Hazard Mapping and Modeling

Objectives:

(1) Students will understand the basic elements of mapping hazardous environments and how maps contribute to our understanding of hazards.

(2) Students will understand the elements of environmental models for natural and man-made hazards and how they are used in emergency management;

(3) Students will be able to assess the strengths and limitations of environmental models that characterize the nature and consequences of natural and man-made hazards; 

(4) Students will be able to apply strategies that 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.    


Plagiarism
Students are expected to follow institutional guidelines on individual work and providing credit for someone else's words, ideas, or data.

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 1:
Introduction to and Evolution of Hazard Mapping and Modeling

Objectives:
1.1    
Introduce instructor and students.

1.2    
Review the overall goal of the course and the objectives of this session.

1.3   
Review the student requirements, responsibilities and session assignments.  
 
1.4    
Review the criteria for a student evaluation in this session.

1.5    
Clarify use of the terms “hazard” (a description) and “risk” (a measurement) to establish that they are not synonymous and should not be substituted for each other.

1.6    
Clarify the definitions for and classify examples of natural hazards, technological hazards and intentional hazards and differentiate between a hazard and a disaster.      
1.7   
 Introduce the concepts in “The Universe of Hazards” diagram.

1.8    
Discuss the Causal Model for Technological Hazards.
1.9    
Discuss the Hazard Management Mapping Model.
1.10 Consider the many roles of mapping in emergency management today.

1.11 Discuss the concepts central to hazard mapping and modeling and develop the supporting elements of the concepts considered including:  frequency, magnitude, vulnerability, risk, adjustment, preparedness, mitigation, georeferenced data files and crisis mapping.
1.12 Review the historic development of hazard mapping and modeling from Dr. John  Snow’s 1855 map through the laws that increased U.S. hazard mapping from the 1960's to 2003.

1.13
Cooperatively evaluate this session through discussion questions.

Scope: 
The instructor and students will introduce themselves to the class and share information about their experiences with disasters and hazard mapping and modeling. This should lead to a discussion of the overall goal of the course, the objectives of this session and the criteria for a student evaluation in this Session 1. By welcoming student questions about the course syllabus, establish clear guidelines for: 1) expected student participation and conduct in class, 2) the number of out-of-class assignments to be submitted and 3) the number of lab assignments to be completed. Discussion of the difference between the definition for hazard and for risk is expected to aid students in avoiding using them synonymously. Through class discussion help students differentiate between the three major classes of hazards: natural, technological and intentional. To encompass the big picture of hazardousness in the world, encourage elicitations from students while exploring The Universe of Hazards diagram. Compare and contrast varying definitions for natural hazards with key terms and basic concepts such as natural disasters, risk, vulnerability, resilience, and adjustment. When presenting the model of Hazard Management Mapping, challenge students to identify within the model the four stages of emergency or disaster management - mitigation, preparedness planning, response and recovery. A timeline of the effects of legislation on the historic evolution of hazard mapping and modeling will be reviewed. Give students an opportunity to express their opinions about this session.  

Session 2:      Technology Developments in Hazard Mapping and Modeling

Objectives: 
2.1 Trace the development of computer technology and its effects on hazard mapping and modeling by comparing the use of computer technology for response in the field during an emergency and for recovery after an emergency event (mapping) with computer use for modeling (personal computers vs. mainframes).

2.2 Describe the role of Geographic Information Systems (GIS) in emergency mapping and hazard modeling. 

2.3 Contrast the methods of direct sensing of data for emergency management with the technology available for remote sensing.

2.4 Discuss the National Flood Insurance Program (NFIP) and explain the mapping it achieved.

2.5 Explain the use of models of natural processes such as SLOSH (Sea, Lake and Overland Surges from Hurricanes)

2.6 Discuss the use of various integrated decision support systems such as CAMEO, ALOHA, HAZUS-MH, etc.

2.7 Explain the importance of Internet Map Servers such as ESRI’s, ArcIMS, AutoDesk’s, Mapide, INTEGRAPH’s GeoMedia Web Map and Small World’s Internet Application Servers, etc.

