Session No. 18


Course Title: Hazards Risk Management

Session 18: Analyze Risks: Determine Likelihood and Consequence

Time: 2 hours


Objectives:

18.1
Discuss the process of Risk Analysis, and the importance of determining hazard likelihoods and consequences.  Give a general overview of the process by which quantitative and qualitative measurements of likelihood and consequence are derived.

18.2
Discuss the use of quantitative and qualitative methods to determine likelihoods and consequences of hazards.

18.3
Perform the Hazards Risk Management exercise for risk analysis


Scope:

Sessions 18 and 19 contain materials used to explain to students the third step in the Hazards Risk Management process; Risk Analysis.  These two sessions detail the methodology of the Hazards Risk Management process called risk analysis, whereby the likelihood and consequence of each individual hazard are determined according to standardized units of measurement.  Additionally, the tools available to achieve more accurate risk analyses are presented and explained according to their relevance to specific hazards.  The following subsections are included: Determine Likelihood and Consequence, and Modeling Techniques.

Included in this session will be several student interactions and exercises that will allow students to practice and further understand the process of risk analysis.  These two sessions build directly upon the previous sessions detailed in step two of the Hazards Risk Management process: Risk Identification.  The instructor should refer the students to the Hazards Risk Management Diagram to illustrate where in the process Risk Analysis occurs.  


Readings: 

Student Reading:

“Emergency Risk Management: Application’s Guide.” Australian Emergency Manual Series. Emergency Management Australia. 2000.  Pages 16-17.

<http://www.ema.gov.au/ema/rwpattach.nsf/viewasattachmentPersonal/052463276B78ED4FCA256C8A001AAD29/$file/EMERGENCY_RISK_MANAGEMENT.PDF>

“Understanding Your Risks: Identifying Hazards and Estimating Losses.” Federal Emergency Management Agency. 2001. Step 4. (Included as Handout 18-8)

< http://www.fema.gov/pdf/fima/386step4.pdf >

Instructor Reading:

 “Emergency Risk Management: Application’s Guide.” Australian Emergency Manual Series. Emergency Management Australia. 2000.  Pages 16-17.

<http://www.ema.gov.au/ema/rwpattach.nsf/viewasattachmentPersonal/052463276B78ED4FCA256C8A001AAD29/$file/EMERGENCY_RISK_MANAGEMENT.PDF>

“Understanding Your Risks: Identifying Hazards and Estimating Losses.” Federal Emergency Management Agency. 2001. Step 4.  (Included as Handout 18-8)

< http://www.fema.gov/pdf/fima/386step4.pdf >


General Requirements:

Power point slides are provided for the instructor’s use, if so desired.

Handout 18-1 Tangible vs Intangible Impacts of Disasters

Handout 18-2 Examples of f:N Curves

Handout 18-3 Example of a Risk Matrix Used in Risk Assessment

Handout 18-4 Example of a Risk Matrix Used in Risk Assessment

Handout 18-5 Damage Consequence Calculation Worksheet

Handout 18-6A An Example of a Qualitative Likelihood Measurement System


Handout 18-6B An Example of a Qualitative Likelihood Measurement System

Handout 18-7A An Example of a Qualitative Consequence Measurement System

Handout 18-7B An Example of a Qualitative Consequence Measurement System

Handout 18-8  State and Local Mitigation Planning how-to-guide: Understanding your Risks,  Step 4  estimate losses

It is recommended that the modified experiential learning cycle be completed for objectives 18.1 - 18.3 at the end of the session.


Objective 18.1 -
Discuss the process of Risk Analysis, and the importance of determining hazard likelihoods and consequences.  Give a general overview of the process by which quantitative and qualitative measurements of likelihood and consequence are derived.

Requirements:

Provide an overview of the risk analysis process, including descriptions of the likelihood and consequence components of risk.  Describe the reasons why determining the likelihood and consequence of each hazard, according to a standardized system of measurement, is a necessary component of the overall Hazards Risk Management Process.  Define the quantitative and qualitative methods of analyzing risk.

Remarks:

I.
In session 16, students learned the method by which risk statements are generated, and how they serve as an important tool for the Hazards Risk Management team.  In creating risk statements, students learned about the methods by which necessary information is located and gathered for each identified hazard in a community.  The quality of this gathered information is vital to the success of the Hazards Risk Management team members who will be performing analyses of risk for each identified hazard.  

II. In generating risk statements, the Hazards Risk Management team compiles information specific to each identified hazard and reports their findings on a risk statement worksheet or using an equivalent reporting format of their choosing.  During the in-class (or homework) exercise where students created risk statements, students briefly examined the probability (likelihood) of each particular hazard occurring within or externally affecting their community, and the possible consequences should such an event occur.  

III. The assignation of value to these two factors was a cursory (though useful) initial calculation of risk.  In actuality, the determination of these two factors (likelihood and consequence) is the basis of the risk management process, and the more accurately that the Hazards Risk Management team can be at determining the likelihood and consequences of each identified hazard in their community, the more successful their overall Hazards Risk Management process will be.  Therefore, it is important that further analysis, beyond what was done in the generation of risk statements, be applied to each hazard.  In sum, it is during the Risk Analysis step of the Hazards Risk Management process that the Hazards Risk Management team assesses both the likelihood and consequence components of risk more accurately, and according to a standardized method of measurement.

IV.
In session 1, students learned that the definition of risk, put in the most simplified terms, is the product of likelihood and consequence.  Simply stated, 

RISK=LIKELIHOOD X CONSEQUENCE (Power Point Slide 18-1)

Using this formula, it is simple to deduce that if the Hazards Risk Management team could analyze the likelihoods and the consequences of each hazard according to a standardized method of measurement, then the individual hazard risks could be compared to each other, and therefore, ranked according to severity.  (If risks were analyzed and described using different methods and/or terms of reference, it would be very difficult to accurately compare them later in the Hazards Risk Management process.)

V.
This ranking of risks, or “Risk Evaluation” (Sessions 20-22) as it is called in the Hazards Risk Management process, allows for the Hazards Risk Management team to determine which treatment (mitigation) options (Sessions 29-33) are the most effective, most appropriate, and provide the most benefit per unit of cost.  Not all risks are equally serious, and risk analysis can provide a clearer idea of these levels of seriousness.  
A.
Ask the Students, “Why is it important for the Hazards Risk Management team to know the relative seriousness of risk for all of the identified hazards in a community?”

B.
Communities, generally without exception, have a limited amount of funds available to treat the risks they face.  While the treatment of one hazard may be less expensive than the treatment of another, or more easily implemented than another, these may not be valid reasons that one treatment option should be chosen over another.  Hazards that have either great consequences (in terms of lives lost/injured or property damaged/destroyed) or occur with great frequency, or both, are the hazards that pose the greatest overall threat to a community.  Using the limited funds available, the Hazards Risk Management team should recommend the treatment of those risks that pose the greatest threat first. Fiscal reality demands an analytic approach and can result in a decision that no treatment of a specific hazard is the proper decision based upon the entire hazard inventory.  

