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ABSTRACT 

In one of the most influential papers in the history of Software Engineering, L.Osterweil analyzed the nature of 
both software and software development processes to conclude that the latter shared many characteristics with 
the former and, as a consequence, software development principles and techniques could be applied in the 
definition and exploitation of processes. Here, we do an imitation exercise to claim that emergency plans are 
advanced software artifacts and, hence, modern software development principles, methods, techniques and tools 
can be used in their development and enactment. We advocate for a change of paradigm in which the idea of 
emergency plans as text-based documents is replaced by that of active, complex digital objects with state and 
behavior that drive emergency response processes, and also several preparedness activities such as drills and 
training exercises.  These new plans are the result of a systematic process we call Emergency Plan Engineering. 

Keywords 

Emergency Plan Engineering, Emergency Plan Management, Software Engineering. 

MOTIVATION 

Human activities are generally described in terms of (repeatable) ordered sequences of tasks; setting up a new 
device, cooking a particular meal, or replacing a damaged car piece are examples of the so-called processes, in 
the broadest sense of the term. Sometimes processes are physical, that is, they are intended to manipulate or 
create tangible objects, and performed by humans, whereas in other cases processes are intended to drive the 
performance of different actors (both humans and computers or robots) with some purpose, without producing 
any physical outcome.  Be it physical or not, a process is normally described by means of a process 
specification. While a process is the actual execution of its component tasks, a process specification is the 
description of how the process must be carried on (Osterweil, 1987). A process specification is, additionally, the 
reification of a process model that can be then enacted as many times as desired in the form of process 
instances.  

There is no single way of expressing process specifications: pictorial representations drive users in the assembly 
of furniture, cooking recipes are typically specified in natural language, and business processes are specified in 
formal, executable languages in modern workflow management systems (Sheth et al., 1996). Sometimes, the 
deployment of a process specification requires some type of equipment or hardware that must be brought into 
scene for its manipulation during the process enactment. 

Emergency management is the generic name that denotes sets of knowledge intensive processes that have as a 
final goal the protection of people and infrastructures in front of natural or man-made disasters. Following a top 
down description, numerous authors have defined emergency management lifecycle models, which structure the 
management activities in sets of stages that are applied either sequentially or iteratively. These stages typically 
include mitigation, preparation, response and recovery, being the response the most critical one since it starts at 
the very beginning of the disaster and must be performed in difficult conditions. To avoid failures, the 
preparation stage deals with the training of the response teams and potential victims using the emergency plan as 
the master book of knowledge. 

Emergency responses are processes where a heterogeneous set of participants collaborate in the solution of 
crises with the aim of preserving life and properties of the affected citizens. They are processes of high 
complexity, where many dimensions (e.g. communication, coordination, information management, 
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collaboration) have to be considered (Canós et al., 2004), and with strong hardware requirements related to the 
safety equipment necessary to respond adequately to emergencies. An organization’s or community emergency 
plan drives the response to any possible threat in terms of information and processes that are enacted during the 
responses. These processes coordinate the actions of the different actors involved in the response, providing the 
information required to solve a task, if needed. This duality Information/Process resembles the classic separation 
between data structures and algorithms of structured programming approaches since the 1970s (Wirth, 1976), 
apparently diminished with the advent of object-oriented programming, but that persists in modern software 
development techniques. However, emergency plan development has not evolved at the pace software 
development did. 

Current emergency plans are plain text documents, with some pictures and maps attached, that use natural 
language to describe the response processes. Given the well-known limitations of natural languages for the 
specification of actions (ambiguity, ellipses, etc.), any plan enactment needs the manual coordination of a 
response manager, typically working at the control room. Monitoring and logging the actions performed during 
the plan enactment must be made by means of ad-hoc utilities, often available as part of the communications 
system.  Moreover, access to plan information requires having physical copies of it (or its rendering in some 
electronic device), without any chance to selective (or customized) content delivery. Such limitations may result 
in situations where the access to the emergency plan becomes a bottleneck in the global response performance 
(Canós et al., 2004). 

