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Abstract

Geographidnformation supports disaster management in many ways. The analysis andzzisoalof static

and incident specific dynamic geographic information is key for the 4opildf a Common Operational Picture

and the development of Shared Situational Awarene&khough 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 infrastriactdisaster
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 Manag@&mdriR&C)

and use it in their disaster managenteprocessesThe @ntral question in this thesis :idHow valuable is
geographic information in disaster managemeand is the value measurable in any way? The theory of
Network Centric Warfare an@Dlshave been used as overall concepts to develop treduation method. The

evaluation methodvastested in the large scale exercise Eagle One in March 2008.
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1 Introduction

1.1 Problem

The goal of disaster managementtisreduce the effects of the disasters much as possibknd take
FOGA2y (2 3ISG (KS bérk v Visizgradisés@ristateD PaytiBigarits i yfisaster
management take actions pwisaster or postisaster. Ideally these activities would reduce the
potential effects of a disaster to the point of eliminatidhowever he nature of disasters make this ideal
situation unachievableDisastes have five major characteristics that make them hard to overcome (NRC,
2007):

1. Disastes are large, rapiebnset incidents relative to the size and resources of an affected
jurisdiction;
Disasters are uncertain with respect to both their occurreand their outcomes;
Risks and benefits are difficult to assess and compare;

Disasters are dynamic events;

o > 0w N

Disasters are relatively rare.

These characteristics make it difficult for governments to manage disasthes.difficulties are both
policy- and practicerelated. 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 effectivedagfficient 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 sitlrations.
NRC (2007)equirements for geospatial data and analysiere presented and the most prominent
requirements are listed below:

1. Ability to assess risk and resilience;

2. Preincident forecasts about hazard behaviour, likely damage, property vulnerability, and
potential victims;

3. Decision aids to support recommendations for qp@sitioning resources and evacuation;

4. Timely, incidenspecific locational information with respect to hazards, damage, victims, and
resources, including information such as where people went, whad kif 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 infrastricture and facility vulnerability and status.



For most disasters or events the geospatial information needed is maintained by a variety of public and
private organzations 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 f&s=searctin the Netherlands
has shown (Neuvel et al., 2008CIR, 200%hat the following bottlenecks in disaster management exist:

1. Lack of good communication between the different actors;
[ FO1 2F AYT2NNI GA2¢methdatBydzi G(KS WAYF2NXIFGAZ2YQ
Lack ofan appropriate platform (user interfaces) for data exchange;
Insufficient standardation of processes and protocols;
Difficulties in exchange and integration of various data;
A variety of narrow speciabd systemnly for emergency situations;

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

© N o g ~ w N

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 commuhityhe 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 tlkera@se was underutded for the following
reasons:
1. The GIS was unable to provide the answerquiredin realime due to technical constraints
(computing power and size of the database);
2. Bmergency managers were occupied with more pressing evacuatiwh decisionrmaking
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 preclad using it to the full potential; the size of computer screens did
not provide the necessary detalil;

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

Mansourian et al. (2006) consider a GDI to be valuable for disaster maeageA GDI makes the
geographic information irthe 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 (Mansoan et al, 2006).



Inthe theoretical framework of thighesis 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 atshelforms of
information. The disaster management community needs a systerwhich 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., 280&e is a strong
emphasis on the importance of geographic data, information and tools for disaster management. In
evaluation reports of reent largescale exercises held in The Nethads 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 informabn has added value for disaster management? Herein lies the scope of this thesis:
showing whatis 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
frameworkwithin whichthe theory of GDand all aspects to make disaster management successful can

belocated

1.3 Problem definition and h ypothesis

In the Sectionl.1 a descriptiorwasgiven 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 ptayplays an impotant role in this In the

recent past the actual value of geographic information in disaster management has never been
researcked. In several evaluations of largeeale disaster management exercises the role of geographic

information is not mentioned or dg minimallyso. The central problem of this thesis is:
What is the added value ahe use ofgeographic information in disaster management

For this thesisfive hypothegs have beemlefinedbased on the research on the different theoretical

frameworks.Thesehypothess are:

1. The use of gednformation in a netcentric environment improves the situational awareness of all

actorsinvolved



Is there a state of shared situational awareneasd what is the role of geimformation in this
process?
2. Geoinformation improves the timeliness of the information processing
Does geenformation improve the timeliness of the information processing
3. Geoinformation improves the quality of the information
Does geeanformation improve the quality of the informatn?
4. Gecinformation improves the decision making process
Does the use of geimformation improve the quality of the decisions?
5. The use of geénformation in the workflow is regardedaspositive by the actors

Do actors use gemformation in theirworkflows 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 geanformation hason disaster managementhe method developd must be reisable 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 hypothes will be tested by interviewing or conducting a standard questionnaire

immediately after an emergency response exercise.

