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ABSTRACT

USE OF GIS IN THE PROVISION OF EMERGENCY
SERVICES IN SMALL MUNICIPALITIES
HUNTINGTON, WV AS A CASE STUDY

by Maria Eulalia Simental
Although disaster management is a national concern, at the most basic
level it is the responsibility of county emergency management agencies to
cope with disasters. The objective of this research is to gauge the extent of the
adoption and future benefits of the use of GIS technology by first responders
and stakeholders to assist in the planning and response to an emergency and to
provide a working GIS application model for emergency response in small
municipalities, using Huntington, West Virginia as a case study, and how the
resulting tools linked with GIS can provide visual and interactive decision
support capabilities for emergency response and prevention planning for first
responders in small municipalities. Disaster management consists of various
cyclical phases: mitigation, preparedness, response, and recovery. Each phase
is geographically related to where people, places, and things are spatially
located; this research demonstrates how GIS can be a valuable tool for analysis
purposes throughout each part of the cycle. It attempts to determine the scope,
evaluate and decide which modelling approaches can be applied to the broad
range of emergency situations and spatial contexts in small municipalities
using GIS. In addition, it investigates the current degree of integration of
spatial datasets between first responders with other agencies, such as federal,
state, local municipal jurisdictions and the private sector in the case study
geographical area. It finds that efficient management of potential risks can
only be accomplished if the emergency managers are aware of the extent of
the possible effects of disasters. Such tools can be developed to act as a
decision support system for emergency management agencies, through the use
of GIS.
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Chapter 1
INTRODUCTION

1.1 Introduction
The provision of emergency services is an important responsibility of
various levels of government and a large number of departments (fire and
rescue, ambulance and police, public works, storm and sanitary sewer
departments, etc.) and commercial organisations (gas, electricity, railroad
utilities, etc) in the United States (U.S.) including West Virginia (WV).
Performance of such services is often evaluated on two dimensions: the
elapsed time from a request for assistance to the arrival of a unit at the scene of
an incident; and the ability of dispatched response units to deal effectively
with the incident once on the scene.
Disasters are defined as threats to life, well-being, material goods, and
environment from the extremes of natural processes or technology. Although
disaster management is a national concern, at the most basic level it is the
responsibility of county emergency management agencies to cope with
disasters. Their efforts focus on lessening the impacts of the disasters on
human lives as well as property with mitigation and preparedness, and
managing disasters with response and recovery work. The problem in this
system is that most county level emergency management agencies have very
limited resources, both in manpower and in equipment. They need help to
1

accomplish their mission successfully. To develop a better emergency
management effort at the level of county emergency management agencies,
these agencies must be equipped with tools that help them to overcome their
resource shortfalls. These tools must allow them to not only reach information
about the geographical, geophysical, and socioeconomic characteristics of
their county, but also to determine, visualize, and analyze the possible extent
of disasters. Efficient management of potential risks can only be accomplished
if the emergency managers are aware of the extent of the possible effects of
disasters. Such tools can be developed to act as a decision support system for
emergency management agencies, through the use of a Geographic
Information System (GIS). Disaster management consists of various cyclical
phases: mitigation, preparedness, response, and recovery. Because each phase
is geographically related to where people, places, and things are spatially
located, GIS can be a valuable tool for analysis purposes throughout each
cycle.
Recently Huntington, WV witnessed an accidental toxic chemical
release at TechSol Chemical Co. Inc, on October 28, 2004. Due to a valve
malfunction on a railroad tank car, 23,000 gallons of coal tar distillates were
spilled. The accident occurred just before 8 a.m when TechSol employees
were preparing to transfer a load, which contained toxic toluene, benzene,
xylene and styrene, to a tanker truck for shipment. The chemicals leached into
the city sewer and to nearby Krauts Creek. The spill forced the evacuation of
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506 homes in the Westmoreland neighborhood and the immediate evacuation
of Kellogg Elementary School seven blocks away. Authorities, lead by the
West Virginia Regional Response Team, were concerned about a possible
explosion since these substances are very flammable. The Regional Response
Team is a group of local, county and state employees trained in emergency
response, neutralization, and mitigation, equipped with state of the art
hazardous materials equipment. The team, as well as law enforcement and fire
departments from the immediate vicinity also participated in the cleanup.
Concerns raised by the chemical accident led to the realization of the
need for effective, fast tools to assist local disaster management personnel in
assessing response needs and planning pre- and post-disaster management
efforts. Although newspaper reports of the incident do not suggest inadequate
planning before the response, some first responders reported the need for a
more efficient and thorough information system to aid in the interpretation and
understanding the infrastructure affected by the spill i.e. topographical, urban,
geological, and sanitary and storm sewer maps. While much of the
inefficiency reported was due to the scale of logistics involved, coordination
between emergency management teams that were present at the scene was
difficult. Earlier access to information about existing infrastructure and
topography of the land, and better information about the distribution of the
damage to the existing infrastructure could have produced a better and more
efficient response. More attention has to be paid to local emergency response;
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especially chemical emergency, prevention and planning, and many chemical
emergency response systems for public response personnel have to be built.
The first objective of this research is to gauge the extent of the adoption and
future benefits of the use of GIS technology by first responders and
stakeholders to assist in the planning and response to an emergency and to
provide a working GIS application model for emergency response in small
municipalities, using Huntington, West Virginia as a case study.
1.2 Organization
This thesis is divided into seven chapters. The first chapter is an
introduction to the research problem and a brief description of each of the
chapters. Chapter 2 introduces the research problem discussing the importance
of using GIS in the provision of emergency services in small municipalities
and the need for the creation of a GIS emergency services model. Chapter 3 is
a review of the literature; it shows a cross section of current research in
emergency service GIS applications. Chapter 4 discusses the research
methodology and the expected outcomes of the research. The fifth chapter
talks about the development and implementation of a GIS model for the
provision of emergency services in small municipalities. Chapter 6 is a
detailed description of the case study; and it tests the model in a small
municipality. The final chapter, Chapter 7, presents the conclusions of the
author.
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Chapter 2
RESEARCH PROBLEM

2.1 The Research Problem
Although there are examples of dynamic spatio-temporal location
strategies in the literature (see, for example, Cutter, 2003; Daskin, 1988; Gao,
2002; Guilian, 2000; Kevany, 2003; Shuai et al., 2002; Wood, 2000), they
tend to be specific to particular emergency services and spatial contexts.
Furthermore, these strategies often are developed using standalone software
systems that implement a variety of modelling approaches. As Geographic
Information Systems (GIS) have become the tool of choice for integrating all
kinds of spatial and non-spatial information in support of decision-making, the
lack of widely available, GIS based tools for generating dynamic spatial-temporal location strategies is a considerable obstacle to the widespread
development of such strategies in the Huntington, WV area.
As noted above, performance is often measured using response time to,
and quality of service at, an incident. The number of facilities and their
locations heavily influence performance on these criteria, for a service’s
mobile units and the distribution of different types of those same units across
these facilities (Daskin, 1988).
Thus, the research problem is to determine the scope, evaluate and
decide which modelling approaches can be applied to the broad range of
5

emergency situations and spatial contexts. Second, how the resulting tools can
be linked with GIS to provide visual and interactive decision support capabilities for emergency response and prevention planning for first responders
in Huntington, WV, and the surrounding area. In addition, the research will
investigate the current degree of integration of spatial datasets between first
responders with other agencies, such as federal, state, local municipal
jurisdictions and the private sector.

