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1

Category

119–
153 km/
h

64–82 kt

74–
95 mph

Winds
(1-min
sustained
winds in
mph, kt,
and
km/h)

Very dangerous winds
will produce
some damage

Summary

People, livestock, and
pets struck by
ﬂying or falling debris
could be
injured or
killed.

People,
livestock, and
pets
Older (mainly
pre-1994 construction)
mobile homes
could be
destroyed,
especially if
they are not
anchored
properly as
they tend to
shift or roll off
their foundations. Newer
mobile homes
that are
anchored
properly can
sustain damage involving
the removal of
shingle or
metal roof
coverings,
and loss of
vinyl siding,
as well as
damage to
carports, sunrooms, or
lanais.

Mobile homes
Some apartment building
and shopping
center roof
coverings
could be partially
removed.

Industrial
buildings can
lose rooﬁng
and siding
especially
from windward corners,
rakes, and
eaves. Failures to overhead doors
and unprotected windows will be
common.

Some poorly
constructed
frame homes
can experience major
damage,
involving loss
of the roof
covering and
damage to
gable ends as
well as the
removal of
porch coverings and
awnings.
Unprotected
windows may
break if struck
by ﬂying
debris.
Masonry
chimneys can
be toppled.
Wellconstructed
frame homes
could have
damage to
roof shingles,
vinyl siding,

Frame homes

Apartments,
shopping
centers, and
industrial
buildings

Falling and
broken glass
will pose a
signiﬁcant
danger even
after the
storm.

Windows in
high- rise
buildings can
be broken by
ﬂying debris.

High-rise
windows and
glass
There will
be occasional damage to
commercial
signage,
fences, and
canopies.

Signage,
FENCES,
AND
CANOPIES
Large
branches of
trees will
snap and
shallow
rooted trees
can be
toppled.

Trees
Extensive
damage to
power lines
and poles will
likely result in
power outages that
could last a
few to
several days.

Power and
Water

Hurricane
Dolly (2008)
is an example of a hurricane that
brought category 1 winds
and impacts
to south
Padre Island,
Texas.

Example
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154–
177 km/
h

83–95 kt

96–
110 mph

Extremely
dangerous
winds will
cause extensive damage

There is a
substantial
risk of injury
or death to
people, livestock, and
pets due to
ﬂying and
falling debris.
Older (mainly
pre-1994 construction)
mobile homes
have a very
high chance
of being
destroyed and
the ﬂying
debris generated can shred
nearby mobile
homes. Newer
mobile homes
can also be
destroyed.
Poorly
constructed
frame homes
have a high
chance of
having their
roof structures
removed
especially if
they are not
anchored
properly.
Unprotected
windows will
have a high
probability of
being broken
by ﬂying
debris. Wellconstructed
frame homes
could sustain
major roof
and siding
damage. Failure of aluminum,
screened-in,
swimming

sofﬁt panels,
and gutters.
Failure of aluminum,
screened-in,
swimming
pool enclosures can
occur.
There will be
a substantial
percentage of
roof and
siding damage to apartment buildings and
industrial
buildings.
Unreinforced
masonry
walls can
collapse.
Falling and
broken glass
will pose a
signiﬁcant
danger even
after the
storm.

Windows in
high- rise
buildings can
be broken by
ﬂying debris.

Commercial
signage,
fences, and
canopies
will be damaged and
often
destroyed.
Many shallowly
rooted trees
will be
snapped or
uprooted
and block
numerous
roads.

Near-total
power loss is
expected with
outages that
could last
from several
days to
weeks. Potable water
could become
scarce as ﬁltration systems begin
to fail.

(continued)

Hurricane
Frances
(2004) is an
example of a
hurricane
that brought
category
2 winds and
impacts to
coastal portions of Port
St. Lucie,
Florida with
category
1 conditions
experienced
elsewhere in
the city.
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Category

130–
156 mph

178–
208 km/
h

96–
112 kt

111–
129 mph

Winds
(1-min
sustained
winds in
mph, kt,
and
km/h)

Catastrophic
damage will
occur

Devastating
damage will
occur

Summary

There is a
very high risk
of injury or
death to

There is a
high risk of
injury or
death to people, livestock,
and pets due
to ﬂying and
falling debris.

People,
livestock, and
pets

Most windows will be
blown out of
high-rise
There will be
a high percentage of
structural
Poorly
constructed
homes can
sustain

Nearly all
older (pre1994) mobile
homes will be

Most newer
mobile
homes will
sustain
severe damage with
potential for
complete
roof failure
and wall
collapse.

Numerous
windows will
be blown out
of high-rise
buildings
resulting in
falling glass,
which will
pose a threat
for days to
weeks after
the storm.

There will be
a high percentage of
roof covering
and siding
damage to
apartment
buildings and
industrial
buildings.
Isolated structural damage
to wood or
steel framing
can occur.
Complete
failure of
older metal
buildings is
possible, and
older
unreinforced
masonry
buildings can
collapse.

Poorly
constructed
frame homes
can be
destroyed by
the removal of
the roof and
exterior walls.
Unprotected
windows will
be broken by
ﬂying debris.
Well-built
frame homes
can experience major
damage
involving the
removal of
roof decking
and
gable ends.

pool enclosures will be
common.

Frame homes

High-rise
windows and
glass

Nearly all
older (pre1994) mobile
homes will be
destroyed.

Mobile homes

Apartments,
shopping
centers, and
industrial
buildings

Nearly all
commercial
signage,
fences, and

Most commercial
signage,
fences, and
canopies
will be
destroyed.

Signage,
FENCES,
AND
CANOPIES

Most trees
will be
snapped or
uprooted

Many trees
will be
snapped or
uprooted,
blocking
numerous
roads.

Trees

Power outages will last
for weeks to
possibly

Electricity
and water will
be unavailable
for several
days to a few
weeks after
the storm
passes.

Power and
Water

Hurricane
Charley
(2004) is an
example of a

Hurricane
Ivan (2004)
is an example of a hurricane that
brought category 3 winds
and impacts
to coastal
portions of
gulf shores,
Alabama
with category 2 conditions experienced elsewhere in
this city.

Example
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209–
251 km/
h

113–
136 kt

people, livestock, and
pets due to
ﬂying and
falling debris.
destroyed. A
high percentage of newer
mobile homes
also will be
destroyed.

Windborne
debris damage
will break
most unprotected windows and
penetrate
some

complete collapse of all
walls as well
as the loss of
the roof structure. Wellbuilt homes
also can sustain severe
damage with
loss of most
of the roof
structure
and/or some
exterior walls.
Extensive
damage to
roof coverings, windows, and
doors will
occur. Large
amounts of
windborne
debris will be
lofted into the
air.

damage to the
top ﬂoors of
apartment
buildings.
Steel frames
in older
industrial
buildings can
collapse.
There will be
a high percentage of
collapse to
older
unreinforced
masonry
buildings.

buildings
resulting in
falling glass,
which will
pose a threat
for days to
weeks after
the storm.

canopies
will be
destroyed.

Fallen
trees and
power
poles will
isolate residential
areas.

and power
poles
downed.
months.
Long- term
water shortages will
increase
human suffering. Most of
the area will
be
uninhabitable
for weeks or
months.

(continued)

hurricane
that brought
category
4 winds and
impacts to
coastal portions of
Punta Gorda,
Florida with
category
3 conditions
experienced
elsewhere in
the city.
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Category

252 kph
or higher

137 kt or
higher

157 mph
or higher

Winds
(1-min
sustained
winds in
mph, kt,
and
km/h)

Catastrophic
damage will
occur

Summary

People, livestock, and
pets are at
very high risk
of injury or
death from
ﬂying or falling debris,
even if
indoors in
mobile homes
or framed
homes.

People,
livestock, and
pets

Almost complete destruction of all
mobile homes
will occur,
regardless of
age or
construction.

Mobile homes

Windborne
debris damage
will occur to
nearly all
unprotected
windows and
many

A high percentage of
frame homes
will be
destroyed,
with total roof
failure and
wall collapse.
Extensive
damage to
roof covers,
windows, and
doors will
occur. Large
amounts of
windborne
debris will be
lofted into the
air.

protected
windows.

Frame homes

Most
unreinforced
masonry
walls will fail
which can
lead to the
collapse of the
buildings. A

Signiﬁcant
damage to
wood roof
commercial
buildings will
occur due to
loss of roof
sheathing.
Complete collapse of many
older metal
buildings can
occur.

Apartments,
shopping
centers, and
industrial
buildings

Nearly all
windows will
be blown out
of high-rise
buildings
resulting in
falling glass,
which will
pose a threat
for days to
weeks after
the storm.

High-rise
windows and
glass

Nearly all
commercial
signage,
fences, and
canopies
will be
destroyed.

Signage,
FENCES,
AND
CANOPIES

Fallen
trees and
power
poles will
isolate residential
areas.

Nearly all
trees will be
snapped or
uprooted
and power
poles
downed.

Trees

Power outages will last
for weeks to
possibly
months.
Long- term
water shortages will
increase
human suffering. Most of
the area will
be
uninhabitable
for weeks or
months.

Power and
Water

Hurricane
Andrew
(1992) is an
example of a
hurricane
that brought
category
5 winds and
impacts to
coastal portions of cutler ridge,
Florida with
category
4 conditions
experienced
elsewhere in
south
Miami- Dade
County.