1.5 Significance of the study

There isextensiveresearch done on tial Data Infrastructures (SDiBeospatialData Infrastructures

(GDI)for disaster management, the technology sided the standards are very well describégkest

practice manuals concerning the implementation of SDIs have been writtezconcept of NEC has only

recently been developed anthe implementation of NEC isnlited at the moment. One of the

underpinning concepts of a GDI is the implementation must be usetriven. No significant research

has beendone on the use and usefulness of the geformation provided from a useperspective.

{SO2yRfé& U(KNRMBIRNE SPetAGR2Y YSGK2R F2NJ RA&AFAGSNI YIy

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 thd ealde of
geographic information in disaster managemeBecause there is only small groupof respondentsijt

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 presente@hépters 2, 3, 4 and 5 the theoretical



framework for the research will be given. Chapter 6 theunits of measure or the items that need to be
given attentionin the surveys are laid outand the design of the method is explaine@hapter?
introducesi KS OF &S adGdzRes GKS RAa&l a(ddpresdntythedSMtS v
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Figure 1.1: Outline of the research presented in this thesis

In Chapter 8 the results of the surveys and observatiom® analysedFinallyChapter9 discusses the

method, and a number of conclusions are drawn



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 Ceitfizfare (NCW) in thenid-1990s,together with

the concept of Information Age Warfare (IAW) (Alberts et al., 2000; Alberts et al., 2001; Alberts, 2002). In
those daysit was solely aUnited States of Americ®epartment of Defence developmen#t the
beginring of the 21 Century the military powers in Europe and several other countries began to
develop their own view on NCW and adopted the term Networked Enabled Capabiliteeéerm NEC

not only sounds friendlier, but there is also a difference betweehd two concepts (Boyd et al., 2005).
Now a few years laterthe term NEC is alsbeing used by other government agencies in papers on
disaster management and homeland security. In the Netherlands thergoist initiative of the Ministry

of Defence and hHe Ministry of the Interiorcalled Net-centric Experimentation, where NEC/NCW
concepts are used for disaster management and homeland security.

In this chapter the concepts ¢AW and NCWwill be defined andliscussedn Sections2.2 to 2.6 The
difference between NCW and NEC will k&plained In this thesis the term Network Centric Disaster
Managemenf{NCDMwill be introduced. This NCWfor Disaster Management.

2.2 Information Age Warfare & Information Superiority

The concept ofAWis based on the emergence of Information Technologies and thdahelecan 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 tenéhiformation to decision makers.
Traditionally military orgazationshaveprovided information to forces in three wayAalberts, 2002)

1. commands (directives and guidange)

2. intelligence (information about the adversary and environment)

3. doctrine (howyouare going to do it).

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

gathered. In the militarythese operations are called Information Operations or lofis.

Information Superiority is defined as@ G 6 S 2F AYol tFyOS Ay 2ySQa FI @2 dzN
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 aedversary the ability to do the sar@Alberts etal., 2000;

Alberts et al., 2001

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

the information domainand the cognitive domain. Thghysical domai is the place where the situation



that the military seeks to influence exists. Timformation domainis where the informatiorexists It is

the domain where information is created, manipulated and shared. The information that exists in the
information damain may or may not truly reflect ground truth. Thegnitive domairis 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 mhdeheory onAW, as described in
Alberts et al. (2000)s underpinned by a number of primitives, which describe how information affects

the performance of individuals and organizations (3ekle2.1).

