
 

 

 

        

University of Genoa 
DIME/TEC – Polytechnic School 

 

 
 

Ph.D. Thesis  

Development of Simulation Based Approaches 

for Cost Estimation and Effect Analysis in 

Industrial and Humanitarian projects, 

Including System Dynamic Model and Monte 

Carlo Simulation  

 

XXXII Cycle  

 

Course: 

Engineering of Machinery and Energy, Environment and 

Transport Systems 
 

Curriculum: 

Mathematical Engineering and Simulation 
By: 

Fahimeh Allahi 

 

Supervisors: 

Prof. Roberto Revetria 

Prof. Roberto Mosca 

Prof. Lucia Cassettari 

 

 

Coordinator: 

Prof. Roberto Cianci 
April 2020



 

II 

 

ABSTRACT  

Cost management has become an integral part of management fields these days and has 

acquired great weight in the sector of project management as well. For most beneficiaries in 

the industry and humanitarian field, the management of projects is synonymous with the 

management of cost that affects directly the funds they need to mobilize to deliver their scheme. 

This thesis deals with the development and validation of simulation-based methods in the 

industry and the humanitarian field. In addition, several novel methods of cost management 

have been proposed considering the complexity of different factors. 

In the industry field, construction projects are characterized by great uncertainty. 

Appropriate risk analysis techniques are required to estimate the adequate coverage level 

against the occurrence of extra costs to increase the progress of the project in the tenders. The 

project margin increases when an excessive provision leads to more comprehensive coverage 

of the risks. Also, an accurate estimation of the contingency reserve is a crucial subject in 

construction projects to reduce the risk of overruns’ costs to an acceptable level and ensure the 

competitiveness of the company’s bid. To achieve this goal, a Company’s traditional approach 

has been applied to a real railway project and then a stochastic Risk Mode and Effect Analysis 

(RMEA) methodology base on Monte Carlo Simulation compared with the outcome of the 

company’s traditional approach applied to the same project. Most of the contingency estimation 

methods are included problems of subjectivity, complex mathematical models, and inaccurate 

estimation. This research proposes a combination of the Risk Mode and Effect Analysis 

(RMEA) with Monte Carlo Simulation (MCS) to determine the amount of allocated 

contingency fund that overcomes other methods’ limitations. The output of the analysis is a 

cumulative distribution function that demonstrates a coverage level related to the contingency 

amount to control extra cost and reduce the amount of contingency in projects. The developed 

method is validated by applying a real construction project and the obtained results are 

compared with the outcomes’ of the company’s traditional approach, clearly demonstrate the 

potential and the benefits of the proposed methodology. The result of the proposed method 

allows the decision-makers to operate with a lower contingency amount and control extra 

expenses of projects. In addition, a Decision Support System (DSS) approach using Failure 

Mode Effect Analysis and Monte Carlo Simulation has been discussed in this chapter. 
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Besides, in the humanitarian field, A System Dynamic (SD) model has been applied to a 

humanitarian project to study the impact of different levels of financial aid paid to beneficiaries 

for different impact factors and estimate financial aid variation.  

Natural and man-made disasters seem unpredictable every year, increasing a wide range of 

universal sufferers. Several people are affected by the direct outcomes of these disasters, and 

their life depends on disaster relief aid administered by humanitarian organizations. Recently, 

there has been renewed interest in cash distribution in the humanitarian sector during disaster 

relief to increase access of vulnerable people to supporting services such as health or education 

and develop their life’s condition while rising the efficiency of humanitarian organizations 

committed to the program. The research proposes a casual-loop and system dynamic model to 

assess multi aspects of related impact factors to provide optimal support of beneficiaries. The 

model provides a decision-making framework with a high-level overview of the interactions 

between the education and health aspects of the recipient’s life, provides a system dynamics 

analysis including interactions that could have led to improving the vulnerable people's 

condition life. This system dynamics approach can be used to study the significant factors on 

education and health aspects of refugee crises such as the case of Syrian refugees in Turkey. 

Reviewing the humanitarian management literature, a causal loop is developed to better 

understand the health and education variables and their interactions. Then a system dynamic 

model is proposed and validated by historical data of Syrian refugees in Turkey. The result of 

financial aid sensitivity shows that more financial aid from humanitarian organizations are 

significantly improved the general health of refugees and also it is caused higher attendance 

for children in schools. In addition, enhanced financial aid supports can lead to improving 

access to water and hygiene facilities and also building more schools for their children. 
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1 Introduction  

This chapter gives a brief introduction to the research background that helps to understand the 

research necessity from the academic and practical viewpoint. The thesis outline is provided to 

explain the different simulation based approaches in project management, followed with cost 

estimation in industry’s and humanitarian project. First, the background of the study and 

statement of the research problem are addressed. The research aim and objectives are also 

presented. Subsequently, the scope and boundaries of the study are presented followed by a 

summary of the research methodology adopted. Finally, a statement of the contribution to 

knowledge and the significance of the research findings are described. The chapter ends with 

a description of the structure of the thesis. 

 

1.1 Research Background 

Cost management has become an integral part of management fields these days and has 

acquired great weight in the sector of project management as well. For most beneficiaries in 

industry and humanitarian field, the management of projects is synonymous with the 

management of cost that affect directly on the funds they need to mobilize to deliver their 

scheme. Cost management is defined as the process of planning and controlling the budget of 

the projects. It helps in predicting the expenses of the projects so that one can avoid going over 

budget, thereby being an integral part of project management (Oberlender, 1993). Project cost 

management can be divided into three main phases: cost estimating, cost budgeting and cost 

control which the phase of cost estimating takes place in advance of the operational work in 

the project to evaluate how many costs will occur during the project and the sum of expenses 

has to be estimated (Guh, 2005) 

The cost estimation is especially relevant to construction and humanitarian projects, where the 

risks and complexity factors are high (Watkins, 2014). On such schemes, project managers 

often have a huge challenge to deliver operational tasks, as well as forecast probable overruns 

to change conditions of those complex factors. Effective management of cost in such projects 

is a key role and often a requirement for achieving successful delivery and is often the advance 

criterion for key project decisions.  

Three case studies have been discussed in this thesis which one of them has presented a system 

dynamic model for cost estimation of a humanitarian project for the case study of Syrian 

refugees and two of them comes from the need for a multinational Company operating on 

construction projects, to develop a new and safe simulation method for assessing and managing 
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cost. Regarding existence of uncertainty and complex factors in construction and humanitarian 

projects, developed simulation based techniques such as Monte Carlo Simulation and system 

dynamic have been discussed. 

Cost estimating is one of the most important steps in project management since there is always 

uncertainty in the last predicted price. The evidence suggested that such effective estimation of 

construction project’s cost is often difficult to attain without contingency and management 

reserves (Gillet, 2015). It is a significant subject in the cost estimation to find out the more 

accurate cost amount to allocate in the projects ( Moselhi, 2015).  

The word 'Contingency' is one of the most questionable, misunderstandings and least 

discovered objects in the estimation and means various units to different people in the several 

fields of study (Clark and Lorenzoni, 1985; Patrascu, 1988). American Association of Cost 

Engineers (AACE) in 2012 described contingency as a precise reserve of money in an estimate 

for the unpredictable or indeterminate cost of components by statistical analysis of ancient data 

(Clark and Lorenzoni, 1985). Furthermore, the Project Management Institute (PMI) in 2012 

defined it as a fund amount to reduce the overrun risks to an acceptable level for the company. 

Basically, it is a reservation for uncertainties in the projects (Thompson and Perry 1992). 

Among the projects, construction projects also can be particularly complex because of the risk 

elements, which may unfavorably affect the result (Flanagan and Norman 1993; Mills 2001; 

Qazi et al. 2016). To provide for these risks, Contingency Reserve (CR) is allocated into the 

budget. While Cost Contingency (CC) involve within a cost estimate, the budget describes the 

total financial commitment for the project manager (Baccarini and Love 2014). The CR and 

other resources are assembled to guarantee the successful result of a project (Hillson 2002; 

Uzzafer 2013). Moreover, it is a significant method to control risks in the cost estimation 

(Project Management Institute 2012). A realistic estimate has a significant effect on the projects 

since it uses as a baseline in the project controlling for decision-making (Yeo 1990). This 

method is based on setting apart some amount of budget to cover the project warnings. 

(Association for Project Management 2008; Eldosouky et al. 2014).  

A careful contingency assessment is essential to ensure competitiveness in tenders. The higher 

the contingency reserve is, the higher the coverage level is. However, at the same time, the 

allocation of contingency reserve leads to an increase of the overhead costs, impacting on the 

overall value of the project estimation. This is necessary to support the Company in 

implementing the new methodology and to manage the random component, typical of all kind 

of risks, in a statistically correct way (Moselhi, 1997).  
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Commonly, in the traditional methods, the risk occurrence probability and related percentages 

were used to estimate the contingency fund (Moselhi, 1997 ).  Some authors presented reasons 

such as inaccurate, complex and inordinate allocation of budget to refuse using traditional 

methods (Baccarini, 2005).  

Accurate cost contingency amount can be obtained by probabilistic method (Moselhi, 2015.) 

Among probabilistic methods, MCS is one of the most common method, which is applied for 

cost contingency estimation and risk analysis in construction projects (Bakhshi and Touran, 

2014). Upon the occurrence of a probabilistic risk event, for some years now there has been a 

movement to replace classic scenario analysis (based on minimum, maximum and most 

probable values) with the definition of a PDF that describes the probability of possible 

occurrences of the economic impact values associated with each individual risk. The output of 

the analysis based on the Monte Carlo simulation, is a PDF curve, capable of linking the reserve 

amount with the probability of covering expected global risk. Furthermore, in comparison with 

other methods, MCS is more impressive because of comprehensible, easy to use and feasible 

(Eldosouky et al. 2014).   

Besides, it can be noted that, developed MCS method for cost estimation has been presents for 

industrial case studies and also, system dynamic simulation has been used for humanitarian 

case study.  

Regarding numerous aspects of impact factors in humanitarian and the complex relationship 

among them, the recommended system dynamic model illustrates how the methodology of 

system dynamics can be useful for understanding the behaviours of complex factors in 

humanitarian and consider them while project manager make the decision for the costs in the 

disasters or emergencies situation (Revetria et al. 2008). 

Recently, an SD model was applied in humanitarian project management to model distribution 

of critical supplies during relief procedures in case of a hurricane event to understand aid supply 

required in accommodation and distribution (Cruz-Cantillo, 2014). In addition, Kunz et al., 

2014 suggested a system dynamic model for food transfer during a disaster and established a 

decision framework on how to allocate budgets in emergencies. The main issue of the 

developed SD model is lack of measurements and estimation of cost in the long-term refugee 

crisis.  

In this research, a SD approach is applied to simulate key factors in refugees’ life such as health 

and education. 
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Generally, Applying and analysis of financial aids to health and education system of refugees 

are very complicated. In order to making smooth this methods it is better to illustrate all the 

actions using casual loop diagrams (CLDs). 

CLDs are essential tools and visual qualitative models for interpreting the feedback structure 

of systems by employing feedback loops to show links between the variables that define a 

system (Briano et al., 2010). They have long been employed in academic studies and frequently 

applied in organizations to quickly capture assumptions about the causes of dynamics (Revetria 

et al. 2008). The consequences of relations between the variables can be further simulated by 

the SD model to evaluate and enhance the perception of this complex system. Hence, this study 

aims to address this need, first by understanding health and education system and its building 

elements, by investigating the interaction dynamics between these building elements, by 

assessing the impact of humanitarian financial aid in changing such interactions, and finally by 

offering a system dynamics (SD) simulation model verified with Syrian refugees’ historical 

data, as a future guideline for cost estimation. To the best of our knowledge, our study is the 

first research project which uses a quantitative SD model verified and validated with real data 

for different factors related to the refugee crisis and the validated model is then used to estimate 

the amount of financial aid for health and education services and presents the better way of 

spending money for policy makers in humanitarian organizations. 

 

1.2 Research Structure 

This thesis deals with the development and the validation of simulation based methods in 

industry and humanitarian field and novel methods in order to cost management considering 

complexity of factors have been proposed. To achieve this goal, a Company’s traditional 

approach has been applied to a real railway project and then a stochastic Risk Mode and Effect 

Analysis (RMEA) methodology base on Monte Carlo Simulation compared with the outcome 

of the company’s traditional approach applied to the same project. In addition, a Decision 

Support System (DSS) approach using Failure Mode Effect Analysis and Monte Carlo 

Simulation has been discussed. Finally, System Dynamic model has been applied to a 

humanitarian project to study the impact of different levels of financial aid paid to beneficiaries 

for education and health impact factors and estimate financial aid variation.  

Hence, the structure of thesis is described in more details: 

 Chapter one: 
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This chapter deals with the background to the research including justification and the problem 

statement, aim and objectives and the associated contribution to knowledge emanating from the 

research and structure of the thesis.  

 Chapter two:  

This section focuses on estimation of contingency in stochastic regime by MCS. The traditional 

method of a real life Company applied to an industrial project of railway signaling and 

integrated transport systems. The proposed method considered the qualitative risk analysis and 

stochastically quantitative analysis by using the Monte Carlo method and executed for two 

probability distribution, which presented the cost contingency amount for the risks happening 

with the determined probability (under 20 percent) to allocate in the project.  

The comparison between the results obtained from two different types of probability 

distributions showed two different coverage level for one contingency amount, which means 

the contingency value, is not accurate and also the result was influenced by the choices of the 

decision-maker. Therefore, it is resulted that the method has the problem of subjective and 

inaccurate. 

In the next section, a new methodology will be introduced for which is more accurate and have 

the feature of objective.  

In addition, combination of the Risk Mode and Effect Analysis (RMEA) with Monte Carlo 

Simulation (MCS) is presented to determine the amount of allocated contingency fund that 

overcomes other methods’ limitations. The output of the analysis is a cumulative distribution 

function which demonstrates a coverage level related to the contingency amount to control 

extra cost and reduce the amount of contingency in projects. The developed method is validated 

by applying to the real construction project and the obtained results are compared with the 

outcomes’ of the company’s traditional approach, clearly demonstrate the potential and the 

benefits of the proposed methodology. The result of the proposed method allows the decision-

makers to operate with a lower contingency amount and control extra expenses of projects. 

Thanks to this method, the calculations carried out in a quick and precise way. In addition, the 

accuracy of the model is high, and it does not need a specific mathematical expert.  

This chapter also addresses an innovative risk analysis method based on Monte Carlo 

Simulation to the construction phase of a 600 MW gas turbine plant to demonstrate the 

advantages of a study in a stochastic regime. This proposed methodology for risk management 

and project control allows working in a stochastic regime that increases the progress of the 

project. The study aims to highlight the benefits and results obtained through a stochastic 
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analysis compared to traditional deterministic analysis. In Particular, two project phases were 

considered in this research: the process of bid and the phase of work in progress control; Risk 

Analysis with Monte Carlo method has been applied to both. The analysis on the first phase 

has led to the allocation of a contingency equal to 8% of the costs of construction of the plant; 

this percentage represents a quantitative estimate of all the possible risks that may occur in the 

pipeline. The MCS analyses in the progress phase identified the project final dates for each 

critical path calculated at five different time instants, from June 2016 to December 2016; this 

has allowed to verify the evolution of the program and modify the program to avoid penalties.  

Finally, it has been possible to note how the variability of the results decreases with the 

approaching of the implant delivery dates; this aspect is fundamental in order to identify more 

precisely the final date of the project over time.  

 

 Chapter three: 

This chapter is devoted to a system dynamics model applied in social and humanitarian research 

during the visiting period in the United Kingdom. The model applied to a real project which 

aims to improve the welfare of Syrian refugees, one of the most distressing tragedies affecting 

millions of people who had to leave their homeland and live as refugees in Turkey. This comes 

with many concerns including basic needs of the refugees, planning for a fair and efficient of 

health and education services and estimate the proper cost for them. The success of the project 

will be reflected by the increase in the level at which the needs of the refugees are satisfied.  

For this purpose, a causal loops to better understand the building-boxes of refugees’ need and 

their interactions have proposed and then an SD model is applied and validated by field data 

from humanitarian organizations. The result of sensitivity shows the significant contribute to 

health and education of refugees when considering more financial aid from humanitarian 

organizations. 

 

 Chapter four: 

Finally, in this chapter, the fundamental objectives of the research are reviewed and 

highlighted. Conclusions drawn from the thesis are presented and recommendations are made.  
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2 Cost Contingency Allocation Approaches in Construction 

Projects 

 

The cost contingency estimation is an essential phase in the project management, especially 

when the regime of performance is stochastic. This chapter proposes some methods to estimate 

project cost contingency by considering the fact that any risk can occur on a variety of values 

in terms of economic impact. The proposed methods has been applied to construction projects 

of real life companies.  

First of all, a probabilistic model is considered to estimate project cost contingency regarding 

the fact that any risk can occur on a variety of values in terms of economic impact. The impact 

of risks on the project is achieved by qualitative analysis through three parameters: schedule, 

cost, and performance. In addition, a stochastic quantitative analysis has been performed using 

Monte Carlo Simulation (MCS) with the aim to determine the probability distribution of the 

contingency cost and the related level of risk coverage. The proposed method has been applied 

on a construction project of a real life company using @Risk for Excel software. By obtaining 

the contingency amount for the project, it can be realized that with allocating a determined 

budget, a specific level of risks can be covered and vice versa. Eventually, the robustness of 

the result was evaluated by another probability distribution to compare the obtained results.  

In the next section, a combination of the Risk Mode and Effect Analysis with Monte Carlo 

Simulation is proposed to determine the amount of allocated contingency fund that overcomes 

other methods’ limitations like subjectivity, complex mathematical models and inaccurate 

estimation. The output of the analysis is a cumulative distribution function which demonstrates 

a coverage level related to the contingency amount to control extra cost and reduce the amount 

of contingency in projects. The developed method is validated by applying to the mentioned 

construction project and the obtained results are compared with the outcomes’ of the 

company’s traditional approach in the last section, clearly demonstrate the potential and the 

benefits of the proposed methodology.  

