Session No. 19


Course Title: Hazards Risk Management

Session 19: Analyze Risks: Modeling Techniques

Time: 1 hour


Objectives:

19.1
Discuss the benefits of using modeling techniques in the Hazards Risk Management process and the possible deficiencies of those models.

19.2
Describe several modeling techniques, and provide an in-depth description of HAZUS.

19.3 Discuss a case study describing the use of HAZUS in the New Madrid Fault Zone.


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 an overview of modeling techniques used in Hazards Risk Management, and an in-depth overview of HAZUS.  This session is not intended to be a tutorial for any of the modeling techniques discussed herein.

The instructor should refer the students to the Hazards Risk Management Diagram to illustrate where in the process Risk Analysis occurs.  


Readings: 

Student Reading:

“HAZUS 99 Users Manual” Federal Emergency Management Agency. 1999. Chapter 1.  http://www.app1.fema.gov/hazus/pdf/MIUM_c01.pdf
“Application of HAZUS to the New Madrid Earthquake Project” Federal Emergency Management Agency. 1999. http://www.fema.gov/hazus/dl_eqmad.shtm
“MultiHazard: Identification and Risk Assessment” Federal Emergency Management Agency. 1997. Washington, DC. Chapter 24.  http://166.112.200.141/mit/tsd/MHIRA_AC.pdf
“Battling Hazards With a Brand New Tool” Deepa Srinivasan, Planning, February 2003.  http://www.fema.gov/hazus/pdf/dl_plan.pdf
Instructor Reading:

“HAZUS 99 Users Manual” Federal Emergency Management Agency. 1999. Chapter 1.  http://www.app1.fema.gov/hazus/pdf/MIUM_c01.pdf
“Application of HAZUS to the New Madrid Earthquake Project” Federal Emergency Management Agency. 1999. http://www.fema.gov/hazus/dl_eqmad.shtm
“MultiHazard: Identification and Risk Assessment” Federal Emergency Management Agency. 1997. Washington, DC. Chapter 24.  http://166.112.200.141/mit/tsd/MHIRA_AC.pdf
“Battling Hazards With a Brand New Tool” Deepa Srinivasan, Planning, February 2003.  http://www.fema.gov/hazus/pdf/dl_plan.pdf

General Requirements:

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

It is recommended that the modified experiential learning cycle be completed for objectives 19.1 - 19.3 at the end of the session.


Objective 19.1 -
Discuss the benefits of using modeling techniques in the Hazards Risk Management process and the possible deficiencies of those models.

Requirements:  

Provide an overview of modeling techniques, including their components, their requirements for use, the benefits of using them, and their weaknesses.  

Remarks:

I.
There are several computer modeling techniques that are available to the Hazards Risk Management team, each offering a different product of analysis. (Power Point Slide 19-1)

II.
These techniques can provide insight for the Hazards Risk Management team about the scope of a disaster, the location and severity of damages, the risk to life and property, the resources that are required to manage the disaster, and many other factors.

III.
While models can be used to measure both of the risk components (likelihood and consequence), the most common product of these models is an estimation or prediction of the consequences of a user-defined disaster.  This type of modeling is called ‘loss modeling’ or ‘consequence modeling’.  

IV.
Models have been developed to predict the consequences of virtually every hazard, natural or technological.  Their accuracy of output, however, can vary widely.

V.
Consequence and loss models are primarily Geographic Information System (GIS) based products, and their outputs are displayed in a map format. 

VI.
Like all analyses, consequence and loss modeling techniques are only as good as the data upon which they are based.  For a model to be as accurate as possible the Hazards Risk Management team must ensure that any data used by the model, whether included with the modeling package or entered manually by the team, is timely, accurate, and complete.

VII.
Most models are based upon a database of information.  As previously noted, this information is often GIS-based, and can include any range of inputs, including (Power Point Slide 19-2):

A.
Building stock
1.
Material of construction (wood, reinforced concrete, etc.)

2.
Value (structure and contents)

3.
Use (residential, industrial, commercial, etc.)

4.
Peak wind speed resistance

B.
Transportation routes
1.
Roads and Highways

2.
Bridges

3.
Railroad tracks

4.
Airports

5.
Maritime channels and routes

C.
Land characteristics
1.
Topography

2.
Soil type

3.
Rivers, streams, lakes, ponds, reservoirs

4.
Land use (agricultural, residential industrial, commercial)

D.
Critical Infrastructure Components
1.
Utilities (power generation, communications, water/sewage treatment, etc.)

2.
Dams

3.
Hospitals/Police/Fire

4.
Government

E.
Population demographics
1.
Time-specific population data (workday, weekday, evening)

2.
Vulnerable populations (elderly, handicapped, poor)

F.
Components of Disaster Response
1.
Evacuation routes

2.
Shelter Locations

VIII.
Consequence models often function in the following manner (simplified for description):

A.
Database of information defining the community is acquired or entered into the model by the user. 

B.
User defines the attributes of the hazard to be modeled.  For instance, for an earthquake, this could include the magnitude, the location of the epicenter, the duration of the earthquake, the earthquake depth, aftershock intensity, etc.

C.
The model then evaluates each data component individually to determine the predicted outcome of the interaction between that structure or community component and the disaster defined by the user.  

IX.
Models use calculations and estimations that are scientifically based (laws of physics, engineering, statistics, etc.), and upon historic data.  

X.
Disadvantages/Shortcomings (Power Point Slide 19-3)

A.
Data dependent

B.
Based upon many assumptions

C.
If they underestimate consequences, can give a false sense of security, and if they over estimate consequences they can cause fear

D.
Can be difficult to use - results hard to interpret

XI.
Advantages/Benefits 

A.
Can give a higher level of analysis

B.
Give a spatial, visual representation of the consequences and likelihood of hazards

C.
Can be manipulated to incorporate environmental and social changes to a community to re-evaluate levels of risk or consequence.


