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ABSTRACT 

Emergency Management, like other fields of Operations, consists of information, communication and decision 
making. Thanks to the pervasiveness of real time networked infrastructures, such as the internet and the web, new 
models of operations are emerging, designed to leverage the aggregate the power of 'collective intelligence' and 
‘distributed action’ facilitated by ‘open world’ systems environments. In order to develop effective information 
systems capable of supporting the distributed nature of emerging 'architectures of participation', it is necessary to 
devise adequate 'semantic structures', which in turn rely on sound and explicit conceptual frameworks, such as 
ontologies. However, there aren’t enough ‘ontologies’ in the public domain that can be referenced to establish 
compatibility of architectures and serve as guidelines for the development of open, neutral and accountable 
information systems. In this paper we a) describe and analyse the ‘distributed’ and ‘networked’ nature of emergency 
operations b) put forward the notion information systems to support of emergency management today should be 
modeled on 'distributed’ and  networked organizational structures, and that ontologies in this domain should be built 
accordingly 
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INTRODUCTION 

Attempts have been initiated  [1] to define suitable semantic models to serve as backbone of distributed information 
environments, in support aggregate datasets that become available on the internet during large scale ‘disasters’. The 
lack of a common vocabulary and a shared conceptualization has proven a major inhibitor of communication [2] 
such shortcomings need to be addressed multilaterally and by diverse, loosely coupled stakeholders. An important 
paradigm emerging as the result of convergence of various IT technologies is referred to as ‘architectures of 
participation’[3], whereby intuitive, popular ‘social networking’ tools are deployed to support collaboration during 
operations. Fig 1.  Such architectures are also referred to as ‘participatory’ and ‘collaborative’  

 
FIG 1- Source: www.oreillynet.com 

Collaborative Intelligence [21] envisages the multilateral collaboration of different agents via the usage of web 
enabled tools to exchange information and resources. In an emergency management scenario, this is reflected in the 
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coordination of relief effort coming from different agencies, official, governmental, non governmental, local, 
international, public, private, as well as individuals and community participation. A example of this model applied 
can be found in ‘community collaborative recovery during a disaster’ model  of Tokyo Metropolitan Government, 
represented in a diagram below (FIG 3) 

Such collaborative scenarios are potentially powerful, albeit also inherently chaotic, posing a challenge to effective 
operation management. However, with adequate information models the efficiencies arising from collaborative 
information gathering, as schematically illustrated in (FIG 2), can be leveraged, provided a suitable information 
architecture is in place. 

In this paper we review relevant literature to establish key parameters and principles that should be taken into 
account when working towards 'ontology for emergency management', given the premises above. We then analyze 
essential factors that contribute to the complex and diverse scenario, with corresponding views, of an 'emergency' 
operation, and pitch that against the emerging model of 'collective intelligence' and 'distributed operations'.  We 
conclude by recommending that such aspects are not overlooked in the development of ontologies for emergencies. 
In this paper we do not tackle issues relating to privacy, security, intelligence leaks, and other risks associated with 
participatory initiatives, which are discussed in related work. 

 
FIG 2 - Diagrammatic Example of Collaborative Information Model 

 
FIG 3  Tokyo Metropolitan Government www.bousai.metro.tokyo.jp 
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Fig 3  

BACKGROUND 
It is surprising to some extent to see how emergency management information systems have come this far with only 
cursory mentions to 'ontology' in the literature– given that growing ontology engineering body of knowledge has 
been in development for decades [5] – On the other hand, only in recent years usable guidelines and standards  for 
the development of 'semantic interoperability' in net centric environments have started to form, and work is pretty 
much still in progress. Additionally, the collective and distributed dimension of an ontology as a cohesive model of 
a multifaceted reality made up of multiple views, is only recently being recognized as viable alternatives to standard, 
single view domain ‘authoritative’ ontologies. [6, 7] 

The internet and the web, as public, shared and open world environments, are transforming every aspect of 
operations, and constitute even for the emergency management domain a 'point of departure' from traditional 'closed 
world' information systems typically deployed ‘behind the firewall’  by the emergency management agencies. 
Information systems must be designed taking into account such realities to leverage the benefits offered by ‘open 
architectures’, at the same time they must be able to enforce privacy and safety constraints and to reflect the 
sensitivity of the human and social circumstances which surround them. 

