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Abstract 
This dissertation investigates the role of information and its quality in cooperative disaster 

management environment from shared situational awareness perspective. Due to the rapid 
development of information and communications technology the amount of information 
available in disaster situations has grown tremendously. The challenge regarding the 
information sharing has shifted from lack of information to the finding the relevant 
information which places challenge in time critical disaster environment. In addition the 
quality of the information may not meet the needs and therefore the response actions can 
remain inefficient. Even though most of shared information disaster management contains 
spatial reference the full potential in exploiting the geographic information and related 
analyses has not been achieved. 
 
In this study a framework for defining the critical information requirements and the related 
quality aspects in disaster management was presented. The study was based on materials 
collected from several domestic and international disaster management exercises. The study 
identified three key areas that are related to the critical information requirements in disaster 
management. As the information is context dependent the goals of the actors and time, data and 
resources available together with values involved in the cooperation were found to be relevant 
for accessing the critical information requirements. The methods suitable for describing the 
interconnected activities were found to be affected by the level of cooperation and 
predictability of disaster environment. Therefore the level of details that can be acquired in 
defining of the critical information requirements is affected by the level of cooperation and 
operating environment. The role of different types of geographic information analyses in 
different phases of disasters were also studied to reveal the potential that could be exploited in 
different environments. In addition an information quality framework was developed to meet 
the needs of the cooperative disaster response organization. 
 
The conclusion of the study is that in order for the disaster response organization to be able 
to define the critical information requirements the context, goals and the quality aspects needs 
to be taken into account as well. The systematic development of response efforts can occur only 
when the operating environment is perceived comprehensively. 
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Tiivistelmä 
Tämä väitöskirja käsittelee informaation ja sen laadun merkitystä kriisinhallinnan 

yhteistyölle jaetun tilannetietoisuuden näkökulmasta. Informaatio ja 
kommunikaatioteknologian kehittymisen myötä informaatiota on saatavilla moninkertaisesti 
mutta kriisitilanteessa haasteeksi nousee usein oleellisen informaation löytäminen 
aikakriittisessä tilanteessa. Jaettu informaatio voi myös olla heikkolaatuista jolloin 
vastetoimet eivät ole tehokkaita tai oikeita. Suuri osa jaetusta kriisi-informaatiosta on sidottu 
paikkaan mutta tästä huolimatta paikkatietomenetelmien täyttä potentiaalia ei osata vielä 
hyödyntää osana kriisinhallintaa. 
 
Tässä esitetyssä tutkimuksessa luotiin kehikko kriittisen informaation ja sen laadun 
määrittelemiseksi erityyppisissä kriisiympäristöissä perustuen kriisinhallintaharjoituksista 
kerättyyn materiaaliin. Tutkimuksessa tunnistettiin kolme keskeistä osa-aluetta joiden avulla 
kriittiset tietotarpeet voidaan tunnistaa. Toimintaympäristön kuvaaminen toimijoiden 
tavoitteiden sekä käytettävissä olevan ajan, resurssien, datan ja arvojen monimuotoisuuden 
suhteen havaittiin edellytykseksi tietotarpeiden sekä laadun määrittelylle. Jaettua 
tilannetietoisuutta tukevien infotarpeiden määrittelyyn tunnistettiin toiminnan 
kuvausmenetelmiä joiden havaittiin vaihtelevan yhteistyön syvyyden sekä toimintaympäristön 
ennakoitavuuden suhteen. Tästä syystä kriittiset informaatiotarpeet voidaan kuvata 
täsmällisesti vain tietyissä tilanteissa ja tiedonhallinnan menetelmät nousevat keskeisemmiksi 
tilanteissa joissa toiminnan ennakoitavuus ja yhteistyön tasot ovat heikompia. Tutkimuksessa 
kuvattiin myös eri paikkatietomenetelmien painottuminen erityyppisten kriisien erivaiheissa. 
Osana kriittisen informaation määrittelyä kuvattiin myös informaation laatukehikko, jonka 
avulla eri kriisiympäristöissä voidaan määrittää laatutarpeet useasta eri laatunäkökulmasta. 
 
Tutkimuksen johtopäätös on, että jotta kriisiorganisaatio pystyisi määrittämään kriittiset 
informaatiotarpeensa jaetun tilannetietoisuuden tukemiseksi, on sen huomioitava myös 
tavoitteet, konteksti sekä informaation laatu tässä kontekstissa. Tätä kautta yhteistoimintaa 
voidaan kehittää systemaattisesti huomioiden toimintaympäristö kokonaisvaltaisesti. 
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1. Introduction

The research presented in this dissertation studies the information sharing 

challenge in disaster management domain by approaching from the shared 

situational awareness perspective. The actors that share common goals should 

have compatible understanding of the situation and as Endsley (2003) defines 

“shared SA (SSA) is really dependent not on a complete sharing of awareness 

between team members, but only on a shared understanding of that subset of 
information that is necessary for each of their goals”. The effective disaster 

response is then dependent on correct understanding of the situation in rela-

tion to the goals and successful information sharing. 

The response organizations in disaster management differ from each other 

but typically they are temporary multiactor organizations that does not exist 

necessarily before the disaster and change during the course of action. The 

response efforts are typically managed from operations centre and the SSA of 

this joint body is in focus of this study. The challenge of the SSA is not neces-

sarily that there is not enough information available but that there is not 

enough correct information available to those who need it and when they need 

it. During the last ten years a magnitude of various types of situation picture 
applications have been developed to fulfill the need of information on different 

levels of disaster management from the tactical to strategic level. 

Due to the rapid development of information and communications technolo-

gy the increase in volume of information has been rapid but managing the in-

formation mass in complex and rapidly developing situation places challenges. 

The information sources have multiplied including sensors, satellite data, in-

ternet, mobile applications to name few. The aspects on the information are 

studied in this research from the disaster context, SSA information require-

ments, geographic information and analysis and from quality perspectives.

1.1 Background and motivation

Disasters impact environment and societies in many levels from individuals 
to organizations. The modern societies are strongly interconnected and the
disasters can more devastating consequences if the response is ineffective. 
Thus the effective mitigation, preparedness, response and recovery from disas-
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Introduction

ter are essential. The disasters are seen here as collective stress situations gen-
erated by natural or technological hazards and that require social entities to 
cope with the crisis (Quarantelli 1988). The complex disaster environment 
places challenges especially to the response efforts which forces autonomous 
organizations to cooperation and collective decision making while losing part 
of their autonomy (Quarantelli 2000, Waugh & Streib 2006, Janssen, Lee et 
al. 2010). The temporary response organization structures can be partly pre 
defined as in aviation search and rescue (SAR) preparedness planning. In Fin-
land the main airports are required to upkeep preparedness in the case of the 
air plane accident and the preparedness is exercised annually. The response 
organization and their roles can be clear if the disaster is clearly defined and it 
has clear ownership. However, disasters occur rarely and do not necessarily 
resemble the exercised scenarios and the correct understanding of the situa-
tion becomes crucial so that changing events can be responded effectively. The 
form of the response organization affects the responsivity and ability to react 
to the changing environment. Traditional hierarchical organization structures 
have been found ineffective and other forms of organization such as network 
organizations are proven to be more agile (Helbing, Ammoser et al. 2006, 
Waugh & Streib 2006, Janssen, Lee et al 2010). The flexibility and ability to 
improvise are found to be necessary to meet the external demands of the disas-
ter (Harrald 2006). However, the inefficient cooperation is reported to be one 
of the main challenges in disaster management (Lundberg & Asplund 2011, 
Salmon, Stanton et al. 2011, Waugh & Streib 2006, Ödlund 2010).  

Individual and actors based viewpoints emphasize the understanding of the 
situation at hand and ability to share that with relevant actors. Comprehend-
ing the response organization structure and actors related to that is essential in 
ad hoc environment as Oomes (2004) describes. Building the organizational 
awareness aid in understanding the system and enables more efficient cooper-
ation. The awareness can be seen as a wider understanding of the situation at 
hand often referred as situational awareness. The individual based concept of 
situational awareness stresses the need for understanding the operation envi-
ronment in relation to the actor goals. The concept originates from the begin-
ning of 20th century and has been associated especially with aviation and mili-
tary domain (Harrald & Jefferson 2007, Stanton, Chambers et al. 2001). Simi-
lar concepts are OODA loop (Boyd 1996), Rasmussen’s (1983) three stage deci-
sion-making model and Peuquet’s (2002) knowledge acquisition cycles. With 
the increase of information available for decision making due to automation 
and information technology especially the concept of situational awareness has 
gained wider attention and adopted by variety of domains (Stanton, Chambers 
et al. 2001).

While the SA concept stresses the importance of gaining correct understand-
ing of the environment in order to perform, the concept of systems intelligence 
stresses the intelligent behaviour of individual as part of the system. The intel-
ligent behaviour includes recognizing that we cannot place ourselves outside 
the system but rather view ourselves as part of the system where constructive 
courses of action and small acts can lead to major improvements. (Hämäläinen 
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& Saarinen 2008) The factors of systems intelligent behaviour can be divided 
into systemic perception, attunement, positive engagement, reflection, atti-
tude, spirited discovery, wise action and active responsiveness (Törmänen 
2012). The systems intelligent behaviour in disaster management has certain 
distinctions that are considered important along with presented factors. One 
key aspect is the role that individual represents and the trust (Blomqvist 2002, 
Meeker 1984, Meyerson, Weick et al. 1996) that is linked to the role and be-
haviour of the individual (Mäkelä 2013). 

In order to act intelligently the understanding of the situation must be based 
on correct information. The importance of information sharing in disaster 
management is among the key factors and several studies report the problems 
of information sharing in disaster response and the importance of efficient 
information sharing (Bharosa, Lee et al. 2010, Comfort, Ko et al.2008, Militel-
lo, Patterson et al. 2007, Quarantelli 1988, Valtonen 2010). The challenge of 
information sharing is related especially to the rapidly evolving environment 
and the ad hoc nature of the response organization. 

The information and communications technology provide means for infor-
mation sharing in ad hoc disaster situations and information systems generally 
referred as common operational picture (COP) or situational picture. Harrald 
and Jefferson (2007 p.3) state that the concept of COP ‘implies that (1) tech-
nology can provide adequate information to enable decision makers in a geo-
graphically distributed environment to act as though they were receiving and 
perceiving the same information’ and that ‘(2) common methods are available 
to integrate, structure, and understand the information’. Despite the benefits 
of the COP it does not solve the information sharing problematic completely 
because for example many actors use their own specific systems, the use of 
COP is not frequent and such systems are not needed often. As Militello, Pat-
terson et al. (2007) discusses the learning of such systems in time critical situ-
ation places challenges and even low cost communication means can provide 
sufficient aid. 

There are several platforms and standardizations related to the disaster 
management such as Copernicus (Copernicus 2014), Open Advanced System 
for Disaster and Emergency Management (OASIS 2014), National Incident 
Management System (FEMA 2014), Australian Disaster Management Platform 
(ADMP 2014) and Data Modelling for Emergency Response (Dilo & Zlatanova 
2010).  While the systems help in cooperation and data models give under-
standing on the related information content the downside is that all respond-
ing actors should use same or compatible information systems. This might not 
be possible and the information system or data model might not provide suffi-
cient understanding on the required information sharing between participat-
ing actors.

Despite the fact that the information systems represent an effective way of 
sharing information the deeper understanding on the factors that are related 
to the information content in disaster management is missing. The factors that 
relate to the information content and sharing such as communication, infor-
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mation management, organizational structures, situational awareness, and 
information systems perspectives have been recognized and studied but sys-
tematic approach to identify information requirements and problems in in-
formation flows is lacking. The special interest in the disaster management 
information sharing lies in the geographic information that can be seen as es-
sential part of the disaster information. The potential of geographic infor-
mation analyses and geographic information as part of the disaster manage-
ment is studied to some extent (Cova 1999, Longley, Goodchild et al. 2001) but 
the methods in relation to the disaster information sharing requires deeper 
understanding. 

The role of information quality is not widely studied as part of the disaster 
management information sharing from system free point of view. Harrald and 
Jefferson (2007) identify the problem of data quality when decision making is 
moved to dispersed non-homogenous groups and the ability to ensure particu-
larly the timeliness and completeness of components is affected. Eppler 
(2006) and Perry, Signori et al. (2004) stresses the importance of quality in 
relation to the data, information, knowledge continuum and the role of infor-
mation quality should be wider than merely information systems or data set 
perspective. Information quality is studied from multiple perspectives in dif-
ferent domains (Bharosa & Zanten 2009, Eppler 2006, Knight & Burn 2005, 
Lee, Strong et al. 2002, Naumann & Rolker 2000, Reeves, Bednar 1994). 
However, the link between defining information requirements for cooperative 
disaster management and understanding the relevant quality aspects is not 
adequately studied yet. The quality is also viewed from the producer’s point of 
view but as the use of the information and data sets becomes more diverse the 
user aspect has become more important. Additionally the disaster manage-
ment organization can be seen both as the information producer and user and 
therefore information quality should be seen from both user and producer 
aspects.

The importance of the concept of quality in geographic information domain 
has become widely understood during the last decade and the development of 
quality standards with the recommendations published for the users in many 
countries has made quality evaluation an essential part of any analysis or 
modelling task (Jeansoulin & Devillers 2006, Zhang & Goodchild 2002). The 
quality is noted in INSPIRE directive as the geographic data producers are 
obligated to provide the datasets uniformly (INSPIRE 2007).

This research has identified that the current approaches for studying the in-
formation requirements in disaster management are either information sys-
tems specific or too conceptual to provide good understanding on the factors 
that affect the information sharing. The challenge in purely technical research 
approach is that information systems or data models may not be available for 
some disaster management situations. The transferability of the results might 
also remain limited to specific disaster setting. On the other hand organiza-
tional approach would provide us with policies on information sharing but 
since the level of cooperation in different disaster situations varies the general-
izability of the findings would remain limited. Therefore a novel approach is 
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Introduction

needed to study the common information sharing in disaster management that 
provides understanding on the concept of critical information requirements 
and links this to the technical possibilities so that disaster organizations can 
improve their cooperation comprehensively. The suggested approach general-
izes the phenomenon and the factors affecting it so that a generic solution that 
can be used in different settings could be acquired. The motivation of this 
study is to understand the factors that affect the definition of critical infor-
mation disaster management so that the disaster management efforts can be 
developed systematically and focusing to the core information and the core 
challenges related with that information.