Table2.1: 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 individuabbservations into some meaningful context| Information
Knowledge Involves conclusions drawn from patterns suggested by Information/
available information Cognitive
Awareness Is the result of a complex interaction between prior knowled¢ Cognitive
and current percefions of reality
Understanding Having a sufficient level of knowledge to be able to draw Cognitive
inferences about the possible consequences of the situation
well as sufficient awareness of the situation to predict future
patterns
Decisiors Choices about whésto be done Cognitive
Actions Triggered by decisions in the cognitive domain that either ar{ Physical
directly translated into action or have been transported
through the information domain to others
Information Sharing| Interactionthat takes place between two or more entities. Is | Information
the key to be able to develop shared awareness, as well as
collaborate and/or synchronize
Shared knowledge | Exists to some degree in all human efforts to work together.| Cognitive
The extent of sharingaries dramatically.
Shared awareness | When two or more entities are able to develop a similar Cognitive
awareness of the situation.
Collaboration Takes place between two or more entities and implies worki| Cognitive
together towardsa common purpose
Synchronzation The meaningful arrangement of things or effects in time and| Physical
space




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 preible 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 woeéd, culture, language and
perceived interests (Alberts et al. 2000; Nofi, 2000). In order to create a situatit#harfed situational
awarenes® a term also used in disaster managemsehtis necessaryto educate and train people as
much as possible. Training has to be focused on the common task in haedmembers of a
multidisciplinary team, which is common in disaster managementea know each? i K $o&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 aractipes. In generallnformation Age
technology will havean effect on Doctrine, Leadership and Education, Personnel, Training, Organisation
and Material (Alberts et al., 2000).

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

In recent yearsadvances in these technologies have resulted in an enormous amount of nedineal
information being potentially available to individuals anywhereaay time IAWand NCWare changing
predominantly vertical infomation flows into a mix of vertical and horizontal flows that extend beyond

the Departmentof Defence(Alberts, 2002).

2.3 Network Centric Warfare

NCWis warfare and involves networking in all three domains. When netwerkric concepts are
applied to operations other than war, the term netweckentric operations is used (Alberts et al., 2000).
The characteristics of a mature NCW are describdale2.2.
The central hypothesis of NCW is that a force with these attributes and capalfiitgage 2.1will be
able to generate increased combat power by (Alberts et al., 2000):

1. better synchronizing effects in the battle space;

2. achieving greater speed abmmand

3. increasing lethality, survivability and responsiveness or agility



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 networkegtiusachieving secure and seamless
connectivity and interoperability

Information | The force has the capability to share, access, and protect information to a degree t
can establish anthaintain an information advantage over an adversary
The force has the capability to collaborate in the information domain, which enable
force to improve its information position through processes of correlation, fusion an
analysis

Cognitive The forcehas the capability to develop high quality awareness and share this aware

The force has the capability to develop a shared understanding including commang
intent

The force has its capability to selfnchronte its operations

Apart fromits technological sideNCW 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 synclmaiun (Albers et al., 2000). Thus NCW is not

only about networking the battlspace by using advanced technology, but the social agpsaplays an

equally important role. More on this will be explained in tikapteron metrics for NCWChapter 6)
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Figure 2.1: NEC benefit chaifafter UKMoD, 2005



2.4 Concepts for NCW
NCW has three keyoncepts (Alberts et al., 2000):

1. Ageographically dispersed forée used NCWallows moving from an approach based on the
massing of forces to one based upon the massing of effkntswn askEffects Based Operations
(EBO)

2. The force is knowledgeable.

3. Hfective linkingis achieved among the entities in the battpace.

NCW is a set of war fighting concepts designed to create and leverage informBlt{@w.is the
SYO2ZRAYSY(G 2F LYyF2NNIGAZ2Y 138 GNIYyaAFT2NXYIGAZ2Yd b/ 2 K
b/2 A& GKS 2NBIFYAT Ay 3 LINAYOALHANS adéptation of thidem&iGna (G KS Y
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 bing 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 inftionaand havereduced the
uncertainty (fog of war)to a significant extent The implementation oflAW and its associated
technologies also raiseconcerns. These concerns are: information overload, technology, people, non
networked allies, dynamics on infoation dissemination, impact on military decision making, cyber
attack and command and control design (MRD, 2005; Alberts, 2002).

Furthermore,there is no guarantee that hooking things up across the bapl@ce without appropriate
organizational anddoctrinal changes will increase war fighting effectiveness. In fact, performance can
degrade if doctrine, orgamition, training and other key elements of the process are not changed to
adapt tothe new situation. To understand arfdlly exploit the potential of NCWit 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 enald effective decision making and agile actions RUBD, 2005).