VI.
The goal, or output, of the Risk Analysis step in the Hazards Risk Management Process is a standard, and therefore comparable, measurement of the likelihood and consequence of every identified hazard in the community.
VII.
The many ways by which likelihoods and consequences are determined are commonly divided into two categories of analysis: Quantitative Analyses and Qualitative Analyses (Power Point Slide 18-2).  Quantitative analyses use mathematical/statistical data to derive numerical descriptions of risk.  Qualitative analyses use defined terms (words) to describe and categorize the likelihood and consequences of risk.  Quantitative analysis gives a specific data point (whether dollars, probability, frequency, or number of injuries/fatalities) while qualitative analysis allows for each qualifier to represent a range of possibilities.  The following remarks give a general explanation of the likelihood and consequence components of risk.  An expanded explanation of these two factors, as they are treated in the Hazards Risk Management process, is provided later in the objective.
VIII.
Likelihood
A.
The likelihood component of risk describes the chance of hazard risk realization.  This measurement can be described quantitatively as a frequency or a probability, or qualitatively.

1.
Quantitative representation of likelihood (Power Point Slide 18-3)

a.
Frequency: gives the number of times of occurrence over a chosen timeframe.  For example: 3/year, 1/decade, 10/week.

b.
Probability: measures the same data as does frequency, but expresses the outcome as a measure between 0 and 1, or as a percentage between 0% and 100%, representing the chance of occurrence.  For example, a 50-year flood has a 1/50 chance of occurring in any given year, or expressed as a probability of 2% or .02.  An event that is expected to occur 2 times of the next 3 years would have a .66 probability each year, or a 66% chance of occurrence.

2.
Qualitative representation of likelihood uses words to describe the chance of occurrence.  Each word, or phrase, will have a designated range of possibilities attached to it.  For instance, events could be described as (Power Point Slide 18-4):

a.
Certain - >99% chance of occurring in a given year (one or more occurrences per year.)

b.
Likely - 50 - 99% chance of occurring in a given year (one occurrence every one to two years.)

c.
Possible - 5-49% chance of occurring in a given year (one occurrence every 2 to 20 years.)

d.
Unlikely - 2-5% chance of occurring in a given year (one occurrence every twenty to fifty years.)

e. Rare - 1 - 2% chance of occurring in a given year (one occurrence every fifty to one hundred years.)

f.
Extremely rare – <1% chance of occurring in a given year (one occurrence every one hundred or more years.)  

3.
Note that this is just one of a limitless range of qualitative terms and values assigned that can be used to describe the likelihood component of risk.

IX.
Consequence (Power Point Slide 18-5)
A.
The consequence component of risk describes the effects of the risk on humans, built structures, and the environment.  There are generally three factors examined in determining the consequences of a disaster, described below:

1.
Deaths/Fatalities (Human)

2.
Injuries (Human)

3.
Damages (Cost, reported in US dollars)

B.
Although several attempts have been made to convert all three factors into dollar amounts, in order to derive a single number to quantify the consequences of a disaster, such practices can be controversial (how can one place a value on life) and complex (is a young life worth more than an old life, and by how much).  Therefore, in the Hazards Risk Management process described herein, the three factors will remain separate measurements.

C.
The consequence categories above can be further categorized, and are often done so to better understand the total sum of all disaster consequences.  Two of the most common distinctions are Direct and Indirect losses, and Tangible and Intangible.

1. Direct and Indirect Losses
   

a.
Direct Losses, as described by Keith Smith in his book “Environmental Hazards,” are “those first order consequences which occur immediately after an event, such as the deaths and damage caused by the throwing down of buildings in an earthquake.”  Examples of direct losses are(Power Point Slide 18-6): 

i.
Fatalities
ii.
Injuries (the prediction of injuries is often more valuable than the prediction of fatalities, because the injured will require a commitment of medical and other resources for treatment (UNDP 1994).)

iii.
Cost of repair or replacement of damaged or destroyed public and private structures (buildings, schools, bridges, roads, etc.)

iv.
Relocation costs/temporary housing
v.
Loss of business inventory/agriculture
vi.
Loss of income/rental costs
vii.
Community response costs
viii. Cleanup costs

b.
Ask the Students, “What are some other examples of direct costs that could be incurred by a municipality in the event of a large-scale disaster?”  Students should be able to develop a list of examples, which the instructor should write on the board under the heading “Direct Costs” for use in a future question.

c.
Indirect Losses (as described by Smith) may emerge much later and may be much less easy to attribute directly to the event.  Examples of indirect losses include (Power Point Slide 18-7):

i.
Loss of income
ii.
Input/output losses of businesses

iii.
Reductions in business/personal spending - ‘ripple effects’

iv.
Loss of institutional knowledge
v.
Mental illness
vi. Bereavement.

d.
Ask the Students, “What are some other examples of indirect costs that could be incurred by a municipality in the event of a large-scale disaster?”  Students should be able to develop a list of examples, which the instructor should write on the board under the heading “Indirect Costs” for use in a future question.

2.
Tangible and Intangible losses
a.
Tangible losses are those for which a dollar value can be assigned.  Generally, only the tangible losses are included in the estimation of future events and the reporting of past events.  Examples of tangible losses include (Power Point 18-8):

i.
Cost of building repair/replacement
ii.
Response costs
iii.
Loss of inventory
iv.
Loss of income
b.
Intangible losses are those that cannot be expressed in universally accepted financial terms.  These losses are almost never included in damage assessments or predictions.  This is the primary reason that human fatalities and human injuries are assessed as a separate category from the cost measurement of consequence in the Hazards Risk Management.  Examples of intangible losses include (Power Point 18-9):

i.
Cultural losses
ii.
Stress
iii.
Mental illness

iv.
Sentimental value 

v.
Environmental losses (aesthetic value)

c.
Ask the Students, “Of the direct and indirect costs that have been listed on the board in our previous exercise, which are considered tangible, and which are considered intangible.”  The instructor should circle the items that are considered direct costs, and underline those considered indirect (or use another indication system of the instructor’s choosing.)

d.
Ask the Students, “Is there any other way, besides cost in dollars, to measure the intangible losses that have been identified?”

e.
Oftentimes, these intangible losses cannot be included in Hazards Risk Management analyses because of their un-quantifiable nature.  It is not uncommon for the intangible impacts to exceed the tangible ones in terms of the overall effect they have on a community (UNDP 1994).  Handout 18-1 describes the differences between tangible and intangible impacts, and provides examples of both. 

D.
Gains (Power Point 18-10)

1.
Though it is extremely rare for gains to be included in the assessment of past disasters or the prediction of future ones, it is undeniable that benefits can exist in the aftermath of disaster events.

2.
Like losses, gains can be categorized as direct and indirect, tangible and intangible.

3.
Examples of gains include (tangible, intangible, direct, and indirect):

a.
Decreases in future hazard risk by preventing rebuilding in hazard-prone areas

b.
New technologies used in reconstruction that results in an increase in quality of services

c.
Removal of old/unused/hazardous buildings
d.
Jobs created in reconstruction

e.
Greater public recognition of hazard risk

f.
Local/State/Federal funds for reconstruction or mitigation

g.
Environmental benefits (fertile soil from a volcano, for example)

4. Ask the Students, “Can you name any other gains that may arise following a disaster event?  Which of these are direct and which are indirect?  Which are tangible and which are intangible?”