CAPTURING CONTEXT 
Modern information system environments provide ample opportunities of gaining greater intelligence and 
‘environmental awareness’, which is of strategic importance to the success and efficiency of any operation. 
Especially when surrounded by complex and highly dynamic circumstances, information systems should start with a 
context model outline. The contextual information surrounding an event (incident, situation) should be represented 
in an ontological model, given that: 

1) Multiple, diverse agents must collaborate 
During a large scale and geographically dispersed 'natural disaster', no single agency, government, person or 
institution alone is responsible for the entire process, information flow and decision making. Rather, different 
regional, national and international bodies, each responsible for a given area of competence yield a given set of 
resources which must be coordinated and organized in order to function cooperatively. All agencies and operators 
today use ICT for communication purposes. In order to ensure maximum efficiency of operations, it is indispensable 
to leverage and organize the cooperation of all individuals and agencies coming together to operate in a given 
territory. Therefore information systems should be designed with 'built in' models of cooperation among agents, in 
order to support collaborative work towards the common goal: making effective use of existing resources to achieve 
optimal relief intervention. 

2) Community Resilience 

Community participation and integration into relief activities is important factor contributing to the success of an 
operation, as central to the long term, sustainable follow up developments. 

According to UN International Strategy for Disaster Reduction definition [8] Resilience is “The capacity of a 
system, community or society potentially exposed to hazards to adapt, by resisting or changing in order to reach and 
maintain an acceptable level of functioning and structure. This is determined by the degree to which the social 
system is capable of organizing itself to increase its capacity for learning from past disasters for better future 
protection and to improve risk reduction measures.”  

Several programs are being devised worldwide  to promote ‘community resilience’, among them leading efforts by 
the University of British Columbia initiatives such as the  Community Emergency Program Review (CEPR) which 
provides working instruments such as the Hazard, Risk and Vulnerability Analysis (HRVA) Tool Kit [9]. The paper 
“Community Resilience to Volcanic Hazard Consequences” [10] harnesses knowledge from volcanic hazard activity 
following the 1995 and 1996 eruptions at Ruapehu volcano, New Zealand and provides a good example of how 
emergency management practices can be designed into community to promote ‘resilience’. 

In their conclusions, the authors recommend that “resilience should be conceptualized and managed in a contingent 
rather than a prescriptive manner”, in our interpretation this  means make ‘ad hoc’ provisions, therefore requiring a 
degree of ‘on the spot’ planning, which may (or may not) conflict with centralized and standardized emergency 
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management procedures. Community is a central actor of emergency management models, therefore it should be 
modeled in relevant ontologies.  Incorporating ‘community participation’ is still relatively new approach to ontology 
engineering, and certainly new approach to emergency management. 

ONTOLOGIES 

Ontologies are conceptual and semantic frameworks representing models of the world, as well as explicit and 
complete knowledge representations of a model of reality, expressed using different formalisms and artifacts.. 
Deborah L. McGuinness n an early article “Ontologies Come of Age” [12], analyzed such benefit in more detail, 
summarized briefly below:  

* Consistency checking — if ontologies contain information about properties and value restrictions on the 
properties, then type checking can be done within applications.  

* Completion — an application may obtain a small amount of information from a user, such as the fact that he or she 
is looking for a high-resolution screen on a PC, and then have the ontology expand the exact pixel range that is to be 
expected.  

* Interoperability support — in the simple case of considering controlled vocabularies, there is enhanced 
interoperability support since different users/applications are using the same set of terms.  

* Support validation and verification testing of data (and schemas) — if an ontology contains class descriptions, 
such as “StanfordEmployee,” these definitions may be used as queries to databases to discover what kind of 
coverage currently exists in datasets.  

* Encode entire test suites — an ontology may contain a number of definitions of terms, some instance definitions, 
and then include a term definition that is considered to be a query: find all terms that meet the following conditions, 
for example.  

* Configuration support — class terms may be defined so that they contain descriptions of what kinds of parts may 
be in a system.  