6

Chapter 3
LITERATURE REVIEW

3.1 Borrowing from the Literature
There is agreement of the definition and uses of GIS in the literature.
The definitions vary from author to author, but they all have the same common
view of GIS as software programs that store spatially referenced data, and
allow users to conduct spatial assessments for analytical and decision making
purposes (Cheng et al., 2001; Cutter, 2003; Daskin, 1988; Gao, 2002; Guilian,
2000; Kevany, 2003; Maniruzzaman et al., 2002; Shuai X. et al., 2001; Shuai
et al., 2002; Wood, 2000). Another common denominator is how GIS can be
used to support decisions that require knowledge about the geographic
distribution of people, hospitals, schools, fire stations, roads, weather events,
the impact of hazards/disasters, etc. For this reason GIS is found to be a very
useful tool for many aspects of emergency management, including emergency
response, planning, exercises, mitigation, homeland security (Cheng et al.,
2001; Cutter, 2003; Daskin, 1988; Gao, 2002; Guilian, 2000; Kevany, 2003;
Maniruzzaman et al., 2002; Shuai X. et al., 2001; Shuai et al., 2002; Wood,
2000).
The literature shows a long list of applications, which range from the
positioning of logistical support and resources to public maps of the damage
by the mass print and electronic media. Remote sensing and GIS were used to
7

develop preliminary damage assessments, at gross scales and by individual
building and/or infrastructure during the World Trade Center disaster. One of
the noteworthy uses of GIS was communication to the public on the
availability of services (electricity, subway, telephone), which were visualized
in the form of daily maps published in the New York Times and in other media
outlets. Whether or not it was realized by emergency responders, spatial
decision support systems were used routinely in the rescue and relief
operations in the 9-11 disaster. These ranged from micro-leve1 risk
assessments (shifts in the debris pile and temperature hot spots at the site) to
the spatial status of lifelines (electric, water, telephone, transportation
networks), al1 of which changed almost daily.
The literature also shows that the adoption of GIS as applied to
emergency response and prevention (ERP) is relatively new and its
applications are regional and somewhat limited in nature (Cutter, 2003;
Daskin, 1988; Guilian, 2000; Maniruzzaman et al., 2002; Shuai X. et al.,
2001; Wood, 2000). The literature also supports the idea that future adoption
of GIS will assist those involved in ERP, the rate of adoption being a function
of the perceived benefits to costs in a given community (Cheng et al., 2001;
Cutter, 2003; Daskin, 1988; Gao, 2002; Guilian, 2000; Kevany, 2003; Shuai
X. et al., 2001; Shuai et al., 2002; Wood, 2000). Some authors predicted
greater use following further education on the benefits of GIS use for ERP and
lowering of costs as new technologies are developed (Cheng et al., 2001;
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Cutter, 2003; Daskin, 1988; Gao, 2002; Guilian, 2000; Kevany, 2003;
Maniruzzaman et al., 2002; Shuai X. et al., 2001; Shuai et al., 2002; Wood,
2000).
Cheng et al. (2001), introduced a method of realization and a technique
for data distributing in construction of the earthquake emergency response
system, which is part of an information system for the National Center of
Earthquake Disaster Mitigation in China. This useful article describes how to
send the various results estimated by disaster response personnel to a main
computer for analysis automatically. They are able to do this by introducing a
system structure set up to control the procedure. Another research project by
Cutter (2003) describes societal responses to disasters beginning with the
initial post-event rescue and relief operations, followed by recovery,
reconstruction, and then moving into mitigation actions including the
development of preventive measures, she calls this collective an “emergency
response cycle.” This highlights some of the applications of GIS to the
emergency response cycle citing examples from natural hazards and the WTC
disaster on September 11th 2001. The fusion of these two approaches, one rich
in modelling tools and the other providing visual and interactive spatial
analysis, is the focus of my proposal. Rather than address both criteria in a
separate environment, this research addresses the impact of location strategy
on response times for units dispatched to an incident and the immediate access
to GIS data. This approach builds upon the ArcGIS-based analysis and
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modelling, particularly locational analysis. Moreover, this aspect is applicable
to many types of emergency response systems. In the particular case of a
chemical spill it is important that the first responders know the exact location
of all above and underground structures that are affected by the spill.
Kevany (2003) demonstrates that GIS technology proved its value in
emergency operations in response to the September 2001 attack. He showed
how this unprecedented emergency subjected the use of GIS and spatial data
technologies to perhaps their most severe test. He listed GIS and related spatial
technologies that were widely used to support the response, rescue, and
recovery efforts and, under the dire conditions of that emergency, provided to
be extremely valuable. The findings of both papers reveal many valuable
lessons based both on the successes and problems experienced during the
World Trade Center response. More importantly, they describe some of the
constraints on the utilization of GIS by the practitioner community:
understandable user interfaces; data quantity, quality, and integration; realtime data and information. Finally, the papers suggest some important GIS
research areas based on the needs of the disasters and emergency management
research and practitioner communities.
Research conducted by Guilian (2000) evaluated the successful
application of GIS technology in many fields; he finds that GIS can be an
efficient tool for effective response to chemical emergencies. His paper is
important to my research because it introduces the application of GIS
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technology in chemical emergency response. He introduces and explains what
spatial data is needed, and the type of spatial analysis is required for chemical
monitoring and emergency response in detail. Finally, he presents a chemical
monitoring and emergency response system still under development,
combining GIS and expert system for both chemical distribution centers and
public response personnel.
Wood (2000) finds that complex emergencies continue to pose a
significant challenge to the international community and that GIS offer those
involved in planning for and responding to complex emergencies an
analytically powerful information management tool for geo-referenced data.
Although he discusses GIS-based programs used in Kosovo, as well as
potential applications for response coordination, rapid provision of basic needs
and public security, political dialogue, human rights, and sustained economic
development his approach can be partially used in this project.
Shuai et al. (2002), introduce various elements that estimate the
distribution of urban earthquake disaster damage. They present a model of
high-risk region analysis; the model divides a city into same size cells, every
cell is assigned an index to represent hazard degree. From it some severe
regions are determined, and the information obtained is helpful for disaster
rescuer action of the government. The model is implemented using GIS, and is
successfully used in the case study of Tai’an City in mainland China.
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Maniruzzaman et al. (2002) describes the preliminary development of
a prototype Response Estimation System for Cyclones Under Emergency
(RESCUE), a GIS-based aid intended for disaster management personnel
involved with cyclone response in Bangladesh. Wind speed and surge models
are incorporated into the system. They present the argument that with a
graphical display of the probable distribution of the effects of a storm a better
response can be planned in the face of a lack of actual damage reports from the
affected areas. They also find that when a large base of reliable damage data
becomes available, damage ratio as a function of wind speed and surge heights
can also be established to give a more direct understanding of aid
requirements. The GIS can also help identify risk areas and plan long-term
measures for disaster management. For example, their article described an
exercise for optimally locating storage facilities for relief goods is described
within their article. Shuai X. et al. (2001) introduce in this paper the
framework and major function of earthquake emergency response information
system. The system is developed based on ArcGIS GIS platform. With Mancomputer interactive mode, the system can provide the service for earthquake
emergency response on Chinese mainland scale.
Other articles focus on the use of Global Positioning System (GPS)
and its interaction with GIS. Gao (2002) demonstrates that the advent of the
GPS technology has not only enhanced the ease and versatility of spatial data
acquisition, but has also diversified the approaches by which it is integrated
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with remote sensing and GIS. In his paper he discusses the necessity of
integrating GPS, remote sensing, and GIS. He reviews current status of
integration under four proposed models: linear, interactive, hierarchical, and
complex. Applications of integration are reviewed under three categories:
resources management and environmental monitoring, emergency response,
and mobile mapping. The paper reveals that linear integration is the most
common and that hierarchical integration has found applications in precision
farming and environmental modeling. It is important to note that he
demonstrates that complex mode integration is most valuable in disaster
mitigation, emergency response, and mobile mapping which is the focus of
this research. He argues that with limited cases in hierarchical and complex
models, the full potential of integration has not been achieved. He sees that the
best prospects of integration are distributed mobile GISs and location-aware
multi-media

