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ABSTRACT 

Simulation is an interdisciplinary science applicable to many branches of knowledge. One field in which 

simulation is relevant is decision making support (DMS), in which we use computers to run models of real or 

possible scenarios in order to evaluate alternative actions before carrying them out. We will obtain a useful 

simulation system only when the model (engine of the simulation process) has been made accurately to 

represent reality. Thus it is necessary to use a methodology that helps us to construct a simulation system. This 
paper presents some classifications of simulation systems and an introduction to the Monte Carlo method, with 

the objective of creating a framework of application of this method for the construction of simulation systems for 

decision making support in crisis management. One area of applicability is scenario-based simulations for 

training for cross-national teams to cooperate in large scale disasters. The final aim of this research will be the 

recommendation of standards and methodologies to build simulation systems in crisis management, specifically 

in decision making support.   
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INTRODUCTION 

The role of simulation has increased significantly in recent decades. There have been major technological 

innovations that have had an influence on this process, but the basic cause for this increase is the conviction that 

simulation can improve results and provide support in several different fields, from teaching and training to 

evaluation, planning and decision making. Thanks to current technologies it is possible to increase training and 

skills by using simulation systems. In order to implement simulation technologies, R&D (Research and 

Development) programmes are developed both in government-run bodies and in private companies. The aim of 

these programmes is to develop prototype products. A methodological approach to the development of this kind 
of project is required to provide an adequate framework that allows the development of present and future 

simulation systems, facilitating the inclusion of new technologies and their maintainability.  

This paper introduces the Monte Carlo method as a key method to develop simulation systems for decision 

making support (DMS). The final objective of this research is the creation of standards as solutions that could be 

implemented in the development processes of simulations for crisis management. 

CONCEPTS IN SIMULATION AND TRAINING 

It is necessary to highlight a number of important concepts within the context of this subject.  

Training: Those aspects of the teaching/learning process that require basic skills to be learned and repeated.  

Interactive training: Those aspects of teaching that in addition to teaching basic skills, permit the reactions of 

the user to be inferred as well as his interactions with the system.  
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Simulation: A set of actions and activities, the aim of which is to facilitate and improve the teaching/learning 

process. Simulation systems usually allow the evaluation of the results through testing personnel by means of the 

faithful representation of the real system/scenario and situations deriving from its operation and use.  

From the viewpoints of teaching, training and instruction, simulation is understood to be the representation of a 

real system/real scenario and its use for the acquisition of knowledge, skills and experiences, as well as their 

evaluation.   

Scenario: “A scenario is a coherent, internally consistent and plausible description of a possible future state [of 

the analyzed system]... It is not a forecast; rather, each scenario is one alternative image of how the future can 

unfold. A set of scenarios is often adopted to reflect, as well as possible, the range of uncertainty in projections.” 

(Nakicenovic, et al, 2000,  p. 612).  

A scenario-based simulation is especially good for training because it can provide a realistic but “safe” 

environment in which to model various options for actions and their probable outcomes. In particular, simulated  

Microworlds can offer a replicable, functional simulation of a Crisis Management situation, and provide an ideal 

compromise between experimental control and realism (Brehmer & Dörner, 1993; Gray, 2002, Dubé et al., 

2010). An example is the C3Fire microworld (Granlund, 2003; Dube et al 2011), a functional simulation of a 

major forest fire event in a populated area, in which a team of managers is responsible for various emergency 

response units (Tremblay et al., 2010).  

Five current classifications of scenarios are set out below (I/ITSEC, 1998). None of these is exclusive and so one 
particular kind of simulation system may be included in any of them, depending on the taxonomy used.  

1. Classification According to the objective: 

Modeling: Different ways to represent a real system / scenario as an abstraction of its main features. This 

representation can be physical or conceptual. Formal models in Engineering are an example of modeling as well 

as diagrams or graphs that represent a set of concepts or actions. 

Simulation for training: Activities and means oriented to improve individual or team skills in a particular field. 

Practice with simulated environments, scenarios or equipment will provide better performance when working 

with a real system or a real scenario. 

Simulation for decision making support (DMS): Methods that permit the simulation in a computer of a 

specific situation or scenario with different variables and parameters. This kind of simulation is also called an 

‘analyzer’.  DMS simulation allows the representation of a model through a limited period of time in order to 
check its evolution and possible consequences. For example, the progression of a wildfire can be modeled 

depending on parameters like wind, terrain, etc; and we could study its evolution and repercussions over 

populated areas in a specific timeframe. 

2. According to the type of representation:  

Formal or conceptual simulation: mathematical or logical models are developed to represent a real system. 