Example
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protected
windows.

high percentage of industrial buildings
and low-rise
apartment
buildings will
be destroyed.
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Appendix 2: Focus Group Discussion Themes and Questions
Demographic
The purpose of this section is to understand the structure and composition of the
studied population.
–
–
–
–
–
–
–
–
–

Age bracket
Education level
Employment status
Job satisfaction
Single/Married/Relationship
Members in the household and relationship with them
Type of dwelling
Years in Canada
English language proﬁciency

Theme 1: Risk Exposure
– Exposure to risk (river, power plant, railway, chemical plant etc.)?
– Level of safety

Theme 2: Vulnerability
–
–
–
–
–

Personal experienced with hazardous event
Importance of preparedness for unforeseen hazards
In case of emergency, do you have the resources to cope?
Main and most frequent source of transportation
Challenges faced as an immigrant

Theme 3: Resiliency/Capacity
–
–
–
–

Health status
Disability if any
List of items at home to cope with an emergency
Awareness of community programs that are beneﬁcial to my healthy living,
happiness, and safety
– Participate in cultural events within the community
– Sense of belonging within the community
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–
–
–
–
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Importance of socializing
Interest in local government
Interest in voting in municipal elections
Satisfaction with municipal political representatives

Appendix 31: Questionnaires to Assess the Impact
of the CTLC Pilot Project in Pakistan
Questionnaire for CTLC Graduates
– Which one of the following would you select?
– Does the course help you in your daily life?
– What do you believe about getting support from your family and friends in
moving forward?
– What was the attitude of your parents and friends when you told them that you
wanted to do something for yourself and your family?
– Select any one which you think is appropriate and suits your thinking:
– Are you using computer skills in your daily life learned from this course?
– If you are offered a job in another city what will be your reaction?
– If you wanted to do anything to achieve something in your life and you think you
are 100% right but your family discourages you, what would be your next step?
– What is your opinion about getting support of parents/husband/brother for
women to move forward?
– You are helpful for girls like yourself; who don’t have eagerness and potential to
do something in life.
– Has this course changed your personality?
– Has this course changed your way of life?
– Select any one which you think is appropriate.
– Questionnaire for Parents/Relatives (as Respondents) of the CTLC Graduates
– Do you think that the level of conﬁdence of your daughter/sister/relative has
increased after this course?
– What is the learner’s level of conﬁdence after this course?
– Do you observe any change in her attitude and behavior?
– Do you feel any change in her knowledge and information?
– Can she now speak up and express herself? Select any one which you think is
appropriate and suits your thinking:
– Is there any change in her motivation and commitment towards her studies after
this course?
– Is she sensitive and demanding about her rights?

© 2011 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license (http://
creativecommons.org/licenses/by/3.0/)
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–
–
–
–
–
–
–

Can she take initiatives independently?
Do you think that without your support she can move forward and grow?
Do you think she can achieve her goals in life?
Is she utilizes her time productively and positively after this course?
Does she now motivate and guide her younger brother/sister after this course?
Is there any change in her capabilities, abilities, intelligence?
Has she become a source of inspiration for other girls in your surrounding/family
after this course?
– What do you think about C.T.L.C?

Appendix 4: Disaster Myth and Reality (Alexander 2002)
• Myth: After a disaster, survivors tend to be dazed and apathetic.
– Reality: Survivors rapidly get to work on the clear-up. Activism is much more
common than fatalism. In the worst possible cases only 15–30% of victims
show passive and dazed reactions.
• Myth: Looting is a common and serious problem after disasters
– Reality: The phenomenon of looting is rare and limited in scope. It mainly
occurs when there are strong preconditions . . . as when a community is
already deeply divided.
• Myth: Disasters give rise to spontaneous displays of antisocial behavior.
– Reality: Generally, they are characterized by great social solidarity,
generosity and self-sacriﬁce, perhaps even heroism.
• Myth: Any kind of aid and relief is useful after disaster, provided that it is
supplied quickly enough.
– Reality: Hasty and ill considered relief initiatives tend to create chaos.
Only certain types of technical assistance, goods and services will be
required. Not all useful resources that existed in the area before the
disaster will be destroyed. Donation of unusable materials or manpower
consumers’ resources of organization and accommodation that could
more proﬁtably be used to reduce the toll of the disaster.
• Myth: People will ﬂee in large numbers from a disaster.
– Reality: Usually there is a “convergence reaction” and the area ﬁlls up
with people. Few of the survivors will leave and even obligatory evacuations will be short-lived.
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Appendix 5
Values for Frequency (F), Consequences (C), and Changing Risk (CR) for most hazards listed in the
HIRA document (HIRA 2012)
Hazard
Hazardous materials incident
Flood
Forest/wildland ﬁre
Freezing rain
Snowstorm/blizzard
Tornado
Drinking water emergency
Human health emergency
Oil/natural gas emergency
Explosion/ﬁre
Geomagnetic storm
Transportation emergency
Agricultural and food
emergency
Dam failure
Civil disorder
Critical infrastructure failure
Extreme temperatures
Hurricane

F
6
6
5
5
6
5
6
4
6
6
3
5
4

C
6
5
6
6
5
6
4
6
4
3
5
3
3

CR
4
4
4
4
4
3
4
2
2
4
3
4
3

Hazard
Nuclear facility emergency
Terrorism/CBRNE
Windstorm
Building/structural collapse
Drought/low water
Radiological emergency
Cyber attack
Earthquake
Fog
Hail
Mine emergency
Natural space object crash
Special event

F
2
3
6
5
5
2
2
1
3
3
3
1
6

C
6
4
2
2
2
4
3
6
2
2
2
6
1

CR
2
2
2
1
3
1
2
2
1
2
1
1
1

4
6
6
4
4

3
2
2
3
3

3
3
2
2
4

6
4
2
3
2

1
1
2
1
1

1
2
1
1
2

Landslide

4

3

2

Lightning
Energy emergency (supply)
Land subsidence
Sabotage
War and international
emergency
Erosion

1

1

2
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Appendix 6
Risk Taxonomy
ADAPTIVE/MALICIO
US THREATS

INTENTIONAL
THREATS
Criminal:
- Terrorist act
- Criminal act
- Organized crime
- Corporate/insider
sabotage
- Corporate
espionage

Foreign State:
- State sponsored Terrorism
- Espionage
- Act of war

NON-MALICIOUS THREATS/HAZARDS

UNINTENTIONAL
THREATS/HAZARDS
Social:
- Mitigation
- Social unrest
Technical/Accidental:
- Spill
- Fire
- Explosion
- Structural collapse
- System error yielding failure

HEALTH THREATS/HAZARDS
Pandemic/Epidemics:
- Human health related
- Animal health related
Large-Scale Contamination:
- Drugs and health products
- Food/water/air
- Environment

EMERGING PHENOMENA &
TECHNOLOGIES
- Biological science &
technology
- Health sciences
- Re-emerging health hazards
- Chemical compounds
- Material science &
engineering
- Information technologies

NATURAL
THREATS/HAZARDS
Meteorological:
- Hurricane
- Tornado/wind storm
- Hail/snow/ice storm
- Flood/storm surge
- Avalanche
- Forest fire
- Drought
- Extreme temperatures

Geological:
- Tsunami
- Earthquake
- Volcanic eruption
- Landslides
- Land subsidence
- Space weather

Ecological/Global
phenomena:
- Infestations
- Over exploitation
- Excessive urbanization
- Extreme climate change
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Appendix 7
Risk event scenario description template
Risk event scenario description
Risk event scenario description
Risk event name/title:

Applicable risk code(s) for the principal constituent threat or hazard (including the category
(ies) of the standard AHRA risk taxonomy
affected):
Applicable risk code(s) for the secondary threat
(s) or hazards (s) (including the category(ies) of
the standard AHRA risk taxonomy affected):
Primary department (for response):

Supporting department (for all EM
components):

Key information sources for the risk event scenario description - please tag the information
asUnclassiﬁed (U) or Classiﬁed (C; S; TS; TS
SA):

Risk event description
Description (context, setting, cause, source,
nature, scale), of the risk event:

Baseline description used to evaluate both
likelihood and impact. In areas where likelihood and impact should be considered and
scored, text should be marked with (L) for
likelihood and (I) for impact. This is suggested
for text that is embedded in descriptions and
not obvious to the reader.
Please refer to the AHRA taxonomy, annex 3.

This ﬁeld is optional and related to risks that
have secondary effects, such as ﬂoods that
occur after a hurricane.
The Federal Emergency Response Plan (2011)
describes the primary department as a federal
government institution with a mandate related
to a key element of an emergency. Several
federal government institutions may be designated as primary departments, depending on
the nature or severity of the emergency.
According to the Federal Emergency Response
Plan (2011), a supporting department is a
federal government institution that provides
general or specialized assistance to a primary
department in response to an emergency.
Identiﬁcation of supporting documentation is
important, especially in cases where qualitative and/or quantitative data supports scores
decided upon during the risk scoring workshop. This ensures credibility and legitimacy of
risk scores. In addition, reference can be made
back to decision points at any point in time and
by anyone. Clearly identify unclassiﬁed and
classiﬁed information, for ease of reference
when assessing likelihood components for
malicious threats.
The description entered here must be plausible
in that factual information would support such
an occurrence. The considered time-frame
from which events are considered in the
AHRAprocess is short-term (within the next
5 years) threats/hazards. Long-term threats/
hazards (that span 5–25 years into the future)
(continued)
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Description of the lead-up to the incident,
consisting of the (underlying) cause and any
underlying insidious process:
Geographical considerations (location, geographical extent, region):

Natural environment:

Meteorological conditions:

Seasonal:

Hazard characteristics:

Nature and vulnerability of the affected area
(context, population density, degree of
urbanisation, key infrastructure, economic
considerations, political considerations, etc.):

Any other relevant assumptions made in
describing the risk event scenario:

Appendices

are not currently considered in the AHRA.
Background information leading up to the risk
event provides context to the scenario without
making broad assumptions which may skew
results during the risk scoring workshop.
Information inserted in this area should take
into consideration the assessment of the following impact categories: People, Environment, Economic, Territorial Security,
Canada’s Reputation and Inﬂuence and Society and Psycho-Social.
This section is optional.