personal

digital

assistants.

As

mobile

communication

technologies improve, full integration will find more applications in many new
fields after removal of the obstacles in integration.
The literature points to the need for first responders, municipalities,
hazardous material suppliers and transporters, and environmental clean-up
service providers to have experience with or at least be aware of GIS
programs. The most frequently mentioned emergency response applications of
GIS were risk assessment and planning. Other important uses included
response-time planning, tactics, and various location based issues. According
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to the literature, the principal benefits derived from GIS usage are
improvements

in

planning,

preparedness,

responsiveness,

and

communications.
3.2 Conclusions drawn from the Literature
The literature shows a gap between GIS awareness and GIS use
suggesting that there are important barriers for first responders acquiring and
learning to use these systems. I conclude that the most important barriers to the
use of GIS and GPS use in ERP are:
1. Ability to demonstrate the benefits of GIS to local authorities;
2. Ease of acquisition, i.e., having the skills necessary to evaluate and
select the best system;
3. Cost of acquisition, including implementation; and
4. Compatibility with other GIS and, therefore, the ability to share data.
5. Ease of use of the hardware by responders and support personnel
In order to identify and develop a GIS for use for in emergency
response planning in the Huntington area, the activities of current GIS
software usage has to be further investigated. The review indicates that a series
of custom-made applications have to be developed, many of which will be
self-supporting software systems developed for a specific purpose for
individual locations and needs.

14

Chapter 4
METHODOLOGY AND EXPECTATIONS

4.1 Methodology
As mentioned before the literature contains many location models that
have been formulated to include one or more criteria that are pertinent to
emergency services, including backup service (Cheng et al., 2001; Cutter,
2003; Daskin, 1988; Guilian 2000; Kevany, 2003; Shuai et al., 2002; Wood,
2000), multiple response units (Maniruzzaman et al., 2002; Shuai X. et al.,
2001), temporally variant demand distributions (Gao, 2002), and stochastic
travel times (Daskin, 1988), amongst others. In addition, service specific
models are being developed that potentially can be applied to a broad range of
problems (see, for example, Segall, 2000; Tzeng et al., 2000). The
methodology that will be adopted for this project is to:
•

Classify the location models in the literature on a number of dimensions
that include: the objective function, the representation of demand and
supply, the spatial structure and spatial constraints, and the nature and
sequence of operations applied.

•

Interview first responders and members of the emergency response
coordinating team to identify their needs and key elements and/or
operations that can be used in a GIS model.
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•

Use the analytic capabilities of ArcGIS to identify key elements and
operations that can be used in a model based response and prevention
management system.

•

Develop core data structures that support both the operations needed to
implement location models and the query and display capabilities in GIS.

•

Implement at least some of the elements of the model based response and
prevention management system in a working prototype.
Although I conducted informal interviews with key emergency

response personnel, i.e. Fire Chief, the coordinator of the emergency response
team, Public Works Director and others, there is a need to formulate extensive
interviews with them and other personnel from local, state, federal and private
organizations to garner more feedback. In addition, linkages with emergency
services in the Huntington Area and in one or more adjacent cities and towns
will ensure that key evaluative criteria and modelling elements are included in
the prototype. Contact with others working in this area will also be an
important source of comment and criticism.
4.2 Data Acquisition and Development
A series of meetings with WV Emergency response personnel and the
Cabell and Wayne counties response teams, Huntington, Ceredo, and
Kenova in WV, Chesapeake, OH and Cattlesburg, KY, Fire Departments,
and Huntington Sanitary Board and Cabell County GIS departments and staff
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will be conducted to assess the value and possible use of hundreds of GIS
data layers that they maintain. Based on first responders primary needs with
the GIS technology, the project can be sized accordingly. Data which is only
available within Fire Protection and Law Enforcement community will be
acquired from the respective agency to integrate into the area GIS data. Field
information about the data will be checked and verified with help from first
responders i.e. Cabell and Wayne Counties Emergency response personnel
and local fire departments. Since the information will be in various formats,
the development process can be automated with ArcGIS tools to scrub the
data.
4.3 Expected Outcome
The outcome of this project will be: an improved understanding of the
similarities and differences amongst models that can be used to generate
spatial-temporal location strategies; a design of a model that can be used to
implement some of these models; and an understanding of how GIS can be
used to make available these tools to a broad range of first responders and
other emergency personnel. The literature, with few exceptions, focuses on
large and “important” disasters i.e. tsunamis, earthquakes, large cities, etc.
This project will make a contribution to the literature by providing a
framework within which to classify dynamic spatial-temporal location models
and a design of a GIS, that facilitates the development and implementation of
new and improved models in a “smaller” locality, gaining a valuable insight
17

