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CHAPTER 1  

INTRODUCTION  

Universities and colleges were imperative assets to house valuable intellectual 

talents in the soil of America in the past centuries. Currently, universities and colleges 

continue to foster an open environment for exchanging innovative and informative 

academic knowledge among students, faculty, scholars, and visitors as the knowledge 

will continually pass on to our next generation. Hence, it is vital to protect campuses of 

universities and colleges from disasters so that these higher education institutions are able 

to operate and carry on significant social responsibilities.   

Disasters can be a duplication of war, an expression of social vulnerabilities, and 

an entrance into a state of uncertainty (Quarantelli 1998). Quarantelli suggests that 

disasters can also be the consequence of inappropriately managed risk, which is a product 

of hazards and vulnerability (1998). In other words, a disaster may be occurred when a 

hazard happens at a location with high vulnerability as “the concept of vulnerability 

expresses the multidimensionality of disasters by focusing attention on the totality of 

relationships in a given social situation which constitute a condition that, in combination 

with environmental forces, produces a disaster” (Bankoff et al. 2004: 11).   

Man-made and natural disasters can result in significant human and property 

losses. It is no doubt that the September 11 terrorist attacks in 2001 were one of the 

recent largest man-made disasters in America. This terrorist attacks not only opened a 

brand new scope about the level of vulnerability of American governmental institutions,  
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but it also revealed the security concerns of landmarks in the United States. Universities 

and colleges are one of these important landmarks that are vulnerable to terrorism and 

other disasters. 

 Although the recent Virginia Tech massacre was not purely an act of terrorism, 

its consequences give some indication of the potential devastation and profound impact 

of a terrorist attack on a university campus. It silently unearths security loopholes of 

university campuses in our nation. Is openness of campus the vital security challenge of 

all universities in the United States? If so, how can an institution prevent the repetition of 

such events? If total prevention is impossible, how can universities plan to reduce impact 

and fatality of mass shooting incident and most importantly, a terrorism event?  

Around the world societies have always coped with terrorism. For example, in the 

wake of September 11 and subsequent anthrax attack, the United States faced escalating 

challenges of homeland security at the national level. In response, the US government 

established the Department of Homeland Security, in order to prevent or minimize the 

potential impacts of different acts of terrorism. At a time of prioritizing emergency 

management efforts in response to terrorism at the national level, the potential threat of 

terrorist acts on university campuses cannot be ignored.  

 

Terrorism poses a unique threat to university campuses because they usually are 

expansive centers of activity that maintain and foster open unrestricted environments. 

Universities not only promote intellectual openness but also create an open physical 

environment that may be prone to events of terrorism. College campuses are designed to 

accommodate the free movement of faculty members, students, administrators, staff, and 

visitors. It is not pragmatically feasible to impose a restricted environment with intense 
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security measures because the restriction may be viewed as an imposition on personal 

and intellectual freedom.  

Furthermore, the size of a university campus escalates its vulnerability to 

terrorism events. Universities and colleges generally consist of numerous buildings and 

sometimes even multiple campuses. Many universities function as full-scale towns. The 

permanent and transient populations can exceed 25,000 people. For example, the 

University of California, Los Angeles, University of Maryland, College Park, and many 

others are self-contained entities with large residential populations, shops, recreational 

facilities, and full-service police and fire departments (U.S. Department of Justice 2005). 

Such high population densities increase the risk of high fatality rates in the event of a 

terrorism event. Typically, a major university sponsors more than 1,200 special events 

annually (U.S. Department of Justice 2005). The events include sports, lectures, seminars, 

graduation, and so forth. Such events occur usually draw thousands of people to the 

college campus. Due to the traditional necessity of such events, achieving the balance 

between openness and security in order to minimize the fatality and impact of a terrorism 

event remains a challenge. 

Some universities and colleges are part of the historical assets in the country. In 

addition, many universities house historic and classified documents. They also serve as 

home to scholars and researchers who comprise a notable segment of the nation’s 

intellectual talent. Major universities also serve as contractors to government agencies 

such as the Department of Defense, Department of Justice, National Security Agency, 

Federal Bureau of Investigation, and the National Aeronautics and Space Administration, 

as well as the nation's largest corporations (U.S. Department of Justice 2005). Hence, an 
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appropriate mitigating measure to protect university campuses is as important as a 

measure to protect and preserve historical and valuable assets in generations. Given the 

importance of university and college campuses and the fact their openness makes them 

easy targets of terrorism events, are there any existing federal regulations for tightening 

security measures on university campuses?  

According to U.S. Department of Justice, the Jeanne Clery Disclosure of Campus 

Security Policy and Campus Crime Statistics Act (the Clery Act), a 1990 Amendment to 

the Higher Education Act of 1965, requires colleges and universities to disclose 

information about campus crime and security policies. The Clery Act requires colleges 

and universities to publish an annual report no later than October 1 of every year, 

containing campus crime statistics for a period of 3 years along with descriptions of 

certain security policies. Reports must be made available to all students and employees, 

while prospective students and employees must be notified of its existence and afforded 

an opportunity to look at copies (U.S. Department of Justice 2005). However, not many 

students and faculty inquire about the campus crime report frequently. It appears that the 

Clery Act helps to generate a set of campus crime statistics but fails in actual mitigation 

and prevention efforts or identification of crime-prone areas on campus. 

Acquiring accurate spatial information of the immediate area of a terrorist event is 

a critical step to prevent and minimize human losses. This thesis examines the potential 

of Web-based geographic information system (GIS) to achieve this goal. The objective 

of the thesis is to introduce and investigate how Web-based GIS facilitates campus 

emergency management before, during, and after terrorism strikes.  
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CHAPTER 2 

INTRODUTION OF CAMPUS EMERGENCY  

MANAGEMENT APPLICATIONS (CEMA) 

In the last decade, both natural and man-made disasters have affected universities 

and colleges with significant monetary losses, damages to buildings, death and injury. 

When disasters strike college campuses, losses also include measurable interruptions to 

their instruction and auxiliary services (such as hospitals) and immeasurable losses to 

research and the generation of knowledge (FEMA 2003). For example, the January 1994 

Northridge earthquake affected three universities in the Los Angeles area and caused an 

estimated at $380 million in damage (FEMA 2003). In April 2007, a mass school 

shooting occurred on the Virginia Tech campus, 32 people were killed and many more 

were wounded.  

This thesis is based on the premise that implementing a course of action to 

mitigate, prepare and respond to emergency events on college campus, universities can 

reduce vulnerability to future disaster events. The ability of a college campus to resist 

disaster not only protects lives of students, faculty and staff, it also safeguards the 

campus’ research, instruction, and public service. Regardless of the institution’s mission, 

vision and focus, hazard mitigation is a good investment. Campus emergency 

management application (CEMA) is a first step for higher education institutions to 

recognize the need to sustain the university’s teaching, research, and public service 

responsibilities in light of the damage, repair, delays, and financial difficulty that natural 

and man-made disasters can bring to a community.   
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According to FEMA, CEMA is an application including stages of organizing 

resources, identifying hazard and assessing risks, developing mitigation plan, and 

adopting and implementing the plan (2003). In the first stage of CEMA, school officials 

and emergency management personnel identify the resources available and necessary to 

complete the emergency management effort. Higher education institutions assess the 

risks and their vulnerability to the full complement of natural and man-made hazards in 

the second stage (FEMA 2003). FEMA suggests that in the third stage of CEMA, high 

education institution should develop a comprehensive hazard mitigation plan that can 

complement the existing plan as “the new plan should be developed and integrated with 

local and state jurisdictions and reflect the unique mission and characteristics of the 

institution (2003). The stage of adoption and implementation follows the development of 

mitigation plan. Higher education institutions have to implement the written plan by 

adopting appropriate administrative and industrial units such as people from campus 

emergency management services, consultants from public sectors, and volunteers from 

non-public sectors.  