NEC has three overlapping and dependant dimensions: networks, informatiwh people. All three
dimensions need continuous developmeot NECQto reachits full potential. At the heart of NEG the
network of networks to distribute information. The networked information environment provides the
capability to acquire, generate, distribute, manipulagand utilize information. Information is essential

for decision making. Decision makers at ellels 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, hultimately a person will always make thim&l 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 aganizationstrust 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 involveddeaget to them believe in the concept of NEC (MKOD, 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 izonsidered 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 improvemeng in forc
effectiveness
4. NCW is a planned and structured development of technologyordl|l while NEC is expected to
evolve through networking battlefield entities
5. NCW is limited, by definitigrto 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.
NCWhbased assessments tend be more technical and interopetality assessments, while NB@sed

assessments tend tbe based ortognitive factors and incremental technical improvements in capability.

2.8 Conclusions

In this chapter two almostienticalconcepts have been described and the differesioetween them are
indicated. NCW is more a doctrinleut the doctrinal aspects of NEC come to the foreCvapter 6 on
Metrics. The two concepts can be seen as higher level theory or architecture which can be tlsed by

disaster managemerdommunityto improvetheir business.
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3 Geospatial Data Infrastructures

3.1 Introduction

Chapter 2 anntroducedthe conceps 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 environmentGAospatial Data InfrastructureGD) 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 Infostructuext, in Section 3.2 definition and a short
history of GDIs igjiven.Then, in Section 3.3n overview 6the use of GDIs for disaster management
and their advantages and disadvantages will be describeSedtion 3.4an overview of standards used

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

3.2 Geospatial Data Infrastructures

Already in the late 1970s national surveying and mapping agencies reedgthie need to create
strategies and processes for standaidg the access to, and applications of, geospatial data. The
requirements for standardswere seen in narrow technical term®ver time, institutional and
organgational issues were incorporated as well (Groot and McLaughlin, 2000). In eoeatrhistory

many case studiewhich value the implementation of a GDI can be found. In BurroughMasser
(1997) case studies include the creation of multinational databases, but there is also a neaisbt@
connect national geographat databases. This is seen with the establishment of National Spatial Data
Infrastructures in several countries senthe mid1990s (Masser, 2005).

In Masser (2005) a new definition of a GDI can be found: a spatial data infrastructure that supports ready
access to geographic informatioithis is achieved through the @malinated actions of nations and
organgations tha promote the awareness and implementation of conepientary policies, common
standards and effective mechanisms for the development and availability of interoperable digital
geographic data and technologies to support decision making at all scalesftiple purposes. These
actions encompass the policies, orgational remits, data, technologies, standards, delivery
mechanisns, and financial and human resources necessary to ensure that those working at the (national)
and regional scale are not impedié meeting their objectives.

¢KS D{5L /2210221 O6HnnAan0 Aad | oO0AG Y2NB O2YLINBKSYyaAacd
often used to denote the relevant base collection of technologies, policies and institutional
arrangements that facilitate¢he availability of and access tospatial 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 npnofit sector,andacademiaand bycitizens 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 SDls:

1. AnSDI maximizethe use of geographic information.
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2. The implementationof an SDI cannot be realized without coordinated actiontbe part of the
government.

3. AnSDI must be user driven, @s primary aimisto support decision making for many different
purposes.

4. The implementation ofan SDI not only @ncernsdata, technologies, standards and delivery
mechanisms, but also institutional matters related to orgatibnal responsibilities and overall
national information policies and the availability of the financial and human resources needed

for the task.

In dhort, a GDI or SDI arranges the access to geospatial data and informatidine Gme hand, this is a
technological issue, where the sara@andardshave to be usedOn the other hangit is an institutional
or policy issue, because the proper arrangementsst 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 (Sgere 3.1). These components will be describéd turn

below.

Access
Network

A

People F - Policy - Data

Standards

v
A

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 arrangeifmetwork access
and standards) and the policies are in pladeen theyactually use the data. The user has to be familiar

with all data sets and has to know if the data is fit for purpose anevfat 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 stagreements are often drafted @ high level, while athe operational level
agreements are often informal imature. But when data is transferred over networks outside an
organkation, it changes the way that orgamtion is doingits business. This means that the-IT
department is involved and things need t@ave a formal status.However vith formal agreements

access and authaation can be better controlled.

