0 b-seees analysis is antschniqueiylwhiohethe

autocorrelation between these sequential observations is analyzed, and models or

mathematical formulas are developed to fit the data which can be used to produce
forecastsoftim seri es that might be expected under
the ARIMA method (AuteRegressive Integrated Moving Average method) to reflect the
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strong seasonal fluctuations in the data. Given sufficient data, this method could be
extended asily for use in developing forecasts of incidents that require Search and
Rescue resources. Due to the fact that this-siemies method is based on a knowledge
of past values only, that one should provide an additional means for subjective
assessmenhiorder to account for present and predicted changes.

5.1.1.5 Key Concepts in Traffic Analysis

Haight (1989)highlights a crucial factor to consider when analyzing the annual number

of traffic fatalities: exposure to travel. An examination of the toadiic fatalities for

the years between 1947 and 1987 provides a somewhat inconclusive result in determining
whether safety of travel is increasing or decreasing. The graph of total fatalities is filled
with numerous peaks and valleys, but does, in fa&m to be on an upward trend.

However, when the function of fatalities per vehicle miles traveled is graphed, one
discovers a significant downward trend. Both factors are then used in a regression
analysis to forecast annual traffic deaths. Thislresophasizes the fact that total traffic
fatalities are considered to result from a combination of two factors: safety of travel and
exposure to travel.

Persaud and Dzbik (1993)on the other hand, caution researchers against assuming
priori, that acidents are proportional to traffic volume and using accident rate (accidents
per unit traffic) as the dependent variable. They declare that there is much research to
suggest that this assumption is not only incorrect, but can also lead to paradoxical
corclusions. Similarly, though accidents should increase with traffic intensity, the model
form should not priori assume that accidents are a linear function of traffic volume.

The regression model form that they used for estimating P, the accidenigbgient
kilometer per unit of time, was E(P) = 4 Twhere T was the traffic volume per unit of
time, anda andb are estimated model parameters. This model form ensures that
predicted accidents would be zero if there is no traffic, but does not assineer a
relationship between accidents and traffic volume.

Persaud and Dzbik also discuss the need to recognize the importance of avoiding a model
that is too macroscopic in nature by relating accident occurrermsetage dailytraffic,

rather than tohte specificflow at the time of accidents. The difficulty with the

macroscopic approach is that a freeway with intense flow during rush periods would
clearly have a different accident potential than a freeway with the same average daily
traffic (ADT) butwith the flow evenly spread out during the day, but an Afa$ed

model would indicate that the two freeways have identical accident potentials when this
obviously is not the case. A combination of both macroscopic data (i.e. yearly accident
data and avege daily traffic)andmicroscopic data (i.e. hourly accidents and hourly

traffic) would provide a much better model of the accident potentials.

These concepts in traffic accident analysis can be applied to the analysis of marine data.
As discussed earlien this report, incident rates are calculated based on activity levels. If
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the relationship is fairly linear, then the average and peak incident rates will be correctly
predicted. However, such averages would not be very applicable to events sech as th
opening of a fishing season, where inexperience, haste and congestion contribute to a
higher than normal incident rate. Establishing a realistic time frame with which to stratify
data is important. A realistic and useful timeframe for marine trafficheayonthto-

month, depending on the analysis objective; an annual timeframe may be too
macroscopic, while a daily timeframe would be too microscopic in nature.

Lau, May and Smith (1989)employ a combination of accident histories and accident
predictionmodel estimates for assessing future road safety in their model. This is done in

order to overcome thespa | | e d Ato-neegareds sprombl em found i n ot
studi es. They mention that in the past, fdac
effect 6 of 1 mprovement measures, and have plac

prediction models. One of the causes of such a trend may have been the belief that

accidents are accidentthey are difficult to predict. Unfortunately, most of theutesof

beforeandafter studies have been found to be too optimistic as a result of the way the

entities are selected for improvement studies. Specifically, the entities are selected on the

basis of their recent poor accident performances, and it idikelythat those entities

wi || revert to the dmeand even though no tre
of this is that when planning an evaluation of the effect of program changes, one must

expand a narrow view of recent trends by employitt la larger base of historical data

in combination with an accident prediction model, such as the one that they propose.

Although this should be kept in mind when evaluating Coast Guard Search and Rescue

demand, it is evident that activities and thenber and types of incidents are continually
changing. I't is important to balance the po
with the fact that perhaps these recent trends are a sign of things to come, and therefore

cannot be ignored and must be éagzed in the study. Risk analysis and expert

judgment can help minimize erroneous results arising from these conflicting views.

