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Abstract— Today civilised networked societies have eliminated 
the majority of the disaster and emergency services from the 
community’s social structure and put them in hands of local 
governments. This paper proposes the concept of self-designing 
disaster and emergency services (community-based initiatives) to 
reduce the apparent complexity of disaster and emergency 
management initiatives as well as to increase their probability of 
success using extended axiomatic design theory and enterprise 
architecture frameworks such as ISO15704: GERAM. 
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I.  INTRODUCTION 
Today civilised networked societies have eliminated the 
majority of the disaster and emergency services from the 
community’s local social structure and put them in the hands of 
local governments. In fact, most of the disaster and emergency 
service management and operations being undertaken by 
governments, public sector agencies and etc. are “dominated by 
external non-community based administrations” [1]. The 
consequences of this shift of responsibility from community-
based decentralised initiatives in the past to centralised 
decision centres in enterprises, communities and societies, have 
increased the vulnerability of communities to disasters [1].  
This shift is in fact the result of layering the design of 
organisations, communities and societies in form of networked 
systems to gain more control over their operations as well as 
their action space. However, this has increased the apparent 
complexity of the design and management of disaster- and 
emergency services as government-based large scale systems 
(disaster- and emergency services management are now 
centrally provided by central decision centres like specific 
government departments, local governments and public 
administrations).  

As a result, to study and deal with the complexity of 
disaster and emergency services initiatives and gain more 
control over them, it would be helpful to turn to the laws and 
principles of complexity science as well as systems thinking 
and cybernetics which try to tackle the problem of design of, 
and control over, complex systems. 

To reduce the ‘apparent complexity’ of design of the Disaster 
Management Organisations (DMOs), the Disaster Management 
taskforce (Taskforce) and the resulting projects as complex 
systems, this paper proposes the application Enterprise 
Architecture Cybernetics [2] as a field of Enterprise 
Architecture which formalises, synthesises, harmonises and 
systematises the achievements and results of the systems 
thinking and cybernetics and demonstrates them in EA 
practice. This paper therefore introduces the application of 
Extended Axiomatic Design theory [3], Participatory Design 
[4-6] as a self-designing approach as well as the application EA 
frameworks such as ISO 15704 (GERAM) [7-9] to tackle the 
complexity of designing disaster management entities and 
projects. (Note that Axiomatic Design proposes techniques for 
reducing complexity in multiple engineering as well as 
management domains.) 

II. DISASTER MANAGEMENT ENTITIES AND PROJECTS AS 
SELF-DESIGNING SYSTEMS 

Ashby [10] introduced the ‘law of requisite variety’ of 
cybernetics indicating that the greater the variety of 
perturbations that the system may be subjected to, the larger the 
variety of actions it requires to remain in control [10]. In 
addition to this basic fact, based on the ‘law of requisite 
knowledge’ [11,12], the controller of the system requires to 
have the knowledge of which action to execute in which state 
under which circumstances. We call this the ability to discern 
the relevant sates of the system’s environment. 

In the absence of such knowledge, the disaster management 
organisations or taskforce would have to try out scenarios or 
actions blindly, until one would by chance eliminate the 
perturbation. The larger the variety of disturbances of the 
disaster event are, the smaller the likelihood that a randomly 
selected action would achieve the goal by a centralised layered 
organizational structure of disaster management, and therefore 
the lower the probability of success of the disaster management 
projects. Therefore, increasing the variety of actions must be 
accompanied by increasing the constraint or selectivity in 
choosing the appropriate action, which means increasing 
knowledge. It is this requirement, which is called 'the law of 
requisite knowledge’[12].  Kandjani and Bernus [3] also refer 



to this as the tacit knowledge of the controller of the system, 
which results in the ability to discern the relevant states of the 
system’s surroundings that the system needs to respond to. 

Kandjani and Bernus [ibid] also argue that a designer 
situated outside of the system needs a more detailed model of 
the system than a participant designer that is part of the system 
itself.  This is because a designer who is part of the system will 
have developed tacit knowledge and will have more requisite 
knowledge about the responses of the system to the relevant 
states of the environment. Therefore the designer who is part of 
the system knows what the relevant distinctions are regarding 
the system’s ability to satisfy its requirements. Thus the 
apparent complexity of the system from this participant 
embedded designer’s point of view is less than the apparent 
complexity by a designer situated outside. 