In the last section a stochastic risk analysis is applied to the construction phase of a 600 MV 

gas turbine plant using Monte Carlo Simulation. 
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2.1 Introduction  

A risk is an uncertain event or condition that, if it occurs, has an effect on at least one of the 

project objectives. Fundamentally, contingency cost is an essential reservation for uncertainties 

in the projects (Thompson and Perry 1992) and it is demonstrated the total financial obligation 

for the project manager (Baccarini and Love 2014). Contingency cost is the estimated amount 

of budget or time setting aside to cover the total risk of projects (Eldosouky et al., 2014).  

A critical phase in contract of engineering is when the Decision Maker (DM) must determine 

the contingency reserve, or the extra cost that should be added to the overall project cost to 

ensure an adequate coverage level against the risk of cost overruns. The procedure of project 

risk management consists of identifying, quantitative and qualitative risk analysis, response 

planning and mitigating risks which are caused the successful of the project (Maytorena, et al., 

2007).  By applying a risk analysis method such as the Monte Carlo Simulation (MCS), PERT, 

Failure Models and Effect Analysis (FMEA), decision trees and sensitivity analysis (Baccarini 

2005), the estimated contingency amount can be obtained. As an example, while a project 

contains tasks with risk factors, PERT method can determine the risk of overcoming the 

estimated time. A careful contingency assessment is essential to ensure competitiveness in 

tenders. The higher the contingency reserve is, the higher the coverage level is.  

Taroun in 2013, focused on the research of new approaches to the risk assessment problem but 

do not consider the risk impact on the real project development and on the contingency reserve 

definition. Besides, risk management methodology only applied to engineering design projects 

and some small business Companies without considering the contingency reserve which have 

to be consequently allocated (Yim et al., 2014).  

It is emphasized that an inaccurate estimation of project contingency costs may result in a 

drastic reduction in the total profits (Chou et al., 2009).  

(Howell et al., 2010) review the different approaches adopted by PMs in the contingency costs 

estimation, rating each strategy according to five drivers: uncertainty, complexity, urgency, 

team empowerment and criticality. 

 Chou et al. in 2011, finally, propose a simulation approach using the Monte Carlo method. In 

particular, it uses a historic set of projects to create stochastic distributions to be associated 

with the project costs. 

 

2.2 Literature Review of Methods for Estimation of Cost Contingency 

Regularly, applied techniques of contingency estimation are classified into two main 
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groups, namely deterministic and probabilistic techniques (Moselhi 1997, Schneck et al. 2009), 

but recently, Bakhshi and Touran (2014) supplemented a classification by adding the modern 

mathematical method to this group. Cost item allocation (Moselhi, 1997) and traditional 

percentage (Ahmad, 1992; Moselhi, 1997) were proposed as deterministic methods. In 

addition, expected value method (Hollmann et al., 2012), method of moments (Diekmann, 

1983; Yeo, 1990; Moselhi, 1997) and Program Evaluation Review and Technique (PERT) 

(Aquino, 1992) were presented as probabilistic methods which calculate the contingency 

amount without using any simulation software which is an advantage for companies to not 

invest money on purchasing any software package. However, without any simulation, complex 

models in large-scale projects cannot be solved and these methods are useful solely for the first 

phase of risk assessment such as the conceptual or planning phase (Bakhshi, 2014). 

The most commonly used method to estimate a contingency budget is traditional 

percentage method, which is deterministic and applied for each cost factor based on their most 

probable value and predetermined percentages to present a point estimate for the contingency 

budget (Ahmad, 1992; Moselhi, 1997; Mak et al., 1998). Contingencies are usually evaluated 

as an all-inclusive percentage addition on the base estimate, according to previous experiences 

which is arbitrary and difficult to justify or defend because it is an unscientific method 

(Thompson and Perry, 1992; Hartman, 2000). Moreover, it often leads to excessive allocation 

of the budget (Hartman, 2000). Cost estimators occasionally avoid using traditional methods 

respecting the complexity and strong mathematical requirement for contingency estimation 

(Khalafallah et al., 2005). Furthermore, an inaccurate estimate of project contingency costs 

may result in an extreme reduction in a project’s profit. It is required to present an approach 

for estimating the project budget based on heuristic techniques and simulation models in order 

to provide valuable input such as the likelihood of occurrence and levels of confidence, as a 

basis for making decisions for Project Manager (PM) (Chou et al., 2009). For this reason, three 

methods of estimation have supplanted this approach and have therefore taken on a greater 

importance, namely the Monte Carlo Simulation (MCS) (Chau, 1995), Regression Analysis 

(RA) (Merrow and Yarossi, 1990) and Artificial Neural Networks (ANN) (Chen and Hartman, 

2000). However, regression models and ANN are often difficult to apply for users without any 

particular skill, MCS presents more opportunities for applicability to projects (Allahi et al. 

2017a). Monte Carlo Simulation may consider cost objects independently or with correlation 

(Sonmez et al., 2007), but the availability of historical data is important to create appropriate 

probability density functions. The approach based on MCS is formed preferably on the 

subjective choice by individual decision makers of the probability distributions of each risk’s 



 

11 

 

influence. This choice requires the referent to imagine in addition to the most likely value of 

the impact, the minimum value, maximum value and a probability profile over the entire range 

of possible values of the impact (Chau, 1995). This approach would be objective in the case 

where it is possible to have a database sufficiently rich to extrapolate the probability 

distributions with sufficient accuracy. Despite this fact, the extrapolation of past behavior into 

the future should always be handled with great care.  

 The methods that use the probabilistic approach produce more accurate contingency 

estimates than the ones that use the deterministic approach (Salah and Moselhi, 2015; Yim et 

al., 2015). A summary of some of different contingency estimating methods is displayed in 

Table 1. 

Table 1 A summary of contingency estimating methods 

Methods Explanation Type of Method Proposed by 

Traditional percentage 

 

 

Lump sum allowance 

 

 

Cost item allocation 

 

 

 

Probabilistic estimation 

(Allocation) 

 

 

Method of moments 

 

 

 

 

Monte Carlo 

Simulation 

 

 

PERT 

 

 

 

Range estimating 

 

 

 

 

Percentage addition to the base 

 

 

Presented sum of money in the 

contract sum. 

 

To each cost item, a percentage is 

allocated and estimated as a 

weighted average 

 

A calculation of probability of cost 

overrun for a given contingency 

level 

 

Proposes a probability distribution of 

each cost item in an estimate to 

reflect the risk of the cost elements. 

 

 

A technique uses to develop data 

through a random number generator 

or by using a statistical program. 

 

Provided three different cost 

estimates for each item. 

 

 

Estimating using risk analysis the 

determined contingencies by 

identifying and costing risk events 

associated with the project. 

 

A powerful statistical technique for 

Deterministic 

method 

 

Probabilistic 

method 

 

Deterministic 

method 

 

 

Probabilistic 

method 

 

 

Probabilistic 

method 

(Non-simulation) 

 

 

Probabilistic 

method 

(Simulation) 

 

Probabilistic 

method 

(Non-simulation) 

 

Probabilistic 

method 

(Simulation) 

 

 

Ahmad, 1992; 

Moselhi, 1997 

 

Otali and Odesola, 

2014 

 

Moselhi, 1997 

 

 

 

Moselhi, 1997 

 

 

 

Diekmann, 1983; Yeo 

,1990; Moselhi, 1997 

 

Chau, 1995; Clark, 

2001 

 

 

Aquino, 1992 

 

 

 

Curran, 1989 

 

 

 

 

Merrow and Yarossi, 

1990; Aibinu and 
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Regression Analysis 

 

 

 

 

Artificial Neural 

Networks  

 

 

Fuzzy techniques 

 

 

 

 

 

Individual risks  

expected value 

analytical and predictive purposes in 

estimating cost. 

 

 

An information processing technique 

that simulates the biological brain 

and its interconnected neurons. 

 

A mathematical technique for 

capturing uncertainty attached to 

human behavior in which words are 

used instead of numbers in the fuzzy 

logic calculation. 

 

A technique of multiplying the 

probability of occurrence and the 

deterministic risk impact to obtain 

the expected value of each risk. 

 

Probabilistic 

method 

(Parametric 

Estimating) 

 

Modern 

Mathematical 

Method 

 

Modern 

Mathematical 

Method 

 

 

 

Probabilistic 

method 

(Non-simulation) 

Jagboro, 2002 

 

Chen and Hartman, 

2000 

 

 

Zadeh, 1965;  

Shipley et al., 1997 

 

 

 

Mak et al., 1998 

 

The problem of determining the allocated amount for covering project contingencies was 

addressed in research of Idrus et al. (2011), who criticized the allocation of contingency costs 

as a percentage (based on a historical set of projects) of the total project cost. The drawn method 

calculated a model based on risk analysis and fuzzy techniques that developed risk factor 

determination and validation. Although the problem of knowledge of fuzzy logic existed for 

the project manager, it was within 20 percent accuracy in the result.  

Recently, some authors have dealt with the issue of allocating contingency funds despite 

its relevance in project management. In 2014, Lhee et al. presented a method to estimate the 

optimal contingency for construction projects. The two-step neural network method was based 

on statistics such as the mean squared error and correlation that decreased the risk of 

overcommitting investments and work better in comparison with one-step neural network 

methods. Furthermore, Salah and Moselhi in 2015 introduced a newly developed fuzzy-set-

based model for estimating, allocating, and managing a contingency fund in construction 

projects. In the same year, Baccarini and Love carried out statistical analysis for the properties 

of cost contingency in water infrastructure projects. Then, to increase the accuracy of a 

contingency estimate, the empirical distributions of cost contingency were applied and the best-

fit probability distribution was obtained. A number of authors have drew a method to estimate 

contingency, which employed lump-sum contracts and the log-logistic probability density 

function to best model the behavior of cost overruns in road construction projects (Love et al., 

2015). Much of the previous research have presented different methods to estimate cost 
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contingency, however, some of the methods require special knowledge in ANN, fuzzy 

techniques and some other mathematical subjects.  

In a study conducted by Hammad et al. (2016), a method was supplied based on the 

activities contribution to the overall project cost variance to estimate the contingency in order 

to allocate within the project. The project manager does not need special knowledge of complex 

models with this method, but the problem of subjectivity exists and also the approach did not 

control for the impact of the error on results. In particular, there was a strong dependence of 

some key parameters on subjective decisions made by individual decision makers.  

Overall, these studies highlight the need to make some substantial changes to the existing 

methodologies in order to make the results as objective as possible and make the final result 

more “robust” in terms of reliability.  

Therefore, a new method for measuring the amount of the allocated project contingency 

has been proposed. The approach is innovative because of combining Risk Mode and Effect 

Analysis (RMEA) technique with MCS and has improved reliability and accuracy compared 

to other techniques analyzed in the literature. RMEA is a risk assessment tool that mitigates 

potential failures in systems, processes, designs or services and has been used in a wide range 

of industries (Hammad et al. 2016). The introduced approach can be used to calculate a correct 

allocation amount of cost contingency for construction and industrial projects, against the risk 

of overruns’ cost and cash flow by determining the risk factors. Regarding the structure of this 

method, it can be applied easily without any mathematical skill, even by non-specialist project 

managers for making decisions about setting aside the accurate value to cover the approximate 

total risk of the project. The presented method is based on three risk factors including the risk 

occurrence probability, severity and detectability. The size of the contingency or the financial 

reserve produced by proposed new method is more accurate compared with the other 

approaches. The set aside contingency is protected by the project’s gain and the financial result 

of the company, without allocating unnecessary costs and as a result, company gains 

competitiveness in the market, without compromising the level of protection against risk. 

 In addition, using this approach, managers have been able to deal with the major limitation, 

which is the subjectivity of assessment in the allocation of weights associated with each risk. 

The mentioned limitations were inevitable until now and had a significant impact on the risk 

assessment and estimation. However, problem of subjectivity has been solved by normalizing, 

weighting and re-evaluating extracted data by assessors (usually chosen by department heads) 

in this research. The introduced approach is applicable to any company with any size, 

belonging to any sector. Furthermore, the developed method has improved reliability and speed 
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in estimating of cost contingency in comparison with the common use of the RMEA, adapted 

by the tender process with clear instructions to use at every stage of the process. Furthermore, 

it has a low impact on company resources and application speed. RMEA is integrated with 

Monte Carlo simulation (MCS) in this methodology in order to stochastically evaluate the least 

expected cost and obtain the cumulative distribution function. Consequently, it presents and 

ensures an adequate “level of coverage” connected with the estimated contingency amount. 

The higher level of coverage will be obtained when the set aside contingency fund is high. 

However, at the same time, the allocation of the high contingency fund provokes an increase 

in the so-called overhead costs and it affects the overall value of the project estimate. The size 

of the contingency is much reduced by this approach compared with other methods and limits 

the overhead costs.  

First of all, the traditional method of cost contingency estimation has been applied to an 

industrial project for a real life company operating in the field of railway signaling and 

integrated transport systems and then combination of RMEA and MCS is applied to this project 

and will be compared with the traditional method. 

 

2.3 Stochastic Risk Analysis and Cost Contingency Allocation Approach for 

Construction Projects Applying Monte Carlo Simulation: Case Study of Railway 

Project 

This section a method is proposed to estimate the contingency in stochastic regime by MCS. 

The purpose is to support the Companies with the stochastic regime against the risk of cost 

overruns to win in the tenders.  

The early methodological phases of a qualitative and quantitative risk analysis are presented in 

the next section. Then, the method is applied to a railway project. After a critical risk analysis, 

the robustness of results is checked by another probability distribution. 

 

2.3.1 Risk identification: qualitative and quantitative analysis 

Risk identification is one of the important steps to recognize whole risks, which can affect the 

project budget. In order to identify these risks, the company uses a checklist guide. It makes 

possible to identify different kinds of risks: those of a strictly operational nature and those of a 

legal/financial nature arising from contract terms. The checklist was filled out with some 

interviews dedicated to members of the company, directly have involved in the management 
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of the project. Qualitative and quantitative assessment are applied after the risk identification. 

The qualitative analysis determines the significant risks for the step of mitigate action. 

At first, the impacts that the risks may have on the project are qualitatively identified through 

the three parameters: schedule, cost and performance. For each of these, it is necessary to define 

a scale to be able to identify a high (3), medium (2) or low (1) impact. The indicator used to 

rank the risks is the "risk factor", which is obtained by the multiplication of the probability 

occurrence of the mentioned risks by the level of their severity. Regarding the impact on 

schedule parameter, there are two types of risks, namely operational and legal/financial. 

Therefore, it is necessary to define two different scales for the two types of risk.   

According to operational risks, Table 2 presents the number of delayed days on the project 

completion, caused by the occurrence of the risk. It proposes for the delay more than 30 days, 

the severity of risk will be high and influences on the cost of the project. 

Table 2 Scale for operational risks 

IMPACT ON THE SCHEDULE PARAMETER 

Number of delayed days Severity 

≤ 7 days (1) 

(2) 

(3) 

7-30 days 

≥ 30 days 

 

Regarding the legal/financial risks relating to the payment of the penalties for late delivery, the 

scale of Table 3 is considered. 

Table 3 Scale for legal/financial risks 

IMPACT ON THE SCHEDULE PARAMETER 

Payment  Action Severity  

< 15 days 

 

≥ 15 days 

Penalty clauses not applied 

Penalty clauses applied for 

every late day 

(1) 

 

(3) 

 

This table clearly shows that as long as the request subject to a contract penalty has a delay 

lower than of 15 days, the associated penalty is not actually applied and hence not considered. 

Obviously, once 15 days are reached, every day of delay accrued will be paid.  
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For analyzing the impact on costs, a single scale is considered for both types of risk (Table 4). 

The assessment is closely related to the fact that the risk occurrence would result in a more or 

less significant decrease in the cost of the project K or in the Gross Margin. Based on several 

studies, values x1 and x2 were identified as discriminants between the various levels of impact 

(not reported due to corporate intellectual property right). 

Table 4 Scale for impact on cost 

IMPACT ON COSTS 

Cost Assessment base on x1 and x2 Severity  

< 57 k € Job order K decreases less than x1% (1) 

57 k - 1,000 k € Job order K decreases between x1% and x2% (2) 

> 1,000 k € Job order K decreases more than x2% (3) 

 

Besides, the impact on performance, it is not necessary to apply separate analyses for the two 

types of risk. The scale used in this case is presented in Table 5. 

Table 5 Scale for impact on performance 

IMPACT ON PERFORMANCE 

Performance  Severity  

The system/component does not meet contract specification and operational 

inefficiency of it exists. 

 

A specific requirement is not satisfied without negative consequences on 

system’s operational performance )Visible risk to the customer(.  

 

Contract requirements not fully satisfied (Not visible risk to the customer). 

(3) 

 

 

(2) 

 

(1) 

 

Once the mentioned scales were defined, the scale related to Risk Occurrence Probability 

(ROP) is determined. In particular, ROP is evaluated according to the followed criteria.  

• ROP < 20%: Severity of risk = 1;  

• 20% ≤ ROP ≤ 50%: Severity of risk = 2;  

• ROP > 50%: Severity of risk = 3. 

In order to rank the risks, the risk factor obtains by combining the qualitative assessments of 

the severity of the risks and its probability of occurrence in a matrix that presents a numeric 

value. The latter is calculated by multiplying the probability parameter by the impact parameter 
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(in quantifying the impact, the highest value among those recorded for schedule, cost and 

performance was considered). The possible risk factor values are summarized in Table 6. 

Table 6 Risk factors values 

probability of occurrence 

3 3)●( 6 (*) 9 (*) 

2 2 )◊( 4)●( 6 (*) 

1 1 )◊( 2 )◊( 3)●( 

  1 2 3 

  Risk Impact 

 

The obtained risk factor makes it possible to rank the identified risks according to priority. In 

particular, it was decided to proceed with the next step of analysis only for the risks 

characterized by a risk factor greater than or equal to three )The symbols of )●( and )*( that are 

determined in Table 6).  

The economic impact of the possible occurrence of the risk will be quantified as the next step.  

According to the estimation of the risk impact, the procedure varies depending on the type of 

risk under consideration. If the risk is related to penalties, the maximum impact is estimated as 

the product of the accrued delay (typically assumed greater than or equal to 15 days) by the 

sum of the penalties.  