* Support structured, comparative, and customized search — for example, if one is looking for televisions, a class 
description for television may be obtained from an ontology, its properties may be obtained (such as diagonal, price, 
manufacturer, etc.), and then a comparative presentation may be made of televisions by presenting the values of 
each of the properties.  

* Exploit generalization/specialization information — if a search application finds that a user’s query generates too 
many answers, one may dissect the query to see if any terms in it appear in an ontology, and, if so, then the search 
application may suggest specializing that term.  

Among the overall benefits for using ontologies in support of data and model consistency for information systems in 
general, which apply especially to emergency management: 

 

* Develop a system for a defined process within an organization (closed system)  

* Develop a system to support a process within a collaborative environment (open world)  

* Improve the efficiency of reasoning  

* Consolidate and harmonize existing data/information  

* Provide an abstract, more simplified view of a system  

* Create a consensual, unified view that can be used as a mediation tool between different opinions  

* Provide a formal specification  

* Support integration of data, applications, and systems to help minimize design and planning errors caused by lack 
of domain knowledge  
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Generally, it can be said that ontologies provide a consistent view of reality, or of a model of reality, therefore they 
support better informed decisions and choices and allow collaborative intelligence to be built around them.  

Several obstacles have been identified in research [23] that contribute to slow down the adoption of ontologies in 
systems development, for example poor usability of semantic tools and technologies, overly technical and/or 
academic methodologies  not suitable for collaboration with field practitioners, and limited access to guidelines for 
software developers of how to apply ontologies to system design 

 

Additionally, in order for an ontology to be useful in complex emergency management scenarios, where the 
cooperation of diverse and geographically dispersed agents is required, it is necessary for the ontology to display at 
least the following properties 

• It must be accessible to all the agents/agencies (this means shared, viewable, understandable)  

• It must be ‘acceptable’ to all the agents/agencies from the different perspectives, in terms of culture, 
language, conformance to policy and protocols  

• It must be ‘usable’ in terms of compatibility with local information systems used by agents/agencies 

In the paper “Research on SUMO-based Emergency Response Management Team Model” [4] for example, the 
“SUMO Based Team Model’, does not respond to the information flow requirements of current distributed 
operational models, nor is a suitable model for emergency team management, for the reasons discussed above. 

LESSONS FROM THE ALL HAZARD TAXONOMY  

A taxonomy is an elementary ‘abstract hierarchical structure’ which together with other artifacts, such as a 
controlled vocabulary, axioms, and more complete and expressive forms of ‘domain knowledge representation’ 
constitutes an ‘ontological apparatus’ 

 
FIG 4 ALL HAZARDS TAXONOMY MODEL (Source: 11) 

A representative effort to model a conceptual framework that includes the complexity of an emergency management 
scenario, is to be found in the ALL HAZARD taxonomy.[11]  (Fig 4) where  “The data identified by the taxonomy 
is sourced from varied and complex sources and formatted into a simplified, coherent form suitable for Emergency 
Management. The benefits of sharing data through a standardized framework are being progressively demonstrated 
to organizations through the ability to provide early warning of threats to their assets and services, while ensuring 
they maintain control of their data. There are still many hurdles to overcome before an infrastructure to support a 
Distributed Spatial Data Library can be realized. These hurdles can be broadly categorized as technological and 
cultural.”  At least one very important lesson comes from this: “The technological hurdles are no longer a significant 
barrier as bandwidth steadily increases, and major GIS systems support web service based data integration. It is 
arguably the cultural hurdles that are the most difficult. The process of consultation and review used in creating the 
‘All Hazards’ taxonomy has created a realization among the jurisdictions of the benefits of closer ties and co-
operation in data sharing and delivery arrangements". In order to create a model to serve as ‘underlying’ reference 
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for the taxonomy, Hunter first sorted the data and removed duplicate data types, then classifying the data into 
‘fundamental’ data and ‘derived’ groupings, a step necessary to avoid multiple listings of essentially the same data 
(Fig 5) . Creating a classification system inevitably leads to making decisions on data that could fit into more than 
one category. “providing as example  ‘digital elevation’ models, usually derived from surveyed spot heights, 
contours and satellite derived heights”  

 

 
FIG 5 (Source 11) 

Understanding, capturing and modeling  the contributing factors underlying a complex event is essential to the 
design of ontologies in support of information systems and to the design of robust ‘data models’ 

 

THE SOCIAL DIMENSION OF INTEROPERABILITY 

Ontology in the context of EM, and in view of the ‘lesson learned above’ is not only to serve a technical purpose of 
‘knowledge’ representation on the web,  but also to  used as reference in support of 'interoperability design' of the 
various information systems, therefore the representation to complement an interaction model. 