1.2 Objectives and scope

The aim of this study is to contribute to knowledge about disaster management
information sharing. The selected approach is interdisciplinary and combines 
both technical and social sciences aspect as described in Figure 1. In addition 
the general positioning of the articles in this dissertation is presented in the 
figure.

Figure 1. The research frame and the scope of the research

The main objective of this thesis is to answer the question, ‘How can the com-
mon critical information and the relevant quality aspects be defined in differ-
ent cooperative disaster management situations?’ The main objective is stud-
ied via five additional research questions. 
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Introduction

Q1: What are the disaster context characteristics that need to be 
addressed in order to specify the critical information requirements 
for a disaster management situation? 
Disasters and response operations differ greatly from each other and often the 
only common characteristics are the damage and disruption they bring to the 
community. Situational awareness, including its goals, the required infor-
mation and quality, is context dependent; as such, there is a need to discover 
the main context characteristics that are common to different disasters and 
should be taken into account when information and quality requirements are 
studied.  

Q2: Does different disaster contexts require different activity map-
ping methods for describing the interconnections between actors?
The interconnections between actors and their activities dictate the infor-
mation needs of different disaster management operations. Different types of 
disasters and their phases affect the nature of cooperation and required activi-
ties. In some cases process descriptions are good choice for describing inter-
connections between actors and accessing the related information require-
ments. However, the process description approach might not be suitable for 
the variety of disaster cases. This places a need for studying if there are other 
more suitable approaches for different types of cases.

Q3: How can the critical information requirements be identified 
and what is the role of geographic information in creating critical 
information requirements for disaster management response op-
erations? The critical information requirements that support the formation 
of SSA within a given context must be specified in order to respond to the dis-
aster in an efficient manner. Finding the critical information and the source of 
that information during an operation is time consuming and hinders the re-
sponse activities. Whereas the critical information requirements are typically 
studied from certain information system perspectives, a more general ap-
proach is missing. Also, the role of geographic information as a part of the crit-
ical information needs to be studied in more detail.

Q4: How can the quality of critical information be evaluated and 
how can it be specified? The critical information is useless if the quality of 
that information is of poor quality. The information quality is traditionally 
viewed from producer’s point of view but in disaster operations the responding 
organizations represent both the information user and producer aspects. In 
addition the variety of information types – from data sets to face to face com-
municated information - places challenge for the existing quality approaches. 
There is a need for an approach that takes information quality into account 
from a wider perspective so that the quality of information in the disaster 
management can be improved comprehensively and systematically.
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Q5: How can the critical information requirements and relevant 
quality aspects be defined in different disaster management scenar-
ios? There is a need for a framework and a systematic method that can be 
used to define the critical information requirements as well as the information 
quality aspects of that information in different types of disaster management 
scenarios.

Figure 2. Research framework

The figure above illustrates the main concepts of this study. The focus of this 
thesis is limited to the preparedness and response phases of disaster opera-
tions, with an emphasis on the latter. The critical information requirements 
are studied from the perspective of an operation centre or a corresponding 
commanding body. Cognitive aspects, such as perception, comprehension, 
projection and communication, are left out, while emphasis is put especially 
on information content. The goal is to study information sharing mainly from 
a non-system specific point of view and to consider information as a broad 
concept ranging from specific information elements to information products, 
such as analyses and datasets. Purely technical solutions such as data models 
and information systems are merely identified in this research and the goal is 
not to implement a new data model or information system. This positions the 
research between conceptual research and creating user requirements for sys-
tem design. A human-centric approach was selected because the systems are 
typically developed to fit a specific situation and a specific organisation or 
communication between specific actors. By focusing solely on the system level, 
important aspects of information sharing could be left untouched. However, 
the study does include disaster management systems as case studies to support 
the dialogue between the human-centric and system centric aspects of disaster 
management. The human-centric approach also stresses the idea that a disas-
ter response organisation consists of both the information producer and con-
sumers and that these aspects should be maintained. 

1.3 Structure of the thesis

This thesis consists of a summary of article results, six appended papers and 
an appendix that contains a detailed description of the selected quality models. 
The introductory chapter provides an overview of the problem area, describing 
the key concepts and objective of the research. In Chapter 2, the theoretical 
foundation is introduced from domains that are relevant to the research. In 
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Chapter 3, the material that is used for this thesis is introduced together with 
the selected research methods. The research questions are answered in respec-
tive subsections in Chapter 4. Chapter 5 concludes and discusses the signifi-
cance of the findings and introduces the suggested future research topics.
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2. Theoretical foundation and key con-
cepts

The study of critical information in disaster management is based on several 

theoretical aspects from social and technical research domains. In the disaster 

management domain, several actors cooperate in a challenging environment 

where quick decisions should be made based on the information available. The 

nature of cooperation as well as the disaster environment places special em-

phasis on the need for information sharing, which should be better under-

stood. The sharing of information is inefficient if the information does not 

support the specific goals and requirements set for the actors. The concept of 

situational awareness is one of the core concepts to be understood as a part of 

decision-making process in disaster management situations. Situational 

awareness is based on perceived information, and the characteristics of the 
information affect, for example, how the information is communicated or what 

quality aspects should be applied. 

Figure 3. Key concepts and research areas related to the research
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In disaster management, the geographical component of information is es-
sential as majority of the shared information is related to understanding “what 
is happening and where?”. The characteristics of geographic information as 
well as the related range of analysis and modelling methods are reviewed in 
this chapter. Analyses and models that support serious decision making 
strongly emphasize the importance of managing the uncertainty included in 
both data and processes. The approaches that are used in different domains
for defining and accessing the information flows and requirements are viewed 
from information systems and business domains. The identified information 
requirements remain ineffective if the quality of the information is poor. The 
concept of uncertainty and also various information quality approaches are 
introduced in the last section. The theoretical foundation areas are illustrated 
in Figure 3. In the following subchapters the theoretical foundations for this 
research are summarized with references to the related research in each field 
including taxonomies, frameworks, method development and case studies.

2.1 Disaster management and cooperation 

The United Nations (UNISDR 2009) defines disasters as ‘a serious disruption 
of the functioning of a community or a society involving widespread human, 
material, economic or environmental losses and impacts, which exceeds the 
ability of the affected community or society to cope using its own resources’. 
They differ from everyday emergencies in four ways: organisations must 1) 
quickly relate to more and unfamiliar groups, 2) adjust to losing part of their 
autonomy and freedom of action, 3) apply different performance standards 
and 4) operate within closer than usual public and private sector interfaces 
(Quarantelli 2000).

The definition of a disaster is broad and does not describe sufficiently the 
wide variety of situations it includes. Disasters can be classified from different 
perspectives (Berren, Beigel et al. 1980; de Boer 1990). Gundel (2005) sug-
gests approaching the classification process according to predictability and 
influenceability. He presents four types of crises that can be identified based 
on these variables; they range from crises that are easy to predict to crises that 
are difficult to predict and from crises that are easy to influence to crises that 
are difficult to influence. 

Conventional crises are predictable and the possibilities to influence them 
are well known. A typical situation is one in which a technological system is ill-
structured or dangerous and it fails. This class of crisis seldom includes natu-
ral or social crises. Actions to prevent this kind of crisis include especially well-
integrated quality and crisis management systems. An example of this type of 
crisis is the Estonia catastrophe that occurred in 1994 in the Baltic Sea. A pas-
senger ship sank during a storm because of the bow gate broke (Valanto & 
Friesch 2008). 

Unexpected crises are also easy to influence but difficult to predict, and thus 
dangerous. These crises are rare and rescue operations are more difficult since 
there are no pre-established processes for how to proceed. Again, technologi-
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cal systems are the major reason for the crisis, but this time anomalies actually 
cause the accidents. Because of the rareness of such an occurrence, there are 
no pre-established plans in the case such an accident occurs. An example of an 
unexpected crisis is the Kaprun train tunnel fire that occurred in 2000 
(CRISMART 2001).

Intractable crises can be easily anticipated, but they are difficult to influence 
since the system has a variety of attributes. The damage is often severe and it 
can be difficult to apply irreversible and proactive countermeasures because of 
the system attributes involved. Technology is again involved in this class of 
crisis, but this time the crisis also affects social and natural systems. Crises 
such as global warming, earthquakes and the Chernobyl incident are typical 
examples of this class of crisis (IAEA 2014). 

Fundamental crises are hard to predict and the response is either unknown 
or insufficient. Social crises typically fall into this class and they are long term 
and change over the course of time. Because of this, several people are in-
volved as victims or as rescue squads. This class includes crises such as 9/11 
and the risks involved in gene technology. Possible countermeasures include 
strict regulation during the preliminary stages and establishing expert groups 
as think tanks.

In addition to disaster types, disaster management is generally described as 
consisting of four phases: mitigation, preparedness, response and recovery 
(Godschalk 1991; Cova 1999; UNISDR 2009). The mitigation phase is defined 
as ‘the lessening or limitation of the adverse impacts of hazards and related 
disasters’, whereas the preparedness phase is defined as ‘the knowledge and 
capacities developed by governments, professional response and recovery or-
ganisations, communities and individuals to effectively anticipate, respond to, 
and recover from, the impacts of likely, imminent or current hazard events or 
conditions’ (UNISDR 2009). The response phase is further defined as ‘the 
provision of emergency services and public assistance during or immediately 
after a disaster in order to save lives, reduce health impacts, ensure public 
safety and meet the basic subsistence needs of the people affected’, whereas 
the recovery phase is defined as ‘the restoration, and improvement where ap-
propriate, of facilities, livelihoods and living conditions of disaster-affected 
communities, including efforts to reduce disaster risk factors’ (UNISDR 2009).

The disaster environment places challenges on the response organisation be-
cause even though the structures of a fixed organisation may work well in a 
stable environment, an unstable environments require novel structures 
(Schraagen 2010). Typical hierarchical structures, such as military or govern-
mental organisations, rely on a command-and-control type of structure where 
information is fed to upper level decision-makers, and based on this infor-
mation commands are given. A complex and fast-paced disaster environment, 
network-based structure, one in which information exchange can occur freely, 
has proven to be efficient (Schraagen 2010; Harrald & Jefferson 2007; Hel-
bing, Ammoser et al. 2006). In addition, Harrald (2006) has studied the criti-
cal success factors for disaster response and described four types of organisa-
tions with respect to their agility and discipline. As critical success factors, 
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Harrald highlights open information sharing and distributed decision-making 
in unexpected conditions.  

The structure of the responding organisation describes only one aspect of co-
operation. The cooperation comes in many forms such as interagency coopera-
tion (Kaiser 2011, Warmington, Daniels et al. 2004). The focus in this study is 
the cooperation in general and the different forms of cooperation are of special 
interest here. The level of cooperation between the responding organisations 
affects the nature of information sharing. The level of cooperation can also be 
seen as a strategy where a suitable level of cooperation can be selected based 
on the situation. The strategies for working together in a coalition have been 
described by Himmelman (1995) as networking, coordinating, cooperating and 
collaborating. Networking is the most informal and it typically reflects an ini-
tial level of trust; it includes exchanging information for mutual benefit. Coor-
dinating includes information exchange and altering activities for mutual ben-
efit and to achieve a common purpose. Cooperating includes exchanging in-
formation, altering activities and sharing resources for mutual benefit and to 
achieve a common purpose. Collaboration is described as exchanging infor-
mation, altering activities, sharing resources and exchanging the capacity of 
another for mutual benefit and to achieve a common purpose. The level of co-
operation can therefore affect organisations in many dimensions, and the 
tightest form of cooperation might not be desired in every situation. 

As several studies show (Quarantelli 1988; Comfort, Kilkon et al. 2004; Hel-
bing, Ammoser et al. 2006; Waugh & Streib 2006; Bharosa, Lee et al. 2010; 
Dilo & Zlatanova 2011), information sharing and adequate shared situational 
awareness are the key issues that hinder disaster response cooperation. One 
suggested solution is to enhance the local cooperation and networking on daily 
basis so that the actors are familiar with different gropus and organizations in 
their area of operation (Virta 2002).

2.2 Situational awareness and decision making

In order to understand the information requirements for the formation of 
shared situational awareness, the concepts of situational awareness and 
shared situational awareness are reviewed here. As noted previously, disaster 
response is dependent upon efficient cooperation and having a correct under-
standing of the situation. Endsley (2003, p. 13) defines the term situational 
awareness as ‘the perception of the elements in the environment within a vol-
ume of time and space, comprehension of their meaning, and the projection of 
their status in the near future’. The definition suggests three stages that con-
tribute to SA: 1) perception, 2) comprehension and 3) projection. The term 
suggests that SA is characteristic of individuals; as the term awareness sug-
gests, and as Endlsey mentions (1994), there are individual differences in SA. 

Actors that share a common goal should have a similar understanding of the 
situation to some extent. Nofi (2000) states that the shared situational aware-
ness is ‘the common “picture” of the mission-critical factors affecting a situa-
tion that the members of certain groups – air controllers, military staffs, surgi-
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cal teams – must develop to perform their duties at peak effectiveness’. Ends-
ley (2003, p. 197) defines shared situational awareness as ‘the degree to which 
team members have the same SA on shared SA requirements’, further adding 
that ‘shared SA is really dependent not on a complete sharing of awareness 
between team members, but only on a shared understanding of that subset of 
information that is necessary for each of their goals’ (Endsley 2003, p.196). 
The goals form the basis of the awareness, and as Endsley adds, ‘the elements 
of the environment that people need to be aware of are determined based on 
the goals associated with that job’.