E.
As was true with the likelihood component of risk, the consequences of risk can be described according to quantitative or qualitative reporting methods.  

1.
Quantitative representation of consequence (Power Point Slide 18-11) 

a.
Deaths/Fatalities - The specific number of people who perished in a past event or that would be expected to perish in a future event.  For example, 55 people killed.

b.
Injuries - The specific number of people who were injured in a past event or that would be expected to become injured in a future event.  Can be expressed just as injuries, or divided into mild and serious.  For example, 530 people injured, 56 seriously.

c.
Damages - The assessed dollar amount of actual damages incurred in a past event, or the expected amount of damages expected to occur in a future event.  Occasionally, this number includes insured losses as well.  For example, $2 billion in damages, $980 million in insured losses.

2.
Qualitative representation of consequence.  As was true with the qualitative representation of likelihood, words or phrases that have associated meanings are used to describe the effects of a past disaster or the anticipated effects of a future one.  These measurements can be assigned to deaths, injuries, or costs (oftentimes, the qualitative measurement of fatalities and injuries are combined).  An example of a qualitative measurement system for injuries and deaths is (Power Point Slide 18-12):

a.
Insignificant - No injuries or fatalities.

b.
Minor - Small number of injuries but no fatalities.  First aid treatment required.

c.
Moderate - Medical treatment needed but no fatalities.  Some hospitalization.

d.
Major - Extensive injuries, significant hospitalization.  Fatalities.

e.
Catastrophic - Large number of severe injuries.  Extended and large numbers requiring hospitalization. (EMA 2000)

F.
Additional measures of consequence are possible, depending on the depth of analysis that is to be conducted.  These additional measures tend to require a great amount of resources to determine, and are often not reported or cannot be derived from historical information.  Examples include (Power Point Slide 18-13):

1.
Emergency Operations – Can be measured as a ratio of responders to victims, examining the number of people who will be able to participate in the response to a disaster (can measure both official and unofficial responders), as a ratio of the number of people who will require assistance.  This ratio will differ significantly depending on the hazard in question.  For example, following a single tornado touchdown, there are usually many more responders than there are victims, but following a hurricane, there are almost always many more victims than responders.  This measure could include the first responders from the community, and the responders from the surrounding communities for which mutual aid agreements have been made.  This can also measure the mobilization costs and investment in preparedness capabilities.  It can be difficult to measure the stress and overwork of the first responders, and the lost capability in terms of regular operations (fire suppression, regular police work, regular medical work).

2. Social disruption – (People made homeless/displaced) - This can be a difficult measure because, unlike injuries or fatalities, people do not always report their status to any municipal authorities (injuries and deaths are reported by the hospitals.)  It is also difficult to measure how many of those who are injured or displaced have alternative options for shelter.  Damage to community morale, social contacts and cohesion, and psychological distress can be very difficult if not impossible to measure. 

3. Disruption to economy – This can be measured in terms of the number of working days lost, or the volume of production that has been lost.  The value of lost production is relatively easy to measure, while the lost opportunities, lost competitiveness, and damage to reputation can be much more difficult.

4. Environmental impact – can be measured in terms of the clean-up costs and the costs to repair and rehabilitate damaged areas, but harder to measure in terms of the loss of aesthetics and public enjoyment, the consequences of a poorer environment, newly-introduced health risks, and the risk of future disasters.

X.
Qualitative Measurements: the consideration of risk perception and standardization 

A.
In Session 15, the importance of considering risk perception was examined.  In sum, different people fear different hazards, for many different reasons.  These differences in perception can be based upon experience with previous instances of disasters, specific characteristics of the hazard, or any other combination of reasons described in that session.  Even the word ‘risk’ has different meanings to different people, ranging from danger to adventure.

B.
Members of the Hazards Risk Management team are likely to all have different perceptions of risk, regardless of whether or not they are even able to recognize these differences.  Such differences can be subtle, but make a major difference in the risk analysis process.

C.
Quantitative methods of assessing risk use exact measurements, and are therefore not very susceptible to the effects of risk perception.  A 50% likelihood of occurrence is the same to everybody, regardless of their convictions.  Unfortunately, there rarely exists sufficient information to make such definitive calculations of the likelihood and consequence of a hazard.

D.
The exact numeric form of measurement achieved through the use of quantitative measurements is incomparable to that of qualitative assessments.  The value of qualitative assessments, however, lies in their ability to accommodate for an absence of exact figures, and in their ease of use.  

E.
Unfortunately, risk perceptions will cause different people to view the terms used in qualitative systems of measurement differently.  For this reason, it is vital to the success of the Hazards Risk Management process that qualitative assessments of risk be based upon quantitative ranges of possibilities or clear definitions.  (There will be much more discussion on this in the following objective that describes the process by which such assessments are made.)

D.
For example, imagine a qualitative system for measuring the consequences of earthquakes in a particular city, measured in terms of lives lost and people injured.  Now imagine that the options used by the Hazards Risk Management team include “None; Minor; Moderate; Major; Catastrophic”.  To one person on the team, 10 lives lost could be minor.  However, to another, the same number of lives could be considered catastrophic.  It is truly a measure of the perception of risk that each has developed throughout their lives.

E.
Ask the Students, “Raise your hand if you think that a disaster that kills only one person is major.  Now raise your hand if you think that a hazard that kills 10 people is major.  Now raise your hand if you think that a hazard that kills 100 people is major.”  Students should have differing opinions on the number of people that have to be killed before a disaster is considered major.  Ask the Students to define what the word major, in relation to disasters, means to them.  The instructor should conclude by explaining that the word major was never defined in the beginning of the exercise, and therefore students had to rely on their own experiences and perceptions to decide what is ‘major’.  

F.
When detailed definitions are given to determine the assignation of consequence measurement for each hazard, this confusion is significantly alleviated.  Imagine the same scenario, where the following qualitative system of measurement is used (adapted from EMA, 2000):

1.
None -No injuries or fatalities.

2.
Minor - Small number of injuries but no fatalities.  First aid treatment required.

3.
Moderate - Medical treatment needed but no fatalities.  Some hospitalization.

4.
Major - Extensive injuries, significant hospitalization.  Fatalities.

5.
Catastrophic - Large number of severe injuries.  Extended and large numbers requiring hospitalization. Significant fatalities. 

F.
Using this system of qualitative measurement, that where terms are defined as such, it would be more likely that both of the people in the example in the remark X-D above would choose either Major or Catastrophic.  Were this system to include ranges of values, such as 1-20 fatalities for Major, and over 20 fatalities for catastrophic, the confusion could be alleviated to an even greater extent.

G.
It does not matter what system is used for the qualitative analysis, but the same qualitative analysis system must be used for all hazards being analyzed in order for risks to be compared.  As will be shown in the next objective, it may be necessary for the Hazards Risk Management team to create a qualitative system of measurement that is tailored to fit the community.  Not all communities are the same, and a small impact in one community could be catastrophic to another - therefore the measurement system should accommodate these changes.  For example, a town of 500 people would be severely affected by a disaster that caused the death of 10 citizens, while a city of 5 million may experience that number of deaths in car accidents alone in a given week.

