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ABSTRACT 

Technology usage, geographic information systems in particular, has been steadily increasing in 
the public sector over the past 30 years.   During this time, policy makers have shifted attention 
away from the implementation of technology towards understanding the characteristics of 
organizational cultures in efforts to establish more effective and efficient technological 
approaches in response to disaster situations.  Geographic information systems (GIS) deliver 
pertinent spatial data in a visually appealing and effective manner.   Mississippi State University 
participated in a research effort to identify the differing aspects of GIS in disaster situations. 
Research findings are provided along with future implications and recommendations for 
understanding organizational cultures; a necessary step for increasing the effectiveness of first 
response agencies during the numerous phases of emergency operations.  Detailing the initial 
steps of the learning process, this article lays the groundwork for future research efforts, some of 
which are currently underway at Mississippi State University. 



Geographic information systems (GIS) are tools used by individuals and agencies to 

organize and analyze various forms of spatial and analytical data.  The visualization 

capabilities of GIS systems separate them from other analytical tools by including 

spatial analysis as part of the overall data analysis package.  By combining spatial 

data with socioeconomic data, emergency managers are increasingly able to identify 

at-risk areas, plan, and respond to emergency situations in a more effective manner.  

GIS combines the ideas of place and space into one manageable system of data 

analysis. 

 

GIS is progressively becoming an invaluable tool in public administration and its 

importance is appearing in various academic resources (Brown & Brudney, 1998; 

Haque, 2001; Masser, 1998; Nedovic-Budic & Godschalk, 1996).  Reinforcing this 

position, Haque (2001) states that “GIS is to spatial analysis what statistical 

packages are to traditional statistical analysis.”  GIS creates a bridge between what 

was once considered purely numerical information into a spatial representation of 

various forms of data.  Giving individuals the ability to visualize the spatial 

characteristics of various forms of data can be an invaluable tool for first responders, 

decision makers, and academics alike. 

 

 

 

 

Exhibit 1  



Geographic Information Systems: A Working Definition (Brown, O'Toole Jr, & 
Brudney, 1998) 
 

GIS allows governments to capture, 
manage, analyze, and call on land related 
data for solving complex planning and 
management problems. GIS displays 
organizational data graphically on a map. 
The map is displayed along with a host of 
feature markings such as roads, health 
clinics, schools, voting districts, and police 
departments. Any assortment of map 

features can be added, deleted, or moved 
as conditions change relative to 
organizational data or information. 
Because more than 80 percent of 
government work involves land-related 
issues, state and local level agencies are 
shifting toward GIS as a means to address 
public-sector needs (Huxhold, 1991). 

 

 

An Overview of GIS 

Geographic information systems (GIS) are slowly becoming effective tools for 

emergency managers to effectively and efficiently respond to emergency situations.   

GIS creates an environment where data may be “integrated into a map display on a 

computer console,” enabling the user to “shuffle, merge, and combine information 

on demand” (Brown & Brudney, 1998).  GIS began as a specialized field of study 

primarily recognized by geographers and geosciences academics in the research 

arena.  Over the last two decades, GIS has become an important visualization and 

spatial analysis tool in business, academics, and other areas of modern culture.  

When used correctly, GIS can locate high areas of potential distress, targeted areas 

of response and recovery efforts, and special populations’ locations, allowing first 

responders and decision makers to effectively manage response and recovery 

incidents.   

 

Ventura (1995) wrote that “successful use of GIS depends on technical choices and 

on the ability, capacity, and willingness of an organization to absorb and use new 



forms and quantities of information.”  This reinforces the theory that GIS, as a series 

of information systems, is ultimately successful based on the organization’s 

willingness to utilize the various capabilities of the systems.  Numerous articles have 

shown that the organization or institution has more to do with the successful 

implementation and usage of GIS technologies than technical constraints (Chrisman, 

1987; Ducker, 1987; Innes & Simpson, 1993; Ventura, 1995).   