Decision-making is greatly affected by situational awareness (Endsley 2003). 
Clemen (1996) introduced four factors that make decisions difficult: 1) deci-
sions complexity, 2) the inherent uncertainty of situations, 3) multiple objec-
tives and 4) different perspectives that lead to different conclusions. The in-
formation content for a given situation, i.e. what people perceive, should be 
well planned and executed so that the factors that affect the subjective side of 
SA can then be developed. The decision-making process can further be sup-
ported with SA that is based on correct and relevant information. 

The sharing of information in disaster management can occur in a multitude 
of ways ranging from face-to-face communication to information sharing sys-
tems. Common operational picture (COP) or situational picture concepts are 
often used to describe the information sharing systems used in disaster man-
agement. The term COP can be defined as ‘a visual representation of tactical, 
operational, and strategic information to support rapid assimilation and inte-
gration by team members’ (McNeese, Pfaff et al. 2006, p. 467). Or, as other
scholars have suggested, it ‘facilitates collaborative planning and assists all 
command echelons in achieving consistent situation awareness’ (Mulgund & 
Landsman 2007, p. 2). Both SA and COP have their roots in military planning, 
but they have been adopted to fit the needs of other fields, such as disaster 
management. According to Harrald & Jefferson (2007, p. 3), ‘technology can 
provide adequate information to enable decision makers in geographically 
distributed environment to act as though they were receiving and perceiving 
the same information’ and that ‘common methods are available to integrate, 
structure, and understand the information’. Information sharing systems are 
built to support efficient cooperation within the rapidly evolving and challeng-
ing environment of disasters.

2.3 Information and geographic information

Information is typically presented as part of a continuum that includes data, 
information and knowledge (Boisot & Canals 2004, Eppler 2006; English 
1999; Davenport & Prusak 1998). According to English (1999), the distinction 
between data and information is that data are the raw material from which 
information is derived and that information is a finished product. He adds that 
information can be defined as data in context or as a function: Information = 
f(Data + Definition + Presentation), where information consists of data or 
values, defining the meaning of the data and presenting that data. Further, he 
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defines knowledge as information in context and understanding the signifi-
cance of the information. The terms data, information and knowledge are not 
static features, but dynamic. 

One key characteristic of disaster information is the geographic dimension. 
The terms spatial and geographic information appear frequently; Longley, 
Goodchild et al. (2001, p. 5) distinguish between the terms geographical and 
spatial as follows: ‘geographic refers to the Earth’s surface and near surface’, 
whereas spatial ‘refers to any space, not only the space of the Earth’s surface’. 
The term geographic information (GI) can then be defined as ‘information 
about features and phenomena located on or near the surface of the Earth’ 
(Goodchild, Egenhofer et al. 1999, p. 732). Geographic problems are solved 
using a geographic information system (GIS) (Longley, Goodchild et al. 2001), 
which can be defined as ‘a computer-based information system that enables 
capture, modelling, storage, retrieval, sharing, manipulation, analysis and 
presentation of geographically referenced data’ (Worboys & Duckham 2004, p. 
2). GIS also can stand for Geographic Information Science (Longley, Good-
child et al. 2001) and another recent synonym for geographic information is 
geospatial information (Longley, Goodchild et al. 2001). All these terms are 
widely used in the literature.

The process of geographic information acquisition is generally conducted by 
governmental agencies or private-sector companies. GI can be collected in a 
number of ways, including remote sensing, such as satellites, laser scanning 
and aerial photography, as well as field measurements conducted on site 
(Longley, Goodchild et al. 2005). The collected data models the reality of the 
situation from a particular view point; as Box & Draper (1987, p. 424) states, 
‘all models are wrong, but some are useful’. The geographic information is 
modelled either as discrete objects or as continuous fields (Longley, Goodchild 
et al. 2001; O’Sullivan & Unwin 2003), and these models of reality are used to 
analyse and represent the GI. 

Traditional use of GIS includes GI mapping, visualization and geometrical 
analyses such as geometric intersections, buffering, point-in-polygon tests and 
map overlay (O’Sullivan & Unwin 2003). As the processing of information has 
become more efficient due to the technological development the analysis 
methods of geographical information have become more advanced as well. 
Spatial statistics and spatial data mining are at the moment mature methods 
and partially available in commercial GIS software’s. O’Sullivan and Unwin 
(2003) define geographic information analysis as “the study of techniques and 
methods to enable the representation, description, measurement, comparison 
and generation of spatial patterns. The patterns can be investigated with ex-
ploratory, descriptive and statistical techniques. The potential of GIS lies
therefore in much deeper than merely visualizing map data. Visual analytics 
and visual data mining are growing fields and also most used approaches in 
spatial data analysis (Arias-Hernandez, Green et al. 2012, Jankun-Kelly, Ma et 
al. 2007).

The spatial analyses can be classified according to data type into object based 
and field based analyses. The object based analyses deal with entities located 
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in space such as points and point sets, polygons and polygon networks. Enti-
ties can be 2-, 3-, 4- or even n-dimensional when time dimension is the fourth 
and attributes make the wider multidimensionality. Lines and 
graphs/networks are also discrete objects, analysis methods often based on 
graph theories (Haggett & Chorley 1969, Wise 2003).  The field based analyses
deal with data that models the spatial phenomena as a continuous field such as 
raster layer applying matrix structured indexing and data management. Map 
algebra is the most famous theoretical basis in this area (Tomlin  1990, 
O’Sullivan & Unwin 2003) Spatial phenomena can be modeled either as object 
or as fields depending on the purpose of the dataset and the classification ac-
cording to data types does not describe the problem to be solved or studied. 
The GI analyses can also be grouped according to problem type or analysis 
type into geometrical manipulations including graph analysis, visual methods, 
spatial statistics, spatial data analysis or spatial models. The geometrical ma-
nipulations are widely used elementary operations such as buffering, point-in-
polygon or more advanced graph analysis methods. Visual methods range 
from traditional visualization such as maps to more advanced visual explora-
tion methods (Dykes, MacEachren et al. 2005). Spatial statistics consists of 
methods that are used for analyzing spatial distributions, patterns and rela-
tionships with hypothesis on the background. The spatial data analysis uses 
partly same methods but the approach is explorative in nature such as in spa-
tial data mining.  In spatial data mining the combination of visual and compu-
tational methods makes the spatial analysis process. Multivariate visualiza-
tions like parallel coordinate plots and bivariate matrices combined with com-
putational methods like clustering and self organizing maps are maybe the 
most common methods (Nikander, Kantola et al. 2012, Špatenková, Demšar et 
al 2007, Demšar, Fotheringham et al. 2008). Spatial models produce a repre-
sentation or simulation of real world phenomena including the spatial rela-
tionships. (Longley et al. 2001, O’Sullivan & Unwin 2003).  Models can repre-
sent any physical or socio-economical phenomenon. Models can be optimiza-
tion or simulation models and the computational methods can be from deter-
ministic to stochastic. Related with crisis management various hazard and 
attack simulations as well as evacuation and gas leak simulation models can be 
mentioned (Ahola, Virrantaus et al. 2007, de Ligt 2010, Molarius 2009).  A 
very special phenomenon for modeling is the spatio-temporal distribution of 
population (Zhang 2009).

2.4 Identifying and classifying critical information

There are many approaches to studying the information flows and function-
alities of information systems. The goal of each approach is to support the 
goals and key activities with relevant information. In software engineering 
user requirements are determined as a part of the system development pro-
cess. The discovery of requirements can be seen as iterative process that con-
tinues through the whole product life-cycle and several different methods can 
be used in different phases (Courage & Baxter  2005). The process involves 
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steps such as identifying stakeholders, goals, context, scenarios, definitions 
and priorities (Alexander & Beus-Dukic 2009). 

Information systems can be developed also using a structured analysis 
method, which can be described as ‘a set of process models to describe a sys-
tem graphically’ (Shelly & Rosenblatt 2009, p. 22). They continue by saying 
that the technique identifies the data that flow into processes, the business 
rules that transform the data and the resulting output data flow. The main idea 
is to build a generic upper level description of the main functionalities and 
then, with sub-models, focus on the remaining overall functionalities. Infor-
mation flows and processes can also be described from an organisational point 
of view as business processes, such as information structures (Laguna & 
Marklund 2013). The goal of the approaches is to describe the current or de-
sired system so that the system can be modelled or improved.

Whereas the process descriptions are suitable for some functions, other func-
tions are required as well. The techniques that information systems design use 
to describe user interactions with the system include, for example, use cases 
and sequence diagrams (Shelly & Rosenblatt 2009). Use cases are used to de-
scribe the interaction between the system and user roles. They can be supple-
mented with sequence diagrams that describe the operation and order of the 
various processes. The objects that are used in information systems design can 
also represent organisations or actors. 

The descriptions of the system can be used to assess the functionalities of the 
system and potential information flow bottlenecks, such as those described by 
Seppänen & Valtonen (2008). Information flows can also be studied as a part 
of the information and knowledge categories related to the decision-making 
process (Kuusisto 2004). The system description serves also the management 
needs of response organization and provide support for role based resource 
management (Kurki & Sihvonen 2012). Diehl et al. (2006) describes an ap-
proach to identify the users and their information requirements in 25 different 
Dutch emergency management activities. The process involves studying the 
activities, organizing a workshop to discuss how these activities have to be 
completed in actually and observing the training on field.

As the situational information related to disaster management typically seeks 
answers to the questions of what, where and when, the geographic dimension 
becomes especially important. This can also be seen as key requirements for 
understanding the situation based on the evidence available. The information 
that is used for SA building in disaster management can be classified according 
to the different ways in which the information is used. Dilo & Zlatanova (2010) 
group the information needed in emergency response situations as static in-
formation and dynamic information. Static information exists before a disas-
ter, whereas dynamic information is collected during the disaster. The static 
data consist of, for example, reference data, managerial and administrative 
data, or risk maps. Dynamic information is collected during the disaster, and 
the information can be seen either as situational information (the incident and 
its effects) or as operational information (the processes activated to handle an 
incident, responsible departments, and persons together with their roles). Dy-
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namic information can be produced by, for example, the organisations taking 
part in the response activities or it can be collected from a wider audience, as 
the concept of volunteered geographic information suggests (Flanagin & Metz-
ger 2008; Poser & Dransch 2010). User-generated content has increased along 
with social media applications, and making use of this information is of special 
interest. For example, ways of crowdsourcing geographic information are cur-
rently being studied (Goodchild & Glennon 2010; Poser & Dransch 2010; 
Zook, Graham et al. 2010; Ostermann & Spinsanti 2011). 

2.5 Decision-making and information quality

“Remember that all models are wrong; the practical question is how wrong 
do they have to be to not be useful” -George E. P. Box

The concept of uncertainty is an essential part of decision-making (Clemen 
1996; Devillers & Jeansoulin 2006) as the information that is available for the 
decision-making is rarely perfect and complete. The sources of uncertainty are 
diverse and, for example, geographic information that models the reality of a 
situation consists of uncertainties that accumulated during each phase, from 
data collection to data storage and processing, and from data product creation 
to data product usage (Devillers & Jeansoulin 2006; Zhang & Goodchild 
2002). Generally uncertainty can be defined as ‘something that is doubtful or 
unknown’ or as ‘the quality or state of being uncertain’ (Merriam-Webster’s 
Collegiate Dictionary, 2014). In geographic information science uncertainty 
can be divided further into uncertainty for well definable objects and poorly 
definable objects (Longley et al. 2001). Error is then something that is incor-
rect (Wilson & Fotheringham 2008, p.80) for objects that can be defined and 
is then for example erroneous measurement. For poorly definable objects the 
uncertainty divides into vagueness and ambiguity. According to Morris (Wil-
son & Fotheringham 2008, p.80) “vagueness refers to data that does not strict-
ly belong to a crisp set”, i.e. the answer is not clear or the definition is vague. 
Ambiguity on the other hand means that “there are different perceptions of it” 
(Longley et al. 2001) and the meaning can be ambiguous. 

The link with quality and uncertainty can then be seen so that trough quality 
the uncertainty can be minimized. Quality can be defined, for example, as a 
value, conforming to specifications, conforming to requirements, fitness for 
use, loss avoidance or meeting and/or exceeding customer expectations 
(Reeves & Bednar 1994). The evolution of production changes the aspect of 
quality and, for example, in terms of geographic data quality the traditional 
quality aspect of positional accuracy has shifted to full information content 
quality, and eventually it will shift to user-centred fitness for use evaluation 
because more diverse datasets are now available (Devillers & Jeansoulin 
2006). The changing scene challenges producers but also offers better possi-
bilities to comprehensively improve quality.

Quality has a twofold nature and it can be seen from both subjective and ob-
jective perspectives (Eppler 2006). The subjective nature of quality includes, 
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for example, meeting expectations, while the objective can be seen as meeting 
specifications. These perspectives can be seen also as forms of internal and 
external data quality, as discussed by Devillers & Jeansoulin (2006). The con-
cepts of internal and external quality are illustrated in Figure 4.

Devillers & Jeansoulin (2006, p. 37) define internal data quality as ‘the level 
of similarity that exists between the data produced and the “perfect” data that 
should have been produced (that is, data produced without error)’. Internal 
quality serves the needs of the producer but lacks the user’s perspective. The 
user needs that are related to quality are expressed as external quality, but the 
concept is much more complex. External quality is defined as ‘fitness for use’, 
i.e. how well the dataset fits its intended use (Devillers & Jeansoulin 2006). 
Users can have different needs and thus quality has different meanings for
different users.

Information quality can be seen as a part of a continuum that starts from da-
ta quality and is transformed into information quality, knowledge quality and 
to communication quality (Eppler 2006). According to Eppler, data quality 
issues can often be managed with total quality management approaches that 
deal with, for example, data cleansing. On the other hand, information quality 
issues often cannot be solved with automated processes. Perry, Signori et al. 
(2004) suggest an information superiority value chain model that distin-
guishes between quality aspects and performance metrics for the information 
and cognitive domain. The quality aspects are related to collecting data (sensor 
metrics), data fusion (fusion metrics) and the sharing of information (network 
metrics). 

Figure 4. Internal and external quality.