H.
Another benefit that can be attained by creating an individualized system of qualitative analysis is the incorporation of the alternative measures of consequence listed above (ratio of responders to victims, people made homeless/displaced).  Examples of systems that use this will be presented in Objective 18-2.

XI.
Trends (Power Point Slide 18-14)

A.
Both the likelihood and consequences of certain hazard risks can change considerably over time.  Some hazards occur more or less frequently because of worldwide changes in climate patterns, while others change in frequency because of measures taken to prevent them or human movements into their path.  These trends can be incremental or extreme, and can occur suddenly or over centuries.  It can even be the case that several short-term trends are part of a larger, long-term change.

B.
Changes in Disaster Frequency
1.
Changes in disaster frequency can be the result of both an increase in actual occurrences of a hazard, and from an increase in human activity where the hazard already existed.  The instructor may want to remind the students that a disaster is not the occurrence of a hazard, but the consequences of it occurring.  If a tornado hits an open field, it is not considered a disaster, and would likely never be recorded as such.  

2.
Changes in occurrences of the hazard
a.
Changes in climate patterns, plate tectonics, or other natural systems, can cause changes in the frequency of particular natural hazards (regardless of whether the cause of the changes were natural, like ‘el niño’ or man-made, like global warming.)  

b.
For technological or intentional hazards, these changes in frequency can be the result of many factors, like increased or decreased regulation of industry, increases in international instability (terrorism), among many others. 

3.
Increase or Decrease in human activity
a. As populations move, they inevitably place themselves closer or farther from the range of effects from certain hazards.  

b. For instance, if a community begins to develop industrial facilities within a floodplain that was previously unoccupied, or in an up steam watershed where the resultant runoff increases flood hazards downstream, then the risk to property from flooding has increased for that community.  

C.
Changes in Disaster Consequences
1.
Like changes in disaster likelihoods, changes in consequences can be the result of changes in the attributes of the hazard itself or in changes in human activity that place people and structures either more or less at risk from the hazards.  

2.
Changes in the attributes of the hazard can occur as part of short or long-term cycles or permanent changes in the natural processes affiliated with the hazard if natural, or in the nature of the technologies or tactics used in the case of technological and intentional hazards.  

a.
Natural hazards only rarely change in regards to their consequences independent of human activities.  Examples of such changes include years of ‘el niño’ events where intense flooding increases in some regions of the world while drought affects others, possibly for years at a time.

b.
Technological and intentional hazards change in regards to the severity of their consequences all the time.  The US embassy attacks in Kenya and Tanzania and the September 11th attacks on the World Trade Center and the Pentagon display an increase in the consequences of terrorist attacks aimed at American citizens.  A mutation of a certain viral or bacterial organism, resulting in a more deadly pathogen, can cause a drastic increase in consequences, as was seen with the West Nile virus, the Mad Cow disease, and the SARS virus.

3. 
Changes in human activities, in relation to increases in the consequences of disasters, are probably the most significant cause of disaster trends.  These trends, unfortunately, are predominantly increasing trends (though worldwide, the effects are great, it is in the developing countries that these trends are the greatest.)  In the United States, while disasters appear to be falling in terms of fatalities and injuries, they are steadily rising in regards to costs associated with damages.  Keith Smith, in his book “Environmental Hazards: Assessing Risk and Reducing Disaster”, lists six reasons for these changes in the consequences of disasters over time (Power Point Slide 18-15).

a.
Population Growth - As the population of the United States rises, the actual number of people at risk increases as well.  Population growth can also be regional or local, if caused by movements of populations.  As populations become more urbanized, the population density increases, and likewise, puts more people at risk of hazards that would have affected fewer people in previous years.  

b.
Land Pressure - Environmental and industrial practices tend to cause ecological degradation, which in turn can lead to an increase in the severity of hazards.  Filling in wetlands can cause more severe floods.  Lack of available land can cause people to develop more dangerous land, such as land susceptible to landslides, avalanches, floods, and erosion, or land that is closer to industrial facilities, for the construction of housing.

c.
Economic Growth - As more buildings, technology, infrastructure components, and other structures are built, the vulnerability of a community to hazards increases.  More developed communities that have a more valuable building stock have much more at risk than those communities where little development has taken place.

d.
Technological Innovation - Societies are becoming more dependent on technology.  These systems, however, are susceptible to the effects of natural, technological, and intentional hazards.  These systems range from communications (the internet, cell phones, cable lines, satellites) to transportation (larger planes, faster trains, larger ships, roads with greater capacity, raised highways), to utilities (nuclear power plants, large hydroelectric dams) to any number of other facilities and systems (high-rise buildings, life support systems.)

e.
Social Expectations - With increases in technology and advancement of science, people expect to have a certain level of services, including availability of water, easy long-distance transportation, constant electrical energy, etc.  When these systems do not function, economic impacts can be immense.

f.
Growing Interdependence - Individuals, communities, and nations are increasing their interdependence on each other at alarming rates.  The SARS epidemic showed how, through international travel, a pathogen could quickly impact dozens of countries.  The collapse of many Asian economies sent ripple effects throughout all the world’s economies.  The September 11th terrorist attacks caused the global tourism market to slump.

D.
Mistaken Trends - It is important that the Hazards Risk Management team investigate the validity of a trend.  It is not uncommon for the belief in a trend to exist based upon incomplete records.  The technology used to detect many hazards has improved over time, allowing for detection where it formerly was much more difficult or impossible.  Therefore, it is very possible for certain disasters that the lack of recorded instances of those disasters is merely based upon a lack of detection methods.  It is always advisable that a Hazards Risk Management team that has detected a trend investigates the validity of such phenomena.

XII.
Because there is rarely sufficient information to determine the exact statistical likelihood of a disaster occurring, or to be able to determine the exact number of lives and property that would be lost should a disaster occur, it is often most useful to use a combination of both quantitative and qualitative measurements.  By combining the two methods of analysis, the Hazards Risk Management team is able to achieve a standardized measurement of risk that accommodates for less precise measurements of both risk components (likelihood and consequence), to determine the comparative risk between hazards.
XIII. The goal of the following process of determining likelihood and consequence of each hazard (described in greater depth in Objective 18.2) is to begin with both quantitative and qualitative data, and convert it all into a qualitative system of measurement that accommodates all possibilities presented by hazards (from the most rare to the most common, and from the least damaging to the most destructive).  
XIV. Depth of Analysis:
A. As has been described throughout this course in other sessions, the depth of analysis to be undertaken by the Hazards Risk Management team depends on three factors; the amount of time and money available, the seriousness of the risk (determined using the information gathered on the risk statements generated in Session 16), and the complexity of the risk.  The Hazards Risk Management team must decide, according to the information gathered in the risk statements, the level of effort and resources required by each individual hazard.
B. Each hazard that is analyzed must be considered according to the range of possible intensities that could be exhibited by the particular hazard.
1. Depending on the characteristics of the hazard, it may be necessary to break the hazard down according to intensity, and perform separate analyses on each possible intensity, because the likelihood and consequences for each category of intensity will be different, which in turn results in different treatment (mitigation) options.  