Once the values of the impact associated with the individual risks are determined, the possible 

mitigation actions are implemented by identified precaution for each of them. This activity is 

based on an analysis of the causes generating the individual risks and aims at 

reducing/eliminating the impact of the risk.  

It should be noted that the implementation of a mitigating action allows the reduction of an 

uncertain cost with a certain incurred cost (the cost of the action) whose amount is estimated 

to be lower. In order to ensure the right balance between risk reduction and cost-effectiveness, 

it is necessary to determine the net benefit of the mitigating actions. This benefit is determined 

as the difference between the expected value of the risk before and after the risk mitigating 

action. Clearly only the interventions with a positive net benefit must be implemented, unless 

there is still an overall benefit for the project and/or the Company.  

After the reassessment of the residual risks and their final impact value, the amount of 

contingency fund will be defined. The set aside amount, makes it possible to "cover" the project 

if the risk event occurs. The objective is to minimize the occurrence of extra costs associated 

with the occurrence of the risk while trying at the same time to minimize the impact of the 
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overheads that reduce the competitiveness of the job offer. In particular, the choice of the 

percentage of contingency to be allocated is a function of the value of the risk occurrence 

probability, according to the criteria in Table 7. 

Table 7 Contingency allocation policy 

CONTINGENCY 

Prob ≥50% Contingency = Whole impact value 

20%<Prob<50% Contingency = 50% of the impact value 

Prob ≤ 20% Contingency = 30% of the impact value 

 

After starting the described process, all the risks that did not occur should be reviewed to 

possibly re-determine the associated contingency cost.  

Finally, when checking the condition that makes it possible to declare the risk "closed", the 

associated contingency reserve can be:  

• "Used": if the risk has occurred, causing economic damage to the project. The 

contingency is considered "used" to cover the damage suffered up to a maximum value equal 

to the amount previously allocated. Any part of the damage that is not covered by the 

contingency is to be considered an "extra cost".  

• "Releasable" or "Partially Releasable": in case the risk event does not occur and causing 

fewer damages compared to the allocated contingency.  

In order to monitor the occurrence of the event linked to the risk, specific milestones must be 

assigned to the activities associated with the risk event. The completion of the milestone 

indicates that the risk, which has or has not occurred in the past, will not occur in the future. It 

is clear that a monitoring and a complete and comprehensive review of the risks must 

necessarily cover the entire project, which hence be constantly updated throughout its life 

cycle. 

 

2.3.2 Stochastic Quantitative Analysis  

The quantitative analysis described above is based on the assumption that the expected value 

of the risk and calculated as the product of the occurrence probability and the economic impact. 

It is enough to capture the essential aspects of the overall risk profile of the project. 

However, since the regime of normal operations of companies is not deterministic but 

stochastic, it is necessary to take into account the fact that any risk can occur on a variety of 

values in terms of economic impact. Precisely for this reason, the methodology described above 
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has been integrated with the steps illustrated below. For each risk, the decision maker identifies 

a probability distribution associated with the values of severity of the economic impact of the 

event. Among the most widely used, it suffices to mention uniform distribution, triangular 

distribution, normal distribution and beta distribution. The @Risk for Excel software is used 

for quick and easy definition of probability distributions, simply by selecting and customizing 

templates that is used in the paper. 

Using the Monte Carlo method allows for the distribution of the overall likelihood of the 

contingency fund to be allocated starting from the probability distributions attributed to the 

individual risks. In the next part, the application to a railway construction project is carried out. 

Once the simulation runs, the curve of the probability distribution of the contingency and its 

integral curve is illustrated by means of MCS. 

 

2.3.3 Application to a Construction Project 

The obtained results from the application of the methodology described to a construction 

project in the railway sector are illustrated in Table 8. Once the critical risks were selected in 

section three (for risk factor > 3), each risk was associated with an appropriate probability 

distribution. 

Table 8 Analyzed risk list 

Risk 
Occurrence 

Probability 

Most likely 

impact value 

Technological maturity 20% €20,872.07 

Low quality supply 20% €251,841.41 

Reworks 5% €174,311.15 

Plant software bugs 10% €176,216.38 

Wrong structural calculation 10% €37,733.33 

Wrong geotechnical calculation 10% €37,733.33 

Not consolidated experience of the 

subcontractor  
10% €226,400.00 
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Not consolidated experience of the 

subcontractor  
10% €226,400.00 

Failure to define supply boundaries 

among subcontractors 
10% €75,466.67 

Passing the maximum number of 

acceptable breakdowns. 
5% €550,996.39 

Possible breakdowns 20% €402,488.89 

 

In particular, the project engineers selected the beta distribution (Figure 1). By means of the 

selected beta probability distribution, it was possible to assign a greater occurrence probability 

to the most likely considered impact value. At the same time, it was possible to assign a greater 

occurrence probability to those values lower than the estimated impact compared to those with 

higher values (decision deemed correct by the Company following an accurate a prior estimate 

of the impact itself). The need to use this type of distribution was determined to have a more 

accurate estimation. 

 

Figure 1 Beta distribution used for the "technological maturity" risk 

At this step of the methodological analysis, it is important to carry out a number of experimental 

runs on the model such that it is possible to obtain an output of statistically reliable results with 

a known confidence level. For this purpose, the methodology of the Mean Square Pure Error 
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in repeated run which was developed by Cassettari et al. 2010 and Cassettari et al. 2012 was 

used to determine the correct number of simulation runs. The proposed approach is based on 

the analysis of the curves illustrating the trend of the quantities Mean Square Pure Error of the 

Mean (MSPEMED) and Mean Square Pure Error of the Standard Deviation (MSPESTDEV). 

This methodology was created by the Authors as a conceptual extension for the Monte Carlo 

simulators evolving over time (Mosca et al., 2010). In addition, significantly by using the 

MSPE method, the experimental error in the results was controlled (Bendato et al., 2015). To 

this end, an experimental campaign of 5 simulations, each representing a sample of 20,000 

elements, was set. The trend curves of the Mean Square Pure Error of the Mean and Standard 

Deviation shown in Figure 2 put in evidence that both curves stabilized at around 20,000 runs. 

It presents for this number of runs the mean value of the output will be very stable and the 

contribution of these two variables on the confidence interval of the contingency fund will be 

almost negligible. 

 

 

Figure 2 Trend of the quantities MSPEMED and MSPESTDEV depending on the number of runs 

Once 20,000 is set as the number of repeated simulation runs, the curve of the probability 

distribution of the contingency and its integral curve, shown in Figure 3 and Figure 4were 

obtained. 
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Figure 3 Probability distribution of contingency cost 

 

Figure 4 Cumulative probability curve of contingency cost 

 

This Monte Carlo analysis makes it possible to determine the probability distribution of the 

contingency cost and allows identifying the degree of coverage corresponding to each value of 

the total allocated contingency fund. The curve is obtained by integration of the probability 

distribution from Figure 3 and features the possible contingency values on the X axis and the 

"Level of Coverage" on the Y axis (Figure 4). Hence, The Level of Coverage is the probability 

of being able to cover completely the costs arising from the occurrence of the risks using a set 

total amount of allocated contingency reserve. 
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The probability distribution in Figure 3 presents the contingency tends to spread according to 

a normal pattern. In addition, the most probable value of the distribution by a confidence level 

of (1 - α( % with α = 0.05 is between the 600,000 and 700,000 €. Consequently, the data can 

be considered highly stable. In the Table 8, the occurrence probability values are lower than or 

equal to 20 and according to Table 7, contingency for Prob ≤ 20% equals to 30% of the impact 

value. Hence, the estimated contingency under a deterministic system was equivalent to 

654,138 € )the sum of the most likely impact values of the individual risks multiplying by 0.3). 

By analyzing the cumulative probability curve (Figure 4), it may be noted that by a coverage 

level of 90 %, the contingency cost is equal to 690 € which totally covers the risks. In particular, 

entering the contingency value resulted from Table 8 )654,138 €(, it can be obtained a risk 

coverage probability of about 40%. It presents that this graph does not provide information 

concerning the value of the extra costs but only concerning the level of risk coverage 

implemented with a 30% of contingency set aside for risks with a probability of occurrence of 

no more than 20% (see Table 8(. Furthermore, allocating € 500,000 would be equal to take on 

a level of coverage of zero against the risk of extra costs. The same level of risk coverage would 

be obtained also by setting aside a contingency equal to zero, but it is clear that, in both cases, 

the extra costs incurred would be significantly different. 

 

2.3.4 Robustness Analysis of the Methodology  

In order to evaluate the robustness of the identified results, it was decided to use other 

probability distributions for the characterization of the risks and then compare the obtained 

results. 

 

Figure 5 Triangular distribution used for the "technological maturity" risk 
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Therefore, triangular distributions were chosen (Figure 5) instead of the beta distributions 

(Figure 1), because of maintaining the min, max and most likely values as the supposed data. 

According to the proposed method, five simulations were performed, each having a number of 

20,000 repeated runs, and the trend curves of MSPEMED and MSPESTDEV were built. 

 

 

Figure 6 Trend of the quantities MSPEMED and MSPESTDEV depending on the number of runs 

As the graph in Figure 6 shows, while the curve of MSPEMED stabilizes at 15,000 runs, the 

curve relating to MSPESTDEV still shows phenomena of instability so that it would be 

necessary to increase the number of Monte Carlo runs, namely the sample size.  

By using a sample of 20,000 runs, the probability distribution and probability curve of the 

contingency cost (Figure 7 and Figure 8) were obtained. Figure 7 shows how the mean value 

of the distribution drops to € 565,403, with a confidence band of )1-α(% with α = 0.05. 

 

Figure 7 Probability distribution contingency with triangular distributions 
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The analysis of the cumulative probability curve is shown in Figure 8. By the contingency 

amount of 654,138 € )the obtained result from the deterministic analysis), a level of risk 

coverage of 90% is obtained which is higher than the determined amount using beta 

distribution. 

 

Figure 8 cumulative probability curve of contingency with triangular distributions 

The comparison between the captured results by two different types of probability 

distributions, while maintaining the min, max and most likely values unchanged, shows the 

obtained contingency amount covers the determined risks up to 40% probability. Hence, by 

analysing both of Figure 4 and Figure 8 the contingency amount of 690 € covers the total 

obtained risk with the coverage level up to 90%.   

The proposed method considered the qualitative risk analysis and stochastically quantitative 

analysis by using the Monte Carlo method. In addition, the application for a real life company 

executed for two probability distribution, which presented the cost contingency amount to 

allocate in the project. The presented method is not powerful and accurate as it can show the 

contingency amount just for the risks happening with the determined probability (under 20 

percent) and estimates the contingency value to cover all the possible risks and also comparison 

between the results obtained from two different types of probability distributions showed two 

different coverage level for one contingency amount, which means the contingency value, is 

not accurate. In addition, the result was influenced by the choices of the decision-maker which 

is resulted that the method has the problem of subjective and inaccurate.  

In the next section, the proposed method can be more accurate and have the feature of objective 

by assigning the risk assessment to another project managers in order to estimate carefully and 

using combination of MCS and RMEA. 
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2.4 Contingency Cost Estimation Using Stochastic Risk Mode and Effect Analysis 

based on Monte Carlo Simulation in Construction Projects: Case study of Railway 

Project 

While carrying out the study, following Company guidelines, lack of an objective base in 

the used approach has been found. In particular, there was a strong dependence of some key 

parameters on subjective decisions made by the individual decision-makers. Consequently, it 

was decided to make some substantial changes to the methodology in order to make the results 

as objective as possible.  

 

2.4.1 Methodology 

RMEA technique is used to identify the associated risks and carry on the qualitative risk 

analysis; it consists of identification of relative causes and possible mitigation action. The steps 

for performing a RMEA analysis have a similar structure with the FMEA, but are re-defined 

both in the application mode and in contents.  

Project risk analysis is a significant part of a project which is used to increase the likelihood 

of success. For carrying out a complete project risk management, the analysis should be 

structured as follows:  

 Risk Identification: Determining a list of risks that could affect the project or its 

outcomes. 

 Qualitative risk analysis: This phase includes a part of risk assessment that recognizes 

the risk priority and classifies them by their probability of occurrence and impact. In 

this research, qualitative risk analysis is carried out by the adjustment of the RMEA 

method. 

 Quantitative risk analysis: Quantitative risk assessment naturally relates to risk 

modeling (Taroun, 2013) and analyzes the effect of identified risks on overall project 

objectives (cost impact, schedule impact, etc.) by combining RMEA and MCS in this 

new methodology. Quantitative and qualitative phases are performed together to 

stochastically evaluate the least expected cost and allocate accurate contingencies to the 

project. 

 Risk response planning: Improvement of risk mitigation and actions to decrease threats 

to project aims (Skorupka, 2008). 
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 Risk monitoring: Risk should be monitored, and if the desired result of risk 

management is not achieved, then follow the identified risks and control the residual 

risks. Next, all steps should be reviewed, and where a problem occurs, implementation 

of the risk mitigation plan should be applied.  

The framework of the contingency reserve management proposed by authors includes all 

of the abovementioned risk analysis steps and is structured as follows (Figure 9): 

 The first step of RMEA: preliminary data collection and evaluation 

 Normalization and weighting  

 The second step of RMEA: mitigation scenarios of the main risks identified and 

sensitivity analysis  

 MCS for contingency reserve identification 

 



 

28 

 

 

Figure 9 Framework for contingency reserve management 

 

2.4.1.1 The First Step of RMEA 

 

The objective of the first phase is to identify all possible risks that could affect the project. 

It can be carried out by using checklists, nominal grouping, mind mapping, Delphi technique, 

interviews or brainstorming sessions (Garrido et al., 2011).  

One of the major limitations presented by the risk analysis is allocation of associated 

weights to each risk which it has a significant impact on the risk assessment. Assigning scores 
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for the risk assessment to parameters such as detectability, severity and probability of 

occurrence is challenging work. The final evaluation depends on several subjective factors such 

as type of selected evaluator, his biorhythm, mood, attention level, tiredness, and various kinds 

of constraints and events of the surrounding environment. Consequently, it is necessary to 

minimize the influence of the listed factors. For this purpose, a first phase of risk assessment 

based on multiple interviews is proposed. It is a parallel data collection method involving 

different competence centers in the organization to extract a wide range of unconditional 

information. Once the most significant risks are identified, qualitative and quantitative 

assessment are carried out.  

The qualitative survey consists of determining the main risks in order to prioritize them and 

to understand which one needs a mitigation action.  

The first action in this phase is identification of an internal or external person to whom the 

role of “Champion” in the evaluation process is assigned. The Champion then selects the proper 

assessors and carries out interviews. In this phase, all of the possible risks are identified and 

evaluated in order to customize the specifically designed RMEA template (Table 9). The 

minimum and maximum values of the financial impact of each risk are estimated by assessors 

and is placed in the related columns in order to determine the medium financial impact. Then, 

the risks effect (MED%) are automatically calculated (effect of each risk = medium value of 

the financial impact (MED [€])/total cost of risk) and used by the Champion in order to set a 

proper 10 score scale for estimating the severity of each risk (last column) based on the values 

reported in Table 10 (an example of severity score assignment). 
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Table 9 The first step of RMEA 

Quality 

assessment
MIN [€] MAX [€] MED [€]

MED 

[%]
SEV

1 purchasing Office Watertight doors Delay Difficult to identify Suppliers Low 25,000€        90,000€     57,500€       3% 3

2 Project management Hull construction Delay Delays Deliver (subcontractors) Medium 100,000€      120,000€      110,000€      7% 7

3 purchasing Office Deck hatches Cost Monopolists Suppliers, off Mkt High 100,000€      140,000€      120,000€      7% 7

4 Assembly Tender hatches Defects Testing conducted on a sample Low 60,000€        70,000€        65,000€       4% 4

5 purchasing Office Underwater lights Cost Difficult to identify Suppliers Low 30,000€        50,000€     40,000€       2% 2

6 Assembly Hull construction Delay Problems during assembly Medium 180,000€      200,000€      190,000€      11% 10

7 Project management Chain plates Delay Delays Deliver (subcontractors) Medium 160,000€      180,000€      170,000€      10% 9

8 Project management Ballast and storage Delay Delays Deliver (subcontractors) High 170,000€      180,000€   175,000€      10% 9

9 HQSE Portholes Defects Raw materials of poor quality Low 90,000€        130,000€      110,000€      7% 7

10 HR Transom door Delay Unavailability of labor High 25,000€        65,000€     45,000€       3% 3

11 HQSE Shell door Delay Rework Medium 160,000€      175,000€   167,500€      10% 9

12 purchasing Office SVR hatches Delay Delays in supply deliveries Medium 30,000€        35,000€        32,500€       2% 2

13 Engineering SVR commercial doors Rework Redesign Medium 60,000€        90,000€        75,000€       4% 4

14 HR SVR commercial doors Delay Problems during assembly Medium 75,000€        100,000€      87,500€       5% 5

15 Project management SVR construction Delay Delays Deliver (subcontractors) Medium 20,000€        40,000€     30,000€       2% 2

16 Customer Care Fly bridge pool Cost Customer requests modifications High 20,000€        25,000€        22,500€       1% 1

17 HR Fly bridge pool Delay Delays in assemblies Low 22,000€        26,000€        24,000€       1% 1

18 Assembly SVR windows Delay Rework Medium 70,000€        90,000€        80,000€       5% 5

19 HQSE Fly bridge Defects Raw materials of poor quality Medium 20,000€        23,000€        21,500€       1% 1

20 HR Windows frames Delay Delays in the assembly phase Medium 50,000€        80,000€        65,000€       4% 4

Total Risk Estimated 1,467,000€   1,909,000€   1,688,000€   

First Step

ID

Function

RisksPhase of project

 Prepared by Champion, Following preliminary discussions with the Management and the interview with department heads

Risk Economic Impact

Potential Causes
Potential 

risk
Task

 

 

Table 10 An example of severity assignment 

SEVERITY SCALE  MED % 

1 1.00% 

2 2.00% 

3 3.00% 

4 4.00% 

5 5.00% 

6 6.00% 

7 7.00% 

8 8.00% 

9 10.00% 

10 11.00% 

 

The detectability and the probability of risk occurrence are obtained by author to provide the 

group of assessors with the guidelines presented in Table 11. Operating in this way, the final 

evaluation should be more objective than assigning the assessment to a single decision maker. 

