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Hazard Mapping and Modeling

Objectives:

(1) To provide examples of environmental models for natural and man-made hazards;

(2) to provide a systematic framework for examining the nature and consequences of natural and man-made hazards; 

(3) to examine strategies that may be taken to utilize hazard modeling and mapping for the planning, response, recovery, prevent, and mitigation of hazards.  

Student Assessment:  


5 Graded Class Assignments (Graduate Students will have 7 Assignments)


4 Non-graded Class Exercises Required 


Group Community Hazard Class Project


Class Project, class presentation, poster:  
100 points

Research Project:  Class members will be asked to apply a hazard model or a GIS mapping application to a natural or man-made hazard.  Students will be asked to present a summary of their report to the class for discussion during the last two weeks of the class.

Undergraduate students will be asked to read one or more of the assigned readings.  Graduate students will be expected to read all assigned readings.  Graduate students will be asked to demonstrate a broader understanding of the nature of the hazards that provides the context of their report.    

Class Readings:  A bibliography containing readings from each session will be provided by the instructor.  Cases and readings will be assigned for each class session.

Session Topics:

Session 1:  
Introduction and Evolution of Hazards Modeling and Mapping  (3 hours)

Session 2:  
Technology Developments in Hazard Mapping and Modeling



(2 hours)

Session 3:  
Dispersion Modeling of Chemical Hazards using ALOHA (4 hours)

Session 4:  
Mapping the Impacts of Chemical Hazards (4 hours)

Session 5:  
Data and Spatial Analysis (1 hour)

Session 6: 
Modeling Flood Hazards (4 hours)

Session 7:  
Mapping the Impacts of Flood Hazards (4 hours)

Session 8:  
Communicating Risk (2 hours)

Session 9:  
Modeling Wind Hazards  (4 hours)

Session 10:  
Hurricane Storm Surge Modeling and Analysis: SHOSH (3 hours)

Session 11:  
Supporting Emergency Response Operations using GIS (3 hours) 

Session 12:
Supporting Emergency Recovery Operations (Debris Management) using

GIS (2 hours) 

Session 13: 
Hazard Mitigation through Mapping Hazards and Landuse (4 hours)

Session 14: 
Spatial Analysis of Populations at risk (2 hours)

Session 15:
Social, Legal, and Policy Issues in Utilizing Hazard Models and Mapping (2 hours)

Session 16:  
Summary: Hazard Modeling and Mapping (1 hour)

Additional Sessions:  *  Additional sessions will be prepared as a part of this course outline to allow the instructor to pick and choose which hazard models that are appropriate for the students and the background of the instructor.  The sessions will be designed in a format similar to the above topics associated with a) chemical hazards, b) flood hazards, c) wind hazards, and SLOSH.
Modeling Earthquake Hazards

Modeling Landslide Hazards

Modeling Wild Fire Hazards

Other hazards:  Tornados, heat waves, ice storms, tsunamis 

Appendices:

A. Spreadsheet of hazard models by type of hazard

B. GIS Hazard Data Sets 

C. Additional Resources for modeling and mapping

D. Guide for teaching the class by distance learning

E. Suggestions for teaching the class: links to the community, support for presentations on specific hazard models and or GIS, and service learning opportunities and strategies. 

Session 1:  
Introduction and Evolution of Hazards Modeling and Mapping  (3 hours)


(  Introduction to hazard modeling and mapping


(  Purpose of hazard mapping and modeling

(  Relationship between modeling and mapping hazard events


(  Benefits of modeling and mapping hazards


( Users or hazard modeling and mapping

(  Communicating hazard information with maps
(  The evolution of mapping hazards from cartographic design, primitive overlays, Choropleth maps, GIS outputs, through Cartographic animation

(  Impact of public policy on developments in hazard models and mapping

(  Explosion of data sources for modeling and mapping hazards.  
(  Communicating hazard information with maps
(  Aggregated Data Display within a GIS

(  Discuss the need to develop skills in interpreting a map

Class Exercise:  Members of the class will be provided a local “city map” and asked to identify a major intersection on a state or federal highway (or Interstate entrance).  Using this location, students are asked to identify the hazardous substance from a spill from a cylinder marked with the UN#: 1005 (noted in the 2000 Emergency Response Guidebook).  Using the recommended isolation zone from the ERG 2000, mark the isolation zone on the city map.  Identify special locations that should be notified of the spill and any protective action that they should take.  

 Exercise Discussion:  What limitations do the students see in modeling the chemical hazard from the exercise?  What special locations were identified in the exercise and why were they selected?  What advantages do the students see in using maps along with the ERG2000 Guide in visualizing the potential impact of a chemical spill / hazard scenario?  What would mapping modeling technology add to the hazards analysis process?  Why do we map and model the hazard?  How does hazard modeling and mapping contribute to emergency management?

Class Project: An introduction will be provided to the class on the nature and scope of the class project.  Students will be asked to work in groups in the preparation of hazard maps for a local community.  Opportunities will be provided during the class to apply hazard models for a local community, find and use local maps for the community, and prepare reports for discussion with local emergency management officials.  Assessment of the group and individual performance will be discussed.  The concept of service learning will be shared and discussed with the group.  The benefits for the class project / service learning opportunity will be discussed.


