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Abstract  

 

Geographic information supports disaster management in many ways. The analysis and visualization of static 

and incident specific dynamic geographic information is key for the build-up of a Common Operational Picture 

and the development of Shared Situational Awareness. Although the use of geographic information and 

analytical tools seems evident, the concept of using Geographic Information Systems in disaster management is 

relatively new in The Netherlands. The development of a nationwide geographic data infrastructure for disaster 

management started only in 2006. Today the disaster management community can access this geographic 

information present in the Geo Data Infrastructure for Disaster Response and Crisis Management (GDI R&C) 

and use it in their disaster management processes. The central question in this thesis is: How valuable is 

geographic information in disaster management, and is the value measurable in any way? The theory of 

Network Centric Warfare and GDIs have been used as overall concepts to develop the evaluation method. The 

evaluation method was tested in the large scale exercise Eagle One in March 2008.  
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1 Introduction  

1.1 Problem  

The goal of disaster management is to reduce the effects of the disaster as much as possible and take 

ŀŎǘƛƻƴ ǘƻ ƎŜǘ ǘƘŜ ŎƻƳƳǳƴƛǘȅΩǎ ŎƻƴŘƛǘƛƻƴ back to its pre-disaster state. Participants in disaster 

management take actions pre-disaster or post-disaster. Ideally these activities would reduce the 

potential effects of a disaster to the point of elimination. However the nature of disasters make this ideal 

situation unachievable. Disasters have five major characteristics that make them hard to overcome (NRC, 

2007): 

1. Disasters are large, rapid-onset incidents relative to the size and resources of an affected 

jurisdiction; 

2. Disasters are uncertain with respect to both their occurrence and their outcomes; 

3. Risks and benefits are difficult to assess and compare; 

4. Disasters are dynamic events; 

5. Disasters are relatively rare. 

These characteristics make it difficult for governments to manage disasters. The difficulties are both 

policy- and practice-related. Spatial data can considerably facilitate disaster management as most of the 

required information for disaster management has a spatial component (Mansourian et al., 2006). In 

fact, without spatial data, one cannot expect effective and efficient disaster management (NRC, 2007; 

Cutter et al., 2003). Since disasters and hazard types vary, the geospatial requirements also vary. 

Geospatial resources and processes must be able to adapt and respond to the changing situations. In 

NRC (2007) requirements for geospatial data and analysis were presented and the most prominent 

requirements are listed below:  

1. Ability to assess risk and resilience; 

2. Pre-incident forecasts about hazard behaviour, likely damage, property vulnerability, and 

potential victims; 

3. Decision aids to support recommendations for pre-positioning resources and evacuation; 

4. Timely, incident-specific locational information with respect to hazards, damage, victims, and 

resources, including information such as where people went, what kind of help is needed 

where, and the location of available resources; 

5. Ongoing monitoring of evolving hazards, response efforts, and resource status; 

6. Insight into the interdependence and status of infrastructure components and awareness of 

critical infrastructure and facility vulnerability and status.  
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For most disasters or events the geospatial information needed is maintained by a variety of public and 

private organizations in multiple jurisdictions. Emergency preparedness and response requires data from 

many sources, which can be both public and private (NRC, 2007). It is this interoperability of systems 

which is one of many problems the disaster management community faces. Research in the Netherlands 

has shown (Neuvel et al., 2006; ACIR, 2005) that the following bottlenecks in disaster management exist:  

1. Lack of good communication between the different actors; 

2. [ŀŎƪ ƻŦ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ΨƛƴŦƻǊƳŀǘƛƻƴΩ (meta-data); 

3. Lack of an appropriate platform (user interfaces) for data exchange; 

4. Insufficient standardization of processes and protocols; 

5. Difficulties in exchange and integration of various data; 

6. A variety of narrow specialized systems only for emergency situations; 

7. Management of information from the field (reports, images, video, etc); 

8. Access to existing data is generally very slow.  

 

Neuvel et al. (2005) propose that building a Geospatial Data Infrastructure (GDI) could be a solution to 

overcome part of the problems faced by the disaster management community. In the literature 

contradicting opinions on the suitability of a GDI and the use of GIS for disaster management can be 

found. Zerger and Smith (2003) evaluate a disaster management exercise and state that the use of GIS 

can readily fail. The GIS system implemented for the exercise was underutilized for the following 

reasons:  

1. The GIS was unable to provide the answers required in real-time due to technical constraints 

(computing power and size of the database);  

2. Emergency managers were occupied with more pressing evacuation and decision-making 

concerns than those which the GIS had been designed to address;  

3. The GIS was designed without considering the operational requirements of emergency 

management personnel;  

4. Some data layers were too detailed;  

5. Inexperience with GIS precluded using it to the full potential; the size of computer screens did 

not provide the necessary detail;  

6. Difficulties in sharing information via a single terminal to multiple users.  

 

Mansourian et al. (2006) consider a GDI to be valuable for disaster management. A GDI makes the 

geographic information in the event of an emergency readily available and accessible. A GDI is an 

initiative in spatial data management and can be used as an integrated framework for resolving current 

problems with spatial data (Mansourian et al., 2006). 
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In the theoretical framework of this thesis it will be shown that a GDI supports the disaster management 

community by providing geographic data, information and tools. During disaster management it is not 

only geographic information which is being exchanged between participants, but also all other forms of 

information. The disaster management community needs a system in which the GDI is one of the 

components. The concept which supports this view is the concept of Networked Centric Warfare or 

Networked Enabled Capabilities.  