Stakeholder participation is also one of the key principles 
of participatory design methods to effectively analyse and 
understand the requirements of an organisation [4-6]. 

Therefore, our hypothesis is that disaster management 
organisations, taskforces and projects and the designer (group 
of designers, design authorities, and stakeholders in 
communities) should not be separated, and communities and 
societies (through NGOs as well as governmental 
organisations) should design and manage and operate disaster 
management organisations and resulting projects themselves, 
out of component systems with the same self-designing 
property from the community. This will results in ‘minimised 
information content’ and thus complexity. Suh [13] defined 
information content (IC) as the negative logarithm of the 
‘probability that the system will under all circumstances satisfy 
its functional requirements: minimising information content of 
the organization creates a ‘best design’ [13] for disaster 
management projects, increasing the likelihood of success. 

III. ENTERPRISE ARCHITECTURE FRAMEWORKS FOR 
COMPLEX DISASTER MANAGEMENT  

Enterprise architecture (EA) frameworks e.g., GERAM [7-9] 
aim at advising on a complete collection of tools, methods and 
models to be used by enterprise engineering/change efforts.  
GERAM is a “toolkit of concepts for designing and 
maintaining enterprises for their entire life history” (Fig.1)[7-9] 
therefore we expect that it may be used to systematise various 
contributions of the field that address the creation and 
sustenance through life of DMOs, Taskforces and resulting 
disaster management projects as complex systems.  

Using EA (or ‘enterprise engineering’) when studying 
disaster management, we consider DMOS, Taskforces and 
their projects as complex systems, but while they can be partly 
characterised as ‘designed systems’, they are also ‘complex 
adaptive’ in nature, because they are usually ‘living systems’ (a 
property also studied in General Systems theory [14]). 

EA as an inter-disciplinary and multidisciplinary area of 
study, not only applies models, methods and theories of 
management and control, it also uses those from engineering, 
linguistics, cognitive science, environmental science, biology, 
social science, artificial intelligence, systems thinking and 
cybernetics. 
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Figure 1.  Life History of GERA Modeling Framework [7-9]. 

Interestingly, the GERA modeling framework of GERAM 
reduces the apparent complexity of enterprise models by 
introducing the view(point) concept as the generalisation of the 
view(point) concepts of several other architecture frameworks 
(such as CIMOSA, GRAI and PERA etc).  Views constructed 
using these viewpoints may highlight certain aspects and level 
of detail of an entity and hide the rest of aspects (see Fig.2). 
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Figure 2.  The GERA Modelling Framework [7-9]. 

IV. DISASTER MANAGEMENT & COMPLEXITY 
Disaster and emergency management projects could not be 
fully planned ahead and executed as an ‘entirely rational 
process’. It is because there is a high degree of uncertainty 
involved in such projects and the main factor causing this 
uncertainty is ‘high complexity’. Therefore, an important 



problem facing a disaster and emergency initiative is 
complexity, as uncontrolled complexity can cause undesired 
system qualities, unsatisfied requirements of such projects. The 
question that may arise here is: “What is Complexity?” 

Def 1. “The complexity of a system Csys scales with the 
number of its elements #E, the number of interactions #I 
between them, the complexities of the elements Cej, and the 
complexities of the interactions Cik” [15].  

Seth Lloyd [16] introduces three critical questions posed when 
attempting to quantify the complexity of an entity; here we 
map these questions to the context of disaster management: 

a) How hard is it to describe the disaster management 
project? 

b) How hard is it for the DMO or taskforce to create the 
disaster management project? 

c) What is the degree of organization of the disaster 
management project? 

These questions were interpreted by Kandjani and Bernus [3] 
and could be classified as those that characterise the difficulty 
to describe the a)  function, behaviour, and states of the disaster 
management project, and b) the architecture of the disaster 
management project (relationship between physical and 
functional structure) c) the process to create the disaster 
management project.   In this case, categories a) and b) 
measure the complexity of disaster management project(s), and 
category c) measures the complexity of processes that design 
and create disaster management projects. Kandjani & Bernus 
[2] point out that the groups (a) and (c) of complexity measures 
above have one thing in common: they measure the difficulty 
that a ‘design participant’ deals with when describing the 
disaster management project (for analysing, designing or 
controlling it). 