5.1.2 Marine Analyses

Several studies of the marine environment have already been completed in which the
capabilities of Sarch and Rescue response, or the demand for Search and Rescue
resources have been assessed. The following sections illustrate different methods of
examining the demand for Search and Rescue resources.

5.1.2.1 Needs Analysis

The 1993 SAR Needs Analysisgpared byGary Sidock, CCG SAR Branch, provides

an overall view of Coast Guard Search and Rescue (SAR) operations in the past and in
the present, forecasts future needs, and recommends improvements. It does so, not only
from a national perspective, bubne importantly for our purposes from a regional
perspective. It looks at SAR operations, SAR prevention programs, and SAR volunteer
associations. The report breaks down the SAR program by the regions serviced by the
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CCG (Western, Central, Laurentian, Mianes, Newfoundland, Northern) and examines
each in detail through the use of a general description of the region, and an area analysis
of each SAR area in that region. Furthermore, it also presents the Levels of Service
statistics for each SAR areatire region.

The general description section is composed of a map detailing the region and the SAR
areas that are composed within, and a paragraph providing a general description of the
area in terms of area covered, rescue centre locations, populati@s cehipping,

topography, weather, marine activity, fishing, and aviation. As such, the major categories
of risk factors which affect incident rates are presented in the report. However, in many
categories, little hard information is available to gateepbjective forecasts.

Furthermore, without activity level information it was not possible to discriminate

between trends in activity types and levels and changes in incident rates.

5.1.2.2 Scenariby-Scenario Method

Arctec Canada Limited (1985)undetook an assessment project of arctic marine Search
and Rescue to define present and future scenarios of concern and to assess the
effectiveness of existing equipment and systems to respond to these incidents. It was
done on a scenarioy-scenario basisThe study consisted of a roundtable
discussion/brainstorming approach in order to generate 16 SAR scenarios in summary
form. From the list, five scenarios were selected for detailed analysis covering the range
of likely arctic SAR incident probabilityamification factors, geographic locations, and
vessel/distress types in which the CCG would reasonably be expected participate. In
addition, they incorporated a range of weather conditions and ice/water surfaces. The
assessment also compiled an extendatabase of all SAR resources available in all

areas of the arctic. For each resource, the resource type, owner, region, location, item
name, number of resources, the tirmadiness, speed, &lleather ability, and its

capabilities were identified. Thegsent probable SAR response was then detailed in a
stepby-step manner for each of the scenarios based on experience and previous similar
incidents. Potential improvements to the present response were outlined in terms of
possible actions (i.e. actionsquiring relatively low expenditures and effort) and ideal
actions (i.e. those requiring massive expenditures and intensive efforts). These
recommendations are based upon discussions and information collected by contacting
government and industry group$insh contribute to the SAR response and which are
SAR-tasked and equipped.

It should be noted that in choosing the scenarios to be studied, Arctec discusses the
factors that categorize disaster scenarios: probability of occurrence and the ramification
(or severity) of the incident. Figure 4 shown below illustrates the relationship of
emergency response to these two factors. Arctec states that a LOW probability/LOW
ramification incident would most likely be dealt with by the local authorities on the spot
using local resources, and that SAR response is not expected for this level of incident.
Similarly with HIGH probability/HIGH ramification, the SAR system is usually not
required to respond since such a combination is not generally acceptable tosswtiety
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consequently, standards are implemented and maintained. The scenarios considered,
then, fall along the diagonal.

Probability of Occurence

A

27

W

) not accephble
to societ

- /’”/////////////

C)SAR
med. response

low -~ Adocal .. .
response Ramification
_ —  of
low medium high Incident

Figure 4. Rating of incidents by likelihood and impact
(Source: ARCTEC Canada Ltd., 1985)

Note that the estimation of likelihood andhce e guences i nherent in thi
approach can be equally well applied in the
but potentially high impact events, where the analytical effort is justified by the improved

SAR coverage if required.

5.12.3 Zurich Hazard Analysis Matrix

Gratwick et al. (1991)introduce a method of presenting risk estimates through use of
theZurich Hazard Analysis (ZHA)The ZHA begins by describing possible risk

scenarios and then defining the probability and coresmpiof the scenario. The ZHA

creates a risk profile by rating each hazard in terms of consequence and the probability of
occurrence. With ZHA there are 4 possible categories for rating the consequences of a
hazard (Catastrophic, Critical, Marginal, axegligible), defined across three impact

types (Life, Dollar Cost, and Environment). The hazard probability is determined by

rating the relative probability of occurrence of a risk scenario on a scale of six levels.