into the real problems faced by first responders and GIS professionals in
optimising Emergency Service provision in small municipalities.
4.4 Timeline for Data Acquisition and Model Development
The development, maintenance, and distribution of core geospatial
databases in a working model required considerable time and effort and the
cooperation of state, federal and local agencies. For this reason, the original
timetable was subject of changes along the way and the list bellow shows the
original and actual timeline.

1. Personal Interviews – 4 to 6 weeks. (Summer, 2005) (August, 2005 to
January, 2006)
2. Regular mail and E-mail interviews - 6 to 8 weeks, overlapping with
personal interviews. (Summer, 2005) (August, 2005 to January, 2006)
3. Data Acquisition - 6 to 8 weeks, overlapping with interviews. (Summer,
2005) (August, 2005 to February, 2006)
4. Developing GIS Model guidelines – 6 to 8 weeks. Overlapping with
developing working model (Beginning August, 2005, ending January, 2006)
4. Developing working GIS Model – 12 to 20 weeks. Overlapping with
developing model (Beginning September, 2005, ending February, 2006)
5. Writing – 12 to 20 weeks, overlapping with developing working model.
(Beginning September, 2005 ending Februay, 2006)
6. Approximate date to present finished work for review. (Mid March, 2006)
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Chapter 5
IMPLEMENTATION AND DEVELOPMENT

5.1 Emergency Management
The Federal Emergency Management Agency (FEMA) classifies
overall emergency management into four categories, which make the
emergency management cycle mitigation, preparedness, response, (Fig. 1).
and recovery.

Fig 1. Emergency Management Cycle (adapted from Cutter, 2003)
19

Mitigation can be described as the efforts that reduce the degree of long-term
risk to human life and property from natural and manmade hazards.
Preparedness is the activities that develop operational capabilities for
responding to an emergency. Response covers the efforts taken immediately
before, during, or directly after an emergency that save lives, minimize
property damage, or improve recovery. Recovery includes the activities that
restore vital life-support systems to minimum operating standards and longterm activities that return life to normal. Each of the 50 states has its own
state level emergency management agency. Where it is located in the state
organization varies from state to state. Some agencies are independent, and
others are part of larger organizations. The chain continues down to the
county level in most states.
Over the past few years, there has been an increased interest in the
emergency management system. A significant amount of this interest is due
to the seemingly increasing frequency of natural and manmade disasters and
their coverage by news media. In the past, it could take days or weeks for
people to learn of disasters in other parts of the country. Today, it takes only
seconds. This effect heightens our awareness of the problems and provides
some ability to deal with disasters that move over time.
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5.2 Issues in the creation of Emergency Management GIS in Small
Municipalities
Because of its bureaucratic nature local ERP agencies the adoption and
of new technology or any other innovation poses special problems, since as an
innovation it is both new and uniquely different from their traditional tools of
the trade. This argument is based on my interviews with local ERP personnel
where I found that after many years of use of a set of procedures, professional
training, and social norms, administrators unfamiliar with GIS are accustomed
to their traditional tools, without even accepting the possibility of change.
Understanding the issues related to introducing and implementing GIS
technology in local ERP agencies is more crucial to success than the
technological and some times monetary issues.
This is the case for many technologies, and it is particularly relevant
for GIS. Several GIS characteristics differentiate it from other technologies
and necessitate specialized organizational and management approaches,
which small municipalities such as Huntington may not have or understand.
These issues include the characteristics of geographic data and their role in
the agency’s business operations, the current use of GIS technology and its
future use by the agency, the relationship of GIS technology with other
technologies in the agency, and the multiuse nature of GIS data. When GIS is
introduced into an agency, the organizational impacts and implications must
be addressed as carefully as the technological ones.
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As discussed before GIS is a broad term used to refer to many
different types of technologies and organizational implementations. In fact,
the GIS in one agency can be very different from that in another. In one
instance for example a City employee proudly described their “analog GIS”
as being better than any “digital GIS.” The employee went on to show me a
very well organized map rack in which maps containing parcel, storm and
sanitary sewer maps, and orthophotos taken in 1975. Then the employee
proceeded to demonstrate the time it took to find a particular parcel on a
particular map and asked me if GIS could do it as fast. It was obvious that
this individual was not supportive of a system perceived as a threat to his/her
job. Another employee within the same agency was supportive of a GIS as
long as the data remained under the control of the agency. This reinforces the
view that an important source of a bureaucrat’s power is their ability to guard
their knowledge from outsiders, under the cover that each professional
agency has a body of knowledge that is unique and valuable; and the ability
of the bureaucrat to screen and share information based upon their
professional experience and personal bias in some cases. Some authors
suggest that factors influencing the institutional sharing of information are
often more directly tied to behavioral and organizational concepts rather than
technical. Certainly, it is necessary that two organizations possess similar
technical capacities and capabilities in order for information exchange to
proceed efficiently. However, to an increasing degree, research has pointed
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to various aspects of organizational culture, bureaucratic practices and
standard operating procedures, political realities, and behavioral norms as
having a stronger impact on the likelihood of one organization's willingness
to share information with others (Anderson, 1996; Cutter S.L. 2003).
For some agencies, such as local governments, GIS represents a data
and operational framework that affects and ties together most activities of the
agency such as the Cabell County GIS run by the assessor’s office. In other
agencies, GIS may consist only of a simple tool used to complete a single
task like in the Huntington Sanitary Board; others, they may have all the
pertinent information and data but no access to software capable of running
all the data in their possession; such is the case of the Tri State Fire Academy
(TSFA).
The types of GIS implementations vary widely, involving different
levels of technology, number of users, and impacts on operational tasks and
agencies themselves. I believe one of the key factors in developing
management strategies for the introduction, implementation, integration, and
operation of GIS for emergency management in small municipalities is to
determine the appropriate role of GIS in the agency, in the case of
Huntington, WV it would be the TSFA, and to understand the implications of
that role. The appropriate GIS organizational model for emergency
management organizations, including the TSFA, has to be based on its
intended role, which is aiding the agency in every step of the emergency
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management cycle. In the case of the TSFA, GIS is an integrating technology
that provides a new basis for operations and involves few organizational
impacts. The role GIS will play in the TSFA will affect its operating
environment during the planning, response, recovery and mitigation phases.
Another important factor in the adoption of GIS in small municipalities
is the cost. Is that GIS generally follows a comprehensive design and
implementation process and can take several years and large sums of money
to complete. The GIS databases and software are designed to meet all users’
requirements, although compromises are sometimes required. Nevertheless,
the value of the entire system outweighs even the benefits to individual
users. Widespread organizational change may necessarily accompany GIS
implementation. Although some organizations, particularly public sector
ones, resist significant organizational changes and cost, such adjustments
are necessary to realize ultimately the full benefits of GIS technology.
In order to minimize costs an environment where GIS is used as a
data and service resource, several agencies within the region should be
involved in their own GIS activities, since they may occasionally need
outside assistance they can contract as a group. GIS is not integral to their
operations and does not tie them together but rather supplements their
designated functions. For example, the local Fire Department may need to
produce maps from time to time to, but map production is not a regular part
of its operations. In such situations, users are served by a regional
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organizational unit, such as the TSFA, providing GIS-related data and
services when needed by emergency response agencies and personnel. The
GIS service may run a public GIS site, build and provide access to
databases, provide operational and applications services for other agencies,
and offer guidance on standards to local authorities. First responders
generally have not integrated GIS into their basic operations in the
Huntington area, although each user may have some of his or her own GIS
tools and data. Occasional need for GIS resources by some agencies will be
determined by the organization’s GIS-related operations. For example, the
regional repository of the GIS, TSFA in the study area, can set up a GIS
unit to provide mapping and analysis capabilities to smaller entities within
the region; it can be to townships, villages, volunteer fire departments, and
other agencies. This regional GIS center may provide GIS assistance to a
number of agencies and build databases that can be used by various groups.
Regional GIS development process to some extent, usually within the limits
of the known budgets, and funded applications at the time they are initiated
and coordinated efforts can be performed to the extent that funding is
available. Benefits will be realized by centralizing some GIS resources,
map and geographic information can be collected once, maintained in one
place, and made available to all users; equipment and software need not be
duplicated. Persons with GIS skills can assist those outside their immediate
agency so benefits result in reducing GIS-related costs by sharing resources
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rather than requiring users to develop their own. Because there is, little
formalized control in the Huntington area, duplication of efforts among
users continues to occur, and users believe that the benefits they receive
from autonomy in development outweigh possible information losses. In
addition, there is the post 9/11 attitude towards sharing information with the
public or with other agencies; this is the case of the local utility companies.
They cannot share information about the location of their infrastructure
because of security concerns and route inquiries for data to a State agency
that will then locate the said infrastructure.
My research presents a viable model, showing the benefits offered by
use of the several organizations’ data to create a GIS system, to be used by
a regional service center, by bringing in data from different sources and in
different format. The benefits of this model outweigh those in which that
each administrative unit would have by acting on its own, whether
developing all of its own GIS support or contracting out for some of it. It is
understandable that in some cases, in an effort to maintain autonomy,
agencies will not be willing to participate and only time will tell how
successful this approach proves.
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5.3 GIS in Small Municipality Emergency Management
A GIS can be a very powerful tool in emergency management. This
technology has the ability to capture the data by digitizing, scanning, digital
imagery, or aerial photography; to store the data; to manipulate the data; to
form data queries; to analyze the data; and most importantly, to visualize the
data. In other words, GIS technology brings to the user the ability to
integrate, store, process, and output geographic information. This system
takes a multitude of data from numerous sources and graphically displays the
information.
From the interviews conducted for this research it is clear that to make
the right decisions, emergency management personnel need accurate
information quickly and in the right format. Unfortunately, they all point to
several issues which have to be solved before a full emergency management
GIS can be implemented.
Small municipality emergency personnel need projections about what
may happen and information about what has happened and where, and what
resources are available to respond. Furthermore they need plans that help
them anticipate contingencies; assess developments, and direct effective
response and recovery operations. One use of GIS for emergency
management officers is displaying information regarding various conditions,
such as
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•