Regarding the guideline of Table 11, for different control level, detectability and occurrence 

are introduced and the assessors determine the correct risk parameter level by the defined 

features. 
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Table 11 Guidelines of detectability and occurrence of risks 

Level of Control Detectability Occurrence 

Deterministic Deterministic (cause / effect) 1 0% 5% 

Identification does not require experience 2 6% 10% 
Identification does not require experience, but 

needs attention 

3 11% 20% 

Identification requires experience and special care 4 21% 30% 

Stochastic External causes are easily identifiable and 

controllable  

5 31% 40% 

External causes are difficult to identify but they are 

controllable 

6 41% 50% 

External causes are difficult to identify, but they 

are manageable and uncontrollable 

7 51% 60% 

Completely 

Random 

Causes are uncontrollable and targeted normal 

competition actions 

8 61% 70% 

Causes are uncontrollable and targeted 

competitive actions 

9 71% 80% 

Causes are uncontrollable and targeted 

competitive actions 

10 81% 100% 

 

A pre-compiled work sheet of the three risk parameters by one assessor are demonstrated in 

Table 12. According to Table 11, the assessor defined the detectability and occurrence and by 

considering Table 9, the severity is determined.   

Table 12 Pre-compiled work sheet 

  Detectabilty Severity occurrency 

1 2 3 8 

2 4 7 9 

3 5 7 7 

4 2 4 3 

5 4 2 4 

6 7 10 7 

7 7 9 6 

8 4 9 8 

9 7 7 8 

10 2 3 8 

11 4 9 6 

12 2 2 5 

13 7 4 5 

14 1 5 10 

15 7 2 10 

16 6 1 8 

17 5 1 5 

18 7 5 6 

19 5 1 5 

20 6 4 7 
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Figure 10 summarizes the procedure of the first step of RMEA to the next level, which applies 

normalization and weighting and will be described in detail in the next pat. 

 

 

Figure 10 Conceptual brief of the first step of RMEA to the next level 

 

2.4.1.2 Normalization and weighting 

To provide a proper analysis, the methodology is carried out a normalization of the 

collected data according to a suitably designed algorithm. The method provides up to a 

maximum of 10 assessors, whose ratings are collected into a single spreadsheet, as illustrated 

in Table 13.  

Table 13 Normalization and weighting of the data 

ID V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

1 2 4 7 3 5 2 6 3 9 9 5 2 2 2 2 2 2 2 2 2 2 2.0 8 4 8 7 5 4 8 6 3 6 5.9

2 4 4 2 1 2 4 6 2 6 8 3.9 4 4 4 4 4 4 4 4 4 4 4.0 9 7 4 2 5 6 2 6 9 9 5.9

3 5 7 5 7 7 8 7 10 6 5 6.7 4 5 2 3 3 3 3 4 2 2 3.1 7 7 7 7 5 7 4 4 7 7 6.2

4 2 9 6 8 4 4 7 5 8 6 5.9 3 3 3 3 3 3 3 3 3 3 3.0 3 9 7 9 1 4 7 7 4 9 6.0

5 4 6 1 1 3 1 5 3 9 3 3.6 1 1 1 1 1 1 1 1 1 1 1.0 4 9 5 2 1 8 2 4 8 1 4.4

6 7 5 8 8 5 7 4 5 9 10 6.8 4 5 4 4 4 4 6 6 6 6 4.9 7 5 6 7 7 6 9 6 6 5 6.4

7 7 2 3 2 4 10 7 4 7 9 5.5 6 6 6 4 6 6 6 6 6 6 5.8 6 6 2 9 5 4 10 10 1 9 6.2

8 4 10 8 9 4 7 3 2 4 3 5.4 6 6 6 6 6 5 6 6 6 5 5.8 8 10 5 6 8 8 3 4 3 3 5.8

9 7 6 6 9 7 7 7 4 1 1 5.5 3 4 2 4 3 2 2 2 4 4 3.0 8 7 4 8 4 4 4 5 8 9 6.1

10 2 6 7 1 8 4 6 4 3 5 4.6 2 4 2 2 2 2 2 2 2 2 2.2 8 6 7 4 1 4 4 10 5 8 5.7

11 4 6 6 7 8 6 5 3 7 10 6.2 5 6 6 6 4 4 6 6 6 4 5.3 6 10 8 6 8 5 1 2 9 3 5.8

12 2 5 9 3 10 6 10 4 2 2 5.3 1 1 1 1 1 1 1 1 1 1 1.0 5 8 9 10 3 5 3 10 1 6 6.0

13 7 4 4 2 5 6 7 5 7 4 5.1 3 3 2 3 3 3 4 3 3 3 3.0 5 8 7 6 5 7 2 9 3 8 6.0

14 1 7 4 3 9 10 7 4 7 3 5.5 4 4 4 4 4 4 4 4 4 4 4.0 10 8 5 6 6 7 7 8 1 2 6.0

15 7 2 4 9 2 2 10 8 4 9 5.7 1 1 1 1 1 1 1 1 1 1 1.0 10 9 10 9 4 1 3 3 5 6 6.0

16 6 3 5 6 5 6 3 5 9 5 5.3 1 1 1 1 1 1 1 1 1 1 1.0 8 7 7 7 4 9 8 9 5 9 7.3

17 5 4 6 5 8 8 6 6 6 7 6.1 1 1 1 1 1 1 1 1 1 1 1.0 5 5 5 6 9 6 6 9 6 8 6.5

18 7 5 3 4 6 6 7 8 8 8 6.2 3 3 3 3 3 3 3 3 3 3 3.0 6 6 9 5 6 8 7 6 9 5 6.7

19 5 6 1 6 7 4 8 6 6 8 5.7 1 1 1 1 1 1 1 1 1 1 1.0 5 2 8 2 7 6 9 7 9 7 6.2

20 6 4 2 2 8 5 6 5 7 9 5.4 3 3 3 3 3 3 3 3 3 3 3.0 7 4 6 3 8 9 5 6 8 7 6.3

DEV 4 MED 5.47 MED 2.9 MED 6.1

Detectability Severity Occurrency

 

 

To normalize the collected data, the arithmetic average for each risk and the global averages 

(MED) for each of the three parameters are calculated. Furthermore, the Champion fixes a 

proper standard deviation (DEV) by his/her experience in order to determine the lower (MED 

- DEV) and upper bounds (MED + DEV) from the global average value. The methodology 

makes a cut off of the scores that are not within the range. For example, for the second risk (ID 

2) and the detectability parameter, the score that are not in the bound (0.1 - 7.9( such as “8” is 

eliminated.  
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Furthermore, the methodology allows for delegating a stronger duty on evaluators who are 

recognized by the Champion as particular process experts. This could be obtained by assigning 

different weights to the ten assessors for the three risk parameters (Detectability, Severity and 

Occurrence) (Table 14). 

Table 14 Assigning different weights to the ten assessors for the three risk parameters 

DET SEV OCC
RISK 

SCORE

V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10 V1 V2 V3 V4 V5 V6 V7 V8 V9 V10

ID/Weight 1 1 2 1 1 3 1 1 1 1 1 3 1 2 2 1 1 1 3 2 1 1 1 2 1 3 1 1 1 1

1 2 4 7 3 5 2 6 3 9 9 5 2 2 2 2 2 2 2 2 2 2 2.0 8 4 8 7 5 4 8 6 3 6 5.9 5 2 6 60

2 4 4 2 1 2 4 6 2 6 3.9 4 4 4 4 4 4 4 4 4 4 4.0 9 7 4 2 5 6 2 6 9 9 5.9 3 4 6 72

3 5 7 5 7 7 8 7 10 6 5 6.7 4 5 2 3 3 3 3 4 2 2 3.1 7 7 7 7 5 7 4 4 7 7 6.2 7 3 6 126

4 2 9 6 8 4 4 7 5 8 6 5.9 3 3 3 3 3 3 3 3 3 3 3.0 3 9 7 9 4 7 7 4 9 6.0 6 3 6 108

5 4 6 1 1 3 1 5 3 3 3.6 1 1 1 1 1 1 1 1 1 1 1.0 4 5 2 1 8 2 4 8 1 4.4 2 1 4 8

6 7 5 8 8 5 7 4 5 9 10 6.8 4 5 4 4 4 4 6 6 6 6 4.9 7 5 6 7 7 6 9 6 6 5 6.4 7 5 6 210

7 7 2 3 2 4 7 4 7 9 5.5 6 6 6 4 6 6 6 6 6 6 5.8 6 6 9 5 4 10 10 9 6.2 4 6 6 144

8 4 8 9 4 7 3 2 4 3 5.4 6 6 6 6 6 5 6 6 6 5 5.8 8 5 6 8 8 3 4 3 3 5.8 5 6 5 150

9 7 6 6 9 7 7 7 4 5.5 3 4 2 4 3 2 2 2 4 4 3.0 8 7 4 8 4 4 4 5 8 9 6.1 6 3 6 108

10 2 6 7 1 8 4 6 4 3 5 4.6 2 4 2 2 2 2 2 2 2 2 2.2 8 6 7 4 4 4 5 8 5.7 5 2 4 40

11 4 6 6 7 8 6 5 3 7 10 6.2 5 6 6 6 4 4 6 6 6 4 5.3 6 8 6 8 5 2 9 3 5.8 6 5 5 150

12 2 5 9 3 6 4 2 2 5.3 1 1 1 1 1 1 1 1 1 1 1.0 5 8 9 10 3 5 3 10 6 6.0 4 1 6 24

13 7 4 4 2 5 6 7 5 7 4 5.1 3 3 2 3 3 3 4 3 3 3 3.0 5 8 7 6 5 7 2 9 3 8 6.0 5 3 6 90

14 7 4 3 9 7 4 7 3 5.5 4 4 4 4 4 4 4 4 4 4 4.0 10 8 5 6 6 7 7 8 2 6.0 4 4 6 96

15 7 2 4 9 2 2 8 4 9 5.7 1 1 1 1 1 1 1 1 1 1 1.0 10 9 10 9 4 3 3 5 6 6.0 4 1 5 20

16 6 3 5 6 5 6 3 5 9 5 5.3 1 1 1 1 1 1 1 1 1 1 1.0 8 7 7 7 4 9 8 9 5 9 7.3 5 1 8 40

17 5 4 6 5 8 8 6 6 6 7 6.1 1 1 1 1 1 1 1 1 1 1 1.0 5 5 5 6 9 6 6 9 6 8 6.5 6 1 6 36

18 7 5 3 4 6 6 7 8 8 8 6.2 3 3 3 3 3 3 3 3 3 3 3.0 6 6 9 5 6 8 7 6 9 5 6.7 6 3 7 126

19 5 6 6 7 4 8 6 6 8 5.7 1 1 1 1 1 1 1 1 1 1 1.0 5 8 7 6 9 7 9 7 6.2 5 1 5 25

20 6 4 2 2 8 5 6 5 7 9 5.4 3 3 3 3 3 3 3 3 3 3 3.0 7 4 6 3 8 9 5 6 8 7 6.3 5 3 6 90

Average 

weight (NV)
Multiply 

Detectability Severity Occurrency

 

 

Moreover, in spite of the fact that the risk factor is described the quantitative translation of a 

risk measure, is regularly based on the traditional multiplication of the three parameters which 

is expressed by 

Risk score = Probability of risk occurrence*severity*detectability 

Failure modes with a high risk score are more critical and given a higher priority than ones 

with a lower score. In order to rank the risks, the "risk score" is determined and rank them by 

priority (Table 15). 
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Table 15 Ranking of the risks 

6 7 5 6 210

8 5 6 5 150

11 6 5 5 150

7 4 6 6 144

3 7 3 6 126

18 6 3 7 126

4 6 3 6 108

9 6 3 6 108

14 4 4 6 96

13 5 3 6 90

20 5 3 6 90

2 3 4 6 72

1 5 2 6 60

10 5 2 4 40

16 5 1 8 40

17 6 1 6 36

19 5 1 5 25

12 4 1 6 24

15 4 1 5 20

5 2 1 4 8

DET SEV OCC
RISK 

SCORE
ID

 

This phase of normalization and weighting have provided a ranking of the risk on the basis of 

the final score. The conceptual scheme of this phase is displayed in Figure 11. 

 

Figure 11 The conceptual scheme of normalization and weighting 

 

2.4.1.3 The Second Step of RMEA 

It is now necessary to perform the quantitative analysis that exists to quantify the economic 

impact of the possible risks on project costs. According to Table 16, once the values of the risk 

scores associated with the individual risks are determined, for those risks that present high total 

scores and a high probability of occurrence at the same time, the possible mitigation actions 

are identified by the assessors. The accomplishment of a mitigating action allows for the 

reduction of an uncertain cost with a certainly acquired cost (the cost of the action) to obtain a 

lower contingency estimation.  
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Table 16 The possible identified mitigation actions 

 

 

In this phase, the risks are classified into three categories (first, second and third class) 

based on the overall normalized ranking. For the third class risks, a mitigation action is not 

considered because the impact value does not justify the cost of mitigation. In the example in 

Table 16, the total cost of risk before the mitigation actions for the first and the second class is 

approximately 1500 k€. After the appropriate mitigation actions have been identified )risk of 

first and second class(, the estimated mitigation cost equals 415,000 € and estimated economic 

impact of the residual risks becomes 650 k€. After supporting the mitigation cost, for each 

mitigated risk, the severity and the occurrence parameters can decrease, and consequently, the 

risk scores also decrease. Now it is possible to re-rank the residual risks on the basis of the new 

final scores and to associate a variability range conservatively as large as the previous one 

(Table 17). 

As displayed in Table 17, the occurrences of the first and second categories, as well as the 

severity parameters, are changed. Additionally, the risk scores are calculated again and residual 

risks have been sorted according to the priority. The residual risks are the input for the next 

simulation step. 

 

ID MIN MAX MED MED (% ) Det Sev Occ Score Mitigation action (MA) Respansibility Cost of MA Residual Det Sev Occ Score

6 180,000€     200,000€     190,000€     11% 7 5 6 210 Training staff RESP HR 75,000€     100,000€  7 4 6 168

8 170,000€     180,000€     175,000€     10% 5 6 5 150 SLA binding DIR PROCUR 35,000€     50,000€     5 2 5 50

11 160,000€     175,000€     167,500€     10% 6 5 5 150 Training staff RESP HR 60,000€     80,000€     6 3 5 90

7 160,000€     180,000€     170,000€     10% 4 6 6 144 Insert penalties PRJ MGMT 50,000€     60,000€     4 2 6 48

3 100,000€     140,000€     120,000€     7% 7 3 6 126 specialist consultancies DIR PROCUR 30,000€     50,000€     7 2 6 84

18 70,000€       90,000€       80,000€       5% 6 3 7 126 Extra labor Search RESP HR 15,000€     40,000€     6 1 7 42

FIRST= 840,000€  965,000€  902,500€  265,000€   380,000€  

4 60,000€       70,000€       65,000€       4% 6 3 6 108 Survey on suppliers DIR QA 10,000€     40,000€     6 1 6 36

9 90,000€       130,000€     110,000€     7% 6 3 6 108 SLA binding DIR PROCUR 20,000€     60,000€     6 2 6 72

14 75,000€       100,000€     87,500€       5% 4 4 6 96 Training staff RESP HR 30,000€     35,000€     4 1 6 24

13 60,000€       90,000€       75,000€       4% 5 3 6 90 R & D - flexible design RESP HR 30,000€     35,000€     5 1 6 30

20 50,000€       80,000€       65,000€       4% 5 3 6 90 Training staff RESP HR 30,000€     20,000€     5 1 6 30

2 100,000€     120,000€     110,000€     7% 3 4 6 72 Insert penalties PRJ MGMT 15,000€     55,000€     3 2 6 36

1 25,000€       90,000€       57,500€       3% 5 2 6 60 specialist consultancies DIR PROCUR 15,000€     25,000€     5 1 6 30

SECOND= 460,000€  680,000€  570,000€  150,000€   270,000€  

10 25,000€       65,000€       45,000€       3% 5 2 4 40 NA NA NA NA

16 20,000€       25,000€       22,500€       1% 5 1 8 40 NA NA NA NA

17 22,000€       26,000€       24,000€       1% 6 1 6 36 NA NA NA NA

19 20,000€       23,000€       21,500€       1% 5 1 5 25 NA NA NA NA

12 30,000€       35,000€       32,500€       2% 4 1 6 24 NA NA NA NA

15 20,000€       40,000€       30,000€       2% 4 1 5 20 NA NA NA NA

5 30,000€       50,000€       40,000€       2% 2 1 4 8 NA NA NA NA

THIRD= 167,000€  264,000€  215,500€  
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Table 17 The final re-ranking of the risks 

 

 

2.4.1.4 Monte Carlo Simulation for contingency reserve identification 

Based on the residual impact values of the mitigated risks and their variability intervals, a 

Monte Carlo analysis is performed to determine the probability density function (PDF) of the 

final total cost of risk. The knowledge of the PDF allows selecting the proper contingency 

amount according to the risk attitude of the decision maker. The Monte Carlo analysis is carried 

out using the two parameters that influence the total cost, occurrency and severity, and proper 

statistical distributions, according to the literature of risk analysis (Kotz and van Dorp, 2004; 

Johnson, 1997): 

 Occurrency: the probability is correlated with a uniform distribution with a lower and 

upper bound (Table 11); 

 Severity: the economic impact of residual risk (RR) is associated with a triangular 

distribution defined by a lower, an upper and a most likely value (Table 17) 

A simulation software package, @Risk for Excel by Palisade Corporation, has been used. 

Figure 12 shows the simulation steps.  