Supplemental Considerations:

N/A

Objective 19.2 - 
Describe several modeling techniques, and provide an in-depth description of HAZUS

Requirements:

Describe several models that are available to the Hazards Risk Management team.  Provide an in-depth description of the HAZUS and HAZUS-MH models.

Remarks:

I.
There are literally hundreds of modeling packages available to the Hazards Risk Management team to use in their analysis of risk.  The following are brief descriptions of several of them, including website links for further information.  Please note that this is just a sample of the many tools available, and is not an endorsement of any particular product. (Power Point Slide 19-4)


A.
Computer-Aided Management of Emergency Operations (CAMEO)

1.
CAMEO is a system of software applications used to plan for and respond to chemical emergencies.  It was developed by the Environmental Protection Agency’s (EPA’s) Chemical Emergency Preparedness and Prevention Office (CEPPO) and the National Oceanic and Atmospheric Administration (NOAA) Office of Response and Restoration, to assist front-line chemical emergency planners and responders.

2.
CAMEO is used to access, store, and evaluate information critical for developing emergency plans.  In addition, CAMEO supports regulatory compliance by helping users meet the chemical inventory reporting requirements of the Emergency Planning and Community Right-to-Know Act (SARA Title III).

3.
CAMEO integrates a chemical database and a method to manage the data, an air dispersion model, and a mapping capability.  All modules work interactively to share and display critical information in a timely fashion.

4.
CAMEO uses a mapping program called Mapping Applications for Response, Planning, and Local Operational Tasks (MARPLOT).  MARPLOT allows users to ‘see’ their data (roads, facilities, schools, response assets, etc.), by plotting the information on printable maps.  The areas contaminated by potential or actual chemical release scenarios also can be overlaid on maps to determine potential impacts.  

5.
CAMEO also uses a dispersion model called Areal Locations of Hazardous Atmospheres (ALOHA).  ALOHA is used for evaluating releases of hazardous chemical vapors.  ALOHA allows the user to estimate the downwind dispersion of a chemical cloud based on the toxicological/physical characteristics of the release.  Graphical outputs include a ‘cloud footprint’ that can be plotted on maps with MARPLOT to display the location of other facilities storing hazardous materials and vulnerable locations, such as hospitals and schools.  Specific information about these locations can be extracted from CAMEO information modules to help make decisions about the degree of hazard posed.

6.
More information on CAMEO can be found at http://www.epa.gov/ceppo/cameo.  CAMEO offers a ‘Guided Tour’. This document can be found by accessing <http://www.epa.gov/ceppo/cameo/pubs/CAMEOGuidedTour.pdf>.

B.
Consequence Assessment Tool Set (CATS) 

1.
CATS is a disaster analysis system for natural and technological hazards.  It is used before a disaster to create realistic scenarios for training and planning, and to create contingency plans with comprehensive population and infrastructure data.  It is used during a disaster to assess the affected population quickly and accurately, track hurricane damage, assess damage from earthquakes, tidal surges, explosive devices, industrial agent releases, or weapons of mass destruction, reduce response timelines, and determine roadblock locations and exclusion zones for safe routing of responders and victims.  CATS is used after a disaster to assess needs and locate resources for a sustained response, obtain information for reporting, damage assessment, and lessons learned, and to obtain support for remediation and compensation.

2.
CATS provides a comprehensive package of hazard prediction models and casualty and damage assessment tools.  CATS also accepts real-time data from local meteorological stations.

3.
CATS is supplied with over 150 databases and map layers.  These include the location of resources to support response to specific hazards, infrastructure objects and facilities (communications, electric power, oil and gas, emergency services, government, transportation, water supply), a variety of population breakouts, and more.  It also allows users to add custom databases.

4.
CATS offers 3 models for natural disasters, which analyze the consequences of:

a.
Hurricanes

b.
Hurricane storm surges

c.
Earthquakes

5.
CATS offers a range of modules that assess technological hazards.  These include:

a.
HPAC - Hazards Prediction and Assessment Capability, used for assessing potential hazards associated with attacks from NBC (Nuclear, Biological, Chemical) weapons or from attacks on nuclear, biological, and chemical facilities.

b.
CHAS - Comprehensive Hazards Assessment System, used for NBC weapons.

c.
D2PC - Used for the propagation of chemical hazards.

d.
NAERG - North American Emergency Response Guide Protocol, used for defining the initial extent of toxic industrial materials hazards.

e.
HE - High-explosive blast damage assessment tool.

f.
RIPD - Radiation-Induced Performance Decrement, for the assessment of mortality and personal performance perturbation resulting from acute and protracted exposure to ionizing radiation (used with CHAS).

g.
NewCas - used for the assessment of mortality, incapacitation, visual impairment, and symptom threshold associated with exposure to military biological and chemical agents (used with CHAS and HPAC).

6.
More information on CATS can be found at http://cats.saic.com/main.html.  Various screen shots can be found on this page at the bottom of the screen.

C.
RMP*Comp
1.
RMP*Comp is a free program that can be used to complete the offsite consequence analyses (both worst case scenarios and alternative scenarios) that are required under the Risk Management Planning Rule of the 1990 Clean Air Act.

2.
RMP*Comp allows users to enter information such as the amount of a chemical stored in a vessel.  The model performs all calculations to analyze the consequences of possible accidents or releases.

3.
RMP*Comp allows planners to determine if hazardous chemicals and/or materials could put nearby populations at risk should an accident occur.