2.8 Describe experience in integration of GIS (Geographic Information Systems) and GPS (Global Positioning Systems).

2.9 Identify the pitfalls in use of technology for emergency management.

2.10 Speculate about and identify emerging technologies for application in mapping and modeling for emergency management.

2.11 Elicit from students their opinions about the content and effectiveness of this session.

Scope: 
Tracing the development of computer technology and its influence on hazard mapping and modeling leads to an historical review of the development of Geographic Information Systems (GIS), the National Flood Insurance Program, models of natural processes such as SLOSH, the integrated decision support systems available, the existing Internet Map Servers and the most recent powerful software for animation, imaging and Geographic Information Systems (GIS). Integration of modern technology is revealed by reviewing the process required to integrate GIS (Geographic Information Systems) and GPS (Global Positioning Systems). Give students the opportunity to express their ideas about the driving forces behind the future of information technology for mapping and modeling. Students should also be given the opportunity to declare their opinions about this session
Session 3:
Introduction to Mapping

Objectives:

3.1
Provide a Basic Definition and Concepts of a Map
3.2
Provide an Overview of Important Map Types

3.3
   Discuss Other Important Mapping Issues
Scope:
    The oldest known map – the remnants of a clay tablet map dating to about 2,200 B.C. – was discovered in northern Mesopotamia.  Ever since this discovery humans have effectively used maps for recording and communicating information about their environment.  Maps are part of our daily lives, whether we use them as navigation tools in our cars or to present and analyze the outcomes of election results.

At the beginning of class, the instructor will ask students about their daily use of maps (for traveling, hiking, fishing, etc.) and if they would use maps in their professional lives (as surveyor, cartographer, GIS expert, emergency planner, etc.).  The instructor will then ask students from the latter group to explain in more detail what type of maps and how they would use them in their profession.

Finally, the instructor will tell students that this section will provide an introduction into cartography and mapping as it relates to disaster management.  This topic is important, because maps are important input data sources and output products for the analyses, modeling and visualization using Geographic Information System (GIS).  The overall goal of this module is to

(
increase student’s appreciation for maps;

(
make them aware of how to critically evaluate the information presented in maps; 

(
teach them how to produce maps that follow accepted design principles in order 

to effectively communicate the map content to the map reader.

Session 4:
Geographic Information Systems in a Hazards Context

Objectives:

4.1 Define definitions and concepts of a Geographic Information System (GIS). 

4.2 Describe different GIS data and mapping operations important for a community response    

4.3 Describe and explain GIS tools used to defining and characterizing social vulnerability

4.4 Identify hazard GIS data types and sources


4.5 Describe real-time GIS applications and tools in a disaster

Scope:     The instructor will ask the students if any have ever used a GIS before. If any have, a further question will determine how much GIS experience they have. If any student in the group has considerable experience, he/she will be given group leader, status and will be expected to help out their fellow classmates. The instructor will then ask the class to give a brief overview of what they know about Bioterrorism. This session will introduce students to GIS operations using screen shots. Students will not be expected to be able to use the GIS at the end of the session, but he/she will be expected to know what a GIS is and its capabilities. The student, if operating an EOC would be expected to know how GIS could help his/her decision-making capability.

Session 5:      
Communicating Risk

Objectives:

5.1       Describe the formation of the field called “risk communication”. 

5.2   
Identify the fundamental difference between a hazard map and a risk map.

5.3   
Illustrate the difference between risk and vulnerability.

5.4   
Enumerate the mapping advantages to applying NOAA's Risk and Vulnerability             

        
Assessment Tool (RVAT).

5.5
Enumerate the various "publics" involved in any risk communication situation.

5.6
Identify the characteristics of a given hazard that affect human risk perceptions.

5.7
Review the steps in planning a risk message and the recommended contents of a        
risk message.

5.8
Describe the role of maps in communicating risk.

5.9   
Account for the advantages in applying visualization in depicting risks.
5.10 
Examine the maps required to depict the risk of volcanic hazard 

Scope:
    Build a cogent, logical set of definitions to cover the technical concepts in the field of risk communication including hazard, risk, vulnerability, perception, outrage, visualization, uncertainty and risk assessment.  Compare visualization vs. static maps and explore a case study of hazard and risk mapping of a volcano. Explore some of the misuses of maps in risk communication attempts. 
Session 6:  Modeling Flood Hazards

Objectives:

6.1 
Define the nature of flooding as a hazard and its impacts.    

6.2 
Understand the factors that influence the nature and characteristics of flooding.    

6.3 
Explain how flooding is measured.  

6.4 
Understand the development of assessments of risk for flood hazards in the 
United States and the National Flood Plain Management Program.