 

Figure 12 Simulation steps 

ID RR Min Max % Det Sev Occ Score

6 100.000€  94.737€  105.263€  12,2% 7 4 6 168

11 80.000€    76.418€  83.582€    9,8% 6 3 4 72

9 60.000€    49.091€  70.909€    7,3% 6 2 6 72

3 50.000€    41.667€  58.333€    6,1% 7 2 4 56

8 50.000€    48.571€  51.429€    6,1% 5 2 5 50

7 60.000€    56.471€  63.529€    7,3% 4 2 6 48

16 20.000€    25.000€  22.500€    2,4% 5 1 8 40

10 25.000€    65.000€  45.000€    3,1% 5 2 4 40

17 22.000€    26.000€  24.000€    2,7% 6 1 6 36

4 40.000€    36.923€  43.077€    4,9% 6 1 6 36

18 40.000€    35.000€  45.000€    4,9% 6 1 5 30

13 35.000€    28.000€  42.000€    4,3% 5 1 6 30

1 25.000€    10.870€  39.130€    3,1% 5 1 6 30

20 20.000€    15.385€  24.615€    2,4% 5 1 5 25

19 20.000€    23.000€  21.500€    2,4% 5 1 5 25

12 30.000€    35.000€  32.500€    3,7% 4 1 6 24

2 55.000€    50.000€  60.000€    6,7% 3 2 4 24

15 20.000€    40.000€  30.000€    2,4% 4 1 5 20

14 35.000€    30.000€  40.000€    4,3% 4 1 4 16

5 30.000€    50.000€  40.000€    3,7% 2 1 4 8

817.000€  
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At first, the program automatically picks up the input parameters, and then it is necessary 

to set the simulation parameters such as the number of replications for each simulation run and 

the number of parallel simulations to perform. 

To determine the minimum number of replications for each simulation run, the authors 

carried out the methodology of the Mean Square Pure Error (MSPE) in the repeated runs 

(Cassettari et al., 2010; Mosca et al., 2010; Cassettari et al., 2012) to control the assessment of 

the mean and the variance of the replications sample, as well as to determine the pure error 

entity. 

The achievement of statistic stabilization is essential because a lower number of runs would 

provide results that are also extremely different from each experimental campaign. If the initial 

number of replications is not able to guarantee a proper error, the entity is sufficient to increase 

the sample size re-setting the simulation parameters. The Monte Carlo analysis makes it 

possible to determine the probability distribution of the total cost of risk and allows for 

identifying the degree of coverage corresponding to each value of the allocated contingency 

fund (Figure 14).  

 

Figure 13 Probability distribution function of contingency 
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Figure 14 Cumulative distribution function of contingency 

The graph of PDF Figure 13) represents the probability distribution of the expected cost of 

the residual risks. The CDF curve (Figure 14) is obtained by integration of the probability 

distribution and reports the possible contingency values on the X-axis and the "Level of 

Coverage" on the Y-axis. The Level of Coverage represents the probability of covering the 

extra costs of risk using the amount of the allocated contingency fund.  

The probability curve allows for entering with a given amount of contingency to assess the 

level of residual protection and to quantify the extra cost. The amount of extra cost is exposed 

to the effect of contingency set aside for the company. Additionally, the value of the 

contingency to be set aside can be determined from a pre-assigned accepted risk level. If the 

total cost is considered to be too high, the process can be repeated from the mitigation actions 

step. For instance, with a contingency amount of 1.30 million, the coverage level is about 

100%. 

 

2.4.2 Comparison with Traditional Company’s Approach 

The application to a leading company operating in the sector of high technology for railway 

and urban transport that designs and produces integrated transport systems is presented. It 

operates in the design, implementation and management of systems and services for signaling 

and supervision of railway and urban traffic, as well as the lead contractor. The company has 

over 3,772 employees in 28 different countries. 

The method used by the company for contingency fund estimation, described in detail in 

section 2.3, is based on the following: 
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 Predetermined contingency provision linked to the probability of occurrence of the 

associated risk, following the rules in Table 7. 

The subjective choice of probability distributions of the impact of individual risks by the 

project manager. The approach considered a most likely value of the impact, a minimum value, 

a maximum value and a probability profile over the entire range of possible values of the 

impact. It makes the approach objective only in a project with a large database to extrapolate 

the distributions with an adequate degree of reliability.  

Figure 8 shows the cumulative distribution function of the contingency for the previous 

method that is obtained from the PDF graph (Figure 7), set off to allow a comparison with the 

curve of the expected total cost of the risk obtained following the implementation of the RMEA 

methodology proposed in the paper. 

The curve represents the possible values of the contingency amount, deriving from the 

policy described in Table 7. For each contingency value, the cumulative curve gives the 

probability value of incurring extra costs. By setting a contingency value of 1.30 m€, the 

probability of incurring extra costs is practically 100%, while with a provision of 1.40 m€, the 

curve indicates total protection. It should be noted that this curve does not provide information 

on the value of the extra costs but only on the level of risk coverage implemented. 

Allocating indeed 1.30 m€ would be equal to take on a level of coverage of zero against 

the risk of extra costs. The same level of risk coverage would be obtained also by setting aside 

a contingency equal to zero, but it is clear that, in both cases, the extra costs incurred would be 

significantly different. 

The application of the proposed RMEA method to the initial phase of risk analysis and 

mitigation leads instead to determining an expected risk cost distribution shown in Table 16. 

By applying the Monte Carlo Simulation as suggested by the methodology proposed by the 

author, all possible scenarios of the project are created and it is possible to stochastically 

determine the final expected total cost of risk and the related occurrence probabilities (Figure 

13). 

An examination of the cumulative distribution function of the final expected cost (Figure 

14) objectively presents the level of protection corresponding to each value of contingency set 

aside. 

At a contingency amount of 1.30 m€ on the X-axis, we can see that, unlike the previous 

approach, the level of risk coverage rises to over 90% with a residual potential additional cost 

of  900 k€, which in the previous approach provided coverage almost zero. 
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The proposed methodology guarantees that the company will have more complete and 

reliable information. In the new method, the coverage level is more reliable and accurate 

because the cumulative curve is obtained by RMEA and a different use of MCS and is not 

conditioned by the choice of a unique decision maker.  

Using the presented methodology, the decision maker will be able to make a choice 

regarding the contingency amount based on a level of coverage of known risk with decisive 

security higher than the previous case. 

It will be depends on project manager, based on risk appetite, to determine what level of 

coverage intends to take, bearing in mind that the final contingency amount has a direct impact 

on the competitiveness and profitability of the project. 

 

2.4.3 Discussion 

The RMEA analysis is a good tool for risk analysis; however, application may sometimes 

be problematic and also deliver results strongly dependent on the subjectiveness of each 

evaluator. 

Multiple factors impact evaluators during the score assignment, such as rendering 

inconsistent, from one evaluator to the other or, worse, to the same evaluator, both the 

evaluation criteria and the assigned scores. Some of the main factors responsible for 

inconsistency include the following: 

- perception of the instrument by the Evaluator 

- biorhythm, nutrition 

- compilation time 

- mood 

- level of attention, distraction or interruption 

- progressive fatigue 

- various types of conditioning 

- events of the surrounding environment 

Another problem encountered is the passive resistance to the compilation by some 

Functional Leaders due to causes mainly related to: 

- renunciation to accept a project leadership outside the company 
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- refusal of additional activities, assigned by outsiders, who are to create indirect 

perceived work 

- compilation times take time away from other binding tasks 

- protection of its sphere of action, associated with the fear of potential changes 

- misgiving that outsiders can introduce methodologies that can lead the Management 

to potential errors 

The issues highlighted have been addressed by the author through the revision of the 

RMEA methodology and the development of spreadsheets on the excel platform, which make 

the compilation simple and effective: 

- limitation of discretion in the assessment of the detectability, severity and 

occurrence by using pre-assigned evaluation scales 

- clear breakdown into occurrence classes (occurrences) 

- postponing the evaluation of mitigation actions after an initial round of RMEA in 

order to limit this assessment to only priority risks 

- collecting, processing, standardizing and analyzing data from the Champion to 

ensure objectivity of evaluation and minimization of the workload of the evaluators 

- skimming off-scale values by standardization 

- ability to evaluate different weights for evaluators to take into account specific 

project experience or their functional role 

- weighted average of ratings 

The key aspects for a successful implementation of the methodology proposed by the 

authors include the following: 

- clear objective sharing with Management 

- a strong level of empowerment 

- identification of a Champion with outstanding leadership skills 

- adequate training phase for the Assessors 
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- ad hoc preparation of the RMEA compilation template 

- high motivation by the evaluators 

2.4.4 Conclusions and future research  

This research developed a stochastic Risk Mode and Effect Analysis methodology base on 

Monte Carlo Simulation for the management of cost contingency amount. A stochastic risk 

model has been developed to support decision makers in determination of more accurate 

amount of contingency fund according to a pre-set coverage level to reduce the risk of extra 

costs in industrial projects. Combining of RMEA with MCS makes the proposed method 

objective, fast and easy to apply which overcomes other methods limitation.  This approach 

reduced, despite the presented methodologies in the literature, the influence on the risk analysis 

of the subjective choices of decision makers by a RMEA analysis extended to multiple 

evaluators (up to 10 evaluators depending on the project complexity) and a stochastic 

quantitative risk analysis by MCS. It stochastically evaluated the project costs and presented 

the cumulative distribution function to demonstrate “level of coverage” related to the 

contingency amount to have the power of controlling overhead costs and diminish size of 

contingency in projects.  

The developed method has been validated by applying a real construction project. The 

obtained results with RMEA and MCS approach were compared with the outcome of the 

company’s traditional approach in a study to a real railway project. The proposed approach 

allows the decision makers to operate with a lower contingency amount thanks to the fact that 

for each contingency value, the coverage level is known above all the calculated extra cost. 

The obtained outcomes with Monte Carlo Simulation, without an initial RMEA analysis, are 

presented an excessive dependence on decision makers in assessing risk, both in terms of 

impact and probability of occurrence. A single decision maker, generally the project manager, 

might change his/her judgment in progress, becoming more or less strict, depending on the 

circumstances (mood, fatigue, motivation, etc.). The aim of the proposed approach is to solve 

these problems carrying out an initial phase of risk assessment based on a revised RMEA.  
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2.5  Stochastic Risk Analysis through Monte Carlo Simulation Applied to the 

Construction Phase of a 600 MW Gas Turbine Plant 

This proposed methodology for risk management and project control allows working in a 

stochastic regime that increases the progress of the project. 

This subsection is structured in the following steps: the next part illustrates a description of the 

company and the different phases of the project. In addition the MCS analysis is applied for 

the contingency provision. In the last part, the analysis and the obtained results from the 

application of the methodology to an installation of four gas turbines 600MW are described. 

 

2.5.1 Risk Analysis Method for the Case Study  

 

The proposed method is applied in the EPC project (turnkey system) of an international 

Construction Company with over 30,000 employees in seven plants. The organizational 

structure of the Company is quite complex, considering the high number of employees, 2,937 

units and the wide range of functions which require an ordering and management on many 

different correlated levels. In the recent years, the Company has taken steps to strengthen the 

operational methodologies and tools to support the management. The EPC contract had 

involved the design and construction of a power plant in open cycle "turnkey" 600 MW in 

Egypt. The control unit is composed of four equipped units with four gas turbines that are 

totally designed and constructed by the Company.  

The Company usually carried out a Risk Analysis so structured: 

1. Identification of the activities needed to complete the job order, thus creating a list of 

tasks and their dependencies (prior and subsequent activities) and the necessary resources (in 

the construction phase are the work hours to complete that particular task); 

2. Analysis of environmental conditions that may affect the site's activities (socio-political 

situation, type of customer, logistical constraints, local workforce specialization); 

3. Mitigation of the risk of delayed timing and consequently the risk of overcoming the 

cost of the site budget by increasing the percentage of time and therefore the resources planned 

in the initial ideal program. The ideal program is modified by finding suitable multipliers “K” 

that vary according to the environmental analysis result. This step allowed the Company to 

have a more realistic forecast (Figure 15). 
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Figure 15 Example of the Company’s risk management approach 

 

The Authors applied MCS to manage the phase of development of the project, which is 

stochastic, with the aim of reducing the risks of delay of the contractual delivery date. In 

particular, risk analysis has been applied to two different phases of the project: 

 

1. The phase of bid 

2. The work progress control  

 

2.5.1.1 The Phase of Bid 

This phase is a fundamental activity to estimate the price of the order to success in the project. 

It is important to note that the methodology will be applied only to the construction phase, 

which it is allocated about 30% of the total project budget. 

In the following, the main steps of the methodology for the bid phase, entitle: 

• Identification of necessary data to the model; 

•Applying Monte Carlo analysis for the contingency provision. 

 

2.5.1.1.1 Identification of Necessary Data to the Model 

When the total required budget for the construction phase is determined, it should be split into 

the different program activities. Allocation budget to the individual activities is done by taking 

into account the specific characteristics of each activity such as the duration, the type of 
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processing, the fixed costs and the variable costs.  Table 18 presents the identified weight 

percentage of the total required budget for each activity. 

 

Table 18 Weight percentage of the total required budget for some tasks 

Task Weight Task Weight 

Excavation for 

turbine Hall unit 1-

4 

0.86% 
Fuel oil plumps 

shelter install. 
0.81% 

Foundation Hall 

including half of 

unit 1-4 

1.95% Compressor install 1.00% 

Stack unit 1-4 

foundations 
0.59% 

Fogging system 

install 
1.38% 

G.T. 1-4 

foundations 
3.11 % 

Underground 

instrument 
7.36% 

Steel struct. 

turbine hall 1-4 
2.05% 

Cable ways and 

install 
2.93% 

Local control 

system (half) 

elevation 1-4 

1.70% 
Yard area and 

finishing HVAC 
8.05% 

Main transformer 

G.T. 1-4 

foundations 

3.42% 
GIS subs. and cable 

connection 
2.31% 

 

In order to obtain the necessary input data for the simulator and acquire an accurate estimation, 

it has been switched from a deterministic analysis to a stochastic one. 

Each activity was then associated with a probability distribution taking into account both the 

optimistic case, in which the allocated budget is not fully spent, and the bad case, where the 

execution of the activity requires the allocation of an extra budget . 

The most suitable probability density function starting from a 3-point-estimate containing 

minimum value, maximum and most likely value, is the Triangular Distribution. Therefore, 

each activity is then assigned with a triangular distribution and the Table 19 is obtained. 

Table 19 Applying the Triangular Distribution to Each Task 

Weight of single 

task 

Triangular Distribution 

Min Real Max 

0.86% 0.77% 0.86% 1.16% 

1.95% 1.76% 1.95% 2.63% 

0.59% 0.53% 0.59% 0.80% 

3.11 % 2.80% 3.11% 4.20% 

2.05% 1.85% 2.05% 2.77% 

1.70% 1.53% 1.70% 2.30% 

3.42% 3.08% 3.42% 4.62% 

1.38% 1.24% 1.38% 1.86% 

6.04% 5.44% 6.04% 8.23% 
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2.39% 2.15% 2.39% 3.23% 

2.95% 2.66% 2.95% 3.98% 

2.21% 1.99% 2.21% 2.98% 

1.28% 1.15% 1.28% 1.73% 

1.97% 1.67% 1.97% 2.71% 

 

2.5.1.1.2 Applying Monte Carlo Analysis for the Provision Contingency 

By using described input data, it is possible to apply the Monte Carlo method. In addition, to 

apply a number of experimental runs on the model to obtain the valid results, the method of the 

Mean Square Pure Error (MSPE) in the repeated run (Cassettari et al., 2010) should be done. 

Furthermore, Figure 16 presents the MSPE curves necessary to identify the sample size in order 

to obtain the statistical stabilization both of Mean Square Pure Error of the Mean (MSPEMED) 

and Mean Square Pure Error of the Standard Deviation (MSPESTDEV). It occurs at around 

1000 runs. Therefore, the MCS results obtained using @RISK with the features of 5 reps and 

10,000 runs are shown in Figure 17. 

 

 

Figure 16 MSPE Curve for the Input Data 
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Figure 17 Monte Carlo Simulation by @ Risk Software 

 

The obtained probability distribution curve covers a range of between € 10.2mn and € 11.6mn. 

In order to have an 80% coverage probability, the Company should therefore allocate an 

amount of not less than 11m euros, representing about 8% of the total value of the order. 

 

2.5.1.2 The Phase of the Work in Progress Control  

The main risk of this phase are the delays that may be the result of various reasons. Following 

are cited some of the main causes involving delays in the pipeline: 

 

• Equipment failures; 

• Errors on the part of employees; 

• Weather conditions; 

• Delays in the procurement of materials 

 

The objective of the proposed risk analysis to the phase of the progress management is to 

identify the likelihood of unexpected upstream in order to have the possibility to make changes 

to the program and the construction budget to complete the project within the deadline. This is 

crucial as the excess of the end date of the project involves huge penalties from the customer. 

The main steps of the applied methodology to the phase of the advancements management are: 

 

• Study of the Construction program and data identification 

• Identification of the critical path 

Ymed 10789,42102

MSPEmed 0,0753268

VARmed 31674,40116 OTT REAL PESS

MSPEstd 73,61465129 102,5% 107,9% 113,2%

RANGE (+/-) 535

 OTTIMISTICO 10254

 REALISTICO 10789

 PESSIMISTICO 11325

100%

BUDGET "SIMULAZIONE"

RISULTATI BUDGET DI SICUREZZA

DATI BUDGET IDEALE
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2.5.1.2.1 Study of Construction Program and Data Identification  

To define the necessary input date for the simulator, each activity should be associated with a 

real deterministic time. As mentioned above the Company was used to augment the actual time 

with an incremental time by means of a standard percentage of increase K. Therefore, the first 

step was to eliminate the effect of the coefficient K and consequently to identify the most likely 

duration “TM” )an average duration that does not take account of external factors )Figure 18).  

Once the average time is obtained it is possible to transform the duration of each activity from 

deterministic to stochastic. The next step is to decide what type of probability distribution to 

use. It has opted for a non-symmetrical triangular distribution for all activities.  

However, the variability of the duration of the activity was differentiated according to the 

characteristics of the project task.  

In particular, for all civil works to take into account the impacting weather variability on 

outdoor works, it is considered intervals as follows: 

Max duration = TM * 1.4 

Min duration = TM * 0.8 

As for the electro-mechanical assemblies, the following extreme values are considered: 

Max duration = TM * 1.2 

Min duration = TM * 0.9 

 

 

Figure 18 Example of the Most Likely Duration Estimation 

2.5.1.2.2 Applying Monte Carlo Analysis to Predict the Final Date of the Project  
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In this phase, the described input data and MCS should apply in the @RISK software with 

features of 5 reps and 1,000 runs corresponding to the MSPE curves in Figure 19. The MCS 

has been applied to each of the four critical paths (one for each gas turbine) in order to evaluate 

the duration of the four units construction. 

