
Towards a GIS Data Model for Improving the 
Emergency Response in the Least Developing 

Countries: Challenges and Opportunities  
 

Naci Dilekli 
University of Oklahoma 

ndilekli@ou.edu 

Tarek Rashed 
University of Oklahoma 

rashed@ou.edu 
 
 

ABSTRACT 

Over the past few years, several standardized GIS data models have been developed to document “best practices" 
database designs for various application domains including the domain of emergency management. The majority of 
such models, however, have been developed in the context of developed countries as in the case of the Homeland 
Security geodatabase data model by ESRI®. These data models fail to be successful when transferred and used in 
the context of Least Developing Countries (LDCs) due to significant contextual differences in the domains of 
information systems and emergency practices. Therefore, developing GIS data models that are specifically designed 
for emergency response activities in LDCs are needed to improve existing emergency response practices in these 
countries. This paper reviews the state of development in GIS data models and the potential benefits and 
applications of building models that are specifically designed to support emergency response activities in LDCs. We 
first discusses why it is important to differentiate emergency response activities in LDCs from other contexts. We 
then present some theoretical considerations in developing GIS data models that can overcome contextual 
difficulties in LDCs in general and in the domain of information systenms. We finally attempt to provide key 
guidelines that may help designing a GIS Data Model, while is specifically referenced to the LDCs context.  
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INTRODUCTION 

This paper cuts across emergency response and GIS data models, with a specific focus on the least developing 
countries (LDCs). The idea of developing standardized, domain-specific GIS data models is relatively new and 
therefore related literature is limited. Thus, this study can be regarded as one of the initial attempts on the relevant 
subjects. There is a very limited research done in the developing countries context, especially with reference to 
applications of Information Systems (IS) for emergency response practices. As a result of insufficient literature 
resources, the approach we adopted in this paper is to examine how GIS data models have been developed and used 
in developed countries, and then extrapolate and infer factors and issues surrounding the applications of these 
models in the LDC context (economic, social and cultural). Additionally, although we make a clear distinction 
between LDCs and developing countries throughout the paper, we think in some instances facts and information 
related to developing countries can be applied for LDCs. This can actually raise another question of “how much can 
research findings on application of IS in a context be applied to another one?” We adopt a rather straightforward 
assumption, that any IS related problem that exists in developed countries should be manifested somehow in LDCs. 

In the following sections, we first discuss the context of LDCs, including why we should use this term, instead of 
talking about developing countries in general. We also discuss the state of emergency management in these 
environments, while extrapolating from the relevant information belonging to developing countries. Then we 
continue with discussing possible IS challenges in LDCs, and explore some of the solutions that have been proposed 
to overcome such challenges. Then we highlight the importance of geospatial technologies on the emergency 
response, and the specific role that GIS data models can play to greatly improve relevant practices in LDCs. The 
paper concludes with a few considerations in developing and implementing GIS data models for emergency 
response in LDCs,. 
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GENERAL CONTEXT OF LDCS  

96% of disaster related deaths are from developing countries (Natural Hazards Observer, 2000), and there are 40 
times more disaster survivors in developed countries than the developing ones (Department of Humanitarian Affairs, 
1993) as cited by El-Masri and Tiplle (2002). These numbers showing immensely contrasting differences can be 
attributed to lower resiliency of communities with higher vulnerability to disasters, as well as poor emergency 
management practices (better staffing, technology use etc.) in developing countries.  

While such disaster related statistics and other ones are useful to have an idea about the general context of 
developing countries, it could be contended that there is a problem with using the term “Developing Countries” to 
refer to a great range of inherently different nations. The term “developing” is too general; and in actuality there is a 
great degree of variance among the countries intended by this term with respect to their economic, social and 
cultural traits Quarantelli (1986) points out that, some of the so-called developing countries are similar to western 
countries in terms of social structure; such as perception of legitimacy and politics. Showing the insufficiency of this 
classification scheme, Quarantelli (1986) argues that there is also a need to develop a multi-typology for social 
systems that differentiates among social and economic characteristics of societies and is not limited to the simple 
dichotomization of developing vs. developed contexts; just as disaster research tries to categorize disasters not 
according to hazard types (e.g. Acts of God vs. Acts of Human), but according to features such as duration, speed of 
onset, possibility of forewarning, magnitude and so on.  