Disaster forecast information concerning the possible extent of a
particular disaster; used to determine which areas include critical
facilities that would be subject to the potential hazard

•

Vulnerability analysis—information on critical facilities (hospitals,
shelters, police and fire facilities, dams, trauma centers, etc.) that can
be used for mitigation efforts

•

Damage assessment—reports of the actual impact of hazards; speeds
applications for federal aid with electronic reports based on FEMA,
Small Business Administration, and Farmers Home Administration
forms

•

Hazardous materials identifies material types and quantities, storage
locations, and potential threatening situations

•

Personnel resources—location, contact information, and relevant
skills and/or experience of potential disaster response personnel;
improves deployment by keeping a running log of each member’s
latest action, shift, and availability

•

Resource

inventory—vital

information

concerning

supplies,

equipment, vehicles, or other material resources as well as mutual aid
availability from neighboring companies
•

Infrastructure—shows transportation networks (roads, railroads,
bridges, traffic control points, and evacuation routes) as well as
complete utility grids (electric, gas, water, and sewer)
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•

Mass care/shelter status—monitors the movement of people to and
from government or voluntary agency shelters by providing
information on capacity, availability, supplies, and suitability to
victims’ needs
As

GIS

technology

becomes

more

affordable,

emergency

management personnel are able to enhance their efforts to understand and
manage the magnitude of and mitigate the potential damage of natural and
manmade disasters. Emergency managers can achieve a variety of
efficiencies and gains in productivity by employing GIS technology. Some
of the major categories are:
•

Efficiencies gained from automating tasks previously done manually

•

Efficiencies realized through the reduction, elimination, and/or
coordination of tasks previously done that currently are duplicated by
multiple individuals in different organization units

•

Efficiencies obtained when GIS performs tasks that are too time
consuming and costly to be done manually or with current outmoded
technologies