Readings:

Chakib Kara-Zaitri,  “Disaster prevention and limitation: state of the art; tools and 

Technologies,” Disaster Prevention and Management: An International Journal. Pp. 30 – 39, Vol. 5, Number 1, 1996.  

Cutter, Susan L. (2001) “The changing nature of risks and hazards,” American 

Hazardscapes: The Regionalization of Hazards and Disasters.  Joseph Henry 
Press.  
FEMA (1997).  Multi Hazard Identification and Risk Assessment: The Cornerstone of the


National Mitigation Strategy. Washington DC.  

U.S. Department of Transportation and Transport Canada (2000). 2000 Emergency Response


Guidebook. Washington D.C.

(Additional class readings will be identified to demonstrate the need for emergency planning and the advantages of utilizing telecommunication, remote sensing, mapping, and modeling technologies (i.e.: Galveston, TX hurricane, Western wildfires, and or Mid-west floods) 

References:  

Cliff, A.D. and Haggett,P. 1988. Atlas of disease distributions: analytical approaches to


Epidemiological data. Oxford: Blackwell Reference.

Cliff, A. D., P. Haggett, and M. Smallman-Raynor 1998. Deciphering global epidemics:

Analytical approaches to the disease records of world cities, 1888-1912. Cambridge: Cambridge University Press 1998.

Curtis, A., M., Leitner, and C. Hanlon 2002. Using Hierarchical Nearest Neighbor

Analysis and Animation to Investigate the Spatial and Temporal Patterns of Raccoon Rabies in West Virginia, in Geographic Information Systems and Health Applications, Ed: Khan, Johns Hopkins University, USA.
Kuhn, Katrin Garardbo, Diarmid H. Campbell-Lendrum and Clive R.Davis. 2002. A

continental risk map for malaria mosquito (Diptera: Culcidae) vectors in Europe. Entomological Society of America 39:4 621-630

Lobben, A. 2003. Classification and application of cartographic animation. The 


Professional Geographer 55 (3): 318-328.

Monomonier, M. How to Lie With Maps. University of Chicago Press, Chicago; 1991.

Monmonier, Mark. 1997 Cartographies of Danger, University of Chicago press, Chicago.

Rubin, Claire B. What Hazards and Disasters are Likely in the 21st Century – or Sooner? 

Boulder, CO: Natural Hazards Research and Applications Information Center.  Natural Hazards Research Working Paper #99.  See:  http://www.colorado.edu/hazards/wp/wp99.html 

The H. John Heinz III Center for Science, Economics, and the Environment.  The Hidden

Costs of Coastal Hazards:  Implications for Risk Assessment and Mitigation.  Island Press. Washington, DC 2000. 

Session 2:  
Technology Developments in Hazard Mapping and Modeling  (2 hours)

(  Uses and functions of mapping and modeling in emergency management and emergency services in the public private and non-profit sectors 

(  Changes in computer mapping and modeling technology

(  From large computer mainframes to laptops and pocket personal computers

(  Effects of fast powerful laptops & desk-tops, large hard drives, GPS, digital cameras,

remote and direct sensing technology

(  Federal agency and proprietary modeling initiatives (NOAA, Corps of Engineers, FEMA, and coastal agencies model natural processes i.e. SLOSH model)

(  National Flood Insurance Program (NFIP): from paper to digital mapping

(  The development of GIS programs in regional, state and local mapping units / agencies.

(  Development of integrated decision support systems with mapping and modeling – (EPA and NOAA’s CAMEO, FEMA HAZUS-MH, and the DTRA and FEMA CATS)

(  Effects of powerful software (animation, imaging (LIDAR), Geo Media / ArcGIS /

ERDAS), enhanced models, new high resolution data sources on modeling and mapping hazards

(  Integrating and coordinating GPS with GIS and other technologies

(  Evaluating the impacts and limitations of modeling and mapping technology

(  Centralized versus decentralized mapping and modeling systems utilizing the Internet and Web Mapping (Fire Hazard Index)


Readings:

Chakib Kara-Zaitri,  “Disaster prevention and limitation: state of the art; tools and 

Technologies,” Disaster Prevention and Management: An International Journal. Pp. 30 – 39, Vol. 5, Number 1, 1996.  

Fischer, Henry W. III. (1998) “The role of the new information technologies in

Emergency mitigation, planning response and recovery.” Disaster Prevention and Management.  Vol. 7 Number 1 MCB University Press.

Hill, Arleen A. and S. L. Cutter (2001) “Methods for determining disaster proneness,”

American Hazardscapes: The Regionalization of Hazards and Disasters. Susan L. Cutter Ed., Joseph Henry Press.  

National Academy of Public Administration, “Coping With Catastrophe: Building an

Emergency Management System to Meet People’s Needs in Natural and Manmade Disasters,” February 1993.  

Stalberg, Christian E. “ The Intelligent City and Emergency Management in the 21st 

Century” Proceedings: The International Emergency Management and Engineering Conference, April 18-21, 1994.