This section is optional. Geographical coordinate system (latitudinal and longitudinal
lines), country, province, territory or region is
to be included in this section.
Relevant physical or environmental characteristics are inserted in this area facilitating
the assessment of the environmental impact
category.
Relevant meteorological condition(s) that
inﬂuence the outcome of the scenario should
be inserted in this area. If applicable variants
may be inserted in this area.
This section is optional and left to the discretion of the scenario developers. Dependent on
the scenario, seasonal changes may inﬂuence
the outcome of assessment of a particular risk.
Characteristics of chemical, biological,
radiological and/or nuclear agent(s) involved
in the scenario are inserted in this area. Elements captured should relate to: Toxicity,
transmissibility, behaviour, fate and persistency to indicate a hazard severity and
duration.
This area is important to note as it provides
relevant information from which subject matter experts score risks. Population density,
degree of urbanisation and key infrastructure
inﬂuence the people and possibly the society
and psycho-social impact category. Economic
considerations affect the economic impact
category. Political, geographical and territorial considerations inﬂuence Canada’s reputation and inﬂuence and territorial security
impact categories.
If assumptions relating to the risk event
description can be identiﬁed or isolated they
should be inserted in this area. Although this
(continued)

Appendices

Uncertainty or variability in the risk event
description:

Other relevant information, notes or comments:

Likelihood assessment
Time period/time horizon during which the
risk eventmight be realised:
Uncertainty in the likelihood assessment:

Other relevant information, notes or comments:

Impacts/consequences assessment
Impact categories: Nature and scale
1. People:

2. Economy:

3. Environment:

4. Territorial security:

5. Canada’s reputation and inﬂuence:
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ﬁeld is considered optional, the information
may still be required in the risk scoring tool.
If there are areas of uncertainty or
unpredictability, it should be inserted in this
area. Although this ﬁeld is considered
optional, information may be required in the
risk scoring tool.
Any other relevant information relating to the
risk event description should be identiﬁed in
this area.
The translation of the data in likelihood of
occurrence on a yearly basis will be done in
the risk scoring tool.
Unknown factors which would inﬂuence the
likelihood assessment should be inserted in
this area.
Any other relevant information relating to the
primary likelihood assessment should be
inserted in this area.

Speciﬁc indicators have been selected to evaluate the effect of hazards and threats on people. Estimated ﬁgures should be inserted in this
box e.g. the number of fatalities, serious injuries, etc.
Based on the Department of Finance Canada’s
criteria of risks and hazards on the economy.
This impact category captures direct and
indirect loses. Direct loses are immediate
economic damage as a result of a risk event.
Losses are measured based on repair or
replacement costs. Indirect loses refer to the
ﬂow of goods and services which will not be
produced as a result of damage to productive
assets and infrastructure.
Based on the indicators developed by public
safety Canada, in close collaboration with
Environment Canada, on the effects of hazards
and threats on the environment.
Based on indicators that capture conditions in
which there is a loss in the ability of the Government of Canada to secure the territory or
the border and to secure the safety of citizens.
Based on expert assessment of the potential
international reaction to an emergency event
occurring in Canada, or involving Canadians
abroad.
(continued)
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6. Society and psychosocial:

Uncertainty in the impacts/consequences
assessment:
Other relevant information, notes or comments:

Preliminary risk treatmentplanning
Baseline risk treatment plan (treatment actions,
timeframe(s), readiness, etc.):

Risk treatment measures already in place

Degree to which the risk (likelihood, impacts)
can be reduced by risk treatment.
Additional risk treatment resources required.
Other relevant information, notes or comments:

Appendices

Based on indicators regarding public outrage
and public anxiety, as well as social actions,
such as protests, civil disturbances or vandalism, can be provoked by a risk event.
Uncertainty, unpredictability or areas of
doubts relating to the impacts/consequences
assessment should be inserted in this area.
Other relevant information relating to the
impacts/consequences assessment should be
inserted in this area.
This area is optional. Federal institutions may
choose to ﬁll it out after the completion of the
risk scoring workshop. This area would assess
the capacity of the emergency support functions (ESF).
As the AHRAtakes into consideration mitigation measures in place when assessing the
likelihood of occurrence and the impacts of a
risk, (all or some of) these measures should be
clearly captured somewhere in the risk event
scenario template. This will force divisions
which “own” mitigation measures (usually
Program divisions) to share their information
with EM divisions (usually under GOC, Operations or Corporate Branches).
This area may be completed by departments
and agencies. This area would assess the
capacity of the ESF.
Additional information relating to risk treatment may be inserted in this area.
Other relevant information should be inserted
in this area.

Appendix 8
Economic category assessment tool – direct and indirect economic loss for repair or replacement
Direct Economic Loss (those involving damages to stock and assets occurring at the time of the
disaster or soon after)
Buildings: e.g. industrial, commercial, institutional (plants, ofﬁces, recreational facilities,
hospitals).
Infrastructure: e.g. roads, water systems, irrigation, docks, terminals, other transportation,
electric power, oil and gas engineering.
Machinery and equipment: e.g. computers and software, agricultural and industrial machinery,
furniture, trucks, etc.
(continued)
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Residential housing and contents.
Raw materials: e.g. coal, crude oil, natural gas, grains, animals and animal products, wood,
ferrous, non-ferrous, non-metallic.
Indirect economic loss (those involving a loss in the ﬂow of production of goods and services
which begin after the disaster and may extend through the reconstruction period)
Production or service provision losses due to the full or partial paralysis of productive activities:
e.g. loss in industrial production due to damage to factories or shortages of raw materials/energy
supplies, loss in agricultural production due to ﬂooding or prolonged drought, loss of proﬁts in the
ﬁshing and tourism industry following an oil spill, loss of production due to illness following a
pandemic or listeriosis outbreak, etc.
Higher operational costs due to destruction of physical infrastructure and inventories or losses to
production or income: e.g. a ban on beef and cattle exports would ﬁrst translate into higher
maintenance costs due to rising inventory of live animals.
Lost production due to linkage effects: e.g. destruction of a factory reduces the economic
activities of suppliers who have no alternative markets.
Additional costs incurred due to the need to use alternative means of production or provision of
essential services: e.g. costs arising out of need to use alternative roads or transportation means
due to damage to principal routes and critical infrastructures.
Costs of required government response due to emergency and rescue operations: e.g. overtime
payments to provide emergency assistance and repair critical infrastructure, additional expenses
incurred to accommodate evacuees or for investigation, productivity loss induced from distortion
of government resources and time allocation, etc.
Mitigating factors, if applicable (disasters sometimes involve indirect beneﬁts or adjustments over
the short-medium term which we may want to ﬂag)
Shift in consumer demand/spending: e.g. following a BSE outbreak, demand for other types of
meat may increase.
Change in the productivity of assets: e.g. following a ﬂood, land productivity sometimes rises.
Labour reallocation: e.g. some workers could work longer or harder to make up for the shortfall
in labour supply due to a pandemic outbreak.
Reconstruction activity: e.g. rebuilding activities after a hurricane.

Appendix 9
Rating of the impact on Canada’s reputation and inﬂuence
Level
0–1.0
insigniﬁcant

Actions
Canadian missions
abroad are not affected.
Concentrated and
short-lived condemnation of Canada/Government of Canada.

Political relations
Trade regulations slow
Canadian exports into
some minor foreign
markets but are not
stopped.
Canadian mission staff
are not affected.

Non-political relations
No effect on international events.
International travel is
discouraged to one
region within Canada
by foreign
governments.
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Level
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Actions

Canadians abroad are
not affected.
1.0–2.0 minor
damage to
Canadian
reputation

Canadian missions
abroad receive threats
but none materialize.
Short-lived condemnation of Canada
internationally.

Threats issued to Canadians abroad but are
unlikely.

2.0–3.0 signiﬁcant damage
to Canadian
reputation/
prestige

Canadian missions
abroad receive serious
threats and are forced to
close.
Signiﬁcant condemnation of Canada and/or
the Government of
Canada internationally.

The Government of
Canada encourages citizens not to travel due to
threats abroad.

3.0–4.0 major
damage to
Canadian reputation/
prestige

Attempted invasion,
occupation, and/or
destruction of Canadian
missions abroad.

Political relations
Bilateral trade agreements are temporarily
suspended.
International working
level meetings are
delayed.
Temporary trade bans
and/or sanctions are
imposed by a few minor
trading partners.
Canadian mission staff
exercises increased
levels of vigilance.
Canadians delayed at
border crossings but
visas are not imposed.
Cancellation of meetings with minor international partners.
Minor trade agreements
are temporarily
suspended.
Trade bans and/or sanctions imposed by a few
major and minor trading
partners and trading
blocs (United States,
Japan, United Kingdom,
China not included).
Canadian mission staff
leaves host country due
to insecurity.
Entry visa requirement
imposed on Canadians
travelling abroad.
Cancellation of bilateral
meetings with major
and minor international
partners.
Minor trade agreements
are cancelled.
Trade bans, embargoes,
blockades and regulations imposed by some
major and minor trading
partners and trading

Non-political relations

International conferences see fewer
participants.
International travel is
discouraged to several
regions within Canada
by foreign
governments.

International events are
forced to reschedule.
International travel to
Canada is discouraged
by foreign
governments.

Signiﬁcant international events are
cancelled.
International travel to
Canada is discouraged
(continued)
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Actions

Wide-spread condemnation of Canada
and/or the Government
of Canada nationally
and internationally.

Persistent threats to
Canadians abroad.

4.0–5.0 severe
damage to
Canadian reputation/
prestige

Invasion, occupation,
and/or destruction of
Canadian missions
abroad.

Wide-spread and continuous condemnation
of Canada and/or the
Government of Canada
nationally and
internationally.
Threats to Canadians
abroad materialise.

Political relations

Non-political relations

blocs (United States not
included).
Forced deportation of
Canadian mission staff.
Denial of entry visas to
a number of countries
or the imposition of
extreme fees
(e.g. United Arab
Emirates visa).
Temporary suspension
of trade agreements
such as the north
American free trade
agreement.
Cancellation of major
and minor international
delegations to Canada
or the rejection of
Canadian delegations to
other countries.
Trade bans, embargoes,
blockades and regulations imposed by major
and minor trading partners and trading blocs
(ex: United States,
Japan, United Kingdom,
China, etc.).

by international organizations such as the
World Health Organization, the United
Nations, American
government, etc.