Variables and parameters describe the behavior of the conceptual model. After running the model the figures 

obtained have to be interpreted by the modeler. 

Virtual simulation: provides 3D images with a real appearance of means, scenarios and situations by using 

computer systems.  

Live simulation: allows interaction with real systems by means of the sensorisation of a part of these. The rest of 

the real system is simulated by means of techniques similar to those used in virtual simulation.  

Constructive simulation: This allows crews or human teams to be trained and is intended to facilitate decision 
making, either in an isolated group or with other interconnected simulators of the same or lower level.  

3. According to the level of application, three levels are defined:  

Level 1: Individual  

Level 2: Team  

Level 3: System  

4. According to their interconnectivity 

Isolated or legacy simulators: those that do not need interaction with other simulation systems. 

Network simulators: those that need to interact with other simulators in order to develop the whole functionality 

of the system. 
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5. According to the need for a response:  

Simulators that respond in real time: they are the most widespread within the field of training. It is necessary 

to adjust the response of the simulator and especially its interfaces in order to obtain results or interactions in real 

time, at the same intervals as would be provided by the real system.  

By comparison, we can classify the rest of the simulators as those that do not require a response to be produced 

within a specific time frame, because they will not need to use sophisticated real-time mechanisms.  

THE ART OF MODELING 

It is necessary to define more specifically what we understand a model to be, as this is a widely used concept in 

the field of simulation and other sciences (Law, 1982; Brehmer, 1993). A model is a simple description or partial 
representation of reality. Due to the difficulty of obtaining an exact replica with regard to the functioning of 

exterior reality, it is necessary to select the aspects or magnitudes to take into consideration and which make up 

the variables of the model. In the case of physical models, this will involve reproducing these parameters with 

the highest level of precision, trying to make an exact copy of reality. In the case of a formal or mathematical 

model, one tries to draw up general laws that can be expressed in mathematical terms, which create a relationship 

between these magnitudes and which allow some variables to be considered as input parameters. The others will 

have the status of output variables, or the solution of the problem. Generically, models can be classified as 

follows:  

Physical models: these are models which attempt to physically reproduce reality with exactitude; they are 

tangible physical objects, e.g., bridges at a reduced scale which allow their strength to be checked, by subjecting 

them to scaled stresses, etc.  

Formal models: these are models that attempt to adjust themselves to the behavior of reality through a 

mathematical process. These are called conceptual models.  

From a scientific point of view we can find other kinds of models:  

Static or dynamic models: according to whether time is explicitly considered a variable of the model or not.  

Continuous time or discrete models: in accordance with the way in which the variable of time is considered, 

either continuously or in limited frames.  

Deterministic or stochastic model (random): in the first case, chance or probability is not considered, while in 

the second, this characteristic is extremely important.  

Qualitative or quantitative models: when the variables considered take a value from among a finite number of 

linguistic tags or from among set of numbers. 

The process by means of which the system model under study is deduced can be described as an ‘intuitive art’. 
Any set of rules to develop models is of limited use and can only be used as a structure or suggested approach. 

Unfortunately, all scientific research is disseminated and communicated in the form of a logical reconstruction of 

events, which tries to justify the contents produced. This logical reconstruction has little to do with the way the 

research was done.  Experienced modelers know that the mental process to develop a model is different from the 

one which appears in texts and in the bibliography.  

The construction of models is based on continuous preparation and enrichment. Starting with a very simple 

model and then continuing with more elaborate models is a good way to build a simulation system. The analogy 

or association with previously developed structures seems to have an important function in determining the 

initial points for this preparation and improvement process of the model. The preparation and enrichment process 

involves a constant interaction and a process of feedback between the real world and the model. There is a 

reciprocal influence between the modification of the model and a confrontation with the real system. As one tests 

and tries to validate each version of the model, a new version is produced leading to other tests and validations. 
Provided that the model is computationally manageable, analysts can aspire to a new enrichment or complication 

of what is assumed. Therefore, the art of modeling consists of the skills of analyzing a problem, summarizing its 

essential features, selecting and modifying the basic assumptions that characterize the system, and then enriching 

and developing the model until a useful approach is obtained. As the objectives are met and problems are solved, 

new problems are identified or greater realism is required, which leads to revisions of the model and better 

solutions. There is no rigid procedure about how constructing a model has to be tackled. There are no magic 

formulae to decide what must be included in the model in the form of variables and parameters, descriptive 

relationships and restraints, and criteria for judging its effectiveness. It is important to point out that once the 
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model is constructed it is vital to validate its credibility by running the model and comparing results with real 

system or scenario dynamics.  