It is true that that there are many similarities among the so-called developing countries. For example, many 
developing countries are usually characterized by fast urbanization and industrialization processes. Several of these 
countries share common pressures towards democratization as well as demands on human rights, public 
participation, equality, welfare policies and justice that are fostered by means of mass communication (Quarantelli, 
1994). We can also make other similar generalizations among development countries, for example with respect to 
the urban structure; contending that the urban growth is incremental, unplanned and organic, with no building codes 
or insufficient enforcement of them, with no proper zoning regulations and with no suitability analyses. Likewise, 
one can claim that social vulnerability is higher in developing countries in general, due to the poor, uneducated 
populations with high percentage of infants or very young people. Such populations may also be assumed to have a 
tendency to have fatalistic views about disasters for different reasons. Although we can adopt these initial 
perspectives to develop a general understanding of developing countries, it is usually necessary to distinguish 
between the faster developing countries like India and China, and the context of least developing countries (LDC) 
where resources are scarce and the challenges of development are more severe comparing with other “developing 
countries”. LDCs can be better understood with examples like Afghanistan, Bangladesh and Ethiopia that are not 
self sustained and are usually dependent on humanitarian aids from relief organizations. Faster developing countries 
on the other hand, attract a lot of foreign investment due to the existence of acceptable levels of economic and 
political stability, and alluring market conditions such as availability of large amounts of cheap workforce. 

CHARACTERISTICS OF EMERGENCY RESPONSE IN LDCS 

With special reference to emergency management, it is quite safe to say that the conditions of LDCs make them 
most vulnerable to disasters. Although each country is unique in terms of its economic, social, cultural, geographic 
traits, LDCs share significant amount of common patterns when it comes to emergency management; which make 
disaster research that is focused solely on LDCs a distinguishable areas of enquiry.. Obvious emergency 
management problems that exist in LDCs include lack of personnel skills, weak hardware infrastructure, and 
improper organizational structures resulting in reduced ability of response, which becomes more crucial in LDC 
societies with higher socio-economic vulnerabilities. Such problems related to emergency management are usually 
left aside; as a usual case in developing countries in general, emergency management is not a prior goal, while 
economic development and political stabilization are given much more attention and resources. In fact, a rather 
ambitious economic development is likely to result in creation of additional technological and natural risks, which 
are often overlooked. 

At this point, we further investigate into the problems affecting the efficiency of emergency response in LDCs. 
Haddow et al. (2006) state that the United Nations Developing Programme (UNDP) believes that the vulnerability to 
disasters in developing countries stems from poor environmental policies, misuse of land and rapidly increasing 
(especially urban) populations as well as weak infrastructures. The infrastructure is tightly related to emergency 
response, and can be divided into social and material infrastructures. Social infrastructure within emergency 
management organizations is problematic due to a number of reasons such as lack of adequately trained, 
organizational politics, and poor inter- and intra-organizational communications (Quarantelli 1986).  
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Aside from social infrastructure, LDCs typically lack material infrastructure for emergency response due to obvious 
reasons of insufficient funding and assignment of lower priorities to emergency activities. Developing countries give 
lower priorities to funding of emergency response than education, economic development and military (Haddow et 
al., 2006). Delegation of emergency operations to military is common among developing nations; however military 
personnel usually lack necessary expertise and organizational structure to respond to disasters (Haddow et al., 2006). 

Clearly LDCs have a lot of challenges in emergency response just as in other application domains. As we discuss in 
the following section, we believe that several of these issues belonging to emergency response in LDCs and 
influencing the proper applications of IS require organization, practices and infrastructure that are fostered by a 
unique standardized IS approach specifically designed for the LDCs context. 