 

In all the literature cited (NRC, 2007; Mansourian et al., 2006; Cutter et al., 2003), there is a strong 

emphasis on the importance of geographic data, information and tools for disaster management. In 

evaluation reports of recent large-scale exercises held in The Netherlands, the role of geographic data 

and information is not or only slightly touched upon. A standard method to measure the added value of 

geographic data, information and tools has not been developed yet. So how can one actually state that 

geographic information has added value for disaster management? Herein lies the scope of this thesis: 

showing what is the added value is of geographic data, information and tools for disaster management 

and developing a method to measure the added value.  

1.2 Theoretical framework  

The theoretical framework will be described extensively in the following chapters on Networked Enabled 

Capabilities, Geospatial Data Infrastructure and Disaster Management. The theory of NEC will act as a 

framework within which the theory of GDI and all aspects to make disaster management successful can 

be located.  

1.3 Problem definition and h ypothesis  

In the Section 1.1 a description was given on the current state of the use of geographic information in 

disaster management. In several studies (NRC, 2007; Cutter et al., 2003;Mansourian et al., 2006; Borkulo 

et al., 2005) it is stated that geographic information can play, or plays, an important role in this. In the 

recent past the actual value of geographic information in disaster management has never been 

researched. In several evaluations of large-scale disaster management exercises the role of geographic 

information is not mentioned or only minimally so. The central problem of this thesis is:  

What is the added value of the use of geographic information in disaster management? 

For this thesis, five hypotheses have been defined based on the research on the different theoretical 

frameworks. These hypotheses are: 

1. The use of geo-information in a net-centric environment improves the situational awareness of all 

actors involved 
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Is there a state of shared situational awareness, and what is the role of geo-information in this 

process? 

2. Geo-information improves the timeliness of the information processing 

Does geo-information improve the timeliness of the information processing 

3. Geo-information improves the quality of the information 

Does geo-information improve the quality of the information? 

4. Geo-information improves the decision making process 

Does the use of geo-information improve the quality of the decisions? 

5. The use of geo-information in the workflow is regarded as positive by the actors  

Do actors use geo-information in their workflows and what are the factors that enhance the use? 

1.4 Purpose of the study  

The goal of this thesis is to develop an evaluation method that is able to measure the improvement that 

the use of geo-information has on disaster management. The method developed must be reusable for 

future disaster management activities. The evaluation method will be valid for a GDI in a networked 

environment. The survey will be limited to the use of geographic information during the response phase 

of a disaster. The hypotheses will be tested by interviewing or conducting a standard questionnaire 

immediately after an emergency response exercise.  

1.5 Significance of the study  

There is extensive research done on Spatial Data Infrastructures (SDI)/Geospatial Data Infrastructures 

(GDI) for disaster management, the technology side, and the standards are very well described. Best 

practice manuals concerning the implementation of SDIs have been written. The concept of NEC has only 

recently been developed and the implementation of NEC is limited at the moment. One of the 

underpinning concepts of a GDI is the its implementation must be user-driven. No significant research 

has been done on the use and usefulness of the geo-information provided from a user-perspective. 

{ŜŎƻƴŘƭȅ ǘƘŜǊŜ ƛǎ ƴƻ ΨǎǘŀƴŘŀǊŘΩ ŜǾŀƭǳŀǘƛƻƴ ƳŜǘƘƻŘ ŦƻǊ ŘƛǎŀǎǘŜǊ ƳŀƴŀƎŜƳŜƴǘΦ ¢ƘŜ ǊŜǎǳƭǘǎ ƻŦ ǘƘƛǎ ǘƘŜǎƛǎ 

are part of a complete evaluation method for disaster management.  

1.6 Statistic al reliability  

The research in this thesis is focused on the development of a method to measure the added value of 

geographic information in disaster management. Because there is only a small group of respondents, it 

was not possible to use the statistics of some of the methods used.  

1.7 Outline of this thesis  

Figure 1.1 depicts a graphical outline of the research conducted for this thesis. In this chapter the 

problem definition and research questions have been presented. In Chapters 2, 3, 4 and 5 the theoretical 
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framework for the research will be given. In Chapter 6 the units of measure or the items that need to be 

given attention in the surveys are laid out, and the design of the method is explained. Chapter 7 

introduces ǘƘŜ ŎŀǎŜ ǎǘǳŘȅΣ ǘƘŜ ŘƛǎŀǎǘŜǊ ƳŀƴŀƎŜƳŜƴǘ ŜȄŜǊŎƛǎŜ Ψ9ŀƎƭŜ hƴŜΩ, and presents the results.  

 

 

Figure 1.1: Outline of the research presented in this thesis 

 

In Chapter 8 the results of the surveys and observations are analysed. Finally Chapter 9 discusses the 

method, and a number of conclusions are drawn.  
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2 Network Centric Warfare for D isaster Management  

2.1 Introduction 

The concept of Networked Enabled Capabilities (NEC) has proved to be very useful in the development of 

new capabilities for military operations, disaster management and homeland security. Originally the 

concept was introduced in the USA as Network Centric Warfare (NCW) in the mid-1990s, together with 

the concept of Information Age Warfare (IAW) (Alberts et al., 2000; Alberts et al., 2001; Alberts, 2002). In 

those days, it was solely a United States of America Department of Defence development. At the 

beginning of the 21
st
 Century, the military powers in Europe and several other countries began to 

develop their own view on NCW and adopted the term Networked Enabled Capabilities. The term NEC 

not only sounds friendlier, but there is also a difference between the two concepts (Boyd et al., 2005). 