The MCS risk analysis has been repeated at 5 different instants of time in order to take into 

account during the progress of the project of the activities which already completed. In addition 

it recalculates with an increasing level of reliability of the expected date of delivery of the four 

gas turbines. 

 

• T = 0: from June 1, 2016 

• T = 1: from August 31, 2016 

• T = 2: from September 30, 2016 

• T = 3: from October 31, 2016 

• T = 4: from November 30, 2016 

 

Some of the MSPE Curves and MCS results on the different critical path associated with these 

instants of time are reported in the following. 

 

 

Figure 19 Critical Paths for Each Gas Turbine 
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Critical path 1 (T=0): 

 

 

Figure 20 MSPE Curve for Critical Path 1 (T=0) 

 

From T = 0 to T = 1, which is from June to August 2016, the first civil works were completed. 

There were no major problems or delays and some of activities had been concluded in advance 

with a positive impact on the overall project duration. In Figure 20 and Figure 21 the results of 

MSPE and Monte Carlo analysis for Critical path 1 for T = 0 and Figure 22 and Figure 23 for 

critical path=1 for T=1 are illustrated.  
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Figure 21 Monte Carlo Simulation for Critical path 1 (T=0) 

 

 

 

Figure 22 MSPE Curve for Critical Path 1 (T=1) 

  

da 01/06/2013 Ymed 384,7732078

a 17/07/2014 MSPEmed 2,02326E-07
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Figure 23 Monte Carlo Simulation for Critical Path 1 (T=1) 

From the instant T = 1 to the instant T = 2, i.e. from September to October 2016, the realization 

of civil works continued. There were no particular problems or delays during the 

implementation of the program activities. 

From the instant T = 2 to T = 3, i.e. from October to November 2016, almost all civil works 

were completed without any unexpected details, but the obtained time advantage in the first 

phase of the order had a slight decrease, as shown in the curve of project total cost (Figure 24). 

 

da 31/08/2013 Ymed 287,2740526

a 17/07/2014 MSPEmed 1,16013E-07

VARmed 248,8329856

MSPEstd 0,049346437

RANGE (+/-) 47
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RISULTATI DELL'ANALISI    T=1    P=1
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Figure 24 Project Total Cost 

 

From time T = 3 to T = 4 i.e. from November to December 2016 continued the civil works and 

construction of steel structures of the four gas turbines has started. Although the overall 

situation of the construction phase has to be in advance of the program yet, the previously 

accumulated advantage has been greatly reduced. 

The progress in the pipeline and the total order curves progress updated at T=4 are illustrated 

in Figure 25. 

 

 

Figure 25 Total Order Curve of Progress 

 

The objective of the proposed risk analysis was to identify for each critical path and each instant 

of time, the probable date of delivery of the plant and also the respective percentages of risk 

that the effective date would exceed. 

In Particular, the obtained data from the carried out analysis are: 
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• ΔT: this data indicates the duration in days that divides the current date and the delivery 

date of the plant (for example, if you consider the time instant T = 2 of the first critical path the 

ΔT will equal 290 because the days are passing from late September 2016 to August 2017). 

• Variability Range 

 

This data indicates the variability of project final date determined by the analysis: 

 

• Optimistic, realistic and pessimistic time 

• P)x( delivery on time 

• P)x( delayed delivery 

 

Table 20 summarizes all the results just described. 

At this point to understand when it would be appropriate to make changes to the program it is 

necessary to identify an additional element named P(x) threshold. 

The P(x) introduces the probability of delay threshold that shows whether or not to make 

changes to the program of activities. For instance when P(x) threshold > P(x) delayed delivery, 

the advancements in the pipeline are under control then it will not allowed to make changes to 

the program. In addition, when P(x) threshold < P(x) delayed delivery, the construction site of 

the advancements are having significant delays so it is appropriate to begin to change the 

program by allocating additional resources to make up for lost time. 
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Table 20 Summary of Progress Simulation Results 

 

 

 

The Figure 26 illustrates an example comparing for each instant of time and any critical path 

with the threshold P(x) delayed delivery: 

 

ID
Instant 

time T

N 

critical 

path

ΔT in days: 

Data TOAC - 

Instantaneous 

advancement

Variable 

Range
Optimistic T

Realistic 

T  

Pessimistic 

T

P(x) 

delivery on 

time

P(x) 

delayed 

delivery

01 0 1 411 48 337 385 433 94.40% 5.60%

02 0 2 421 49 353 402 451 87.60% 12.40%

03 0 3 432 50 362 412 462 87.40% 12.60%

04 0 4 442 50 376 426 476 81.60% 18.40%

11 1 1 320 47 240 287 334 99.40% 0.60%

12 1 2 330 48 256 304 352 96.90% 3.10%

13 1 3 341 48 266 314 362 97.70% 2.30%

14 1 4 351 50 277 327 377 95.70% 4.30%

21 2 1 290 33 231 264 297 98.60% 1.40%

22 2 2 300 36 245 281 317 93.90% 6.10%

23 2 3 311 36 255 291 327 93.80% 6.20%

24 2 4 321 36 268 304 340 91.40% 8.60%

31 3 1 259 30 204 234 264 99.30% 0.70%

32 3 2 269 33 218 251 284 94.00% 6.00%

33 3 3 280 33 228 261 294 94.10% 5.90%

34 3 4 290 34 251 285 319 92.10% 7.90%

41 4 1 229 26 182 208 234 98.50% 1.50%

42 4 2 239 29 196 225 254 90.90% 9.10%

43 4 3 250 29 206 235 264 89.50% 10.50%

44 4 4 260 30 218 248 278 87.10% 12.90%

Summary of Progress Simulation Results
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Figure 26 Comparison with the Threshold P(x) for Critical Path 1 (top chart) and Critical Path 2 (bottom 

chart) 

As can be seen from the charts, for the analyzed time period it was not necessary to make 

changes to the program for any critical path at each instant of time. So it has been concluded 

that the advances in the pipeline in the period from June 2016 to December 2016 mirrored the 

predictions made at the  

Finally, by the Figure 27, it is understood that how the variability of results decreases with the 

approaching of the delivery dates. This is very important because it allows the passing of time 

to identify more accurately the project end date. 

 

Figure 27 Range of Variability 
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2.5.2 Conclusion 

The proposed study illustrate the application of a stochastic risk analysis based on Monte Carlo 

method to a real case study. The study aims to highlight the benefits and results obtained 

through a stochastic analysis compared to traditional deterministic analysis.  

In Particular, two project phases were considered in this research: the process of bid and the 

phase of work in progress control; Risk Analysis with Monte Carlo method has been applied 

to both. 

The analysis on the first phase has led to the allocation of a contingency equal to 8% of the 

costs of construction of the plant; this percentage represents a quantitative estimate of all the 

possible risks that may occur in the pipeline. 

The MCS analyzes in the progress phase identified the project final dates for each critical path 

calculated at five different time instants, from June 2016 to December 2016; This has allowed 

to verify the evolution of the program and modify the program to avoid penalties. Moreover, it 

can be understand from the months analyzed showed that was not necessary to change the 

program of activities. 

Finally, it has been possible to note how the variability of the results decreases with the 

approaching of the implant delivery dates; this aspect is fundamental in order to identify more 

precisely the final date of the project over time. 
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CHAPTER THREE 
 

 

SYSTEM DYNAMIC MODEL IN HUMANITARIAN PROJECT  
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3 System Dynamic Model in Humanitarian Project 

 

Over the past decades, the number of disasters has been on the rise, including earthquakes, war, 

flood and other incidents that cause destruction of society, such as education and health 

services. Forecasts show that over the next 50 years, natural and manmade disasters are 

expected to increase five-folds both in the number and impact. Therefore, there is a need for 

effective and efficient disaster support actions during emergencies. This compels humanitarian 

organizations to improve the effectiveness and efficiency of their approaches and facilitate 

decision making in resolving such complicated problems characterized by numerous 

parameters. Besides, humanitarian organizations face situations with multiple critical events, 

inadequate funding, limited time to plan and react, and operating in increasingly challenging 

circumstances. Useful approaches for tackling problems in such dynamic conditions require 

methods and tools that take into account uncertainty and enable managers to evaluate the 

dynamic complexity of such systems, to facilitate decision making. Among the large amount 

of decision-aid tools for humanitarian organizations, System Dynamic (SD) is a method used 

for the evaluation of complex system behavior and for presenting the effect of decisions over 

time in an easy-to-use model. This chapter proposes a system dynamics (SD) approach to study 

health and education aspects of the beneficiaries’ life in longstanding refugee crises such as the 

case of Syrian refugees in Turkey and find out the best estimation of financial aid from 

humanitarian organizations in each part of services to improve them. At first a causal loop is 

developed to better understand the building-boxes of health and education of refugees and their 

interactions and then a system dynamic model is proposed and validated by field data from 

humanitarian organizations. The finding of this research can be used to facilitate further 

research in developing the system dynamic methodology for humanitarian organizations to 

present the essential impact factors for modeling complex environments including and 

feedback loops between the performance variables in the humanitarian supply chain that could 

have led to improving the vulnerable people's condition life by more aid from humanitarian 

organizations. 

 

3.1 Introduction 

Since 1990, natural disasters have influenced more than 200 million people every year 

(Leaning & Guha-Sapir, 2013). With the frequent occurrence of disasters in the past decades, 

there has been a rise in the number of disasters and cause the disruption of cities and facilities, 



 

60 

 

famine, illnesses, poverty and health of people around the world CRED (2014). Therefore, 

there is a necessity for efficient disaster support efforts quickly after the occurrence of disasters 

in various ways like affording cash and voucher assistance or food aid and demand 

humanitarian organizations to help the affected region, reducing the impacts and initiating the 

improvement of operational skill to better face disasters (Allahi et al. 2018). 

Financial aid strategies have been used for advancement goals for a number of decades, 

especially in social protection scheme in underdeveloped countries (Arnold, 2011). Lately, aid 

plans have been frequently employed in humanitarian contexts with the intention of assisting 

crisis-affected people in meeting their basic needs and also implementing support for 

livelihoods improvement by providing more financial aid. Cash-aid programs have been 

applied by humanitarian organizations, donor's, governments, and national local organizations 

for delivering people's aid beyond all regions. (Gairdner et al. 2011). 

Cash assistance in humanitarian perspectives has been described as “the provision of money to 

individuals or households, either as emergency relief intended to meet basic needs for food and 

non‐food items or to buy essential items to make better livelihoods” (ECHO, 2009). 

Stakeholders consider money aid to be a useful process of meeting recipient's requirements 

because it enhances access to fundamental demands and services like education and health and 

combines humanitarian support and rehabilitation of the local economy (Gairdner et al. 2011).  

The origins of cash-based methods in emergencies come from research which interpreting 

famine as a result of the war (de Waal, 1990). While reliable supply and markets are available 

and qualified to respond to gains in demand occurring from cash infusions without inflation or 

other negative factors, the cash program can be a preferable alternative to the in-kind provision 

of goods or services for populations affected by emergencies for some significant reasons such 

as cost-effectiveness of cash and voucher program for the emergency aid of humanitarian 

organizations, creation of a greater sense of empowerment in recipients, donor's organizations 

assistance to beneficiaries to consume appropriate food in greater quantity, variety and 

increasing their diet’s variety )Gairdner et al. 2011(. Since 2004, cash programs in emergencies 

has gradually raised in humanitarian sectors to facilitate crisis- affected peoples to develop 

food security and access to water, health equipment, and basic services. (Harvey et al., 2010).  

Nonetheless, while there have been theoretical and empirical studies about cash and voucher 

aid program in the humanitarian supply chain, little attention has been devoted to the 

consideration of all the impact factors in different aspects together and illustration the casual-

loop model for efficient use of financial aid. Previous works on system dynamic models of 

cash assistance program did not cover all range of beneficiaries need simultaneous with the 
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local economy, government and humanitarian organization's preferences, feedback loops and 

dynamic complexities of all factors after the disaster relief performance . There is a lack of 

research on the consideration of such complicate factors, time delays, and nonlinear relations 

between the all parts of parties in the humanitarian cash aid (Allahi et al. 2018b). Many 

researchers have highlighted the significance of feedback in the decision-making process and 

mentioned that the causal relations between complex variables provide an appropriate visual 

by which managers can clearly understand the causal model of a humanitarian organization. 

(Sousa et al., 2005; Grosswiele et al., 2013; Shaik and Abdul-Kader, 2014; Mitchell et al., 

2014). Regarding numerous aspects of impact factors and the complex relationship among 

them, there is a need to casual loop model to illustrate how the methodology of system 

dynamics can be useful for understanding the behaviors of complex factors and consider them 

before the cash transfer. This paper, therefore, makes a contribution in addressing this gap in 

the knowledge. To achieve this purpose, a developed casual- loop has been proposed to the 

disaster relief operation and the impact factors related to different beneficiaries are extracted 

from several studies and the recommended casual loop model illustrate how the methodology 

of system dynamics can be useful for understanding the behaviors of complex factors and 

consider them while humanitarian organizations make the decision for the cash transfer 

program in the disasters or emergencies situation (Allahi et al. 2018b, Revetria et al. 2008). 

System dynamics is used to formulate the feedback loops structures between all the impact 

factors. The causal relationships between the performance variables have been discussed and a 

conceptual casual-loop model has illustrated in the disaster relief operation. The model 

provides an integrated view of the feedback loops between varies variables and may improve 

to future view for comprehensive all needs following the financial aid program.  

In this research, it is essential to identify the impact factors that consider in the program of the 

humanitarian organizations and their ability to provide a safe and secure essential services for 

the individuals and develop health and education services for refugees. This effort takes place 

in four steps: 1) describing impact factors of health and education in a way that leads to the 

understanding of its characteristics and the relation between them, 2) diagramming Casual 

Loop model that lead to understanding the interactions and dependencies, 3) proposing the SD 

model of health and education system for Syrian refugees in Turkey and present the financial 

aid impact and 4) Validation of SD model with historical data and shows with more financial 

aid, refugee can have better health and more attending in school. 
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The remainder of this article is structured as follows. The next section presents system dynamic 

review and findings on the aforementioned factors within the existing body of literature. Then 

the sub factors by causal loop models will be analyzed to see the relations and interactions 

between them. The impacts of financial aid will also be displayed by SD and then it is validated 

by historical data of Syrian refugees in Turkey and finally, our conclusions are presented in the 

last section. 

 

3.2 System Dynamic Review  

System dynamics is a modeling and simulation methodology that has be introduced for the first 

time by Jay. W. Forrester in 1958 at the Massachusetts Institute of Technology (Forrester, 

1958), which emphasized the multi-loop, multistate, and nonlinear features of the feedback 

systems in human life. The SD model can be displayed graphically by applying a mixture of 

simulation and circumstances modeling to develop both perception and modeling (Briano et 

al., 2010). Furthermore, it can be applied to systems with several factors, high range of 

uncertainty, casual obscurity, and complexity adjusted with the requirement of humanitarian 

organizations.  

The SD approach presents administrators with a collection of tools that can support their 

knowledge in complex environments including causal mapping to think systemically and 

interpreting the dynamic complexity, and simulation modeling (Revetria et al. 2008) to 

evaluate the outcomes of interactions between variables and improve comprehension of 

complex systems (Sterman, 2000). 

In the field of system dynamics, (Sterman, 1994) and (Hsiao and Richardson, 1999) have 

provided two robust literature reviews on the present simulators. Complex dynamic systems 

have been reviewed by (Sterman, 2000) and 33 empirical studies in the view of dependent and 

independent variables have been evaluated by (Hsiao and Richardson, 1999). The investigation 

of problems involving interacting feedback loops has presented that it is required to solve them 

by system dynamic (Sterman, 19991). 

Some of the benefits of dynamic modeling (McGarvey and Hannon, 2004) 

• Discover probable emergent characteristics of a system: dynamic models provide a way 

to investigate emergent behavior because such models can cover these real-time spans at the 

time of model runs.  
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• Prepare quantitative assessments of qualitative ideas: system dynamic models allow the 

user to convert qualitative understanding into a quantitative style which most systems are just 

recognized at a qualitative level.  

• The most important parameters can be identified in a system dynamic: a lot of inputs 

should be recognized to understand their impact on the output; however, it's really difficult to 

monitor all of them. SD model allows evaluation of the impact of each input on the output and 

ranking them, then by sensitivity analysis, it can be decided to choose high ranked input. 

• By means of SD models, the long-term effects of decisions on a defined humanitarian 

system can be predicted. 

• SD tool can be effectively used to assist humanitarian decision making and provides 

managers with a set of tools that can help them learn in complex environments (Briano et al., 

2010). 

In particular, SD is a method to improve learning in complex systems within humanitarian-

related projects, especially large infrastructure projects. However, learning about complex 

dynamic systems requires more than only technical tools to create mathematical models. 

Because these tools are applied to the behavior of human as well as physical and technical 

systems   

According to (Forrester, 1961) models can be considered and used as a basis for experimental 

investigations at lower expenses and in less time than trying changes in actual systems. 

 

3.2.1 Humanitarian and System Dynamics 

When a disaster affects population and people's vulnerability (Strömberg, 2007), the sequence 

force people to handle damages, and an assistance demand from humanitarian organizations, 

public agents, and other donor's is asked for the affected region and reduce impacts (UNISDR, 

2009). Recently, disasters and any occurrence that produces the disruption in the environment 

happen increasingly (CRED, 2014) and cause serious effects on different aspects of human life. 

