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________________________________________________________________________

Objectives:

11.1 Be familiar with the basic types and sources of hazard information that depict

flooding, landslides, storm surge, and earthquake ground motion and liquefaction.

11.2 Be familiar with basic information sources relevant to development decisions, 

including tax assessors parcel files, and census block and tract-level demographic information.

11.3 Be familiar with the types of information systems available to support community 


building decisions.

11.4
Be exposed to the basic principles of risk assessment and, if possible, see a demonstration of HAZUS or a general purpose GIS.

________________________________________________________________________

Scope:

This session introduces students to the supporting information systems and data sources necessary to design and build disaster resilient communities.  The session begins with a discussion of the types of hazard information that is generally available at the community level.  The instructor will supplement this discussion by bringing in examples of hazard maps for the local area (e.g. a Flood Insurance Rate Map).  The instructor discusses generally available data sources that describe existing urban development.  The instructor then discusses the kinds of information systems that are used.  If available, a short demonstration of HAZUS or a general-purpose geographic information system (GIS) should be provided.

________________________________________________________________________

Reading:

Student and Instructor Reading:

Deyle, Robert E., Steven P. French, Robert Olshansky and Robert G. Patterson.  1998. “Chapter Five. Hazard Assessment: The Factual Basis for Planning and Mitigation” in Raymond J. Burby, Ed. Cooperating with Nature: Confronting Natural Hazards with Land Use Planning for Sustainable Communities. Washington, D.C.: Joseph Henry/National Academy Press, pp. 119-166.

Additional Instructor Reading:

Antenucci, John C. et al. 1991. Geographic Information Systems: A Guide to the Technology. New York: Van Nostrand-Reinhold, pp. 34-64.

DeMers, Michael N. 1997. Fundamentals of Geographic Information Systems. New York: John Wiley and Sons, Inc, pp. 1-49.

Kaiser, Edward J., David R. Godschalk, and F. Stuart Chapin, Jr. 1995. Urban Land Use Planning. Fourth Edition. Chicago: University of Illinois Press, pp. 87-114.

________________________________________________________________________

II. General Requirements:

The main body of the material will be presesnted in a lecture format. The instructor should provide a sample hazard map for an area the students know (e.g. the local Flood Insurance Rate Map). The instructor may also wish to consider the use of a computer and LCD projector with HAZUS or general-purpose GIS software for demonstration.

________________________________________________________________________

Objective 11.1 Be familiar with the basic types and sources of hazard information that depict flooding, storm surge, and earthquake ground motion and liquefaction and wildfires.

Requirements:

The contents should be presented as lecture.

Remarks:

I.
An understanding of the location and probability of a natural hazard is essential information to support building disaster resilient communities.  An example of each type of hazard map is included in the accompanying Powerpoint slide show Session11.PPT.  (Show Session11- Slide 1.)

A.
Hazard maps are the most common methods of portraying this information (see Deyle et al.,1998). 

a. The Flood Insurance Rate Map (FIRM) is the most widely used type of hazard map.  An extensive tutorial that describes flood hazard mapping is available through FEMA’s website at http://www.fema.gov/mit/tsd/OT_FIRM.htm.  

b. Because of the National Flood Insurance Program (NFIP) covers more than 19,000 communities in the US, the Flood Insurance Rate Map is the most standardized type of hazard map.  They are available for most communities with a flood problem.

c. The Flood Insurance Rate Map depicts the 100-year flood zone, also known as the Special Flood Hazard Area, in steel blue.  This area is designated as Zone A. This is the area that has a 1 percent probability of flooding in any given year. (Show Session 11 – Slide 2.)

d. The FIRM also depicts the boundary of the 500-year flood zone.  This area is labeled as Zone B and colored light blue.