4.
More information on RMP*Comp can be found at http://Yosemite.epa.gov/oswer/ceppoweb.nsf/content/rmp-comp.htm.

D.
CATmandu
1.
CATmandu is a catastrophe modeling tool developed by the company Karma2GO.  CATmandu uses engineering databases and models to analyze the effects of earthquakes and hurricanes, storm surges, waves, and tornadoes.  The product was designed for use by property owners, risk managers, and financial institutions.

2.
CATmandu’s output provides:

a.
Ground-up losses
b.
Gross losses
c.
Reinsurance losses
d.
Confidence and uncertainty of analysis
e.
Probable maximum loss
f.
Maximum foreseeable loss
g.
Annualized loss

3.
CATmandu uses a step-by-step process to model assets, hazards, damage, repair cost, and insurance/reinsurance losses.

4.
More information on CATmandu can be found at http://www.karma2go.com/technology/catmandu.htm.  Examples of models can be viewed on the Karma2Go “Test Drive” site at < http://www.karma2go.com/technology/karmatestdrive.htm>.

E.
EM-Tools

1.
EM-Tools is a suite of modules that can be used individually or together.  The complete package includes:

a.
EM-Tools Earthquake Model - This is a stand-alone version of the NHEMATIS earthquake hazard model developed by the Office of Critical Infrastructure Protection and Emergency Preparedness (OCIPEP) in Canada.  This model produces outputs very quickly and requires little training.  The model produces maps of Modified Mercalli Index (MMI – defined in the supplemental considerations) and Peak Ground Acceleration (PGA – defined in the supplemental considerations). 

b.
EM-Tools Flood Model - A stand-alone version of the NHEMATIS flood hazard model.  This model generates models of flood areas from gridded digital elevation (DEM – defined in the supplemental considerations) data.

c.
EM-Tools Hazmat Interfaces - plots geo-referenced plumes (chemical clouds) and evacuation areas.

d.
EM-Tools Shared Tools - A number of useful tools and utilities for working with the hazard models listed above.  It includes a quick query and reporting function to produce a listing of map layers that fall within each model’s output.

e.
EM-Tools Building Damage Estimation Model - displays predicted and actual building damage based upon damage ‘postings’ (inspected, restricted use, unsafe), percent damage, and estimated populations at risk.  A publishing utility is included to produce web-based damage summary reports.

2.
More information on EM-Tools can be found at http://www.emistech.com/emtools.asp.  There are several screen shots available on this webpage.  Additionally, viewers can register with the company to view a demonstration of the software.

F.
AIR Terrorism Loss Estimation Model

1.
The AIR model, launched in September 2002, is a detailed terrorism loss estimation model that provides fully probabilistic loss costs.  The AIR Terrorism Loss Estimation Model provides quantitative information that insurers, reinsurers, and corporate risk managers can use to better understand the risks of terrorism and to support decision-making.

2.
The AIR model produces estimates of the financial impact of potential acts of terror. The AIR model can be used to:
a. Analyze concentrations of exposures and their proximity to likely targets

b. Examine the effects of deterministic scenarios that affect specific exposures
c. Perform fully probabilistic analyses for company-specific portfolios
d. Support pricing, portfolio management, and overall risk management
e. Analyze correlations of estimated losses across multiple lines of business on an event basis
3.
To develop estimates of the frequency, location and severity of potential future terrorist attacks, AIR employed the Delphi Method, assembling a team with national and international, high-level operational and analytical expertise in counter-terrorism.  With input from the expert team, AIR identified the potential types of targets for possible attack. The resulting "landmark database" consists of over 300,000 potential targets that include commercial, industrial, educational, medical, religious, and governmental facilities. 

4.
The model analyzes various threats posed by domestic extremists, formal international and state-sponsored terrorist organizations, and loosely affiliated extremist groups. The nature of the selected targets and of the weapons used is a function of the goals and capabilities of the individual groups. A wide variety of weapon types is considered. These include the full range of conventional weapons, including bombs of various sizes, as well as general and commercial aviation crashes. Also modeled are the effects of unconventional weapons, including chemical, biological, radiological, and nuclear (CBRN).

5.
The AIR terrorism model employs an engineering-based approach to estimating building damage from weapons effects on both the target and surrounding buildings. These effects are multiple and include pressure and shock waves, fire, and both falling and projectile debris.  To model the effects of unconventional weapons on structures, the AIR terrorism model utilizes the Consequences Assessment Tool Set (CATS), which is capable of simulating various attack types, including chemical agents such as sarin and VX, and biological agents such as anthrax and small pox. Nuclear and radiological attacks using materials such as cesium and cobalt are also modeled.

6.
While the AIR terrorism model is intended primarily for private sector customers, the end products of its analysis could be valuable to emergency managers and Hazards Risk Management teams conducting consequence analyses from the terrorism hazard.

7.
More information on the AIR Model can be found at http://www.air-boston.com/_public/html/terrorism.asp


II.
HAZUS (Several of these comments are adapted from the FEMA publication “The FEMA-NIBS Methodology for Earthquake Loss Estimation,” listed under references.

A.
HAZUS, or Hazards United States, is the standard risk assessment (loss estimation) methodology developed jointly by FEMA and the National Institute of Building Sciences (NIBS).  (Power Point Slide 19-5)

B.
HAZUS was originally developed to assess the risk of, and to estimate the potential losses from, earthquakes.  FEMA initiated development of HAZUS specifically for direct and indirect hazards triggered by earthquakes such as fires and floods due to dam or levee failure.  HAZUS has since been expanded to include hurricane and flood hazards, to be released under the name HAZUS MH (Multi-Hazard) in fall of 2003.  FEMA also plans to develop additional inventory databases to provide State and local users.

