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ABSTRACT 
 

The majority of risk events in Public Private Partnership (PPP) projects are due to the 

complexity of these projects.  It requires the best of risk allocation to the appropriate party 

that is able to manage and control the allocated risks in order to achieve best value for money. 

Many researchers stated that the influence of a risk might trigger another risk event. Sterman 

(1992) identified that large-scale projects are complex and they have extremely dynamic and 

interdependent risks and uncertainties over their life cycle. Williams (2002) also state that in 

a large scale construction project the risk generally interact with each other in a nonlinear 

manner over time. Investigating the interaction between risk factors can help to decrease 

uncertainties. Dey and Ogunlana (2004) state that there it is necessity to analyse the 

interactions between risk events in complex projects.  

In recent approaches to risk management in PPP projects, experts tend to consider risk factors 

as being independent and ignore the influence of interaction between risk events over the 

project life cycle. This undermines the effectiveness of project risk estimation. In this work, 

further investigation on the interaction between risk factors and their impact on the risk cost 

in PPP projects will be investigated in Saudi Arabia based on first hand data collected from 

practitioner working in the kingdom.  A questionnaire was designed and sent to a 

representative set of 250 practitioners in the field of Saudi PPP projects. 68 practitioners 

completed and returned the questionnaire with a 27% response rate. 

The collected data was pre-processed, processed and analysed using the Statistical Package 

for the Social Sciences (SPSS). Using this statistical tool, regression analysis was carried out 

to build the equation of impact of risk events in each risk category. After that, the BestFit 

software was used to find best probability distribution fit for each risk factor.  

In This study, a new modelling approach for mapping risks and analysing the impact of risk 

events interaction considering the best distribution fit for each risk factor is developed using 
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System Dynamics (SD) techniques (VENSIM software). This proposed model can help to 

estimate outturn construction unit cost of PPP projects and risk cost that is influenced by risk 

events interaction. Based on comprehensive prototyping and validation, the proposed 

approach is found to be robust valid tool for addressing real impact of risk events and 

evaluating the expected risk cost, which can help to improve risk allocation in PPP projects. 

 

Keywords: construction risk, risk cost, risk events, risk mapping, System Dynamics, 

PPP projects 
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 Introduction 1.1

Pricing risks in Public and Private Partnership (PPP) projects has elevated some significant 

challenges for both public and private sectors. There are many cases of cost overruns and 

failures in projects where outcomes are not as scheduled.  Risk allocation might be affected 

by the cost for managing and controlling the risks. The methods in which projects managers 

deal with both the inborn uncertainty and the complexity of PPP projects and the method in 

which inaccurate cost is imbedded within the decision making process remain major 

challenges for organisations. Some organisations are found to implant the potential for 

disaster within their organisational strategy (Smith, 1995).  

The complexity that is associated with projects exposures the weaknesses that occur 

in management routes andfunctions,whichresultsinmanagers’incapabilitytodealwith the 

developing properties that are integral in all mega projects. In this respect, managerial 

observations andunderstandingwillshapemanagers’interpretationsofdeveloping properties 

and may consequently lead to cognitive blindness (Coles & Hodgkinson, 2008). 

All sectors involved in the project must understand risk responsibilities, risk event 

conditions, risk management capabilities and risk preferences to avoid cost overrun in many 

projects, which is caused by not dealing properly with risks. Therefore, risk should be 

transferred to the party most capable of managing it effectively (Wehrung et al. 1988; Al-

Bahar and Crandall 1990 cited in Wang and Chou 2003). According to Witt (2010), a 

successful risk transfer to the sector most able to manage it is necessary to construct a 

construction project within estimated budget to help achieving value for money. 

In traditional contract, less risk are transferred to the private sector while in PPP Projects the 

previous researches have shown greater cost and time certainty. However, attaining value for 

money will not need to transfer all risk events to the private party but will transfer it to 

whoever is better able to manage it (Davies, 2006).  



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

3 
Saleh Alzahrani 

Involving the private sector in the delivery of public infrastructure projects is not a new 

phenomenon, but one that has developed significantly in both scope and extent over the past 

thirty years. These developments have taken many forms in different countries and regions, 

reflecting different legal systems and conditions of economic development. However the 

fundamental rationale for a wide array of these public private contracts has been to transfer 

the long-term risks associated with the delivery of public infrastructure assets and services 

from public to private sector.  