INTERACTIVE QUESTION – Is this area more or less likely to be flooded than 100-year flood zone?  
e.  Within the 100-year zone the Base Flood Elevations are shown as wavy lines.  The Base Flood Elevation (BFE) is the elevation above sea level that the water is expected to reach at a particular point during the 100-year flood.  If you know the elevation of a structure, you can estimate if it will be flooded and how deeply using the BFE.

f. Flood insurance maps are based on weather records that allow us to predict how likely a given amount of rainfall in a fixed time period is.  This rainfall serves as input to a hydrologic model that estimates the amount of runoff for a watershed and estimates the depth of flooding based on the size and shape of the drainage basin.

g. FEMA is in the process of updating its maps.  The Q3 maps are the digital versions of the Flood Insurance Rate Map.  Since they are digital, they can be used in a geographic information system. In a minute we will see how this allows you to overlay the flood hazard map on other features like streets and houses. (Show Session 11 - Slide 3.)

2. Storm Surge Maps are used to show the extent of flooding that is likely to accompany a hurricane or tropical storm of a particular intensity.  (Show Session 11 – Slide 4.) 

a. While the storm surge map shows areas that may be subject to coastal flooding, it does show just the 100-year and 500-year flood boundaries.  It shows areas that will be flooded by storms of different intensities as noted on the Safir-Simpson scale (e.g,. a Category 4 hurricane). 

INTERACTIVE QUESTION – FROM THE STORM SURGE MAP SHOWN ON SLIDE 4, CAN YOU TELL HOW LIKELY EACH OF THESE EVENTS IS?  IS THIS A PROBLEM?  EXPALIN WHY?

3. Earthquakes can cause damage in a number of different ways.  Fault maps are useful in knowing where earthquake hazards may occur, but it is ground shaking that usually causes the most widespread damage.  (Show Session 11 – Slide 5) 

a. This is an expected ground shaking map the San Francisco Bay Area.  It shows the expected intensity for a 7.0 Richter magnitude earthquake on the Hayward Fault.  The darker red, and orange areas will experience the most intense shaking.

b. The ground shaking intensity on this map is expressed using the Modified Mercalli Intensity (MMI) scale.  This is an ordinal scale that characterizes ground shaking based on its effects on people and structures.  For example, a MMI IV event will be felt by many people indoors and perhaps recognized as an earthquake, while a MMI IX event causes heavy to buildings, shifts buildings off their foundations and breaks underground pipes.

c. While easy to understand, the MMI scale is somewhat outdated.  Structural engineers and designers prefer measures that are based on the physical characteristics of the ground motion. Peak Ground Acceleration (PGA) characterizes ground motion as a fraction of the force of gravity (e.g., .4 g).  (Show Session 11– Slide 6).  This slide shows expected ground motion for the New Madrid area of the central US.  Those counties in red have an expected ground motion of .2 g  Those counties in orange can expect .15g and those in yellow .1 g.

d. Spectral response is a\n even more sophisticated measure of ground motion.  It characterizes the amount of energy of the ground motion waves at various frequencies.

4. Earthquakes can also cause various types of ground failure.  Liquefaction, the tendency for wet, unconsolidated soils to turn to mush, is generally the most serious ground failure hazard caused by earthquakes.

INTERACTIVE QUESTION – HAVE YOU EVER BEEN TO THE BEACH AND TAPPED ON THE WET SAND WITH YOUR FOOT?  WHAT HAPPENS?  JUST AS YOUR TAPPING WILL TURN THE SAND TO JELLO, THE EARTHQUAKE SHAKING CAN CAUSE WET, SANDY SOILS TO LOOSE COHESION.  WHAT DO YOU THINK HAPPENS TO BUILDING FOUNDATIONS WHEN THE SOIL LIQUEFIES?

a.  This is a potential liquefaction map for an area around Paducah, Kentucky. (Show Session 11 – Slide 7.)  Those areas in tan contain wet, unconsolidated soils that are have a high probability of liquefaction in the event of an earthquake. 

b. Even if they do not liquefy, area that have unconsolidates sediments often experience more intense ground shaking (and, hence, more damage) than areas on rock and more solid soils.

5. The likelihood of a wildfire is based on three factors:  Fuel – vegetation to burn, Slope – fire spreads more quickly up steep slopes, and Aspect – South facing slopes tend to be drier because they get more direct sunlight.

a. This is an example of a wildfire hazard map for a part of Boulder County, Colorado.  The darker colors are those areas that are more likely to experience a wildfire. (Show Session 11 – Slide 8)

B.
In addition to the location of the hazard it is important to know how likely it is to occur.  

1. The likelihood of a given hazard event is usually expressed as a probability of occurrence (e.g. the 100 year flood has a 1% probability of occurring in any given year).  These probabilities can best be estimated based on the history of hazard events in the area.