Interoperability is still relatively a new concept, generated by the exponential ‘speed of change’ and technological 
proliferation, tackled primarily as a ‘technical’ requirement. In the field of EM however, like in other fields which 
concern human systems,  the notion of interoperability acquires an additional dimension: social  [13] 

“Technology alone may appear compatible, and standards and policy may enable interoperability, yet there is some 
dynamic missing in this ‘bigger picture’ – people.  Landsbergen & Wolken (2001) hint at social interoperability in 
their definition and research, and requested additional “support mechanisms to understand the range of economic, 
political, technical and organisational issues involved with information sharing” In the paper Semantic 
Interoperability in Global Information Systems. [14] the authors  observe that interoperability happens at several 
levels: • System, Syntactic, • Structural and Semantic. It follows that ‘social interoperability’ should  be added to the 
standard dimensions typically evaluated, and results from the harmonization of different ‘human’ dimensions of the 
various agents coming together during a distributed operation, and promoting unity of purpose and cohesion of 
action.. 

 
      +  Social Interoperability 
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 Ontology for Emergency Management cannot therefore be developed as a single process following a single view of 
reality of any given agency or institution along, it but must include participation from all the stakeholders, such as 
communities and individuals. 

 

EMERGENCY SCENARIOS, COMMON PATTERNS 
In order to adapt a 'standard' operational procedure to complex, non trivial emergency scenarios, local conditions 
need to be at least in part known and understood 

• Local language(s) 

• Cultural context  

• Value system and beliefs 

• Religion: 

• Social structure: hierarchies, who to talk to first, etc 

• Ethnical background 

• Other regional issues (existing conditions) 

• Geography 

• Status of logistical infrastructure (transport, communication) 

• Administrative infrastructure (key personnel) 

• National security measures and defense 

• Political system and local conflicts 
 

DISTRIBUTED OPERATIONS APPROACH TO EMERGENCY MANAGEMENT 
Operations Management is changing: centralized and linear 'command and control' (C2) models  are being 
transformed to accommodate for 'distributed' and 'dynamic' control structures, and are transforming to become 
'coordinate with cohesion', an expression paraphrases Malone's 'the future of work'.[15] The notion of distributed 
(network centric) enterprise in a business context has been evolving gradually over at least two decades, and it is 
now widely accepted. Thanks to the most recent advances in real time information systems that they are much closer 
to becoming a reality. While in principle there are no real technical inhibitor  to ‘many to many’ communication, in 
practice neither the organisational models nor the information models are ready to support a distributed decision 
making approach. In the operations management domain, the principle of 'distributed operations' is currently gaining 
acceptance as a model of the future for effective deployments, discussed below. 

PRINCIPLES FOR DISTRIBUTED OPERATIONS 

In the paper 'Force transformation', Rob Holzer, Outreach Director, Office of Force Transformation  in Arlington, 
Virginia, (OFT) presented  Wolf PAC, an initiative aimed  to explore  command and control (C2) of geographically 
dispersed, networked, autonomous and semi-autonomous  assets. Among some of the issues applying to distributed 
operations noted by Holzer , which can be applied equally to emergency management scenarios and relief agencies 
involved in distributed aid operations, Holzer identifies the following: 

1) Difficulties in devising a coherent strategy to “control” large  numbers of dispersed assets. Distributing those 
assets geographically, loosely federated by networks,  only serves to increase the complexity of these controlling 
challenges.  

2) Coordinating effects, let alone commanding individual capabilities for coherent purpose, has always  been a 
challenge . Since leveraging information age phenomena is the command of the day, then a concerted effort must be 
made to understand the behavior and effects of large numbers of  maneuvering assets in a networked environment. If 
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networked relationships are fundamentally changing  the character of operations so too must informational and 
organizational relationships change.  