6.5 
Provide examples of models used in examining the risk of floods in the National 

Flood Plain Management Program.  

6.6 
Explain the elements of a Flood Insurance Study (FIS).  

6.7
Explain the elements of a FIRM (Flood Insurance Rate Map) and how to use a 

FIRM to determine the risk of flooding for a specific piece of property.  
6.8  
Understand the capabilities of HAZUS-MH Flood program.  

Scope:    This session provides an introduction to the nature and extent of flooding as a natural hazard and its social, economic and environmental impacts.  Modeling flood hazards will be examined to identify the type of information needed to characterize the depth and area affected by floods.  The role of flood modeling in the National Flood Insurance Program will be discussed and how to read a Flood Insurance Study (FIS) and Flood Insurance Rate Map (FIRM).  Finally, the session will examine the HAZUS-MH Flood software and how it can be used to characterize the social, economic and environmental impacts from flood hazards.  

Session 7:  Modeling Earthquake Hazards

Objectives:

7.1    Clarify the nature of an earthquake as a hazard and its impacts.    

7.2      Explain the factors that influence the nature and characteristics of earthquakes.    

7.3      Explain how earthquakes are measured   Explain the development of risk assessment of earthquake hazards and its relation to the National Earthquake Hazards Reduction Program (NEHRP).  

7.4 
Discuss the development of assessments of risk for earthquake hazards in the United States and the National Earthquake Hazards Reduction Program.  

7.5 
Provide examples of models used in examining the risk of earthquakes in the National Earthquake Hazards Reduction Program  

7.6 
Explain the elements of earthquakes and insurance   

7.7
Explain the elements of earthquake risk.   

7.8
Clarify the capabilities of HAZUS-MH Earthquake program.  

Scope:     This session provides an introduction to the nature and extent of earthquakes as a natural hazard and their social, economic and environmental impacts on society.  Modeling earthquake hazards and earthquake risk will be examined to identify the type of information needed to characterize the area affected by an earthquake and to make loss estimates.  The role of earthquake modeling in the National Earthquake Hazards Reduction Program will be discussed along with earthquake insurance.  The session closes by examining the HAZUS-MH Earthquake software and clarifying its capabilities to characterize the societal impacts of earthquakes.  

Session 8:  Modeling the Vulnerability of Potential Targets to Threats of Terrorism

Objectives:

8.1
Define the hazards associated with the threat of terrorism.

8.2
Explain the uses of modeling the vulnerability of targets to threats of terrorism.

8.3
Understand the data requirements and process for completing a vulnerability of targets to the threat of terrorism. 

8.4
Explain how different user groups use the identification of targets to threats of terrorism.

8.5
Explain how modeling the vulnerability of potential targets to threats of terrorism is used in planning, mitigation and emergency management operations.

Scope:
   The events of September 11, 2001 confirmed again that the United States is vulnerable to acts of terrorism.  This session provides a methodology for assessing threats of terrorism to domestic targets.  It examines the types of targets that might be vulnerable to acts of terrorism and the implications to emergency management.

Session 16:  Modeling Wind Hazards

Objectives:

9.1
Define the nature of wind hazards.

9.2
Discuss the interaction of wind hazards with the built environment.

9.3
Describe wind damage mechanisms. 

9.4
Discuss the goals and objectives of wind hazard modeling, specific to the intended user.

9.5
Outline the capabilities and components of the HAZUS-MH Wind model and discuss data requirements. 

9.6
Review available results and discuss importance to different user groups.

9.7
Discuss the application of HAZUS-MH Wind model results for both planning and emergency management operations.

Scope:
    This session provides an introduction to the nature and extent of wind hazards and the associated social, economic and environmental impacts.  Methods for modeling wind hazards will be examined to identify the information needed to generate an estimation of wind damage and loss.  The session will examine the HAZUS-MH Wind software and how it can be used to characterize the social, economic and environmental impacts of wind hazards.