•

Enhancements provided by GIS technology in productivity that other,
more traditional technologies do not provide.
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5.4 Proposed GIS-based Small Municipality Emergency Response
System Model (GIS-SMERS)
The proposed Model builds upon existing Regional Response Team
(RRT) responsibilities developing, maintaining, and implementing an
integrated emergency management system that strives to protect lives in
Small Municipalities, Huntington, WV., Cabell and Wayne Counties, for this
particular case study in the event of a disaster. This is accomplished through
the maintenance and exercise of an emergency operations plan; education
and training of the public, government officials, and emergency responders;
and promotion of mitigation and self-protective measures that lessen the
possibility and/or impact of disasters.
To increase the efficiency of the RRT in its emergency management
operations, I suggest that a joint effort should be made and the objective of
this effort should be to use GIS technology to develop an emergency
assessment and planning GIS. The methodology presented is to be used to
improve the current emergency response methods utilized by local agencies.
It will work as a computer-based decision support system that will integrate
data, information, and models for the purpose of identifying and evaluating
solutions to complex problems involving spatially distributed information for
the local emergency management agencies.
The goal of this is to develop a tool to maintain an integrated
emergency management system that enables the emergency manager to
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visualize and analyze emergency situations more accurately. A major impact
of this tool in current emergency response efforts will be its ability to
determine potential and actual hazardous areas more accurately by means of
GIS technology. Use of GIS in this research is summarized in Fig. 2.
Original Data

Derived Data

Geo-Database

Scanned paper maps
(TIF)

DOQQ and, DEM

Cad, Shape and other

Fig. 2. GIS

My research outlines ways for developing damage functions, which
better describe hazard conditions, provide a means to quickly address
implications of changes in land use policy, and produce hazard maps that
provide a new perspective of modeled data. This, in turn, will lead to better
protection of lives and property in the county in the event of an emergency,
which is the major responsibility of any emergency management agency.
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5.6 Software
The specific GIS package used in this project is Environmental
Systems Research Institute’s (ESRI) ArcGIS 9.1 with the Spatial Analyst
extension. The Spatial Analyst extension supports a system based on raster
data types; digital elevation models (DEMs) in this case. Although, ArcGIS
is the base software used to integrate data that is needed by the RRT in its
emergency management operations with the data geographically other
software packages were also used due to some limitations found in ArcGIS
9.1.
IDRISI Kilimanjaro, integrated software GIS and Image Processing
package created by Clark Labs, was used to view, georeference and export
Tagged Image Files (TIF) files. Even though IDRISI provides about 200
modules for analysis and display of digital spatial information and an
extensive set of GIS and Image Processing tools in a single package it was
not used as the primary software due to the extensive market dominance by
ESRI products.
Taking advantage of its ability to handle large sized mosaics (one
thousand gigabits or more) ER Mapper was used to create seamless, color
balanced image mosaics. Using ER Mapper’s mosaicking and color
balancing technology, I turned a collection of image tiles into a single
compressed image mosaic. This mosaic allows an uninterrupted view of an
entire land area without having to traverse hundreds of smaller image
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tiles. The mosaic was compressed in to an ECW format that can be used
easily in any GIS, CAD, desktop or web applications. For example, 10GB of
source data can become just 500mb, small enough to fit on a CD, saving
computer-loading time, which will be very important during an emergency.
Autodesk’s Autocad 2005, Abobe Photoshop, and Adobe Acrobat software
packages were used but not as extensively as the GIS packages mentioned
above.
Selection of any specific software package depends on the
availability of the digital data to be used in the development of the system. In
this case, compatibility of the package with all agencies involved, the
capability to support the purposes of the whole project, and being user
friendly for emergency management personnel are also important, and that is
the main reason ArcGIS 9.1 was selected.
The use of a system such as the one described in this research caN
give emergency responders and managers the ability to visualize potential
problems. Another advantage of the visual image is that non-technical
personnel will be able to understand the information provided without
extensive training. Steps can then be taken in every phase of the emergency
management cycle to improve response and decrease risk to life and
property.
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Chapter 6
CASE STUDY

6.1 Introduction
Huntington, WV is located in western West Virginia north of the
confluence of the Ohio and Big Sandy Rivers, within Zone 17 of the
Universal Transverse Mercator (UTM) grid (Fig. 3). Its urban area is
intersected by the Cabell and
Wayne

county

line,

thus

Huntington

having three first response
emergency agencies for the
same region. That is City and
County emergency personnel.
To provide a detailed spatial
analysis, 1:24,000 scale digital
maps were used in this project.
Larger scale allows seeing the
Fig. 3 Huntington, WV

land data more clearly as well

as giving the opportunity to determine the possible hazardous zones more
accurately with location that is more precise and elevation difference ranges.
Digital data for these counties exists in 1:24,000 scale quadrangles. These
quadrangles can be seen in Fig. 4.
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Fig. 4. UTM Zone 17 Quadrangles, Cabell and Wayne County WV.
6.1 Data Collection
In order to provide detailed views of the area, Digital Orthophoto
Quarter Quadrangles (DOQQs) were used in this project. These were used to
allow views of the land more clearly as well as giving the opportunity to
determine the possible hazards not just to the emergency site but also to
adjoining structures and the location of other types of infrastructure, such as
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sewer lines, water mains, etc. DOQQs were obtained from the WV-GIS
Technical Center. These quarter quadrangles can be seen bellow in Fig.5.

Fig. 5 Cabell County and partial Wayne County DOQQ
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6.2 Data Description
6.1.1 Digital Elevation Model (DEM)

Fig. 6 1:24,000 Scale DEM for Cabell and Wayne Counties
Digital elevation model (DEM) is the terminology adopted by the
U.S. Geologic Survey (USGS) to describe terrain elevation data sets in a
digital raster form (Fig. 6). The standard DEM consists of a regular array of
elevations cast on a designated coordinate projection system. The DEM data
are stored as a series of profiles in which the spacing of the elevations along
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and between each profile is in regular whole number intervals. The normal
orientation of data is by columns and rows. Each column contains a series of
elevations ordered from south to north, with the order of rows from west to
east. The DEM is formatted as one ASCII header record (A-record),
followed by a series of profile records (B-records), each of which includes a
short B-record header followed by a series of ASCII integer elevations per
each profile. The last physical record of DEM is an accuracy record (Crecord). A 7.5 º DEM (30 º 30’ m data spacing cast on a UTM projection)
provides coverage in 7.5 º x 7.5 º blocks (U.S. Geological Survey, 1993).
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6.1.2 Digital Orthophoto Quarter Quadrangle

Fig. 7 West Hamlin Quadrangle and three of its four DOQQs
DOOQs combine the image characteristics of a photograph with the
geometric qualities of a map (Fig. 7). The primary DOOQ is a 1-m ground
resolution, quarter-quadrangle (3.75º latitude by 3.75º longitude) image cast
on UTM on NAD 1983. The DOOQ geographic extent is equivalent to a
quarter-quadrangle plus over-edge, which ranges from a minimum of 50 m to
a maximum of 300 m beyond the extremes of the corner points. The overedge is included to facilitate tonal matching for mosaicking and for the
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placement of the NAD 1983 and secondary datum corner ticks. The normal
orientation of data is by lines (rows) and samples (columns). Each line
contains a series of pixels ordered from west to east, with the order of the
lines from north to south. The standard, archived DOQ is formatted as four
ASCII header records, followed by a series of binary image data records
(U.S. Geological Survey, 1993).
6.1.3 Parcel Shape Files
Early efforts of this research included the gathering of digital data for
both counties. Cabell County proved to be the most advanced in its GIS
ready information providing shape files of its parcel maps and imagery of
every structure within the county (see Figures 8 and 9).