Now a few years later, the term NEC is also being used by other government agencies in papers on 

disaster management and homeland security. In the Netherlands there is a joint initiative of the Ministry 

of Defence and the Ministry of the Interior called Net-centric Experimentation, where NEC/NCW 

concepts are used for disaster management and homeland security.  

In this chapter the concepts of IAW and NCW will be defined and discussed in Sections 2.2 to 2.6. The 

difference between NCW and NEC will be explained. In this thesis the term Network Centric Disaster 

Management (NCDM) will be introduced. This is NCW for Disaster Management.  

2.2 Information Age Warfare & Information Superiority 

The concept of IAW is based on the emergence of Information Technologies and the role they can play in 

modern warfare. Information plays an important role in military operations but technological advantages 

make it possible to provide more complete, more accurate and timelier information to decision makers. 

Traditionally military organizations have provided information to forces in three ways (Alberts, 2002):  

1. commands (directives and guidance);  

2. intelligence (information about the adversary and environment);  

3. doctrine (how you are going to do it).  

Current operations in Iraq and Afghanistan for example are dominated by the information that can be 

gathered. In the military, these operations are called Information Operations or Info-ops.  

 

Information Superiority is defined as a ΨǎǘŀǘŜ ƻŦ ƛƳōŀƭŀƴŎŜ ƛƴ ƻƴŜΩǎ ŦŀǾƻǳǊ όǊŜƭŀǘƛǾŜ ŀŘǾŀƴǘŀƎŜύ ƛƴ ǘƘŜ 

information domain that is achieved by being able to get the right information to the right people at the 

right time in the right form while denying an adversary the ability to do the sameΩ (Alberts et al., 2000; 

Alberts et al., 2001).  

Information affects military operations and disaster management in three domains: the physical domain, 

the information domain, and the cognitive domain. The physical domain is the place where the situation 
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that the military seeks to influence exists. The information domain is where the information exists. It is 

the domain where information is created, manipulated and shared. The information that exists in the 

information domain may or may not truly reflect ground truth. The cognitive domain is in the minds of 

the participants. This is the place where perceptions, awareness, understanding, beliefs, and values 

reside and where, as a result of sense making, decisions are made. The theory on IAW, as described in 

Alberts et al. (2000), is underpinned by a number of primitives, which describe how information affects 

the performance of individuals and organizations (see Table 2.1). 

 

Table 2.1: Definitions of primitives in Information Age Warfare theory (after Alberts et al., 2000) 

Primitive Description Domain 

Sensing Direct or indirect Physical 

Data Single observations Physical 

Information Putting individual observations into some meaningful context Information 

Knowledge Involves conclusions drawn from patterns suggested by 

available information 

Information/ 

Cognitive 

Awareness Is the result of a complex interaction between prior knowledge 

and current perceptions of reality 

Cognitive 

Understanding Having a sufficient level of knowledge to be able to draw 

inferences about the possible consequences of the situation, as 

well as sufficient awareness of the situation to predict future 

patterns 

Cognitive 

Decisions Choices about what is to be done Cognitive 

Actions Triggered by decisions in the cognitive domain that either are 

directly translated into action or have been transported 

through the information domain to others 

Physical 

Information Sharing Interaction that takes place between two or more entities. Is 

the key to be able to develop shared awareness, as well as to 

collaborate and/or synchronize 

Information 

Shared knowledge Exists to some degree in all human efforts to work together. 

The extent of sharing varies dramatically.  

Cognitive 

Shared awareness When two or more entities are able to develop a similar 

awareness of the situation.  

Cognitive 

Collaboration Takes place between two or more entities and implies working 

together towards a common purpose 

Cognitive 

Synchronization The meaningful arrangement of things or effects in time and 

space 

Physical 
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A state of shared knowledge can be reached by applying the same training and doctrine, so that troops 

will understand and react to situations in a predictable way. A state of shared awareness is influenced by 

multiple factors and degree of shared information and knowledge are two of these factors. Shared 

awareness is also influenced by similarities and differences in world view, culture, language and 

perceived interests (Alberts et al. 2000; Nofi, 2000). In order to create a situation of Ψshared situational 

awarenessΩ, a term also used in disaster management, it is necessary to educate and train people as 

much as possible. Training has to be focused on the common task in hand. The members of a 

multidisciplinary team, which is common in disaster management, have to know each ƻǘƘŜǊΩǎ roles and 

knowledge intimately.  

The Information Age will not eliminate the fog and friction of war or the uncertainties during disaster 

management, but it will ultimately reduce the uncertainties. The implementation of Information Age 

technologies has consequences for current concepts and practices. In general, Information Age 

technology will have an effect on Doctrine, Leadership and Education, Personnel, Training, Organisation 

and Material (Alberts et al., 2000).  

Information Age technology includes collection, processing, display, and communications technologies. 

In recent years, advances in these technologies have resulted in an enormous amount of near real-time 

information being potentially available to individuals anywhere at any time. IAW and NCW are changing 

predominantly vertical information flows into a mix of vertical and horizontal flows that extend beyond 

the Department of Defence (Alberts, 2002).  

2.3 Network Centric Warfare 

NCW is warfare and involves networking in all three domains. When network-centric concepts are 

applied to operations other than war, the term network-centric operations is used (Alberts et al., 2000). 

The characteristics of a mature NCW are described in Table 2.2.  