Deportation, arrest
and/or killing of Canadian mission staff.
Denial of entry visas to
many countries.
Cancellation of Canadian trade agreements
such as the north
American free trade
agreement.
Canada is expelled
from major security

Refusal by major and
minor Canadian partners to attend signiﬁcant international
events, such as the
G8/20, Olympics, etc.
Cancellation of major
international events in
Canada by event organizers (ex: International
Olympic Committee,
International Federation of Association
Football, la
Francophonie, the
commonwealth, etc.).
Ban on international
travel to Canada. Ban
on Canadians travelling
overseas.
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Actions

Political relations
organizations such as
the North Atlantic
Treaty Organization.
Relations between the
Government of Canada
and foreign governments cease.
Public cancellation of
major international
visits (ex: State visit by
the president).

Non-political relations

(2)

Hazard

(1)

Asset or Operation
at Risk

(3)

(4)

(5)
Probability
(L, M, H)
(7)
Property

People

Operations

(8)

(10)
Entity

(9)
Environment

Impacts with Existing Mitigation (L, M, H)
(6)

ready.gov/business

Senario
Oportunities for
Prevention
(Location, Timing,
or Mitigation
Magitude)

Overall
Hazard Rating

(11)

Risk Assessment Table
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Duration: Identify the duration of the interruption
or point in time when the operational and or
financial impact(s) will occur.
• < 1 hour
• >1 hr. < 8 hours
• > 8 hrs. <24 hours
• > 24 hrs. < 72 hrs.
• > 72 hrs.
• > 1 week
• > 1 month

Timing:Identify point in time when interruption
would have greater impact (e.g., season, end of
month/quarter, etc.)

Timing / Duration

Department / Function / Process

Financial Impact

ready.gov/business

Considerations (customize for your business)
Financial Impact
Operational Impacts
Quantify operational impacts in financial terms.
• Lost sales and income
• Negative cash flow resulting from delayed sales
or income
• Increased expenses (e.g., overtime labor,
outsourcing, expediting costs, etc.)
• Regulatory fines
• Contractual penalties or loss of contractual
bonuses
• Customer dissatisfaction or defection
• Delay executing business plan or strategic initiative

Operation Impacts

Operational & Financial Impacts

Business Impact Analysis Worksheet
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Desktops and laptops (with
software), printers with
connectivity; wireless devices
(with email access)

Location, backups, and
media type

Owned, leased, or
reciprocal agreement

Office technology

Vital records, data,
information

Production Facilities

Single or sole source
suppliers and possible
alternates

Normal
Quantity
24 hours

72 hours

1 week

Quantity Needed Following Disaster

Later (specify)

Business Continuity Resource Requirements

Instructions: Identify resources required to restore business operations following a disaster. Estimate the resources needed in the days and weeks
following the disaster. Also review information technology disaster recovery plan for restoration of hardware and software.

Third party services

Raw Materials

Dies, patterns, molds,
etc. for machinery
& equipment

Production machinery & Especially custom equipment
Equipment
with long replacement time

Furniture, phone, fax, copiers

Primary site, relocation site
and recovery site

Resource Details

Office equipment

Office space

Staff

Managers

Resource Category

ready.gov/business
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Likelihood

DOC #1351593

Unlikely

Possible

Likely

Possible

Fire-rural

Icebergs

Sea level rise

River ﬂood

Drought

Unlikely

Likely

Land slide

Water failure

Rare

Drifting sand
dunes

Rare

Certain

Erosion-coastal

Unlikely

Certain

Erosion-lagoon

Power failure

Certain

Volcanic

Slope stability

Unlikely

Rare

Earthquake

Possible

Possible

Wind storm

Tsunamidistance

Storm surge

Likely

Likely

Tsunami-local

Natural

Risk analysis

Hazards

Minor

Major

Insigniﬁcant

Minor

Minor

Insigniﬁcant

Insigniﬁcant

Moderate

Very minor

Minor

Moderate

Minor

Minor

Minor

Minor

Minor

Moderate

Major

Consequence

H

M

VL

M

M

L

VL

M

M

M

M

M

VL

L

M

M

H

VH

Rating

2

3

1

1

1

1

1

4

1

1

1

1

2

2

2

3

4

5

Social

1

1

1

1

2

1

1

3

1

1

2

2

2

2

2

2

4

4

Built

Seriousness

Risk evaluation

3

2

1

2

1

1

1

2

2

2

1

1

1

2

2

2

3

3

Economic

1

2

1

2

2

1

1

1

3

3

3

3

1

2

1

2

3

3

Natural

3.6

4.5

2

2.5

2.7

2

2

6.3

2.7

2.7

2.9

2.9

3.5

4

3.8

5

7.5

8.5

Subtotal

3

3

4

4

2

4

4

3

3

2

4

4

4

4

4

4

2

2

Reduction

3

3

4

4

3

4

4

3

3

4

4

4

4

4

4

4

3

3

Readiness

Manageability

Prioritization of hazards for the Chatham Islands identiﬁed using the SMUG model (CDEM 2011)
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3

3

3

4

3

3

4

3

3

3

3

3

3

3

3

3

3

3

Response

3

4

3

4

3

3

4

3

3

3

3

3

3

3

3

3

2

2

Recovery

3

3.25

3.5

4

2.75

3.5

4

3

3

3

3.5

3.5

3.5

3.5

3.5

3.5

2.5

2.5

Subtotal

3

3

3

2

2

1

1

4

3

3

2

2

4

4

5

4

5

5

9.6

10.8

8.5

8.5

7.5

6.5

7.0

13.3

8.7

8.7

8.4

8.4

11.0

11.5

12.3

12.5

15.0

16.0

Total

(continued)

Subtotal

Growth
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Possible

Hazards
substance

Possible

Possible

Possible

Possible

Public health

Pandemic

Plant & animal
pests

Marine oil spill

Biological

Possible

Rare

Criminal
damage

Civil unrest

Fire urban

Possible

Rare

Road transport

Likely

Possible

Likely

Wastewater
failure

Air transport

Likelihood

DOC #1351593

Communication

Risk analysis

Hazards

Moderate

Moderate

Moderate

Moderate

Minor

Insigniﬁcant

Moderate

Insigniﬁcant

Catastrophic

Catastrophic

Minor

Minor

Consequence

M

M

M

M

M

VL

M

VL

VH

VH

M

M

Rating

Risk evaluation

3

1

3

3

3

3

3

4

4

4

3

1

Social

2

1

1

1

2

2

2

2

3

3

1

1

Built

Seriousness

3

3

3

3

2

3

2

2

4

4

3

2

Economic

4

3

1

1

2

1

3

1

1

1

1

2

Natural

5.7

3

4.6

4.6

5

5.1

5.2

5.8

6.9

6.9

4.6

2.5

Subtotal

3

3

4

4

4

3

4

3

3

3

3

3

Reduction

3

3

3

3

4

3

3

3

3

3

3

3

Readiness

Manageability

3

3

3

3

3

3

3

3

3

3

3

3

Response

3

3

3

3

3

3

3

3

3

3

3

3

Recovery

3

3

3.25

3.25

3.5

3

3.25

3

3

3

3

3

Subtotal

1

3

4

3

2

2

4

4

4

4

4

3

Subtotal

Growth

9.7

9.0

11.9

10.9

10.5

10.1

12.5

12.8

13.9

13.9

11.6

8.5

Total
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ACE
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ATR
BIA
CBC
CBS
CCA
CDC
CDD
CDEM
CEG
CF
CFFDRS
CI
CME
CRED
CSS
CTLC
DALY
DRDC
DRR
EC
EF
EM
EMO
EOC
EVD
FEMA
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Access to Resources
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Canadian disaster database
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Critical infrastructure
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Center for Research on the Epidemiology of Disasters
Centre for Security Science
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Disaster Risk Reduction
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Enhanced Fujita
Emergency Management
Emergency Management Ontario
Emergency Operation Centre
Ebola virus disease
Federal Emergency Management Agency
(continued)

© Springer Science+Business Media B.V., part of Springer Nature 2018
N. Agrawal, Natural Disasters and Risk Management in Canada, Advances in
Natural and Technological Hazards Research 49,
https://doi.org/10.1007/978-94-024-1283-3