In addition, FEMA also recommends that higher education institutions “establish 

mechanisms for maintaining and updating the plan to keep it relevant” (2003). It is 

equally important to keep the plan relevant and functional. If the written plan is never 

implemented by higher education institution, the “paper - plan syndrome” may be 

occurred. Auf der Heide suggests that the “paper- plan syndrome” occurs when disaster 

preparedness can be achieved simply through the filing of a written plan and not 

implementing it (1989). He warned that the written plan is more useful in practice as the 

document is not suddenly consulted in an emergency. The written plan not only operates 
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solely as a checklist, but the disaster plan also demonstrates the strength and weakness of 

the disaster management strategies only when the plan is in practice or after a drill.  

Emergency management personnel should be well prepared for unexpected situations as 

they should be familiar with the disaster emergency plan when the disaster strikes. 

Hence, the CEMA can effectively facilitate the organization of resources, 

identification of hazard and assessing risks, development of mitigation plan, and adoption 

and implementation of the plan if the written plan is executed regularly. In addition, 

through four phases of emergency management, CEMA can minimize the impact of 

probable hazards and limit their interruption to the mission of the university or college. 

The four phases include mitigation, preparedness, response, and recovery which will be 

discussed in the later section of this thesis.  The following sections will discuss the role of 

conventional GIS and Web-based GIS in different stages of CEMA 
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CHAPTER 3 

ROLE OF CONVENTIONAL GIS IN CEMA 

As with any hazard, in order to reduce the loss of life and damage to property, 

public safety officials, policy decision makers, and the general public must be aware of 

potentially hazardous conditions well in advance. If a terrorism event happens on a 

college campus, the college officials, first responders, and emergency management 

personnel have to handle large amount of information before they can make an accurate 

and prompt decision.  No other technology allows for the spatial visualization of an 

emergency or disaster situation as effectively as geographic information system (GIS).     

Geographic information links properties, attributes, and characteristics to 

locations in space and time (Goodchild 2005). Basically GIS is an integrated system that 

stores different kinds of geographic information of an area. Clarke refers GIS as 

'computer-assisted systems for the capture, storage, retrieval, analysis, and display of 

spatial data' (1986). GIS is also viewed as a system that integrates hardware, software, 

and data for capturing, managing, analyzing, and displaying all forms of geographically 

referenced information (ESRI 1993). Dash views GIS as a tool to tie both geographic 

data and non-geographic datasets together (1997). She suggests that GIS “can be a tool in 

disaster research and emergency management by helping users answer various spatial 

questions.” (1997).  

By placing the accurate physical location or geography of a disaster event on a 

computer monitor, and then aligning other relevant features with that geography, GIS 

facilitates prompt decision-making by emergency first responders, medical officials, and  
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managerial personnel to make instant decisions based on data they can visualize through 

the application (Greene 2002).  Chartland states that emergency managers need 

“advanced, technology-supported  information handling systems for collecting, indexing, 

storing, processing, retrieving and disseminating essential data” in order to improve the 

disaster mitigation, preparedness, response, and recovery (1995) 

Since time is precious during an emergency such as a terrorism event, first 

responders can expedite rescue procedures if they have accurate and comprehensive 

geographical information and resources about the impacted area. The key to an effective 

GIS-based disaster management operation is freely flowing interchange of data among 

every organization that needs it (Greene, 2002).  

Prior to the terrorist attack on September 11 in 2001, GIS technology was used 

during the emergency response and recovery phases in other major natural disasters in 

America (Amadahl 2001). GIS technology was particular notable following the 

Northridge Earthquake event (Quarantelli 1997). GIS units were set up within days of 

earthquake to record damage information, create maps showing earthquake shaking 

intensifies, and locate emergency shelters and disaster assistance application centers near 

to the impacted areas.  

After September 2001, GIS technology played an important role in the emergency 

management of man-made disaster. The role of GIS became more vital in solving spatial 

and conditional questions in man-made disasters such as terrorism. September 11th 

demonstrated to people, both inside and outside the GIS community, that GIS can play a 

critical role in making informed decisions in routine as well as in high risk situations 

(Naphtali 2003). A number of GIS teams were established to support many facets of 

9



 

FEMA’s orchestrated efforts after the terrorist attacks on September 11th.  One GIS group 

assigned to work with the Incident Support Team (IST) at New York's Jacob Javits 

Convention Center was very instrumental in increasing the efficiencies and effectiveness 

of the Urban Search and Rescue (US&R) task forces and the supporting Situation Unit 

(Budde 2007).  Remotely sensed imagery, predominantly airborne imagery, played a 

central role in many of the other data products that were produced by various GIS team. 

Initial optical coverage and these airborne images enabled rescue teams to orient 

themselves, and gave a clear indication of the magnitude of damage and extent of debris 

within the site (Huyck and Adams 2004). From the examples of Northridge Earthquake 

and September 11th terrorist attacks, the GIS system successfully allowed different 

emergency management teams such as police department, fire department, debris 

removal team, city planning personnel, medical officials, and GIS specialists to share the 

vital and critical spatial data about the impacted area.  

During and after the Northridge Earthquake and September 11th terrorist attacks, 

conventional GIS were used for emergency management. Conventional GIS allows users 

to incorporate graphical features with tabular data in order to assess or solve real-world 

problems. The tabular data includes demographic data and socio-economic information of an 

area. With the application of conventional GIS, users can visualize and forecast the 

relationship between people and environmental phenomena in a spatial and temporal context 

by creating, browsing and analyzing a digital map. Conventional GIS, frequently called 

desktop GIS, relies on programs that are already installed in desktop computers. The 

stand-alone desktop GIS has all GIS functions, user interface, and data in one stand-alone 

computer (Peng 2003, p.6). Users have to be able to access the preinstalled desktop GIS 
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programs in order to use it. Hence, this limits the number of users who are able to access 

GIS programs each time.  

 Peng (2003) suggested that conventional GIS are closed, centralized systems. 