Session 3: 
Dispersion Modeling of Chemical Hazards using ALOHA (4 hours)

· Introduction to modeling hazard events

· Types of hazard models

· Purposes, uses and limitations of hazard models

· Atmospheric, terrestrial, aquatic pathways of hazardous substances

· Introduction to atmospheric dispersion

· Fundamentals of meteorology

· Diffusion and transport of gases and particles

· Models of dispersion

· Sources of pollutants

· Purpose, applications, users and limitations of ALOHA

· ALOHA requirements (data, type of computer, interface, remote access)

· Sources of input data (meteorological and release data) 

· Accuracy, sensitivity, reliability and uncertainty of ALOHA
· Modeling of a chemical hazard in an urban environment.  The class activity introduces ALOHA through a pre-run release of Chlorine in an urban environment.  Students will be expected to use ALOHA to execute release transportation and fixed site scenarios for other hazardous substances in both urban and rural areas. (Class activity using ALOHA)
· Applications for emergency planning, response, recovery and mitigation (class activity using ALOHA)
· Using ALOHA: implications for public policy
· Other resources for modeling support (on-line weather stations, river gauge stations, Internet support, GPS)
· Unique applications / capabilities (3-D Visualization, animation, etc.)

· Evaluation criteria for assessing ALOHA and other hazard models
· What are some other chemical hazard models?  How do they differ from ALOHA?
· Where is the technology going for understanding chemical hazards?
ALOHA is available from the following Internet site:

http://www.nwn.noaa.gov/sites/hazmat/cameo/aloha.html
Readings:
ALOHA (1999).  U.S. EPA, Washington, DC. Also available at the following Internet site: 

http://www.epa.gov/ceppo/cameo/aloha.htm

References:

Dabberdt, W.F. ed. (1984). Atmospheric Dispersion of Hazardous/Toxic Materials from

Transportation Accidents. International Center for Transportation Studies. Elsevier, Amserdam.

Drager, K. Harald, Gunnar G. Lovas, J. Wiklund and Helge Soma.  “Objectives of 

Modeling Evacuation from Buildings During Accidents:  Some Path-Model Scenarios,” Journal of Contingencies and Crisis Management.  Vol. 1 #4, Dec. 1993.

Response," The ASPEP Journal. 1998. (Pp. 93-98).

Goodchild, Michael F.; Parks, Bradley O.; Steyaert, Louis T. Environmental modeling

 with GIS.  Oxford University Press: New York. 1993.

Hanna, S.R, Briggs, G.A., Hosker, R.P. (1982), Handbook on Atmospheric Diffusion. DOE/TIC-

11223. 

Slap, Albert J., Daniel Hillman, and David Moore.  "Expert Systems in Emergency

Till, J.E, Meyer, R.H. (1983) Radiological Assessment. A textbook on environmental dose analysis.

NUREG/CR-3332. US Nuclear Regulatory Commission, Washington, DC 20555.

Randerson, D. ed. (1984) Atmospheric Science and Power Production. DOE/TIC-27601, US Department of Energy, Office of Entergy Research, Office of Health and Environmental Research.
Walker, George R. “Current Developments in Catastrophe Modelling,” Financial Risk

Management for Natural Catastrophes.  Edited by Neil R. Britton and John Oliver.  Proceedings of a conference sponsored by Aon Group Australia Limited. 1997.
Puddle evaporation
· Brighton, P. W. M. 1985. Evaporation from a plane liquid surface into a turbulent boundary layer. Journal of Fluid Mechanics 159:323-345. 
· Brighton, P. W. M. 1990. Further verification of a theory for mass and heat transfer from evaporating pools. Journal of Hazardous Materials 23:215-234. 
· Briscoe, F., and P. Shaw. 1980. Spread and evaporation of liquid. Progress in Energy and Combined Science 6(2):127-140. 
· Carslaw, H. S., and J. C. Jaeger. 1959. Conduction of Heat in Solids. London: Oxford University Press. 
Tank Emission
· Belore, R., and I. Buist. 1986. A computer model for predicting leak rates of chemicals from damaged storage and transportation tanks. Report EE-75. Ottawa, Ontario, Canada: Environmental Emergencies Technology Division, Environment Canada. 
· Briscoe, F., and P. Shaw. 1980. Spread and evaporation of liquid. Progress in Energy and Combined Science 6(2):127-140. 
· Britter, R. E., and J. McQuaid. 1988. Workbook on the Dispersion of Dense Gases. HSE Contract Research Report No. 17/1988. Sheffield, Great Britain: Health and Safety Executive. 
· Fauske, H. K. 1985. Flashing flow: some practical guidelines for emergency releases. Plant/Operations Progress 4(3):132-134. 
· Fauske, H. K., and M. Epstein. 1988. Source term considerations in connection with chemical accidents and vapor cloud modeling. Conference on Vapor Cloud Modeling. New York: Center roceedings, International for Chemical Process Safety, American Institute of Chemical Engineers. 
· Fisher, H. G., H. S. Forrest, S. S. Grossel, J. E. Huff, A. R. Miller, J. A. Noronha, and B. J. Tilley. 1989. The Design Institute for Emergency Relief Systems (DIERS) Project Manual, Version IV. New York: American Institute of Chemical Engineers. 
Gas Pipeline Emission
· Bell, R. 1978. Isopleth calculations for ruptures in sour gas pipelines. Energy Processing/Canada 71(4):36-39. 
· Wilson, D. J. 1979. The release and dispersion of gas from pipeline ruptures. Alberta Environment Research Report, Contract 790686. Edmonton, Alberta, Canada: Air Quality Control Branch, Alberta Environment. 
· Wilson, D. J. 1981. Expansion and plume rise of gas jets from high-pressure pipeline ruptures. Alberta Environment Research Report, Contract 810786 (reissued April 1986). Edmonton, Alberta, Canada: Air Quality Control Branch, Alberta Environment. 