Session 10: Hurricane Storm Surge Modeling and Analysis
Objectives:

10.1
Describe the characteristics of a hurricane and the hazards associated with a 

hurricane storm surge.

10.2
Understand the nature and uses of  the Saffir-Simpson Hurricane Scale 

10.3
Understand the uses, capabilities, limitations and outputs of the SLOSH Storm 

Surge Modeling Program

Scope:
     This session provides an introduction to the characteristics of hurricanes and the hazards associated with hurricane storm surge.  Modeling hurricane storm surge using the National Weather Service (NWS) SLOSH (Sea, Lake, and Overland Surges from Hurricanes) model will be examined to identify the type of information needed to characterize the nature and impacts of hurricane storm surge.  The limitations of hurricane storm surge modeling will be discussed and how to read output maps and displays from the SLOSH.  Finally, the session will examine the purpose and limitations for the NWS SLOSH hurricane storm surge software and how it is used for planning and emergency response operations. 
Session 11:  Modeling Dispersion of Chemical Hazards, using ALOHA

Objectives:

11.1
Define the nature of the hazards associated with the air dispersion of hazardous chemicals.

11.2
Discuss the interaction of air dispersion of hazardous chemicals with the natural environment.

11.3
Discuss the goals and objectives of air dispersion modeling of hazardous chemicals, specific to the intended user.

11.4
Outline the capabilities of the ALOHA model and discuss data requirements. 

11.5
Review available results and discuss importance to different user groups.

11.6
Discuss the application of ALOHA air dispersion model results for both planning and emergency management operations.

Scope:
    This session provides an introduction to the nature and extent of the air dispersion of hazardous chemicals and their impacts.  Methods for modeling air dispersion of chemical hazards will be examined to identify the information needed to generate an estimation of potential impact.  The session will examine the ALOHA software and how it can be used to characterize the impacts from the air dispersion of chemical hazards.

Session 12:      Supporting Emergency Recovery Operations (Debris

                          Management) Using GIS 

Objectives:

12.1 
Explain the key definitions encompassed in this session.

12.2  
Depict the general problems faced in removal and disposal of disaster  

         
debris.

 12.3   Describe a brief history of GIS at FEMA and illustrate how the present

           emergency response plan of the Federal Emergency  Management Agency

           (FEMA) employs GIS in response and recovery stages of a disaster

12.4   Delineate the statutory setting in which the Federal Emergency 

Management Agency (FEMA) and the U.S. Army Corps of Engineers (USACE) cooperate in the use of GIS in the management of debris after major disasters.

12.5  
Compare the degree of sophistication in the application of GIS and advanced information technology, known as geospatial technology, in the debris removal after the intentional attack on  New York City on 9/11/02 and in the collection of Columbia debris with the technology applied in response to managing the debris after Hurricane Andrew.
12.6 

Outline the lessons that were learned from managing debris after Hurricane 
Andrew, from managing the World Trade Center cleanup, and from retrieval of 
the Columbia spaceship breakup. 

Scope:
   An overview of how GIS has become an invaluable technological tool in emergency response and recovery compares the debris management problems in three case studies: Hurricane Andrew, the attack on the World Trade Center, and the retrieval of the Columbia space craft debris. In supporting emergency response and recovery efforts, GIS provided critical mapping for problem solving and decision making in all these cases. Compare the state-of-the-art in debris management in the natural disaster, Hurricane Andrew, with the intentional terrorist disaster in New York City on September 11, 2002 and the breakup of the Columbia, especially in terms of the geospatial technology applied in each.

Session 13:
Supporting Emergency Response Operations using GIS and Modeling  

Objectives:

Objective 13.1   Explain the development and use of GIS and modeling in supporting 


emergency response operations.  

Objective 13.2   Identify and explain what spatial information and tools are needed in 

Emergency Response.

Objective 13.3  Explain the organizational requirements for GIS support in emergency 


operations

Scope: 
   This session examines the use of GIS and modeling in emergency response operations.  Through case studies and examples, the session explores how emergency responders are using GIS and hazard modeling in saving lives, protecting property and sustaining our environment.