The closeness of the system hinders access to the programs especially when the required 

GIS programs are not installed in computers or the computer does not carry the 

program’s usage license. What if a terrorism strikes on campus and a digitized map of the 

impacted area is required at once, but the computers that have the GIS are not accessible, 

and accessible ones do not carry the GIS programs? Migrating or installing conventional 

GIS programs into an operating system or platform is also extremely time-consuming. It 

requires hours and hours of installation of GIS programs into all computers in the campus 

emergency operations center (EOC) in order to produce a single electronic map. In this 

case, the limited accessibility and closeness of conventional GIS programs may delay 

overall response time in the midst of emergency on campus. 
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CHAPTER 4 

THE NEED FOR WEB-BASED GIS CEMA  

FOR UNT EMERGENCY MANAGEMENT 

 

An alternative GIS application, Web-based GIS, can solve the problem of 

unavailability and limited accessibility of conventional or desktop GIS. With Internet 

technology, GIS is now able to make its concepts more open, accessible, and mobile to 

everyone thereby facilitating notions such as democratization of spatial data, open 

accessibility, and effective dissemination (Dragic´evic 2004, p.79). Web-based GIS 

allows other users to access the application at the same time through internet browsers or 

hand-held mobile devices such as PDAs without pre-installing GIS program in the 

desktop computers. Moreover, even general users (not GIS specialists or computer 

experts) can visually grasp geographic information by searching spatial data with its 

attribute data in a GIS-based Website. In the Web-based environment with basic GIS 

functionalities, the map becomes dynamic, interactive and accessible to a wide selection 

of users as a visual communication tool (Dragic´evic 2004). According to Dragic´evic 

(2004), “[w]eb-based GIS is a transdisciplinary subject and hence its advancement relies 

on associated knowledge domains such as GIS and geographic information science, 

together with contributions from a wider area of application including geography, 

cartography…” In the midst of emergencies such as terrorism, Web-based GIS is not only 

a transdisciplinary subject but also an analytical tool for first responders, government 

officials, and emergency managers to respond to a situation.   
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CHAPTER 5 

APPLICATION OF WEB-BASED GIS CEMA IN FOUR STAGES 

OF EMERGENCY MANAGEMENT 

To truly understand how the Web-based GIS CEMA facilitates the emergency 

management on campus, one must understand the social, demographic, and geographical 

environment of campus that may pose a threat to UNT community.  UNT is located in 

Denton in North Texas with city population reached to 105,550 in 2007 according to the 

data provided by City of Denton. The number names Denton as the nation's ninth fastest-

growing city among those over 100,000 people (Hupp 2007). UNT is one of many 

locations in Denton with high population concentration in weekdays. High concentration 

of population on campus may be a pulling factor of various terrorism events as terrorists 

may aim to induce maximum fear or causalities among a large group of population in a 

public area (FEMA 2007). The higher concentration of population on UNT campus can 

be a major vulnerability to terrorism.   

  

5.1 Risk and Vulnerability  

What is the difference between risk and vulnerability in the context of campus 

terrorism? Bankoff et al (2004) states the concept of vulnerability expresses the 

multidimensionality of disasters by focusing attention on the totality of relationships in a 

given social situation which constitute a condition that, in combination with 

environmental forces, produces a disaster. According to Cutter (2003), vulnerability 

highlights demographic and spatial inequities among populations, differences that  
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influence capacities to respond and recover from threats. On the other hand, risk areas 

identified spatially are those areas most likely to be affected by a given hazard. People 

and resources located within the risk areas are considered to be at risk from hazards and 

may or may not be vulnerable to hazard impacts. Thus, areas with higher risk from 

terrorism may not be the same areas with higher vulnerability to man-made disaster on 

campus.  

For instance, an area with higher concentration of disabled population may be 

highly vulnerable in a terrorist event. Other populations in the same impacted area may 

experience lower vulnerability because their mobility is slightly higher. Knowing where 

concentrations of disabled populations are on campus throughout the day can help to 

avoid a catastrophe.  

Vulnerability is a function of both physical and human elements (Cova 1999). 

Physically, campus buildings with valuable assets such as historical documents and 

critical infrastructure may possess higher vulnerability. It is important to recognize that 

higher education institution cannot afford the costs associated with absolute protection, it 

is necessary to identify and prioritize the vulnerabilities in these infrastructures 

(Apostolakis and Lemon 2005). For instance, imposing emergency management 

strategies in cafeteria may be more vital as cafeteria often houses of hundreds of students.  

 After understanding the potential risks and vulnerability on UNT campus if a 

terrorism strikes, it is also critical to recognize how Web-based GIS CEMA facilitates 

effective emergency management strategies on campus in four phases: mitigation, 

preparedness, response, and recovery (Haddow and Bullock 2004).. Although each phase 

has tasks assigned to it, the process is dynamic and interconnected. Neal suggested that 
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the use of disaster phases provides a good heuristic device for researchers and 

practitioner. However, some of the phases may be overlapped and redundant in certain 

disaster events (1997). McEntire and Marshalls also suggest that “this lack of clear 

boundaries within the timeline of disaster is now widely accepted…” (2003). In addition, 

Neal states that “the current uses of disaster periods lack conceptual clarity for improving 

scientific and practical use” (1997). Nevertheless, the four phases grant a systematic 

approach for emergency managers and other professionals to understand fundamental 

tasks and activities in the arena of emergency management.  

 

5.2 Mitigation 

In the mitigation phase, measures are taken to avoid crisis or to prevent small 

emergencies from becoming a large crisis (Greene 2002). Haddow and Bullock (2004) 

suggest that the mitigation phase differs from the other phases because it focuses on long-

term measures for reducing or eliminating risk. The Web-based GIS CEMA first can 

identify the potential risk or long term impacts to campus community in the event of a 

terrorism. Second, by operating the CEMA, university personnel and emergency manager 

can develop proper rules and procedures to avoid a disaster and protect the population in 

the long run. In addition, university personnel and emergency manager may identify the 

area with high vulnerability on campus.  

 Campus buildings or facilities with critical infrastructure and valuable assets may 

possess higher vulnerability to terrorism than others. The Web-based GIS CEMA can 

allow UNT officials, first responders, and emergency management personnel to locate 
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and visualize these campus buildings so that they may adopt special building codes or 

evacuation procedures for these buildings or facilities.  

 

5.3   Preparedness 

Preparedness is the second phase in emergency management as emergency 

mangers develop activities, plans, and procedures to enable effective and efficient use of 

resources in the event of a crisis. Green (2002) states that the impact of a disaster will be 

minimized if the response is well planned and efficient. However, some well-written 

emergency management plans are never implemented or executed by university officials 

or emergency managers. The Web-based GIS CEMA can assist emergency managers to 

draft a more realistic and feasible plan as the application can perform “what-if” analysis 

to verify and evaluate the existing emergency management plans or response procedure.   

How does the Web-based GIS CEMA serve as the vital component in realistic 

plans that university officials, emergency managers, and first responders can actually 

execute when terrorism occurs on campus? First, the Web-based GIS CEMA can 

simulate a terrorism event on campus and visualize the impacts of the disaster on the 

campus population and the potential threats to  the surrounding neighborhood. 