The approaches are especially well suited to an environment where infor-
mation systems and multiple data sources are used. The depiction of quality 
aspects during different phases of knowledge creation is especially important 
because it views information quality as part of a larger process. 

According to Eppler (2006, p. 350), data quality is ‘the characteristic of data 
sets to meet or to exceed the requirements of the data creators, administrators
and data consumers in terms of data content, format, time, infrastructure, 
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process and cost. Data that are of high quality are an accurate, complete, and 
current representation of real-life transactions or states that are accessible in a 
reliable, timely, convenient and secure manner’. Furthermore, he defines 
(2006, p. 350) information quality as ‘the characteristics of an information 
product (e.g., a set of information bundled for a specific purpose) to be of high 
value to its users and to meet or exceed the requirements of all its stakehold-
ers’. The key difference between data quality and information quality is that 
data quality concentrates on correctness and accuracy while information quali-
ty also takes into account the context, the presentation and the need.

Because information quality is context dependent and the user needs to de-
fine what is of high quality, the framework for information quality is a much 
broader concept. Several frameworks are currently used to define and measure 
information quality, as presented in Table 1.

Table 1. Examples of data and information quality frameworks 

Author Application field Categories/elements
Eppler 
(2006)

Knowledge man-
agement

Community, product, process and infra-
structure level information quality, 16 
elements

Wang & 
Strong 
(1996)

Databases Intrinsic, contextual, representational 
and accessibility data quality, 17 ele-
ments

Lee, Strong 
et al. (2001)

Management in-
formation systems

Product and service quality in two di-
mensions , 15 elements

English 
(1999)

Data warehouse 
and business in-
formation

Inherent and pragmatic information 
quality, 15 elements

Bharosa, van 
Zanen et al. 
(2009)

Disaster manage-
ment

Information and system quality, 10 ele-
ments

Naumann & 
Rolker 
(2000)

WWW Subject, object and process criteria, 22 
elements

ISO 19113 Geographic infor-
mation quality

Quantitative (5 main elements) and 
non-quantitative data quality elements 
(3 main elements)

The application field for the frameworks presented here derives from 
knowledge management (Eppler 2006), data warehouse and databases (Wang 
& Strong 1999; English 1999), management information systems (Lee, Strong 
et al. 2001), disaster management (Bharosa, van Zanten et al.2009), WWW 
(Naumann & Rolker 2000) and geographic information (ISO 19113). The 
frameworks aim to solve information quality problems from different angles 
and they classify the criteria in a number of ways. Appendix A present the 
models proposed by Eppler, Wang & Strong and the ISO 19113 standard in 
more detail. 
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Theoretical foundation and key concepts

A clear approach and way of classifying information quality is missing, one 
that would not be system dependent and would view information product 
quality as a whole. Furthermore, the aspect of geographic information is not 
considered in a wider disaster information context.
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3. Research methods and materials

The research problem involves studying human behaviour and information 
sharing in a challenging disaster management context. The selected holistic 
research strategy remains in multicultural setting that consists of heterogenic 
network of actors. The study suggests that purely technical approach would 
provide limited results and the research setting combines therefore social sci-
ence approach with technical approach and suggests a novel approach for the 
problem. The goal is to study the information requirements with case studies 
that cover different types of disaster management settings and tries to find the 
common features that can be applied in various situations. This enables the 
study of common information requirements and studying of what works and 
how the common information requirements can be further improved. 

The research approach used in this study combines different methods used 
in empirical research with the focus on creating a framework based on the 
qualitative findings. The general approach is theoretical-conceptual research, 
where the initial insight into the problem is gained via a pre-study. This insight 
is used to focus the research so that the research questions cover the area of 
interest. These questions were specified during the course of research as the 
knowledge cumulated during the research process. The research questions are 
approached using case studies and qualitative methods that are best suited for 
that particular purpose. The collection of methods and scope of each paper is 
presented in the following chapter. In addition, the table below indicates 
which research questions are answered in each paper. The positioning of the 
research papers within the research frame was presented in the Figure 1.  The 
feasibility of the findings is studied in the fifth research question where the 
suggested framework is used in two different case studies. Additionally the 
validity of the research is discussed in the conclusions and discussion chapter.

As the research has involved more material and methods than presented in 
the papers the role of unpublished research reports and other publications 
should be mentioned here. The related published publications are SAR pro-
cesses (Seppänen & Valtonen 2008), SHIFT concept draft (Vesterinen 2008) 
and SHIFT framework (Kuusisto 2008).  Part of the material from research 
projects is also confidential and unpublished. The objectivity of the research is 
assured by strategies described in more detail in the chapter 5.3.
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Table 2. The published papers and the related research questions

Scope Research questions

Paper 1 Pre-study, state of the art, focus on the prob-

lem and gain an understanding of it

Pre-study

Paper 2 To understand the requirements set for infor-

mation sharing during crisis cooperation

1, 2, 5

Paper 3 Mapping information needs  based on the 

tasks and roles assigned to different actors

2, 5

Paper 4 Study the role and various phases of GI meth-
ods in different crises

3, 5

Paper 5 How to define critical information in a search 

and rescue operation 

3, 5

Paper 6 How to define critical information quality in 

disaster management and the method for de-

fining it

1, 3, 4, 5

3.1 Research methods 

Paper I served as a pre-study, wherein the research topic was discussed in re-
lation to the existing literature. The focus of the paper was on studying the 
relative importance of geographic information flows during brigade-level deci-
sion-making. The information flows were studied using questionnaires, and 
conclusions on the relative importance of the information categories were 
drawn based on the results. For the purposes of this study, the paper offered 
an understanding of the problem area and focused the research problem on 
domains of disaster management and critical information. 

In order to understand the role of information in a wider context, the focus 
was shifted away from the military domain to include disaster management. 
Case studies were used to answer the research questions. Yin (2009, p. 18) 
defines a case study as an ‘empirical inquiry that investigates a contemporary 
phenomenon in depth and width and within its real-life context’. He continues 
by saying that, ‘you would use case study method because you wanted to un-
derstand a real-life phenomenon in depth, but such understanding encom-
passed important contextual condition’. The context therefore provides essen-
tial evidence for the problem without leaving out relevant variables. The evi-
dence can be collected using documentation, archival records, interviews, di-
rect observations, participant observations and physical artefacts (Yin 2009; 
Saunders 2011). The data collecting methods used in this research project are 
documentation, interviews, direct observations and participant observations. 

In Paper II, the goal was to create an understanding of the characteristics of 
a crisis management information sharing context by conceptualising the crisis-
type adaptation needs. The problem was approached via a literature review 
and a case study that provided the material for the suggested framework. The 
case study included observation methods and participating in the development 
of an information sharing portal for crisis management experiments (de-

22



Research methods and materials

scribed later in Section 3.2.2). For the purposes of this study, the paper pro-
vides the framework for describing the main disaster context characteristics.

Paper III studied user profiling for a maritime situational picture where mul-
tiple actors use the same data for different purposes. The goal was to find out if 
individual software can produce effective means of visualisation for different 
user groups with different information requirements.  The information re-
quirements were studied by creating an understanding of the situation via a 
literature review, by using organisations’ documents and by interviewing 
agents from the participating organisations. These methods were comple-
mented with observations from a control centre. Based on the findings, task 
diagrams could be produced. The task diagrams included in this paper are rep-
resentations consisting of the goals, the required activities and the information 
needs related to those activities. For the purposes of this study, the paper dis-
cusses one aspect of how to define the information requirements of a surveil-
lance environment where multiple actors use the same system. The key idea 
was to identify the nature of the activities and to find the appropriate method 
to identify the information requirements and gaps. 

The objective of Paper IV goal was to create a theoretical framework of geo-
graphic information methods that can be used during different phases of dif-
ferent crises. The classification scheme for the methods is based on a literature 
review and examples of the methods in different crisis cases are described 
based on experiences gained from three different types of crisis management 
exercises. Based on the findings, the paper proposed a particular framework. 
For the purposes of this study, the paper provides a classification scheme for 
GI analysis methods during different phases of a crisis.

Paper V studied how to define the critical information requirements of a 
search and rescue operation. The need to define the critical information re-
quirements arose when SAR processes were described (Seppänen & Valtonen 
2008). The results presented by Nissinen (2009) were used to define the criti-
cal information requirements. Her study describes the information needs of an 
SAR operation centre. The information requirements were based on actor in-
terviews regarding the relevant information requirements for the centre of 
operations, but it did not take into account information characteristics such as 
update frequency. The information elements were regrouped according to 
their update frequency because the timeliness of information is crucial in SAR 
operations. The importance and relevance of the composed classification 
scheme was then verified in an SAR exercise via observations and interviews. 
The actors were also asked on the questionnaire about the critical information 
elements they require to augment the classification scheme. For the purposes 
of this study, the paper provides a critical information classification scheme 
and method in an SAR context. 

Paper VI studied the information quality aspect of disaster management.
Current quality frameworks do not adequately account for information quality 
in disaster management; hence, the goal here was to provide a method and 
framework for identifying relevant quality aspects for different disaster man-
agement operations. The study was based on a literature review and examples 
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of how to use an information quality framework were provided with case stud-
ies. For the purposes of this study, the paper provided an information quality 
framework and compiled the different articles into a methodology.

In addition, process analysis methods were used as the basis for the research 
conducted by Seppänen & Valtonen (2008). The study mapped the SAR pro-
cesses using interactive process simulation based on SimLab (Smeds, Jaatinen 
et al. 2006) and Structured Analysis and Design Technique (Shelly & Rosen-
blatt 2009). The goal was to produce top-down cooperation process descrip-
tions that could be used as the basis for information flow analysis and for iden-
tifying the culmination points of the process. SimLab is a working method in 
which the process in question is simulated in order to identify the problems in 
information processing and information flows. The process is often described 
using some structural notation like SADT (Shelly & Rosenblatt 2009), in which 
the entire process is piecewise cut into more and more detailed sub-processes 
and finally separate activities are connected with information flows. 

3.2 Materials 

This study is based on material collected from several national and interna-
tional disaster and crisis management exercises and experimentations. The full 
list of events and the role of the exercises discussed in this study are included 
below.

3.2.1 Search and rescue exercises

The term search and rescue (SAR) is widely used to describe disasters related 
to maritime and air traffic. The term describes the typical phases of an opera-
tion, which include searching for and providing aid to persons in distress. In 
this study, SAR exercise materials were collected from three different air traffic 
SAR exercises.

The Barents Recue 07 exercise was held in Ivalo, Finland and the scenario 
was that a passenger aircraft crash-landed in a remote area of Lapland in win-
tertime. The Barents rescue exercises are held every second year and bring 
together actors from Finland, Sweden, Norway and Russia. (Crisis Manage-
ment Centre 2007)

For the study: My role in the exercise was to participate in information shar-
ing development and the exercise also provided insights into the relevant geo-
graphic information methods to be applied (see Paper IV).

The SAR exercises are a part of Helsinki Airport’s preparedness plan. The re-
sponse operation exercises are held annually with varying scenarios and ac-
tors. The SAR07 exercise was held at Helsinki Airport on 25 January 2007. 
The scenario was that two passenger aircrafts collided on the runway and re-
quired a rescue operation. 

For the study: A research team consisting of our researchers and a research-
er from the National Defence University observed the operation centre and 
studied the information flows as well as the main cooperation interconnec-

24



Research methods and materials

tions. This served as a starting point for the process description work docu-
mented by Seppänen & Valtonen (2008).

The SAR09 exercises scenario consisted of a passenger aircraft crash-landing 
in the sea close to the Helsinki Metropolitan Area shoreline.

For the study: Our research team studied the development of situational 
awareness from three different perspectives. The critical information require-
ments (see Paper V) were studied as a part of this exercise.

3.2.2 MNE5

The Multinational Experiment 5 (MNE5) was an international crisis manage-
ment experiment (2006–2008) led by US Joint Forces Command with several 
participating countries (MNE5 2009). The focus was on developing concepts 
to support the coordination and organisation of the political, humanitarian, 
economic and military efforts of the responding international community. Fin-
land had the responsibility of developing an information sharing concept 
(Shared Information Framework and Technology, SHIFT) (Vesterinen 2008) 
to support interagency cooperation. Several Finnish actors helped develop the 
concept and the toolsets for both the public and private sector. The experiment 
included several national and international events where concepts were devel-
oped and tested (Vuorisalo 2012).

For the study: I had the opportunity to help develop the concept and the 
toolsets and test them in various national and international experiments. In 
particular, my role was to study and aid in developing the functionalities and 
processes of the system.  The experiment provided essential material for un-
derstanding information sharing in the crisis management domain. 

3.2.3 EK08

The EK08 exercise was a disaster management exercise conducted in south-
ern Karelia in 2008. The scenario was that a major storm struck southern Fin-
land, and the response efforts required extensive interagency cooperation. The 
exercise used the SHIFT system for interagency information sharing (Valtonen 
2008).

For the study: The exercise gave important information on interagency co-
operation and disaster response operations. Based on the exercise, the role of 
GI methods in disaster management could be studied (see Paper IV).

3.2.4 Types of exercises and researcher’s role in the exercises

The exercises used as material are shown in the matrix below. The matrix de-
scribes the types of crises according to Gundel (2005), and they are classified 
according to their predictability and influenceability. Unexpected crises are 
unpredictable and rare, whereas the possibilities for having an influence may 
be known but not prepared due to the rare nature of the crisis. EK08 repre-
sents an unexpected crisis because the severity of the storm is rare, whereas 
the influence possibilities are known. Fundamental crises are hard to predict 
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and influence because of the complexity and severity of the crises. MNE5 rep-
resents this category of crisis. Conventional crises are easy to predict and in-
fluenceable, and typically they result from failing technological systems. Pre-
paredness processes can be established, and the SAR exercises represent crises 
in this category. Intractable crises are predictable but the possibilities to influ-
ence them are rare, not available or require significant measures. Examples of 
these types of crisis are global warming or the Chernobyl incident. It is possi-
ble to respond to these crises especially by improving the resilience of the sys-
tem, i.e. by focusing on mitigation possibilities. This category of crisis was left 
out of this study because the focus was primarily on preparedness and re-
sponse phases. The exercises for these disasters are less common and, in addi-
tion, MNE5 served as an example of crises that are difficult to influence.