Fig. 8 Cabell County Parcels (partial view shown for clarity)
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Fig. 9 Cabell County Structure Imagery, (TechSol 4711 Piedmont Rd. facility
shown).
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Wayne County Westmoreland District parcels provided by the Huntington
Sanitary Board (Sanitary Board) and no imagery of existing structures of the
county were provided or nor it contained parcel owner and address
information (Fig 10).

Fig. 10 Huntington, Wayne County, WV (Westmoreland District only)
provided by the Sanitary Board
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6.1.5 Sewer Maps
Sewer maps were provided by the Sanitary Board and the Tri-State
Fire Academy (TSFA). Sewer data obtained from the Sanitary Board came in
the form of shape files (Fig 11), and the sewer data provided by TSFA was in
AutoCad coverage format (Fig 12). Water mains were supplied by TSFA and
were in Tagged Image File (TIF) format (Fig. 13).

FIG. 11. Huntington, Cabell and Wayne Counties, WV Sewer shape files
from the Sanitary Board.
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FIG. 12. Huntington, Cabell and Wayne Counties, WV Sewer Autocad
Coverage from the TSFA.

44

6.1.6 Water Main TIF Files

FIG. 13. Huntington, Cabell and Wayne Counties, WV Water main TIF files
from the TSFA.
Since the TechSol accident the TSFA is the official depository for all
infrastructure and mapping data used during emergencies. As mentioned
above the data is not readily available to first responders, according to Lt.,
Ryder from the TSFA, who use several different programs to handle
different information creating a time based bottle neck in the information
flow to and from the emergency managers and first responders during an
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emergency.
Although several attempts were made to obtain electrical/power and
gas mains from the utility companies it proved impossible. Inquiries for this
information were redirected to Miss Utility West Virginia (MUWV), which
is an organization that will relay information to member owners/operators of
underground facilities in order for them to determine the location of and
mark their facilities. Of course the aim of this agency is to prevent damage to
underground facilities, and maintaining the general safety of the public,
avoiding unnecessary lost time by excavator. MUWV can be contacted
twenty-four hours a day, seven days a week by calling a toll free number, but
they inform the customer that whenever possible, it is best to call between
7:00 AM and 5:00 PM, Monday through Friday although they do accept
routine 48 hour notifications that can be made via Fax or Email. Notification
of proposed excavation, demolition or any other earth disturbing activities
are required to be placed to MUWV not less than forty eight business hours
before any such work is to begin. Needles to say, this is a problem during
emergencies or hazardous situations, which by nature are not planned.
All the digital data, including maps and photos, used in this project are
provided by the mentioned organizations and as expected the data comes in a
wide array of formats and geographical projections. All of the digital data is
available and used in the project.
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6.2 Methodology
Each hazardous facility is assigned a spot in the database and is
located on the orthophotos. The database will contain important information
about each facility and will be accessible directly from the base map. Fig. 14
shows a typical facility database entry. It is very crucial to collect the current
information about the high interest hazardous facilities and keep them
updated.

Fig. 14. Typical facility database
entry.
The resource database will support the development of the response plan for
each facility. And should include the construction and engineering resources
that can support disaster response operations. Development of this database
takes time and recourses that many municipalities do not have. As mentioned
before data was collected for Cabell and Wayne Counties but, due to time
and resource constraints, efforts in collecting the necessary data for
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hazardous facilities were concentrated in the Westmorland district of Wayne
County, to create the database to test the working GIS-SMERS Model.
Creating the model proved the most difficult task because it contains
information from different sources and in different formats figure 15 shows a
data management model for the working GIS model suggested by this
research. Since data is constantly changing, the system has to be updated on
regular intervals.

Fig. 15
Data Management Model
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Although it would be nice to know where everything useful in
disaster planning and response is located, it is not realistic at the moment. In
most cases, the best that can be hoped for is tracking government assets only.
These assets are more stable, and tighter reporting procedures can be
developed. As mentioned before the literature finds this to be true for large
regions. Since small municipalities tend to have fewer hazardous facilities,
this research suggests the inclusion of hazardous facilities, government or
privately owned, is necessary.
Although much of this work could be done in a number of ways, the
use of a GIS frame provides key benefits. As shown in Fig. 16, the facilities
layer can be overlaid on the DOQQs. This allows the emergency manager to
see the relationships between various facilities. The next step is to overlay
the disaster layer over this combination. For example, manipulated DEMs
show specific water elevations creating a disaster layer for flooding. In
addition, DEM’s provide contour and drainage patterns, which would have
proven useful during the TecSol, spill. The first responder could overlay the
parcel; water main, sanitary and sewer line layers and at first glance
determine what infrastructure is in immediate danger. In the case of the
TecSol spill, access to the sewer maps would have prevented the migration
of the flammable liquid and volatiles to reach the water treatment plant and
put that facility in risk of explosion.
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By combining the data from both the facilities and the disasters
layers, it is possible to develop relationships between the two. The
emergency management officials are able to identify those facilities that are
most threatened and those facilities that pose the highest danger to the
community.
Once the hazardous facilities have been identified, the emergency
manager can begin the mitigation and/or planning processes. In nearly all
cases, actual mitigation work is beyond the capability of the emergency
manager. However, it becomes the responsibility of the emergency manager
to identify potential problems to the authorities who are capable of taking
action. Mitigation efforts could include relocation of the facility,
reinforcement of the facility, or construction of protective structures, etc.
If mitigation is not a feasible option, then response planning is required. The
planning effort should include the facility owners, emergency managers, and
representatives of other public services. The goal of all planning sessions is to
develop procedures leading to efficient response to threatening situations.
These procedures would include evacuation plans, notification processes, and
temporary mitigation measures.
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Fig.16 Overlaid facilities layer (red dot identifies a hazardous facility, green
dot identifies high risk facility)
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Fig. 17 Hazardous and risk facilities map and visual identification imagery
(red dot identifies a hazardous facility, green dot identifies high risk facility).
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Fig. 18 Combined layers (red = higher risk area, green = lower risk area)
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Chapter 7
CONCLUSION