Emergency managers can plan the evacuation procedures such as location of shelter and 

evacuation priorities. Second, as the Web-based GIS CEMA consists of a campus map 

and road networks, emergency managers can plan possible evacuation routes over the 

Website. Emergency managers can also add satellite or aerial images of the campus in the 

Website to demonstrate surrounding landscape and landmarks. The visualization of the 

landscape pinpoints any geographical barriers that can hinder the evacuation or rescuing 
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procedures. Third, the Web-based GIS CEMA permits the calculation of the distance 

between locations and hence, emergency managers can estimate the evacuation time 

between two sites. Forth, the application shows all campus emergency services and 

facilities on the Website. The emergency services on campus include the emergency call 

boxes and nearest police station. Emergency managers can update, search, and query all 

information about these facilities for inventory, maintenance or drilling purpose. A 

powerful application of Web-based GIS is when end-users update a large database, the 

features on the map change automatically. As a result, the Web-based GIS CEMA 

displays most recent campus facilities information for emergency managers to update the 

resulting plan quickly.    

Preparing and learning to use tools and equipment, such as Web-based GIS 

CEMA, in a disaster situation is also part of the preparedness phase. Greene (2002) states 

that promoting the use of new technology among groups of emergency managers has 

sometimes been uphill work. Within this community, emergency managers are already 

quite familiar with the labor-oriented preparedness procedures such as physical training 

or drills. However, they may not be fully aware of making maps and doing GIS analysis 

prior to the disaster situation. It is equally crucial for emergency managers to learn and 

get familiar with the physical plan such as drills as well as the basic operation of Web-

based GIS CEMA. 

 

5.4 Response 

The response phase includes the mobilization of the necessary emergency services 

(such as search and rescue) and first responders including public, private, and volunteer 
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sectors in the area where a terrorism event occurs. Activities in the response phase are 

designed to provide coordinated emergency assistance for the population in need. The 

response phase also seeks to stabilize the situation by rapidly identifying risk areas and 

cordoning off those areas, reducing the probability of secondary casualties and damage 

(Greene 2002). During a disaster situation on campus, Web-based GIS CEMA can 

immediately locate the site of disaster and circular threat range on the electronic map. 

Identifying the location and area of a disaster can be combined with the population 

locations in CEMA to identify the population at risks. This provides comprehensive 

information for emergency managers, university officials, and first responders to conduct 

and execute appropriate rescue procedures and evacuation routes. Special populations 

such as disabled students may require immediate attention and care due to the limited 

mobility and health condition. Web-based GIS is able to show numbers and location of 

special populations within the threat range in order to minimize deadly consequences of 

an event. 

The geodatabase of Web-based GIS CEMA stores all contact information of 

students. University officials are able to query particular records in the database to 

display contact information for students in order to communicate with students’ parents 

or friends if necessary. The results of other queries are a generated html report with 

tabular data and a map. Emergency managers can use the report to coordinate further 

response procedures or direct first responders in the field. Furthermore, the report is 

interchangeable between different actors in or near the disaster scene. For instance, the 

university can send out the report via email or intranet to the police department or media 

for initial investigation.  

18



 

5.5  Recovery 

The last phase in emergency management is the recovery phase. The aim of the 

recovery phase is to restore the affected area to its previous state (Haddow 2004). 

According to Haddow (2004), recovery efforts are primarily concerned with actions that 

involve rebuilding destroyed property, re-employment, and the repair of other essential 

infrastructure. Before rebuilding destroyed property, campus emergency management 

team has to perform damage assessment across campus. Greene(2002) suggests that GIS 

can help to map patterns of destruction, letting those bringing aid to the task of 

rebuilding, whether FEMA, the Red Cross, or an insurance carrier, target their 

reconstruction efforts with precision. Web-based GIS CEMA can highlight the damaged 

buildings or facilities on the electronic map of the Website.  Workers can carry the printed 

map with building information such as numbers of floor and floor plans for post disaster 

maintenance works. On the other hand, university official can easily update recovery 

information in the database to keep the college community informed of recovery 

progress, as the internet based environment of CEMA allows for quicker information 

retrieval.  
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CHAPTER 6 
 

      METHODOLOGY OF WEB-BASED GIS CEMA FOR UNT EM 
 
 

6.1  ArcIMS® Architecture Overview 

                                   

 

The Web-based GIS Website in this thesis is created by ArcIMS® from Environmental 

System Research Institute (ESRI), a major GIS vendor. In 1998, ArcView ® Internet Map 

Servers (IMS) applications were developed by University of Colorado at Boulder. Two 

years later, ESRI developed a brand new, stand alone Web mapping package with 

additional user-friendly functions, called ArcIMS® (Peng 2003).  

 Data Source  

Spatial Server  

Web Server  

Client Viewer  

All tiers 
communicate 
through 
ArcXML  

Figure1: Simplified ArcIMS® three-tier architecture. 
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 ArcIMS ® has its own mapping engine, which can generate images or features of 

different mapping services between different kinds of servers (Figure 1). Users can 

import different data formats for image, feature, and ArcMap image services. The most 

common data formats are shapefiles, ArcSDE for coverages, picture files, and digital 

aerial or satellite images.  

 After the user imports all required data sets to ArcIMS® application, all data are 

transferred to a spatial server. The backbone of ArcIMS® is the ArcIMS® spatial server 

(Peng 2003, which includes image server, feature server, query server, metadata server, 

and ArcMap server. According to Peng, the image server generates and sends maps to the 

Web Browser as picture files such as JPEG, PNG, or GIF images. The feature server 

sends or streams shapefiles and ArcSDE data in a compressed binary format to a Java 

applet in the Web Browser. The query server returns and calculates associated data for 

spatial and tabular queries. The metadata server is a server that stores documents of 

various information about maps, data, and services. Lastly, the ArcMap server generates 

images using an ArcGIS ArcMap document as the input.  

 The Web Server processes all data before it can be published to a Web Browser. 

In other words, the Web Server links all spatial servers and communicates with a Web 

Browser. The Web Server receives requests from the Web Browser and responds with a 

document from the spatial server to the Web Browser (Peng 2003). In simple terms, the 

Web server operates like a middleman, which can gather the user requests and then pass 

them on to the spatial server. The application server handles all these requests later.  

 The client viewer is the last tier of the ArcIMS® basic architecture. The client 

viewers allow users to access, view, query, and interact with geographic data. For 
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instance, when a user clicks on a feature on the map, the HTML viewer generates a 

request that is translated in ArcXML and sent to the Web Server for further processing 

and analysis. The client viewer then processes related responses from Web Server in 

ArcXML on the client side.  

There are three types of common client viewer: the HTML Viewer, Java Viewer, 

and Custom-built Viewer. The HTML Viewer is written in several programming 

language such as HTML, DHTML, and JavaScript. The Java Viewer supports image, 

ArcMap image, and feature services and thus, it has more built-in functions than standard 

HTML viewer. In addition to standard HTML and Java Viewer, users can design their 

own viewers using ArcIMS® server connectors: the Active X connector, Cold Fusion 

Connector, and Java Connector (Peng 2003). The Custom-built viewer comprises more 

functions than other viewers, which can facilitate additional interactions between the user 

and the application.  

The ArcIMS® package comes with a special set of management tools for Internet 

GIS designers called ArcIMS® Manager (Figure 2a and 2b). The ArcIMS® Manager 

allows users or designers to set up and administer Internet services and to author, design, 

and publish map services on the server (Peng 2003).  
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  The ArcIMS® Author generates map configuration files. It allows users to set up 

layers, define symbology, set scale dependencies, and define other mapping parameters. 