2. For instance, the general hazard of ‘earthquake’ could be further divided into events of magnitude 4, 5, 6, or 7, and so on.  Generally, the lower the intensity of an event, the greater the likelihood of that event occurring, while the consequences associated tend to be lower.  Several thousand earthquakes of very low intensity and magnitude occur daily with little or no consequences at all.  However, the rarer large earthquakes must be treated differently than the common small ones because of the potential they have to inflict massive casualties and damages. 

3. The amount of subdivision of hazards into specific intensities taken by the Hazards Risk Management team again depends upon the available time and resources.  More divisions will give a more comprehensive assessment, but there will come a point where the added time and resources spent no longer provide added value to the assessment commensurate with the added effort.

4. f:N curves, which plot historical hazard intensities and likelihoods against the amount of damage inflicted, can provide an estimation of both the likelihood of events of specific magnitude and the consequences should that event occur.  Examples of worldwide hazard f:N curves are provided as Handout 18-2.  Individual communities would need to plot f:N curves for their locality using local historical data.  This graphical representation illustrates the justification for dividing hazards according to possible intensities.

XV. In summary, the risk analysis process is conducted according to the following four-steps, to be described in greater depth in Objective 18-2 (Power Point Slide 18-16):
A. Calculate the (quantitative) likelihood of each identified hazard (broken down by magnitude or intensity if appropriate).
B. Calculate the (quantitative) consequences that are expected to occur for each hazard (broken down by magnitude or intensity if appropriate), in terms of human impacts and impacts and economic/financial impacts.
C. Develop a locally-tailored qualitative system for measuring the likelihood and consequence of each hazard identified as threatening the community.
D. Translate all quantitative data into qualitative measures for both the likelihood and consequence of each hazard.

Supplemental Considerations:

When the risk analysis process is completed for all identified hazards in the community’s hazard portfolio, the Hazards Risk Management team is able to begin assessing these hazards using a standardized hazards matrix.  Before beginning the next section, the instructor may want to show the students examples of the risk matrices that will be used in the next step of the Hazards Risk Management process, Risk Assessment. (Handout 18-3 and Handout 18-4) 

Objective 18.2 - 
Discuss the use of quantitative and qualitative methods to determine likelihoods and consequences of hazards.
Requirements:

Explain the ways that quantitative and qualitative assessments of the likelihood and consequences of the hazards identified as affecting the community can be attained.  Provide examples of each method for illustration.

Remarks:

I.
The Hazards Risk Management team begins their analysis of the hazards identified in their community by calculating (to the best of their ability and resources) the quantitative likelihoods and consequences of each hazard risk.  It does not matter whether the likelihood or consequence is analyzed first, or if both are done concurrently, as neither depends upon the other for information.  It is important, however, that the quantitative analyses be completed before the qualitative ones, as the qualitative rankings will be based upon the findings of the quantitative analyses.  The majority of the information that will be used in the analysis of both of these assessments (qualitative likelihood and consequence) will come directly from the descriptions of the community and environment from Session 13 and the risk statements generated in Session 16.

II.
The following remarks describe the methods by which the Hazards Risk Management team can perform the quantitative analyses of hazard risks:
A.
Quantitative Analysis of Disaster Likelihood:

1. Quantitative analysis of the likelihood component of risk seeks to find the numerical statistical probability of the occurrence of a hazard causing a disaster.  These analyses tend to be based upon historical data gathered in the process of generating risk statements, as was identified in the previous group of sessions (Identify Risks).  

2. The Hazards Risk Management team performing a quantitative analysis of likelihood must first establish a standard numerical measurement by which the results of all analyzed hazards will be reported.  

a.
One of the most commonly used quantitative measures of likelihood, and the measure that will be used in this and subsequent sessions, is the number of times a particular hazard causes a disaster per year.  

b.
For example, “In community X, it is predicted that there will be 3 major snowstorms per year.”  (For major events that occur less frequently, like a major flood, this number may be less than one.  For example, a 20-year flood has a 5% chance of occurring in any given year, or would be expected to occur .05 times per year).

3.
Each hazard should now be analyzed according to the chosen standard.  If the hazard is one that has been divided into individual intensities and magnitudes, then a separate figure will be required for each magnitude or intensity.  (As was indicated in many previous sessions, it is vital that a methodical tracking of data is used, in case findings need to be audited for accuracy or updated in future assessments.  This should include all calculations used to derive the qualitative likelihood for each hazard.) 

4.
Availability of adequate data.

a.
For disasters that occur regularly, such as flash floods or snowstorms, if records have been maintained it will be fairly easy to calculate the number of occurrences that would be expected to happen in a coming year or years.  

b.
More often than not, however, sufficient information does not exist to accurately quantify the likelihood of a future occurrence of a disaster to a high degree of confidence.  This is especially true for hazards that occur infrequently, and/or occur with no apparent pattern of behavior, such as earthquakes, terrorism, or nuclear accidents, to name a few.  (This inability to achieve precision is a fundamental reason that qualitative measures are used in the final determination of the likelihood of a hazard.) 

c.
For rare and extremely rare hazards, such as terrorist attacks, nuclear accidents, or airplane crashes (outside of communities where airports exist), there may be few if any data points to base an analysis upon.  However, this does not mean that there is a zero percent probability of the disaster occurring, even if there has been no previous occurrence.  

d.
In these incidences, it will be necessary to consult with a subject matter expert (SME) to determine the likelihood of a disaster resulting from the hazard over the course of a given year, and any information on the existence of a rising or falling trend for that particular hazard.  There are often professional associations or other organizations that maintain risk data on particular rare hazards, such as the Nuclear Regulatory Commission, the National Transportation and Safety Board, or the Office of Homeland Security, to name three that would be able to help with the examples above.  Additionally, modeling techniques can also be used to estimate the likelihood of infrequent events, as will be described in the next session.