Such a situation can improve notoriously if the management of emergency plans takes profit of the knowledge 
acquired in other disciplines for decades. Specifically, we claim that dealing with emergency plan development 
from a Software Engineering perspective brings emergency management to a new level of practice. Attending to 
the similarities between emergency plans and software products, we advocate for adopting methods, techniques 
and tools developed by software engineering researchers and practitioners in the past and adapting them to lead 
to what we call Emergency Plan Engineering.  

Paying attention to the way software is produced (in the ample sense of the term) can help to produce 
emergency plans that take profit of modern modelling techniques and execution platforms not present in current 
frameworks. To support our argument, we will point out the similarities between software and emergency plans; 
later, we will give a first approach to the definition of Emergency Plan Engineering. We propose the definition 
of an emergency plan development lifecycle as the meta-process specification that guides the elaboration of 
emergency plans. We analyze the challenges of each stage of the lifecycle, and look to the history of software 
engineering to find ways to achieve the goals of planning teams. We also align the emergency plan development 
lifecycle with the emergency management lifecycle, and enumerate the challenges that putting Emergency Plan 
Engineering in place raises at the technical and methodological levels. 

This paper is structured as follows. We first try to show how natural is viewing emergency plans as software, 
since they share many characteristics. Then, we give clues about the advantages and challenges that the 
application of modern software development techniques to the development of advanced emergency plans.  

EMERGENCY PLANS ARE SOFTWARE, TOO 

There are many similarities between software and emergency plans that led us to choose such a categorical 
sentence as title of our paper. In this section, we list some of the most remarkable. As a matter of fact, the 
development of software and of emergency plans are much closer than one may suspect, too. However, there 
remain differences that also deserve to be signaled, since there will show lines of research for the development 
of Emergency Plan Engineering. 

As agreed by the Software Engineering community, the definition of software includes three components 
(Pressman and Maxim, 2015):  

 a set of statements written in some language that, when executed, provide the desired  function and 
behavior; 

 the data structures that help managing information properly, and 

 the documents describing their operation and usage. 

And there is consensus within the Emergency Management community in that an emergency plan:  “... is a 
written set of instructions that outlines what workers and others at the workplace should do in an emergency. 
An emergency plan must provide for the following: 
 

 emergency procedures, (...) 
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 testing of the emergency procedures—including the frequency of testing, and 

 information, training and instruction to relevant workers in relation to implementing the emergency 
procedures.” (Quoted from (Safe Work Australia)) 

 

We can find at least two similarities in both definitions. The response plan process specification (i.e., the 
emergency procedures) can be seen as the set of instructions to be followed to solve the emergency, including 
the data structures as the information contained in the plan. The documents in case of software could, to some 
extent, be part of the instruction mentioned in the definition of emergency plan. As for differences, notice that 
specifying the participants in charge of the tasks composing the response procedures requires models richer than 
those of programming languages (see later in this paper). 

Like software products, emergency plans are mostly logical elements: they are developed rather than 
manufactured, they do not suffer deterioration for their use, and unlike physical equipment, which can be 
(re)used in different settings, emergency plans are produced via custom development, instead of assembling 
existing components. And, like source code listings of software products, the printed version of an emergency 
plan is a representation in a specific language. However, current emergency plans are not written in executable 
languages, which means that they cannot be interpreted by a sort of “plan compiler” to automate the response to 
emergencies. 

The crisis of software (Pressman and Maxim, 2015) was a critical situation for the software business occurred at 
the early 1970s. Different studies pointed out that numerous software projects, very complex and expensive, 
resulted in big failures or required many changes before their use. The main problems came from three 
important facts: the software products were of low quality, their development costs were very high, and they 
were delivered with unacceptable delays. Numerous causes found for the crisis situation could also apply to 
emergency plan development: the non-physical nature of plans makes it difficult to detect errors, the use of 
informal languages, craft approaches to plan development, problems derived from teamwork, problems in the 
communication with users (the organizations as final recipients of the plans), and the lack of a clear 
management of plan development projects. 