The edited map configuration files are imported to ArcIMS® services. The ArcIMS® 

administrator then publishes and administers map services. The ArcIMS® Administrator 

can also be used to add or remove ArcIMS® spatial servers (Peng 2003). The ArcIMS® 

Designer can aid all kinds of Web designs including page layout, toolbox sizes, and 

functionality of the Web Page. The design controls what the end-user visualizes and 

manipulates the geographical data in the client viewer. 

     

ArcIMS® Author 

ArcIMS® 
Designer  

ArcIMS® 
Administrator 

Figure 2: The ArcIMS® Manager.  

Figure 2b ArcIMS Manager .
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6.2  Overview of Web-based GIS CEMA for UNT Emergency Management 

The following diagram illustrates the overall architecture of the Web-based GIS CEMA 

for UNT emergency management. It includes three phases: data management phase, 

processing phase, and output phase.  

 

 
 
 
 

Population data, facilities data, and spatial data are organized and categorized before 

exporting to a database. All data are imported to ArcIMS® Application and Web server 

through different management tools in the ArcIMS® Manager. The ArcIMS® Designer 

aids the Web page design and all map services and map components are finally loaded into 

the client viewer. The end-user such as university officials or first-responders can 

manipulate and interact with map components through their own Internet Browsers. 

Population 
Data 

Spatial Data Facilities 
 Data 

Database 

ArcIMS® Application 

Web Server 

Internet Browsers Output 

Publishing 

Data 
Management

Figure 3: Structure of Web-based GIS CEMA. 
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6.2.1 Data Management Stage 

The project incorporates three main types of data: population data, attributes of 

physical properties on campus, and spatial data. The UNT Registrar Office provided the 

population data of students, faculty and staff in each building on campus as below 

(Figure 4 and 5).  

 

 

 

 

Figure 4: Student population data in each building at all time frames. 

Figure 5: Student population data in each building at all time frames. 
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The raw data is sorted and categorized by buildings so that it is compatible with the 

ArcIMS® application (Figure 6).  While the student population is categorized according 

to the 4 different time frames from Monday to Saturday. (Table 1).  

      
 
                   Figure 6: Organized population data. 
 
 

        
       Table 1: Categorization of time periods. 

 
 

Time Frame Time 
T1 8 a.m.  to 10:50 a.m. 
T2 10:51 a.m. to 1:00 p.m 
T3 1:01p.m. to 4: 50 p.m. 
T4 4: 51p.m. to 9:20 p.m 

 
 

The second set of data that is included in this project is the attribute of campus 

buildings and facilities such as shape, area, and building types. A campus map shapefile 

(Figure 7) is digitalized according to the current UNT official campus map. The buildings 

polygon shapefile is then created in order for the end-users to visualize the spatial and 

physical properties of specific buildings on campus. 

Student population at 
specific time frame 
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Another important set of data is the information of surrounding transportation network. 

The North Central Texas Council of Governments (NCTCOG) provided the required 

road shapefiles for downloading. The road shapefile is a line shapefile (Figure 8).  

 

 

Figure 7: Shapefile-UNT campus. 

Figure 8: Shapefile- roads.  
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In addition, a shapefile is created for showing the location of emergency call boxes on 

campus. According to the UNT official Website, there are over sixty emergency call 

boxes on campus. The emergency call box includes a telephone and a red emergency 

button that can automatically connect the call to the police department. 

Moreover, the surrounding commercial and residential buildings on campus are added as 

polygon shapefiles to the base map (Figure 9).  

 

 

The final piece of the data is the spatial data of the buildings and facilities 

including the relative location on the map by using the UNT official map as a reference 

(http://www.unt.edu/pais/map/campusmap.htm). The three sets of required data are stored 

in a .dbf file using the campus building number (FID) as the unique identification field of 

the database (Figure 10 and Table 2).  

 

Commercial  
Buildings 

Residential  
Buildings 

Emergency  
Call boxes 

Figure 9: Commercial and residential buildings near UNT campus. 
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Field: TYPE Explanation 

DORM Students’ dormitory 

BUILD Classrooms, offices, warehouses, 

and annex 

FACI Facilities  

PARKING Parking facilities such as parking 

garage 

 Data Layer 

1 Roads (line) 

2 UNT buildings (polygon) 

3 Emergency Call boxes (point) 

4 Comm ercial Buildings (polygon)

5 Residential Buildings (polygon) 

FID: unique 
identification  
numbers 

      NAME:  
building names 

Physical attributes of buildings or 
facilities: AREA, the area of building 

TYPE: building type 

Student population 
at specific time frame 

Figure 10: Attribute table of campus shapefile. 

Table 2: Building types. 

Table 3: All data layers 

Spatial 
parameters of 
each polygon  
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6.2.2   Data Publishing Stage 

All shapefiles created in the previous stage (Table 3) are now imported to a map  

configuration file by using ArcIMS® Author. The map configuration file is called 

campus.axl (Figure 11).  

 

 

 

We can add data layers (roads, buildings, emergency call boxes, commercial buildings, 

and residential buildings) to a map and specify how those layers will be organized and 

symbolized by using ArcIMS® Author application. The buildings and facilities on campus 

are in blue color that is highly visible. The road network is in gray color. This map 

configuration file stores information about the map design.  

Figure 11: Campus.axl file in ArcIMS® Author. 
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The second step in the data publishing stage is creating the map service (Figure 12). The 

image service is generated in the ArcIMS® Administrator as the map image that will be 

sent to the client computer.  

 

 

 

The last stage of the data publishing is to design the Website by ArcIMS® 

Designer. The Website title is “UNT Emergency Management”. The client viewer is 

defaulted as standard HTML viewer. The layout of the Web has been modified by editing 

the HTML of certain Internet frames such as top.html and toc.html. Figure 13 shows the 

overall layout of the Web-based GIS CEMA for UNT emergency management.  

 

Figure 12: Creating map service by using campus.axl file in ArcIMS® Administrator. 
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Toolbar 

Map Overview 
window 

Layers of  
Content 

Figure 13: ArcIMS® Website for UNT emergency management. 
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The following table demonstrates the function of each icon on the toolbar .  

Icon Tool Name Function 

 Zoom In Zooms in on the map view, centered on a clicked position or 
dragged rectangle. 

 Zoom Out Zooms out from clicked position or dragged rectangle on 
the map area. 

 Zoom to 
Full Extent 

Zooms to view the full geographic extent of all layers. 

 Zoom to 
Active 
Extent 

Zooms to view the full geographic extent of only the 
currently active layer. 

 Zoom to 
Last Extent 

Zooms to show the previous extent/map view. Note: this is 
a toggle between the current extent and the previous extent, 
it does not continue to step backward. 

 Pan Moves the geographic area shown within the map view in 
the direction the cursor is dragged across the screen. To 
drag, position the cursor over the map view, then hold down 
the mouse button and "drag" the cursor in the desired 
direction, releasing the mouse button when through. The 
map will redraw. 

 Pan Up Shifts the geographic area shown in the map view to the 
north. 

 Pan Down Shifts the geographic area shown in the map view to the 
south. 

