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Session 5: Hazard Analysis Case Study

Time:  1 hour

Objectives:


Scope:

This class will investigate the relationship between hazards and risks posed by them.  A method will be proposed which has been found to be useful in the fire service to evaluate risks posed by hazards to personnel, structures and equipment.  Using this method as a model, broader applications to community disaster hazard analysis will be discussed.  Finally, students will participate in an in-class exercise designed to illustrate how this hazard/risk method may be applied to a community hazard analysis.

Understanding how to assess the presence and likely impact of hazards which may impact a community will provide students with the necessary background to bridge the gap from hazard analysis to identifying populations at special risk, as covered later in this course.
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5.1
Describe the relationship between “hazard” and “risk”

In the preceding class, we discussed several types of hazards and their consequences.  But knowing that a hazard exists is only one dimension of the risk which that hazard poses to people.  Community disaster planners need some way to assess the relationship between these two variables.

The hazard is the act or condition posing the threat of harm to people, structures, equipment, the environment, or the productivity/delivery of services.  

The risk relates to the probability and severity of a loss: How often it might occur, and how severe the consequences of the occurrence might be.

Bachman, F.G. 1996:8-12.
Notes

Suggested Activity
· Pose the following situation to the students:

“By the year 2000, three out of every four Americans will be located within fifty miles of a shore.”  Approximately 85% of undeveloped Atlantic and Gulf coastal area lies within a 100-year flood plain.

Godschalk, D.R.  1998:10.
· Now ask the students to venture their opinions on these two questions: What is a hazard?  How might we determine the degree of risk that is inherent in this hazard?

The hazard is coastal flooding due to major storms, specifically hurricanes.  Even if weather patterns don’t produce damaging hurricanes for several years, there is a long enough historical perspective to know that at some point, a damaging storm will impact these areas.  As populations increase, more people and property become vulnerable to these inevitable occurrences.

To determine the risk to people and buildings from this hazard, we need to know something about the amount, type, location, and quality of the structures being developed in this region.  For example, many high density buildings (including schools, hospitals, or major businesses) which are built very near to the shore have limited road access for either emergency responses or evacuation, poor structural reinforcement of roofs, and lack of foundation clearances for potential storm surges.  These factors all increase the risk of adverse outcomes, should a major storm strike a developed coastal area.

To assess the risk, disaster planners have to match the probability of the hazard occurring with the vulnerability of the community.  This is a difficult process, because while probabilities are mathematically calculable, “often the analyst’s measurements of probability and loss potential will themselves be inexact.  While the…picture of risk may be rather rough, it can provide valuable guidance to disaster planners and others responsible for the effective management of risk” (Jablonowski, M.  Disaster Recovery Journal.  October-December 1995:67).

Notes

5.2
Describe the process for constructing a hazard/risk 
matrix for a given set of variables

Ideally, an emergency manager would seek hazard risk information that could pinpoint the time of onset, size and duration of an anticipated hazard.  Yet, in the realm of hazard risk analysis, we commonly encounter terms such as “estimate,” “probability,” “likely,” or “prediction” because not all factors related to a given hazard can be determined or their impact completely forecast.  Thus, because of the inexact ability to identify the precise risks of a given hazard, there remains an unavoidable element of probabilistic speculation in the hazard risk analysis process.


Examples:
While meteorologists can see a hurricane developing in the Caribbean and forecast its likely path, the state of the predictive art makes it impossible to predict, with mathematical certainty, the exact path it will take, the precise velocity of its sustained winds, or the absolute height of its storm surge, let alone the number, strength, and location of the tornadoes it may spin off.

The situation is far more precarious for emergency managers and seismologists when it comes to earthquakes.  Structural engineers are developing quantitative predictors of structural consequences of earthquakes, but the variables involved are complex.  For a reliable assessment of the impact of an earthquake on a given community, planners would need to know details of the construction techniques and structural engineering of thousands of buildings within a potential earthquake region, as well as the geologic make-up of the soil, its rock type and water content, the precise time of day that the quake will occur (since building types are variously occupied according to the time of day), and the depth, magnitude and directional expression of the earthquake’s epicenter.
As long as the hazard-risk relationship remains imprecise, there will be an unavoidable dimension of subjectivity to any effort to quantify that relationship.  Nevertheless, emergency managers must have tools that they can use to make the hard decisions when hazard threats become realities. Despite the unknowns and

Notes

consequent subjective judgments that are inherent in the process, there are models that have been developed to help make probabilistic forecasts about hazard risks.  In his 1996 paper, Frank Bachman proposes such a model, accepting the subjectivity factor as part of the model’s input.