 

Exhibit 2  
The Benefits of GIS (Brown, et al., 1998) 
 

Proponents claim that GIS technology 
offers improvements in 1) productivity 
and performance, 2) decision making, and 
3) public service ((ICMA), 1991; 
Antenucci, Brown, Croswell, Kevany, & 
Archer, 1991; Huxhold, 1991).  
Automation of organizational tasks such 
as mapping, zoning, and report 
generating often lead to gains in 
productivity and performance. GIS 
advocates contend that the improvements 

in performance in the creation, retrieval, 
verification, and maintenance 
government information lead to 
substantial productivity and performance 
gains. GIS is believed to streamline 
operations through automating manual 
tasks, eliminating the duplication of 
duties and services, facilitating 
improvements in data management and 
utilization, and improving access to 
organization information.

 

 

 

An Empirical Look at GIS in Emergency Management 

Disaster preparation, response, and recovery methods require the coordination of 

federal, state, and local agencies to effectively and efficiently cope with both natural 

and willful disasters.  The utilization of GIS allows individuals at each agency level to 

visualize disasters and coordinate their responses accordingly.  However, in the case 

of relief efforts after Hurricane Katrina, the inconsistencies in data collection, 

reporting, and dissemination, coupled with mixed metadata development, translate 



into disrupted and/or unusable data visualizations and information exchange to 

first responders and emergency agencies. 

 

To gain a better understanding of the effectiveness of spatial data products 

developed in the wake of Hurricane Katrina, a “Katrina Lessons Learned” research 

team was formed.  The project team was lead by the GeoResources Institute (GRI) at 

Mississippi State University (MSU) and collaborations were enacted with Oak Ridge 

National Laboratories (ORNL), the Social Science Research Center (SSRC) at MSU 

and a commercial partner NVision Solutions, Inc.  This research was administered 

by the Southeast Region Research Initiative (SERRI) for the Department of 

Homeland Security (DHS) and adheres to the goals and mission of DHS with specific 

regard to preparedness for future natural or willful disasters.  The research 

methodology and findings provide the foundation for future research into 

organizational communication barriers and effective GIS usage at the state and local 

levels. 

 

Research Methodology 

The project team hosted and facilitated a survey development workshop, 

implemented a survey instrument derived from workshop input, and lastly, hosted a 

1-day end project workshop to garner feedback regarding survey results and 

product usage.  The initial workshop delivered insight into the perspectives and 

input of emergency response decision makers at the federal, state and local levels.  

The feedback resulting from this workshop served as a guide in developing the 



survey instrument that polled a much larger sampling of the spatial product users 

and producers.  The survey results provided an invaluable tool to understand the 

needs of users and producers and enhanced efforts toward the development of a 

functioning map-viewer web portal.  The survey also provided previously unknown 

factors regarding users’ and producers’ experiences and opinions during the initial 

and subsequent phases of the Hurricane Katrina response and recovery efforts.  

Following the completion of the survey dissemination and information gathering 

was a hosted, 1-day end-of-project workshop.  This small group of workshop 

attendees allowed for more personal interactions and candid feedback regarding 

the survey results.  In addition, the group was given the opportunity to explore the 

virtual showcase; displaying the various spatial products and information gathered 

during the initial phase of the “Katrina: Lessons Learned” project.  The results of the 

two workshops and survey product were then synthesized, resulting in an initial 

base of lessons learned in Hurricane Katrina response and recovery efforts. 

 

Initial Workshop 

The initial workshop was held as an information gathering approach aimed at 

collecting users and producers’ feedback regarding their opinions and experiences 

during the initial and subsequent weeks following Hurricane Katrina.  The 

workshop was held at the Mississippi State University Coastal Research and 

Extension Center on August 7, 2007.  The workshop was targeted towards a group 

of “users of spatial product information for decision making”.  While this target was 

not quite realized at the workshop, the workshop did provide insightful and useful 



feedback from the perspective of spatial product producers.  Despite the lack of 

participation from first responders, the information from the first workshop was 

gathered and processed accordingly, providing input into the survey questionnaire 

development.   

 

Workshop Methodology 

The workshop consisted of 2 breakout sessions, one morning and one in the 

afternoon, which were then divided into two groups.  The groups were (1) federal 

and state agencies and (2) local and first responder agencies.  Each group met in 

separate rooms and was given the same set of question topics for discussion.  The 

concentrations for the morning breakout session were (1) person-to-person 

communication and (2) timing issues and product delivery.  The focus topics of the 

afternoon breakout session were (3) map effectiveness and (4) preparedness and 

resiliency.  The groups were then lead in discussions regarding the various question 

topics and collected the feedback from the group.  The workshop report was 

compiled detailing the various findings and feedback provided by the breakout 

sessions and by the general discussion.   