 Pan Right Shifts the geographic area shown in the map view to the 
east. 

 

 Pan Left Shifts the geographic area shown in the map view to the 
west. 

 

 Identify 
Feature 

Click on a feature (only features within the active layer will 
respond to identify/search tools). Data/information available 
for the feature selected is shown in the area of the screen 
beneath the map view. 
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 Query Queries the active layer based on a search constructed from 
choices offered including field selection, search operators 
(=, like, gt, etc.), values to search for and boolean operators. 
Selected feature(s) are highlighted, and data/information 
available for the feature(s) selected is shown in the area of 
the screen beneath the map view. 

 Find Finds a map feature or features within the active layer 
whose attributes (underlying data) contain a specified string 
of text. Selected feature(s) are highlighted, and 
data/information available for the feature(s) selected is 
shown in the area of the screen beneath the map view. 

 Select by 
Rectangle 

Select active layer features located within a dragged 
rectangle. Selected feature(s) are highlighted, and 
data/information available for the feature(s) selected is 
shown in the area of the screen beneath the map view. The 
map view will NOT zoom to the rectangle selected. 

 Select by 
Buffer 

Select active layer features located within a specified 
buffer(distance) around a point. Note: the "point" must be a 
feature that has already been selected by another tool. 
Feature(s) selected by the buffer is highlighted. If you 
choose the "display attributes" option for the buffer tool, 
then data/information available for the feature(s) selected is 
shown in the area of the screen beneath the map view. 

 Select by 
Line/Poly 

Select features along a line or within a polygon. To create 
the line/polygon, click on a starting point (location turns 
red), then click on successive points along a line or forming 
corners of a polygon. When finished, choose the 
complete/select button for either a line or a polygon from 
the options offered below the map area. Selected feature(s) 
is highlighted, and data/information available for the 
feature(s) selected is shown in the area of the screen beneath 
the map view. The map view will NOT zoom to the area 
along a line or within a polygon. 

 Measure 
Distance 

Measure distances on the map view by clicking on a 
beginning location (point turns red) on the map, then either 
moving the cursor to a second position and noting the 
distance displayed at the  of the map area, or by clicking on 
a series of points to create a series of line segments. In the 
second case, the distance along the current segment is 
displayed, as well as the total distance along the line. (see 
set units below to change the units of measure) 
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 Set Units of 
Distance 

Choose feet, miles, meters, or kilometers for distances 
measured/displayed in the map view. Choices are offered 
below the map when you choose this tool. 

 Clear 
Selection 

Clears currently selected/highlighted features from the map. 

 Print Prints the map view and legend of your choice to a 
preformatted map layout. Type a freeform legend into the 
entry box, submit the form to view the map that is printed in 
a new window. Use your browser's print function to print 
the map, then close the preview window to return to the 
map. 

 Link/URL Choose this tool, then click on a feature to bring up detailed 
information or data about the feature selected in a new 
window. 

 
Table 4: Functions of ArcIMS® Website icons (from: National Geophysical Data Center: 
 http://www.ngdc.noaa.gov/maps/ArcIMS®toolbarhelp.html). 
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  CHAPTER 7 
 

OVERVIEW 
 

The objective of this thesis is to create a GIS-based Website that allows end-users 

including school officials, medical personnel, first responders, and students to visualize 

the location of a terrorism event, surrounding campus facilities, and affected population. 

The internet based GIS system facilitates the conservation of paper maps and hence, 

increases the efficiency in the arena of campus emergency planning.   

 In the beginning of each semester, the Office of Registrar receives and prepares 

the preliminary students population data according to the enrollment information. After 

the twelfth day of class, the Office of Registrar creates the dataset including the updated 

student population data for different buildings on campus. In addition, the Human 

Resources Department prepares the updated information of faculty and staff population in 

the beginning of each semester. The Housing Department possesses the student 

population data at each dormitory in the beginning of each major semester. Furthermore, 

the Facilities Department can provide the updated spatial information about all buildings 

and facilities on campus in the beginning of each semester.  

 All required data are then imported to the geodatabase of the Web-based CEMA. 

The data is linked to each map feature on the Website.  The Website is now able to show 

the current population data and updated spatial information of each building on the digital 

map.  

 After importing all required data to the CEMA system, UNT officials and first 

responders can find, locate, select, query, and visualize the location of a terrorism event 
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on the map. Once the source of a terrorism event is identified, the map can demonstrate 

the location and information of all buildings that are potentially threatened by this 

terrorism event. Hence, UNT officials and first responders can perform appropriate 

response and recovery measures to minimize the adverse consequence of a terrorism 

event that can affect the UNT community and surrounding neighborhood. The following 

section demonstrates some of the functions of the Website and how the Website facilitates 

emergency planning and mitigation on UNT campus. 

 

7.1  Locating the Source Area of a Terrorism Event 

 

<Find> Function    

If the event occurs at the second floor in the Environmental Science and 

Technology Building (ENV) at 12:32pm on Tuesday, the Website is able to show the 

exact location of the terrorism event. The first responders have to visualize the exact 

location and nearby transportation route to perform rescuing procedure. The <Find> 

function of this Website can allow them to locate Environmental Science and Technology 

Building on campus (Figure 14).  

 Enter the location of the event 

Figure 14: <Find> function in ArcIMS® CEMA. 
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< Select By Rectangle> Function  

Select active layer features located within a dragged rectangle. The feature is 

selected (Figure 15).  

 

 

 

 

Figure 15. The Environmental Science and Technology Building is selected by using the 

<select by rectangle> tool.  

 

 

Drag a rectangle around Environmental Science and 
Technology Building 
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< Select with Line or Polygon> Function  

User can select features along a line or within a polygon (Figure 16a and 16b). 

 

To create the line/polygon, 
click on a starting point 
(location turns red), then 
click on successive points 
until it forms corners of a 
polygon 

Figure 16a and 16b: <Select with Line or Polygon> function. 
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By using above functions, the Website is able to show the attribute of the selected 

building below the campus map (Figure 17 and 18). 

 

 

 

 

 

 

Figure 17:  Building attribute is displayed at the bottom of the Website. 

Figure 18: Building attributes. 

Building’s Name; 
Building’s type 

Student Population on 
Tuesday at T2 time frame 
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7.2  Estimating the Affected Population after the Occurrence of the Terrorism Event  
 

 
< Query > Function      
 

After the terrorism event occurs, first responders have to know how many 

students in the nearby buildings are at risk, in order to plan appropriate rescue 

procedures. The university officials have to decide the possibility of evacuation or 

campus closure.  Users of this Website can set the input parameters at the query section 

such as building name, range of population, building type, and building size and hence, 

the Website will show all locations on the map that fulfills users’ defined parameters 

(Figure 19 and 20). 

 

Figure 19: <Query > function. 
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For example, the user selects <NAME> from the drop-down list and choose < = > in 

the operator menu, then the user can enter the name of the building that is the source 

area of terrorism (i.e. ENV). ArcIMS® returns a query string “ <NAME> = “ENV”. 

The map will show the exact location of ENV and the Website will show all related 

information about ENV building below the map (Figure 21).   