3.3.4 Standards

For theimplementation of a GDI it is necessary that it complies with certain standards. In thelpast
was a strong focus on data delivetyut in the last few years data discovery and delivery through
intranet, internet, and extranetss more common. Apart from national initiativethere are three main
standardization organiations that play an important role in the 'opening up' from the geospatial
community. These standawdition organkations are the Open Geospatial Consortiuthe 1ISO TC/211
and the W3C.

The Open Geospatial Consortium, Inc (OGC) is an international industry consorsered hundreds

of companies, government agencies and universities participating in a coregmsgess to develop
publicly available interfacepecifications. OpenGIS® Specifications support interoperable solutions that
"geo-enable" the Web, wireless and locatitmased services, and mainstream IT. The specifications
empower technology developers to make complex spatial information and serwcessble and useful

in all kinds of applicationsMww.opengeospatial.orglast accessed 2D1-2007).The OGC has a Risk and

Crisis Working Group which liaisesith ORCHESTRA to synchrenthe work being done within
ORCHESTRA and the OGC Technical CommifR&HESTRAaiguropean UnioRroject whichdesigrs

and implemens specificatons for a serviceriented spatial data infrastructure for impved
interoperability among risknanagemeh authorities in Europe The servic®riented spatial data
infrastructurewill enable the handling of more effective disaster risk reduction strategies and emergency
management operations. The ORCHESTRA Architecture is open and based on stamdares-
orchestra.org last accessed 237-2008)

The working group TC/211 defines standards in the field of digital geographic informatiorgrdinis

aims to establish a structured set of standards for information camicgr 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), acgiring, processing, anayg, accessing, presenting and transferring such data in digital /
electronic form between different users, systems and locations. The witlbe linkedto appropriate

standards for information technology and data where possitded provide a framework for the
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development of sectospecific applications using geographic datav{v.isotc211.orgsite last accessed
20-11-2007).

TheWorld Wide Web ConsortiurfW3C) 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 enkungterm

growth for the Web.

W3C primarily pursues its mission through the creation of Web standards and guidelines. Since 1994,
W3C has published more th&0 such standards, called/3C Recommendation®V3C also engages in
educationand 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 usedccess the Web to work
together. W3C refers to thi 321 f | & &2 S& ByApublisBingRopa®d Ndopraprietari) &
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 extranetsl depends on the reach of the
policy. There is a trend towards national geospatial data infrastructures, but with the INSPIRE project a

Europea-wide GDI is being developed.

3.4 GDI and NCDM

There are similarities and differences between GDI and NG{&dpingthe components of a GDI as
reference in the following a comparison between the GDI and NCDM will be made. For the first

componentgeoplehere 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 ,Giglople use
information, but the analysis and the added madisciplinary information will result in new
geographic information, which has to be shared within the disaster management community. In
NCDM people and orgamitions as a whole have to bmanagedto facilitate the flow of
information. People need to have the technologyailableto carry out their task (Alberts et al.,
2000).

2. The second similarityconcerns data or information. In a NCDM the focusis on the
development of an information infrastructure. In a GB®Ilgeographic information infrastructure

isbuilt. In the NCDM theorygeographic informationis part of the total information flow.
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3. The third similarity is the access network, withouhdither of the concepts can function fully.
The network brings the componentdataCand PeopleCtogether. The network could act as the

glue in the whole concept.

In NCDM people cannot functiorunless the necessary policieare in place. First of gla 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 levegdolicies or standard operating procedures hawéde developed.

In order to get the network of networkstercommunicating 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 ostandards. The standardas 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 thetfigu&Dl 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 tehawn because it also supparthe

actions in the physical domain.

Better effects

Better actions

Better decisions

Better sharey

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

3.5 GDil for Crisis Management in the Netherlands
The evaluation of the national disaster managemauntlearexercise Borsselein 2005 and especially
the evaluation report on the use of geographic information (Grothe, 20§f)wedthat departments at

the national levelhad becomeaware of the importance of geographic informatidor disaster
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management One of theeffects of the evaluation was the formation of the GI Beraad in early 2006. The
Gl Beraad is an interdepartmental orgzation, which is responsible for the convergence of geographic
information and the requirements for geographic informatiolh was the GBeraad which sponsored the
first phase of the Geo Data Infrastructure for Disafesponsend Crisis Management (GDI R&C). The
a02LS 2F GKS LINR2SO0 ¢l a WiKS NBFftAaldAz2y 2F |
disaster managemerdnd during cris@ 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) (¥erGO0W).