Atmospheric dispersion algorithms: 

· Hanna, S.R., G.A. Briggs, and R.P. Hosker, Jr. 1982. Handbook on atmospheric diffusion. Report DOE/TIC-11223. Oak Ridge, Tennessee: Technical Information Center, U.S. Department of Energy. 
· Palazzi, E., M. DeFaveri, G. Fumarola, and G. Ferraiolo. 1982. Diffusion from a steady source of short duration. Atmospheric Environment 16(12):2785-2790. 
· Beals, G. A. 1971. Guide to local diffusion of air pollutants. Technical Report 214. Scott Air Force Base, Illinois: U.S. Air Force, Air Weather Service. 
· Havens, J. A. and T. O. Spicer. 1985. Development of an atmospheric dispersion model for heavier-than-air gas mixtures, Vol. I. Report CG-D-22-85 to U.S. Coast Guard. Washington, D. C: Office of Research and Development, U.S. Coast Guard, U.S. Department of Transportation.
Session 4:  
Mapping the Impacts of Chemical Hazards (4 hours)

Class Activity:  Review of Marplot / LandView GIS (point, polygon, and line layers used in emergency management) – What data layers come with LandView?  How could this information help emergency management?  When and how are the layers updated and distributed?

(  Comparison of hazard vulnerability and consequence assessment

(  Uneven distribution of risk

(  Introduction to spatial aggregation 

(  Sensitivity analysis

Class Activity: Comparing population estimates using Census tracts, block groups, and block data - .  Evaluating data layers (data quality and spatial uncertainty of Census data)

(  Hazards analysis and mapping social vulnerability using Census Bureau data to determine who is impacted 

(  Geography and hazards – their impacts on communities (class activity examining the impacts of bridges, water features & wetlands, & changes of elevation)

Class Activity: Using model results and GIS (roadblocks & selective evacuation routes)

(  Clarifying uncertainty in Aloha

(  Working with other organizations in GIS (formats, confidentiality, & maintenance)

(  Issues in GIS: Finding and importing data sets (categories of critical infrastructure)

USGS road features – reviewing a meta data file)

(  Assessment of Marplot and Landview (GIS) in emergency management

(  Advantages of combining GIS layers with photos (identify sources of photos)

Provide some examples of how models and mapping supported effective emergency management associated with chemical hazards.

Class Activity:  Identify types of critical infrastructure for emergency management  
(  During this session, students will be shown how to find and download the Marplot program and data sources that may be used with Marplot.  A discussion will also be held to examine what additional local data would be useful in emergency management and potential sources of these data sets.

Class Activity:  Evaluate local sites as potential targets for terrorism.  Criteria for assessing local weapons of mass destruction (WMD) to be provided in this activity.


Readings:

Hodgson, Michael E. and S. L. Cutter (2001), “Mapping and the spatial analysis of 

hazardscapes,” American Hazardscapes: The Regionalization of Hazards and Disasters. Susan L. Cutter Ed., Joseph Henry Press.  

Pine, John C. Erno Sajo, and Rebecca East.  An Assessment of the Transportation of

Extremely Hazardous Substances for the Southern Mississippi River Corridor. Journal of the American Society of Professional Emergency Planners, November 1998.  

Thomas, Deborah S.K. (2001) “Data, data everywhere, but can we really use them?”

American Hazardscapes: The Regionalization of Hazards and Disasters. Susan L. Cutter Ed., Joseph Henry Press.  

??  Evaluating GIS (Dan Kotter) – Orange Book

??  “Critical Infrastructure Categories”  
PDC 63

References:

Baranowski, Tom, Hari H. Dayal, Yi-hwei Li and Ralph Morris.  Hazardous chemicals:

psychological dimensions of the health sequelae of a community exposure in Texas.  Journal of Epidemiology and Community Health.  48  pp. 560-568. 1994.

Cutter, Susan L. Minhe Ji. "Trends in U.S. hazardous materials transportation spills," The

Professional Geographer, Vol. 49, No. 3, 1997.

Cutter, Susan L. and John Tiefenbacher.  Chemical hazards in urban America.  Urban

Geography, 12 5 pp. 417-430.

DOT (2000). Department Evaluation of Hazardous Materials Transportation Safety. 

Washington DC. 

Federal Emergency Management Agency (FEMA), EPA, and DOT. Handbook of 

Chemical Hazards Analysis Procedures. Washington, D.C. 1987.  (Chapters 1 – 4). National Response Team (2001). NRT-1 Hazardous Materials Planning Guide. Washington, DC.   http://www.epa.gov/swercepp/p-tech.htm#nrt-1
Lovett, A. A., J. P. Parfitt, and J. S. Brainard. "Using GIS in risk analysis: A case study

of hazardous waste transport." Risk Analysis, Vol. 17 No. 5, 1997.

Rothberg, Paul F. and Fred Abousleman (2000).  Hazardous Materials Transportation

Safety – Federal Program and Legislative Issues. National Council for Science and the Environment. Washington DC.