These levels can be defined by the bemof accidents per year per individual vessel, and

the total number of accidents per event type per year. The probabilities of occurrence can
be based upon actual past data in order to obtain a reasonable estimate. For each scenario
under consideratignt is assigned a consequence rating for each impact type, as well as a
hazard probability rating. This can then be displayed visually according to a matrix, or

Ari sk profile grido, as shown in Figure 5,
Assessmerof Arctic Marine Search and Rescu@ protection level is normally set by

the assessment team as part of the risk assessment; all risks above and to the right of the

Model of the Demand for CCG SAR ServicP$iase | 25



protection level are examined in detail to determine if they can be eliminated,d@duce
tolerated. Risks can be reduced by reducing the hazard probability level or by reducing
the hazard consequence category. The severity of the risk consequence is the first
priority.

Protection
Level

HAZARD PROBABILITY
m
A

v 1l Il I

HAZARD CONSEQUENCE ’

Figure 5. ZHA Risk Profile Grid
(Source: Gratwick et al., 1991)

5.2 Risk Analysis Methodology

Shortreed and Belluz (19950 e f i ne r i sk aflosstduetwadefineds si bi | ity
scenari oo and has three di mensions: scenar.i
consequence. The role of risk management is to implement controls to reduce risk

through reductions in probability, in consequences, or in scenario.

Gratwick et al. (1991)state that Risk is usually considered and measured as the
probability of hurt or harm per unit of activity or exposure. Typical examples of exposure
units are tonneniles, tonnekilometers, fishing hours, grossgistereetonnes, onumber

of vessels operating in that year. It is expected that there will always be difficulty in
getting good measures of exposure. The use of human judgment is likely to be the best
method of estimating exposure. In the long run, it may be possitderitify more

meaningful units for exposure and to gather data for use in risk management.
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Gratwick et al. also state that Ato esti mate
can only be a human subjective intellectual function. Anyone makiclg an estimate

must be aware of a wide range of factors in interpreting the past and in anticipating

changed conditions in the future. The result of the best efforts that can be made can only

be presented in probabilistic form.oo

ARisk Analysismusteansi der the fAcause and aftvitgct pat h
(i.e. transit of oil tanker up the river), to entident(i.e. collision), to the chance of a

specifiedevent(i.e. percentage of collisions where there is a release of oil), to the

consegencegi.e. environmental damage, cleanup costs, loss of cargo and vessel).

AA risk model c a |l csodietytrisk as a fuhctgon af sk fackoitsbndr i s k(¢
vessel activity.Individual riskis the risk to one ship, in a given section ofevaay,

under given O0risk factorsé of weather, ship
navigational aids, etc. Ths®ciety riskestimate is the total risk from all ships using the

waterway section and it is the sum of all the risks to individual shgzounting for the

variation in risk factors. If the annual volume of traffic increases then there will be an

increased activity and an increased society risk. Note that since traffic also is a risk factor

for collisions, increased traffic willalsoan ge t he esti mates of indiv

Shortreed and Belluz describe the fAtypical,
individual vessel risks as having two components:

1) An estimate obase riskdetermined from historical data and expressed aavitiage

probability of an incident for a vessel of a given type transiting a given section of

water way. Generic fArisk rateso per mile are
waters with insufficient historical data.

2) Thefinal risk estimatas the base riskmodified by multiplicative factors to estimate

the effects of other risk factors (especially risk controls). The multiplicative factors are
estimated from either historical data for the study location, or from analysis of data for

other locatns that are judged to be similar. In some situations, the base risk estimates

are modified by a detailed examination of all relevant incidents, arajenentis made

on each as to the likelihood that the proposed risk control would or would not have

prevented the incident or loss.

Shortreed, Belluz, and the Institute for Risk Research (IRR) have develBm&Ed a

Analysis Module (RAM}o be used for marine Safety Analysis and Functional Evaluation

(SAFE). The SAFE system was designedClayarctic Shipping Company Ltd. for use

by the Canadian Coast Guard to develop fisafe
used to demonstrate accountability be determining how well programs and regulations are
working. The RAM will provide a systematic, struetd approach to be used for policy

evaluation, including use of computer technology (including GIS), historical data on

accidents and incidents, exposure, weather, geography, etc. and state of the art analysis
techniques.
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In a report for the Institute fdRisk ResearchGratwick et al. (1991)carry out a panel

di scussion and eval uWdadtoemr onfRéelgiammrs pOao ds tCaGuda
Assessment of the Ship Safety Progrdinis report raises several key points in carrying

out a Risk assessment, @issed as follows.