C.
HAZUS is an integrated GIS designed for personal computers.  It was developed based upon several criteria, including (Power Point Slide 19-6):

1.
Standardization - to enable comparisons between different regions, standard practices were defined to:

a.
Collect inventory data based on site-specific or U.S. Census tract aggregation,

b.
Classify database maps for soil types, liquefaction susceptibility, and landslide susceptibility,

c.
Classify occupancy classes for buildings and facilities,

d.
Classify building structure type,

e.
Describe damage states for buildings and lifelines,

f.
Develop building damage functions,

g.
Group, rank, and analyze lifelines,
h.
Use technical terminology, and

i.
Provide output.
2.
User-friendly design and display - HAZUS is implemented in an integrated GIS that can be run on a personal computer.  The system is a Windows-oriented environment.

3.
Accommodation of user needs - To accommodate a wide spectrum of potential users, HAZUS consists of modules that can be activated or deactivated by the user.  

4. 
Accommodation of different levels of funding - HAZUS is flexible enough to permit different levels of detail that may be dictated by funding.

5.
Revisable results - Results of studies can be updated as inventory databases are improved, as the building stock or demographics of a region change, or if revised earthquake scenarios are proposed.

6.
State-of-the-art models and parameters - HAZUS incorporates state-of-the-art models and parameters based on recent earthquake damage and loss data.  The methodology can evolve readily as research progresses, prompting modification of individual modules.

7.
Balance - HAZUS provides balance between the different components of loss estimation.  For example, a precise evaluation of casualties or reconstruction costs would not be warranted if estimates of building damage are based on an inferred inventory with large uncertainty.  The methodology permits users to select methods that produce varying degrees of precision.

8.
Flexibility in earthquake ground shaking intensities - HAZUS incorporates both deterministic (specific scenario earthquakes) and probabilistic descriptions of ground shaking intensities.

9.
Non-proprietary methods and data - HAZUS includes only non-proprietary loss estimation methods and inventory data.  The GIS technology (MAPInfo and ArcView), which must be purchased and licensed from a vendor, is non-proprietary to the extent permitted by software suppliers.  

D.
The HAZUS framework includes six major modules.  These modules are interdependent, acting as inputs to one another.  This system of modules was designed to allow for estimates based upon simplified models and limited inventory data.  More refined estimates based on more extensive inventory data and detailed analyses can be produced, depending upon the time and resources available to the Hazards Risk Management team.  The six modules include (Power Point Slide 19-7):

1.
Potential Earth Science Hazard,

2.
Inventory,

3.
Direct Damage,

4.
Induced Damage,

5.
Direct Losses, and

6.
Indirect Losses.

E.
Use of the HAZUS methodology will generate an estimate of the consequences to a city or region of a “scenario earthquake”, i.e., an earthquake with a specified magnitude and location.  The resulting “loss estimate” generally will describe the scale and extent of damage and disruption that may result from a potential earthquake.  The following information can be obtained (Power Point Slide 19-8):

1.
Quantitative estimates of losses in terms of direct costs for repair and replacement of damaged buildings and lifeline system components; direct costs associated with loss of function (e.g., loss of business revenue, relocation costs); casualties; people displaced from residences; quantity of debris; and regional economic impacts.

2.
Functionality losses in terms of loss-of-function and restoration times for critical facilities such as hospitals, and components of transportation and utility lifeline systems and simplified analyses of loss-of-system-function for electrical distribution and potable water systems.


3.
Extent of induced hazards in terms of fire ignitions and fire spread, exposed population and building value due to potential flooding and locations of hazardous materials.

F.
To generate this information, HAZUS includes:

1.
Classification systems used in assembling inventory and compiling information on the building stock, the components of highway and utility lifelines, and demographic and economic data.

2.
Methods for evaluating damage and calculating various losses.

3.
Databases containing information used as default (built-in) data and useable in calculation of losses.

G.
HAZUS is utilized according to the following steps (Power Point Slide 19-9):

1.
Select the area to be studied.  This may be a city, a county, or a group of municipalities.  It is generally desirable to select an area that is under the jurisdiction of an existing regional planning group.

2.
Specify the magnitude and location of the scenario earthquake.  In developing the scenario earthquake, consideration should be given to the potential fault locations.

3.
Provide additional information describing local soil and geological conditions, if available.

4.
Using formulas embedded in HAZUS, probability distributions are computed for damage to different classes of buildings, facilities, and lifeline system components and loss-of-function estimates are made.

5.
The damage and functionality information is used to compute estimates of direct economic loss, casualties and shelter needs.  In addition, the indirect economic impacts on the regional economy are estimated for the years following the earthquake.

6.
An estimate of the number of ignitions and the extent of fire spread is computed.  The amount and type of debris are estimated.  If an inundation map (defined in supplemental considerations) is provided, exposure to flooding can also be estimated.

H.
In addition to ground shaking, HAZUS considers three other earthquake features that can have an adverse affect upon structures, roadways, pipelines, and other lifeline structures.  These include:

1.
Fault rupture

2.
Liquifaction

3.
Landsliding

I.
The buildings, facilities, and lifeline systems considered by the methodology include (Power Point Slide 19-10):

1.
General building stock - Commercial, industrial, and residential buildings are grouped into 36 model building types and 28 occupancy classes.  Degrees of damage are computed for groups of buildings.  Examples of model building types are light wood frame, mobile home, steel braced frame, concrete frame with unreinforced masonry infill walls, and unreinforced masonry.  Each model building type is further divided according to the number of stories and apparent earthquake resistance.  Examples of occupancy type include single-family dwelling, retail trade, heavy industry, and church.