345

346
FERP
FPEM
GC
GO
GTA
HIRA
HRVA
IAU
ICT
IOS
IPCC
IRAWG
IRAWG
MDG
MMI
MMS
MPAC
NASA
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Federal Emergency Response Plan
Federal Policy for Emergency Management
Government of Canada
GO Public Transit, a division of Metrolinx
Greater Toronto Area
Hazard Identiﬁcation and Risk Assessment
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International Astronomical Union
Information and Communication Technologies
International Organization for Standardization
Intergovernmental Panel on Climate Change
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Millennium Development Goals
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Public Broadcasting Station
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World Health Organization
World Meteorological Organization
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Deﬁnitions from Emergency Management Ontario http://
www.emergencymanagementontario.ca/stellent/groups/
public/@mcscs/@www/@emo/documents/abstract/ec159132.
pdf
Acceptable Risk The level of potential losses that a society or community considers acceptable given existing social, economic, political, cultural, technical and
environmental conditions (Glossary of Terms, 2011).
Assessment The evaluation and interpretation of available information to provide a
basis for decision-making (Glossary of Terms, 2011).
Building Code A set of ordinances or regulations and associated standards
intended to control aspects of the design, construction, materials, alteration and
occupancy of structures that are necessary to ensure human safety and welfare,
including resistance to collapse and damage (Glossary of Terms, 2011).
Business/Financial Impact The negative economic consequences of the occurrence of a hazard.
Changing Risk A variable in the HIRA methodology that allows for the inclusion
of information on changes in the likelihood and vulnerability of the hazard.
Climate Change “A change in the state of the climate that can be identiﬁed (e.g.,
by using statistical tests) by changes in the mean and/or the variability of its
properties, and that persists for an extended period, typically decades or longer.
Climate change may be due to natural internal processes or external forcing, or to
persistent anthropogenic changes in the composition of the atmosphere or in land
use.” (IPCC, 2007).
Community A generic term that includes both municipalities and First Nations
(Glossary of Terms, 2011).
Comprehensive Emergency Management It is an all-encompassing risk-based
approach to emergency management that includes prevention, mitigation, preparedness, response and recovery measures (Glossary of Terms, 2011).
Consequence The outcome of an event or situation expressed qualitatively or
quantitatively, being a loss, injury or disadvantage (Glossary of Terms, 2011).
Critical Infrastructure (CI) Interdependent, interactive, interconnected networks
of institutions, services, systems and processes that meet vital human needs, sustain
the economy, protect public safety and security, and maintain continuity of and
conﬁdence in government (Glossary of Terms, 2011).
Critical Infrastructure Impact The negative consequences of the occurrence of a
hazard on the interdependent, interactive, interconnected networks of institutions,
services, systems and processes that meet vital human needs, sustain the economy,
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protect public safety and security, and maintain continuity of and conﬁdence in
government.
Current Risk The present level of risk associated with a hazard.
Damage Assessment An appraisal or determination of the effects of a disaster on
people, property, the environment, the economy and/or services (Glossary of
Terms, 2011).
Declared Emergency A signed declaration made in writing by the Head of Council
or the Premier of Ontario in accordance with the Emergency Management and Civil
Protection Act. This declaration is usually based on a situation or an impending
situation that threatens public safety, public health, the environment, critical infrastructure, property, and/or economic stability and exceeds the scope of routine
community emergency response (Glossary of Terms, 2011).
Emergency A situation or an impending situation that constitutes a danger of major
proportions that could result in serious harm to persons or substantial damage to
property and that is caused by the forces of nature, a disease or other health risk, an
accident or an act whether intentional or otherwise (Emergency Management and
Civil Protection Act) (Glossary of Terms, 2011).
Emergency Area A geographic area within which an emergency has occurred or is
about to occur, and which has been identiﬁed, deﬁned and designated to receive
emergency response actions (Glossary of Terms, 2011).
Emergency Management Organized activities undertaken to prevent, mitigate,
prepare for, respond to and recover from actual or potential emergencies (Glossary
of Terms, 2011).
Emergency Management Program A risk-based program consisting of prescribed elements that may include prevention, mitigation, preparedness, response
and recovery activities (Glossary of Terms, 2011).
Emergency Plan A plan developed and maintained to direct an organization’s
external and/or internal response to an emergency (Glossary of Terms, 2011).
Environmental Damage The negative consequences of the occurrence of a hazard
on the environment, including the soil, water, air and/or plants and animals.
Frequency How often a hazard occurs at an intensity that may result in an emergency, disaster or service disruption.
Hazard A phenomenon, substance, human activity or condition that may cause loss
of life, injury or other health impacts, property damage, loss of livelihoods and
services, social and economic disruption, or environmental damage. These may
include natural, technological or human-caused incidents or some combination of
these (Glossary of Terms, 2011).
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Hazard Identiﬁcation A structured process for identifying those hazards which
exist within a selected area and deﬁning their causes and characteristics (Glossary of
Terms, 2011).
Historical Risk The level of risk associated with a hazard in the past. The level of
risk may have been altered by changes in consequence, frequency or prevention,
preparedness, mitigation, response or recovery practices.
Human-Caused Hazard Human-caused hazards are hazards which result from
direct human action or inaction, either intentional or unintentional. This includes
hazards that arise from problems within organizational structure of a company,
government etc.
Impact The negative effect of a hazardous incident on people, property, the
environment, the economy and/or services (Glossary of Terms, 2011).
Incident An occurrence or event that requires an emergency response to protect
life, property, or the environment (Glossary of Terms, 2011).
Land Use Planning The process undertaken by public authorities to identify,
evaluate and decide on different options for the use of land to help mitigate and
prevent disasters by discouraging settlements and construction of key installations in
hazard-prone areas (Glossary of Terms, 2011).
Mitigation Actions taken to reduce the adverse impacts of an emergency or disaster
(Glossary of Terms, 2011).
Monitor and Review The part of the HIRA process in which the HIRA is reviewed
and changes in the likelihood and consequences of the hazards is updated.
Municipality “Municipality” means a geographic area whose inhabitants are incorporated (Municipal Act) (Glossary of Terms, 2011).
Natural Hazard Natural hazards are those which are caused by forces of nature
(sometimes referred to as ‘Acts of God’). Human activity may trigger or worsen the
hazard; (for example deforestation may increase the risk of a landslide) but the
hazard ultimately is viewed as a force of nature.
Preparedness Actions taken prior to an emergency or disaster to ensure an effective response. These actions include the formulation of emergency response plans,
business continuity/continuity of operations plans, training, exercises, and public
awareness and education (Glossary of Terms, 2011).
Prevention Actions taken to avoid an emergency or disaster and the associated
impacts of a hazard (Glossary of Terms, 2011).
Property Damage The direct negative consequences of the occurrence of a hazard
on buildings, structures and other forms of property.
Psychosocial Impact The negative response of community or a subset of the
community to a hazard caused by their perception of risk. This includes human
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responses such as self-evacuation, mass hysteria, hoarding and other potential
undesirable responses.
Recovery The process of restoring a stricken community to a pre-disaster level of
functioning (Glossary of Terms, 2011).
Resources These are personnel and major items of equipment, supplies, and facilities available or potentially available for assignment to incident operations and for
which status is maintained. Resources are described by kind and type and may be
used in operational or support capacities (Glossary of Terms, 2011).
Response The provision of emergency services and public assistance or intervention during or immediately after an incident in order to protect people, property, the
environment, the economy and/or services (Glossary of Terms, 2011).
Return Period The average time between occurrences of a deﬁned event
(AMS, 2000).
Risk The product of the probability of the occurrence of a hazard and its consequences (Glossary of Terms, 2011).
Risk Analysis The process by which hazards are prioritized for emergency management programs at that particular point in time based on their frequency and
potential consequences.
Risk Assessment A methodology to determine the nature and extent of risk by
analyzing potential hazards and the evaluation of vulnerabilities and consequences
(Glossary of Terms, 2011).
Severity The extent of disruption and/or damages associated with a hazard (Glossary of Terms, 2011).
Site A geographical location of an incident (Glossary of Terms, 2011).
Social Impact The direct negative consequences of the occurrence of a hazard on
people, such as fatalities, injuries or evacuations.
Technological Hazard Technological hazards are hazards which arise ‘from the
manufacture, transportation, and use of such substances as radioactive materials,
chemicals, explosives, ﬂammables, modern technology and critical infrastructure’
(HIRA, 2005).
Threat A person, thing or event that has the potential to cause harm or damage
(Glossary of Terms, 2011).
Vulnerability The susceptibility of a community, system or asset to the damaging
effects of a hazard (Glossary of Terms, 2011)
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Deﬁnitions from AHRA Canada https://www.publicsafety.gc.
ca/cnt/rsrcs/pblctns/ll-hzrds-ssssmnt/index-eng.aspx
Accident An unintended, unplanned and unexpected event that interrupts an activity and sometimes causes injury or damage. Note: Examples of accidents include
transportation accidents, hazardous material spills or releases, ﬁre and accidental
explosions.
All Hazards Referring to the entire spectrum of hazards, whether they are natural or
human-induced. Note: For example, hazards can stem from industrial accidents,
national security events or cyber events.
All Hazards Approach An emergency management approach that recognizes that
the actions required to mitigate the effects of emergencies are essentially the same,
irrespective of the nature of the incident, thereby permitting an optimization of
planning, response and support resources. Note: The intention of an all-hazards
approach is to employ generic emergency planning methodologies, modiﬁed as
necessary according to the circumstances.
All Hazards Risk Assessment The process of identifying, analyzing and evaluating risks using an all-hazards approach.
Disaster An event that results when a hazard impacts a vulnerable community in a
way that exceeds or overwhelms the community’s ability to cope and may cause
serious harm to the safety, health or welfare of people, or damage to property or the
environment. Note: A disaster may be triggered by a naturally occurring phenomenon that has its origins within the geophysical or biological environment or by
human action or error, whether malicious or unintentional, including technological
failures and terrorist acts.
Emergency A present or imminent event that requires prompt coordination of
actions concerning persons or property to protect the health, safety or welfare of
people, or to limit damage to property or the environment.
Emergency Management The management of emergencies concerning
all-hazards, including all activities and risk management measures related to prevention and mitigation, preparedness, response and recovery.
Frequency The number of occurrences of an event in a deﬁned period of time.
Hazard A potentially damaging physical event, phenomenon or human activity
that may cause the loss of life or injury, property damage, social and economic
disruption or environmental degradation.
Hazard Identiﬁcation The process of identifying, characterizing and validating
hazards. Note: Hazard identiﬁcation looks at the type, the properties and the potential effects of hazards and is part of hazard assessment.
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Likelihood The chance of an event or an incident happening, whether deﬁned,
measured or determined objectively or subjectively.
Mitigation Actions taken to reduce the impact of disasters in order to protect lives,
property and the environment, and to reduce economic disruption. Note: Mitigation
includes structural mitigative measures (e.g. construction of ﬂoodways and dykes)
and non-structural mitigative measures (e.g. building codes, land-use planning and
insurance incentives). Prevention and mitigation may be considered independently
or one may include the other.
Natural Hazards A source of potential harm originating from a meteorological,
environmental, geological or biological event. Note: Examples of natural hazards
include tornadoes, ﬂoods, glacial melt, extreme weather, forest and urban ﬁres,
earthquakes, insect infestations, infectious diseases.
Probability In statistics, a measure of the chance of an event or an incident
happening.
Qualitative Assessment A risk assessment method that assigns non-statistical
values to risks. Note: A qualitative assessment produces narrative, descriptive or
comparative information about risks. It can be based on limited information, numerically incomparable data or complex non-linear relationships.
Quantitative Assessment A risk assessment method that assigns statistical values
to risks.
Residual Risk Risk that remains after implementing risk mitigation measures.
Resilience The capacity of a system, community or society to adapt to disruptions
resulting from hazards by persevering, recuperating or changing to reach and
maintain an acceptable level of functioning. Note: Resilience is built through a
process of empowering citizens, responders, organizations, communities, governments, systems and society to share the responsibility to keep hazards from becoming disasters.
Risk The combination of the likelihood and the consequence of a speciﬁed hazard
being realized; refers to the vulnerability, proximity or exposure to hazards, which
affects the likelihood of adverse impact.
Risk Analysis A process to comprehend the nature of a risk and to determine its
level. Note: Risk Analysis provides the basis for Risk Evaluation and decisions
about Risk Treatment.
Risk Assessment The overall process of Risk Identiﬁcation, Risk Analysis and
Risk Evaluation.
Risk Avoidance An informed decision to avert or to withdraw from, an activity in
order not to be exposed to a particular risk.
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Risk Communication The imparting, exchanging and/or receiving of clear, credible and timely information about the existence, nature, form, likelihood, severity,
acceptability, treatment or other aspects of risk to improve decision-making in risk
management. Note: Risk communication is carried out among public authorities,
risk assessors, risk managers, the public and all other interested parties. It is intended
to achieve a better understanding of risks and risk management.
Risk Identiﬁcation The process of ﬁnding, recognizing and recording risks.
Risk Management The use of policies, practices and resources to analyze, assess
and control risks to health, safety, environment and the economy.
Risk Perception A stakeholder’s view on a risk. Note: Risk perception reﬂects the
stakeholder’s needs, issues, knowledge, beliefs and values.
Risk Proﬁle A description of an entity’s existing management practices, common
vulnerabilities, tolerance and key interdependencies concerning its particular risks,
as well as an assessment of their relative likelihood, consequences and priority.
Risk Register A register that contains a list of identiﬁed risks and related information used to facilitate the monitoring and management of risks. Note: The risk
register is generally in the form of a table, spreadsheet or database and may contain
the following information: statement or description of the risk, source of risk, areas
of impact, cause of the risk, status or action of sector network, existing controls, risk
assessment information and any other relevant information.
Risk Taxonomy A comprehensive and common set of risk categories that is used
within an organization.
Risk Tolerance The willingness of an organization to accept or reject a given level
of residual risk. Note: Risk tolerance may differ across an organization, but must be
clearly understood by those making risk-related decisions.
Threat The presence of a hazard and an exposure pathway. Note: A threat may be
natural or human-induced, accidental or intentional.
Threat Assessment A process consisting of the identiﬁcation, analysis and evaluation of threats.
Vulnerability A condition or set of conditions determined by physical, social,
economic and environmental factors or processes that increases the susceptibility
of a community to the impact of hazards. Note: Vulnerability is a measure of how
well prepared and equipped a community is to minimize the impact of or cope with
hazards.
Vulnerability Assessment The process of identifying and evaluating vulnerabilities, describing all protective measures in place to reduce them and estimating the
likelihood of consequences.
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Deﬁnitions from EMDAT http://www.emdat.be/explanatorynotes
EM-DAT data include the main following information:
Disaster Number A unique disaster number for each event (8 digits: 4 digits for the
year and 4 digits for the disaster number - i.e.: 19,950,324).
Country Country(ies) in which the disaster has occurred.
Disaster Group Two main groups of disasters are distinguished in EM-DAT:
natural disasters, and technological disasters. A third category complex disasters
has been added in order to include speciﬁc event (famine) which are not directly
linked to a natural hazard.
Disaster Type Description of the disaster according to a pre-deﬁned classiﬁcation.
Date When the disaster occurred. The date is entered as follow: Month/Day/Year.
Death Number of people who lost their life because the event happened.
Missing The number of people whose whereabouts since the disaster is unknown,
and who are presumed dead (ofﬁcial ﬁgure when available).
Total Deaths Sum of death and missing.
Injured People suffering from physical injuries, trauma or an illness requiring
medical treatment as a direct result of a disaster.
Homeless Number of people whose house is destroyed or heavily damaged and
therefore need shelter after an event.
Affected People requiring immediate assistance during a period of emergency,
i.e. requiring basic survival needs such as food, water, shelter, sanitation and
immediate medical assistance.
Total Affected Sum of injured, homeless, and affected.
Estimated Damage The amount of damage to property, crops, and livestock. In
EM-DAT estimated damage are given in US$ (‘000). For each disaster, the registered ﬁgure corresponds to the damage value at the moment of the event, i.e. the
ﬁgures are shown true to the year of the event.
For a disaster to be entered into the database at least some criteria must be
fulﬁlled.
•
•
•
•