Figure 20: Users can select parameters from the drop-down menu at the query 
section. The parameters include building name, building type, student population 
of different time frame, staff population….etc. The operator includes functions 
such as “equal to”, “smaller than”, “larger than”, “not equal to” …etc.  

Figure 21: Map result. 
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The information of overall population distribution on campus at specific time frame 

may facilitate a better mitigation and responding plan before or after the terrorism 

event occur. For instance, it is crucial to locate all buildings with high concentration 

of population so that the officials may decide the possibilities of evacuation or 

campus closure. The <query> function can show the location of buildings with high 

concentration of population at the specific time frame (Figure 22). 

 

 

If the user wants to know the location of all buildings with more than 500 people, the 

user can input a string of “T1_MON > 500” in the query section in the Website. The 

Website will demonstrate and highlight all buildings with more than 500 people in 

olive color on the map (Figure 23). In addition, all related information about the 

buildings is shown in the bottom of the Website.  

 

Figure 23: Displayed result. 

Figure 22: <Query> function. 
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<Buffer> Function      

 forms of terrorist event may influence a large extent of area. The Website has an 

ability to show the area that is at potential risk by using a <buffer> function. For instance, 

the ENV building is selected by using selection function of the Website (Figure 24). The 

user can set the spatial extent of the potential risk by using the <buffer> tool (Figure 25).  

 

Figure 24: The ENV building is selected. 

 

 

 

 

Figure 25: The user can set the spatial extent of risk area around the source of terrorism 
event.   
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ArcIMS® will show the zone of potential risk area (gray area) according to the user’s 

defined parameters (Figure 26).  

 

Figure 26: Buffer zone. 

 

 

Figure 27: Attributes of building, population, and building types are listed below the 

map. 
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7. 3. Planning the Responding and Rescuing Procedures by Using Map Components 

< Identify> and <Zoom> function   

The first responders can click on any features on the map by using <identify> 

tool. The ArcIMS® Website will list all associated attributes of this feature in a tabular 

form. In addition, the first responder can zoom into the feature for visualizing more 

details (Figure 28).  

 

Figure 28. The zoom-in function. 
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<Hyperlink> Function  

The university officials and first responders may inquire about the floor plan and 

existing rescuing procedure while performing the post-disaster efforts. When the user 

clicks the <hyperlink> icon on the toolbar and then click on the specific feature on the 

map, ArcIMS® can launch the archives of floor plans and evacuation plans in a separate 

pop-up window. The archives are stored in the Website of Risk Management Services of 

University of North Texas (Figure 29). In addition, the user can visualize the photo of the 

building and other information about the building; for example, the contact list of all 

departments and offices within the building.  

 

Figure 29: The hyperlink function of the Website.  
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Users can select the evacuation map at the pop-up Website (Figure 30 and 31).  

 

Figure 30: Pop up window. 

 

 Figure 31: Evacuation procedures plan selection. 
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7. 4. Additional Functions for Emergency Mitigation and Response on Campus 

The university official or first responders can plan an appropriate rescue route by 

visualizing the distribution of road network in the Website. ArcIMS® can measure the 

distance from location A to B. This facilitates the planning of the fastest rescuing route. 

In addition, city officials can evaluate the potential risk areas in the neighborhood 

surrounding UNT campus. The Website incorporates spatial data of surrounding 

commercial and residential areas for mitigation purposes. When a terrorism event occurs, 

students may use the emergency call boxes on campus to notify campus police. The 

Website can show the exact location of the call box and the attributes of surrounding 

buildings including population data. Furthermore, ArcIMS®  incorporates the <print> 

function in the Website so that first responders can print the digital map with attribute 

tables before or during the responding procedures (Figure 32). 

 

Figure 32: Printing function. 
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CHAPTER 8 

CHALLENGES OF WEB-BASED GIS IN CAMPUS EMERGENCY MANAGEMENT 

Computing and advanced technology has become ubiquitous in preparing 

communities for potential disaster. Accessing accurate geographical information by 

adopting advanced technology can play an important role in smarter decision making 

especially during the time of disaster. However, emergency managers, university 

officials, first responders, and even GIS specialists may encounter some challenges when 

they develop or operate the application. The following section will illustrate some 

potential challenges faced by emergency management teams and other sectors.   

  

8.1 Challenge 1: Data Acquisition and Integration  

Data acquisition and integration is the largest challenge faced by private sectors, 

public sectors, as well as non-public sectors such as researchers or volunteers. In an 

emergency management arena, accurate and real-time spatial information is needed. Any 

problem or delay in data collection, access, usage and dissemination has negative impacts 

on the quality of decision-making and hence the quality of disaster response 

(Mansourian, Rajabifard, Williamson 2006). A key challenge is how to deliver 

appropriate information to the proper party or sector at the appropriate place and time. 

Variation of the size of spatial information, hardware compatibility and details of 

information between sectors can influence the decision making process. Standardizing 

the configuration of software and hardware in working stations in the EOC may minimize 

the technical variation. It is  
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crucial for the EOC to have Internet connection as UNT officials and first responders 

have to retrieve the spatial and population data from the Web server to the client server.  

The Web-based GIS CEMA is a data-driven system. The accuracy of displayed 

results is highly dependent on the validity and accuracy of the spatial and population 

data. Incorrect population data may generate a wrong output that misrepresents the 

population distribution within a building. On the other hand, inaccurate spatial 

information may also generate an incorrect result on the digital map. For instance, the 

map will display wrong spatial information when the population data is linked to an 

incorrect building or facility.  The inaccurate or incorrect input can be generated by 

human-induced mistakes or technical errors. Hence, a sophisticated data validity and 

verification system is required in this Web-based GIS CEMA. The Webmaster can use a 

current satellite photo to validate the spatial information of campus buildings such as the 

coordinates, building size, and building area. In addition, the Facilities Department can 

provide campus buildings’ architecture files in AutoCAD format so that the Webmaster 

can update and verify the building attributes. 

It is equally crucial to keep the population data accurate and current.  The rescue 

and response efforts of first responders are related to the population data displayed on the 

map. For instance, the evacuation route and the location of the shelter are decided 

according to the population data on campus. An incorrect set of population data may 

hinder and affect the precise and constructive decision making process of first responders 

and UNT officials. Thus, keeping the population current is not only beneficial for 

administrative purpose, but it also facilitates a better response and recovery efforts after a 

terrorism event occurs on campus.  

51



 

 

8. 2    Challenge 2: Representation of 2-Dimension Scenario 

Conventional GIS and Web-based applications usually focus on 2-dimensional 

spatial information. Most existing emergency management information system (EMIS) 

are designed and developed for handling emergencies in 2-dimensional environments 

(Kwan 2005). There are serious limitations when applying these systems to disasters that 

affect multi-level structures. Moreover, 3-dimensional mapping and simulation of 

emergency situation requires enormous technical and financial support, which is not 

totally feasible especially under tight university thesis budget and is beyond the scope of 

this work. 