The central hypothesis of NCW is that a force with these attributes and capabilities (Figure 2.1) will be 

able to generate increased combat power by (Alberts et al., 2000): 

1. better synchronizing effects in the battle space; 

2. achieving greater speed of command; 

3. increasing lethality, survivability and responsiveness or agility.  
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Table 2.2: Characteristics of mature NCW concept across the three domains (Alberts et al., 2000).  

Domain Characteristics 

Physical  All elements of the force are robustly networked, thus achieving secure and seamless 

connectivity and interoperability 

Information The force has the capability to share, access, and protect information to a degree that it 

can establish and maintain an information advantage over an adversary 

The force has the capability to collaborate in the information domain, which enables a 

force to improve its information position through processes of correlation, fusion and 

analysis 

Cognitive The force has the capability to develop high quality awareness and share this awareness 

The force has the capability to develop a shared understanding including commanders' 

intent 

The force has its capability to self-synchronize its operations 

 

Apart from its technological side, NCW also involves a new way of thinking about military operations. 

The mental model is focused upon sharing and collaboration to create increased awareness, shared 

awareness, enabling collaboration, and improved synchronization (Alberts et al., 2000). Thus NCW is not 

only about networking the battle space by using advanced technology, but the social aspect also plays an 

equally important role. More on this will be explained in the Chapter on metrics for NCW (Chapter 6).  

 

Figure 2.1: NEC benefit chain (after UK MoD, 2005) 
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2.4 Concepts for NCW 

NCW has three key concepts (Alberts et al., 2000):  

1. A geographically dispersed force is used. NCW allows moving from an approach based on the 

massing of forces to one based upon the massing of effects, known as Effects Based Operations 

(EBO).  

2. The force is knowledgeable.  

3. Effective linking is achieved among the entities in the battle space.  

NCW is a set of war fighting concepts designed to create and leverage information. NCW is the 

ŜƳōƻŘƛƳŜƴǘ ƻŦ LƴŦƻǊƳŀǘƛƻƴ !ƎŜ ǘǊŀƴǎŦƻǊƳŀǘƛƻƴΦ b/² Ƙŀǎ ōŜŜƴ ŎŀƭƭŜŘ άǘƘŜ ŜƳŜǊƎƛƴƎ ǘƘŜƻǊȅ ƻŦ ǿŀǊέΦ 

b/² ƛǎ ǘƘŜ ƻǊƎŀƴƛȊƛƴƎ ǇǊƛƴŎƛǇƭŜ ǘƘŀǘ ƎǳƛŘŜǎ ǘƘŜ ƳƛƭƛǘŀǊȅΩǎ ŀŘƻǇǘƛƻn and adaptation of information 

technologies (Alberts, 2002; Alberts et al., 2000). 

The result of the implementation of NCW is a common operational picture, which is a synchronized set 

of information across the battle space.  

2.5 Consequences of NCW 

NCW will bring about a series of changes that will profoundly affect both the nature of the information 

available to participants in a mission and how this information will be disseminated and used. 

Information Age technologies have improved the battle space information and have reduced the 

uncertainty (fog of war) to a significant extent. The implementation of IAW and its associated 

technologies also raises concerns. These concerns are: information overload, technology, people, non-

networked allies, dynamics on information dissemination, impact on military decision making, cyber 

attack and command and control design (UK MOD, 2005; Alberts, 2002).  

Furthermore, there is no guarantee that hooking things up across the battle space without appropriate 

organizational and doctrinal changes will increase war fighting effectiveness. In fact, performance can 

degrade if doctrine, organization, training and other key elements of the process are not changed to 

adapt to the new situation. To understand and fully exploit the potential of NCW, it is necessary to 

conduct the necessary analyses and experiments (Alberts et al., 2000).  

2.6 Network ed Enabled Capabilities  

NEC offers decisive advantage through the timely provision and exploitation of information and 

intelligence to enable effective decision making and agile actions (UK MOD, 2005). 

NEC has three overlapping and dependant dimensions: networks, information, and people. All three 

dimensions need continuous development for NEC to reach its full potential. At the heart of NEC is the 

network of networks to distribute information. The networked information environment provides the 

capability to acquire, generate, distribute, manipulate, and utilize information. Information is essential 

for decision making. Decision makers at all levels will need to identify what information is required and 
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how to obtain it. The key to NEC is Information Management. Decision support tools will help to reduce 

the cognitive workload of the decision maker, but ultimately a person will always make the final decision. 

The people dimension of NEC focuses on the requirement to educate and train people so that they can 

use their skills, experience and knowledge to exploit and contribute to its future development. Training 

will be required to build, across organizations, trust and confidence among people who may have to 

collaborate and to build trust and confidence in the system that is being used. The primary challenge of 

NEC is to get the people involved and get to them believe in the concept of NEC (UK MOD, 2005).  

2.7 NCW versus NEC 

NEC is the UK adaptation of the NCW doctrine. Although the ultimate goal of NEC is almost the same as 

that of NCW, there are differences to be found between the two theories. The main differences are 

(Boyd et al., 2005):  

1. NCW is considered to be resource driven, while NEC is resource limited. 

2. NCW considers the network to be the primary driver, while NEC views the network as an 

enabler only. 

3. NCW is considered a doctrine, while NEC is considered part of a gradual improvement in force 

effectiveness. 

4. NCW is a planned and structured development of technology roll-out, while NEC is expected to 

evolve through networking battlefield entities. 

5. NCW is limited, by definition, to warfare, while NEC is expected to be applied more widely to 

Operations Other Than War (OOTW). 

The difference between the two plays a role in the assessment mechanisms of the two approaches. 