 

Outcomes 

One encapsulating outcome of the workshop verified the seemingly obvious 

assumption that natural and willful disaster response and recovery efforts require a 

unique collaboration among various agencies and organizations working together to 

contribute to the production of spatial products necessary to first response efforts.  



Another major outcome of the workshop was that a critical component of effective 

disaster management is the rapid characterization of the extent of damage both pre- 

and post-Hurricane Katrina.  This workshop focused on collecting this type of 

feedback from targeted individuals from federal, state, and local emergency 

response agencies for use as an aid in the development of a broader reaching survey 

to gain the opinions, beliefs and attitudes of a greater number of disaster response 

individuals.  In turn, the gathered results from this survey provided valuable input 

for the development of the GIS data delivery system. 

 

Survey Instrument 

A survey instrument using feedback from the initial workshop group, in addition to 

input by various GIS and first response individuals, was developed following the 

workshop. The survey was implemented in a mixed-mode (web-based and postal 

mail) approach aimed at gaining the largest amount of feedback possible.  The 

survey participants were respondents who were part of a convenience sample 

population identified by collaborators of the initial phase.  A convenience sample 

was utilized due to the nature of the survey questionnaire and the limited number of 

known contacts involved in the response and recovery efforts following Hurricane 

Katrina.  The results of the survey proved to be an informative look into the 

experiences, attitudes, and beliefs of both users and producers of geospatial 

information with respect to the Katrina aftermath.   

 



The survey instrument was disseminated using contact lists from NVision Solutions, 

Inc., the GeoResources Insitute, MSU and from the Mississippi State University 

Extension Service Center for Government Technology and Training.  The project 

team was able to blanket the state of Mississippi with surveys to first response 

individuals in each of the 82 counties.  It is worth mentioning that many of these 

responders may not have been a part of the Hurricane Katrina response and 

recovery efforts due to various factors.  The survey focused on (1) person-to-person 

communication, (2) product delivery and timing issues, (3) map effectiveness in the 

decision making process, and (4) preparedness and resiliency estimation.  These 

four areas of emphasis break the survey into sections for analysis and reporting.  

The results of the survey displayed varying experiences and beliefs, both 

comparable and contrasting, between map users and map producers.  The results 

identified some major findings that clearly illustrate dominant trends and the need 

for further research into the area of geospatial product use in disaster response and 

recovery efforts.   

 

Discussion 

Person-to-person communication 

Perhaps the most apparent and anticipated finding was that face-to-face 

communication was the main method of communication when requesting map 

products during the Hurricane Katrina response and recovery efforts.  Of those 

responding, 59% of the map users and 64% of map producers indicated that face-to-

face was the most frequently used method of communicating.  When asked about 



the effectiveness of the above mentioned communication method, approximately 

94% of users and 86% of producers found their face-to-face communication to be 

either very effective or at least somewhat effective (Figure 1).  Essentially, users and 

producers agreed that, although most were reduced to having to communicate face-

to-face in this disaster situation, the effectiveness of the communication method was 

favorable. 

 

Figure 1.  Effectiveness of Chosen Method of Communication. 

      

Users (n = 44)                             Producers (n = 14) 

 

 

Delivery and Timing 

Timing of the delivery of map products is crucial in disaster response efforts (Brown 

& Brudney, 1998; Crosswell, 1989; Feick & Hall, 1999; Gunes & Kovel, 2000; McCormick, 

2003; Sieber, 2000; Ventura, 1995).  Responders face numerous obstacles, perhaps 

the most notable being the lack of time to perform response and rescue 

operations(Sorensen, 1991).  Obtaining map products in a timely fashion is critical 

to the effectiveness of first responders’ efforts.  Figure 2 shows the overall opinion 
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regarding the timing of map product delivery.  Approximately 70 percent of map 

user respondents stated that the timing of map products was either very effective or 

somewhat effective.  Therefore, map users indicated they received maps and spatial 

products in a timely fashion despite the hectic nature of the surrounding 

circumstances.  Producers, on the other hand, were not quite as favorable in their 

responses.  While there was no significant negative feedback regarding the time to 

produce map products, the producers failed to respond that the timing was very 

reasonable.  Almost 63% of respondents stated that the timing was somewhat 

reasonable while another 32% said that it was neither reasonable nor unreasonable.  