Ten (10) or more people reported killed.
Hundred (100) or more people reported affected.
Declaration of a state of emergency.
Call for international assistance.

Learning Objectives

Post-secondary students are expected to achieve the learning objectives as outlined
under the following six categories used in North American universities.
1. Depth and breadth of knowledge
(a) Understanding of key concepts, theories, and methodologies in the ﬁeld of
natural disasters, associated risks, risk reduction, and mitigation
(b) Understanding of types of disasters and their characteristics and data sources
(c) Comprehending disaster management knowledge in theory and practice
(d) Development of critical and analytical skills
(e) Application of knowledge from other disciplines such as environmental
studies, social sciences, humanities, science and engineering, and management studies to disaster management
2. Knowledge of Methodologies
(a) Comprehension of various risk assessment methodologies and their application in Canadian and international disaster management context
(b) Evaluation of disaster management frameworks for their effectiveness and
efﬁciency in variety of scenarios
(c) Deep understanding of disaster prevention, mitigation, preparedness, and
strategic planning
(d) Comprehension of various aspects of disasters – scientiﬁc, social,
psychological, etc.
(e) Understanding of the key research methodologies in the identiﬁcation of
problems and development of suitable solution approaches
(f) Learning to design research studies to consider community engagement
through participation and partnerships for policy decisions
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Learning Objectives

3. Application of Knowledge
(a) Comprehension of the applicability of theoretical concepts, methods, and
tools
(b) Ability to grasp step by step workable examples with clear explanations
(c) Demonstration of the applicability of concepts such as risk perception,
vulnerability resilience, and coping capacity
(d) Learn to implement research studies in communities with ethical
considerations
(e) Critical analysis of past disasters for their physical dynamics and societal
impacts
4. Communication Skills
(a) Understanding of the importance of clear and timely risk communication in
pre, during, and post disaster situations to stakeholders using variety of media
(b) Comprehension and accurate analysis of past events for developing awareness campaigns, knowledge-sharing strategies, and decision-making tools
(c) Recognizing cultural sensitivities and social complexities
(d) Development of networking skills for effective communication
5. Awareness of Limits of Knowledge
(a) Understanding of the limits of advances in science and technology in the
context of disaster management
(b) Awareness of limits of disaster simulation, modelling, and early warning
systems
(c) Recognizing the ever evolving environment and diversity in social, economic, political, and geomorphological context
(d) Understanding of the limits in sharing information within and outside of the
discipline
6. Autonomy and Professional Capacity
(a) Ability to demonstrate transferable skills to foster universal understanding of
the subject matter
(b) Ability to develop leadership skills based on sound understanding of fundamentals and independent thinking
(c) Ability to develop collaborative aptitudes and professional integrity
(d) Ability to practice consistency and competence in decision making

Index

A
Access to resources (ATR) models, 85
access proﬁle, 304
Hurricane Katrina, 305, 307
modiﬁed form, 304, 306
original form, 299, 304
unpacked form, 299, 305
Accumulated Cyclone Energy (ACE), 35
Adaptation
deﬁnitions, 152
Adaptive resilience (AR), 151
Agricultural drought, 7
Agro-Climate Consulting, 132
Alaska tsunami warning center (ATWC), 128,
129
Alberta ﬁres, 200
All Hazard Risk Assessment (AHRA), 258–
264, 266, 329, 332
business cycle, 254–268
critical infrastructure sectors, 254
objectives, 253
risk analysis
Canada’s reputation and inﬂuence,
262, 263
duration modiﬁers, 260
duration of environmental damage, 261
economy impact category, 259
environment impact category, 259–261
geographical extent assessment modiﬁer
approach, 261
impact analysis, 258
impact ratings and adult fatalities, 259
likelihood analysis, 258
likelihood assessment, 266

modiﬁer chart, 260, 261
public mood, 263
society and psycho-social impacts,
262–264
territorial security, 261–262
risk evaluation, 266
risk identiﬁcation, 256
risk treatment, 266–268
setting the context, 255–256
Andhra Pradesh, India, 161
ArcGIS, 140
Atlantic hurricanes, 33
Avian inﬂuenza (AI), 3
Avian inﬂuenza A (H7N9) virus, 3

B
BC Emergency Program Act, 226
Blizzard, see Snow storm
Brampton, Canada, 174, 184, 205, 207
Business continuity plan, 274
Business impact analysis (BIA), 108, 271, 273