7.1 Conclusions
The use of GIS clearly gives the emergency responders and managers
the ability to visualize potential problems during all four stages of the
emergency management cycle. In the response phase, it provides the
advantage of visual images that non-technical personnel will be able to
understand the information provided without training. In addition, steps can
then be taken in every phase of the emergency management cycle to improve
response and decrease risk to life and property taking advantage if GIS
systems.
From interview results, I gather that a GIS could have helped first
responders make decisions earlier than they were made. Instead of waiting
several hours for the Sanitary Board to provide paper maps, and personnel to
locate the drop inlets as they where shown on the map, first responders could
have located them in a shorter time (as soon as they arrived at the scene) had
they had a working GIS at their disposal. Furthermore, sewer lines could
have been capped at strategic places preventing the tar oil from getting to the
water treatment plant and endangering its personnel and the infrastructure.
The cost of the cleanup would have been lower had this been done. The
location of the command center could have been decided during the
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preparedness phase of the GIS, instead of changing its location three times
during the response phase.
In the specific case of Huntington, each agency, while conducting
interviews, demonstrated interest in a GIS-SMERS. Every agency wanted to
have control of their “data,” one agency even suggested the possibility of
obtaining monetary compensation for supplying the information to other
agencies if the system was ever put in place. One way to handle the problems
sited in this research would be to have the legislature mandate and fund the
creation of this system granting each agency involved its share of access to
the data. To avoid misuse of the data first responders would have a copy of
the data related to their jurisdiction only i.e. the Huntington Fire would issue
copies of the GIS data for the area covered by the engine company. If the
emergency requires a more complete set, the fire chief would have the GIS
for the whole City and so on. As to how to handle behavior and mistrust
among agencies the only thing I can say is patience and persistence
combined with a little political and personal networking which can open
doors much faster than an order from higher ups. Private utility companies
may be willing to participate if there is an assurance that proprietary
information will be kept private. The next major obstacle is that each
individual site has to be identified, evaluated and added to the appropriate
database, and located on the map. This takes time and manpower. Even when
the GIS-SMERS is finished, someone will have to maintain it. Depending on
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the size of the area covered and the population density, it could become a
full-time job. In the long term, each county would have to have a cost-benefit
analysis to determine the viability of maintaining the system in their
jurisdiction. Support from the state and federal levels will be crucial to the
success of a systems such as the one proposed by this research.
The major drawback to a system such as this is implementation. As
discussed in Chapter 5 the major obstacle is jurisdiction and authority. Each
GIS-SMERS implementation is unique. Because each city, county or region
has unique environments, characteristics, goals, GIS-SMERS requirements
and goals, and operations, the agencies must develop, their own GIS-SMERS
management strategies by drawing from the common GIS-SMERS
methodologies management components and fitting them to their own
situations. The first step is to develop effective strategies and to establish a
vision for the GIS-SMERS in the jurisdiction, and define its role and scope.
The development of this strategy should result in a clear guide regarding the
implementation approach and management that will be most appropriate and
effective and indicates the types of organizational issues that will be
important. From the interviews, it is obvious that some agencies do not
realize the importance of this step, and consider it a waste of time, or they
just do not know how to perform it effectively.
Because the GIS-SMERS implementation and management must be
goal driven in terms of the final operating environment desired, the goals
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should be very specific in operational terms. For example, a goal to “have the
sewer database and display software complete by July 2006” seems specific,
but it is not descriptive enough to provide guidance to those involved in
creating it. A goal describing who and how the application will be used, and
how results will be affected provides more information regarding
implementation implications. Once a basic approach is chosen, guidance
becomes more specific. Specific organizational and management strategies
should be derived from the GIS-SMERS design and from an operational
model, which fits the role of GIS-SMERS for the region. The plan should
address the degree of centralized management of the GIS-SMERS,
placement of GIS-SMERS management and support, involvement of users in
the GIS-SMERS planning and implementation. In addition, it should include
coordination of users, changes within the agency, preparation of users,
personnel issues, and transitions to GIS-SMERS from other system,
integration of every day operations, user support, data access, and integration
of technology and changes of that technology.
Several factors affect the development of implementation strategies,
some of which include potential benefits of shared geographic data among a
number of agencies, specific needs, cost-benefit trade-offs related to
implementation alternatives, varied impacts on current operations, and
related organizational impacts. Other relevant issues include, the degree to
which the GIS-SMERS are to be shared among different applications and
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users, degree of autonomy of emergency units, presence and use of related
technologies and data, including desktop mapping, imaging, GPS
technology, demographic data and processing software, and data analysis
software. Also one should be aware of the potential for agency process and
organizational

change,

strategic

and

operational

time

frames

for

implementing the GIS-SMERS. Finally, financial issues, including
requirements for cost-benefit justification and return as well as levels and
schedules of funding availability together with the factors mentioned above
determine the direction and detail of GIS-SMERS development and
implementation, and the GIS-SMERS plan provides the information for the
development of an organizational plan and management strategies. There is a
need for more discussion of the GIS-SMERS planning process in generalized
government settings, data sharing issues, and studies of GIS-SMERS
implementation in regional and local government settings and hope this
research can be used in future research.
In preparing the GIS-SMERS model, a third database was originally
planned. This database would contain information concerning the location
and types of re-sources available to support disaster response operations.
After consulting with Lt., Ryder from the TSFA and Cpt. Spurlock, of the
Cabell County Emergency Management Office, the resources database was
scrapped as not viable. Collecting and maintaining the database, would be a
more than full-time job even if the database were restricted to government

58

agencies and equipment. Even if it were possible to create the third database,
the Cabell and Wayne Counties Emergency Management agencies do not
have the capability to maintain it. This should not be an indication to other
municipalities to leave this database out.
The focus of this research was on the use of GIS in the provision of
emergency response in small municipalities all the work revolved around
manmade disasters. However, the model can easily be translated to other
forms of disaster. The facilities database remains the same while the hazard
database is adjusted to reflect different disaster types. With the proposed
GIS-SMERS, the next step will be adding flood prone areas, chemical
plumes, large blasts and railroad accidents, particularly of the types related to
chemical plants, and finally mine accidents. For coastal locations adding
hurricane maps is possible, and small municipalities on fault lines can plot
the extent of various magnitudes of earthquakes. Although these disaster
databases are more complex than the one described in this research, they are
still viable.
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