2.
Essential facilities - Includes those facilities that are vital to emergency response and recovery following a disaster.  Examples are medical care facilities, emergency response facilities, and schools (for sheltering purposes).

3.
Transportation lifeline systems - Transportation lifelines, including highways, railways, light rail, bus systems, ports, ferry systems, and airports, are broken into components such as bridges, stretches of roadway or track, terminals, and port warehouses.  Probabilities of damage and losses are computed for each component of each lifeline; however, total system performance cannot be evaluated.

4.
Utility lifeline systems - These lifelines, including potable water, electric power, wastewater, communications, and liquid fuels, are treated similarly to transportation lifelines.  Examples of components are electrical substations, water treatment plants, tank farms and pumping stations.  

J.
HAZUS Earthquake Loss Estimation Methodology Output (Power Point Slide 19-11)

1.
Maps of seismic hazards
a.
Intensities of ground shaking for each census tract

b.
Contour maps of intensities of ground shaking

c.
Permanent ground displacements for each census tract

d.
Contour map of permanent ground displacements

e.
Liquefaction probability
2.
Landsliding probability
a.
Characterization of damage to general building stock
b.
Structural and nonstructural damage probabilities by census tract, building type and occupancy class.

3.
Transportation and utility lifelines
a.
For components of the 13 lifeline systems: damage probabilities, cost of repair or replacement and expected functionality for various times following earthquake

b.
For all pipeline systems: the estimated number of leaks and breaks

c.
For potable water and electric power systems: estimate of service outages

4.
Essential facilities
a.
Damage probabilities

b.
Probability of retaining facility functionality 

c.
Loss of beds in hospitals

5.
High potential loss (HPL) facilities
a.
Locations of dams

b.
Locations of nuclear plants

c.
Damage probabilities and cost of repair for military facilities

d.
Locations of other identified HPLs

6.
Fire following earthquake
a.
Number of ignitions by census tract

b.
Percentage of burned area by census tract

7.
Inundated areas
a.
Exposed population and exposed dollar value of general building stock

8.
Hazardous material sites
a.
Location of facilities that contain hazardous materials

9.
Debris
a.
Total debris generated by weight and type of material

10.
Social losses
a.
Number of displaced households

b.
Number of people requiring temporary shelter

c.
Casualties in four categories of severity based on three different times of day

11.
Dollar losses associated with general building stock
a.
Structural and nonstructural cost of repair and replacement

b.
Loss of contents

c.
Business inventory loss

d.
Relocation costs

e.
Business income loss

f.
Employee wage loss

g.
Loss of rental income

12.
Indirect economic impact
a.
Long-term economic effects on the region based on a synthetic economy

b.
Long-term economic effects on the region based on an IMPLAN model


K.
HAZUS analyses can be performed using only the default data that is supplied.  However, these analyses can be greatly improved using user-supplied data.  Examples of locally performed tasks to improve the HAZUS analysis include:

1.
Development of maps of soil conditions affecting ground shaking, liquefaction and landsliding potential

2.
Use of locally available data or estimates concerning the square footage of buildings in different occupancy classes

3.
Use of local expertise to modify, primarily by judgment, the databases concerning percentages of model building types associated with different occupancy classes.

4.
Preparation of a detailed inventory for all essential facilities.

5.
Collection of detailed inventory and cost data to improve evaluation of losses and lack of function in various transportation and utility lifelines.

6.
Use of locally available data concerning construction costs or other economic parameters.

7.
Collection of data, such as number of fire trucks, for evaluation of the probable extent of areas affected by fires
8.
Development of inundation maps

9.
Gathering of information concerning high potential loss facilities and facilities housing hazardous materials

10.
Synthesis of data for modeling the economy of the study region used in calculation of indirect economic impacts.

L. Uncertainties are inherent in any estimation methodology, including HAZUS.  The accuracy of the analysis can be increased using more accurate and more recent data, but only so much.  Possible ranges of losses are best evaluated by conducting multiple analyses and varying certain input parameters to which the losses are most sensitive.

M. Levels of HAZUS analysis

1.
Level 1
a.
Level 1 analysis uses only the default databases built into HAZUS for information on building numbers and value, population characteristics, costs of building repair, and certain basic economic data.  Only losses associated with the general building stock, and hospitals if possible, are computed.  Transportation and utility lifelines are not considered and limited attention is given to possible fires.  Indirect economic effects for the region are not calculated.  One average soil condition is presumed for the entire study region, and effects of possible liquefaction and land sliding are ignored.

b.
Other than defining the study region, selecting the scenario earthquake(s) and making some decisions concerning the extent and format for the output, a Level 1 analysis requires essentially no effort from the user. As indicated, however, estimated losses are incomplete and, since actual local conditions are not considered, involve very large uncertainties. Thus, a Level 1 analysis is suitable primarily for preliminary evaluations or for crude comparisons among different regions.

