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Time: 3 hrs 

______________________________________________________________________________

Overall Goal: 
Provide students with the background to understand how hazard modeling and mapping is utilized in emergency response operations for natural and technological disasters.  It is also to give examples of how GIS and modeling can be used in emergency response in a disaster.  (see Slide 2)
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

______________________________________________________________________________

Overall Goal: This course is to contribute to the reduction of the growing toll (deaths and injuries, property loss, environmental degradation, etc.) of disasters in the United States by providing an understanding of the significant role of mapping and modeling in the management of hazards.
Session Goal:  Students in this session will understand how mapping and modeling tools are applied in support of emergency operations in a disaster.

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.
______________________________________________________________________________

Readings: 

Student Readings: 
Curtis, Andrew, Jacqueline W. Mills, Jason K. Blackburn, and John C. Pine (2006).  Hurricane Katrina: GIS Response for a Major Metropolitan Area. Quick Response Research Report 180.  University of Colorado, Natural Hazards Center.  


http://www.colorado.edu/hazards/qr/qr180/qr180.html
Cutter, Susan L. (2003) GI Science, Disasters, and Emergency Management. Transactions in GIS 7:4, 439-446.
Hodgson, Michael E., Bruce A. Davis, Jitka Kotelenska (2005). State-Level Hazard Offices: Their Spatial Data Needs and Use of Geospatial Technology. Hazards Research Lab, University of South Carolina.  (Chapter 3: pages 16 through 40).  http://www.cas.sc.edu/geog/hrl/
Thomas D.S.K., S. L. Cutter, M. Hodgson, M. Gutekunst, and S. Jones, 2003.  Use of Spatial Data and Geographic Technologies in Response to the September 11th Terrorist Attack on the World Trade Center, Beyond September 11th: An Account of Post-Disaster Research, Publication #39 (NHRAIC, University of Colorado: CO.), pp. 147-162. http://www.colorado.edu/hazards/sp/sp39/
2005 Louisiana Geographic Information Center (2005), Louisiana Hurricane Impact Atlas. Baton Rouge, LA.  http://lagic.lsu.edu/hurricanes.htm  (this is provided as a handout for this session)
_____________________________________________________________________________

General Requirements:

Power Point slides are provided for the instructor’s use.

The instructor should have the PowerPoint slides and case study handouts.   Provide the case study examples for the students to review prior to class.  

______________________________________________________________________________

Objective 13.1  Explain the development and use of GIS in modeling emergency response operations.
Remarks:  PowerPoint slides are available for this session.  Notations in the text of the session outline refer to the slide number and title.
I. GIS has been used by state emergency management agencies in disaster response since Hurricane Andrew in 1992.  GIS and remote sensing have been used for a much longer period in hazard mitigation and preparedness activities (see Slide 3: Development of GIS in Modeling Emergency Response Operations).
A. Remote sensing has only until the last few years been used by state and local agencies during and after an event.  Access to high resolution images or aircraft imaging has been expensive and too costly for local and state agencies to obtain (Hodgson 2005).

1. GIS has been found to be a perfect medium for establishing dialog among stakeholders involved with mitigation or to guide first responders in rescue operations.  
a. Maps are a key element in communicating complex data for decision making and for public information (Thomas 2003).
2. GIS technologies and modeling is not limited to visualization but the provide a basis for analysis and display of risk and human systems (Thomas 2003).
a. Airborne LIDAR was used to measure debris following the World Trade Center disaster in 2001 (Thomas 2003).
b. Thermal imagery was used over the World Trade Center to obtain surface temperature on a daily basis

B. Data was provided to state and local agencies in support of emergency response activities following September 11, 2001.  The use of high resolution images and LIDAR were especially useful during the initial few weeks of the response (Thomas et al 2003).

1. GIS applications in supporting emergency response operations include: (see Slide 4: GIS Applications in Supporting Emergency Response Operations)

a. Hazard detection

b. Identifying vulnerabilities

c. Determining critical needs in the aftermath of disasters

d. Developing evacuation routes

e. Damage assessment mapping

f. Risk perception and communication.
C. The 2005 hurricane season saw a widespread use of remote sensing imaging technologies in supporting emergency response operations.  FEMA, the Department of Homeland Security, USGS, NOAA as well as other federal agencies all supported procurement of remote sensing images immediately following Hurricane Katrina, Rita, and Wilma.  This was one of the first deployments of data to the public as well as to state and local agencies in an emergency response. 
1. This data was made available to state and local agencies by federal agencies and collaborative efforts through state university partners (Curtis 2006).            
2.  Because of the time sensitive nature of the data needed by emergency response officials, timely observations of the area impacted by the hurricane were critical to emergency rescue efforts. 