Figure 5. Positioning the exercises that describe the focus of the study based on the disaster 
types presented by Gundel (2005).

Crises that are influenceable are covered primarily by national interagency 
exercises, while an example of a crisis that is difficult to influence has been 
selected from the fundamental crisis category. These are typically studied with 
experiments that the Oxford Dictionary (2014) describes as ‘performing a sci-
entific procedure, especially in a laboratory, to determine something, and to 
try out new ideas or methods’. The selected crisis represents a multinational 
interagency cooperation experiment. 

The researcher’s role, contribution and exercises target audience intensive 
periods are described in Table 3. The SAR exercises included an observ-
er/analyst role where data was collected by observing the exercise, by using a 
questionnaire and by participating in the exercise analysis group by reporting 
the findings in a feedback seminar. The exercises lasted for one day, excluding 
the feedback seminar.

In the EK08 exercise, the researcher’s role was to collect data via observa-
tions and interviews. This also included contributing to the exercise analysis 
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team by reporting the main findings. The duration of the exercise was two 
days.

The Barents Rescue 07 exercise involved collecting data via observations and 
interview methods. The exercise used the SHIFT system developed during the 
MNE5 experiment and my role was to support system development as part of 
the concept team. The duration of the exercise was four days.

In the MNE5 experiment, my role was to contribute to concept development, 
teach people how to use the system and participate in the experiment’s SHIFT 
analysis group at several national and international events. The material for 
the study was collected using several case study methods, such as observa-
tions, interviews, documentation and questionnaires. The experiment lasted 
for a total of three years and consisted of several limited objective events and 
major integrating events. The capstone integrating event was held in Decem-
ber 2008.

Table 3. The role of the researcher in the described exercises

Exercise Role Contribution Duration (inten-
sive period)

Search and 
rescue 
SAR 07 Observer/Analyst Collecting data 1 day
SAR 09 Observer/Analyst Planning and 

data collection
1 day

National inter-
agency
EK 08 Observer/Analyst Data collection 2 days

Multinational 
Barents Rescue 
07

Observer/concept 
developer

Data collection 
and concept 
development

4 days

MNE5 Analyst/concept de-
veloper

Data collection 
and concept 
development

Several minor and 
major events, 
intensive period 
from one day to 
week
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4. Research results

This chapter introduces the main results that are published in the articles pre-
sented in this thesis. Each research question is answered in a separate chapter 
and the results are summarised in the Chapter 5.

The pre-study conducted in the Paper I assessed the relative importance of 
geographic information categories for brigade-level decision-making. The pre-
study set the starting point and focus for the study discussed here. Paper I 
suggested that by mapping the information flows and the proportional im-
portance of information categories, the geographic information analyses and 
visualisations could be further developed to support situational awareness. 
The results stressed the importance of the mission, vision and tasks as well as 
events, the event picture’s environmental restrictions and resources. The role 
of resource information was considered especially important from a geograph-
ic information analysis and visualisation point of view because this infor-
mation is required to form alternatives for how to act.

The results reflect the characteristics of the military domain, where infor-
mation sharing is organized to support the command and control structures. 
In order to study the role of geographic information in a disaster management 
context, the cooperative nature of the operations must be considered as well. 
In the military domain presented in Paper I, the organisation can be consid-
ered a single actor whose task and information sharing is well planned to sup-
port the overall function of the organisation at hand. In a disaster manage-
ment context, the response organisation may be ad hoc and the information 
sharing must be adapted to fit the situation. In order to cover the information 
requirements in a disaster context, from a cooperative perspective the angle of 
inspection needs to be shifted from the decision-makers’ point of view to the 
situational awareness shared by the response organisation. 

Based on the pre-study, the following aspects of information sharing in dis-
aster management context focused as the field of study. First of all, the disaster 
operation context must be described so that the information requirements 
support the nature of the operation. Second, the activity interconnections be-
tween the various actors must be studied so that the information that the ac-
tors require for response activities and cooperation can be detailed. Third, the 
critical information requirements, i.e. the information required so that the 
actors can perform their core activities, must be detailed. Fourth, the quality 
aspects of the critical information requirements need to be specified so that 
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the critical information that is shared meets the needs of the participants. The 
aspects are studied in the following sections. 

4.1 Disaster as a system

Research question 1: What are the disaster context characteristics that need to 
be addressed in order to specify the critical information needs for a disaster 
management situation?

Disaster management operations may vary greatly in nature and they require 
different approaches in order to be effective. The presumption was that disas-
ters have distinct common descriptive characteristics that aid in understand-
ing the nature of the context and in specifying the critical information re-
quirements for cooperation. The results presented here focus especially on the 
preparedness and response phases of the disaster, as these phases often great-
ly limit the scope of action. The goal was to identify the common context-
related variables that aid in defining the critical information needs for differ-
ent types of disaster management contexts.

The actors that take part in disaster management preparedness and response 
operations have specific responsibilities that they are trying to fulfil. The roles 
of the different actors define how the response operation is carried out. As 
suggested in Paper VI, the goals of the actors define the necessary actions to be 
taken within a specific context and the information required to perform those 
activities. The goals also define the information quality requirements since 
there can be no quality without a specific goal.  The results suggest that in or-
der for the information to be critical or have quality, the actors in that particu-
lar context must have stated goals that make the information critical or have 
quality. In other words, the overall goal of the operation as well as the goals set 
by actors must be clearly defined before the critical information requirements 
can be studied.

In addition, the limitations or characteristics of a given context need to be 
specified. The context characteristics give insight into the situational aware-
ness requirements and aspects that need to be considered from an infor-
mation-sharing point of view. Paper II identified four variables that affect the 
nature of the decision-making process in different crises. The variables are 
time available, data available, resources in use and values involved. The vari-
ables are descriptive and give insight into the context of the disaster and its 
characteristics. The study suggests that these variables give sufficient descrip-
tion of the context in order to be able to specify the critical information re-
quirements and the related quality aspects. This is later studied by using two 
case studies. The variables were identified as part of the MNE5 experiment.

Time available can be seen as a twofold factor. First of all, it describes the 
time-sensitive nature the disaster operation, i.e. how quickly things might de-
velop in an undesired direction and how much time there is to create the nec-
essary situational awareness. On the other hand, the disaster can be complex 
and require time-consuming data collection and analyses methods that affect 
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the required response time. Thus, the time available can be restricted because 
of the rapid development of the situation or because of the amount of time 
needed to understand the complex situation. The operation’s response phase 
may have stages in which less time is available and information sharing must 
support the rapid formation of situational awareness. These intervals must be 
identified beforehand if possible so that information sharing can be adapted to 
fit these stages.

Data available describes the amount of data available with respect to the 
situation at hand. In a slow developing and complex crisis situation, the 
amount of data can be vast, and in order to find the relevant information, ad-
vanced data collection, analysis and communication methods are required. On 
the other hand, in a fast-paced disaster situation the amount of data available 
can be minimal and understanding the situation correctly is time critical. 

Resources in use is a variable that describes the number of actors (i.e. organ-
isations) related to the disaster operation. The resources in use can be seen as 
the number of organisations as well as the number of agents (persons) related 
to that organisation. This affects the shared situational awareness required to 
respond to the disaster at hand. If the number of actors (organisations) is 
great, information sharing can become complex and special attention should 
be paid to information sharing because this can greatly hinder the operation. 
The resources can be seen also in the form of the competence that is required 
or available for specific functions, such as analysis. Even if the number of ac-
tors participating in the operation is sufficient, certain essential skills may still 
be missing and it may not be possible to complete or deliver crucial infor-
mation or activities.

The values involved is a factor that describes the various organisational and 
cultural factors involved. Inside an organisation, the value ground is typically 
homogenous and value-related factors do not need to be addressed. On the 
other hand, in a multi-actor disaster operation the value ground can be quite 
diverse and affect information sharing. In a time-critical operation, misunder-
standings should be eliminated and information sharing should support the 
rapid and consistent formation of situational awareness. This includes, for 
example, common terminology, access to unprocessed information, transpar-
ent analysis processes and understandable and value-free information presen-
tation.

Figure 6. Phases of a disaster and its goals and context characteristics.
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The Figure 6 describes the suggested disaster context characteristics related to 

the disaster phase of interest. As a summary, the characteristics and goals of 

the disaster context need to be defined so that information criticality and the 

quality needed within that particular context can be defined. The goals and the 
characteristics vary depending on the context and the phase of the operation.

4.2 Identifying interconnected activities

Research question 2: Does different disaster contexts require different activity 
mapping methods for describing the interconnections between actors?

In a disaster management environment where actors’ activity processes can 
be defined and described, the information flows between actors can easily be 
identified. Search and rescue operations are typically operations where the 
roles of actors are well defined, the performed activities are well known and 
the activities and information flows can be mapped. Seppänen & Valtonen 
(2008) described the SAR processes using the SimLab and SADT methods.  As 
most disasters require reactive actions and cooperation between actors does 
not occur all that frequently, activity mapping and finding the essential inter-
connections between actors can be difficult or not even possible at all because 
the information flows can be complicated and include information systems or 
several actors. Some of the information sharing occurs via information sys-
tems and some via person-to-person encounters. Also, the nature of the action 
may not support the process description approach, such as a complex crisis 
response operation or surveillance, during the preparedness phase. The goal 
was to find out if there are other suitable approaches for finding the intercon-
nections as a means of ascertaining relevant information needs. 

Paper III describes a situation where maritime surveillance is performed by 
three actors: the Finnish Navy, the Finnish Boarder Guard and the Finnish 
Transport Agency. Actors share the same system and data but the needs differ 
greatly. The goals and activities include, for example, boarder control, vessel 
traffic services, maritime safety and detection, and recognising and observing 
vessels in the Gulf of Finland. This can be considered part of the preparedness 
phase, where the main goals are related to maintaining situational awareness, 
performing operative actions and mitigating and being prepared for any po-
tential harm and for disasters. Potential disasters include especially vessel col-
lisions and groundings (Kujala, Hänninen et al. 2009; Arola 2007). As the ac-
tivities consist of surveillance and event-based activities, process descriptions 
would provide merely individual and detailed snapshots while the broader 
picture with respect to actors’ interconnected activities would remain insuffi-
cient.  We generated task diagrams that supported the core activities of each 
actor based on interviews and observations. By describing the main tasks of 
each actor, we could identify the common information needs as well as the 
relevance of different types of information through profiling the information 
for each user type. As a result, we discovered that during preparedness phase, 
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where activities are focused on maintaining situational awareness, information 
needs can be accessed by profiling them through task diagrams.

Paper II suggest a system development approach for a situation where the 
number of actors, their goals and their activities vary greatly or are not known.
The activities and interconnections between actors in a complex crisis re-
sponse operation are diverse and not always known. The process descriptions 
in this context would result in a vast number of descriptions or overly general 
descriptions, while the relevant information needs could not be identified. The 
task descriptions and profiling the information proved to be insufficient; like-
wise, the amount of data is too vast to be specified in detail. 

As a result, the key was to develop an information-sharing portal (Vesterinen 
2008) that supports the goals and activities of various actors. This involved 
developing a system and a set of tools that allow actors to organise on their 
own and find the relevant interconnections. Humanitarian crisis operations 
are not time critical in the sense that the situation takes a great deal of time do 
develop. There are phases that require rapid response, but in general there is 
time for actors to self-organize as well. As a result, we found the solution for
identifying activity interconnections in a complex crisis scenario through de-
veloping information-sharing capabilities and supporting self-organisation 
processes.

Figure 7. Relation between the disaster environment predictability and the level of cooperation 
during response activities.

The figure above illustrates the characteristics that affect response coopera-
tion. For example, in the SAR case that was studied by Seppänen & Valtonen 
(2008) the required response activities could be pre-planned to some extent 
because the level of cooperation is close and the course of the disaster is pre-
dictable to some degree. The MNE5 case described in Paper II can be seen as a 
combination of predictable and unforeseeable elements and partly planned 
activities with some level of cooperation. The maritime surveillance (Mevat) 
case that was studied in Paper III included close collaboration in a reactive 
environment, i.e. the environment consisted of events that required an indi-
vidual response rather than a continuous process. 
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The findings suggest that the closer the level of cooperation and the more 
predictable the course of actions, the more detailed activity descriptions can be 
made to support the response activities. On the other hand, reactive activities 
and weaker cooperation suggest that other means for describing the intercon-
nections between activities could be used, such as use cases or sequence dia-
grams. 

As a result, activity mapping with process descriptions should be performed 
if the nature of the context supports it. However, the process descriptions are 
merely snapshots and describing all of the relevant activities may not be feasi-
ble. There are other approaches as well that support the findings on relevant 
interconnections between actor activities. These approaches include use cases 
and the supporting of self-organising efforts through developing information-
sharing capabilities. The key is to identify the nature of cooperation within that 
particular context, as it will indicate the level of interconnectivity. 

4.3 Critical information analysis

Research question 3: How can the critical information requirements be identi-
fied and what is the role of geographic information in creating critical infor-
mation requirements for disaster management response operations?

The pre-study suggested that situational information, such as events, the en-
vironmental restrictions on the event picture and resource information are 
important in a brigade-level decision-making context. This provided the initial 
interest in studying the information requirements in a disaster context. The 
goal here was to assess the critical information requirements from a coopera-
tive perspective and the role of geographic information methods in a disaster 
management context. Special interest was paid to questions pertaining to the 
critical information requirements that needed to be specified and the role of 
geographic information methods in different disaster management contexts. 
The goal was not to give specific information types and categories that could 
cover various disaster settings but rather to support finding a concept by using 
a case study so that the critical information could be later defined for various 
disaster settings. This is studied in more detail in research question 5. The 
information types are specific to the SAR exercise and they do not represent 
necessarily comprehensive list of required critical information. The infor-
mation types represent the viewpoint of actors in case specific SAR operation 
as described in more detail in chapter 3.1.