The GDI R&C gives access to already present geographic information with the depar&hémsend of
Phase 117 layers of geographic information were made available. The geographic information was
made available through the Haagse Ring dmal Rijksweb. This is a classified network that connects the
departments in The Hague. Interoperability was assured by wsélgserviceandthe standards of the
Open Geospatial Consortium. Initially only Web Map Services were made available. Phase
evaluated and concluded with a conference in January 2007. During this conferenommendations

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

Phase 2 of the project consisted of three separate tracks. Tradncentrated on the sustainability of
the infrastructure. The infrastructure needs to be structukalavailable.Track2 evolved around the
theme of developmentwith the inclusion of rare and meaningful services (Web Feature Services), the
inclusionof other data layersand the presentation of dynamic datarack 3concentrated on taking the
data and the infrastructure to theegional level Yeiligheidsregip In the Veiligheidsregio the data
present in the GDI R&C will enrich the local and regidatd. Track 1 and 2 were sponsored by the Gl
Beraad, whilélrack 3s sponsored by the Raad MIV.

3.6 Conclusions

In this chapter the concept @&Dlshas been describedThe GDI has been placed in the context of NCDM
and it is shown that the GDI forms pafftthe information infrastructure of NCDM. NCDM and GDIs have
a great dealin 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 infomigatbne 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 environthernthree main components of
sustainable development. This makes fr@per management of a disastemaabsolutenecessity (NRC,
2007; Mansourian et al., 2005). Emergency management is the organization and management of
resources and responsibilities fdealing 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 kélldargbers

of people, do extensive damage to properand disrupt communies.

Today disaster management is on the agenatzall levels of government in the Netherlands. Evaluation

of realworld disasters and disaster management exercises has shownntloamation is not available,

not accessible, not usable, not interpreted in the right wayd that information is not structurally being
collected (ACIR, 2005). ACIR (2005) also concluded that information is not shared withutkiogities
(i.e.the Pdice, Fire Bgade, 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 reasoatsdifferent levels. At the governmental/financial

level disaster management does not have priarihere is no vision or policyut there is dominant local
autonomy andightsfor power and money. Athe organiational/operational levelorgankationsare not
familiar with each other andhey are competingthere is not enough quality and capacity and tie
coordination of theseorganizationsis not clear. At the technical leyehere is island automation and no
access to information of third partig®\CIR, 2005). Furthermqrgeographic information is not used to

its full extent in disaster managemerd|thoughgeographic information or location can playigrole in

all phases of the disaster management chain (Zlatanova et al., 2005; Zlatano®, @@dgraphic
information is regarded as the integrator of data and information (Grothe et al., 200%is explained

in more detail in SectioA.4.

Section4.2 discusseshe disaster management cycl8ection4.3 describesnational proceduresduring

the response phaseSection4.4 examinesthe role of geographic information in disaster management

and inSection4.5 the role of NEC in disaster managemenSéetion4.6 conclusions will be drawn.

4.2 The disaster management cycle

ACIR (2005) defed crisis management as theoordinated largescale deployment of more than one
relief organkation and decisionmaking at governmental and operational level under uncertain

circumstance
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The Disaster Management Cycle, also referred to asgdfety clainQFgure 4.1) contains the following
stages: preaction, prevention, preparation, response and recovery (Ministerie van Binnenlandse Zaken,
2003; Grothe et al, 2005Pro-action is the process of creating awareness, perforgithreat and
vulnerability analysesand desiging and constructig resilient systems (excluding risk&reventionis

the inventarkzation and minimgation of risks and consequences, the installation of forecasting systems
and issuing regulations and perns (limiting risks). In thepreparation phase an emergency plan
(including policy and orgazition) is written, the emergency organisation is installed, trained and tested
for its Full Operational Capability (FO&)d the materials and equipment needetkanadeavailable. In

the responsgphase the elimination of sources and sieffects is key. In theecoveryphase the response
phase is evaluated and modifications to the emergency plan are made, the damage is repaired and

people are compensated (Grotle al., 2005).