NCW-based assessments tend to be more technical and interoperability assessments, while NEC-based 

assessments tend to be based on cognitive factors and incremental technical improvements in capability.  

2.8 Conclusions 

In this chapter two almost identical concepts have been described and the differences between them are 

indicated. NCW is more a doctrine, but the doctrinal aspects of NEC come to the fore in Chapter 6 on 

Metrics. The two concepts can be seen as higher level theory or architecture which can be used by the 

disaster management community to improve their business.  
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3 Geospatial Data Infrastructures  

3.1 Introduction  

Chapter 2 an introduced the concepts of NCW and NEC. One of the key components of NEC and NCW is 

the Information Infrastructure of Infostructure. Geospatial information is one of the information 

components in a NEC or NCW environment. A Geospatial Data Infrastructure (GDI) is specifically 

designed for the distribution of geographic information and as such a GDI can be considered as part of 

the overall NEC Information Infrastructure or Infostructure. Next, in Section 3.2, a definition and a short 

history of GDIs is given. Then, in Section 3.3, an overview of the use of GDIs for disaster management 

and their advantages and disadvantages will be described. In Section 3.4 an overview of standards used 

to set up GDIs will be given. Finally, in Section 3.5, GDIs will be placed in the context of NEC.  

3.2 Geospatial Data Infrastructures  

Already in the late 1970s national surveying and mapping agencies recognized the need to create 

strategies and processes for standardizing the access to, and applications of, geospatial data. The 

requirements for standards were seen in narrow technical terms. Over time, institutional and 

organizational issues were incorporated as well (Groot and McLaughlin, 2000). In more recent history 

many case studies which value the implementation of a GDI can be found. In Burrough and Masser 

(1997) case studies include the creation of multinational databases, but there is also a need or a wish to 

connect national geographical databases. This is seen with the establishment of National Spatial Data 

Infrastructures in several countries since the mid-1990s (Masser, 2005).  

In Masser (2005) a new definition of a GDI can be found: a spatial data infrastructure that supports ready 

access to geographic information. This is achieved through the coordinated actions of nations and 

organizations that promote the awareness and implementation of complementary policies, common 

standards and effective mechanisms for the development and availability of interoperable digital 

geographic data and technologies to support decision making at all scales for multiple purposes. These 

actions encompass the policies, organizational remits, data, technologies, standards, delivery 

mechanisms, and financial and human resources necessary to ensure that those working at the (national) 

and regional scale are not impeded in meeting their objectives.  

¢ƘŜ D{5L /ƻƻƪōƻƻƪ όнллпύ ƛǎ ŀ ōƛǘ ƳƻǊŜ ŎƻƳǇǊŜƘŜƴǎƛǾŜΥ ǘƘŜ ǘŜǊƳ ά{Ǉŀǘƛŀƭ 5ŀǘŀ LƴŦǊŀǎǘǊǳŎǘǳǊŜέ ό{5Lύ ƛǎ 

often used to denote the relevant base collection of technologies, policies and institutional 

arrangements that facilitate the availability of, and access to, spatial data. The SDI provides a basis for 

spatial data discovery, evaluation, and application for users and providers within all levels of 

government, the commercial sector, the non-profit sector, and academia, and by citizens in general.  

In general, both definitions summarize what GDIs are and do and what is needed to make GDIs work. 

Masser (2005) states that four key concepts underpin all SDIs:  

1. An SDI maximizes the use of geographic information.  



 
13 

2. The implementation of an SDI cannot be realized without coordinated action on the part of the 

government.  

3. An SDI must be user driven, as its primary aim is to support decision making for many different 

purposes.  

4. The implementation of an SDI not only concerns data, technologies, standards and delivery 

mechanisms, but also institutional matters related to organizational responsibilities and overall 

national information policies and the availability of the financial and human resources needed 

for the task.  

In short, a GDI or SDI arranges the access to geospatial data and information. On the one hand, this is a 

technological issue, where the same standards have to be used. On the other hand, it is an institutional 

or policy issue, because the proper arrangements must be in place in order to share the geospatial data 

and information.  

3.3 Components of the GDI  

Mansourian et al. (2006) give an overview of the elements of a GDI. The main components are: people, 

data, access network, policy and standards (see Figure 3.1). These components will be described in turn 

below.  

 

Figure 3.1: Components of a GDI (from Mansourian et al., 2006) 

3.3.1 People 

People, especially users of the data, expect that the more technological arrangements (network access 

and standards) and the policies are in place when they actually use the data. The user has to be familiar 

with all data sets and has to know if the data is fit for purpose and for what purpose.  

3.3.2 Data 

Data provide the content of the GDI.  
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3.3.3 Policy  

Policy is important in that its agreements are often drafted at a high level, while at the operational level 

agreements are often informal in nature. But, when data is transferred over networks outside an 

organization, it changes the way that organization is doing its business. This means that the IT-

department is involved and things need to have a formal status. However with formal agreements, 

access and authorization can be better controlled.  

3.3.4 Standards 

For the implementation of a GDI it is necessary that it complies with certain standards. In the past, there 

was a strong focus on data delivery, but in the last few years data discovery and delivery through 

intranet, internet, and extranets is more common. Apart from national initiatives, there are three main 

standardization organizations that play an important role in the 'opening up' from the geospatial 

community. These standardization organizations are the Open Geospatial Consortium, the ISO TC/211 

and the W3C.  