2. Augmented Level 1

a.
Results from a Level 1 analysis can be improved greatly with a minimum amount of locally developed input. Such an effort might involve:

i. Development of soil, liquefaction, and land sliding maps;

ii. Use of locally available data or estimates concerning the square footage of buildings in different occupancy classes;

iii. Use of local expertise to modify, primarily by judgment, the data bases concerning percentages of model building types associated with different occupancy classes;

iv. Preparation of a detailed inventory for all essential facilities; and/or

v. Use of locally available data concerning construction costs.

b.
An augmented Level 1 analysis will lead to much more accurate and useful estimates for losses associated with the general building stock and critical facilities. It will not provide, however, either estimates of the costs and inconvenience related to lifeline damage or estimates of indirect economic costs.
3. Level 2 Analysis

a.
This is generally the intended level of implementation. Studies at this level can involve one or more of the following types of input supplied by the user:

i.
Locally generated maps for soil conditions affecting ground shaking and for liquefaction and land sliding potential for evaluation of the effects of these local conditions upon damage and losses.

ii. Locally developed data concerning the nature of the building stock and economic conditions.

iii. Data concerning the location and nature of essential facilities.
iv. Data for evaluation of losses and lack of function in various transportation and utility lifelines.

v. Data for evaluation of the probable extent of areas affected by fires.

vi. Inundation maps.

vii. Information concerning high potential loss facilities and facilities housing hazardous materials.

viii. Data for calculation of indirect economic impacts upon the study region.

b.
Depending upon the size of the region and the number of these features selected by the user, one to six months may be required to assemble the required input. The effort put into preparing the inventory of the building stock can range from relatively small to enormous, depending upon the desire to reduce uncertainty in computed results. Assembling and entering required data for lifelines also can involve considerable effort but the user can choose to omit some lifelines.

c.
It may be necessary to employ consultants to develop the various soil-related maps and the data needed for the indirect economic analysis, since many localities do not possess this expertise and information.

4. Level 3 Analysis

a.
A Level 3 study takes advantage of the HAZUS's ability to accept special purpose software input concerning the vulnerability of specific high-potential-loss facilities, expected repair/replacement costs and numbers of households displaced as a result of fire or inundation or other studies. 

b.
It also is possible to add the output of loss estimates performed using locally developed traffic models with links limited to a specific number of damaged bridges. Similar analyses of links can provide information on water distribution or other pipeline systems.

N.
HAZUS-MH – HAZUS MultiHazard, scheduled to be released during the summer or fall of 2003, is designed to model the effects of flooding and wind hazards, in addition to earthquakes.

1. The Flood Model

a.
In the HAZUS-MH Flood Model, flood hazard is determined by nationwide data sets and consists of broad analyses of possible flooding based on hydrologic information.  The flood model allows users to characterize the flooding expected in their communities and then estimate the expected levels of damage to buildings and infrastructure

b.
The HAZUS Flood Information Tool (FIT), a component of the flood model, enables the user to customize the model by importing additional flood hazard data specific to the area of study (ground elevations, flood elevations, floodplain boundary information).  These data are frequently available to communities participating in the National Flood Insurance Program.

C.
The flood information tool ensures that the data are provided in the format required by the HAZUS flood model.  With the enhanced data, the flood information tool can calculate more accurate flood depths, elevations, velocities, and return periods for riverine and coastal floods.

2. Hurricane Model

a.
The HAZUS-MH Hurricane Model allows users to estimate hurricane winds and potential damage and economic loss to residential, commercial, and industrial buildings in states along the Atlantic and Gulf coasts.  It is used to estimate direct economic loss, post-storm shelter requirements, and building and tree debris.

b.
This model incorporates wind laboratory data.  In addition, the model estimates wind-induced loads, building response, and damage and loss rather than simply using historical loss data to model loss as a function of wind speed.

c.
FEMA is planning to continue to enhance the hurricane model by adding analytical capabilities for additional hurricane hazards, such as storm surges.

O.
More information on HAZUS and HAZUS-MH can be found at: http://www.fema.gov/hazus/

Supplemental Considerations:

Modified Mercalli Intensity Scale, as defined by the USGS Earthquake Hazards Program:

The effect of an earthquake on the Earth's surface is called the intensity. The intensity scale consists of a series of certain key responses such as people awakening, movement of furniture, damage to chimneys, and finally - total destruction. Although numerous intensity scales have been developed over the last several hundred years to evaluate the effects of earthquakes, the one currently used in the United States is the Modified Mercalli (MM) Intensity Scale. It was developed in 1931 by the American seismologists Harry Wood and Frank Neumann. This scale, composed of 12 increasing levels of intensity that range from imperceptible shaking to catastrophic destruction, is designated by Roman numerals. It does not have a mathematical basis; instead it is an arbitrary ranking based on observed effects. 

The Modified Mercalli Intensity value assigned to a specific site after an earthquake has a more meaningful measure of severity to the nonscientist than the magnitude because intensity refers to the effects actually experienced at that place. After the occurrence of widely-felt earthquakes, the Geological Survey mails questionnaires to postmasters in the disturbed area requesting the information so that intensity values can be assigned. The results of this postal canvass and information furnished by other sources are used to assign an intensity within the felt area. The maximum observed intensity generally occurs near the epicenter. 

The lower numbers of the intensity scale generally deal with the manner in which the earthquake is felt by people. The higher numbers of the scale are based on observed structural damage. Structural engineers usually contribute information for assigning intensity values of VIII or above. (USGS 1989)

Modified Mercalli Intensity Scale (1931)
I 
Felt only by a few under very favorable circumstances.
II 
Felt by a few at rest, especially those on upper floors. Some suspended objects may swing.
III
Noticeably felt indoors, especially on upper floors. May not be recognized as an earthquake.
IV 
Felt by many indoors during the day and a few outdoors. Some are awakened at night. Noticable disturbance of dishes, windows and doors. Felt by persons in stationary vehicles. 
V 
Felt by nearly everyone during the day. Many are awakened at night. Some damage to items such as dishes and windows. Some noticable disturbance to trees, poles and tall objects. Pendulum clocks may stop.
VI 
Felt by everyone. May cause fright, causing some to run outdoors. Heavy furniture may be moved. Some slight damage to structures such as fallen plaster and chimneys.
VII 
Everyone frightened enough to run outdoors. Slight to moderate damage to well-designed/constructed buildings and considerable damage to poorly-designed/constructed buildings. Felt by persons in moving vehicles.
VIII 
Considerable damage in ordinary buildings with some collapse. Heavy furniture is overturned. Persons in moving vehicles are disturbed.
IX 
Considerable damage to many buildings with some collapse in large buildings. Some buildings are thrown off their foundations. Conspicuous cracks occur in the ground. Ground pipes are broken. 
X 
Most masonry buildings are destroyed. The ground is seriously cracked. Rails are bent. Landslides on steep slopes.
XI 
Few masonry structures survive. Bridges are destroyed. Broad ground fissures. All ground pipes are broken.
XII 
Practically every structure is damaged or destroyed. Waves on the ground are seen. Objects are thrown into the air. (Los Angeles Almanac, 2003)
Whereas the Modified Mercalli Intensity Scale is a qualitative measurement of the consequences of an earthquake, the Richter Magnitude Scale is a quantitative measurement of the actual movement of the earth resulting from the event.  The following is a USGS definition of the Richter Magnitude Scale:

The Richter Magnitude Scale

Seismic waves are the vibrations from earthquakes that travel through the Earth; they are recorded on instruments called seismographs. Seismographs record a zig-zag trace that shows the varying amplitude of ground oscillations beneath the instrument. Sensitive seismographs, which greatly magnify these ground motions, can detect strong earthquakes from sources anywhere in the world. The time, location, and magnitude of an earthquake can be determined from the data recorded by seismograph stations. 

The Richter magnitude scale was developed in 1935 by Charles F. Richter of the California Institute of Technology as a mathematical device to compare the size of earthquakes. The magnitude of an earthquake is determined from the logarithm of the amplitude of waves recorded by seismographs. Adjustments are included in the magnitude formula to compensate for the variation in the distance between the various seismographs and the epicenter of the earthquakes. On the Richter Scale, magnitude is expressed in whole numbers and decimal fractions. For example, a magnitude of 5.3 might be computed for a moderate earthquake, and a strong earthquake might be rated as magnitude 6.3. Because of the logarithmic basis of the scale, each whole number increase in magnitude represents a tenfold increase in measured amplitude; as an estimate of energy, each whole number step in the magnitude scale corresponds to the release of about 31 times more energy than the amount associated with the preceding whole number value. 

At first, the Richter Scale could be applied only to the records from instruments of identical manufacture. Now, instruments are carefully calibrated with respect to each other. Thus, magnitude can be computed from the record of any calibrated seismograph. 

Earthquakes with magnitude of about 2.0 or less are usually called microearthquakes; they are not commonly felt by people and are generally recorded only on local seismographs. Events with magnitudes of about 4.5 or greater--there are several thousand such shocks annually--are strong enough to be recorded by sensitive seismographs all over the world. Great earthquakes, such as the 1964 Good Friday earthquake in Alaska, have magnitudes of 8.0 or higher. On the average, one earthquake of such size occurs somewhere in the world each year. Although the Richter Scale has no upper limit, the largest known shocks have had magnitudes in the 8.8 to 8.9 range. Recently, another scale called the moment magnitude scale has been devised for more precise study of great earthquakes. 

The Richter Scale is not used to express damage. An earthquake in a densely populated area which results in many deaths and considerable damage may have the same magnitude as a shock in a remote area that does nothing more than frighten the wildlife. Large-magnitude earthquakes that occur beneath the oceans may not even be felt by humans. (USGS, 1989)

The following table offers a conversion between the Modified Mercalli Intensity Scale and the Richter Magnitude Scale:

	Magnitude Richter
	Energy
(joule) 
	Degree Mercalli

	< 3.5
	< 1.6 E+7
	I

	3.5
	1.6 E+7
	II

	4.2
	7.5 E+8
	III

	4.5
	4 E+9
	IV

	4.8
	2.1 E+10
	V

	5.4
	5.7 E+11
	VI

	6.1
	2.8 E+13
	VII

	6.5
	2.5 E+14
	VIII

	6.9
	2.3 E+15
	IX

	7.3
	2.1 E+16
	X

	8.1
	> 1.7 E+18
	XI

	> 8.1
	.
	XII


Source: TheMeter, 2003

Peak Ground Acceleration, as defined by the USGS Earthquake Hazards Program:

What is "peak acceleration" or "peak ground acceleration"(PGA)?

1. What is "acceleration"?

When you push on the gas pedal in your car, you experience the increase in velocity as a force pushing you back into your seat. Technically, then, acceleration is the rate of increase in velocity, that is, how much the velocity changes in a unit time. Personally, we are most aware of acceleration by the experience of an applied force.

So, consider a car increasing in speed from a stop to 60 miles an hour. 60 miles per hour is 88 feet per second. If the acceleration is uniform (constant) while the car increases speed, we could say that if the car reaches a velocity of 88 feet per second in 8 seconds, the velocity changes by 11 feet per second every second, and the acceleration is 11 feet per second per second. If the acceleration were not uniform, but started off small, achieved a maximum, and then decreased as we approached 60 miles an hour, the largest value of the acceleration would be the "peak" acceleration.

2. What do we mean by "peak" acceleration as a measure of earthquake ground motion?

A small particle attached to the earth during an earthquake will be moved back and forth rather irregularly. This movement can be described by its changing position as a function of time, or by its changing velocity as a function of time, or by its changing acceleration as a function of time.