Conceding that determining the exact mathematical value of the probability and severity of a specific hazard is virtually impossible, Bachman describes the use of subjective scales to help planners clarify the potential hazard-risk relationship in a preliminary hazard analysis.  (Bachman, F.G. 1996:8-12).
He assumes that risks can be controlled either by reducing the probability that the hazard will occur, or by reducing the potential severity of the impact of the hazard when it does occur.  While the ideal situation would be to reduce both of these components to zero, neither is likely in the setting of a natural hazard.
Bachman proposes an alternative, a subjective scale, which is commonly used in the field of risk management.
Subjective scales are a type of statistical survey.  These surveys are methods of collecting information about ideas, feelings, plans, beliefs, and demographic information.  They often are conducted in order to evaluate opinions (“agree,” “neutral,” “disagree”) or to rank certain variables (“always,” “sometimes,” “never” or “better”, “about the same”, or “worse”). The data collected are used to help policy makers, program planners, and researchers.  (Fink, A. and Kosecoff, J.  How to Conduct Surveys.  Beverly Hills: Sage Publications, 1985:13, 35-36).

NOTE:  In presenting Bachman’s model, the instructor should challenge the students to question areas that might be better quantified.  Ask the students about some of  Bachman’s terms and parameters, and engage them in a discussion of whether this model seems realistic.  Consider the point that subjective, qualitative measures may be all that is possible in this domain.  Does that completely negate their applicability or value?

Notes

Bachman recommends such methods for conducting a primary hazard analysis, and describes a multi-step process by which to accomplish it.  Two basic ground rules for using this method are:


1.  The hazard must have an understood exposure interval.

This is the period of time over which a hazard may be likely to occur.  Examples include: annual for potentially damaging tornadoes, perhaps once a decade for a damaging earthquake in a seismically active region.

2.  The worst credible outcome should be determined, not the worst imaginable outcome.
While a catastrophic earthquake might strike the southern San Andreas fault every 150 years, a moderate quake capable of causing significant damage is a more likely, credible occurrence. 

Bachman adopts a 25-year cycle for his model, posing this question to planners: “What is the chance of this event occurring over a period of 25 years?”  He then recommends that planners construct a matrix with the following elements:

1.  Hazard

For the purposes of community disaster preparedness, hazards might include toxic spills, natural disasters, vast fires, or structural failures.


2.  Target

The target relevant to these hazards might be injured or killed citizens or municipal personnel, important structures such as hospitals or schools, infrastructural components like streets, railroads, airports and communications facilities, as well as water filtration plants, waste water plants, and utilities.  (How about high risk populations such as elderly or nursing home occupants?)  In addition, secondary targets, like storage tanks of hazardous materials should be considered.

Notes


3.  Probability

For this hazard target combination, planners should then evaluate the probability, based on a severity/probability score.  Bachman quantifies these as:

A - frequent: may occur repeatedly in the 25-year cycle

B - probable: likely to occur several times in the 25-year cycle

C - occasional: likely to occur sometime in the 25-year cycle

D - remote: unlikely to occur in the 25-year cycle, but possible

E - improbable: probability cannot be distinguished from zero

F - impossible: physically incapable of occurring 

These probabilities are based on past history of a similar occurrence, and likely predictions of conditions favorable for a future occurrence of the hazard.  For example, if damaging tornadoes strike western Kansas six times every year, the likelihood of these happening during the 25 year cycle is frequent (“A”).  However, if a hurricane makes landfall in metropolitan Miami once every 25 years, it would be considered occasional (“C”).