EPA (1999). “Risk Screening and Environmental Indicators.”

 www.epa.gov/opptintr/env_ind/index.html  


EPA (1999).  “EPA’s Framework for Community-Based Environmental Protection.”

Office of Policy Office of Reinvention, EPA 237-K-99-001.

Governmental Accounting Office (GAO) (2001). Chemical Risk Assessment in Selected

Federal Agencies: Procedures, Assumptions and Policies.  Washington DC.  

Session 5: 
Data and Spatial Analysis (1 hour) 

Session 6: 
Riverine Flooding Using HAZUS-MH  (3 hours)


(  Introduction to riverine flooding


(  HAZUS-MH Riverine Flood Modeling (purpose, limitation, users)


(  Requirements / special capabilities (data, type of computer, remote access, or interface) 


(  Applications for emergency planning, response, recovery and mitigation


(  Implications for public policy 

(  Accuracy and sensitivity of the model

(  Utilization of and application of other technologies (weather stations, river gauge stations, Internet / Web interface, GPS.

(  Evaluating the modeling and mapping (GIS) interface

(  Where is the technology going for understanding flood hazards?
Readings:

FEMA (2003).  HAZUS-MH Riverine Flood Model Technical Manual. Washington D.C.

References:

Foreman, Christopher H. Jr. “A Winning Hand? The uncertain future of environmental 

justice,” The Brookings Review, Spring 1996, Vol 14 No.2, Pages 22 – 25

 
http://www.brook.edu/PUB/REVIEW/foresp96.htm
EPA/230-E-92-008, Environmental Equity: Reducing risk for all communities ( 2

volumes) http://www.epa.gov/opperspd/just3.htm
EPA.  Inclusion of Environmental Justice in Comparative Risk Projects.”  January 1995. 

http://www.epa.gov/comp_risk/futures/risk/topics/enviro-just/appendix4.txt
EPA, Interim Final guidance for incorporating Environmental Justice concerns in EPA’s

NEPA Compliance Analyses. September 30, 1996.  

Perlin, S.A., Setzer, R.W., Creason, J., and Sexton, K. Distribution of Industrial Air

emissions by Income and Race in United States: An approach using the toxic release inventory, Environmental science and Technology, 29(1), 1995.

Yandle and Burton: Reexamining Environmental Justice: A Statistical Analysis of

Historical Hazardous Waste Landfill sitting patterns in Metropolitan Texas. Social Science Quarterly, September 1996, Volume 77, Number 3, pp.477 – 492.

Session 7:  
Mapping the Impacts of Riverine Flooding Hazards (4 hours)


( Economic vulnerability and consequence assessment for planning, response and recovery;


( Supporting public warnings, evacuation routing, and road closures for multiple hazard

zones;


( Utilizing high resolution contour data (USGS LIDAR DEM)


(  Does scale matter?  

(  Sources of economic data (Dunn and Bradstreet) 

(  Building a local data set for consequence assessment - Is it worth the effort to develop local data sets?


(  Presentation of model results to public officials and the media

(  Using (remote sensing data) high resolution air photos of a local community in

 verification of model outputs


Provide some examples of how models and maps were used effectively in emergency management during flooding events

ArcGIS with Spatial Analysis will be required for the course as well as FEMA’s HAZUS-MH program.  

Class Activity:  Invite a local landuse planner to participate in this session and class activity.  Get other local agencies to be involved.  Why is it so important to have multi-agency involvement in vulnerability assessment?

1) Buyout or Elevation – What should we do?

2) Examine the vulnerability of a local community to flood hazards.  Where are the greatest risks?  

Class Activity:  Introduce INCAST to the class and discuss the type of local data that could be developed for emergency management.  Require the class to identify and build a small data set.  

?? Robert Harris:  Univ. of Colorado – NOAA – (possibly visualization of hazards)

Class Activity:  How can we create a balanced approach to vulnerability assessment and the communication of risk? (See Nate Wood’s article -  get reference – possibly use as a basis for a class activity)  

??  Find Pam Pogue’s Rhode Island E. Management article.


Readings:

Amdabl, Gary (2001). “Forest Falls: A model of a mudslide,” Disaster Response: GIS for

Public Safety. ESRI Press.

Abranovitz, Janet (2001). Unnatural Disasters. Worldwatch Institute.  Washington D.C. 

National Academies Press (2003).  Tracking and Predicting the Atmospheric Dispersion of

Hazardous Material Releases.  National Research Council, Washington D.C.

Parker, Dennis, Maureen Fordham, Sylvia Tunstall, and Anne-Michelle Ketteridge. 

“Flood warning systems under stress in the United Kingdom,”  Disaster Prevention and Management:  An  International Journal.  Vol. 4 #3, 1995  pp. 32–42.

Wahl, Kenneth L., Wilbert O. Thomas, Jr., and Robert M. Hirsch (1995). “Stream

-Gauging Program of the U.S. Geological Survey,”  U.S. Geological Survey Circular 1123, Reston, Virginia, 1995, By. http://water.usgs.gov/public/realtime.html
References:  

Kiester, Jr. Edward.  “Water, Water, Everywhere.” Smithsonian.  Washington, D.C.:


August 1997, Vol. 28, No. 3.  Pp. 34 – 45.
Haimes, Yacov Y. Krzysztofowicz, Roman; Lambert, James H.; Li, Duan; Tulsiani,

Vigay. Army Corps of Engineers. Institute for Water Resources.  “Risk Based Evaluation of flood warning and preparedness systems,” Volumes 1 & 2. Water Resources Support Center National Technical

Information Service, Springfield, Va. November 1996.