Class Exercise:  The Louisiana Geographic Information Center prepared an Atlas of maps reflecting how geospatial data was used in the response to Hurricanes Katrina and Rita.  Ask the student to review this Atlas prior to class and be prepared to answer the following questions.


●  Which maps in the Atlas provide critical information in clarifying the nature of the hurricane and the extent of the damage area?


●   Page #8 of the Atlas provide a map and images of the levee Breaches in New Orleans.  How could emergency responders use the map and images in their response?


●  Page #10 of the Atlas provide a clear delineation of the flooded areas in the City of New Orleans and St. Bernard Parish.  How could emergency response personnel at both the Federal, state and local levels use this type of information in planning their rescue operations?   


●  Page # 11 provide an excellent illustration of how maps can describe the nature and extent of the damage from Hurricane Katrina.


●  Page #12 shows the location of persons displaced by Hurricane Katrina.

●  Page #13 of the Atlas provides an estimate of the population following the evacuation for Hurricane Katrina.   What response agencies might use this type of map and how would the map help them in the response?


●  Beginning on page #27 and concluding on page # 31 of the Atlas, maps reflect the demographic characteristics of the City of New Orleans.  How could this type of information be used in the response and long term recovery following the hurricane?

Case Examples:
The following are provided as examples of how GIS was utilized during Hurricane Katrina in rescue efforts to save lives.

Calls for help following the impacts of Hurricane Katrina in New Orleans over whelmed emergency response personnel.  The New Orleans 911 Communication Center was able to operate on emergency power and relay calls for distress to Baton Rouge.  The digital calls were then geo-coded by the USGS using an experienced contractor of the agency.  The calls were then plotted each night for use by emergency response personnel as daylight broke over New Orleans.  Emergency response personnel broke the City up into a grid that was used by the Louisiana Department of Wildlife and Fisheries to deploy agency and many other personnel throughout the City.  Instructions were provided to agents in the specific address and coordinates.  All Wildlife agents had GPS technology in locating the addresses where distress calls originated.  

II.  One of the first hazard models to be widely used in supporting emergency response operations is ALOHA developed by NOAA and the U.S. E.P.A.  ALOHA has been used by emergency responders since 1988 for accidental releases of hazardous chemicals.  More recently, local governments have been using ALOHA to simulate intentional releases of hazardous spills as part of homeland security planning and response activities.

III. The response phase of emergency management begins with observations of an impending disaster event and continues through a short period following the event.  This is often for a short period and may only last from 1 to four days.  

IV. Ad Hoc solutions to collect remote sensing data, analyze the data and then the use of the data in disaster response (Hodgson 2005) (see Slide 5: Ad Hoc Solutions to Collect Remote Sensing Data).
A. The solution for effective collection, analysis and use of remotely sensed data for emergency response, cleanup and recovery from a hazard event is a loosely structured and ad hoc approach. 

B. The structure for acquiring and using mapping and modeling data unfolds as the event develops.  

C. The window of opportunity for emergency response is very short and roughly 72 hours.

V. The limited use of GIS and remote sensing at the state and local levels results from a lack of awareness by the GIS community and the special needs and requirements of users in emergency response.

A. When the data is needed is critical to users.  High resolution data is needed immediately following the incident.  Clarifying the data information needs of users is critical to effect application of GIS technology.
1. FEMA set up an interagency geospatial preparedness team in 2003 to assist emergency responders in the U.S. in evaluating GIS, remote sensing and modeling tools.    

VI. One use of GIS for emergency operations is displaying information (Gunes 2000) (see Slide 6: Displaying GIS Information for Emergency Operations).

A. Disaster forecasting showing the extent and the areas to be impacted by a disaster
B. Vulnerability analysis examining information on critical sites such as hospitals, shelters, dams, or other critical facilities for a potential disaster.

C. Damage assessments showing actual impacts of hazardous events. 

D. Personnel resources including the contact information, location and potential use of resources.

E. Resource inventory providing vital information for supplies, equipment and other items necessary in an emergency response.

F. Critical infrastructure including transportation, utilities, medical and other vital sites for emergency response and recovery.


G. Mass care and shelters

VII.  In addition to displaying information, geospatial data is needed in the following applications (Thomas 2003) (see Slide 7: Geospatial Data is Needed in the Following Applications):


A. Event mapping (prediction and warning)


B. Response coordination and resource allocation


C. Damage assessment


D. Environmental monitoring 


E. Risk assessment


F. Risk Communication


G. Relief and resource locations


H. Identification of vulnerable populations


I. Lifeline status


J. Evacuation efforts and status of transportation routes

Objective 13.2  Identify and explain what spatial information tools and technology are needed in Emergency Response
I. Geospatial Technology and its use in emergency response (see Slide 8: Spatial Information Tools and Technology in Emergency Response).