5.
Trends.

a.
The more often that a disaster occurs, the more data points that those performing the quantitative likelihood assessment will have, and therefore, the more accurate that the historical analysis will be (given that the collected data is, in fact, accurate).  However, more information than the number of events per year must be examined.  

b.
In objective 18.1, the concept of increasing and decreasing trends in hazard likelihoods and consequences was introduced.  Frequently occurring disasters and infrequent ones alike tend to exhibit either falling or rising trends in occurrence over time, rather than having a steady rate of occurrence.  These rising and falling trends must be accounted for if there is to be any accuracy attained in an analysis of likelihood.

i.
For example, if a community has sustained approximately 35 wildfires per year for the past 40 years, then it might easily be assumed that it is very likely there are going to be approximately 35 wildfires per year in the coming years.  

ii.
However, upon further inspection of historical records, it is discovered that 40 years ago, there was 1 fire.  39 years ago there were 3 fires.  The number of fires steadily increased until the historical record ended with 70 fires occurring the last year.  

iii.
Over the 40-year period, the average number of wildfires is in fact 35 per year.  However, if the rate of wildfires has been increasing each year, from 1 per year 40 years ago to 70 per year last year.  Considering this trend, the expected number of wildfires next year cannot be expected to be 35 despite the fact that the average per year is 35.  

iv.
It has to be assumed from this data that there is a rising trend in the occurrence of wildfires, and there is likely to be 70 or more fires in the coming year.  

v.
Why this rising trend is occurring and what can be done to counteract it is something that will need to be examined in the coming sessions that describe the evaluation of risk and the treatment options available, and will be based upon information obtained in sessions 13 (Community and Environment), 14 (Scope Vulnerability), and 16 (Risk Statements).

c.
The reasons for these changes in rate of occurrence may or may not be apparent from the data collected in the generation of risk statements.  However, if a trend has been discovered, the presence of such should be recorded on the risk statements at this step in the process, and any explanation why it is occurring if one is known.  In the next sections, Risk Assessment and Risk Treatment, these trends will be factored into decisions on mitigation options and the ranking of risk.

B.
Quantitative Analysis of Disaster Consequences:

1.
The quantitative analysis of disaster consequences seeks to determine the number of injuries, the number of deaths, the cost of direct damages to property and infrastructure, and the indirect costs associated with the disaster.  (Depending on the scope of the analysis, other factors such as homelessness/displacement, may be considered as well.) 

2.
For measuring consequences, a standard form of measurement must be established for measuring deaths, injuries, and damages.  For each of these measurements, it is most useful if the measurement is per occurrence, as opposed to per year or other time frame.

a.
Deaths/Fatalities - The specific number of people that would be expected to perish in a future occurrence of the hazard.  For example, 55 people killed.

b.
Injuries - The specific number of people that would be expected to become injured in a future event.  Can be expressed just as injuries, or divided into mild and serious.  For example, 530 people injured, 56 seriously.

c.
Damages - The dollar amount of damages expected to occur in a future event.  If known or easily accessible, the amount of insured losses can be reported as well.  For example, $2 billion in damages, $980 million in insured losses. 

3.
It will be necessary to analyze the expected consequences of each magnitude or intensity of a hazard, if a hazard has been broken down into sub-categories.

4.
Historical Data:

a.
As is true with the likelihood component of risk, it is good to begin the calculation of hazard consequences by examining the historical data on injuries, fatalities, and property/infrastructure damage and destruction gathered during the generation of risk statements.  

b.
However, as was described in Objective 18.1, human behavior and/or changes in hazard characteristics often result in either increasing or decreasing trends in the consequences of disasters over time.  Changes in settlement, new development, among other reasons, can increase community vulnerability significantly between two different occurrences of a hazard.  (Having access to recently updated land-use maps can alleviate this problem significantly.)

c.
Historical information does have its uses, however, especially in more common hazards where data has been collected methodically and accurately.  

d. Consequence data based upon historical information can act either as a benchmark to validate the findings of more in-depth analyses (described below) or as the actual estimation of consequences, should the Hazards Risk Management team decide to perform a lower level of analysis.  

6.
In Session 13, the process of describing the community and the environment was explained.  In this step, information was gathered on the physical community, the built environment, and the social environment, as well as the critical infrastructure and the interdependence of the community on surrounding and other external communities.

7.
Using the hazard maps created or obtained during the process of creating risk profiles, combined with the described community environment, it will be possible for the Hazards Risk Management team to develop numerical figures for the expected number of lives that will be lost, people that will be injured, and the dollar amount of the direct and indirect damages that may occur.  (However, it is always important to keep in mind that even the most extensive analyses of consequences are imperfect, based heavily upon assumptions and upon historical data that may or may not indicate future behavior of hazards.)

8.
Consequence analyses must look not only at the location of structures in relation to the hazard, but also at the vulnerability of each structure (as was described in Session 14).  Oftentimes, mitigation measures are taken to reduce the vulnerability of a structure following a past occurrence of a disaster.  For instance, imagine if a school is located in a floodplain within the community.  The Hazards Risk Management team has obtained information indicating that the school has been raised to an elevation where it will only be affected by floods of magnitude greater than the 50-year (2% chance/year) flood.  Using this information, the Hazards Risk Management team can deduce that such a structure will likely sustain no damage during the course of a 20-year (5%) flood event.  

9.
While the Hazards Risk Management team will likely not have the value of all structures within the community, or be able to determine complete data pertaining to lost revenue and inventory, such data deficiencies will likely be consistent across all hazard consequence analyses, and will therefore not necessarily cause the results of the analyses to be unreliable.  Obviously, more data generally results in more accurate assessments.  However, the amount of data that can be collected will always be a factor of time and resources available.  Moreover, the process of translating the quantitative data that has resulted from these analyses into the qualitative determination of likelihood and consequence described can be tailored to accommodate for almost any lack of accuracy.

10. Deaths/Fatalities and Injuries

a. The Hazards Risk Management team can estimate the number of people who will be hurt or killed using two methods, estimation based upon historical data and changes in population, or modeling techniques.  

b. Historical Data

i. To estimate the number of deaths and injuries using historical data, the Hazards Risk Management team must first assemble the data on historical incidences of disasters caused by the particular hazard being analyzed.  Then, using current data on the community gathered in Session 13, a conversion to current day conditions can be made.

ii. For example, imagine that a category IV hurricane struck a community in 1955, causing 4 deaths and 35 injuries.  The population of the community at the time was approximately 10,000 people.  Today, the community population is estimated to be 15,000 people.  Converting to present day conditions, the Hazards Risk Management team can estimate that there will be 6 deaths and 52 injuries resulting from a future category IV hurricane.

iii. These estimations do not account for mitigation measures that have been taken in the interim period between disasters.  The more recently a comparable disaster has occurred, the more accurate the conversion will be.  Using modern modeling techniques, such as HAZUS (acronym for Hazards U.S., a nationally standardized, Geographic Information System (GIS)-based, risk assessment and loss estimation tool developed by FEMA and previously mentioned in Session 14) and HAZUS-MH (HAZUS Multi-Hazard) can increase the accuracy of injury and death estimations.

c. Modeling Techniques

i. Various computer-modeling techniques are available to assist the Hazards Risk Management team in estimating the injuries and deaths that would occur should a disaster strike.

ii. For instance, HAZUS can be used to estimate the number of injuries and fatalities that would result from earthquakes of varying magnitudes, and is being updated to include other hazards such as wind and floods.  Other models give estimates for hazards such as chemical releases and floods.  Several of these models will be described in the following session.

d. Additionally, the data that has been collected on the base maps and the hazard-specific maps in the risk statement generation process can be used to estimate the population that would be affected by the hazard.  

e.
Regardless of the method used, it is very difficult to attain a high degree of accuracy when estimating the number of injuries and deaths that would occur in future disasters.  Many confounding variables affect the behavior and ability of humans to react to hazard events, such as warning times and warning accuracies, the nature of the hazard, and the numbers, resources, and abilities of the emergency responders.  These estimations should always be taken to be just that; estimations.  The experience of the Hazards Risk Management team, and of other community experts such as first responders and the medical community, can be just as valuable a tool in making these estimates as those methods previously mentioned.