The solution to the software crisis came with the rise of Software Engineering as a new discipline in computer 
science that proposed the use of engineering principles to transform a craft activity like programming into a 
rigorous approach to software development. Research and development in this new field started with the search 
for new methods, tools and procedures for the development of high quality software [Pressman].  Giving a 
historical record of the advances in the discipline is out of the scope of this paper, but it can found elsewhere 
(Brennecke and Keil-Slawik 2006; Mahoney, 2004). Our current research work consists of borrowing some of 
the principles of Software Engineering for the consolidation of Emergency Plan Engineering as a new discipline 
within Emergency Management. An outline of our approach follows. 

A ROADMAP FOR EMERGENCY PLAN ENGINEERING 

Emergency Plan Engineering is intended to be a systematic approach that uses modern software development 
techniques and tools in the development of more expressive, flexible and manageable emergency plans. It is a 
horizontal approach that involves many disciplines. In this section we outline possibilities for innovation respect 
to state of the art emergency plan elaboration practices. As mentioned earlier in this paper, many innovations in 
the Software engineering field can be used to fulfill the main goals of the discipline. We first define describe the 
meta-process that defines the sequence of activities involved in the development of emergency plans (that we 
call “The EPE Process”, and then focus on each of these activities to see which Software Engineering 
techniques can support them.   

The EPE Process 

Figure 1 shows a representation of the EPE process. It is composed of two subprocesses (Derniame et al., 1998). 
On one hand, the Production Process includes all the technical activities related to the development of 
emergency plans; we will refer to it as the EPE lifecycle. On the other hand, the Management Process controls 
the Production Process to ensure that plans are developed in time, within budgetary constraints and with the 
adequate levels of quality. It also provides the support to the administrative tasks required by legal regulations 
of emergency plan management. Both processes are executed after a need from the environment is manifested 
(i.e., the obligation of elaborating an emergency plan), and use development and project management 
technologies, respectively, to perform their different component tasks.  
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Figure 1.  The EPE Process. Adapted from (Derniame et al, 1998). 

The EPE lifecycle is an iterative and incremental engineering process that allows the plan to evolve as each 
iteration progresses, just like the software lifecycle models do. Depending on the nature and complexity of the 
problem, different lifecycle models can be used. Figure 2 shows a generic model which can be tailored to 
specific cases if needed. It consists of a set of stages, which are in turn subprocesses composed of several tasks 
that produce artifacts to be used in later stages of the cycle. A detailed view of the stages is out of the scope of 
this paper, but notice that they can be described using a process modelling notation like BPMN.  

 

 

Figure 2.  One EPE Production Process or Lifecycle 

 

In the Inception phase the basis of the emergency plan to be developed is established. It is necessary to develop 
a context analysis to clearly determine the system to be protected, as well as its geographical properties. Once 
the system has been defined, the planning team should be set up. Project management techniques can be used to 
create a project plan that will define the EPE Management Process. 

The Analysis phase starts with the identification of the users of the emergency plan, that is, those in charge of 
the execution of the plan and the provision of feedback to eventual improvements. Then, the risks and the 
possible scenarios where the risks are presented must be analyzed. It is important here to define very clearly the 
resources that take part in such scenarios and to verify that all risks are handled. Some techniques borrowed 
from Requirements Engineering –a subdiscipline of Software Engineering aiming at capturing requirements of 
software products- such as interviews, workshops and use cases, can be used by the work team to better 
understand the specific requirements and have a more accurate system description. The ability to use existing 
scenarios that can be coupled to the new emergency plans and be able to design reusable risks scenarios for 
future work is an intrinsic policy within EPE. Risk analysis methodologies such as those introduced in (Scarfone 
and  Orebaugh, 2004; Caralli et al, 2007) can fit within the EPE approach. 