INFORMATION SYSTEMS CHALLENGES RELATED TO EMERGENCY RESPONSE IN LDCS 

An important challenge lies with the wrong belief that the technology of information systems itself can solve all the 
problems. As Erickson (2006) puts it, computers cannot replace human intelligence, and computerized response 
applications must be fully understood and analyzed before attempting to utilize then on a day-to-day operational 
basis. Similarly, there is a numerous complications of assuming that a well-operational IS in a particular context, 
whether this context is a given application domain (e.g., emergency management, natural resources), a country, or 
scale of implementation (e.g., local, regional) can be adopted into another different context in a straightforward 
fashion. Existing IS approaches, most of which have been developed in specific contexts within developed 
countries, are likely to suffer from incompatibility issues emerging from the problems that exist in and unique to the 
context of LDCs. Such approaches, techniques, tools that are within IS need to be simplified and transformed, and in 
some cases completely redesigned in order to accommodate the particular conditions of LDCs. Current 
circumstances, especially the ones related to human and technical infrastructure in LDCs render the adaptation of an 
existing system like HAZUS impossible. This is because HAZUS is not an open application and it only allows a 
user to work on US data. Similarly, existing data models such as the Homeland Security Data model developed by 
the Department of Homeland Security and ESRI for crisis response operations in the U.S. cannot be used in LDCs; 
or even be readily utilized in a country like Canada, despite the shared similarities among the U.S. and Canada. 

Nevertheless, we think it is generally acceptable to assume that the IS challenges  in developed nations may also 
exist in the particular context of LDCs as long as the relevant practices (e.g. tools, data collection methods, data 
access and sharing protocols etc.) are implemented; therefore we can assume such problems equally affect the 
efficiency of emergency response activities in LDCs, if not more. For example, Erickson (2006) points out that 
while access to databases and information networks fosters the efficiency of emergency response, it may as well 
cause confusion if they are not managed properly. Tsui (2003) similarly notices that in many cases not only lack of 
information, but also too much of it can cause confusion, making it harder to determine what information products 
are more important. Such excessive information can delay or mislead a rapid response in the case of a crisis. These 
issues exist in contexts with lack of developed organizational structure for command and control, which often 
applies to LDCs. 

In order to ensure smooth emergency operations, data quality must be ensured (Erickson, 2006); however this is one 
of the most challenging issues of IS as there is no straightforward solution to that (Grise, 2006). On the other hand, 
for all organizations, there are limitations upon software and hardware (Erickson, 2006). Logically that is a worse 
problem for the case of LDCs, which is reflected upon designing data models, since there are too many constraints 
on the data (e.g. cost and availability). Additionally, data collection and maintenance by different emergency 
management organizations which usually have their own standards make it more difficult to integrate emergency 
response related data. This is often worsened by data incompleteness, which is usually a result of discontinued data 
collection activities especially in LDCs. Thus, although there are so many data items and components in an ideal 
data model, such a model cannot be implemented due to real world limitations.  Consequently, there should be an 
optimum level of compromise in the data model, leaving out possible data items that are relatively more costly or of 
less priority. 

While data models has a potential for fostering emergency response programs by guiding data management (e.g. 
what data to collect, format etc. under crisis conditions), they can also help improving the social infrastructure and 
technical skills of personnel by providing a basis for a more standard and formal training. Data models may also be 
used as an anchor to design software, hardware and networking requirements in order to better the material 
infrastructure. Further, systemic tools that utilize such models for automation purposes can be developed in order to 
better the quality and efficiency of emergency response. 
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Geospatial Technologies and Emergency Management 

Geographic Information Systems (GIS) and geospatial data are increasingly becoming an integrative part of 
emergency response. The role of GIS has been proven to be crucial during the times of crises. There are numerous 
cases and examples how GIS can be used (Cova, 1999) and was used (Amdahl 2001, Green 2002) for all four phases 
of disaster management; mitigation, preparedness, response and recovery. Here it is important to point out that GIS 
is extremely helpful for crisis response applications due to the spatial dimensionality of disasters and the capabilities 
of GIS to analyze relevant phenomenon. 