3) The classical approach to “command and control” may be inadequate to the challenges of directing the collective 
behavior of humans in a networked environment. In fact, the existing cultural and  organizational approaches to C2 
may actually impede the adaptive qualities needed for autonomous and  semi-autonomous elements to be successful. 
The more appropriate terms may be to coordinate with  coherence (C2), paraphrasing MIT’s Thomas Malone’s book 
‘The Future of Work’. A set of dynamic properties that characterize distributed operations can be borrowed from  
Wolf PAC: 

 

Recombination: ability to aggregate, distribute or interchange physical, informational or logical elements and 
connections 

Dispersion: the distribution of spatial, informational, or logical assets 

Mobility: sufficient speed for rapid relocation of elements and reconfiguration of elemental 

collectives (physical or logical means) 

Proximity: use what is nearest principle 

Flexibility: principles of modularity – Fluid system substructures with range of modular 

interoperability options – measure of adaptivity 

·According to Holzer, among the tangible benefits of geographically dispersed connected assets . 

• ·  Speed of response: Diffusion rates, Number of Nodes 
• ·  Speed of command: Average path length, neutrality 
• ·  Self-synchronization: Path Horizon, Auto-catalytic Sets 
• ·  Shared awareness: Clustering distribution, organizational relationships, between-ness 
 

Network centric models have been widely researched and adopted in operational domain' and 'emergency 
management' should be no exception.  

Domain-specific interoperability issues relevant to distributed operations, such as social interoperability for common 
crisis operation introduced in this paper, has already been identified by domain experts: the importance of 
understanding the underlying rules of engagements - including doctrine, operational aspects, and tactical 
interpretations, that can be significantly different between coalition partners, such as in united nations operations - 
has been identified as critical factors beyond technical interoperability of supporting information technology. [24] 

A multilayered model to better identify challenges to be solved and the layers o interoperation they belong to. The 
model was generalized in various applications for the department of defense, department of homeland security, and 
department of energy into the levels of conceptual interoperability [25] 

SELF ORGANISATION 

 Self organization, (see also autopoiesis and autocatalysis)  is the ability of individual components of an ecosystem 
to develop internal and external dynamics that provide self synchronization within the system – Research 
investigating how the DNA is a carrier of social intelligence has been done in bacterial colonies [16] , 
 demonstrating, albeit under a microscope, how social intelligence exists thanks to communication and information 
exchange at cellular level.  

DISTRIBUTED INFORMATION FLOW 

In order to support and coordinate a 'distributed operation', the information system should be designed accordingly. 
While there are no restrictions and different ways to model a distributed information system, in the paper [20]  the 
author presents the contrasting view of a traditional system diagram , where the information flows hierarchically 
according to a 'flat triangular structure, where each 'vertex' distributes information to different 'angles' in contrast to 
a multidimensional structure (figures 5 and 6) 
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FIG 5: Bidimensional Information Flow (source: 20) 

 

 
FIGURE 6: Multidimensional Information Flow (source: REF 20) 

 Collaborative Intelligence  

Thanks to new  real time  ICT  technologies, the vision for a ' Collaborative Intelligence' is taking shape [17, 21]. 
Although it is still early days, it is expected that collaborative intelligence will result from combining the available 
reasoning capability of humans and machines, made possible by the accessibility of explicit knowledge that can be 
represented and accessed by such reasoning engines. Among the expected operational efficiencies identified  there 
are:  

• Catalyze networked effects 

• Create high transaction rates 

• Enable rapid adaptation to dynamic conditions 

• Execute distributed or concentrated operations 

• Self-organize decision making – defined by simple rule sets 

• Generate “organic intelligence” and leverage Global intelligence 

An example of architecture designed for collaborative reasoning is provided in Fig 8. 
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Fog 8 - All source analysis team (Source 21) 

 