11. Abbreviated damage consequence analysis.

a. If the Hazards Risk Management team has chosen to perform a lower level of analysis on the consequences of the community’s hazards, then two pieces of information are needed.  The first is the historical incidence of hazard damage for each disaster.  The second is data on the population/structural changes in the community since the date of each historical disaster to compare to present day data collected as described in Session 13. 

b. Once that data is assembled, the team must calculate damages as they would be expected to affect the community as a comparison between the two dates.  For instance, imagine that a flood (of a specific magnitude) in 1955 caused $1 million in damages in a community.  The community is found to have grown approximately 50% in the floodplain in the intervening years.  Using this information, the Hazards Risk Management team can estimate the consequences of a future event of similar magnitude to be approximately $1.5 million in 1955 dollars, or $10,067,114 in 2002 dollars. (Currency inflation converters are widely available on the internet).  For example: http://www.westegg.com/inflation/ 

c.  If a certain hazard has not affected the community in a significantly extended period of time, or if the hazard has never affected the community, the team may want to either use data from an example of the hazard affecting a community of comparable structure and size, or avoid performing a quantitative analysis for the rare hazard.

12. Full Damage Consequence Analysis

a. Step 4 of FEMA’s State and Local Mitigation How-To Guide, assigned as student reading, provides several examples of the damage estimation tools that are available to Hazards Risk Managers.  (This guide is provided as handout 18-8).  A full damage consequence analysis requires that the Hazards Risk Management team consider the current estimated cost of all physical assets within the community.  These include:

i. Losses to structures – estimated as a percentage of the total replacement value.  This figure is obtained by multiplying the replacement value of the structure by the expected percent damage to the structure (based upon tables provided by FEMA and other sources) for each hazard.

ii. Losses to contents – estimated as a percentage of the total replacement value.  This figure is obtained by multiplying the replacement value of the contents by the expected percent damage (based upon tables provided by FEMA and other sources) for each hazard.

iii. Losses to structure use and function and cost of displacement – The losses to structure use is a function of the number of days the structure is expected to be out of use multiplied times the average daily operating budget or sales (annual revenue/budget divided by 365).  The cost of displacement is the product of the costs incurred as result of the business/service being displaced and the number of days that displacement is necessary.  These calculations can apply to businesses, bridges, utilities, public services (libraries), and any other community asset.

b. To track calculated figures, a standardized worksheet should be used by the Hazards Risk Management team.  One example of a standardized worksheet, offered by FEMA in their State and Local Mitigation How-To Guide, is provided as Handout 18-5.
c. Each hazard will affect structures and their contents in different ways.  FEMA, and other organizations, have made available tables to determine this information specific to different hazards.  In order to perform a full damage consequence analysis, the Hazards Risk Management team will need to have the following information (which would have been gathered during the process of describing the community and environment and determining the vulnerability of the community.)

i. Replacement value of all community assets (homes, businesses, and infrastructure)

ii. Replacement value of inventory (business inventory, personal property in homes, contents of government offices and other buildings)

iii. Operating budgets/annual revenues of businesses and government assets.

iv. Costs of relocation of operations/services.


13.
Several different modeling techniques can be used to assist the Hazards Risk Management team in determining the quantitative likelihood and consequence for disasters that threaten their community.  Several of these methods, such as HAZUS and CATS (Consequence Assessment Tool Set – a simulation tool that combines hazard and consequence prediction, digital databases and (GIS) to assess the consequences of technological and natural disasters to population, resources and infrastructure) will be detailed in the following session, Session 19: Modeling Techniques.
III.
Once quantitative figures have been calculated for both the likelihood and consequence components of risk, the Hazards Risk Management team can begin the process of determining the qualitative values assigned to the likelihood and consequence for each hazard (and hazard intensity or magnitude, if the hazard is sub-divided into such.)

A.
The Hazards Risk Management team should begin by selecting a system of qualitative measurement, or by designing one that suits the needs of both the format of results in the quantitative analysis and the characteristics of the particular community.

1.
A disaster, as defined in the first session, is ‘a serious disruption of the functioning of society, causing widespread human, material, or environmental losses which exceed the ability of affected society to cope using only its own resources’ (UNDP 1994).  Therefore, a specific set of hazard consequences may constitute a disaster in one community but not in another.  For instance, in a community of 500, 10 injuries may exceed the capacity of the local clinic, but in a large city, 10 injuries would be easily managed.  

2.
Whether designing a new system of measurement or using an existing one, it is necessary that the Hazards Risk Management team be aware of the local capacity, in order to know how many deaths and injuries, and how much damage can be sustained, before the local capacity is either stressed or exceeded.  The Hazards Risk Management team will have the data collected in the previous sessions, describing the community and the environment, upon which to base their new or acquired system of measurement.

3.
It can be beneficial to create two measures of consequence; one that measures the tangible physical/material losses associated with cost, and the other that measures the intangible losses of deaths/fatalities and injuries.  Each qualitative term should then have two measures associated with it, corresponding to deaths/injuries and costs.  In many occurrences the tangible ranking and the intangible will not be the same.  For instance, in a chemical spill, there may be no physical damages to structures, but many people may become injured or die.  In other events, there may be no immediate deaths or injuries, but a great amount of physical loss, such as a low-level radioactive accident that causes the long-term evacuation of an area.  In either of these cases, whichever factor achieves the qualitative measure of greater (higher) consequence is used to determine the consequence of the hazard.

4.
Handouts 18-6 A & B and 18-7 A & B provide multiple examples of qualitative measures of likelihood and consequence.

B. Once a measurement system has been chosen, the team can assess each hazard according to its qualitative likelihood and consequences, using the quantitative data obtained in the previous steps of the hazard analysis process.  These qualitative rankings that are derived are then recorded and assessed according to a risk assessment matrix (to be described in sessions 20-22.) 
C. When assessing the qualitative ranking for consequence for a hazard, two different types of consequences are usually examined - human impacts (injuries and deaths/fatalities) and material/physical losses.  In making a determination of the qualitative consequence ranking, the Hazards Risk Management team will choose whichever ranking is the greater.  (Differences between the severity of human and material losses often exist – a poisonous gas leak would be good example of a hazard where few material/physical damages are likely, but many deaths/injuries could occur.  In that case, the Hazards Risk Management team will probably base their assessment on the human consequences of the hazard rather than the material/physical ones.) 


Supplemental Considerations:

The very nature of risk analysis is one of uncertainty.  All figures that result from both the quantitative and qualitative analyses are merely estimates, and cannot account for many unknown and confounding variables that affect the way humans and the built environment are affected by disasters of all kinds.  Hazards Risk Managers must always keep this fact in mind when performing their tasks, and both minimize and account for such uncertainty to the best of their abilities.  