C
Canada, 154–157, 167, 174, 175, 193, 205, 210
Canadian Census program, 168
Canadian disaster database (CDD), 231, 255
Canadian disaster database interactive map, 232
Canadian earthquake, 154, 155
Canadian Forest Fire Danger Rating System
(CFFDRS), 24
Canadian Standards Association (CSA),
106, 107
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Canada’s Reputation and Inﬂuence, 333–335
CD ROM project, 164, 165
Center for Research on the Epidemiology of
Disasters (CRED), 24
Charity Shoal, 71
Chatham Islands Civil Defence Emergency
Management (CDEM), 278
Citizen participation, 158, 159
Citizen Power, 159
Climate change adaptation (CCA), 151
Cloudburst, 86–88
Coastal erosion, 41
Command & Control hierarchical model, 210
Community participation programs, 158
Community perception model
vs. conventional approach, 312–313
disaster impact, 308
disaster risk, 306
framework, 309
immigrants, 307
likelihood ranking, 311
mitigation measures, 306
modiﬁed risk formula, 308
numerical ranking scheme, 310
vs. PAR, 308
5-point scale, 308, 309
resilience, 308
risk assessment, 309, 311, 312
risk index, 309
vulnerabilities, 308
Community resilience
behavioral dimension, 154
content analysis, 155
earthquake events, 154
emergency preparedness and risk, 158
hazard effects, 154
management, 155
Microsoft Excel, 157
natural hazards, 155
NVivo qualitative software, 157
physical and psychological resilience, 155
productivity and socio-economic status, 164
public transit, 157
self-activation, 155
social and psychological harm, 153
social resource, 153
statistical analysis, 163
sufﬁciency and responsibility, 155
while ﬂoods, 154
Community Technology Learning Centres
(CTLC), 162
Constructionist approach, 194

Index
Coordinating Executive Group (CEG), 278
Coronal Mass Ejections (CMEs), 73
Cost/beneﬁt analysis, 213
Critical infrastructure, 138, 139
CTLC Pilot Project in Pakistan, 325–326
Cyclone, 112–117
shelters, India
for cattle, 116
coastal states, 112
components, 117
design and construction, 116
ﬂoods and tsunamis, 114
local motivation, 113
modiﬁcations, 117
multi-purpose shelter, 114, 115
National Cyclone Risk Mitigation
Project, 117
number and location, 116
Orissa State Disaster Mitigation
Authority, 113
proper maintenance, 116
severe damage, 113, 114
sustainable uses, 114

D
Data transcription, 163
Decision support tool, resilience, 167, 168, 170,
172, 173
Deforestation, 166
Derecho, 64, 66
Determinate perception, 195
Digital archive system, 153
Digital elevation model (DEM), 100
Digital literacy, 161
Direct economic loss, 259
Disaster, deﬁnition, 232
Disaster management, 208
apathy, 209
cultural attitudes, 209
institutional ambiguities, 209
inter-governmental paradox, 209
models of, 210
overdependence upon technology, 209
overestimation of capacity, 209
and planning, 209
social pressures, 209
underestimation of risk, 209
Disaster Myth and Reality, 326
Disaster resilience
management, 167
quantitative and qualitative approaches, 174

Index
Disaster risk management (DRR), 85–104,
106, 107, 109–133, 136, 147, 148,
151, 161
elements, 84
historical records, 82
natural, technological/human sources, 81
preparedness, response and recovery plan
in California, 117–118
Fiji, 111
Indian Ocean Tsunami 2004, 119–126
post-earthquake reconstruction, Nepal,
118
vertical evacuation shelters, India,
112–117
rehabilitation, 111
risk assessment
FEMA model, 85
HRVA method, 85
multi-tier hazard, 86–91
NOAA, 85
qualitative frameworks, 85
quantitative frameworks, 85
SMUG model, 85
risk control options
London, Ontario, 92–94
market-like tools, 92
non-structural measures, 91
Red River Basin, 95–104
structural measures, 91
risk identiﬁcation, 82
risk management strategies, 82
risk perception, 82, 83
risk reduction, 82
standard risk formula, variations, 82
strategic planning
assessment, 107
CSA, 106, 107
ﬁnancial assistance, 106
hazards, 107
impact on businesses, 107
2004 Indian Ocean Tsunami, 109–111
sustainable development
Arctic Canada, 127, 128
Atlantic Canada, 129–131
climate change and sunspots, 131–133
Paciﬁc Canada, 128–129
propane explosion, Toronto, 136
resilient communities, 126
RMI, 126
threat recognition, 84
Disaster risk reduction, 160
Disaster scenario simulations, 214
Dissemination areas (DA), 134, 135, 175

359
Dissonant perception, 195
Don River, 18
Don Valley Parkway (DVP), 250
Drainage infrastructure, 172
Drought
acute events, 6
agricultural, 7
chronic events, 6
drainage ditch west, 7, 8
historical drought events, 9
historical events, 9
hydrological, 7
large economic losses, 7
meteorological, 7
orange and almond orchards/trees, 9
socioeconomic, 7
water shortage emergencies, 7
Dry forest ﬁre, 200

E
Earthquake, 195, 196
adverse effects, 10
epicenter, 9
faultline, 9
foreshocks, 9
hypocenter, 9
mainshock, 10
measurement and monitoring, 10, 11
Northern Ontario, 12, 13
potential impacts, 12, 13
Southern Great Lakes, 12
Western Quebec Zone, 11
Ebola virus disease (EVD)
outbreak in 2014, 3–5
Economic category assessment tool, 332, 333
Economic vulnerability (EV), 136, 137, 235
El Niño/Southern Oscillation (ENSO), 132
Emergency crews, 197
Emergency management, 204, 209
Emergency Management and Civil Protection
Act, 220, 221
Emergency Management community, 209
Emergency Management Cycle, 210
Empowerment Framework, 162
Empowerment process, 148, 161
Engineering infrastructure data, 168
Enhanced Fujita (EF) Scale, 58, 60
Environmental vulnerabilities, 235
Erosion, 41–43
Expert analysis, 195
Expert judgement of risk, 194
Extreme temperature
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Extreme temperature (cont.)
cold wave, 16, 17
heat wave, 14–16
historical cold wave events, 14

F
Federal Emergency Management Agency
(FEMA), 85
BIA report, 273, 274
business continuity plan, 274
business disruption scenarios, 273
disasters, impact of, 273
disruption, timing and duration, 273
electronic information, 274
exercises, 277
hazards, impacts, 273
information collection, 271
IT DRP, 274
manufacturing recovery strategies, 275, 276
Operational & Financial Impacts worksheet,
275
physical assets, 272
recovery time objective, 275
resources, 276
risk assessment process, 272
risk assessment table, 271
technology recovery strategies, 274
testing, 277
Fire raging, 201
Flash ﬂooding, 195
Flood emergency management, 94
Flood forecasting tools, 170
Flood generation processes, 168
Flood hazard perception, 195
Flood risk mapping methodology, 202, 203
Floods, 18–22
EM-DAT database, 87
international database EMDAT, 17
risk and urbanization of London, 22
Toronto, Canada
Don River, 18
failures of infrastructure, 21
ﬂood damage mitigation, 22
local weather, 18
major ﬂooding events, 19–21
population, 18
topography, 18, 19
in Uttarakhand, 87, 89, 90
Focus group discussion, 324–325
Fog, 73
Foreshocks, 9
Forest ﬁres, 23, 24, 200

Index
Fort McMurray ﬁre, 201
Freezing rain, 26, 27
Fukushima Daiichi nuclear power plant, 199

G
Geographic information system (GIS), 85,
94, 95
Globalization, 148
Global tsunami
amplitudes and inundation, 110, 111
of 26 December 2004, 109
early warning system, 109–110
event on 27 August 1883, 109
scientiﬁc parameters, 109
survey results, 109
Google map, 203
Government of Canada (GoC), 14
Great East Japan Earthquake, 197
Greater Toronto Area (GTA), 18, 19, 174,
178, 179
rainfall record, 285, 286
rain gauge network, 285, 286
Toronto rainfall amounts, 285, 287
Great Hanshin Earthquake, Japan, 156
Great Kanto Earthquake, Japan, 156
Great Plains tornado, 58
Group perceptions
hazardous events, 195
internal control, 195
locus of control, 195
social/cultural factors, 195
types, 195
Gulf of Mexico, 167
Gust front, 64

H
H1N1, 5
Hailstorm, 74, 76
Hazard Identiﬁcation and Risk Assessment
(HIRA), 214, 222–227, 327
change in frequency values, 224, 227
change in vulnerability value, 224, 228
changing risk, 224
consequence estimation
business/ﬁnancial Impact, 224, 227
change in frequency values, 227
critical infrastructure service
disruptions/impact, 223, 226
environmental damage, 224, 226
historical winter storms, 222, 223
property damage, 223, 226

Index
psychosocial impacts, 224, 227
reclassiﬁcation, 227
social impacts, 223, 225
conventional and risk equation, 229
disaster databases, 221
emergency management program, 220
frequency, 222
hazard levels, 228
monitoring and review process, 221
natural, technological and human-induced
hazards, 220
Provincial level, 221
risk analysis, 221
risk equation, 222
structure, 220
Hazard, Risk and Vulnerability Analysis
(HRVA) method, 85, 236–239, 244–
253
Canadian disaster database, 231, 232
critical facility, 239
data ﬁelds, 233
disaster-resilient communities, 230
economic and social impact, 239
economic vulnerabilities, 235
environmental impact, 239
environmental vulnerabilities, 235
Executive committee, 230
hazard categories, 232, 234
hazard types with frequency, 233, 235
ice storm in Montreal, Canada
consequences severity assessment, 246
dairy, 244
hazard likelihood, 245, 247
ice accumulation, 245
information collection, 238
manufacturing, 244
nation’s economic output, 244
risk proﬁle, 245, 247
visual information adds value, 244
vulnerabilities, 246
impact assessment and ranking
critical facility, 236, 237
economic impact, 237
economic and social impact, 236
environmental impact, 236
explosion, 238
fatality, 236, 239
injury, 236, 239
lifelines, 236
property damage, 236
lifeline, 239
likelihood ranking, 240
online HRVA Web tool, 230
online tool, 238, 241, 242
physical vulnerabilities, 234
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propane explosion in Toronto, Canada
consequences severity, 251
economic vulnerability and damage, 250
hazard likelihood, 251–253
information collection, 246
map, 248
physical vulnerability and damage, 250
risk proﬁle, 251, 252
social vulnerability and impact, 249
sources, 251
property damage, 239
purpose, 228
risk proﬁle, 238, 240
social vulnerabilities, 234
step process, 230–232
HEC-RAS hydraulic model, 101, 102
Himalayan Mountains, 166
Human-nature interaction, 147
Human security, 148
Humidex, 14–16
Hurricane Hazel, 37
Hurricanes
classiﬁcation, 32
closed low-level circulation, 32
Hurricane Hazel, 37
Hurricane Sandy, 37
intensity, 33–35
return periods, 33
tropical storm season, 32, 33
Hurricane Sandy, 37
Hydrological drought, 7