Beside, related humanitarian support expected much more as well due to unplanned famine, 

poverty, diseases, climate change (IFRC, 2014) which generate more migration-related crises 

such as refugees, internally displaced people and PoC camps. Accordingly, a universal demand 

of disaster assistance procedures raised during emergencies which are incited donors and 

humanitarian organizations to develop the benefits of their methods and decision making in 

modifying such complex problems. These findings have forced managers of humanitarian 

organizations to recognize the complexity of these parameters, understand the demand and 
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desired response to a disaster (De Leeuw et al. 2010) and discover how to manage complex aid 

performances. Beneficial knowledge in such dynamic situations needs convenient tools that 

empower managers to demonstrate the dynamic complexity in a system and to develop decision 

making. System dynamic is a strength tool in the evaluation of complex system behavior and 

demonstrating the effect of donor’s decisions on humanitarian subjects in developing an easy-

to-use model. Furthermore, the interrelations among the observed and reviewed phenomena 

could be visualized by means of appropriate tools such as SD (Remida, 2015). When system 

dynamic and modeling the complex situation are properly understood, humanitarian 

organizations can extract the maximum benefits from their available resources in their efforts 

to attend to victim demand (IFRC, 2014). Modeling the organizational dynamics in emergency 

situations would enable better understanding of the human behaviors to improve humanitarian's 

performance. Therefore, SD enables the causal relationships to be quantified and tested more 

explicitly and rigorously donors could improve their systems analyzing skills allowing them to 

better learn the dynamic complexity of humanitarian systems in SD modeling. Furthermore, 

SD models can be developed by the accurate collection of variables and factors and as a result, 

the effects of current decisions can be observed clearly.  

 The beneficiary of system dynamic has been discussed on analyze of humanitarian assistance 

as a complex and dynamic system involving multiple ‘actors’ which could manage to improved 

comprehension, better implantation in the humanitarian organization and useful in 

understanding the system behavior (Bjerneld and et al., 2004). In addition, humanitarian 

assistance has been suggested as a complex and dynamic system, rather than analyzing 

problems in a piecemeal way or exploring solutions concerning single characters, may present 

magnificent insight into efficient ways.  

To prove reliability of database source of presented research, online databases by implementing 

various related subjects and different journals have been considered. Two broadly used 

electronic databases such as Scopus and Science Direct have been involved. These databases 

exist between the largest in terms of the set of published papers with multiple subjects, 

including SD in humanitarian. In addition, the forward and backward search has been applied 

to the captured papers and consideration of well-known journals published by Springer, Wiley, 

and Thompson has been regarded. Furthermore, the time horizon of the search is from 2003 to 

2018, because of the lack of using SD in the humanitarian subject before 2003 (Cooke, 2003). 

To search for papers, multiple search terms and keywords such as “system dynamic in 

humanitarian logistics”, “system dynamic in disaster”, “system dynamic in emergencies”, and 

"system dynamic in social researches" have been implemented. Regarding papers which 
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applied system dynamics in the humanitarian subject, all papers that were not related to 

humanitarian filed have been excluded such as papers in health, hospital or construction 

management subject. Following eliminating unrelated papers, the search resulted in 20 papers 

(Table 21). 

 It should be considered that in recent years, several attempts are proposing to investigate the 

application possibilities of Systems Dynamics in various humanitarian fields (e.g. (Besiou et 

al., 2007) and (Gonçalves, 2011)). This distinction is further exemplified in (Cooke, 2003) 

which has developed an SD model to provide insights into the complex web of causes included 

feedback loops and non-linear relationships and can lead to disaster and valuable lessons for 

organizational learning. 

 Reference (Simonovic and Ahmad, 2005) captured human behavior during flood emergency 

evacuation process and the dynamic interactions among model components using a computer-

based model by SD approach. Furthermore, in 2005, Survey such as that conducted by Tucker 

et al. has presented the need for a system dynamics in humanitarian and discussed properties 

of complex systems. It mentioned that dynamic modeling is a relatively new technology that is 

little known in the academic, business, and nonprofit communities. The presented SD method 

in the research, simulated the impact of the strategic business decisions on the financial well-

being of the Social Purpose Organization (SPO). Two limitations have been concerned in the 

research; first, the results are unique to the specific context of SPO, second, the process for 

managing this type of research might be different for a large Non-Profit Organization (NPO) 

or for a for-profit organization. 

In 2008, Gonçalves has demonstrated an improvement of complex system's features and 

declared that it allows a fundamental knowledge of the different factors capable for producing 

the dynamic complexity in humanitarian relief systems and is a significant step in the 

management of the complex crisis. Besides, the proposed SD method describes an opportunity 

to model various phenomena in humanitarian relief and to support manager’s design more 

effective policy interventions in the long run. Also, (Li et al., 2009) have presented a system 

simulation of coal mine safety, a complex socio-technical system, by system dynamic approach 

and analyzed the kinds of hazards and unsafe behavior of employees in the coal mine accidents.  

In the following, reference Gonçalves in 2011, declared that system dynamics can capture the 

complexity of humanitarian systems and can improve humanitarian decision makers to predict 

the effect of their decisions on the system performance over time. The well-defined issue of 

field vehicle fleet management in humanitarian organizations is used to illustrate an application 

of SD for humanitarian operations. Although, the authors present an example of over three 
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years of research, but less well-defined subsystem in the humanitarian sector which can be 

analyzed using SD method to the benefit of the overall humanitarian relief operation. 

 To obtain a relevant and dynamic decision-support in 2013, Rongier et al. proposed an SD 

method for decision-makers to resolve the crisis based on performance evaluation, in addition 

to the essential experience they undergo. The research included limitation such as focusing on 

general crisis management and performance assessment concepts, mainly on humanitarian 

applications. 

Besides, Kunz et al. in 2014 modeled the delivery process of ready-to-use remedial food items 

by system dynamic method during the immediate response phase of a disaster and find that 

pre-positioning inventory provides positive outcomes for the beneficiaries, but at extremely 

high costs. However, neglected various parameters which are relevant to the overall process of 

providing humanitarian relief in reality and focusing on a single disaster, single country, and 

single organization are supposed to some of the research’s limitation.  

In 2014, Peng et al. proposed a system dynamics model to analyze the behaviors of disrupted 

disaster relief supply chain by simulating the uncertainties. The author has presented the system 

dynamics as a popular approach to study such problems for its ability to deal with high levels 

of uncertainty, causal ambiguity, and complexity. Nevertheless, questionnaire has not been 

used to collect expert's opinion for logistic planning. 

In addition, preliminary, the marketing activities in the nonprofit sector has been modeled by 

system dynamic in the research of Najev in 2014. The research illustrated potential benefits 

provided to nonprofit organizations by the application of the system dynamics approach in the 

field of strategic planning. Also, the proposed SD model created an awareness of circular 

relationships between the observed variables - starting with the problem, leading to solutions 

and returning to the problem itself. Though, the dynamic relationship between thee constructs 

should be further analyzed taking into account the non-linear relationship between the variables 

in the system and time lags in mutual influences. 

Furthermore, reference Cruz-Cantillo in 2014, applied the SD model for the forecasting, 

prioritization, and distribution of critical supplies during relief operations in case of a hurricane 

event. 

In 2015, a considerable amount of papers has been published on system dynamic in 

humanitarian.  The effectiveness of the system dynamic technique has been exemplified in a 

report by Suarez that enable stakeholders to experience playable system dynamic models 

linking geoinformation which is an innovative approach to immerse disaster managers to be 
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more effective and providing innovative ways to accelerate learning to better design and 

implement humanitarian work. 

The systems thinking paradigm can be seen in the case of the (Voyer et al., 2015) and (Octavia 

et al., 2016) which presented in a manner that emphasizes its adequateness and applicability in 

Humanitarian Logistics (HL) research. The presented systems thinking paradigm in the case of 

(Remida, 2015), making the logistics systems in general and HL-systems in particular more 

sustainable. The method has been included suggestion of taking into account interdependent 

research questions at once by regarding the uncertain relationships among the system’ 

components, which could be different items, belonging to various levels such as objects, 

organizations and natural. This could offer a hopeful starting point for dealing with the 

increased complexity of these days' knowledge management in humanitarian. 

Reference (Octavia et al., 2016) allows analysis of complex problems in decisions and 

information effects on capacity and the role of the media and donors in humanitarian process. 

But, the paper hold some limitation such as the selected variables and the presented simulation 

were drawn from the literature, and just one type of disaster was investigated. 

In addition, reference (Costa et al., 2015) aimed to enhance the range of examples of system 

dynamics applications in humanitarian logistics with the objective of minimizing the response 

time during disaster emergency response. The faster the response time of each humanitarian 

logistic stakeholder, reduce the risk of fatalities. Reference (Diedrichs et al., 2016) attempted 

to propose an SD model to study the role of communication and logistical coordination between 

actors in an emergency disaster which breaks down a complex problem into a set of variables 

and parameters that can be easily modified as needed. Although, the effects have been studied 

qualitatively, and the proposed original SD model provides a first attempt to quantify them. 

Beside, training of decision-makers on flood response by means of SD model has been seen in 

the case of Berariu et al. in 2016. This case study confirms the capability of system dynamics 

(SD) model to capture the complex components. However, the research limitation is all 

influencing variables has not been considered due to the variety of flood events. In the 

following, Anjomshoae et al. in 2017 developed a dynamic balanced scorecard model for 

humanitarian relief organizations’ performance management. The developed model attempts 

to describe the relationships between strategic resources and how these resources relate to the 

humanitarian organizations’ goal in providing an appropriate response to the beneficiaries. 

Although, the research comprises the limitation which is solely based on relevant existing 

literature, therefore further practical research is needed to validate the interdependencies of 

performance indicators.  
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Finally, Kim in 2018 has suggested an SD model for effective debris management under 

different disaster scenarios to develop better disaster planning for recovery. 

Table 21 presents most of the relevant reviews about humanitarian publications associated with 

system dynamics and explained the purpose of each publication about system dynamic as well.  

  

Table 21 Review of system dynamic paper in humanitarian 

No Year Author(s) Title Applied system dynamic in humanitarian 

1 2003 David L. 

Cooke 

A system dynamics analysis of the 

Westray mine disaster 

Presents a system dynamics analysis of the 

1992 Westray mine disaster in Nova Scotia, 

Canada. The value of simulation is its ability 

to capture a ‘‘mental model’’ of the safety 

system, which can stimulate discussion 

among safety experts as to the systemic 

causes of a disaster. 

2 2005 Jennifer S. 

Tucker et al. 

Dynamic Systems and Organizational 

Decision-Making Processes in Non-

profits 

Propose a system dynamic modelling 

process which facilitates organizational 

learning as leaders and use the insight gained 

from adopting a systems approach to make 

effective strategic decisions. The SD 

simulated the impact of the strategic 

business decisions on the financial well-

being of the SPO. 

3 2005 Slobodan P. 

Simonovic and 

Sajjad Ahmad 

Computer-based Model for Flood 

Evacuation Emergency Planning 

Develop a computer-based model for 

capturing human behaviour during flood 

emergency evacuation process (movement 

of people from the region under the threat to 

safety) using an SD approach. 

4 2008 Paulo 

Gonçalves 

System Dynamics Modelling of 

Humanitarian Relief Operations 

Presents an SD methodology to represents an 

opportunity to model different phenomena in 

humanitarian relief and to help managers 

design more effective policy interventions in 

the long run. 

5 2009 LI Xian-gong 

et al. 

System Dynamics Simulation of Coal 

Mine Accident System Cause 

Analyse the  kinds  of  hazards and  unsafe  

behaviour  of employees  in  the  coal  mine  

accidents  of  China  by system dynamics 

simulation method from organizational and 

management perspective.   

6 2011 Maria Besiou 

et al. 

System dynamics for humanitarian 

operations 

Present the preliminary findings of an 

applied SD model to analyse a well-defined 

subsystem of humanitarian operations, field 

vehicle fleet management.  
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7 2013 Carine Rongier 

et al. 

Towards a crisis performance 

measurement system 

Propose a dynamic decision-support system 

to support the stakeholders in making 

accurate decisions while carrying out a 

performance evaluation of the activities that 

run during the crisis-response process. 

8 2013 Nathan Kunz et 

al. 

Investing in disaster management 

capabilities versus pre-positioning 

inventory: A new approach to disaster 

preparedness 

Evaluate the effects of investing in disaster 

management capabilities through system 

dynamics modelling. The delivery process of 

ready-to-use therapeutic food items has 

modelled during the immediate response 

phase of a disaster. 

9 2014 Min Peng et al. Post-seismic supply chain risk 

management: a system dynamics 

disruption analysis approach for 

inventory and logistics planning 

Apply a system dynamics model to analyse 

the behaviours of disrupted disaster relief 

supply chain by simulating the uncertainties 

associated with predicting post-seismic road 

network and delayed information. 

10 2014 Ljiljana Najev 

Čačija 

Preliminary empirical analysis of the 

relationship dynamics between 

marketing activities and fundraising 

success in non-profit organizations 

Presents the initial results of the application 

of a system dynamics methodology to 

modelling the marketing activities in the 

non-profit sector. 

11 2014 Y. Cruz-

Cantillo 

A system dynamics approach to 

humanitarian logistics and the 

transportation of relief supplies 

Develops an SD model for the forecasting, 

prioritization, and distribution of critical 

supplies during relief operations in case of a 

hurricane event. 

12 2015 Pablo Suarez Rethinking engagement: innovations 

in how humanitarians explore 

geoinformation 

Offers an innovative approach to immerse 

disaster managers in geoinformation: 

participatory games that enable stakeholders 

to experience playable system dynamic 

models, decisions and consequences in a 

way that is both serious and fun. 

13 2015 A. Remida A Systemic Approach to Sustainable 

Humanitarian Logistics 

Presents a systemic approach, which take 

into account the economic and social 

dimensions of sustainability and the 

increasing complexity of logistics systems 

within disaster relief operations that 

emphasizes its applicability in Humanitarian 

Logistics (HL) research. 

14 2015 Otávio Costa et 

al. 

A system dynamics analysis of 

humanitarian logistics coordination 

Demonstrate an SD simulation to analyse the 

interactions between media, donors and 

humanitarian organizations in response to an 

abrupt natural disaster, such as tsunamis and 

earthquakes. 
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15 2015 J. Voyer et al. Understanding Humanitarian Supply 

Chain Logistics with System 

Dynamics Modelling 

Present an SD model referring to 

humanitarian response to a natural hazard, 

but they do not focus on conflicting needs 

resulting from the stockpiling behaviour of 

the population and the needs for conducting 

relief operations. 

16 2015 Danilo R. 

Diedrichs et al. 

Quantifying communication 

effects in disaster response logistics, A 

multiple network system dynamics 

model 

Propose a discrete mathematical SD model 

to study the role of communication and 

logistical coordination between actors in an 

emergency disaster response operation, and 

to measure their impact on the number of 

lives saved and dollars spent. 

17 2015 Romana 

Berariu et al. 

Training decision-makers 

in flood response with 

system dynamics 

Present an SD model to train decision-

makers on flood response by providing them 

the possibility to analyse and evaluate 

different scenarios. 

18 2016 Tanti Octavia 

et al. 

Coordination of Humanitarian 

Logistic Model Plan for Natural 

Disaster in East Java, Indonesia 

Develop a detail coordination SD model in 

humanitarian logistic in Indonesia. 

19 2017 Ali 

Anjomshoae et 

al. 

Toward a dynamic balanced scorecard 

model for humanitarian relief 

organizations’ performance 

management. 

Propose a conceptual framework for the 

development of a Dynamic Balanced 

Scorecard (DBSC) for humanitarian 

organizations, with a focus   on cause-and-

effect relationships among KPIs of the 

humanitarian supply chain.  

20 2018 Jooho Kim et 

al. 

A framework for assessing the 

resilience of a disaster debris 

management system 

Apply a system dynamics approach to 

evaluate the debris removal performance for 

a resilient community. 

 

In this study we use SD approach to simulate health and education system of refugees and its 

building elements and understand the cost estimation for each category. Financial aid for 

refugees are by nature systemic and complex, influencing many interconnected subsystems (eg. 

level of refugee health), which can be demonstrated by Causal Loop Diagrams (CLDs) to 

systemically demonstrate and interpret the dynamic complexity. CLDs are essential tools and 

visual qualitative models for interpreting the feedback structure of systems by employing 

feedback loops to show links between the variables that define a system (Briano et al., 2010). 

They have long been employed in academic studies and frequently applied in organizations to 

quickly capture assumptions about the causes of dynamics. The consequences of relations 

between the variables can be further simulated via the model to evaluate and enhance the 

perception of this complex system. 
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3.3 Causal Loop Model 

Reviewing crisis management and humanitarian aid literature, this section studies the building 

boxes of refugee’s health and education. A causal loop diagram will be developed as a result 

of this section, as the discussion progresses.  

 

3.3.1 Causal Loop Model of Refugees’ Health and Education System 

Causal loop diagrams (CLDs) are an essential tool for interpreting the feedback structure of 

systems. It has been used in academic achievement for a long time and frequently overused in 

organizations to quickly capturing assumptions about the causes of dynamics. The presented 

causal loop diagram in Figure 28, primarily interactions between the most important factors 

have been regarded, which is largely effect on other variables. It is a good illustration of social 

behavior in the disaster over time (the dynamics of the system) and can be interpreted by the 

interaction of positive and negative feedback loops. Six basic structure blocks; positive 

feedback or reinforcing loops (Positive loops), and balancing loops (negative feedback) are 

constructed the model. A causal diagram including of variables connected by arrows indicating 

the causal impacts amongst the variables. The significant feedback loops are also distinguished 

in the diagram. Link polarities represent the structure of the system and explain what would 

happen if there was a change. The details and behavior of the variables will not describe 

(Sterman 2000). 

School Access to healthcare services is a basic human right which humanitarian organizations 

aim to provide (Rees et al. 2016). Field research on the Syrian refugee crisis in Turkey (Battistin 

2016) reports that approximately 60 percent of all financial support by humanitarian agencies 

aims at ensuring primary assistance to refugees, which in particular means supporting them in 

their healthcare requirements. 

Healthcare needs are categorized in six measures of access to healthcare service: access to clean 

water, access to hygiene/sanitation facilities, health expenditure, general health, mental health, 

and violence (Doocy and Tappis 2017). Financial have been reportedly described as one of the 

most effective means of enhancing access to services they need most (Schule et al. 2017). The 

high costs of healthcare is one of the most commonly reported factors for refugees which 

should solve by financial aid (Rees et al. 2016). Furthermore, financial aid are reported to 

positively impact on access to clean water and hygiene facilities, which all enhance the general 

health of refugees (Bailey et al. 2008). Reviving money often plays a significant role in the 
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violence and depression feeling (WFP 2017; Bailey et al. 2008). As discussed before, it reduce 

violence in refugee communities and hence improve the mental health of the community in 

general, and in particular for the women who experienced different kinds of abuse due to the 

absence of cash resources and increased mental health in their community (Berg et al. 2013). 