CRISIS MANAGEMENT: PHASES AND PROCESSES 

The literature on disaster management typically identifies at least four phases of the emergency management 

process: mitigation, preparedness, response (also called emergency management), and recovery.  Mitigation 

refers to pre-disaster actions taken to identify risks, reduce them, and thus reduce the negative effects of the 

identified type of disaster event on human life and personal property.  Preparedness refers to the actions taken 

prior to a possible disaster that enable the emergency managers and the public to be able to respond adequately 

when a disaster actually occurs, including warning systems.  The response phase includes actions taken 
immediately prior to a foretold event as well as during and after the disaster event, which help reduce human 

and property losses.  The recovery phase is sometimes never completed; its objective is to enable the population 

affected to return to their “normal” social and economic activities (Van de Walle, Turoff and Hiltz, 2010).   

APPLYING MONTE CARLO 

Regarding the above mentioned phases, decision making support (DMS) is usually needed in Mitigation and 

Preparedness in order to evaluate possible risks and analyze possible preventive actions to mitigate risks. DMS 

is also needed in the response phase to analyze the repercussion of possible reactions or solutions and the 

efficiency of each of them. In this phase, the DMS has to give a response within a very limited time since human 

lives could depend on making the correct decision. Due to this time restriction, the development of simulation 

systems to support this phase has to be based on real-time information systems. DMS can be also applied in the 

recovery phase in order to study the best way to distribute resources or reconstruct the affected system.  

Among the different techniques we can use in simulation as problem solving methods, Monte Carlo has as a 

main advantage the possibility of representing a succession of events and their associated probabilities that can 
occur in a specific crisis scenario. The correct treatment of these data makes Monte Carlo an excellent method to 

determine how the scenario is going to evolve, or the future repercussions of human decisions to control the 

scenario. 

The Monte Carlo method: a double meaning 

The method of Monte Carlo (Shannon, 1975) was developed in the 1950’s to give an approximate solution in a 

DoD project in Los Alamos (USA). Through time, Monte Carlo has embodied two meanings: a high number of 

repetitions of a stochastic model to eliminate probabilistic uncertainty and the process to define mathematical 

probabilistic functions. Both definitions are usually involved in the development of simulation models for DMS. 

Regarding crisis management, it will be necessary to define the mathematical probabilistic functions of the 

variables related to the mitigation, preparedness, response or recovery phase. The results of a DMS simulation 

system will be only as good as the accuracy of the probabilistic functions.  It is not only important to have a 

correct definition of probabilistic variables, but also to implement a process able to control the correct number 

of iterations when running the model of the scenario, to assure the credibility of the results. 

The aim of this research is the creation of a methodology and its subsequent methods or techniques that allow 
the construction of DMS simulation systems based on the Monte Carlo method, and adapted to any of the crisis 

management phases. 

According to the classification given in the ‘Art of modelling’ section, a model in which we apply the Monte 

Carlo method is: dynamic since events evolve in the scenario through the time, stochastic due to the use of 

probabilistic functions, formal since it is represented with mathematical expressions and discrete because we are 

going to study the evolution of the scenario in a limited period of time. 

Thus far, the main uses of simulation in emergency management have been in prediction and training.  It is 

necessary to be able to assess effectiveness of alternative plans and strategies. Since it is obviously infeasible to 

perform experiments during an emergency situation, simulations are an appropriate tool.  In addition, computer 

simulations have begun to be used in training of managers and personnel, in conjunction with or instead of live 
simulation exercises, especially for dangerous situations such as large fires (Dugdale et al., 2010).  
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FUTURE WORK 

This short paper provides the basis for a longer paper in which a methodology for the construction of 

simulation systems for DMS in crisis management will be developed. The application of the methodology to the 

particular phases of crisis management will be developed as well. Some case studies will illustrate the 

application of the methodology when developing such DMS simulation systems. 

CONCLUSION 

This paper describes research in progress about the use of simulation for Decision Making Support (DMS) in 

crisis management. This is not a new idea, but what can be a new approach is the identification of the Monte 

Carlo method and its application in specific phases and processes of crisis management. In order to bring about 

this approach, it is necessary to apply a common development methodology to allow the unification of criteria 

and the use of standards to facilitate the development of international joint simulation projects for crisis 
management. It is important to get a good definition of phases and processes in crisis management in order to 

improve the accuracy of simulation models. Adequate planning in the implementation of new simulation 

technologies, together with the correct articulation of international research and development programs, will 

provide a new generation of interoperable simulation systems that directly influence the training skills of crisis 

management staff for large-scale crises requiring international cooperation in the planning and response phases. 
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