Firstly, the use of points to sum up all the risks should be avoided; it would be preferable

to use the number of deaths, the dollar value of property damage, and the spill quantity

left in the environment to be estimated directlyit is desired to have a combined risk

measure, then rather than points, it is suggested that dollars be used as a common unit.
Alternatively, the common unit used could be lives saved; this would involve expressing

dollar costs as equivalenttothélaur I nput of peoplesd | ives.
used to establish priorities, it is recommended that the separate dimensions of risk,

namely loss of life, environmental damage, and property damage, be presented as
components of the total risk. Bhwill ensure that the component estimates of the risk
consequences are explicit.

When discussing environmental consequences, one must remember that there are really
two consequences to consider: cleanup costs, and the consequences of residual damage
to the environment. For practical purposes, it usually is not possible to have an accurate
and comprehensive method of measuring residual damage to the environment, therefore,
a simple alternative is to use the total amount of oil that might be spillepighothat

remains in the environment after clean up) as a measure of environmental cost.

A difficult entity to quantify in terms of the common unit of dollars, is that of a human

i f e: just how much i s a humanmolitital f e wort h?
problems which tend to inhibit rationality in arriving at this figure can be defused by

considering, instead tremst of saving a life 0 The authors propose th
Acost of saving an extr a stbp@Eaceavdlue onalife,l i f e. 0

the CSX represent the resource costs expenditure by the safety agency necessary to save
one additional life. This concept can be extended by considering the allocations of safety
expenditures between two practices: transfgn@sources from the practice with the

higher CSX to the practice with the lower CSX would save more lives with the same
expenditure.

The IRR suggests rating all sources of data in order to be able to gauge the quality of the
information on which the angis rests. It specifies four categories or classes of the
source data used for the estimation of parameters: Class A data is derived directly from
Canadian data (i.e. GIS data). Class B data is derived from generic rates (e.g. Lloyds
accident rates)Class C data is derived from analysis (e.g. event tree analysis). Class D
is derived from expert judgment. Each level has a set of characteristic functional
requirements in addition to being a measure of the quality of the data.
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5.3 Risk Factors

Seveal studies have been conducted on maritime risks, but molepiin knowledge is
somewhat hampered by the lack of good data in some areas, and the complexity of the
marine environment. Better databases and further research would help identify the role of
various risk factors.

Shortreed and Belluz (1995pssert that the probability of an incident depends on the
Astates of the maritime system el ements and
categorize risk factors by two typehnitiators of accidentsor Contributing factors

Shortreed and Belluz emphasize the fact that the relationship between risk factors and

incidents and loss is very complex and it is difficult to establish cause and effect

relationships. This leads to the necessity for usingmgpinion to supplement risk

analysis model s. They also state that dAsinc
factors is difficult, to date only very simplified risk estimation models have been

devel oped. 0o

The determination of the most importdactors is a critical task. The challenges are well
illustrated byShortreed and Belluzwho provide an interesting diagram (Figure 6)
outlining the different relationships between risk factors in a ship safety context.

Morgan (1979)derives a mathemaal collision prediction model based on historical

data obtained from the US Coast Guard and US Army publications. This study deals
exclusively with port locations, as opposed to epeean areas. The author bases his
analysis on three types of factoiShip (type and size), Port (traffic and magnitude of
activity), and Exposure criteria. The author felt that ship size was an important factor
because larger ships would appear to have a higher likelihood of collision since they have
a larger turning radaiand greater momentum and thus require more time to slow and
stop. Furthermore, the author felt that, intuitively, the number of collisions would

increase as the amount of traffic increased; ports with larger amounts of traffic would
have a larger numbef collisions.

Traub (1988)analyzes the United States Coast Guard Boating Statistics for recreational
boating accidents that have occurred on the ocean. The author contrasts these ocean
accidents with those occurring on inland waters by comparegesults stratified

according to several different factors. These include type of boat, length of boat,
horsepower of boat, type of activity, operator age, operator experience, environmental
conditions, time of day, as well as time of year. By analythieglata in this manner,

Traub implies that these factors influence the occurrence of accidents.
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Figure 6. State Model of ship safety factors
(Source: Shortreed & Del Bel Belluz, 1995)

Model of the Demand for CCG SAR ServicP$iase |

30