The most essential matter to be considered in PPP projects is that value for money is 

interconnected with risk transfer (Gao and Handley-Schachler 2004). Dixon et al. (2005) 

notes that the true cost of PPPs is related to risk transfer. They also note that the discount 

rates used in whole life cycle techniques to cover the costs of the contract are too high.  

In this chapter the key concepts related to this research including risk costing, risk allocation 

and risk events interdependency in PPP projects is introduced.  The chapter also presents the 

research questions, objectives, the research context and the thesis layout. 

 Research Background  1.2

 

1.2.1 Definitions 

The construction industry is subject to greater risk and uncertainty than most other industries. 

It is significant to comprehend the connection amongst risk and uncertainty concepts for risk 

assessment in PPP projects.  In this section, an indication of the meaning of the notions of 

risk and uncertainty will be provided. Previous literature about risk has addressed the two 

notions, but it is not easily comprehensible to differentiate between the two meanings. Aven 

and Renn (2009) extensively investigated the notions supporting   risk and uncertainty. The 

difference between risk and uncertainty is clarified from their definition as:   
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Risk: The definition of risk by Oxford Dictionary is‘thechanceorhazardofcommercial

loss, specifically in the case of insured property or goods’. According to Kliem and

Ludin (1997) the definition of risk is the occurrence of an event that has an impact on the 

outcome of a project. Also, risk was defined by Terje Aven & Ortwin Renn (2009) as an 

event which leads to an uncertain outcome. Historical and present-day insurance explains 

risk as the chance of loss. Currently, the word‘risk’isbroadlyusedtodefineallkindsof

consequences, from unknown state to a full certainty of the state. The author defines the 

risk in this research as any possibility of any adverse impact on the project outcomes.   

2 Uncertainty: Chapman and Ward (2002) defined uncertainty as a lack of certainty that 

comes from high levels of unpredictability and ambiguity. This was supported by Ovidiu 

Cretu et al. (2011), who indicated that uncertainty is the state of an event being 

uncertain. Holton (2004) agrees with their opinion, and stated that uncertainty is directly 

connected to our knowledge. He argues that ‘uncertainty is a state of not knowing a

propositionistrueorfalse’.Boussabaine(2013)recommendsthatthereareuncertainties

that are uncountable and cannot be articulated statistically due to the lack of information 

and spatial variability of the measured variables. The author defines uncertainty as lack 

of information or from contention about what is knowable, or unpredicted adverse events 

that harm the outcome of the projects.  

As can be seen from the above short passages, the terms risk and uncertainly are discussed 

extensively in literature. In most literature the two terms are treated differently.  As stated 

above, in the majority of literature risk signifies the state where the information and the end 

outcome of a decision, are known to certain degree. That is to say, existing knowledge on the 

problem being solved is deemed to be well established to certain degree. In contrast to this, it 
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is thought that uncertainty implies that information and outcomes about the state of the 

problembeingsolvedareunknown. Thisview is supportedbyHastings’ (2004)argument

that “uncertainties are things that are not known, or known only imprecisely. There is no 

valued judgment in stating that something is uncertain - it may be better than expected”.

Knight (1921) defined risk as numerically measurable, whereas uncertainty is statistically 

immeasurable. Hastings (2004) supports Keynes’s view; he suggests that uncertainties are 

things that are not known, or known only imprecisely. On the other hand, Holton (2004) 

agrees with the view that our knowledge is a direct link to the uncertainty. He argues that 

‘uncertaintyisastateofnotknowingifaproposition istrueorfalse’ 

Generally, uncertainty is grouped into epistemology and ontology. Boussabaine (2013) 

believes that uncertainty can be divided into epistemic uncertainty such as lack of data, 

knowledge, etc. and ontological uncertainty such as inherent variability, environmental 

changes, etc. The former is attributed to the lack of knowledge about risk model parameters, 

data, processes, model equations, etc., whereas the latter is attributed to the variability 

inherent in the initial condition of a system or model. In this research, uncertainty due to 

epistemology is mainly associated with the information used to develop the multiple 

regression equations, and the probability distributions for each of the models’ input

parameters.  Although the author tried to mitigate this by carrying out several statistical tests 