2. When the historical record is not long enough, scientists try to estimate the probability of occurrence based on models of the underlying hazard mechanism (e.g. a precipitation model, or a fault strain model).

C.
It is important to realize that hazard maps contain significant uncertainty.  Not only is there uncertainty in the probability of occurrence, there is also significant uncertainty about the exact location of the hazard.  For example, changes in upstream development may increase the amount of runoff and, therefore, the depth of flooding in a particular location.  Similarly, the geological sciences contain significant uncertainty as to the exact level of ground shaking that will be experienced at a given site.

________________________________________________________________________

Objective 11.2 Be familiar with basic information sources relevant to development decisions, including tax assessors parcel files and census block and tract-level demographic information.

Requirements:

The contents should be presented as lecture.

Remarks:
I.
Most local governments will have a significant amount of information available on their natural hazards and on the characteristics of the population and built environment exposed to those hazards.

A.
The local Comprehensive Plan provides a good initial source of information about the hazard and patterns of existing and future development.  In states such as California and Florida, the comprehensive plan must specifically address natural hazards.  

B.
Where they have been adopted Emergency Management Plan can also provide a wealth of data on the exposure to natural hazards.

II.
The Census of Population and Housing is a widely available source of information about both population and residential housing units.  The Census provides useful information on the location of development and the population exposed to the hazard. 

A.
The Census summarizes the number of people and housing units for various levels of geography.   The census tract and block group are to units of geography that are useful at the local and regional scale. 

B.
This slide shows the amount of population growth by census tract for the Georgia coast.  Each dot represents 10 people.  (Show Session 11 –Slide 9.)

C.
Session 26 provides examples of maps that depict the location of vulnerable populations, such as low-income households. 

D.
Census information for any local jurisdiction in then US can be downloaded from a number of online sources (e.g., www.census.gov) for little or no cost.

III.
A more precise source of information about existing land use and development can be found in a parcel-level database.  

A.
In most communities the county tax assessor will maintain a database of land parcels.  This database contains important information about the type of structure, its size and use, and the assessed value of the land and improvements. 

B.
If this database is in the form of a geographic information system (GIS), the attributes listed above will be linked to a map showing the location of the parcel.  (Show Session 11 –Slide 10.)

C. If you have a hazard map in electronic form (e.g., a Q3 Flood Hazard Map) and parcel-level database, the amount of developed and undeveloped land and even the number of structures subject to the hazard can be determined by overlaying them in a GIS. 

D.
More detailed data, such as the base floor elevation, for floods and hurricanes or detailed structural characteristics in the case of earthquakes will be necessary for detailed damage assessments.  This data will not be available in most communities, but can be collected through a special study if the need warrants it.  

IV. Critical facilities are those facilities that play an important role in supporting a communities’ response and recovery.  

A. Critical facilities include hospitals, police and fire stations, emergency shelters and infrastructure systems, such as water, sewer and electric power.  

B. Particular attention should be paid to the exposure of critical facilities to the hazard.  (Show Session 11 –Slide 11.)

________________________________________________________________________

Objective 11.3 Be familiar with the types of information systems available to support community building decisions.

Requirements:

The contents should be presented as lecture.

Remarks:
I.
Most communities maintain a number of information sources for other purposes that can provide important support in building a disaster resilient community. 

A. This information will primarily be in the form of either paper maps or electronic databases. 

B.  The electronic files may be either tabular databases (many tax assessors) or they me combine these databases with a map in a geographic information system (GIS).  (Show Session 11 – Slide 12.)

C. A GIS is a database linked to a map. (Show Session 11 – Slide 13.)  

D. A GIS allows one to understand the spatial relationship between different types of data.  Because it combines information from various layers, the GIS can be used to answer questions such as, “How many multiple family housing units are located in the 100-year flood zone?”  (Show Session 11 – Slide 14.)  