These results show an apparent discrepancy between the producers and the users 

of map products.  The perceptions of time to produce maps are more restrictive 

compared to the perceptions of map delivery times.  Producers may be more 

inclined to take additional time to produce the most effective and efficient map 

products for users while most users seemed content with the timing of map 

deliveries.   

Figure 2. Timing of Map Product Delivery 
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During the initial workshop, individuals indicated data access problems were a 

common occurrence in their Katrina experience and that this type of barrier 

prevented the production of map products intended.  From the survey responses, 

more than 50% of map producer respondents stated that data availability or data 

access issues were very often or often the reason preventing the production of a 

map product intend for users in the field.  The actual response breakdown is shown 

below in Figure 3. 

 

Figure 3. Frequency of Hindrance from Data Availability or Access 

 

 

 

 

 

 

 

Data availability or lack thereof, appears consistently throughout the workshop and 

survey findings.  The continuing concern was never more apparent than in the 

responses given by the survey respondents.  Considering the timing of the disaster 

and the difficulties with field issues due to the devastation, some of the most often 

referenced problems revolved around data availability and access, both of which 

arise from areas not affected by the disaster.  Those located at EOCs during the first 

five days after Hurricane Katrina and in the second and subsequent weeks noted 
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very similar problems.  Of the nine survey respondents located at an EOC, 67% 

noted that data availability or data access were very often or often the issues 

preventing them from making the intended map products.   

 

Map Effectiveness 

Map effectiveness proved to be one of the more intriguing and satisfying topics in 

the survey.  As shown in Figure 4, almost 80% of map user respondents stated that 

maps were very effective or somewhat effective in decision-making.   

 

Figure 4. Effectiveness of Spatial Products in Decision-Making (n = 40) 

 

 

 

 

 

 

 

 

Most response and recovery decision-makers indicate the use of geospatial products 

was an effective tool in emergency situations.  A majority of map product user 

respondents (78%) located at or near EOCs stated that the maps were either very 

effective or somewhat effective in helping meet their needs and making decisions.  
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Only one respondent noted that map products were very ineffective in helping make 

a decision.   

 

One of the more pointed questions for map user respondents asked how difficult it 

was to read and/or understand the map products supplied to them.  Again, a 

majority of map user respondents (64%) stated it was very easy or easy to read and 

understand the map products supplied to them.  However, 29% stated that it was 

either somewhat difficult or neither difficult nor easy to read and understand the 

supplied map products.  Curiously, some users found little or no difficulty in 

understanding the map products supplied to them while others indicated reading or 

understanding the map products may have been a problem.   

 

Another issue that arose from our initial workshop was idea of standardizing some 

map products for use in disaster situations.  Map users and map producers were 

asked whether they think map products should be standardize or customized.  They 

were also given the option to choose equal production of both standardized and 

customized, or more of one over another.  Figures 5 and 5a show the breakdown of 

both user and producer respondents, as well as a combination of responses from 

both users and producers. 



Figure 5. Opinions on Standardized/Customized Products. (n=54) 

 

 

 

 

 

 

 

 

 

Figure 5a. Opinions on Standardized/Customized Products  

 

 

 

 

 

     Users (n=39)                                               Producers (n=15) 

 

The prevalent opinion among users is that there should be equal production of both 

standardized and customized map products, while producers tend to believe that a 

more standardized approach may yield more beneficial results.  One possible 

explanation may be that map producers believe more standardized maps would 

streamline production and get useful maps in the hands of decision-makers more 
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swiftly.  Users of map products may be biased towards more customized products 

that fit their specific needs without having the distraction of data layers which they 

do not consider to be useful.  This topic plays a crucial role in the future of intra- and 

interagency communication, necessary for understanding the various organizational 

cultures involved in emergency management and disaster response. 