As described in previous sections, the context characteristics along with the 
goals of the actors define the activities performed in a specific operation. The 
information requirements can be found in a number of ways, but the focus 
here was on how to describe the critical information, i.e. the information that 
is required to perform the core activities within that particular context. We 
studied critical information requirements for a search and rescue operation 
where the activity processes and critical information requirements could be 
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specified in detail. We studied the role of geographic information methods 
using three different disaster cases.

Paper V describes the critical information needs for SAR operations with re-
spect to the Command Body of the Area of Operation (CBAO). This body can 
be regarded as the situation centre of the operation and all of the main actors 
are represented here. This body should have an up-to-date and clear under-
standing of the operation as a whole. This can be achieved by specifying the 
critical information requirements for the body, i.e. the SSA needs of the CBAO. 
When the activities and the roles of the actors are clear and have been put into 
practice, the information requirements can be specified in detail.

The critical information requirements were categorized according to the up-
date frequency of specific types of information because the operation can be 
seen as being time critical and the latest information should be available at all 
times. The categories as well as the information types are presented in Table 4.

Table 4. Critical information categories and elements in SAR09

Critical information categories Information types
Baseline information Location

Accident type

Time of the accident
Extent of the accident

Static datasets Terrain type

Special locations

Information to be created Accessibility

Risks

Areas to be evacuated
Areas to be restricted

Traffic control

Coercive means and usage of force
Cause of the accident

Situational information Hazardous materials

Number of victims
Triage

Resources in use

Ongoing tasks
Location of resources

Searching for the missing

Hospitals available
How the situation is developing

Responsible leaders
Contact information

Weather

Visibility
Networks

The baseline information category consists of information typically sent in 
the alarm notice, which is sent to all actors participating in the response ef-
forts. This information does not change or changes very little once created. The 

35



Research results

static datasets category represents datasets that are produced by a third party. 
This information can be regarded as static in this context because the infor-
mation exists before the operation commences and does not change during the 
operation. The third category consists of information that is generated during 
the operation, such as analyses and conclusions concerning the operation. 
Since there is a limited amount of time to perform analyses during the opera-
tion, the required analyses needs should be planned in advance. The situation-
al information category consists of information that is constantly updated, and 
the latest information should be available to every actor simultaneously. The 
difference between the information to be created and situational information 
here is that information to be created is conclusions and analyses i.e. more on 
the knowledge level where as the situational information is constantly updat-
ing information and closer to data in nature. 

The role of geographic information methods depends on the disaster and on 
the phase of the disaster, as suggested in Paper IV. First, let us study the role 
of geographic information methods during different phases of an SAR opera-
tion. The role of GI methods in a SAR operation is stressed during the prepar-
edness and response phases. The means to support the mitigation phase are 
related especially to legislation, human error research and technological quali-
ty control; the role of GI methods was not investigated here. The role of geo-
graphic information methods focus especially on the preparedness and re-
sponse phases. As the operation is time critical, the key is to support a correct 
understanding of the situation. This can be achieved, for example, by provid-
ing a common operational picture for sharing up-to-date situational infor-
mation. Information visualisation and information content play a major role in 
this process. Understanding the situation correctly and how it relates to the 
environment is essential. This means, for example, visualising critical net-
works and special locations, as the accident may affect them in particular and 
have wider consequences. The operation can be supported with either on-site 
analyses or pre-made GI analyses. On-site GI analyses are typically related to 
logistics and are often included in actor-specific systems, such as patient logis-
tics or route optimisation.  More complex GI analyses, such as accessibility 
maps, terrain mobility maps (Horttanainen & Virrantaus 2004), spatio-
temporal population models (Spatenkova & Virrantaus 2013), or accident risk-
level maps should be prepared in advance since there is little or no time to 
conduct a complex analysis during the response phase. 

Table 5. The importance of geographic information methods during different phases of the SAR 
operation

SAR Risk assess-

ment

Impact 

modelling

Vulnerability 

analysis

Decision 

support

Presentation

Mitigation

Preparedness X X

Response X X

Recovery
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The previous case described a situation in which detailed information re-
quirements can be detailed and cooperation is coordinated and carefully exer-
cised. However, few disaster operations can be defined in such detail. Multina-
tional Experiment 5 represented a case where a range of international actors 
responded to a complex humanitarian crisis in Western Africa. In such an op-
eration, the critical information requirements cannot be detailed or else it is 
not meaningful to describe them because of the lack of available information. 
Paper II discusses how the major problems in such operations are related to a 
lack of information and having the proper media to deliver or share the infor-
mation. We suggested improving the information-sharing capabilities by pro-
moting open and equal information sharing while enabling trust building 
among a variety of actors. This includes developing a situation picture as well 
as supporting a collaborative toolset. Since the response operation is coordi-
nated only as clusters, whereas the information needs to be shared among dif-
ferent clusters, the traditional situation picture is insufficient. By developing 
information-sharing capabilities, it will be possible to search for information 
sources and support the critical information being provided. However, actors 
benefit if they can identify their own critical information requirements or, as 
presented in Paper V, the action-triggering information. 

In an operation where actors from various backgrounds and cultures take 
part in the response efforts, special attention should be paid to the under-
standability and usability of the information. This includes, for example, the 
value-free visualisation of information, a common terminology and transpar-
ent analyses and conclusions (Latikka 2008; Korpi & Ahonen-Rainio 2010).

Paper IV focuses on the role of GI-supported methods during different phas-
es of the MNE5 crisis operation. The stress should be on the mitigation and 
preparedness phases, as an escalating crisis requires significant response 
measures. The GI methods used during these phases of an operation include, 
for example, early warning systems, predictive models, trend models and criti-
cal change assessment. Data mining methods can be used to assess risk and 
obtain an early warning by, for example, mining socio-economical data, reveal-
ing non-regular behaviour or detecting abnormal situations. Impact modeling 
and vulnerability analysis methods range from conducting a migration impact 
analysis to combining network and population analysis during response opera-
tion planning. As described previously, during the response phase the role of 
an efficient information-sharing portal is crucial.

Table 6. The importance of geographic information methods during different phases of the MNE5 
crisis operation

MNE5 Risk assess-

ment

Impact 

modelling

Vulnerability 

analysis

Decision 

support

Presentation

Mitigation X X X

Preparedness X X X X X

Response X X

Recovery
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4.4 Information quality

Research question 4: How can the quality of critical information be evaluated 
and how can it be specified?

The concepts of data quality and uncertainty are common when geographic 
information is used and discussed. However, quality as a broader concept that 
is especially related to disaster information sharing has not been discussed 
extensively or has been specific to a particular information system or data 
model. As discussed in Paper VI, information has little or no value if the quali-
ty of the information does not meet the requirements within that particular 
context. Traditionally, quality has been seen from a producer’s perspective, but 
as the use of information becomes more diverse than it was originally designed 
for, other quality aspects need to be considered as well.

The goal is to find out if representative set of quality element can be found 
for disaster management based on current quality frameworks and standards. 
In addition the quality aspect is broadened from producer perspective to wider 
quality framework. The requirements for the developed framework in this 
study are that it: 1) considers both producer’s and user’s aspects regarding 
information quality, 2) views information from a product perspective, 3) takes 
into account the characteristics of geographic information and 4) supports the 
characteristics of the disaster management domain. The focus here is on defin-
ing the framework and the respective key elements, while the indicators and 
measures for different quality elements are left out at this stage.  The study is 
limited to examining especially the response phase requirements. Three in-
formation quality frameworks were selected for further inspection (Appendix 
A). The frameworks are Eppler (2006), Wang and Strong (1996) and ISO 19113 
standard for geographic information data quality. The framework is formed 
based on these models and in research question 5 the framework is used in two 
case studies to illustrate the feasibility of the suggested framework.

Based on the goals and frameworks derived from the existing literature, an 
information quality framework for disaster management is suggested. The 
proposed Disaster Management Information Quality (DMIQ) framework is 
used in two different disaster management cases in the next section. The basis 
of the framework elements derived from the frameworks selected from the 
existing literature are used to create a framework that would meet the re-
quirements of disaster management.

The DMIQ framework presented in Table 7 consists of the principal catego-
ries of product quality and service quality. The product  category describes 
quality aspects that are related to the information product itself. The service 
category describes quality aspects that are related to creating, presenting or 
accessing the information. These principal categories are further divided into 
internal and external quality categories. The product’s internal quality catego-
ry consists of objective product-related quality aspects from a producer’s point 
of view. These elements answer the question, does the information closely mir-
ror reality or does it meet the specifications? The product’s external quality
category consists of subjective product-related quality aspects from a user’s 
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point of view. The elements in this category answer the question, does the in-
formation fit my needs? The service’s internal quality category describes how 
to create and manage information from a producer’s perspective. The category 
answers the question, can the information be created and managed in an effi-
cient manner? The service’s external quality category focuses on how to access 
information from a user’s perspective. The category answers the question, does 
accessing the information meet the needs of the user? 

The selected elements in the product’s internal quality category consist of el-
ements from Eppler’s product-level quality elements, Wang and Strong’s no-
tion of intrinsic quality and the ISO 19113 standard on quantitative data quali-
ty elements. According to Eppler, conciseness has to do with whether or not 
the information is to the point. This can be described using the ISO complete-
ness elements to assess whether or not the information is geographic in na-
ture. Consistent information is free of contradictions; this can be described 
using the ISO logical consistency measures when geographic information is 
being investigated. Correctness and accuracy pertain to whether or not the 
information is free of error and accurate. The ISO positional accuracy and 
thematic accuracy measures assess whether or not geographic information is 
being used. The currency measure establishes whether or not the information 
is up to date and the ISO temporal accuracy measure can be used to describe 
the temporal accuracy of geographic information. These elements state that in 
order to have a high-quality information product from the standpoint of a 
product’s internal quality, the information should be concise, consistent, accu-
rate and current.

The elements in the product’s external quality category consist of elements 
from Eppler’s community-level list of quality elements, Wang and Strong’s 
contextual data quality elements and the ISO 19113 standard’s non-
quantitative data quality elements. The first element is comprehensiveness, 
which describes whether or not the scope of information is adequate, i.e. the 
depth, breadth and scope of the information. Clarity suggests that the infor-
mation should be understandable for the target group. Applicability describes 
whether or not the information is usable and applicable to the user. This can 
be evaluated based on ISO purpose element as to whether or not geographic 
information is being used. The value-added element can be used to evaluate 
whether or not the proposed information adds value to the user’s operations. 
The reputation element describes the reputation of the source and data. 

The service’s internal quality elements are taken from Eppler’s process-level 
quality elements and Wang and Strong’s representational data quality ele-
ments. Convenience describes whether or not the information provision is 
convenient and corresponds to the user’s needs and habits. Timeliness de-
scribes whether or not the time from when the information is created to when 
it is published will occur without any delays. Traceability describes whether or 
not background info, such as author and date of creation, is available. Interac-
tivity describes whether or not the information creation and publication pro-
cess can be adapted to suit various needs. 
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The service’s external quality elements are taken from Eppler’s infrastruc-
ture-level quality elements and Wang and Strong’s accessibility data quality 
elements. Accessibility describes the extent to which access to the information 
is continuous and unobstructed. Security describes whether or not the infor-
mation is protected against loss or unauthorized access; access can be restrict-
ed if so desired. Speed describes the infrastructure response time for infor-
mation access or queries. This framework and its elements are used in two 
cases in the following section.

Table 7. Disaster Management Information Quality framework and its quality elements

Product quality Service quality

Product’s inter-
nal quality

Product’s external 
quality

Service’s internal 
quality

Service’s external 
quality

Conciseness (to 

the point, ISO 
completeness)

Consistency
(free of contradic-
tions, ISO logical 

consistency)
Accuracy (free of 

error, ISO posi-

tional accuracy, 
thematic accura-

cy)

Currency (up to 
date, ISO tem-

poral accuracy)

Comprehensiveness
(adequate scope)
Clarity (understanda-

ble)

Applicability (usable 
and applicable, ISO 

purpose, i.e. intended 
use, ISO usage, i.e. uses 

for the dataset, and 

lineage, i.e. data histo-
ry)

Value added (data 

add value to your oper-
ations)

Reputation (reputa-

tion of source and data, 
ISO usage, i.e. uses for 

the dataset, and line-

age, i.e. data history)

Convenience 
(information provi-
sion is convenient)

Timeliness (time 

from creation to 
publication)

Traceability 
(background of info 

available, i.e. author 

and date)
Interactivity (info 

process adaptabil-

ity)

Accessibility 
(continuous and 
unobstructed 

access, availabil-

ity)
Security (pro-

tected against loss 
or unauthorized 

access, restricta-

bility) 
Speed (infra-

structure response 

time)

4.5 Improving cooperation by mapping the critical information 
requirements

Research question 5: How can the critical information requirements and rele-
vant quality aspects be defined in different disaster management scenarios?

As discussed in previous sections, the critical information requirements con-
sist of several aspects that should be considered when studying critical infor-
mation requirements. The results are presented in Paper VI in a general in-
formation framework for shared situational awareness development in coop-
erative disaster management operations. Figure 8 illustrates the important 
steps for defining the critical information requirements for a specific disaster 
management context.
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Figure 8. Framework for defining critical information and relevant information quality require-
ments in different disaster contexts.

System description consists of defining the main goal and the sub-goals of 
the target groups. The characteristics of the operating environment provide 
descriptive information about the operating environment, such as data and 
time available, resources in use and values involved. The shared situational 
awareness requirements can be defined after the goals and the characteristics 
of the operation have been defined. The SSA requirements are defined by de-
scribing the main activities and the critical information needed to achieve the 
set goals. After the critical information needs have been achieved, the relevant 
information quality elements for the critical information can be defined using 
the framework presented in Table 7.

The information quality framework is used here in combination with differ-
ent critical information categories relevant to the case at hand. 