At the most basic level, GIS can be used to produce simple reference maps to support relevant decisions for 
emergency management purposes. GIS can be further utilized by designing specific decision support tools which 
can automate the algorithmic and logical aspects of analyses, and save considerable amount of time. Further, for 
emergency managers, it allows capturing all the relevant disaster information that becomes organizational 
information, which is necessary to disseminate within the emergency management organization. GIS in general and 
standardized GIS data models in particular can as well help emergency managers to store, display and manage 
spatial data and relationships in a standardized manner, accompanied by standardized symbology to also allow a 
standardized and unambiguous interpretation for decision making. Standardization of GIS data is a key issue for all 
kinds of activities, especially for those related to emergency response due to timeliness requirements. As an 
example, Green (2002) shows how GIS was used right after 9/11 attacks, and also points to the importance of the 
use of a well organized directory and file structures with proper naming conventions that meet the standards to 
prevent confusions. While this application is a simple data cataloging, it is nevertheless very important to ensure 
efficient communication, and can be seen as a justification of more formal approaches such as Emergency Response 
Data Models. 

GIS Data Models will have special importance in the context of LDCs for a number of reasons. One of them is that, 
international involvement is also quite common in disaster situations in LDCs, and developing countries in general, 
and therefore provision of a standard data scheme among local, national and international agencies (both 
governmental and non-governmental ones) becomes more crucial. Thus, smooth information flows involving spatial 
and also non-spatial data can be generated by making use of standardized and formal data models, and integrating 
new and existing data into such formal structures and rules. 

From Simple Maps to GIS Data Models 

GIS data can easily be disseminated among organizations and rapidly utilized by highly mobile technologies. The 
efficiency of this utilization depends on the structure and quality of data that serves the purposes of the related 
industry or organization well. As managing strategic data and information with tremendous sized data chunks 
become more difficult, solutions on data integration, dissemination, and standardization become more important. As 
stated by ESRI (2007), data models provide a practical template for implementing GIS projects, and such templates 
simplify the integration of similar data sets at different scales. It is important to have standard data scheme or 
template, so that users have familiarity with the data beside the fact that certain tools and applications require 
standardized data. Standardization is achieved by deciding on data layers and non-spatial tables, their metadata 
(including feature types, attribute information) and a common symbology. Such standard schemes make sure users 
in different organizations can communicate with geospatial data efficiently and without ambiguity. 

It is important to differentiate the data models from simple data catalogs, which are a mere collection of vector 
layers, raster images and non-spatial layers. In addition to serving the  cataloging purpose, data models tend to be 
much more detailed and application oriented, and have the ability to enforce spatial integrity rules through features 
that are based on object oriented modeling; such as semantic relationships of “Part of”, “Subclass of”, “Subtype of” 
and “Instance of”. In addition to semantic relationships, due to the spatial capabilities of GIS, there can exist 
topologic relationships such as proximity, connectivity and adjacency. All of these features help ensure the data 
quality, standards and integrity of GIS databases.  

The further benefits of data models include: 

Guidance: In its simplest case, a GIS data model can be seen as a guide to what data to collect. In the case of a 
disaster management with specific reference to LDCs, it is not surprising to have a situation where emergency 
workers get confused and panicked about what data to collect and process. A standard data model shows exactly 
what kind of data that needs to be collected and how it is further processed, is crucial during the times of stress.  
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Data Sharing: A data model makes sure each of the collected datasets fits into predetermined rules and criteria, thus 
separate organizations using the same data model will have standardized data. Therefore a fast and smooth 
dissemination of geospatial information among organizations is enabled. 

Data Integration: Data integration in many cases is a major problem, and desired to be done despite of potential data 
loss. Current GIS data model approaches realize this issue and bring about automated solutions such as ETL 
(Extract, Transform and Load) developed by ESRI®. Such tools make possible the automated integration of various 
types of data coming from different agencies or institutions at local, national and international levels. 

Application Environment: Collected data can be utilized by tools that were designed according to the specific data 
model. An example is the ArcHydro extension to ArcGIS software developed by ESRI. This extension involves a 
number of tools that require a set of data that is stored according to the data model. The tools and the data model can 
be seen as a package, ensuring smooth processing of information with standardized operations serving to particular 
purposes.  Such tools for crisis response operations may include automatic data extraction of features or raster 
images of interest from a merged data item, such as a nationwide mosaic image. 