 

Lastly, map users and producers were asked to gauge the importance each of the 

listed map layers in Figure 6 below.  The respondents were given a five point scale 

from very critical to not critical at all and asked how critical are each of these layers 

were in disaster response and recovery efforts.  

 

Figure 6.  Critical Map Layers 
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More Critical 
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Figure 6 also shows that both user and producer respondents feel that roads, 

emergency services, supplies (food, water, ice), hospitals and telecommunications 

were the most critical layers for most map products during response and recovery 

efforts.  Certain layers were considered far less critical in the opinion of the 

respondents.  Prisons, banking, and postal services were all rated far less critical 

than any of the other layers.  One lower layer rating that is noteworthy and 

unexpected is the rating for parcel data.  During the initial workshop, many 

comments were made regarding parcel data and how useful it would have been in 

the response and recovery efforts.  Contrary to the attention received in the 

workshop, many respondents felt parcel data was not as critical as many of the 

other layers.  One possible explanation could be some of the respondents may not be 

familiar with the word “parcel” or know the word’s meaning but may identify with 

the layer if it were included on a map.  Education of various GIS elements for first 

responders and decision makers can alleviate this issue (McCormick, 2003; Sussman, 

1996) 

 

Preparedness and Resiliency 

The last portion of the questionnaire surveyed respondents’ opinions concerning 

the effectiveness of FEMA, MEMA, and EOCs in the wake of Hurricane Katrina.  They 

were asked to rate the effectiveness of each agency during the first five days after 

the storm and rate their performance again in the second and subsequent weeks.  

The scale for rating the agencies was a five point scale from excellent to poor.  As 

can be seen in Tables 2 and 3, the survey results found that many feel FEMA and 



MEMA were not as effective as the local EOCs in meeting the many needs of this 

tattered region during the response and recovery efforts after the storm.  

 
Table 2. Respondents Ratings of the Effectiveness of Emergency Response Agencies 
for the First Five Days after Katrina 

Agency Response Ratings – First 5 Days After the Storm 

Effectiveness of Agency FEMA 
(n = 58) 

MEMA 
(n = 58) 

EOCs 
(n = 58) 

Excellent 8.6% 8.6% 17.2% 

Very Good 13.8% 24.1% 20.7% 

Good 22.4% 27.6% 27.6% 

Fair 22.4% 19.0% 19.0% 

Poor 22.4% 10.3% 0% 

 

 

Table 3. Respondents Ratings of the Effectiveness of Emergency Response Agencies 
for the Second and Subsequent Weeks after Katrina 

Agency Response Ratings – Subsequent Weeks After the Storm 

Effectiveness of Agency 
FEMA 

(n = 58) 
MEMA 

(n = 58) 
EOCs 

(n = 58) 

Excellent 8.6% 6.9% 19.0% 

Very Good 17.2% 25.9% 32.8% 

Good 29.3% 34.5% 25.9% 

Fair 25.9% 20.7% 6.9% 

Poor 17.2% 5.2% 0% 

 



Furthermore, the respondents were asked to offer their beliefs regarding the 

preparedness of FEMA, MEME, EOCs, as well as themselves for future disasters.  Just 

over half of the map user respondents feel that they are much better prepared for a 

disaster following their Hurricane Katrina experience.  Map producers as a whole 

also feel they are better prepared, although there are a few responses of neither 

better nor worse prepared in the survey findings.  While most say they are 

personally much better or slightly better prepared, there is a slightly downgraded 

opinion of their agency’s preparedness in the event of another disaster, as seen in 

Figures 7 and 7a.  It is interesting that as a group the respondents do not share quite 

the same optimism for their respective agencies. 

 

Figure 7. Personal Preparedness for a Future Disaster (n=58) 

 

  

 

 

 

 

Figure 7a.  Agency Preparedness for a Future Disaster (n=55) 

 

 

 

 

3.3%

36.7% 55%

Much Better
Slightly Better
Neither Better nor Worse

45%

10%

36.7%

Much Better
Slightly Better
Neither Better nor Worse



Understanding Organizational Cultures 

To effectively comprehend the usefulness of GIS in disaster response and recovery 

efforts, it is imperative to understand how each of the participating organizations 

communicates with each other during times of emergencies (Kasapoglu, Mileti, & 

Defelm, 2007).  The aforementioned article is the result of theoretically driven 

research on organizational modeling.  The study attempts to differentiate between 

inter- and intra-organizational components in the aftermath of 9/11.  Additionally, 

the authors estimate the impact of various aspects of organizational culture on 

response and recovery efforts.  By applying this methodology in accordance with the 

principles of organizational pioneer Edgar Schein, it is proposed that individuals 

from groups and agencies involved in post-Katrina emergency operations should be 

surveyed with the intent of understanding the culture among these entities in terms 

of values, knowledge, and practices.  As stated earlier, a better understanding of 

response cultures is required for successful integration of geospatial technologies 

into emergency response efforts.   