 

The Open Geospatial Consortium, Inc (OGC) is an international industry consortium of several hundreds 

of companies, government agencies and universities participating in a consensual process to develop 

publicly available interface specifications. OpenGIS® Specifications support interoperable solutions that 

"geo-enable" the Web, wireless and location-based services, and mainstream IT. The specifications 

empower technology developers to make complex spatial information and services accessible and useful 

in all kinds of applications (www.opengeospatial.org, last accessed 20-11-2007). The OGC has a Risk and 

Crisis Working Group which liaises with ORCHESTRA to synchronize the work being done within 

ORCHESTRA and the OGC Technical Committee. ORCHESTRA is a European Union Project, which designs 

and implements specifications for a service-oriented spatial data infrastructure for improved 

interoperability among risk-management authorities in Europe. The service-oriented spatial data 

infrastructure will enable the handling of more effective disaster risk reduction strategies and emergency 

management operations. The ORCHESTRA Architecture is open and based on standards (www.eu-

orchestra.org, last accessed 23-07-2008). 

 

The working group TC/211 defines standards in the field of digital geographic information. This group 

aims to establish a structured set of standards for information concerning objects or phenomena that 

are directly or indirectly associated with a location relative to the Earth. These standards may specify, for 

geographic information, methods, tools and services for data management (including definition and 

description), acquiring, processing, analysing, accessing, presenting and transferring such data in digital / 

electronic form between different users, systems and locations. The work will be linked to appropriate 

standards for information technology and data where possible, and provide a framework for the 

http://www.opengeospatial.org/
http://www.eu-orchestra.org/
http://www.eu-orchestra.org/
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development of sector-specific applications using geographic data (www.isotc211.org, site last accessed 

20-11-2007).  

 

The World Wide Web Consortium (W3C) is an international consortium where Member organizations, a 

full-time staff, and the public work together to develop Web standards. W3C's mission is: To lead the 

World Wide Web to its full potential by developing protocols and guidelines that ensure long-term 

growth for the Web.  

W3C primarily pursues its mission through the creation of Web standards and guidelines. Since 1994, 

W3C has published more than 90 such standards, called W3C Recommendations. W3C also engages in 

education and outreach, develops software, and serves as an open forum for discussion about the Web. 

In order for the Web to reach its full potential, the most fundamental Web technologies must be 

compatible with one another and allow any hardware and software used to access the Web to work 

together. W3C refers to thiǎ Ǝƻŀƭ ŀǎ ά²Ŝō ƛƴǘŜǊƻǇŜǊŀōƛƭƛǘȅέ. By publishing open (non-proprietary) 

standards for Web languages and protocols, W3C seeks to avoid market fragmentation and thus Web 

fragmentation (www.w3c.org). 

3.3.5  Access network  

The access network can either be intranets, internet or extranets, and depends on the reach of the 

policy. There is a trend towards national geospatial data infrastructures, but with the INSPIRE project a 

European-wide GDI is being developed.  

3.4 GDI and NCDM 

There are similarities and differences between GDI and NCDM. Keeping the components of a GDI as 

reference, in the following a comparison between the GDI and NCDM will be made. For the first 

component ΨpeopleΩ there is a strong similarity between the two theories.  

 

1. In NCDM people are one of the most important elements, because people make or break the 

whole concept of NCDM. People decide if they want to share information with other people. It 

is people who turn concepts into realities (Alberts et al., 2000). In a GDI, people use 

information, but the analysis and the added mono-disciplinary information will result in new 

geographic information, which has to be shared within the disaster management community. In 

NCDM people and organizations as a whole have to be managed to facilitate the flow of 

information. People need to have the technology available to carry out their task (Alberts et al., 

2000).  

2. The second similarity concerns data or information. In an NCDM the focus is on the 

development of an information infrastructure. In a GDI, a geographic information infrastructure 

is built. In the NCDM theory, geographic information is part of the total information flow.  

http://www.isotc211.org/
http://www.w3.org/
/TR/
http://www.w3c.org/
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3. The third similarity is the access network, without it neither of the concepts can function fully. 

The network brings the components ΨdataΩ and ΨpeopleΩ together. The network could act as the 

glue in the whole concept. 

In NCDM, people cannot function unless the necessary policies are in place. First of all, a nation has to 

decide that it wants to conduct its disaster management according to the principles of NCDM. That in 

itself is policy. At the working level, policies or standard operating procedures have to be developed.  

In order to get the network of networks intercommunicating, these networks have to talk the same 

language or translators have to be put in place. Interoperability is one of the key words in NCW theory. 

Interoperability has to be based on standards. The standards, as laid down by the OGC for the geo-

community, will almost certainly play an important role in the exchange of geographic information in 

NCDM.  

 

Figure 3.2 indicates the reach of the GDI in NCDM. As can be seen from the figure, the GDI is present in 

the information domain, and supports the aspect of shared awareness in the cognitive domain. 

However, one could argue that the reach of the GDI is larger than shown, because it also supports the 

actions in the physical domain.  