National Research Council.  The impacts of natural disasters: a framework for loss

estimation.  Commission on Geosciences, Environment, and Resources. National Academy Press. Washington, D.C.  1999.
Wachtendorf, Tricia.  A river runs through it:  cross border interaction during the 1997

Red River flood.  Disaster Research Center. Newark, DE  

Session 8:  
Communicating Risk (2 hours)

(  Communicating risk to public officials in an emergency


(  Communication strategies for public dissemination of risk


(  Communicating with the media
In sessions 4 and 6, students were asked to prepare reports examining the impacts of a chemical release and a flood on a local community.  This session builds on the student’s experience in using GIS and modeling outputs in hazard risk communication.  Future hazard and GIS sessions will apply the principles introduced in this session.

This session examines the principles of communicating the risk to the public, public officials, agency staff, other emergency management professionals, or the private sector.  A class activity will require students working in groups to communicate a risk to a specific audience and evaluate the effectiveness of that communicatin.

Session 9:  
Modeling Wind Hazards  (4 hours)

(  Introduction to modeling wind hazards (the HAZUS-MH Wind Model will be 

used as a part of this session)

(  Purpose of the model including identification of the intended user


(  Overview of wind hazards, damage mechanisms, and model development

Provide some examples of how modeling and mapping of wind hazards has supported effective emergency management

(  Model outputs (direct wind damage estimates, tree damage, damage due to wind driven rain, etc)


(  Limitations of the model

(  Accuracy and sensitivity of the model

(  Computational Requirements / special capabilities (type of computer, remote access, or interface) 

(  Data requirements

(  Application of the model to different hurricane scenarios 

(  Changing building code requirements, permitting, and inspections to reduce damage

(  Damage estimation


(  Where is the technology going for understanding wind hazards?

Readings:

Lavelle, Vickery, Schauer, Twisdale, and Laatsch, “The HAZUS-MH Hurricane Model.” Proceedings, 11th International Conference on Wind Engineering, Texas Tech University, June 2003, pp. 1015-1022

FEMA and National Institute of Building Sciences (2003). (Chapter 1, Appendix A - C)  Multi-hazard Loss Estimation Methodology – Hurricane Model.  HAZUS-MH User Manual.  FEMA and National Institute of Building Sciences. Washington, D.C.
References:


FEMA (2003).  HAZUS –MH Wind Hazards User and Technical manuals.  Washington D.C. 

Cope, A. and Gurley, K., Pinelli, and Hamid“A Simulation Model for Wind damage Predictions in Florida”, 11th International Conference on Wind Engineering, Texas Tech University, June 2003.  pp. 1537-1546.
Cope, A., Filliben, J., Gurley, K., Pinelli, J.P., Simiu, E., Subramanian, C., and Zhang L., “A Hurricane Damage Prediction Model for Residential Structures”, 9th International Conference on Applications of Statistics and Probability in Civil Engineering (ICASP-9), San Francisco, July 6-9, 2003.

Goliger, Retief, and Nieman.  Wind damage/disaster model part 1: generic algorithm. Proceedings, 11th International Conference on Wind Engineering, Texas Tech University, June 2003.pp. 1023-1030.

Goliger, Retief, and Nieman.  Wind damage/disaster model part 2: application. Proceedings, 11th International Conference on Wind Engineering, Texas Tech University, June 2003.pp. 1031-1038..
Session 10:  Hurricane Storm Surge Modeling and Analysis: SLOSH (3 hours)


(  Introduction to hurricane modeling

(  Purpose, use and limitations of SLOSH

Provide some examples of how modeling and mapping have supported effective emergency management associated with hurricane hazards


(  Where is the technology going for understanding hurricane hazards?

Readings:

References:
Session 11:  
Supporting Emergency Response using GIS (3 hours) 


(  How does GIS and modeling fit into emergency response operations?

Class Activities: Using GIS and hazard modeling for emergency preparedness, response and recovery: 

· shelter assessment

· evacuation routing

· staging areas for response

· Community warning
· Selecting a specific emergency operations site
(  Fundamentals of the GPS


Real time tracking of response vehicles


Dispatch of emergency response using GIS

(  Application of GPS to hazard mapping and modeling (use the California wildfire response efforts including monitoring / tracking emergency operations using GPS)


(  Differential corrections (real-time and post-processing)


(  GPS accuracy and limitations 

(  Accuracy of maps: implications for emergency operations and public policy

(  Wireless technology for communication and GPS

              (  Unique applications / capabilities (3-D Visualization, animation, etc.)

( Integrating multiple agency GIS in emergency operations
This session provides an introduction to the fundamentals of the Global Positioning System (GPS) and how GPS collected data can be utilized within a Geographic Information System (GIS) environment.  GPS is currently causing a renaissance of the surveying, and mapping professions.  GPS and GIS are being applied to such diverse areas as public safety, utility mapping, transportation and fleet management, agriculture and recreation area mapping, resource management, hazard characterization, and many more.