A. Geospatial data are widely available at the state and local levels.



B. GIS has been used extensively in emergency planning, mitigation, and recovery.

Question:  What type of geo-spatial data is needed in emergency response?  (see Slide 9 for responses for this question).
Question:  How can the data be obtained to support emergency response activities? (see Slide 10)
II. Two types of data are needed in emergency response activities.

A. Baseline data (used on a day to day basis)  Spatial Data in Emergency Response (Hodgson, 2005 and Tait, 2003)

1. Transportation infrastructure (accurate street and road coverage with street names and address ranges)



2. Landcover (land-use classifications)



3. Terrain (high resolution USGS DEM using LIDAR)



4. Hydrography



5. Local parcel data with land-use classifications and addresses



6. Demographic information including distribution


B. Emergency impact data (collected immediately following the disaster event – see Slide 11: Emergency Impact Data)



1. Weather conditions



2. Flood inundation or nature and extent of the hazard event

3. Status of lifelines and other critical infrastructure (utilities, transportation networks, levees & dams)



4. Damage to buildings, critical property, environmental impacts

C. No single site can succeed in establishing a monopoly on access to geospatial data.  Different levels of government with overlapping jurisdictions frequently vie for data providing roles.  Further, there is no single clearinghouse for data; users must rely on their knowledge, networks and guesswork in finding data ((Goodchild, 2003).  

D. Time expectancy of spatial data in emergency response centered on information on damage to infrastructure (transportation, electrical water communication and sewerage utilities) within 24 hours of a disaster event.  A second critical data need within 24 hours of an event is the nature and extent of the disaster event (see Slide 12: Time Expectancy of Spatial Data).  

1. In situ monitoring devices are critical in the collection and mapping of these data (weather stations, traffic cameras, and immediate aircraft photos of a damage area).
2. Remote sensing satellite imaging was provided to emergency responders immediately prior to landfall of Hurricane Katrina and daily after Katrina struck Louisiana and Mississippi.  See Digital globe at: for examples of images that were used by federal, state, and local emergency response officials.  Note the sample imagery from Hurricane Katrina:  http://www.digitalglobe.com/sample_imagery.shtml
3. FEMA was able to task remote sensing satellite companies to provide daily data to federal state and local emergency response officials immediately following Hurricane Katrina, Rita, and Wilma.  This data was made available to the public through a clearinghouse cooperative:  http://www.katrina.lsu.edu  
4. Examples of remote sensing satellite data used in the Hurricane Katrina and Rita response include (see Slide 13: Sources of Remote Sensing Data):  

 

a. Digital Globe (Quickbird)


b. Image America



c. SPOT



d. IKONOS



e. Radarsat



f. MODIS



g. AVHRR



h. Landsat



i.  LIDAR from public and private providers

Class Exercise: Ask the class to find the Internet sites for these sources of data for emergency response.  Have students provide examples of how these sources support emergency operations.

5. High resolution remote sensing imagery showed the nature and extent of the disaster, the status of lifelines, damaged buildings, debris characteristics and environmental damage (especially to coastal areas).

6. Hodgson (2005) found that damage assessment data was primarily collected by flyover (helicopter) or drive by approaches prior to Hurricanes Katrina and Rita in 2005.  Few states used aircraft or satellite approaches.  This study noted that the need for timely data within a three day period following a disaster might not allow for enough time to obtain this data or that the satellite did not record the event as it passed over the target area.  Uses of remote sensing data included (see Slide 14: Uses of Remote Sensing Data):

a. Define the nature and extent of the risk zone


b. Weather conditions


c. Crop, vegetation, building and other environmental damage


d. Status of lifelines


e. Debris characteristics

E.  The capacity to rapidly update baseline information is critical in an emergency response.  Processes must be in place for updating damaged resources and getting the data quickly into the GIS data set used for response purposes (Galloway 2003). 


Question:  Do members of the class believe that state and local public agencies have the capacity to analyze satellite and other remote sensing data if it was to be made available immediately following a disaster event?  How should the remote sensing data be provided (format, resolution, type of image etc) so as to facilitate effect use of images of the disaster scene by emergency management official?

 
7. Barriers to using remote sensing data following a disaster event include (see Slide 15: Barriers to Using Remote Sensing Data):


a. Price



b. Accuracy of the data



c. Spatial resolution



d. Time to collect and process the data



e. Technical skills of users

D. State and local agencies obtained this data primarily by exchanging data with other agencies rather than purchasing the data from providers.  
III. Types of Mapping and Modeling Programs used in Emergency Response
Question:  What GIS application packages have been provided in emergency response activities? 




HAZUS, ALOHA, ArcGIS, MapInfo, GeoMedia, LandViewVi, etc. 

Question:  What types of modeling and mapping training and expertise is needed in response activities?