Since any one of these descriptions can be obtained from any other, we may choose whichever is most convenient. Acceleration is chosen, because the building codes prescribe how much horizontal force building should be able to withstand during an earthquake. This force is related to the ground acceleration. The peak acceleration is the maximum acceleration experienced by the particle during the course of the earthquake motion. (USGS, 2003)

Digital Elevation Models, as defined by the US Geological Survey:

Digital elevation model (DEM) data are arrays of regularly spaced elevation values referenced horizontally either to a Universal Transverse Mercator (UTM) projection or to a geographic coordinate system. The grid cells are spaced at regular intervals along south to north profiles that are ordered from west to east. The U.S. Geological Survey (USGS) produces five primary types of elevation data: 7.5-minute DEM, 30-minute DEM, 1-degree DEM, 7.5-minute Alaska DEM, and 15-minute Alaska DEM.  For more information, visit the USGS DEM Information Site http://erg.usgs.gov/isb/pubs/factsheets/fs04000.html.  (USGS 2000)

Inundation Maps define the areas on a map that become flooded during certain hydrological events such as heavy rains, storm surges, hurricanes, dam breaches, among others.  The mapping efforts generally plot a layer or several layers over an existing map, defining the areas that would be flooded according to specific conditions, such as the amount of rainfall or the height of the storm surge.

For an example of an inundation model, visit the Riverside Technology website and view the Hurricane Mitch RiverTrak demonstration at < http://www.riverside.com/consulting/consulting_tech/gis/flood_mapping.asp>.


Objective 19.3 - Discuss a case study describing the use of HAZUS in the New Madrid Fault zone

Requirements:

The instructor will need to either assign the case study (included in the required readings for students in this session), or provide color copies to students in class, as many of the illustrations require color for interpretation of symbols and other features.

Lead a class discussion on the benefit of using a ‘level 1 / 2’ HAZUS analysis to further perform earthquake risk analysis of a magnitude 6/5 earthquake centered in Memphis, TN.

Remarks:

I.
If the students have not been assigned to read the case study as homework, the instructor should distribute copies (with color if possible) to each student, and allow 15-20 minutes to look over the case.  Alternatively, the instructor could display the case study, which consists entirely of a 22-slide Power Point presentation, on an LCD projector in front of the class.  

II.
The instructor should lead a class discussion about the disaster modeled, and the product of the analysis.  Possible topics of discussion could include a description of the event being modeled (magnitude 6.5 earthquake, with an epicenter in downtown Memphis (35.1N, 90.0W) - The maximum peak ground acceleration (PGA) is 0.95), the vulnerability of the study area, the expected consequences of the hazard, etc.

III.
The case is provided as Handout 19-1, or can be downloaded at http://www.fema.gov/hazus/dl_eqmad.shtm.


Supplemental Considerations:

Additional examples of HAZUS use by communities can be found on the FEMA website, at http://www.app1.fema.gov/hazus/hazus2d.htm.



References:

AIR Boston. 2003. “Quantifying the Risk from Terrorist Attacks.” AIR Boston Website. http://www.air-boston.com/_public/html/terrorism.asp.

EMIS Technologies. 2003. “EM-Tools Hazard Modeling Software.” EMIS Technologies, Inc. http://www.emistech.com/emtools.asp.

EPA. 2003. “RMP*Comp Modeling Program for Risk Management Plans.” U.S. Environmental Protection Agency. EPA Website. http://yosemite.epa.gov/oswer/ceppoweb.nsf/content/rmp-comp.htm.

EPA. 2003. “Computer-Aided Management of Emergency Operations (CAMEO).” U.S. Environmental Protection Agency. EPA Website. http://www.epa.gov/ceppo/cameo.htm.

FEMA. 2003. “Current Projects Involving HAZUS.” Federal Emergency Management Agency. FEMA Website. http://www.app1.fema.gov/hazus/hazus2d.htm
FEMA. 1999. “HAZUS 99 Users Manual” Federal Emergency Management Agency. Chapter 1.  http://www.app1.fema.gov/hazus/pdf/MIUM_c01.pdf
FEMA. 1999. “Application of HAZUS to the New Madrid Earthquake Project” Federal Emergency Management Agency. 1999. http://www.fema.gov/hazus/dl_eqmad.shtm
FEMA. 1997. “MultiHazard: Identification and Risk Assessment” Federal Emergency Management Agency. Washington, DC. Chapter 24.  http://166.112.200.141/mit/tsd/MHIRA_AC.pdf
Karma2Go. 2003. “KARMA2GO – Technology – CATMANDU.” Karma2Go Website. http://www.karma2go.com/technology/catmandu.htm.

Los Angeles Almanac. 2003. “Modified Mercalli Intensity Scale (1931)”. Los Angeles Almanac Website. http://www.losangelesalmanac.com/topics/Disaster/di02a.htm.

RiskTools. 2003. “Cassandra – Hazard Management.” RiskTools Website. http://www.risktools.co.uk/cassandra.htm.

SAIC. 2003. “Faster, More Effective Emergency Response.” SAIC Website. http://cats.saic.com/main.html.

Srinivasan, Deepa. 2003. “Battling Hazards With a Brand New Tool.” Planning. February 2003. Pp.10-13.

TheMeter. 2003. “Intensity of an Earthquake.” TheMeter.net Website. http://www.themeter.net/sism_e.htm.

USGS. 1989. “The Severity of an Earthquake.” The United States Geological Survey. Interest Publication 1989-288-193. The U.S. Government Printing Office.

USGS. 2000. US GeoData Digital Elevation Models.” U.S. Geological Survey Fact Sheet 040-00.

USGS. 2003. “Peak Ground Acceleration (PGA) Definition.” U.S. Geological Survey Website. http://geohazards.cr.usgs.gov/eq/faq/parm01.html.

Whitman, Robert V., and Henry J. Lagorio. n/d. The FEMA-NIBS Methodology for Earthquake Loss Estimation. FEMA. <http://www.app1.fema.gov/hazus/hazus4a.htm>

9
 19-1