Figure 28 demonstrates the effects of financial aid on health and social security and behavior, 

and their interactions. Financial aid empower beneficiaries to spend more on their health and 

cause more health rate, thus improve the overall health (Pega et al. 2015) (loop R5). Enhanced 

overall health state of refugees positively affects their well-being and reduces stress levels to 

refine mental health level (Abu Hamad et al. 2017) (loop R6). This can reduce the level of 

violence (Crisp et al. 2009), which in turn reinforces the health loop (loop R2). In addition, 

increased health expenditure is associated with improvement of access to health services and 

thus enhanced overall health of the beneficiaries (Devereux and Jere 2008). Enhanced levels 

of general health, cause reducing in number of death and thus more children and attendance in 

school which are shown in loop B2. More financial aid help more spending money in education 

and more attending in school (loop R3). Also birth rate and death rate impact on population 

and the number of children which will impact on child labor (loop R1 and B1).  

General studies of low-income communities highlight that households have on average 2 to 3 

children of school age (5 to 17 years old), although more than half of these children often do 

not attend school (Giordano et al. 2017). More than half of all Syrian refugees are under the 

age of 18, with over 75% not enrolled in any school in Turkey (UNHCR 2017). Financial aid 

help to reduce the number of children missing school by covering a large proportion of their 

education costs (Abu Hamad et al. 2017; Devereux and Jere 2008). Moreover, covering the 

cost of attending schools, enhance the children’s education level by up to 40% (UNHCR 2011). 

Improvements in school enrolment rates as well as a decreased rate of child labor (DFID 2005). 

In other research, the World Food Program reported 38% of cash recipients spent cash on 

education costs for their children (WFP 2017). As a result the causal loop and the relations 

between variables emphasizes the positive effect of financial aid on the health and education 

status of refugees. 
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Figure 28 Causal loop diagram of health and education 

 

 

In the next subsection, a stock and flow simulation model is provided, and numerical 

verification and validation are presented. 

 

3.4 Quantitative analysis: Stock and Flow simulation model 

In this part, the previous developed CLDs model is applied to create a SD model using 

@Vensim. The quantitative model is designed around the concept of financial aid variable. 

Total financial aid paid by the humanitarian organizations for education and health system of 

refugees, which is modeled as a constant currently sums up to US$156000000 per year per 

refugee (http://reporting.unhcr.org/turkey). Due to historical data, number of child labor, 

number of refugees access to clean water, number of refugees access to hygiene facilities, 

number of Syrian refuges immigrate every year, number of refugees have access to education 

and health are from real historical data series and defined by look up function in the model.  

Although financial aid for education is US$48000000 and for health is US$108000000. It  

The model overview is illustrated in Figure 29. 
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Figure 29 Overview of the Stock-Flow model structure related to health and education factors 

 

3.5 Model verification and related data 

The model is validated using different validity methods which is illustrated in Figure 30. The 

results show a very good agreement between simulation and historical data which is show how 

the simulation model is reliable and possibility of applying several different scenarios and 

policies. In addition, the other validation method is applied via using dimensional check. The 

model estimation fit well to the real time-series data related to Syrian refugees in Turkey in a 

time horizon of seven years (2012-2019) which applied data are presented in Table 22 and 

Table 23. 

 

No

. 
Variable Explain  

 Valu

e 
Units References 

1 Financial Aid 

156000000 $ 

humanitarian aid per 

year for education and 

health services 

43 $/Person/year 
http://reporting.unhcr.org/turk

ey 

3 Education cost 
Average education cost 

is 6.5 $ per month 
75 $/Person/year UNHCR, 2015 

Number of

Healthy Refugees

Health rate

Access To Health

Service

Access to Clean

Water

Refugees

population
Birth Rate Death Rate

<Time>

<Time>
<Time>

Number of Refugees with

Mental Health problem

Violence

Effectiveness

Rate of Violence

Financial Aid

<Time>

School

AttendanceAttending Rate

Education Cost
Education

Expenditure

<Financial Aid>

Imigrating

Immigrating Series

Access to Health

Service Series

Access to Clean

Water Series

Access to Appropriate

Hygiene/Sanitation Items
<Time>

Access to Hygine

Series

Violence Data

Series

Health Cost Health Expenditure

<Refugees

population>

Child Labor Series

Child Labor

Child Population

Access to

Education Service

Access to Education

Service Series

http://reporting.unhcr.org/turkey
http://reporting.unhcr.org/turkey
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4 
Education 

expenditure 

Households spend 

US$12.5 per months 

for education cost (30% 

of Financial aid is for 

education) 

12.9 $/Person/year 
Doocy et al. 2016; UNHCR, 

WFP; Unicef, 2015 

5 
Health 

expenditure 

Households spend 

US$24.5 per months 

for medicine (70% of 

Financial aid 

(108000000$)is for 

health) 

18-40 $/Person/year 
UNHCR, WFP, and Unicef, 

2015 

2 Health cost 
Average health cost is 

20.8 $ per month 
250 $/Person/year Saleh et al., 2018 

Table 22 Input parameters: values and units 

 

N Variable  
Explanatio

n 

Data Series of Syrian Refugees in Turkey 
Reference 

2012 2013 2014 2015 2016 2017 2018 2019 

1 
Refugees 

Population 

Number of 
registered 

Syrian 

refugee in 
Turkey 

9,500 148,441 559,994 1,622,839 2,503,549 2,854,968 3,424,237 3,622,366 

Saleh  et al. 

2018; 
Carlier, 

2018 

2 

Refugees 

Children 

Population 

Number of 

registered 

refugee 
children (age 

5-17) 

4,000 74,220 279,997 811,419 1,138,992 1,239,866 1,746,160 1,811,183 

Saleh  et al. 
2018; 

Carlier, 

2018 

3 
Number of 

child labor 

The number 
of Syrian 

child laborers 

0 19,225 59,587 94,845 125,000 150,051 170,000 195,000 
UNHCR, 

2019 

4 
School 

attendance 

Number of 

Syrian 

students 
enrolled in 

school (7-15 

years) 

0 0 130,000 511,259 710,489 872,536 1109453 1,232,114 
UNHCR, 

2018 

5 

Access to 

Education 

Services 

Number of 
Syrian 

refugees 

access to 
education 

services 

0 20,000 148,000 591,259 780,489 980,000 1,489,000 1,652,000 

UNHCR, 

2018; Saleh  
et al. 2018; 

Carlier, 

2018 

6 

Access to 

health care 

services 

Number of 
Syrian 

refugees 

access to 
health care 

services 

0 0 224,000 960,000 2,178,000 2,595,664 3,013,328 3,260,129 

Armstrong 
and K. 

Jacobsen, 

2015; 
Doocy et al, 

2016 

7 

Access to 

Clean 

Water 

Number of 

Syrian in 
Turkey 

having access 

to clean water  

7,000 118,752 531,000 1,379,000 2,002,000 2,340,000 3,253,000 3,431,000 
Armstrong 

and K. 

Jacobsen 

8 

Access to 

Hygiene/S

anitation 

Facilities 

Number of 

Syrian 

refuges 
benefitting 

from gender 

appropriate 
hygiene or 

sanitation 

items  

4,200 83,200 193,266 249,000 326,000 406,734 587,630 689,000 

Doocy et al, 

2016; 
UNHCR, 

2018 

https://data2.unhcr.org/en/situations/syria/location/113
https://data2.unhcr.org/en/situations/syria/location/113
https://data2.unhcr.org/en/situations/syria/location/113
https://data2.unhcr.org/en/situations/syria/location/113
https://data2.unhcr.org/en/situations/syria/location/113
https://data2.unhcr.org/en/situations/syria/location/113


 

76 

 

9 

Number of 

Healthy 

Refugees 

Number of 

Syrian 
refugees with 

good 

condition of 
health 

4,800 56,000 195,997 381,000 618,000 921,000 1,421,000 2,026,000 

Doocy et al, 
2016; 

UNHCR, 

2018 

10 

Refugees 

with 

Mental 

Health 

problem 

 Number of 

Syrian 
refuges with 

mental health 

problem (like 
depression 

and violence) 

4300 90,891 159,585 180000 235,000 600000 860000 1100000 
UNHCR, 

2018 

11 Violence  

Violence 

between 
Syrian 

refugees 

(Conflict) 

600 2500 9000 26000 40,000 90000 250000 850000 
Doocy et al, 

2016 

Table 23 Historical data for the identified impact factors 

 

(a) 
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(b) 

 

(c) 

Figure 30  Model verification using real data; (a) Refugee Population ;(b)Number of Healthy Refugee; 

(c) School Attendance 

3.6 Discussion and Conclusion 

Refugees in Turkey have faced several problems almost every day and they have had a terrible 

time in their life in Syria and decided to emigrate from their born country and leave all of their 
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wishes. So they become depress and homesick and violence increase among them which create 

some mental health problem. Mental health problems affect their general health levels and they 

should spend money to buy medicines to improve it. Besides, they need to spend some money 

on the education of their children to improve their education level. 

As mentioned before, humanitarian organizations aid just paid $43 for the health and education 

of each refugee each year which 30% of this money ($12.9) is used for education and the other 

70% ($30.1) is spent through the health part. Researches show that the minimum cost for 

education and health is $75 and $250 representatively which are almost 4 times bigger than the 

current aid. Obviously, humanitarian organizations should increase their financial aid to 

improve refugees’ health and education.  

In this section, three different scenarios have been applied to figure out the impact of increasing 

or decreasing the financial aid in health and education expenditure to see its effects on their 

general health level and the number of attendance in school. 

Figure 31 (a) shows the impact of financial aid in the number of healthy refugees from 2012 to 

2019. As it is mentioned in Table 23, about 56 % of the refugees are under health issues both 

mental and physical which is most of these problems are because of; war, being away from 

their family, limitation access in education and health system, and finally immigration. Every 

small problem for non-refugees people are usually very big for the refugees and in this case, 

all of the humanitarian organizations have tried to manage and inject more money to improve 

their life. The 3 different scenarios show that the number of healthy refugees will moderately 

increase each year with increasing about 10% and 20% (Scenarios 1 and 2) in financial aid. In 

addition, a 10% reduction of financial (Scenario 3) causes to reduction the heath impact on 

them.  

According to this graph, the number of healthy refugees are sensitive to the changes in the 

financial aid level where the trends of it change with almost a linear multiplier offset for each 

change. Financial aid only contributes up to 20% of beneficiaries’ total health expenditure, but 

the number of healthy refugees increase by about half a million in 2019. 

In addition, there is not any differences in the magnitude of sensitivity between different 

variables are observed. For instance, the confidence intervals are the same for education Figure 

31 (graph (b)). Considering the long-term importance of education in refugee’s children level 

of education and also reducing the child labour, this result should raise a red flag to policy 

makers. Thus, health service (graph (a)) and education (graph (b)) are less sensitive to financial 

aid changes in the short term while become more sensitive in the longer term which might be 

because of lack of capacity availability. As a result, these stock variables behave more sensitive 
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to the financial aid level and just by increasing the financial aid up to $8 to each refugee per 

year, the number of healthy refugees and the number of attendance of their children can 

increase to half a million people which is really significant change and thus can empower them 

to avoid exercising their negative coping strategies such child labour.  

This study shows humanitarian financial aid, in moderate amounts, can be well effective in mid 

and long-term after refugees are settled in a host country. Thus, a more active and direct aid 

roles by the humanitarian organizations can enhance the effectiveness and sustainability of their 

cash aid programs in longer terms.  

 

 

(a) 
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(b) 

Figure 31 Sensitivity Analysis of Financial Aid; (a) Health; (b) Education System 
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4 Conclusion 

The main purpose of this study was to develop different simulation based approaches in project 

management, followed with cost estimation in industry’s and humanitarian project in order to 

cost management considering complexity of factors have been proposed. 

The results of each chapter are summarized in detail separately, as follow: 

 Chapter One: Introduction and summary 

The first chapter described a general description of the subjects of the thesis. 

 Chapter Two: Cost contingency allocation approaches in construction projects 

This section focuses on estimation of contingency in stochastic regime by MCS. The traditional 

method of a real life Company applied to an industrial project of railway signaling and 

integrated transport systems. The proposed method considered the qualitative risk analysis and 

stochastically quantitative analysis by using the Monte Carlo method and executed for two 

probability distribution, which presented the cost contingency amount for the risks happening 

with the determined probability (under 20 percent) to allocate in the project.  

The comparison between the results obtained from two different types of probability 

distributions showed two different coverage level for one contingency amount, which means 

the contingency value, is not accurate and also the result was influenced by the choices of the 

decision-maker. Therefore, it is resulted that the method has the problem of subjective and 

inaccurate. So, a new methodology has been introduced for which is more accurate and have 

the feature of objective. In addition, combination of the Risk Mode and Effect Analysis 

(RMEA) with Monte Carlo Simulation (MCS) has been presented to determine the amount of 

allocated contingency fund that overcomes other methods’ limitations. The output of the 

analysis was a cumulative distribution function which demonstrates a coverage level related to 

the contingency amount to control extra cost and reduce the amount of contingency in projects. 

The developed method has been validated by applying to the real construction project and the 

obtained results are compared with the outcomes’ of the company’s traditional approach, 

clearly demonstrate the potential and the benefits of the proposed methodology. The result of 

the proposed method allows the decision-makers to operate with a lower contingency amount 

and control extra expenses of projects. Thanks to this method, the calculations carried out in a 

quick and precise way. In addition, the accuracy of the model is high, and it does not need 

specific mathematical expert.  

In addition an innovative risk analysis method based on Monte Carlo Simulation has been 

developed to the construction phase of a 600 MW gas turbine plant to demonstrate the 
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advantages of a study in a stochastic regime. This proposed methodology for risk management 

and project control allows working in a stochastic regime that increases the progress of the 

project. In Particular, two project phases were considered in this research: the process of bid 

and the phase of work in progress control; Risk Analysis with Monte Carlo method has been 

applied to both. The analysis on the first phase has led to the allocation of a contingency equal 

to 8% of the costs of construction of the plant; this percentage represents a quantitative estimate 

of all the possible risks that may occur in the pipeline. The MCS analyses in the progress phase 

identified the project final dates for each critical path calculated at five different time instants, 

from June 2016 to December 2016. Finally, it has been possible to note how the variability of 

the results decreases with the approaching of the implant delivery dates; this aspect is 

fundamental in order to identify more precisely the final date of the project over time.  

Besides, in this study a stochastic Risk Mode and Effect Analysis methodology base on Monte 

Carlo Simulation has been developed for the management of cost contingency amount. The 

stochastic risk model proposed to support decision makers in determination of more accurate 

amount of contingency fund according to a pre-set coverage level to reduce the risk of extra 

costs in industrial projects. Combining of RMEA with MCS makes the proposed method 

objective, fast and easy to apply which overcomes other methods limitation.  This approach 

reduced, despite the presented methodologies in the literature, the influence on the risk analysis 

of the subjective choices of decision makers by a RMEA analysis extended to multiple 

evaluators (up to 10 evaluators depending on the project complexity) and a stochastic 

quantitative risk analysis by MCS. It stochastically evaluated the project costs and presented 

the cumulative distribution function to demonstrate “level of coverage” related to the 

contingency amount to have the power of controlling overhead costs and diminish size of 

contingency in projects.  

The developed method has been validated by applying a real construction project. The obtained 

results with RMEA and MCS approach were compared with the outcome of the company’s 

traditional approach in a study to a real railway project. The proposed approach allows the 

decision makers to operate with a lower contingency amount thanks to the fact that for each 

contingency value, the coverage level is known above all the calculated extra cost. The 

obtained outcomes with Monte Carlo Simulation, without an initial RMEA analysis, are 

presented an excessive dependence on decision makers in assessing risk, both in terms of 

impact and probability of occurrence. A single decision maker, generally the project manager, 

might change his/her judgment in progress, becoming more or less strict, depending on the 
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circumstances (mood, fatigue, motivation, etc.). The aim of the proposed approach is to solve 

these problems carrying out an initial phase of risk assessment based on a revisited RMEA.  

Besides  

  

 Chapter Three: System dynamic model in humanitarian project 

 

This chapter is devoted to a System Dynamics model applied in social and humanitarian 

research during the visiting period in the United Kingdom. The model applied to a real project 

which aims to improve the welfare of Syrian refugees, one of the most distressing tragedies 

affecting millions of people who had to leave their homeland and live as refugees in Turkey. 

This comes with many concerns including assessing their health and education demands and 

estimate the proper cost for them. The success of the project will be reflected by the increase 

in the level at which the needs of the refugees are satisfied.  

For this purpose, a causal loop model has been proposed to better understand the building-

boxes of refugees’ health and education variables and their interactions have proposed and then 

an SD model is applied and validates by historical data from humanitarian organizations. The 

result of the sensitivity and payment of more money from humanitarian organizations shows a 

significant contribution to improve health and education levels together. 

To study the impact of different levels of financial aid to beneficiaries on the impact factors, 

we have examined a -10%, +10%, and +20% of financial aid variation, and the results are 

illustrated in the study. It presented, health and education levels of refugees are sensitive to the 

changes in the financial aid level and will increase by half-million in 2019 when they get more 

$8 from humanitarian organizations. Considering the long-term importance of education and 

health in refugees and its contribution to the hosting community in a long run persistent crisis, 

this result should raise a red flag to policymakers.  

Also paying about $4 less money to refugees, decrease the number of healthy refugees, and the 

number of attendance in school about 100,000 which is a significant change. 

Thus, a more active and direct capacity-building role by the humanitarian organizations can 

enhance the effectiveness and sustainability of their financial aid programs in longer terms and 

increase the number of healthy refugees and also more educated children. 
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Recommendations for future 



The following tasks are suggested for future works: 

 Applying RMEA and MCS model on different projects 

 Improving of simulation models for project management 

 Collecting real data of Syrian refuges by providing questionnaire 

 Adding more factors to the model of SD 

 Applying SD model to other refugees around the world and see the result 

 Investigate more negative impact factors for SD model 

 Applying COVID-19 factor to the SD model and see the virus impact on their health 

and education 
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