SAR case

System description
The focus is on the command centre for the regional rescue services, i.e. on 

the body that coordinates rescue efforts. The command centre includes agents 
from the primary response organisations, and thus, it must have the best pos-
sible shared situational awareness. The operation is a time-sensitive response 
operation with clear responsibilities. The main goal is to save human lives and 
minimise casualties. Each authority has clear goals and the goals are similar to 
the actors’ daily activities. During the actual response, the operation time is 
quite limited, and therefore the activities need to be pre-planned and critically 
exercised. The data available in this case are limited since there is little time 
available to collect or analyse the data. The data produced during the opera-
tion play a crucial role. The resources in use come from approximately 20 pub-
lic-sector and private-sector organisations and the actors involved number in 
the hundreds. The actors are known in advance and the scale of the response 
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organisation is evaluated depending on the accident. The values involved rep-
resent local authorities that use a professional language and concepts that for 
the most part are not widely known. The language scale is quite limited and 
there are only minor issues with terms, in part because the actors also work 
together on a daily basis. Because of the time-sensitive nature of the operation, 
there is no room for misunderstanding terms or interpretability-related issues.

Shared situational awareness requirements: 
The goal of shared situational awareness is to generate information superior-

ity so that adequate SSA can be achieved as soon as possible. The developing 
situation must be understood correctly and the required actions must be per-
formed accordingly. The information required for the SSA and the required 
communication links can be specified accurately. Primary activities can be 
detailed since the actors and responsibilities are well known. Because the op-
eration is time sensitive, inefficiency and unnecessary duplication of activities 
should be eliminated, but at the same time critical activities should be assured. 
An example of activity processes can be found in the study by Seppänen & Val-
tonen (2008). Critical information requirements can also be detailed to fit the 
information element level (Seppänen, Mäkelä et al. 2013). Because the opera-
tion is time sensitive, the necessary datasets and analyses should be pre-
planned and prepared well in advance, if possible. The stress is on the data 
produced during the operation, i.e. situational information.

Information quality:
Product quality is heavily related to internal quality aspects since the majori-

ty of the data is generated during the operation and the communication pro-
cesses are pre-defined. Table 8 shows the critical information quality catego-
ries along with some examples for each category.

The product’s internal quality elements, such as conciseness, consistency, ac-
curacy and currency, are highly valued because in a time-sensitive situation 
communication needs to be effective and false or missing information can have 
devastating consequences. An example of concise information is alarm info 
that only includes relevant pieces of information related to the disaster. Con-
sistent information means, for example, that the number of victims or the lo-
cation coordinates are given in a consistent format. Accurate and current in-
formation should be precise and up to date. This is important especially for 
situational information since it is being updated constantly and several ver-
sions of the information can be available at the same time. Thus, it must be 
assured that the latest and most accurate piece of information is available to all 
relevant actors.

The product’s external quality elements focus especially on comprehensive-
ness, clarity, applicability and reputation. For information that is shared with-
in the SAR organisation, the focus is on comprehensiveness and clarity. The 
scope of the information should be sufficient and it should be presented clear-
ly. Information that is received from a third-party source, e.g. a dataset or ru-
mours, should be evaluated in relation to the reputation of the source, if avail-
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able. The dataset’s fitness for use, especially its applicability and value-added 
components, should be evaluated beforehand if possible. 

Table 8. Examples of information quality in the SAR case

While service quality can be defined to some extent, the service’s internal 
quality in particular is partly related to the actor’s internal process. For exam-
ple, an alarm centre that provides baseline information has an internal process 
for creating and managing information that is beyond the scope of the SAR 
organisation’s information quality focus. The information that is created with-
in an SAR organisation during an operation, such as situational information 
and analyses, should meet the service’s internal quality needs. For example, 
the situational information that is provided should be convenient, easy to 

43



Research results

adapt to suit different needs and fast, and the source of the information should 
be available if possible.

The service’s external quality describes aspects such as accessibility, infra-
structure security and infrastructure speed. Access to the critical information 
should be assured and made available 24/7 because of the time-sensitive na-
ture of the operation. Also, actors should have continuous access to third-party 
static datasets because a disaster can occur at any time. The information shar-
ing infrastructure, such as radio, GSM or ICT-based information sharing sys-
tem, should be secure so that the relevant actors, and only the relevant actors, 
will receive the information in a secure manner. The information infrastruc-
ture should provide the actors with access to information rapidly and without 
delay.

Crisis management case

The results are based on the Multinational Experiment 5 (MNE5) conducted 
between the years 2006 and 2008 and they deal with crisis management con-
cepts and technologies. During the experiment, Finland developed an infor-
mation-sharing concept and technology for crisis management (Shared Infor-
mation Framework and Technology, SHIFT). The experiment dealt with a hu-
manitarian crisis in Western Africa. 

System description:
The focus of SSA is on an information-sharing portal that provides access to 

all actors responding to the crisis at hand. The goal of the experiment was to 
manage a severe humanitarian crisis and to enhance the cooperation between 
different actors. The main goal of the operation was to save human lives and to 
minimise consequences. However, the operation included a range of actors 
with different backgrounds and a number of different goals. The operating 
environment’s time scale ranged from several months to several years. There 
was time to collect and analyse data, but because of the circumstances it was 
not always possible to collect any data or data might be erroneous or outdated. 
A large amount of resources were allocated for the response operation and not 
all the actors were known. The values involved were multiple since the actors 
involved were from various countries and organisations with differing back-
grounds. Value-related issues, such as language, organisational jargon or cul-
tural aspects, had a major impact on information sharing. On the other hand, 
the time available makes it possible to create common concepts, harmonise 
terminology, create ontologies (Latikka 2008) and create value-free symbols 
(Korpi 2008). 

Shared situational awareness requirements:
The goal of SSA is information superiority in the sense that crisis manage-

ment efforts can be managed in an efficient manner. Activities cannot be 
mapped or planned in detail because the operation involves so many actors 
with differing goals or because there might not be enough information on how 
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the situation is developing. Even though cooperation is needed, only a certain 
degree of coordination is possible. The availability of information is challeng-
ing and also the datasets can be either outdated or for the most part unavaila-
ble. In this case, the types of information can be categorised as static (here a 
priori) information, situational information and operational information, as 
described by Dilo and Zlatanova (2011). The information categorization is 
more generic here as the information cannot be detailed at the same level as in 
the previous case.

The a priori information consists of slowly changing information, for exam-
ple administrative data, geographic information or private-sector datasets and 
analyses. Examples of the most important geoinformation products in disaster 
and risk management are presented in the VALID (The value of geoinfor-
mation for disaster and risk management) report (VALID 2013). Situational 
information typically forms a bottleneck both in terms of availability and qual-
ity. It consists of information that is related to the incident and its effects (Dilo 
& Zlatanova 2011). This category represents information that cannot be direct-
ly affected or managed. Operational information represents the processes in 
place to handle the incident and the responsible departments, persons and 
their roles (Dilo & Zlatanova 2011). This information can be partly managed 
from the information process point of view. In this case, the availability of crit-
ical information constituted the bottleneck. One suggested solution was to 
provide an information-sharing portal where actors form communities of in-
terest for the purposes of information sharing. The availability of such a portal 
and finding the relevant information problems were solved using, for example, 
filtering, semantics and ontology and by forming communities of interest. An 
information sharing portal also makes it possible to store information history, 
i.e. the past states of different phenomena. When using temporal information, 
the possible future states of the phenomena can also be assessed.

Information quality:
In the SAR case, an information quality assessment was used to improve in-

formation quality so that it could be incorporated into the processes. In this 
case, the quality assessment became part of the critical information in the form 
of usability and credibility. The critical information categories and information 
quality elements are described in Table 9.

The number of actors and different goals are much more diverse and the col-
laborative processes are not based on cooperating on a daily basis. This means 
that the quality of the information must be assessed more critically since it 
cannot be linked to communication processes. 

The product’s internal quality elements cannot be assured because the 
sources of information are various, and in a severe crisis, all pieces of infor-
mation especially related to the situation in question are essential. Situational 
information can include, for example, rumours, misinformation, weak signals 
or outdated datasets, but it is still crucial even if the internal quality is poor or 
erroneous. Actors can build their SSA not only based on the available infor-
mation but also based on metadata and ‘what it is not’ information, i.e. infor-
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mation that we know we do not know about or that can be excluded. The in-
formation’s currency is also important because quality changes over time. 
Outdated information is not useless because, for example, a developing situa-
tion can be assesses based on previous observations.

The product’s external quality in this kind of a situation becomes increasing-
ly important precisely because the product’s internal quality cannot be as-
sured. For this kind of information, the reputation of the source or data is im-
portant and this can be supported, for example, with peer network references. 
Clarity should be stressed since there are a variety of concepts, terms, units 
used and cultures involved and thus misunderstandings should be avoided. 
The applicability of information can be assessed using information on intend-
ed use (ISO purpose) as well as the usage and lineage elements. 

The service’s internal quality includes aspects pertaining to creating and 
managing information and it can be applied here to the developed infor-
mation-sharing portal. The information creation and management process 
should be convenient and the threshold for creating information should be 
low. This can be supported with, for example, an anonymous information pub-
lication platform or by connecting to an existing information-sharing service, 
such as Twitter, to support information creation. The author or metadata 
source can be provided as support or for evaluating the reputation of the in-
formation source. The information creation process should be diverse and 
support various means of generating information, such as text messages, ICT 
services, SHIFT service interface adaptability, and so forth.

The service’s external quality stresses the aspects of accessing the infor-
mation. Access to various information sources should be available on demand 
and continuous and they should support different ways of accessing infor-
mation. The means of accessing the information and possible user accounts 
should be secure so as to prevent unauthorized access and user account viola-
tions. This will ensure the integrity of the source and promote a culture of 
trust. The capacity of the service infrastructure should allow for spikes in sys-
tem use since particular events may result in unexpected load spikes.
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Table 9. Example of information quality in the MNE5 case
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5. Conclusions and discussion

5.1 Summary of the results

This study set out with the aim of studying how can critical information and 
the relevant quality aspects be defined in different cooperative disaster man-
agement situations. In order to understand the environment the information is 
shared, the essential context characteristics that affect the information critical-
ity and quality were found to be time available, resources in use, data available 
and the different values involved in the disaster management situation. In ad-
dition the goals of the actors define the focus of information requirements and 
the relevant quality aspects. 

The description of the environment gives understanding on the characteris-
tics and restrictions that the operating environment imposes on the infor-
mation sharing. The nature and level of the cooperation on the other hand 
affect the details and methods how the information sharing can be accessed 
and defined. The activity process descriptions can be used for identifying activ-
ity interconnections and the related information requirements but findings 
suggest that methods such as use cases or sequence diagrams provide more 
efficient approach when operating environment is more reactive or the level of 
cooperation is looser. The phase of the disaster was found to be in significant 
role as well as the mitigation or preparedness phase may involve more reactive 
actions such as surveillance.

The critical information requirements can be defined in number of ways be-
cause of the nature of the operating environment and the level of cooperation. 
The results suggest that in time critical operating environment where the level 
of cooperation is tight and the roles of the actors are clear very detailed infor-
mation definitions that were classified according to the update frequency could 
be achieved. The suggested critical information taxonomy applies to the time 
critical operations that resemble the SAR context. In contrast in the environ-
ment that more complex and slowly developing and include actors from multi-
ple organizations and backgrounds the critical information requirements can-
not be detailed but emphasis shifts on the development of information man-
agement and sharing solutions that allow the information sharing clusters to 
be established.

The different types of disasters and their phases affect the utilizing of the ge-
ographic information and GI analyses. The results implicate that in fast pace 
disasters that focus on developing efficient response mainly decision making 
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and information visualizing methods could be applied. The efficient use of the 
supporting tools, such as common operational picture, aid in exploiting the 
decision-making and information visualizing methods. During long term dis-
asters the difference and demand between different disaster phases stand out. 
The exploitation of more advanced methods are stressed during the mitigation 
and preparedness phases and especially risk assessment, impact modeling and 
vulnerability analysis methods become valuable.

The uncertainty related to the information and especially the quality of in-
formation was identified as key characteristics of disaster information. This 
study suggests that the information quality in disaster management should be 
treated not only from producer’s and user’s perspectives but from product and 
service perspectives as well. By defining the product internal and external 
quality categories and service internal and external quality categories the rele-
vant elements for critical information can be identified.

The main finding of the dissertation is the framework that can be used for 
defining the critical information requirements and the relevant quality aspects 
in disaster management. The study identified three key areas that were found 
to be relevant in defining the information and quality needs. 1) The description 
of the system states that the goals of the actors within the context that has dis-
tinctive characteristics build the foundation for the information requirements 
that are needed for building the shared situational awareness. 2) The shared 
situational awareness requirements can then be supported by identifying the 
critical information requirements based on the cooperation activity intercon-
nections. 3) The third key area that was identified was the quality of the critical 
information that can be detailed by taking into account the context character-
istics. 

5.2 Contribution of the research

The aim of this study was to produce deeper understanding related to the dis-
aster management information sharing. The multidisciplinary approach that 
was selected was able to provide a framework for developing critical infor-
mation requirements and quality aspects in disaster management. For the 
technical sciences the study offers a broad based technical approach related to 
the common operational picture requirements that allow the inspection and 
projection to variety of disasters instead of providing profound and narrow 
study that may not benefit variety of organizations and disasters. In addition 
the suggestion is that by linking social sciences to the technical research ap-
proach the result offers a toolset for developing different technical solutions 
for variety of cases instead of single solution. On the other hand the study of-
fers to the social sciences a conceptual study on common operation picture 
information requirements. The social sciences benefit also from the linking of 
the technical aspects to the conceptual study and therefore bridging the gap 
between technical and management approaches. This benefits the disaster 
management and systems development by offering common understanding 
and tools for systematic activity development.
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The research presented in this dissertation is the first one that combines the 
study of information requirements, geographic information and information 
quality aspects as broader framework in disaster management.  The study is 
based on several and different types of disaster management exercises that are 
used as material. Based on the literature the previous studies are typically 
based on single event or focus on certain information system in specific type of 
disaster. The advantage of using several different types of disaster exercises as 
the material becomes evident when phenomena that are related to the disaster 
management are studied and deeper understanding related to those concepts 
are needed. 