Bruna De Marchi, the director of the Mass Emergencies Programme of the Gorizia (Italy) Institute of International Sociology, writes that there are 6 types of uncertainty faced by emergency managers:

· Scientific - difficulty of risk assessment or of forecasts;

· Legal - possibility of future liability for actions or inactions

· Moral - potential guilt implications involved in actions or inactions

· Societal - relationships between publics and institutions

· Institutional - relationships and rules of engagement between institutions; and,

· Proprietary - ownership of resources function, included contested rights to know, warn, or conceal. (EMA 2001)

The issue of scientific uncertainty is a major one in the risk analysis process.  Because the risk analysis process is so heavily dependent upon accurate data, and because there is only so much time and so many resources available to collect that data, a certain degree of uncertainty is likely to exist in the outcome of the analyses.  Hazards Risk Managers need to understand these uncertainties, and the uncertainties to follow in the assessment and implementation phases that follow analysis.

This topic will be explored in more detail in subsequent sessions, at which time the full text of the document referred to above (“Decision-Making Under Uncertainty In The Emergency Management Context”) will be assigned as student and instructor reading.


Objective 18.3 - Perform the Hazards Risk Management exercise for risk analysis

Requirements:

Conduct a student exercise allowing students to analyze the likelihood and consequence components of risk for several of the hazards that affect the university where they study.

This exercise can be performed as an in class group exercise, or as a homework assignment for the students.  The following steps describe the process by which the exercise could be conducted in class.  Please be aware that the instructor will have to prepare materials before class for this exercise to be possible.

This exercise will build upon the exercise conducted in Session 16, where the students generated risk statements for various risks that affected their community.  Therefore, the products of that exercise are necessary for the current exercise.

Because a quantitative analysis of likelihood and consequence would take longer than would be possible with the time and resources available to students in a class period, the instructor will have to generate likelihood and consequence data for each of the hazards profiled in the risk statements for the students.  The instructor only needs to supply each group a cost in dollars and a likelihood in either number of occurrences per year or a probability per year, based upon the findings in the risk statements.  If the hazard is one that can be divided into magnitudes/ intensities, such as a hurricane, tornado, or earthquake, the instructor may want to create likelihood and consequence figures for several magnitudes/intensities.  The level of effort required to make these estimates should be very low if the instructor has access to the students’ results from the Session 16 exercise.

The goal of this exercise will be to create a qualitative system to measure both the likelihood and consequence aspects of disasters for the students’ university.

Remarks:

I.
The instructor should begin by explaining that because the risk analysis step in the Hazards Risk Management process is vital to the success of the Hazards Risk Management teams’ overall findings, and because it takes a considerable amount of time to conduct, the instructor will provide quantitative likelihood and consequence data for the students based upon the risk statements they generated in Session 16.  Consequence data should include both material losses (in either dollars or percentage of facilities affected) and human fatality/injury losses.  The instructor should let the students know that these figures are contrived, to be used for illustrative purposes in the exercise and are not based upon the extensive methods of analysis contained within the text of Objective 18.2.

II.
The instructor should write on the board the quantitative likelihood and consequence data that he/she has created for the hazards profiled by the students based upon their risk statements.

III.
Next, the instructor should divide the class into three groups of equal size.  The instructor should explain to the students that each group will be creating one of three qualitative ranking systems for the disasters that could affect the university community. (The instructor may want to hand out Handouts 18-6 and 18-7 as examples to the students).  The instructor should assign one of the following to each group:

A.
Qualitative system of measuring the likelihood of hazards affecting the university campus – 5 different categories of likelihood. 

B.
Qualitative system of measuring the material (cost) consequences of disasters affecting the university campus, based on either the dollar cost, a percentage of university facilities, or another qualifier determined by the students – 5 different categories of consequence.

C.
Qualitative system of measuring the human fatality/injury consequences of disasters affecting the university campus – 5 different categories of consequence.

D.
Students should be given 10-15 minutes to complete the exercise.  

C.
Upon completing the qualitative systems of measurement for hazards in the university community, each group should choose a spokesperson to report to the class about the system generated.  

IV.
After all groups have reported, the instructor should ask the Students, “How should each of these hazards be classified according to these qualitative systems of measurement?”  The answer to this question will depend upon the reports provided by the students of each individual class.  The instructor should record all findings for use in later exercises.  
Supplemental Considerations:

For the example case, Wayne Blanchard University, the following would be a possible hazard risk analysis for tornadoes based upon the risk statement provided in the supplemental considerations at the end of Session 16.

The instructor would need to prepare the quantitative data for the students prior to the assigned class, as indicated in Objective 18.3 above.

In Session 16, it was reported that in the past 24 years, there has been 1 event F1 magnitude, 1 event of F2 magnitude, and 2 events of F3 magnitude.  If the instructor were preparing for the class exercise, he or she would use a simple likelihood analysis based upon the historical record of events that have affected Wayne City to estimate that there is a .04 or 4% (1/24) chance of an F1 event, a .04 or 4% chance of an F2 event, and a .08 or 8% chance of an F3 event.  For the sake of the exercise, the instructor could give a .01 or 1% probability for an F4, and a .002 or .2% probability for an F5 event.  These are simply illustrative figures, as indicated in the instructions for the exercise, and are not based upon any analysis of likelihood.

In Session 16, it was reported that the F1 event, in 1998, caused $150,000 in damages (approximately $166,000 in 2002 dollars, according to the conversion websites provided in Objective 18.2), killed 4 people and injured 12.  The F2 event caused $250,000 in damages in 1979 ($620,000 in 2002 dollars) and killed 2 people.  The first F3 event caused $1.3 million in damages in 1982 ($2,430,000 in 2002 dollars), killed 6 people, and injured 44.  The second F3 event caused $800,000 in damages in 1981 ($1,587,000 in 2002 dollars) and injured one person.  Based upon these findings, and the descriptions of F4 and F5 events according to the Fujita tornado scale, the instructor could give consequence data for F4 and F5 events as is listed below.

Based upon this data, the instructor could provide the students with the following quantitative data in order to conduct the exercise as indicated:

	Event Magnitude
	Frequency
	Fatalities
	Injuries
	Costs

	F1
	.04
	4
	12
	$166,000

	F2
	.04
	2
	0
	$620,000

	F3
	.08
	6
	30
	$2,000,000

	F4
	.01
	12
	50
	$10,000,000

	F5
	.002
	30
	100
	$1,000,000,000


Students will be creating their own measurement systems based upon their campus community characteristics.  For the WBU example, the qualitative assessment examples provided as Handouts 18-6A and 18-7A will be used.  The instructor should note that the qualitative consequence measurement system in this example (Handout 18-7A) does not give numerical values to define vague concepts such as the difference between ‘fatalities’ and ‘significant fatalities’ or ‘injuries’ and ‘extensive injuries’.  Students should define terms such as these when they create their qualitative measurement system for use in the exercise.

According to these qualitative systems of measurement, the following analysis of the likelihood and consequences of tornados in the WBU campus community could be made:

	Tornado Category
	Likelihood
	Human Life Consequence
	Cost Consequence

	F1
	Possible
	Major
	Moderate

	F2
	Possible
	Major
	Moderate

	F3
	Likely
	Major
	Major

	F4
	Possible
	Significant
	Major

	F5
	Rare
	Catastrophic
	Catastrophic
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