(see chapter 9), the imperfection in knowledge about the model’s input variables will be

impossible to completely eliminate. Regarding the variability that may result from 

ontological uncertainty that is associated with the equations (see modelling chapter) used in 

this research, it may not be possible to reduce it to zero. However, the author has used tests to 

check the statistical significance of the equations.   
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1.2.2 Risk Management Overview 

A number of risk management standards have been developed internationally to assist 

organizations to implement their risk management effectively. The difference between risk 

management standards reflects the different incentives and technical attention of their 

developers, and their appropriateness for different situations and organizations. The most 

widely used standards around the world are: 

 ISO 31000 2009 – Risk Management Principles and Guidelines 

 This Standard affords principles, framework and a process for controlling and 

managing risk. Any organization can use ISO 31000,   regardless of its sector, activity 

or it size. Also, it helps to increase the probability of attaining project objectives, 

improve the identification of chances and threats and to allocate risk effectively. 

 ISO/IEC 31010:2009 - Risk Management - Risk Assessment Techniques 

 This standard is about risk management support for standard ISO 31000 and affords 

assistance on selection of systematic methods for risk evaluation. This standard is not 

proposed for certification or contractual use, and does not deal particularly with 

safety. 

 COSO 2004 - Enterprise Risk Management - Integrated Framework 

 This standard expands on internal control, providing a more strong and 

comprehensive concentration on the wider subject of enterprise risk management. 

While it is not proposed to and does not change the internal control framework, it 

rather integrates the internal control framework within it. Organizations might choose 

to look to this standard to fulfil their internal managing requirements and to creep up 

on a fuller risk management process.  
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It is important to point out despite the robustness of the above standards and their wide usage 

in the enterprise risk management, not much information is report in their usage in PPP 

contracts risk assessment.  Their usage in the management of SPV, the construction and 

operations stages of PPP contracts might enhance the risk management processes and reduce 

the capital cost of PPP projects.   

 

1.2.2.1 Risk management in PPP Construction Industry 

Risk management provides an essential management tool for assistance in planning and 

running of projects (Grey, 1995 and Wideman, 1986). Overall, it is perceived as a 

management tool, and aims to identify the origins of uncertainties and risks, and provide 

steps for mitigation (Uher, 2003).  Within the construction industry, risk management is an 

integral aspect of the contractual procedures (Kangari, 1995). The fact that numerous parties 

are associated with construction projects over the life of the project is widely acknowledged. 

The private party and the public party undertake risk analysis with varying objectives.  For 

the public party, the aim is to determine the feasibility of their projects and find out the 

possible expense of completing the project in addition to the likely return on their investment; 

although risk management is usually carried out by the private party so as to support the 

bid/no bid resolution, and appraise the extent of profitability and competition. Norman and 

Flanagan (1993) and Raftery (1994) propose the subsequent three stages within the procedure 

of risk management: risk identification, analysis and response. 

 

1.2.2.2 Risk Management System 

Risk management comprises an art of recognizing, evaluating and creating ways to address 

the possible risks arising from any project and in this instance it is scrutinized as an instance 
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for the construction trade. Numerous refined models and management methods have been 

created for risk management. The assertion is that the efficient control of risks will minimize 

the unconstructive effect on the results of the project. 

Risk management does not eliminate all risk from the project; instead, it intends to ascertain 

that risks are controlled most effectively (Perry and Hayes, 1986). A risk management system 

includes aspects of risk identification, analysis and response. 

 Risk Identification 

Risk identification offers a comprehension of the character of risk. It may identify and 

characterize the origins and kinds of risk, and offer a preliminary appraisal of their 

implications. Of note is the fact that a recognized risk does not comprise a risk, but rather a 

challenge for management (Flanagan and Norman, 1993). 

The first procedure in the risk management structure is risk identification. Risks are 

recognized by contemplating their origins and impacts within this stage. Risk analysis and 

response management may subsequently be carried out on identified possible risks. 

Distinguishing of the consequences of risk from their origins in a sequence is essential 

(Flanagan and Norman, 1993; Perry and Hayes, 1986). 