GPS can be used in the field by emergency personal to collect positional data of a specific hazard.  GPS collected data together with digital images/video that would show the extent of the hazard can be sent via wireless technology to a server in the emergency center facility in real-time.  Experts in the emergency center facility evaluate and analyze the incoming information.

Readings:
Amdabl, Gary (2001). “Tualatin Valley Fire and Rescue,” Disaster Response: FIS for Public Safety.

ESRI Press.

?? American Planning Assn. – Jim Schwab’s book

?? check with Gavin Smith concerning his recommendations on what to include in this session.

?? Michael Goodchild (Univ. of Calf. S.B. for information)  Tom Cova

References:

French, G. T. 1996. Understanding the GPS - An Introduction to the Global Positioning System 

1th ed. or latest). Bethesda, MD: GeoResearch, Inc.

Steede-Terry, K. 2000. Integrating GIS and the Global Positioning System. Redlands, CA: ESRI.

Stewart, Rosowsky, and Huang.  “Hurricane Risks and Economic Viability of Strengthened Construction.” Natural Hazards Review, Vol. 4, Number 1, Feb. 2003. pp. 12-19.
Lavelle, Vickery, and Twisdale.  “Hurricane Mitigation Cost/Benefit Analysis for Hawaii”. Proceedings, 11th International Conference on Wind Engineering, Texas Tech University, June 2003.pp. 1639-1646.  
Young and Twisdale.  “Wnd borne debris protection – A Cost-benefit analysis. Proceedings, 11th International Conference on Wind Engineering, Texas Tech University, June 2003.pp. 1671-1678.

Session 12: 
Supporting Recovery Operations (Debris Management) using GIS 

(2 hours)

Readings:
References:

Session 13:  
Hazard Mitigation through Mapping Hazards and Landuse (4 hours) 

(  Using GIS in assessing the impacts of changes in land use regulation, zoning, and development activities;

(  Understanding the relation between urban and coastal development activities and air quality and water quality;

(  Land use practices and their relation to the impacts of floods and hurricanes on water quality;

(  Land use practices mitigating hazards associated with chemical processing operations (production, use, storage, transportation of hazardous materials & waste;

(  2D and 3D presentation and analysis functions for land use planning and decision-making.  

Readings:

Primer on Natural Hazard Management in Integrated Regional Development Planning,


(http://www.oas.org/usde/publications/Unit/oea66e/begin.htm#Contents)

Land Use Regulations in New Jersey: http://www.nj.gov/dep/landuse/njac/njac.html
References:

Honachefsky, William B., Ecologically Based Municipal Land Use Planning, 1999, Lewis

Publishers.

Bhaduri, B. 1998. "A GIS-based model to assess the long-term impacts of land use change on hydrology and nonpoint source pollution." Unpublished Ph.D. Thesis. Purdue University, Department of Earth and Atmospheric Sciences, West Lafayette, Indiana

Bhaduri, B., Grove. M., Lowry, C., and Harbor, J. 1997. "Assessing the long-term hydrologic impact of land-use change: Cuppy McClure watershed, Indiana." Journal of the American Water Works Association, 89, p. 94-106.  LTHIA: http://www.ecn.purdue.edu/runoff/lthianew/
Jeffrey A. Henderson, et al., GIS and The Floodplain Management Planning Progress in Washington State, (http://gis.esri.com/library/userconf/proc96/TO150/PAP149/P149.HTM)

US Code, Title 33, Chapter 36, Section 2318, Hazard Plain Management http://www4.law.cornell.edu/uscode/33/2318.html
Session 14:
 Spatial Analysis of Populations at Risk (2 hours)

(  Uncertainty of spatial information 

(  Spatial filtering 


(  Collecting and using field collected data (case example of INCAST)


(  Ensuring data accuracy and completeness 


(  Visualizing risks for communication

(  Introduction to local area spatial analysis (Identifying hot spots) (Tornado alley)

(  Evaluating data sources (new sources of data)

(  Spatial resolution and scale

(  Kernel Density Analysis

(  Matching different data sources

(  Analysis of a case study application of Kernel Density Analysis using a 911 

(  Communication District handicap population data set:  Establishing priorities in emergency response and recovery

Hazards have different impacts in a community reflecting variations in geography, social characteristics, or economic conditions.  A case study utilizing the Kernel Density Analysis will be provided as a reading for this class.  The The following class outlines a method that can be used to identify neighborhoods most likely to experience adverse impacts in a disaster.  Students will be taught how to run a Kernel Density Analysis, which identifies hot spots within any point based data set such as flood claims, building type, crime location, or use of a structure. This technique can be applied to a single variable (e.g., terrorist threat) or to two variables (e.g., building location and type). Kernel density estimations will be calculated using CrimeStat 2 a public domain software that can be downloaded for free from the following website:
http://www.ojp.usdoj.gov/nij/maps/tools.html
References:

Bailey TC, Gatrell AC (1995) Interactive spatial data analysis. Longman, Essex.

Burt JE, Barber GM (1996) Elementary statistics for geographers. The Guilford Press,


New York.

Levine N (2002) CrimeStat II: A spatial statistics program for the analysis of crime

incident locations National Institute of Justice, Washington DC.

Levine, N., Karl, E. K., and L. H. Nitz (1995a). "Spatial analysis of Honolulu motor

vehicle crashes: I. Spatial patterns". Accident Analysis & Prevention, 27(5), 663-674.