 
 
8.3    Challenge 3:  Data Confidentiality and Security 
 
 

The Web-based GIS CEMA acquires campus spatial information as well as 

student population data. This information facilitates the accurate data analysis before, 

during, and after the occurrence of disaster. A set of accurate and detailed data is highly 

beneficial for each task in the emergency management. It is not enough to include the 

total number of students in each building. A set of finer data is required in this campus 

emergency management system. Students’ age, sex, criminal record, and medical 

information including level of disability will be useful in planning evacuation and other 

emergency response scenarios. Data with more detail may facilitate a prompt decision 

making process by first responders and UNT officials as this can minimize the factors of 

uncertainty that hinder stages of rescue and response efforts.  
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 Nevertheless, a set of detailed population data will pose a huge threat to the UNT 

community as the information itself can also be a potential hazard if a terrorist or hacker 

can acquire all related data through an insecure internet network. Terrorists may discern 

the area on campus with high vulnerability in order to plan for potential deadly attack. 

Adopting a secure network in EOC is a significant measure to prevent data leakage. The 

data can be encrypted and protected by extended passwords.  

 
8.4   Challenge 4: Uncertainty in Geographic Data 
 

Many geographical datasets such as enrollment information, facilities inventory, 

and social vulnerability data on campus undergo temporal adjustments. A major problem 

exists in GIS analysis if the application possesses much uncertain or outdated 

information. As a result, the credibility of the analyzed result becomes questionable. It is 

crucial to understand that some geopolitical or natural conditions on campus change from 

moment to moment. Consequently, to minimize the error produced by uncertain data, 

emergency management teams and university officials have a responsibility to keep all 

data current. For example, it will be useful to update the student and staff population data 

each semester shortly after the twelfth class day. The Housing Department may provide 

the current population in each dormitory after the new student orientations. All updated 

data are then imported to geodatabase so that the Web-based GIS CEMA can display the 

most current building and population attributes on campus. 

 

8. 5   Challenge 5:  Location of Technical Infrastructure 
 

It is possible that all computers and technical systems may become sabotaged or 

interrupted if the event attacks the EOC. The spatial data installed in computers may be 
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lost due to the interruption although the CEMA Website may remain accessible to end-

users. Keeping sets of back-up data in secure and remote areas may facilitate faster data 

retrieval and recovery in the reconstructed EOC. As mentioned in previous section, 

maintaining a secure internet network and back up power supply in EOC (or 

reconstructed EOC) is also a significant measure to prevent data leakage in the time of 

disaster.  
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     CHAPTER 9 

RECOMMENDATIONS 

The Web-based GIS CEMA is mainly designed for campus emergency 

management response during a terrorism event on campus. The system can also be used 

in other emergency scenarios such as man-made or natural hazards and disasters. Human-

caused threats are those unintended events or accidents resulting from human activity 

(Johnson 2003). Examples include riots, bomb threat, chemical spills, anthrax, severe 

traffic accidents, infrastructure failures, students protest, and so forth. On the other hand, 

UNT campus is also vulnerable to several kinds of natural hazards such as flooding, 

tornado, severe thunderstorm, wild fire, hurricane, winter storm, and so forth. By adding 

the spatial attribute and required parameters of these hazards, the Web-based GIS CEMA 

can be a functional and informative tool for emergency response. 

This Web-based GIS CEMA system is compatible with other dynamic computer 

models. Examples include evacuation models and plume models such as Areal Locations 

of Hazardous Atmospheres model (ALOHA). ALOHA is a modeling program that 

estimates threat zones associated with hazardous chemical releases, including toxic gas 

clouds, fires, and explosions (NOAA 2007). Muhasky states that the mapping application 

such as ArcIMS® can draw threat zone and communicate threat point information with an 

ALOHA model (2007). In addition, UNT can work closely with the National Weather 

Service for receiving current severe weather information. The meteorological parameters 
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can be incorporated into the Web-based GIS CEMA for further emergency management 

purposes before or after a natural disaster strikes.  

The Web-based GIS CEMA system includes a shapefile of road networks in 

Denton. Additional transportation data can be imported to this system such as traffic flow 

information of nearby highways and major roads. The information is particularly useful 

for planning corresponding evacuation route after the emergency event occurs. Moreover, 

the population flow data within open areas on campus is not included in this system. The 

estimated population flow data can be obtained by performing an on-site survey at the 

open areas on UNT campus.  

In order to improve the practicality and usability of this system, college officials 

and first responders may have to acquire certain computer skills. Specific training courses 

can be provided to the users of this Website to ensure they are familiar with all important 

functions and tools of the system. In addition, the system can be installed into Personal 

Digital Assistant (PDA) so that first responders can access the map anywhere in real-time.  

 Furthermore, it is crucial to increase students’ awareness of the campus 

emergency management as well as the communication between officials and students 

after the event occurs. The existing Eagle Alert service facilitates a real-time 

communication with students after the event happens on or near campus. This Web-based 

GIS CEMA system can be compatible with the Eagle Alert system. UNT officials can 

gather students’ contact numbers and import to the Web-based GIS CEMA system for 

further emergency mitigation and response purposes. In addition, more LCD screens and 

panels can be installed on campus to facilitate better communication of the event 
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information or rescue plans to students. Public announcement system such as speakers or 

audio devices can also be installed on campus for deterrent purposes.  
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   CHAPTER 10 

CONCLUSION 

 

           The Web-based GIS CEMA can assist first responders and school officials to plan, 

mitigate, and prepare appropriate emergency management strategies if there is a terrorism 

event occurring on a university campus. The traditional campus emergency management 

system requires intensive amount of man-power and resources in order to perform 

mitigation, planning, response, and recovery efforts. A GIS CEMA can help to conserve 

resources as well as time. However, the conventional GIS CEMA has several limitations 

such as low mobility and closeness of the system that may hinder the functionality and 

practicality of campus emergency management. The Web-based GIS CEMA can increase 

the mobility and compatibility of the system so that non-GIS professional can still be able 

to operate the system at the area with Internet access.  

The Web-based GIS CEMA can help UNT officials and first responders to 

identify the source area of a terrorism event on campus. The system is able to 

demonstrate the location of all areas that are under potential threat and risk. Users can 

visualize population and spatial attribute of the risk area so that they can facilitate 

corresponding emergency management strategies.  

            The Web-based GIS CEMA is a data-driven system as the accuracy of inputted 

data can influence the validity of displayed results. It is crucial for school officials to update

the relevant data frequently to ensure data validity and integrity. In addition, it is also 
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important to adopt a secure network for hosting all servers of this system. Keeping the 

data detailed and safe is one the fundamental task for managing the system effectively. 

Several future researches can help to increase the functionality of the system. Future 

researches may focus on the possibility of incorporating three-dimensional data to the 

Website, including other dynamic computer models in the system, expanding the data 

sources and types, and investigating the existing staff-students communication during and 

after the occurrence of a terrorism event.  

 This thesis has presented a time and cost saving platform for first responders and 

school officials to visualize the geography on campus in order to employ suitable 

emergency management plan. Knowing where to respond, which is what GIS lets users 

do, is a crucial piece of knowledge for everyone at a disaster scene. And knowing ahead 

of time can only be an advantage for those pioneering in the arena of emergency 

management. It is time to build a better campus community so that UNT can be an 

intellectually opened and safe institute.  
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