A. Air Dispersion Programs



1. ALOHA



2. HPAC (with CATS)



3. MIDAS



4. D2Puff


B. Riverine Flooding



1. HEC-RAS



2. HAZUS-MH Flood


C. Hurricane Storm Surge



1. SLOSH



2. ADCIRC


D. Earthquake



1. HAZUS-MH Earthquake


E. Fire and Wildfire


1. AC (CATS)

IV. Barriers to utilizing real time modeling in disaster response (see Slide 16: Barriers to utilizing real time modeling in disaster response).

A. Processing time of the program


B. Complexity of data input


C. Technical skills required of the program


D. Spatial resolution of the model outputs


E. Accuracy of the model results (limited if any model verification)


F. Price of the modeling program

Question:  Curtis (2006) provides a summary GIS support provided to the Louisiana Office of Emergency Preparedness and Homeland Security following Hurricanes Katrina and Rita.  Identify four key factors that influenced the success or failure of this support of emergency response?  


. Key base data layers


. Trained and available staff


. Network access with high speed access to data sources


. Agency support

Objective 13.3 
Explain the organizational requirements for GIS support in emergency operations

I. The successful applications of GIS and modeling technologies requires several elements (see Slide 17: Successful Applications of GIS and Modeling Technologies):

A. Data including baseline data, current observations, available resources, status of infrastructure.  Data that is obsolete or not structured in a manner that is useful to emergency response agencies presents more problems than assets for emergency situations.

B. Personnel must be trained and understand how to adapt or obtain additional information for explaining complex dynamics in disasters.  Talented and creative staff allow emergency operations to adapt to an ever changing environment. 

C. Software integration is an absolute requirement as decision makers require seamless interface of our modeling and mapping programs that can present results in an understandable manner and on a timely basis.
D. Hardware infrastructure is essential to ensure that equipment breakdowns do not hinder emergency response.  Keeping an up to date computer technology infrastructure can not be ignored in an emergency situation.
E. Organizational arrangements facilitate sharing of information, supporting decision making and enabling our organizations to adapt to the ever changing environment of a disaster.  Interoperability is critical in sharing data between local and regional agencies (Tait, 2003).
II. Many states depend on external support for geospatial technology during emergency response in a disaster event.  Support might come from other state agencies, higher education institutions, and private contractors.

Question:  What advantages do outside providers bring to emergency responses that a designated staff member might provide over designating an internal staff member? (see Slide 18)
Hodgson (2005) found that very few state emergency management agencies had the capacity to process geospatial data within their agency.  One-third of the states provide some type of GIS and remote sensing coordination to public agencies.  Less than one-half of the states have procedures for GIS data collection, sharing, analysis, or presentation in a disaster.  Hodgson notes that there is a need for a central repository of a geospatial data center in a disaster as with the http://www.katrina.lsu.edu clearinghouse cooperative.

CASE EXAMPLE:  The Hurricane Katrina and Rita Clearinghouse Cooperative was established by Louisiana State University after Hurricane Katrina.  FEMA provided the initial format of the clearinghouse for the collection, storage and dissemination of geospatial data relating to these devastating storms.  Check out the Web site and answer the following questions:


What types of geo-spatial data are available from the Katrina & Rita Clearinghouse?


What additional data or reports are available from the Clearinghouse?


If you have questions, can you contact someone?

If someone has data to share with others, can the Clearinghouse receive data and distribute it to others?     


Is data available directly from the clearinghouse?

II. Limitations of geospatial technology in emergency response.

A.  Price: Following Hurricanes Katrina, Rita and Wilma in 2005 FEMA provided extensive data archives to the public and state and well as local government response units.  This data access lasted for 30 days and provided critical data to emergency responders.  The data has been archived at:  http://www.katrina.lsu.edu

B.  Time to collect, process 

Question:  What types of organizational structure are needed for effective use of GIS in emergency response (see Slide 19)?
Thomas (2003) provides several suggestions on organizational plans for geo-technologies including:

●  Extensive planning is required prior to a disaster.  It requires planning, effort, time and money.

●  Attention must be made to plan for the flow of information through the organizational structure and how geo-technologies fit into the emergency response plan.

●  An organizational-wide (city wide) GIS is needed for any community and must be coordinated between agencies and jurisdictions.

●  Alternative plans must be in place.  Just look at what happened in New York in 2001; the New York City EOC was destroyed.  In New Orleans following Hurricane Katrina, the City of New Orleans was forced to move their operations.  Having a backup of your operations and data is a requirement.  

●  Data accessibility is part of having a comprehensive operations backup.  Additional copies of data is absolutely essential.

●  Data gaps must be identified prior to the disaster.  It is really too late after the disaster impacts the jurisdiction.

●  The need for technical expertise is essential prior to and after the disaster.  Expertise is widely available to public entities from private firms, agencies and universities as illustrated by Curtis (2006).
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