I
Ice fog, 73
Ice storm, 25–32
accumulated ice, 24
St. Lawrence River Valley, 25
Toronto, Canada, urban impacts
emergency warming centers, 31
extent of, 25, 26
freezing rain, 26, 27
freezing rain formation, 26
historical winter storms, 27, 28
ice accumulation, 27, 29
power distribution system, 27, 29, 30
precipitation, 27, 29
public transit system, 31
telecommunications, 29, 31
tree canopy management, 32
underground electrical system, 32
urban forestry, 27, 30
Immediate relief package, 125
Incident Management System, 210
Indirect economic loss, 259
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Information and Communication Technologies
(ICT), 160
Information sharing, 211, 212
Information technology disaster recovery plan
(IT DRP), 274
Inherent resilience (IR), 151
International Astronomical Union (IAU), 69
International Nuclear Events Scale (INES), 200

K
Kedarnath, India, 165, 166
Knowledge network, 126

L
Lac-Mégantic train derailment and explosion,
204
Lahars, 43
Landslides, 165
Brazil, 45, 49
Canadian history, 44, 46, 47
causes of, 43, 44
Hindu shrine in Kedarnath, 89, 91
impact region, 89, 90
India, 45–48
movements and materials, 42
Quebec, Canada, 44
southern California, 44, 47, 48
Landuse
classiﬁcation, 96
Large scale natural hazards, 2–22, 24–33, 37
deﬁnition, 2
drought
acute events, 6
agricultural drought, 7
chronic events, 6
drainage ditch west, 7, 8
historical drought events, 9
historical events, 9
hydrological drought, 7
large economic losses, 7
meteorological drought, 7
orange and almond orchards/trees, 9
socioeconomic drought, 7
water shortage emergencies, 7
earthquake
adverse effects, 10
epicenter, 9
faultline, 9
foreshocks, 9
hypocenter, 9
mainshock, 10
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measurement and monitoring, 10, 11
Northern Ontario, 12, 13
potential impacts, 12, 13
Southern Great Lakes, 12
Western Quebec Zone, 11
extreme temperature
cold wave, 16, 17
heat wave, 14–16
historical cold wave events, 14
ﬂoods
international database EMDAT, 17
risk and urbanization of London, 22
Toronto, Canada, 18–22
forest ﬁres/wildﬁres, 24
health and biophysical hazards
epidemics, 3–5
factors, 2
pandemic, 3–6
history, 2
hurricanes
classiﬁcation, 32
closed low-level circulation, 32
Hurricane Hazel, 37
Hurricane Sandy, 37
intensity, 33
return periods, 33
tropical storm season, 32, 33
ice storm
accumulated ice, 24
St. Lawrence River Valley, 25
urban impacts, Toronto, 25–32
Lay judgment of risk, 194
Light Detection and Ranging (LIDAR), 100
Lightning, 76–78
Local Authority Emergency Management
Regulation, 226
London, Ontario, 167, 168
Long term relief package, 125
Lot-level protection measures, 172

M
Mainshocks, 10
Media networks, 47
Medium scale hazards, 42–68
erosion, 41–43
landslide
Brazil, 45, 49
Canadian history, 44, 46, 47
causes of, 43, 44
India, 45–52
movements and materials, 42
Quebec, Canada, 44

Index
southern California, 44, 47, 48
sinkholes, 53, 55, 57
snow storm
events, 53
Ontario, Canada, 52, 55
sub disaster type, 51
warning types, 51, 54
subsidence, 53, 56
tornado
characteristics, 58, 59
formation, 56, 58
Kawacatoose First Nation, 62
Leamington, Ontario, 60
Midland, Ontario, 62, 63
season, 56
severity and strength, 58–61
Tornado Alley, 56, 57
warnings, 58
windstorms
classiﬁcation, 62
damages, 63, 64
derechos on May 8th, 2009, 64, 66, 67
downdraft, 64, 65
gust front, 64
haboob, 66, 67
microburst, 64, 65
Midwest and mid-Atlantic on June
29, 2012, 67, 68
straight-line wind, 64
Mesocyclone, 58
Meteor, 69
Meteorological drought, 7
Methods for the Improvement of Vulnerability
Assessment in Europe (MOVE), 151
Metropolitan Toronto and Region Conservation
Authority (MTRCA), 20
Millennium Development Goals, 161
Modiﬁed Mercalli (MM) Intensity Scale, 10
Moment Magnitude Scale (MMS), 10
Municipal Property Assessment Corporation
(MPAC), 168, 175

N
National Commission for Human Development
(NCHD), 161
National Disaster Mitigation Strategy, 213
National Oceanic and Atmospheric
Administration (NOAA), 85
National Science & Engineering Research
Council (NSERC) of Canada, 184
Natural hazards, 1, 41
forest ﬁres/wildﬁres, 23
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large scale (see Large scale natural hazards)
medium scale hazards (see Medium scale
hazards)
small scale hazards (see Small scale
hazards)
Natural protective barriers, 209
Natural resource base, 149
Natural Resources Canada (NRCan), 168
Nonparticipation, 158
North American snow cover (NAS), 132
Nuclear accidents, 197
Nuclear power plants, 197

O
Objective resilience, 177, 178
Oklahoma, 58
Ontario, Canada, 204, 205, 209
Ontario Propane Safety Review, 134
Open Data source, 168
Operational & Financial Impacts worksheet,
275

P
Paciﬁc tsunami warning center (PTWC), 128
People’s perception of risk and vulnerability,
205, 207
Perception of people, 202, 204, 205, 207
Perception of vulnerability, 200, 202
Perceptions of danger, 200
Physical vulnerability, 137–138, 234
Post-disaster recreation of vulnerability, 208
Power distribution system, 27, 30
Pressure and release (PAR) model, 85, 296,
298, 299
in China’s Sichuan
construction, 299
disaster risk evaluation, 295
ﬂooding, in New Orleans, 299
framework assists, 295
Hurricane Katrina
application, 296
Gulf coast impact region, 296, 298
NOAA Corps ﬂew, 298
vulnerability, progression of, 295
Probabilistic perception, 195
Propane explosion
critical infrastructure, 138, 139
data acquisition, 134, 135
economic vulnerability, 136, 137
evacuation distance, 134
explosion site, 133
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Propane explosion (cont.)
physical vulnerability, 137–138
results, 134
risk management, 133
social vulnerability, 136
spatial disaster risk estimation, 138–140
vulnerability estimation, 135
Proper governance, 204
1-psi overpressure distance, 134
Public transit system, 31

Q
Qualitative methods, 295, 299, 304–307
ATR model
access proﬁle, 304
Hurricane Katrina, 305, 307
modiﬁed form, 304, 306
original form, 299, 304
unpacked form, 299, 305
community perception model (see
Community perception model)
PAR model (see Pressure and release (PAR)
model)
risk aversion, 313, 314
Quantitative methods, 219–229, 253, 271
AHRA (see All Hazard Risk Assessment
(AHRA))
FEMA (see Federal Emergency
Management Agency (FEMA))
HIRA process
change in frequency values, 224, 227
change in vulnerability values,
224, 228
changing risk, 224
consequence estimation, 222–228
conventional and risk equation, 229
disaster databases, 221
emergency management program, 220
frequency, 222
hazard levels, 228
monitoring and review process, 221
natural, technological and humaninduced hazards, 220
Provincial level, 221
risk analysis, 221
risk equation, 222
structure, 219, 220
HRVA (see Hazard, Risk and Vulnerability
Analysis (HRVA))
SMUG (see Seriousness, Manageability,
Urgency and Growth (SMUG))
WRI (see World Risk Index (WRI))
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Quasi-biennial wind oscillation (QBO), 132
Quebec, Canada, 203

R
Rationalist approach, 194
Reactor systems test, 197
Real-time adaptation, 170
Recovery time objective, 275
Relational pathway, 163
Remote sensing technology, 92, 94
Resilience
binary values, 176
capital assets, 153
at community level, 148
cost beneﬁt analysis, 148
data type and sources, 182, 184
deﬁnitions, 150
lack of coping capacity, 181
learning and reorganization processes, 151
maps, 184–187
qualitative estimation, 175
social, economic and environment, 148
susceptibility, 180
Resilience metric, 168
Resilience of built environment,
165, 167
ResilSIM concept, 167, 169–171, 173
Risk
deﬁnition of, 82
Risk assessment, 86–91
FEMA model, 85
HRVA method, 85
multi-tier hazard
cloud burst, 86–87
landslides, 89–91
river ﬂooding, 87–89
NOAA, 85
qualitative frameworks, 85
quantitative frameworks, 85
risk analysis, 91
SMUG model, 85
Risk aversion, 313, 314
Risk control, 92–108
London, Ontario
ﬂood emergency management, 94
landuse and landcover, 92, 94–96
rainfall and runoff response pattern,
92, 97
remote sensing and GIS technology, 94
surface water availability, 92
Upper Thames River Watershed, 92, 93
market-like tools, 92

Index
non-structural measures, 91
Red River Basin, 104
buildings, roads and agriculture,
102, 103
computational procedures, 101
decision makers, 104
deterministic analysis, 104–108
during the 1997 ﬂoods, 97, 98, 100
economic development, 95
ﬂood protection alternatives, 99–100
fuzzy analysis, 104
hydrologic and hydraulic analysis, 95
multi-objective techniques, 95
spatial data, 100–101
time and space, 96
structural measures, 91
Risk Event Scenario, 329, 331, 332
Risk management approach, 193
Risk Management Index (RMI), 126
Risk perception
communication processes, 195
cultural factors, 194
dynamic social and psychological
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