Session 14: Utilizing Mapping and Modeling in Hazard Mitigation Planning and Land Use

Objectives:

14.1     Able to define hazard mitigation and the contributions that mapping and modeling 
make to reducing community vulnerability to the adverse impacts of disasters

14.2  
Understand the role and contribution that mapping and environmental models make to the hazard mitigation planning risk assessment process. 

14.3  
Able to explain how mapping and modeling fit within hazard mitigation strategies

14.4. 
Able to identify and explain the type and nature of mapping and modeling information that contributes to the development and implementation of hazard mitigation and land use strategies.

Scope:
   This session provides an examination of how mapping and modeling contribute to the goals of hazard mitigation and the reduction of community vulnerability to the adverse impacts of disasters.  The session builds on several other modules from Breaking the disaster Cycle: Future Directions in Natural Hazard Mitigation.  In this course, Dr. David Godschalk explains in detail the nature of hazard mitigation and many of the strategies that can used to reduce the vulnerability of communities.  The present session in this class builds on his work and examines the role of modeling and mapping within the hazard mitigation planning risk assessment process.   Godschalk explains two key elements that are addressed in this session including the hazard mitigation planning risk assessment process and hazard mitigation strategies.  Students should leave this session with a clearer understanding of how to use the powerful tools of hazard modeling and the importance of communicating with others using maps.  A detailed look at hazard mitigation strategies and tools is reviewed with an emphasis of how mapping sciences and modeling contribute to the reduction of community vulnerability.    

Session 15:
The Geographic Connection in Hazards 

Objectives:

15.1. 
Examine how hazards have both spatial and temporal dimensions 

15.2. 
Stress that hazard maps shown in the different sessions came in all shapes and sizes 

15.3
The future role of the internet

15.4
What data sets are important?

15.5
Where does skill and specialty come in?

Scope:    The instructor will ask the students to form teams at the beginning of this session. Each group will designate a group leader who will be expected to report back to the rest of the group at the end of the session. This session will bring the core of all sessions together by emphasizing the role that geography or space plays in understanding and responding to hazards. For each section of this capstone session, the group will be expected to draw from examples presented in the other sessions. 

Session 16 : Distribution of Geospatial Data in the Public Environment  
Objectives:

16.1  tc "Course Title\: Hazard Mapping and Modeling"

tc "Time\: 3 hrs " \l 2  
Understand the purposes, uses and risks associated with the distribution of 

geospatial data in the public environment.

16.2    
Explain the basis and nature of  concerns raised by public, private and non-profit 

organizations in the distribution of geospatial data used in disaster preparedness, response, recovery and mitigation.

16.3   
Understand a methodology for balancing agency security risks and the benefits of geospatial data dissemination in a public environment.  

Scope:    Organizations are increasingly using the power of geographic information systems in planning, program assessment and support of business operations.  As a result, the distribution of geospatial data to partners in the emergency management system can provide access to critical business data for many organizations.  The distribution of this data can be a great asset to local agencies, and businesses but can also be a significant breach of security and confidentiality.  This session examines the uses and risks of the distribution of geospatial data and the basis of security concerns.  It will provide a framework for assessing the nature of the data and how to examine the security and confidentiality risks associated with the data. 

Session 17
Legal Issues in Utilizing Hazard Models and Mapping   

Objectives:

17.1 Clarify the need for complete, accurate and timely hazard modeling and mapping information in emergency management.  

17.2 Examine the legal issues associated with using hazard modeling and mapping in emergency preparedness, response, recovery, and mitigation.   

17.3 Clarify the basis of civil claims against public entities for the use of hazard mapping and modeling.  

17.4 Examine the nature and legal basis for federal planning requirements and the implications for hazard modeling and mapping.  

17.5 Examine the role of legal counsel in hazard modeling and mapping activities. 

Scope:   This session clarifies why accurate and timely hazard modeling and mapping information is to emergency management.  Public, private and non-profit organizations need sound information as part of the emergency management process.  This information forms a solid basis for making decisions and avoiding unnecessary suits and claims.  The nature of legal challenges to emergency management activities under state or federal law are explained.  The role of the legal counsel is explained.