» Pro-action

Recovery Prevention

Response «~

Disaster Preparation

Figure 4.1: The disaster management cycle

Internationally the terms mitigation, preparedness, response and recoveryddiren used to describe
the emergency management cycle (NR@7; Cova, 1999).

Disaster management is compléigure 4.2)in the sense that it involves multisers (from firemen on
the ground to decision makers at local, regional or eweternational level) it is multdisciplinary
(municipalities, police, firdorigade, defence)and decision making is done under time pressure and

stress (van Borkulo et al., 2005).
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Figure 4.2: Parties involved in disaster management (from van der Sluys Veer and Kusse, 2002)

4.3 Emergency types and GRIP levels

The respons¢o emergencies is laid down by law in the 'EmergenciesHeal/y AccidentsAct' (De wet
Rampen enZwareOy 3S @1 t t Sy o | yR (KS sW[d24S (@ F2 LI KBS {4 SFAStiRI vSAaR &2
law the tasks and responsibilities of the different authoritée laid down with respect to emergencies

in the response phasé&'he Dutch government has identified 7 emergency categories and 18 emergency
types. It isquite possible that a combination of emergency typegl occurin one incident. The 7
emergency categories must be seen as a typology to identify the consequemdrg the preparation
phase. The 7 emergency categories are (Ministerie van Binnenlandse Zaken, 2003):

Traffic and transportation

Dangerous goods

Public health

Infrastructure

Population

Natural disaster

N o o M~ w D oPE

Emergencyt a distance

The Handboek Voorbereiding Rgenbestrijding(2003) and van Borkulo et a{2005) describe the
different levels of emergency response, since this is a complex process involving different levels of
authorities and othersRplice, Hre Brigade, medical assistancérmed Forces). The copiexity of the

disaster defines the level. The levels are known in the Netherlands adevBIE*>(Coordinated Regional
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Incident Suppression) 1 t#h An explanation of the GRIP levels is givefiable 4.1 and an overview of

the chain of command is givenkgure 4.3.

Table 4.1: Overview of GRIP-levels

GRIP level Description

GRIP 1 - There is needor structured and coordinated meetings between the emerger
response units
- The incident can have administrative consequences

- There is ned for more information and data

GRIP 2 - The impact area is bigger than the source of the incidémt instance: a toxig
cloud)
- The need for one leader in the disaster area (most likely the officer on fduty

the Hre Brigade)

GRIP 3 - The incident disturbs public safety
- Serious threat$o persons, animals and materiel interests
- The source or impact area of the incidesitikes more municipalities

- The sirens neisused

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

- (oordinationis implementedby the province or on a national level.

4.4 Geoinformation 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 havboth a temporal anda geographidootprint that identifies the duration of impact and

its extent on theearth (NRC, 2007). In NRC (2007) the tdfeospatial data and todlis used to refer to

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

earth. First,Cova (1999) describes how these tools, i.e. GIS, can be used in the four phases of emergency
management. In themitigation (or repressionphase(see Figure 4.1¢1S and geographic information is

used to perform analytical modellinfpr longterm planning and forecasting. In thereparation and
responsephases, timely and accurate answers to geographical queries are needed to support decision
making bythe emergency managers. Secondly the GIS is used for information integration and
dissemination (command & control). In tliecoveryphase GIS is used as a spatial inventory system for
coordinating recovery activities.

But the strength of gednformation is that it can be used for a wide range of applications including:
modelling andsimulation of disastersvisualration for decision support and in management information

systems (Markus et al., 200.GDI can be a valuable sounfegeographic information for all phases of
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disaster management since it brings together all geograpifrmation FHgure 44). Gecinformation
supports all aspects of the disaster management cycle.

Spatial analysis is one of the key drivers for using geographic informatidnt makes geographic data

an integrator of data and information. GIS systemspplications 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 methodsrtove from geographic data to meaningful
information. Ths meaningful information forms valuable input for the decision making process in
disaster managementThe most common operators for geospatial & are: transformation,

aggregation, combinationjaluation, proximity analysisnd 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 phagecombination of these methods will be used for the

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