 

Figure 3.2: Position of GDI in NetworkCentric Disaster Management (modified from UK MOD, 2005) 

3.5 GDI for Crisis Management in the Netherlands  

The evaluation of the national disaster management nuclear exercise, Borssele, in 2005, and especially 

the evaluation report on the use of geographic information (Grothe, 2005), showed that departments at 

the national level had become aware of the importance of geographic information for disaster 
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management. One of the effects of the evaluation was the formation of the GI Beraad in early 2006. The 

GI Beraad is an interdepartmental organization, which is responsible for the convergence of geographic 

information and the requirements for geographic information. It was the GI Beraad which sponsored the 

first phase of the Geo Data Infrastructure for Disaster Response and Crisis Management (GDI R&C). The 

ǎŎƻǇŜ ƻŦ ǘƘŜ ǇǊƻƧŜŎǘ ǿŀǎ ΨǘƘŜ ǊŜŀƭƛǎŀǘƛƻƴ ƻŦ ŀ DŜƻ 5ŀǘŀ LƴŦǊŀǎǘǊǳŎǘǳǊŜ ǘƻ ōŜ ǳǎŜŘ ōȅ ǘƘŜ ŘŜǇŀǊǘƳŜƴǘǎ ŦƻǊ 

disaster management and during crisisΩ. The GDI R&C enhances the use of geographic information from 

other departments, and will support the decision making process in the Departmental Crisis 

Coordination Centres (DCC) and the National Crisis Coordination Centre (NCC) (Vergouwen, 2007). 

 

The GDI R&C gives access to already present geographic information with the departments. At the end of 

Phase 1, 17 layers of geographic information were made available. The geographic information was 

made available through the Haagse Ring and the Rijksweb. This is a classified network that connects the 

departments in The Hague. Interoperability was assured by using web services and the standards of the 

Open Geospatial Consortium. Initially only Web Map Services were made available. Phase 1 was 

evaluated and concluded with a conference in January 2007. During this conference, recommendations 

for the further development of the GDI R&C were made.  

 

Phase 2 of the project consisted of three separate tracks. Track 1 concentrated on the sustainability of 

the infrastructure. The infrastructure needs to be structurally available. Track 2 evolved around the 

theme of development, with the inclusion of more and meaningful services (Web Feature Services), the 

inclusion of other data layers, and the presentation of dynamic data. Track 3 concentrated on taking the 

data and the infrastructure to the regional level (Veiligheidsregio). In the Veiligheidsregio the data 

present in the GDI R&C will enrich the local and regional data. Tracks 1 and 2 were sponsored by the GI 

Beraad, while Track 3 is sponsored by the Raad MIV.  

3.6 Conclusions 

In this chapter the concept of GDIs has been described. The GDI has been placed in the context of NCDM, 

and it is shown that the GDI forms part of the information infrastructure of NCDM. NCDM and GDIs have 

a great deal in common and the most important aspect is standards. Without standards it is impossible 

to have interoperability and to exchange information. Exchange and efficient use of information is one of 

the key factors in NCDM.  
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4 Disaster Management  

4.1 Introduction  

Disasters interrupt society by claiming lives, creating victims and destroying infrastructure and houses. 

Disasters have a negative impact on society, economy and environment, the three main components of 

sustainable development. This makes the proper management of a disaster an absolute necessity (NRC, 

2007; Mansourian et al., 2005). Emergency management is the organization and management of 

resources and responsibilities for dealing with all aspects of emergencies and disasters (NRC, 2007). Cova 

(1999) describes emergency management as the discipline and profession of applying science, 

technology, planning and management to deal with extreme events that can injure or kill large numbers 

of people, do extensive damage to property, and disrupt communities.  

Today, disaster management is on the agenda at all levels of government in the Netherlands. Evaluation 

of real-world disasters and disaster management exercises has shown that information is not available, 

not accessible, not usable, not interpreted in the right way, and that information is not structurally being 

collected (ACIR, 2005). ACIR (2005) also concluded that information is not shared with other authorities 

(i.e. the Police, Fire Brigade, Municipality, etc), other regions, other levels of command, other ministries 

and, the press and, the public, and there is not enough coordination and synchronization. This lack of 

information superiority is attributed to several reasons at different levels. At the governmental/financial 

level disaster management does not have priority: there is no vision or policy, but there is dominant local 

autonomy and fights for power and money. At the organizational/operational level, organizations are not 

familiar with each other and they are competing; there is not enough quality and capacity and the the 

coordination of these organizations is not clear. At the technical level, there is island automation and no 

access to information of third parties (ACIR, 2005). Furthermore, geographic information is not used to 

its full extent in disaster management, although geographic information or location can play a big role in 

all phases of the disaster management chain (Zlatanova et al., 2005; Zlatanova, 2005). Geographic 

information is regarded as the integrator of data and information (Grothe et al., 2005). This is explained 

in more detail in Section 4.4.  

Section 4.2 discusses the disaster management cycle. Section 4.3 describes national procedures during 

the response phase. Section 4.4 examines the role of geographic information in disaster management 

and in Section 4.5 the role of NEC in disaster management. In Section 4.6 conclusions will be drawn.  

4.2 The disaster management cycle  

ACIR (2005) defined crisis management as the Ψcoordinated large-scale deployment of more than one 

relief organization and decision making at governmental and operational level under uncertain 

circumstancesΩ. 
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The Disaster Management Cycle, also referred to as the Ψsafety chainΩ (Figure 4.1), contains the following 

stages: pro-action, prevention, preparation, response and recovery (Ministerie van Binnenlandse Zaken, 

2003; Grothe et al, 2005). Pro-action is the process of creating awareness, performing threat and 

vulnerability analyses, and designing and constructing resilient systems (excluding risks). Prevention is 

the inventarization and minimization of risks and consequences, the installation of forecasting systems, 

and issuing regulations and permits (limiting risks). In the preparation phase, an emergency plan 

(including policy and organization) is written, the emergency organisation is installed, trained and tested 

for its Full Operational Capability (FOC), and the materials and equipment needed are made available. In 

the response phase, the elimination of sources and side-effects is key. In the recovery phase the response 

phase is evaluated and modifications to the emergency plan are made, the damage is repaired and 

people are compensated (Grothe et al., 2005).  