Melvin [17] argues that we need large and complex systems 
to be able to satisfy all functional requirements of a system. 
Axiomatic Design (AD) Theory [18] also defines a ‘complex’ 
system as one that can not be predicted to always satisfy its 
functional requirements. This complexity should also be 
addressed in case of disaster and emergency services as the 
behavior of the disaster management project can not be 
predicted to always satisfy its functional requirements. 

Therefore, in this paper we turn to the Axiomatic Design 
theory of complexity and its techniques to address this type of 
complexity and to increase the probability of satisfying the 
functional requirements of DMOs, Taskforces and resulting 
disaster management projects.  

Enterprise Engineering frameworks also methodologies 
could guarantee a holistic approach in disaster management 
interoperability and integration issues [19]. Noran and Bernus 
[19] mapped disaster management actions to the life cycle 
phases of GERA-based formalism (the modeling framework of 
GERAM) to address interoperability requirements for each life 
cycle phase of disaster management [19] (Fig.3).  

We believe that the reason why a disaster management 
project can not satisfy its functional requirements under 
uncertainty may be because of the following two reasons: 
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Figure 3.  Mapping of disaster management actions to GERA life cycle 
activities [19]. 

A. Before disaster and during the prevention and   
 preparation stages of the disaster management proces: 

During these stages, the management of the DMOs or the 
taskforce may lack enough knowledge of (or pragmatically the 
‘right model’ of): (1) information, (2) resources and (3) 
functions of the disaster management process, project, 
organisation and their environment (the ‘content view’ in 
GERA / ISO 15704 [7-9] (see Fig.2).  

B. After disaster and during the response and recovery  
 stage of the disaster management process:  

During these stages, the content views (1, 2 & 3) of the DMOs, 
Taskforces and projects may not be ‘physically’ available or 
enough to respond to a disaster event (due to damage) – even if 
having a right model of these elements before the disaster 
event. Therefore, for DMOS, Taskforces and projects to satisfy 
their requirements, the designer (disaster taskforce) must have 
‘enough’ knowledge (information, resource and functional 
models of the system, and of involved disaster management 
organizations), and must quickly build the same of the 
surrounding environment (disaster event) so as to satisfactorily 
perform the life cycle activities of a response project. 

V. EXTENDED AXIOMATIC DESIGN THEORY FOR DISASTER 
AND EMERGENCY SERVICES 

Axiomatic Design (AD) [20] claims to codify in a discipline-
independent way what a ‘best design’ is, and in particular aims 
at avoiding unnecessary complexity. However, to be able to 
avoid complexity of category c) (above) AD was extended by 
introducing the Recursion Axiom stipulating that the system 
that designs the system must also obey the axioms of AD [3].  

According to AD, design is the result of the mapping 
between four design domains. Once we identify and define the 
perceived needs (CA), these must be translated into functional 
requirements (FRs) (NB. there may be several good solutions). 
After FRs are chosen, we map them to design parameters (DPs) 
in physical domain, which DPs can satisfy the (FRs). The 
mapping process is typically a one-to-many process: for a 
given FR, there can be many possible DPs.  



We must choose the right DP by making sure that other 
FRs are not affected by the chosen DP and that the FR can be 
satisfied within the design range [13].  Figure 4 demonstrates 
the mapping of AD design domains to the GERA life cycle and 
Fig. 5 demonstrates the life cycle relationships between the 
disaster management design entity and a disaster management 
project. AD explains the reasons of emerging complexity and 
offers a formal design theory and two design axioms that 
system designs (here: ‘projects’) must satisfy to minimise 
complexity of  type b) [3]. 