Levine, N., Karl E. K., and L. H. Nitz (1995b). "Spatial analysis of Honolulu motor

vehicle crashes: II. Generators of crashes". Accident Analysis & Prevention, 27(5), 675-685.
Williamson D, McLafferty S, Goldsmith V, McGuire P, Mollenkopf J (1998) Smoothing 

crime incident data: New methods for determining the bandwidth in kernel estimation. Proceedings of the 18th Annual ESRI International User Conference, http://gis.esri.com/library/userconf/proc98/PROCEED.HTM, last accessed 9/7/2002.

Readings:

Fotheringhham, A.S., Charlton, M, amd C. Brunsdon 2000 Quantitative Geography : Perspectives on Spatial Data Analysis,  Sage Publications

Gatrell, Anthony,C. 2002. Geographies of Health. Blackwell Publishers, Oxford. 


Rushton G, Lolonis P. Exploratory spatial analysis of birth defect rates in an urban population. Statistics in Medicine 1996; 15:717-26

Pine, John C., B. Marx, and A. Lakshmanan (2002).  The Relation of Distance to Race. 

Social Science Quarterly. Special Issues.

Rushton G, Krishnamurthy R, Krishnamurti, D, Lolonis,P, and Hu Song 1996 The spatial

relationship between infant mortality and birth defect rates in a U.S. city, Statistics in Medicine, 15: 1907-1919. 

References:

Duncan C, Jones K, Moon G. Health-related behavior in context: a multilevel approach. Social Science and Medicine 1996; 42:817-830.

Elliott P, Briggs D, Morris S, de Hoogh C, Hurt C, Jensen TK, Maitland I, Richardson S, Wakefield J, Jarup L. Risk of adverse birth outcomes in populations living near landfill sites. British Medical Journal (clinical research edition) 2001; 323 (7309):363-8.

Fotheringham AS, Brunsdon C, Charlton ME. 1998. Geographically weighted regression: a natural evolution and expansion ethod for spatial data analysis. Environment and Planning A 1998; 30: 1905-27
O’Campo P, Xue X, Wang MC, Caughy M. Neighborhood risk factors for low birthweight in Baltimore: a multilevel analysis. American Journal of Public Health 1997; 87:1113-1118

Openshaw S, Charlton M, Craft AW, Birch JM. Investigation of Leukemia clusters by the use of a geographical analysis machine. The Lancet, I, 1988; 272-273

Pickett K, Pearl M. Multilevel analyses of neighborhood socioeconomic context and health outcomes: a critical review. Journal of Epidemiology and Community Health 2001; 55:111-122.

Session 15:
Social, Legal, and Policy Issues in Utilizing Hazard Models and Mapping (2 hours)


(  Liability issues associated with hazard modeling and mapping



Communicating false information



Claims of taking of property based on hazards modeling and mapping


(  Public Communication of risk


(  Budget constraints in public, private, and non-profit agencies in developing and

maintaining modeling and mapping activities

(  Ethics and modeling

(  Maintaining a balanced approach to hazard and vulnerability assessment 

(  Community right to know and access to information 

Readings:

Cutter, Susan L. (2001) “Charting a course for the next two decades,” American

Hazardscapes: The Regionalization of Hazards and Disasters. Susan L. Cutter Ed., Joseph Henry Press.  

Kletz, Trevor A. (1996) “Risk – two views: the public’s and the experts’” Disaster 

Prevention and Management.  Volume 5 #4.  pp. 41 – 46.
Kirkwood, Alan Sidney,  “Why do we worry when scientists say there is no risk?” 

Disaster Prevention  and Management, An International Journal.  Vol. 3 No 2, 1994 pp. 15 – 22.
Pine, John C. (2002), “Liability in Response to Hazardous Materials Spills” The 

Handbook of Hazardous Materials Spills Technology. McGraw-Hill.

References:

Smith, Denis.  “On a Wing and a Prayer?  Exploring the Human Components of

Technical Failure,” MCB University Press, http://www.co.uk/confhome.htm 1996.

Fortune, Joyce, and Geoff Peters. Learning from Failure: the systems approach. New

York, NY: John Wiley & Sons, 1995.
National Academy Press. “Technology: Research Problems Motivated by Application

Needs,”  Computing  and Communications in the Extreme: Research for Crisis Management and Other Applications.  Washington, D.C. 1995.  PP 1 – 30.  Available on the Internet at http://www.nap.edu/readingroom/books/extreme.

Rogers, George O. (1998).  “Siting Potentially Hazardous Facilities:  What factors impact

perceived and acceptable risk.”  Landscape and Urban Planning: An International Journal of Landscape Ecology, Landscape Planning and Landscape Design  39:265-281.

Session 16:  
Summary  (1 hour)


(  Change and developments in hazard modeling and mapping 

(  Issues in finding and using data

(  Applications of hazard modeling and mapping in other professions (health care, education, community planning, public works, social services, business, and transportation)

(  How do we ensure that the technology is balanced with the human elements of emergency management?

(  Student Self Assessment: 

(  What gaps exist in my knowledge, skills and abilities?   

(  What do I need to know?

(  What does mapping and modeling of hazards contribute to my discipline / profession?