 MODELLING TRANSFORMATION AND OPERATIONAL INTELLIGENCE  
Anything that exists, that we know of, is constantly in flux, transforming, moving, expanding, contracting, yielding 
and morphing into the next thing. This is especially true of open, digital environments. Such ongoing evolution is 
very evident and potentially disrupting to any operational process that need to rely on ‘fixed’ rules. One of the main 
challenges of  organisational intelligence (aka business intelligence in the lay world) is to detect, and where possible 
to predict, patterns of change, to better align internal organisational resources and processes that must constantly be 
readjusted due to some change occurring in another part of the system, that inevitably reflects on all its components. 
The ability of an organisational asset to transform, be flexible and adapt, in the context of distributed operations is  a 
distinct advantage. Transformation (aka agility in the business world)  is a management technique to align the assets 
and resources of an organisation more closely with its strategy and vision. Transformation is achieved through 
adjustments and recalibration of all assets within an operation. Thanks to transformation, operations can adapt to 
rapid strategic changes. When factors contributing to an operation change, goals and plans need to be adapted, and 
the set of organizational assets — data, processes, people — as well as everything that follows “change” need to be 
modelled accordingly.  Transformation can happen at three levels:  

1. Operational model transformation is a key strategic practice of enabling and supporting — with suitable methods 
and techniques — adaptation in an organizational environment through changes.  

2. Data transformation is the process of redefining data based on some predefined rules that generally embed some 
kind of enterprise and business logic. The data values are redefined based on a specific formula or technique.  

3. Process transformation is concerned with supporting the adaptation, evolution, and optimizations of 
organizational processes, which are actually “ongoing” — think, for example, of “process improvement.”  

Most of the problems with transformation, even the most practical ones, are of a conceptual nature and they can 
hardly be solved with technical innovations, rather they need to be addressed at model and representation level . 

In relation to ‘emergency management’ in this paper we propose that accounting for – modeling, representing - the 
dynamic aspects of an operation is central to its management, therefore a semantic framework such as an ontology 
should account for ‘change’ for an information system to support adjustments and re-alignments. 

 

FURTHER VALIDATION 
The  validity and currency of distributed and network centric approach to EM  is further supported by recent 
developments at NCOIC, THE Bureau for Democracy, Conflict and Humanitarian Assistance: The NEER IPT will 
recommend net-enabled solutions needed to bridge the gaps among the diverse organizations that need to come 
together to provide emergency response for day-to-day emergencies as well as for complex humanitarian disasters 
(CHD).  The IPT will deliver a database of emergency information interoperability initiatives at the national, 
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state/provincial and local levels.  A similar effort will be undertaken for NATO, the European Union and for 
European member countries that are not part of either NATO or the EU”[19]. The approach to ontology 
development put forward in this paper highlights the distributed and network centric nature of modern operations, 
and suggests  that ontology models should represent and describe their complexity and dynamics. Such approach is 
well supported and validated by relevant literature, such as Power to the Edge, Command and Control in the 
Information Age [22], in particular its concluding chapter 'The way ahead', and by proceedings of the latest  Winter 
Simulation Conference (December 2007 in Washington, D.C.) where network centric operations and their 
conceptualizations are applied to HLS (Homeland Security Simulation) challenges [23] 

CONCLUSION AND RECOMMENDATION 

The efficiency and effectiveness of complex emergency management operations relies increasingly on real time 
information systems supporting the flow of clear, explicit and reliable information. Interruptions and distortions in 
such flows of information are greatly disruptive to collaboration of different agencies, therefore inhibit the 
optimization of collective efforts. Large, complex and distributed information systems depend on the existence of 
clear and explicit models of reality and conceptual and semantic frameworks, referred to as ‘ontologies’ 

 
FIG 7 (source: 20) 

When failing to adequately address in sufficient detail the complexity and dynamics of current operational realities 
and trends, conceptual and knowledge models such as ontologies can misrepresent reality, contributing to poor and 
inadequate systems design, that in turn is partly responsible for inefficient operations. Poor system design is often 
strategically used to justify inefficiencies from which some revenues and other benefits can be gained ‘between the 
cracks’, and is partly responsible for system failures, and poor operational performance. It is recommended that 
before embarking in Ontology for Emergency Management work, dynamic context models, interoperability models 
of operations in networked environments are studied and taken into account (fig 7). 
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