The study contradicts with the previous assumption related to the disaster 
management information sharing that suggested that all the information 
should be available to all actors. The findings of this study suggest that defin-
ing the critical information requirements result in more focused information 
sharing and thus more efficient response. 

The results emphasize the importance of information management and un-
derstanding the context in disaster management information sharing devel-
opment. The definition of critical information requirements and quality as-
pects require the correct understanding of the context. The study contributes 
to the field of disaster management by providing a framework that can be used 
for defining the critical information requirements and quality from compre-
hensive point of view.

The study does not aim to cover the all of the aspects that are related to the 
definition of critical information and its quality in detail but rather reveal the 
potential and variety of aspects related to that. The use of case studies allows 
in addition to understanding the phenomena, to illustrate the potential usage 
of different methods related to the approach presented here. 

The situational awareness studies focus on subjective perspectives such as 
perception and comprehension while what to perceive i.e. the information re-
quirements and cooperation linkages may not be taken into account.  By un-
derstanding the aspects that are related to the SA and SSA from information 
sharing point of view the development of information sharing concepts and 
applications can be done systematically. 

The study contributes to the field of information sharing by generating un-
derstanding of the different branches of science that needs to be acknowledged 
in order to successfully improve the information sharing in disaster manage-
ment. The study views the role of different GI methods from broader aspect in 
disaster management and different phases of disasters. Initial understanding 
on the potential of GI methods could be achieved and the study implies that 
even in fast pace disaster environment the response organizations benefit from 
GI analyses and visualizations in supporting the formation of shared situation-
al awareness. The benefits of understanding the information requirements 
from wider perspective allows scientists to provide more detailed and focused 
support for information sharing in disaster context.

The significance of the quality of information is clear but in disaster man-
agement information sharing the studying of the quality from broader per-
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spective is often left out. There is an indication that when the quality is ob-
served from broader perspective the improvement of information sharing can 
occur more comprehensively. The specific definition of elements and measures 
can be acquired after the top level quality framework is obtained. The benefit 
of identifying the essential quality elements for the critical information in a 
specific context is that the information can be produced and distributed ac-
cording to relevant quality aspects and secondary features may be left for less 
attention. However, there are times when the information quality cannot be 
influenced and the demanded quality is not available. In such cases it is bene-
ficial to know that which part of the information quality does not meet the 
needs and this can be regarded in the decision making as source of uncertain-
ty.

When understanding related to the case at hand is required the observer da-
ta collection methods proved functional. The fact that the data collector was 
observing and not participating in the course of action gave benefit because 
the perspective could be more objective and not focus on role related issues. In 
the following developing phase more active data collection approach could be 
more suitable such as participant observers from each actor groups.

The approach where the research was focused using pre-study and following 
requirements were acquired through case studies provided sufficient results in 
this study. 

The robustness of the acquired framework may appear ambiguous but the 
benefit is the suitability for various different disaster settings. This is beneficial 
especially as the nature of disasters evolves and become more complicated and 
exact classification or identification of disasters may be insufficient. As the 
framework is used in different settings the methodology can be developed and 
possible toolsets for similar settings can be identified. The applicability within 
different types of disasters appears to be broad and the framework could be 
applied for example to the cyber domain. However, this requires further re-
search as the cooperation and area of operation differs greatly from so called 
traditional disasters.

5.3 Evaluation of the research

The evaluation of selected research design is divided typically into validity 
and reliability (Yin 2009, Robson 2002). According to Yin the validity can fur-
ther be divided into construct validity, internal validity and external validity. 
The construct validity is defined as “identifying correct operational measures 
for the concepts being studied” (Yin, 2009, p. 40) and three tactics can be used 
for improving the construct validity.  The tactics are multiple sources of evi-
dence i.e. data triangulation, establishing visible chain of evidence, and having 
key informants reviewing the draft case study report. In this research the data 
collection has used several sources of evidence such as interviews, observation, 
queries and documentations and several different researchers have been par-
ticipated into the data collection process.
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The second tactic to improve the construct validity and reliability of research 
is according to Yin (2002, p. 122) establishing the chain of evidence. In this 
research the chain of evidence is made visible by illustrating the link between 
collected material, research questions and results, referencing to the used 
sources and the link between results and conclusions are discussed in the 
study as well.

The third tactic for improving the construct validity is that the key inform-
ants can review the draft case study report. After each exercise or research pro-
ject the initial results have been reviewed with the key informants with draft 
case study report or in a seminar such as in SAR exercises. The MNE5 experi-
ment is valid in itself as it was multinational experiment that was designed to 
develop and test concepts and included construct validity testing in each phas-
es. 

The internal validity is “seeking to establish a causal relationship, whereby 
certain conditions are believed to lead to other conditions, as distinguished 
from spurious relationships”, and this can only be evaluated if the research is 
explanatory or causal study (Yin 2009, p. 40). As this study falls into the cate-
gory of descriptive study the internal validity is not evaluated here. 

The external validity is “defining the domain to which a study’s findings can 
be generalized” (Yin 2009 p. 40). According to Robson (2002, p. 176) the gen-
eralizability can be seen as internal generalizability i.e. within the research 
setting or as external generalizability i.e. outside the research setting. The in-
ternal generalizability has been taken into consideration by selecting national 
and international disaster management settings as case materials. The disaster 
settings represent different types of disasters and the participants represent 
various organizations and only small overlap can be found with participating 
actors. 

The external generalizability related to presented research involves the 
broader applicability of the findings. As discussed in this research there is an 
indication that the findings related to the critical information requirements 
and quality aspects can be generalized to various disaster settings in different 
countries and disaster scenarios. The research findings may provide valuable 
insight for broader development of cooperation in different types of situations 
other than disaster environments, for example more general development of 
interagency cooperation. 

The reliability of research design is according to Yin (2009, p. 40) “demon-
strating that the operations of a study – such as the data collection procedures 
– can be repeated, with the same results”. Robson (2002, p. 175) states that 
this can be achieved by audit trail i.e. “that you keep a full record of your activ-
ities while carrying out the study”. The audit trail in this study is achieved by 
reporting individual case studies in publications and in case reports along with 
the data collected. Part of this is documented in internal case reports or as 
confidential material. The performed questionnaires, observation materials 
and case reports have been archived and documented.

The challenge of obtaining objective results is also assured by combining the 
research from several independent research cases that have separate research 
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plans. Additionally the author does not represent any of the responding organ-
izations or have background in any of the practices. 

5.4 Practical implications

The framework of defining critical information requirements and the related 
information quality aspects can be used in systematic development of disaster 
preparedness and response. The specification of the critical information and 
quality requirements in the disaster environment support especially the pre-
paredness and response phases as the time available for situational awareness 
building is limited. The response organizations that act in similar environment 
and resemble the SAR organization benefit from the results as the context en-
ables detailed information requirement and quality descriptions. This allows 
the response organization to develop the information sharing systematically by 
focusing on specific problem area related to the information sharing.

Disaster environments that enable broader but more reactive response such 
as civilian crisis management may not be able to define specific information 
requirements and the respective quality needs for the wider response organi-
zation. The benefit lies in the potential of information management and deeper 
analysis of information available for example by exploiting more advanced 
geographic information analyses. The focus on information sharing shifts to 
the information management issues and quality evaluation of the vast amount 
of information available. Due to the great number and heterogenic distribution 
of actors the detailed descriptions may be acquired by individual actors or 
cluster of actors.

The study presented here aid in information the development of information 
systems in disaster management by identifying the areas that relate to the in-
formation sharing in non-system specific level. The communication and sys-
tem improvement can occur when the information characteristics are taken 
into account and suitable channels can be developed systematically based on 
this. The sharing of critical information can be assessed in exercise environ-
ment in specific manner and the development of information sharing can thus 
become more systematic. This provides also understanding on the potential 
development of supporting information systems. Current systems or systems 
under development can be supported with specific GI analyses that are tai-
lored for the specific needs recognized during the critical information re-
quirements analysis.

5.5 Recommendations for future research

A general framework for defining critical information requirements and rele-
vant quality elements via case studies was presented in this thesis. The results 
are based on the material collected from different types of exercises, but as the 
exercises are arranged annually or less frequently, the more detailed develop-
ments were not a point of focus. A more detailed framework for different types 
of disaster environments and response organisations would make it possible to 
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make general recommendations for specific types of environments to support 
the development of preparedness and response efforts. This would in turn 
make it possible for the response organisations to improve information shar-
ing by adopting the best practices found in similar environments. 

While the research on information quality in disaster management proved to 
be essential, the topic could only be studied from a conceptual view point in 
this study. The challenge is that information is context dependent and the 
quality criteria may differ depending on the disaster environment and actors. 
Further validating and testing the quality elements and developing quality 
measures and criteria for the quality elements would be an interesting and 
important field of study as this need is not very widely recognised currently. 

The study presented here suggests that the context and type of information 
should be taken into account when defining the critical information require-
ments for the responding organisation. The finding suggests that different in-
formation can be communicated efficiently via different means. Studying dif-
ferent means of communication for different types of disaster information can 
support the efficient sharing of information and aid in the development of 
preparedness and response efforts.

When studying and identifying the information requirements the study on 
the applicability of variety of information requirements identification and col-
lection methods for different development phases of disaster management 
would be beneficial. There is emerging need for both swift and more profound 
information requirements method sets that suit for variety of disaster man-
agement settings. 

The information management possibilities for supporting the acquisition 
and sharing of critical information in challenging disaster environments with 
vast amount of information can be seen as an important research area. The 
utilisation of a variety of methods, especially geographic information methods, 
for exploring, visualizing and managing large amounts of data can support 
disaster management in complex situations in ways that were not previously 
possible. The customization and developing of GI analyses related to the criti-
cal information requirements in different disaster management environments 
and phases offers important field of study for the geographic information sci-
ence community. The specific analyses could support the understanding of the 
situation in various ways as suggested in this study. 

The importance of information quality is undeniable and the quality 
measures and indicators should be studied in detail in disaster management 
environment as well. The uncertainty that is related to the disaster manage-
ment information should be acknowledged and methods and measures to de-
fine and describe this information should be provided to the decision makers.
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Appendix A

Information quality frameworks and their respective quality elements

Eppler (2006): Framework for information quality management

Community level 

(Relevance)

Comprehensiveness Is the scope of information adequate? (Not 

too much nor too little)

Accuracy Is the information precise enough and close 

enough to reality?

Clarity Can the target group understand or com-
prehend the information?

Applicability Can the information be directly applied? Is 

it useful?

Product level 
(Soundness)

Conciseness Is the information to the point, devoid of 
unnecessary elements?

Consistency Is the information free of contradictions or 

convention breaks?

Correctness Is the information free of distortion, bias or 

error?

Currency Is the information up to date and not obso-
lete?

Process level (Opti-

misation)

Convenience Does the information provided correspond 

to the user’s needs and habits?

Timeliness Is the information processed and delivered
rapidly without any delays?

Traceability Is the background of the information visible 

(author, date, etc.)?

Interactivity Can the information process be adapted by 

the information consumer?

Infrastructure level 
(Reliability)

Accessibility Is there a continuous and unobstructed way 
to get to the information?

Security Is the information protected against loss or 

unauthorized access?

Maintainability Can all of the information be organised and 

updated on an on-going basis?

Speed Can the infrastructure match the user’s 
working pace?
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Wang and Strong (1996): Conceptual framework for data quality
Intrinsic data quality Believability Data is believable

Accuracy Data are certified, error free, accurate, 
correct, flawless, reliable, errors can be 

easily identified, have integrity, precise

Objectivity Unbiased, objective

Reputation Reputation of the data source, reputation of 

the data 

Contextual data qual-
ity

Value added Data give you a competitive edge, data add 
value to your operations

Relevancy Applicable, relevant, interesting and usable

Timeliness Age of data

Completeness Breadth, depth, and scope of information 
contained in the data 

Appropriate 

amount of data

The amount of data

Representational 

data quality

Interpretability Data can be interpreted

Ease of understand-

ing

Easily understood, clear, readable

Representational 

consistency

Data are continuously presented in the 

same format, consistently represented, 

consistently formatted, data are compatible 
with previous data

Concise representa-

tion

Well presented, concise, compactly repre-

sented, well organised, aesthetically pleas-
ing, form of representation, well formatted, 

format of the data 

Accessibility data 

quality

Accessibility Accessible, retrievable, speed of access, 

available, up to date

Access security Data cannot be accessed by competitors, 

data are of a proprietary nature, access to 

the data can be restricted, secure
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ISO 19113: Geographic information data quality elements

Quantitative data 

quality elements

Completeness Commission (excess data present in dataset)

Omission (data absent from dataset)

Logical consistency Conceptual consistency (adherence to rules of 

the conceptual schema)

Domain consistency (adherence of values to the 
value domains)

Format consistency (degree to which data are 

stored in accordance with the physical structure 
of the dataset)

Topological consistency (correctness of the 

explicitly encoded topological characteristics of 
a dataset)

Positional accuracy Absolute accuracy (closeness of reported coor-

dinate values to values accepted as or being 
true)

Relative accuracy (closeness of the relative posi-

tions of features in a dataset to their respective 
relative positions accepted as or being true)

Gridded data position accuracy (closeness of 

gridded data position values to values accepted 

as or being true)

Temporal accuracy Accuracy of time measurement (correctness of 

the temporal references of an item )

Temporal consistency (correctness of ordered 
events or sequences)

Temporal validity (validity of data with respect 

to time)

Thematic accuracy Classification correctness (comparison of the 

classes assigned to features or their attributes to 

a universe of discourse (e.g. ground truth or 
reference dataset))

Non-quantitative attribute correctness (correct-

ness of non-quantitative attributes)

Quantitative attribute accuracy (accuracy of 

quantitative attributes)

Non-quantitative 
data quality ele-

ments

Purpose Rationale for creating a dataset and information 

about its intended use

Usage The application(s) for which a dataset has been 

used.

Lineage Describe the history of a dataset and, in as much 
as is known, recount the life cycle of a dataset 

from the collection and acquisition phases 

through the compilation and derivation phases 
to its current form
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