E. A good tutorial on the use of GIS in hazard management can be found at http://www.fema.gov/mit/tsd/OT_GISrq.htm.
F. Many communities have found that an enterprise wide GIS is a good way to organize all of their land related data.  In this type of system, the GIS is used as a platform to support sharing of data among numerous departments. (Show Session 11 – Slide 15). 

1. The county Tax Assessor will usually have a comprehensive list of land parcels that includes the owner’s name and address and the value of the land and improvements.

2.  The Planning Department will generally have hazard maps, such as the FIRM.  It will also have copies of the comprehensive plan and any background studies associated with it.  It will also have zoning maps and ordinances that describe what types of development are allowed in various locations.

3. The Public Works Department will have detailed information about the location of various infrastructure systems

4. The Fire Department may have information on hazardous materials. 

5. The Local Emergency Planning Committee (LEPC) also may information on hazardous materials.

________________________________________________________________________

Objective 11.4 Be exposed to the basic principles of risk assessment and, if possible, see a demonstration of HAZUS or a general purpose geographic information system.

Requirements:

The contents should be presented as lecture.

Remarks:
I.
While each of these sources of information can be important in their own right, risk assessment provides a more comprehensive framework for understanding the problem.

A.
Risk assessment is a process of analyzing the probability of various levels of damage to people and value of property.
B.
There are two types of risk assessment: scenario based and probabilistic.

1. Scenario-based risk assessment answers this type of question:  “If a 7.2 Richter magnitude earthquake happens on the New Madrid Fault, how much damage will occur in Carbondale, Illinois?

a. A scenario-based risk assessment would provide an answer like $100 million in direct damages and 30 casualties and the probability of that event occurring is .002 (once in 500 years).

b. The risk assessment would start by considering the probability of earthquakes of various magnitudes being generated by the source in question.

c. It would then analyze how the energy from that earthquake attenuates (decreases with distance) from the source to the site in question (our community).

d. The analysis would then consider how the local soils and geologic conditions might amplify the ground motion or produce secondary hazards, such as liquefaction.

e. The risk analysis would then classify the inventory of local buildings into several categories based on their structural characteristics (e.g. unreinforced masonry buildings).

f. The level of damage to each class of building would then be estimated using fragility curves based on engineering research.

g. The overall amount of damage would be calculated based on the level percentage of damage for each class of buildings times the number and value of buildings in that class.

h. This types and location of damage as well as the overall value of the losses can then be used to plan emergency response and to inform decision makers who are considering mitigation strategies regarding the magnitude of the problem.

2. Probabilistic risk assessment considers the entire distribution of hazard events.  It provides a weighted average (expected value) of the damage associated with all possible events.  This is a more complete way of considering risk, but is more difficult for decision makers who may not have extensive training in probability and statistics.  It is probably the more approipriate method to use

C.  
To make them useful in determining the costs and benefits of mitigation and emergency response programs, most risk assessment produce damage estimates in terms of economic losses.  Casualties and deaths cannot be readily translated into dollar terms, but are an important part of the overall risk.

D.
Calculating risk is a complex task and generally requires specialized software that combines the functionality of a GIS with damage models.  

1. The HAZUS system developed by FEMA is an excellent example of a scenario-based risk assessment system. 

2. It provides automated support for the steps listed in Section A above.

3. Originally, developed for earthquake risk assessment, it is being extended to address a wide range of hazards.

4. HAZUS provides a standardized framework to compare risk across communities and across hazards.

INTERACTIVE QUESTION - WE KNOW WE CAN REDUCE THE THREAT TO LIFE IF WE RETROFIT ALL OF THE UNREINFORCED MASONRY STRUCTURES IN OUR TOWN BECAUSE IT FACECS A SEVERE EARTHQUAKE HAZARD.  SHOULD THERE BE ANY LIMIT ON THE AMOUNT OF MONEY WE ARE WILLING TO SPEND TO MITIGATE THIS HAZARD?  IF SO, HOW WOULD YOU GO ABOUT DETERMININING THE APPROPRIATE AMOUNT?
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