GIS Data Model Design and the Case for LDCs 

There is not a certain way of designing a data model; as design can be regarded as an art more than a mere 
straightforward technique. There are however some obvious and helpful guidelines that could enhance the design 
process, but quality of the final products will also depend on personal skills like experience and creativity. 
Conceptual ideas of data modeling design can be found in some methodologies; such as “Ten steps in Designing 
Geodatabases” (Arctur and Zeiler, 2004), or the traditional approach that focuses on translation from the "real 
world" to a "conceptual model", and then to a "logical model" and finally to a “physical model”. 

In practice, Data Model design may require collaboration among agencies; for example in the case of LDCs 
organizations such as UN will be an important stakeholder due to the organizational exposure to such environments. 
Interviewing with and consulting to experts and people who are exposed to challenges from related jurisdictions are 
important in order to grasp the operational scope and needs. Understanding operational scope and needs should 
result in identification of data needs. Such identifications might be better organized by provision of documents such 
as "Needs Assessment and Requirements Analysis", “Concept of Operations” or “System Requirements 
Specification”. The data requirements may initially be very vast and include some redundancies. There are certainly 
limitations upon software and hardware (Erickson, 2006), and this problem as well extends to data models, since 
clearly there are too many data items and components in an ideal data model, which cannot be implemented due to 
real world constraints (e.g. cost and availability). Therefore, in order to efficiency utilize the results, identification of 
commonalities and prioritization among data items is crucial. The final result of such investigations will be 
Minimum Essential Datasets (MEDS), which are necessary to organizational operations. Of course, a GIS data 
model does not only consist of a series of data definitions, but should encompass geographical relationships that are 
provided by spatial dimensionality of geographic data. 

There are some potential guidelines for designing a GIS Data Model for Emergency Response Activities in LDCs. It 
can be inferred from the conditions of LDCs that there are issues with data; which is incomplete, inconsistent and of 
lower quality. A design approach should include inventorying of complete, partial and nonexistent data. These 
inventories should be compared with the data models and catalogs in developed countries, which are more ideal for 
the use in emergency response activities. Such comparisons will show what the gaps are between LDCs and 
developed countries with respect to different sectors and corresponding datasets. This analysis can be used to decide 
if nonexistent data items are actually essential or optional and what sectors to aim in order to close the gaps.  

When doing a design, it should be kept in mind that such a model should be comprehensive enough to design 
necessary tools that will require a certain set of data, while making sure this data is available and time and cost 
efficient in LDCs. Another objective should be designing a core data model that meets the common requirements 
raised by different types of hazards (e.g. floods, fires, earthquakes and possibly manmade hazards such as terrorism). 
The core model can be used as a principal one, and extensions should be added for different type of hazards if 
necessary for building applications. Similarly, if there is a certain degree of variance within LDCs that cannot be 
contained within one model, different versions can be designed as well to accommodate such variances. 

 

CONCLUSION 

Although disaster mitigation in LDCs is equally, if not more, important than disaster response, given the context of 
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LDCs, it is too optimistic to expect mitigation oriented disaster policies to be enforced and implemented soon due to 
political resistance to new policies in such contexts. Rather, current trends indicate that it will be much more 
efficient concentrating on delivery of emergency response in an organized and effective manner supported by IS. 

It is also well known that although geospatial technologies are used very widely among developed nations, at 
present LDCs do not benefit from them that much in a way that meets their contextual requirements. As a part of 
geospatial technologies, GIS data models are gaining popularity, and in a short span of time, they will become an 
indispensable part of emergency management. However, given the fact that assimilation of relevant technologies 
takes considerably longer time and more effort in developing countries in general in LDCs in particular, it is 
desirable to initiate data modeling efforts within emergency management agencies such as UN. 

As indicated before, data modeling is not a straightforward process. It requires a complete understanding of business 
operations and requirements before starting the actual design. Therefore LDCs and responsible organizations should 
carry out implementations either on their own or by cooperating with relevant organizations; to make sure relevant 
crisis response policies, personnel training, models, best practices, documentation, tools etc. are exclusively 
designed according to the local context.  
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