 

Values, knowledge, and practices are evident within an organization through the 

development of organizational norms and beliefs.  Even loosely tied organizational 

structuring, as is the case in multiple agencies responding to a disaster situation, 

will follow certain sets of rules and practices.  Comprehending the norms that are 

exhibited under such circumstances is crucial to effectively facilitating information 

exchange within and among agencies in emergency settings.   

 



Breaking Down Organizational Communication Barriers 

Ashforth and Mael (1989) identify the various literature sources detailing the 

nature of organizational cultures and the social identities attached to each 

organization.  The authors combine the notions of identification and group 

affiliations to describe various organizational cultures and their makeup.   The 

authors also add that because an organization is comprised of individuals, all 

seeking to obtain a self-identity, it is essentially forced to handle intergroup conflicts 

(p.35).   

 

GIS can eliminate the verbal communication boundaries by presenting the first 

responders with a digital or hard copy representation of the necessary information 

for responding to a disaster situation.  The data from the initial phase of the 

Mississippi State University project shows the importance of equally standardized 

and customized GIS products during emergency situations.  Over 75% of 

respondents felt that it is necessary to produce standardized and customized maps 

for use in the field during response efforts.   

 

Campbell and Masser (1995) state, “Effective implementation does not appear to be 

dependent upon the formulation of optimal strategies but rather tailoring the 

approach to the organizational circumstances in which the system will operate.”  By 

adding a larger base of respondents to the first survey and adding questions 

pertaining to organizational cultures, strides into understanding inter- and intra- 

agency communication complications and aiding to the response and recovery 



efforts will alleviate some of the problems facing first responders during emergency 

situations. 

 

As agencies handle their inner identification struggles, disaster response and 

recovery efforts require that each of the agencies communicate with one another to 

manage the disaster situation in the most effective possible manner.  Gunes and 

Kovel (2000) provide a brief overview of how efficient and effective GIS are to 

emergency management operations.   

 

Conclusions 

Numerous articles and books have reinforced the importance and capabilities of GIS, 

however, without agency cooperation and interactions, the GIS tools will remain 

underutilized for the foreseeable future (Antenucci, et al., 1991; Breen & Parrish, 

2008; Brown & Brudney, 1998; Chan & Williamson, 1999; Crosswell, 1989; Gunes & 

Kovel, 2000; Haque, 2001; Helsloot & Ruitenberg, 2004; Lopez-Nicolas & Merono-

Cerdan, 2009; Masser, 1998; Nedovic-Budic & Godschalk, 1996; Pinto & Azad, 1993; 

Sieber, 2000).  Kettl (2004) details the difficulties in handling interagency 

communications within the newly created, at the time of his book publishing, 

Department of Homeland Security.  As government and public agencies continue to 

incorporate technology into their everyday agendas, it is vital that the various 

agencies communicate within their walls and with their partnering agencies.  

Sharing data, creating visual identification and data standards, along with numerous 

other options will enhance the public’s ability to plan, respond, and recover from 



disaster situations.  Without the intra- and interagency cooperation, the valuable 

wealth of spatial data and geospatial information systems’ capabilities will never be 

fully realized in the public sector. 

 

Researchers in the public administration and emergency management field should 

consider focusing efforts on communication and organization based research as 

technology continues to advance into new areas.  Geospatial information systems 

have seen an increase in use and capabilities over the last 30 years, and one can only 

anticipate these technologies to continue advancing as the world advances.  

Correctly utilizing spatial data can aid in the tearing down of geographic boundaries, 

which will ultimately lead to the sharing of information and resources over 

seemingly overwhelming distances.  
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