 

Figure 4.1: The disaster management cycle 

Internationally, the terms mitigation, preparedness, response and recovery are often used to describe 

the emergency management cycle (NRC, 2007; Cova, 1999).  

Disaster management is complex (Figure 4.2) in the sense that it involves multi-users (from firemen on 

the ground to decision makers at local, regional or even international level); it is multidisciplinary 

(municipalities, police, fire brigade, defence); and decision making is done under time pressure and 

stress (van Borkulo et al., 2005).  

 



 
20 

 

Figure 4.2: Parties involved in disaster management (from van der Sluys Veer and Kusse, 2002) 

4.3 Emergency types and GRIP levels 

The response to emergencies is laid down by law in the 'Emergencies and Heavy Accidents Act' (De wet 

Rampen en Zware OƴƎŜǾŀƭƭŜƴύ ŀƴŘ ǘƘŜ Ψ[ŀǿ ƻŦ ǘƘŜ {ŀŦŜǘȅ wŜƎƛƻƴsΩ ό²Ŝǘ ƻǇ ŘŜ ±ŜƛƭƛƎƘŜƛŘǎǊŜƎƛƻΩǎύΦ Lƴ ǘƘƛǎ 

law the tasks and responsibilities of the different authorities are laid down with respect to emergencies 

in the response phase. The Dutch government has identified 7 emergency categories and 18 emergency 

types. It is quite possible that a combination of emergency types will occur in one incident. The 7 

emergency categories must be seen as a typology to identify the consequences during the preparation 

phase. The 7 emergency categories are (Ministerie van Binnenlandse Zaken, 2003): 

1. Traffic and transportation 

2. Dangerous goods 

3. Public health 

4. Infrastructure 

5. Population 

6. Natural disaster 

7. Emergency at a distance 

The Handboek Voorbereiding Rampenbestrijding (2003) and van Borkulo et al. (2005) describe the 

different levels of emergency response, since this is a complex process involving different levels of 

authorities and others (Police, Fire Brigade, medical assistance, Armed Forces). The complexity of the 

disaster defines the level. The levels are known in the Netherlands as GRIP-levels (Coordinated Regional 
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Incident Suppression) 1 to 4. An explanation of the GRIP levels is given in Table 4.1 and an overview of 

the chain of command is given in Figure 4.3.  

Table 4.1: Overview of GRIP-levels 

GRIP level Description 

GRIP 1 - There is need for structured and coordinated meetings between the emergency 

response units 

- The incident can have administrative consequences 

- There is need for more information and data 

GRIP 2 - The impact area is bigger than the source of the incident (for instance: a toxic 

cloud) 

- The need for one leader in the disaster area (most likely the officer on duty from 

the Fire Brigade) 

GRIP 3 - The incident disturbs public safety 

- Serious threats to persons, animals and materiel interests 

- The source or impact area of the incident strikes more municipalities 

- The sirens net is used 

GRIP 4 - The disaster/impact area crosses the borders of the safety regions or province  

- Coordination is implemented by the province or on a national level. 

4.4 Geo-information and disaster management  

Spatial data can considerably facilitate disaster management as most of the required information for 

disaster management has a spatial component (NRC, 2007; Mansourian et al., 2006; Cova, 1999). In fact, 

all disasters have both a temporal and a geographic footprint that identifies the duration of impact and 

its extent on the earth (NRC, 2007). In NRC (2007) the term Ψgeospatial data and toolsΩ is used to refer to 

the imagery, maps, data sets, tools and procedures that are able to tie every event to a location on the 

earth. First, Cova (1999) describes how these tools, i.e. GIS, can be used in the four phases of emergency 

management. In the mitigation (or repression) phase (see Figure 4.1) GIS and geographic information is 

used to perform analytical modelling for long-term planning and forecasting. In the preparation and 

response phases, timely and accurate answers to geographical queries are needed to support decision 

making by the emergency managers. Secondly the GIS is used for information integration and 

dissemination (command & control). In the recovery phase GIS is used as a spatial inventory system for 

coordinating recovery activities.  

But the strength of geo-information is that it can be used for a wide range of applications including: 

modelling and simulation of disasters; visualization for decision support and in management information 

systems (Markus et al., 2004). A GDI can be a valuable source of geographic information for all phases of 
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disaster management since it brings together all geographic information (Figure 4.4). Geo-information 

supports all aspects of the disaster management cycle.  

Spatial analysis is one of the key drivers for using geographic information, and it makes geographic data 

an integrator of data and information. GIS systems or applications have strong analytical capabilities and 

this coupled with the explosive growth of geographic data and the ongoing integration of GIS in other 

kinds of information systems, makes GIS and geographic information an integrator of data and 

information (Koomen, 2008). There are different methods to move from geographic data to meaningful 

information. This meaningful information forms valuable input for the decision making process in 

disaster management. The most common operators for geospatial analysis are: transformation, 

aggregation, combination, valuation, proximity analysis, and simulation  

 

 

Figure 4.3: Chain of command for disaster management in the Netherlands (modified after 

Ministerie van Binnenlandse Zaken, 2003; Hanraets, 2007) 

Notes: The reach of the GRIP levels is on the left hand side. Arrows indicate information exchange.  

 

(Koomen, 2008). During the repression phase, a combination of these methods will be used for the 

analysis of geospatial information coming from different sources. Static information will be combined 