The pre-design and design phases are the actual assembly stages where the alerts, alarms and the coordination 
plan are determined. These stages configure the implementation of the plan. Rapid prototyping and simulation 
techniques that allow the off-line evaluation of the results of the emergency plan with respect to the scenarios 
elaborated in the Analysis phase will be of great help. Business process modelling techniques will be at the core 
of plan development tools with regard to the response plan analysis and modelling. 

In the Deployment phase, a robust and enhanced model of the emergency plan distributed to all stakeholders. 
Depending of the results of the Inception stage, the plan deployment can take different strategies. For small 
organizations, standalone configurations, including a plan execution server can be enough, whereas for large 
organizations the use of Cloud environments under SaaS (Software as a Service) or even PaaS (Platform as a 
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Service) would be better suited. 

The utility of emergency plans goes beyond the Response phase of the Emergency Management Lifecycle. An 
executable plan can be the central piece of modern training environments based on simulation in which security 
experts can define emergency scenarios as traces in the process model representing the plan. The plan execution 
system (based on a process support system) is able to log all the activities performed, so post-mortem analysis of 
the exercise can provide very valuable feedback to response officers. This would be the principal action 
developed in the Simulation stage.  

The execution of the plan takes place in case of actual disasters. Again, the plan execution engine is in charge of 
the coordination of all the participants in the response according to the plan model. As in the Simulation stage, 
every action will be recorded for further analysis. All the records will be analyzed after the execution has 
concluded to find defects and improve the plan in further iterations of the lifecycle. 

The proposed lifecycle requires sophisticated software environments: facilities for requirements analysis, 
process design user interface design, information retrieval, need to be assembled into a service-oriented 
architecture. Merging process models with knowledge models supporting the rich informational requirements of 
emergency responses must be done via repositories that exploit technology developed within the Digital 
Libraries community. Existing plan management environments such as SAGA (Canós et al., 2013) should be 
enriched with meta-process facilities to provide the methodological support that EPE provides. And last, but not 
least, relevant results in the development of emergency management systems –such as the role-based approaches 
defined in the DERMIS system (Turoff et al., 2004)- will be applied at the right stages of the EPE lifecycle. 

A cross-disciplinary approach 

Emergency Plan Engineering raises many challenges that, instead of just reusing knowledge, can generate new 
results in many disciplines. Table 1 represents the presence of an incomplete list of domains in the different 
stages of the EPE lifecycle. Having emergency plans distinctive characteristics from “regular” software artifacts, 
we believe that those differences will require research and development of new methods and tools in some of 
these fields to cope with the complexity of emergency plan development. User-centered design, product line 
engineering, software architecture, and many other fields can be also relevant in particular cases. 

 Finally, we want to focus on customization. Current emergency plans are flat documents, often large, that 
produce information overload in some of their potential users. Having plans specified as processes, with the 
participants identified, opens the door to a change of paradigm where the model “1 plan-n users” is replaced by 
a more flexible “1 plan-1 user”. Current software and hardware technologies are powerful enough to support the 
customized generation of plans in which each participant in a response (included the potential victims) receive 
the right information (and no more) at each time.   

Our intention, in this ongoing work, is to wrap up a large part of SAGA (all the modules related to plan 
management, including editing and executing) with a methodological layer, and show how much software 
engineering research advances can help us. Actually, our intention is to transform the way plans are developed 
so far into a more systematic process, and to provide process support tools (mostly available as SAGA 
components). From our experience in the design of the QuEP framework, that evaluates how plans are managed 
by organizations, we believe that a process like EPE could be the first step towards the definition of a 
framework to evaluate the quality of emergency plans, probably using also quality metrics derived, at least 
partially, from the software quality discipline. 

 

Table 1.  Some disciplines and practices used in EPE 
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