A. Axiom I: The Independence Axiom [13]  
‘The independence of Functional Requirements (FRs) must 
always be maintained.’ (An FRi is independent of others if 
there exist ‘design parameters’ [DPi] so that if changing one 
FRi only one DPi must change, whereupon [FR] = [[A]] * 
[DP].  Here [FR] is the vector of FRs, [DP] is the vector of DPs 
and [[A]] is the matrix mapping DPs to FRs.  If [[A]] is 
diagonal then the design is uncoupled (full independence). If 
[[A]] is triangular then the design is decoupled (the 
implementation process is ‘serializable’),  otherwise the design 
is coupled (the implementation process of DPs is cyclic).  
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Figure 4.  Mapping of the design domains in Axiomatic Design Theory to 
GERA life cycle activities [3,21]. 

B.  Axiom II: The Information Axiom [13]  
‘Out of the designs that satisfy Axiom I that design is best 
which has the minimal information content.’ Axioms I and II 
together intend to minimise the complexity of the system’s 
architecture – complexity type ‘b’ and can be used to design 
less complex disaster management projects.  However, observe 
that complexity type ‘c’ (complexity of the DMO or the 
Taskforce) is not automatically addressed by introducing AD 
into the design of disaster management projects. Therefore, 
according to Kandjani and Bernus [3], Axioms I & II must also 
be applied to the change system. Here the change system 
consists of the processes, programs or projects that create 
disaster management projects.  This is called the ‘recursion’ 
axiom, meaning that change projects (as a system of systems) 
not only must follow Axioms I & II, but they themselves need 
to be ‘axiomatically designed’. 

C. Axiom III: Recursion Axiom [3]  
‘The system that designs another system applying axioms of 
design must also satisfy the two Axioms of design.’  Note: a 
system that satisfies Axioms I and II does not necessarily 
satisfy Axiom III and while at a given moment in time in its 
life history a system may be considered moderately complex, 
the same system may be very hard to create or change.   

Self-Designing Conjecture: Among those change systems 
which satisfy and apply the first two design axioms, that 
‘change system’ is best which is designed by the participants of 
the system of interest itself [3]. In other words those DMOS, 
Taskforces and projects are most likely to succeed whose 
models used to create and control them are simplest.  The 
argument behind the conjecture is that management (the 
designer of the DMO’s future) must be able to make decisions 
and plan in light of information about the change environment 
of the disaster event, and it is the stakeholders of disaster 
management process from the community with relevant tacit 
knowledge themselves (based on the law of requisite 
knowledge [11,12]) who have the least need for explicit 
information to make in-time predictions about and control the 
change process before, during and after disaster events.  

 

Figure 5.  Mapping of Design Domains to GERA’s Life Cycles and the 
relationship between the Disaster Management Designing Enterprise and the 

Disaster Management Project. 

In other words, models used by these ‘participatory embedded 
designers’ can be simpler because they know the important 
distinctions between relevant states due to their tacit 
knowledge.  Therefore by distributing disaster planning and 
management (as design and operation functions) and allocation 
of the design, management and the operation of life cycle 
phases of a disaster management project to the stakeholders 
(members of a community, NGOs, etc), the ‘apparent 
complexity’ of disaster management projects (visible to any 
one participant designer) can be reduced and this will increase 
the probability of success of disaster management projects. If 
DMOs or the disaster Taskforce wish to reduce their own 
complexity as well as that of its Disaster Management Projects 
to subsequently maintain reduced complexity through life, they 
may wish to adopt AD as a strategy. 



VI. CONCLUSION 
This paper demonstrated that participatory design as a self-
designing approach, Enterprise Architecture frameworks e.g. 
GERAM and extended axiomatic design theory may be used to 
minimise apparent complexity and increase the probability of 
success of DMOs, Taskforces and their disaster management 
projects. Using enterprise architecture frameworks such as 
GERAM to guarantee a holistic approach and by satisfying all 
three design axioms, DMOs and the Taskforce must attempt to 
make their life cycle activities (and those of their designed 
projects) as independent, controlled and uncoupled as possible 
so that the participant designer can predict the next relevant 
states of the life history and avoid a chaotic change, i.e. change 
of those states of which the size and direction must be 
predictable.  Future research should focus on validating and 
testing the results of the approach proposed in this paper, via 
concrete case studies in the context of complex disaster and 
emergency management projects. 
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