4.  Severity

Planners need to estimate the severity of the impact of the hazard on people, equipment and structure.  To facilitate this estimate, Bachman offers a “Severity of Consequences” scale, which numerically ranks hazards according to their degree of severity.  While Bachman’s model is based on the impact of a hazard on a fire service, the principles may be extrapolated to an entire community with all of its resources and citizens.  The “worst credible” scenario would involve death to citizens/municipal personnel.

Notes

Category
I
Catastrophic
II 

Critical
III
Marginal
IV
Negligible

Personnel
Death
Severe injury
Minor injury
No injury

Equipment


> $1 million
$250K-$1M
$1K-$250K
< $1K

Down Time
> 4 months
2 weeks-4months
1 day -

2 weeks
< 1 day

Product Loss


> $1 million
$250K-$1M
$1K-$250K
< $1K

Environmental

Effect
Long term (5 years)

> $1M to correct
Med term (1-5 years) $250K-$1M to correct
Short term (< 1 year) $1K-$250K to correct
Minor damage, readily repaired 

 < $1K

Consider again the example of damaging tornadoes in western Kansas.  The matrix would indicate that that these are “A” probability events, and targets might include people, equipment, structures and services.  There might be severe injuries with several weeks to a few months of lost resources and services.  Complete rebuilding might take over a year.  Hence, the severity category for this type of hazard would be class II, “critical.” 


5.  Risk Code

Bachman offers a third element, a “risk assessment matrix,” by which planners can input all of the above information and come up with a risk code.  

The matrix plots severity categories against probability to assign a numerical value between 1 and 3 for the risk associated with a given hazard.  A risk of 1 indicates that the hazard is both likely and dangerous, and that it is imperative to suppress the risk to a lower level.  Level 2 risk suggests that there is a likelihood that the hazard will occur occasionally and some policies or actions should be taken to prepare responses to the risk.  Level 3 indicates that even if the hazard occurs, its outcome will be marginal or negligible.

Notes

Severity
Probability of Occurrence


F

Impossible
E

Improbable
D

Remote
C 

Occasional
B

Probable
A

Frequent

I

Catastrophic







II

Critical







III

Marginal







IV

Negligible







Risk Level





1
Critical risk
2
Serious  risk
3
Acceptable risk

In the case of the Kansas tornadoes, given the A-II probability/severity score, the risk code would be 1, or high enough to precipitate definite action to reduce vulnerability.

5.3
Conduct a basic hazard analysis

Suggested Activity
This exercise is not designed to be all encompassing, but rather to start students thinking about the many variables involved in the 

hazard analysis process.

· Develop a basic hazard analysis for the community in which this course is being offered.  

· Ask students to consider the following elements in their discussions, and write their responses on the board.

-  Climate/weather hazards

-  Geological hazards (earthquake, floods, landslides)

-  Industrial hazards (manufacturing plants, companies

   which use toxic substances, agricultural toxins)

-  Structural hazards (residential building construction,

   factories/commercial structures with many occupants)

-  Special populations (elderly, children, hospitalized or

   convalescent home patients, those with language/

   cultural differences)

-  Infrastructural vulnerability (transportation, utilities, 

   communications, water/sanitation)
Notes

· Using Bachman’s methods, estimate a probability of occurrence for each of these potential threats, labeling each hazard with an A-F on the board.

· Next, ask the students to consider the severity of every identified hazard, and assign a category (I-IV) to each.

· Finally, using the severity vs. probability risk matrix, rank each hazard on the 1-3 scale.

· Review the work with the students and rearrange the hazards according to their priority numbers.  Ask the class if they agree with the ranking of all hazards classified as “1” or whether they would regroup them.  For any changes, challenge the students to justify their reclassification.

Summary
This class introduced the topic of hazard analysis and the value of integrating the dimensions of subjective classification scales in an attempt to combine qualitative and quantitative components of risk analysis.  By working through a primary hazard analysis using a model of risk assessment, students have been introduced to a methodology which offers a means of identifying and evaluating the risk of hazards to a community.

In later classes, we will look at how hazards impact specific populations within a community, and address preparedness education considerations for these groups.

At the conclusion of this session, students should be able to:





5.1	Describe the relationship between “hazard” and “risk.”





5.2	Describe the process for constructing a hazard/risk matrix for a given set of variables.   





5.3	Conduct a basic hazard analysis.  
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