 Risk Analysis 

Risk analysis comprises an essential element of the risk management structure. Offering a 

way of analysing likely occurrences and their likelihood of occurring is the core of risk 

analysis. Analysis assists the decision maker to resolve on endorsement of an alternative or 

undertaking, or of they should apply a specific strategy with a view to forthcoming risks. A 

quantitative and qualitative description of the risks is provided by risk analysis. The 

implications related to the kind of risk or combination of risks is appraised, through 

employment of different methods of appraisal like sensitivity, probability and decision tree 
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analysis.  Numerous risks and uncertainties have measurable impacts on expense, time and 

income. The consequences of the major recognized risks on a project are measured by risk 

analysis.  The gathering of information pertinent to the risk exposure to be appraised 

comprises the most significant stage within the procedure of risk evaluation (Al-Bahar and 

Crandall, 1990). Permitting a variety of elements for the different uncertainties and 

appraising their impact comprises the main principle behind any method of risk analysis. The 

different techniques currently accessible for risk analysis are defined in chapter five. 

 Risk Response 

Any activity or action applied to address a particular risk or combination of risks comprises 

response (Isaac, 1995). Risk response contemplates the manner in which the risk has to be 

controlled: by either preventing it, minimizing it, or conveying it to the party most capable of 

addressing it, or maintaining it. A widespread misunderstanding exists that people wish to 

always avoid risk (Murdoch and Hughes, 1992). This is not actually the case. In view of the 

outcomes from prior analysis, risk response is aimed to find suitable method for handling the 

risk. A decision has to be applied concerning the selection of an alternative, and the correct 

techniques to apply to address those risks and mitigate their likely consequences, as well as 

who is most suitably positioned to address a risk. The risk response comprises these 

resolutions and consequent actions. For example, some risks and opportunities are controlled 

better by particular parties in contrast to others. An efficient method of risk management aids 

in controlling the risks to optimize project fruitfulness. The causes for this are numerous, 

although the more significant from these would comprise erroneous risk mitigation methods. 

The best criterion comprises controlling all risks and pairing the suitable risk to the suitable 

party (Loosemore et al., 2005). 
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1.2.3 Causes and consequences of complexity 

The risk usually consists of a number of consequences that lead to a network of risk events. 

Qi2fan, Xiao2qian, and Jiong (2005) state that the incidence of one risk might give rise to a 

portfolio, within which the influence of the entire is much greater than the sum of parts if 

occurring at the same time as another risk event. Sterman (2000) stated that nonlinearity 

causes and effects have no obvious picture that can be recognised by a mental method. 

Therefore, nonlinear causes and effects of risks and uncertainties that cause complexity 

present in a project play an important role in determining the sorts of failure that may happen 

at different phases of the project. Thus, to improve the running of the project there is a 

substantial need to include the idea of risk complexity into construction practice.  Complexity 

ofrisksanduncertaintyarisesfromthedecisionmaker’sinabilitytoevaluatethe interaction 

of cause-and-effect of risk events and uncertainty that might have a harmful impact on project 

outcomes. The majority of feedback is too complex to give way to mental evaluation. 

However, for efficient management of any complex system, comprehending these feedback 

tools is crucial. (Farnad Nasirzadeh, Afshar, & Khanzadi, 2008b). Any impact of event might 

lead to impacting other events.  Rodrigues and Bowers (1996) stated that essentially, project 

management is dynamic. One could argue that PPP projects are complex entities.  The 

complexity from PPP projects might be attributed the structural complexity and uncertainty. 

The former is concerned with project size, interdependence of elements, contractual 

arrangements and size of participants, whereas the latter is concerned with doubt about the 

longtermoutcomeorachievementoftheproject’sinitialobjectives.Infact,projectshavea

long-term life cycle with risk interactions. These multiple effects will no doubt lead to 

complexly dynamic behaviour.  This type of behaviour cannot be dealt with through current 

practices, i.e., using spreadsheets for risk estimates.  This practice assumes that risk costs are 

independent.  This is because each risk cost is analysed separately. A causal-effect 

methodology to model the risk cost parameters for interdependency is understood to be more 
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effective than the current practices of using spreadsheets and risk matrices. System dynamics 

is an appropriate method which models non-linear behaviour, causal-effect of risk events for 

PPP complex project environments (further discussion is provided in chapter 5). 

 

1.3 Research Statement 

Risks in PPP projects can be reduced, transferred, shared, and controlled by the project 

parties (Akintola Akintoye & Chinyio, 2005). Risk factors should be transferred to the sector 

best able to manage them (Treasury, 2003). There are numerous types of risk factors in PPP 

projects, and not all are suitable for transfer to the private party. A previous study have 

examined how risk is allocated in practice. (Keating, 2004) argues that in Australia the 

government is attempting to transfer to the private party a lot of risk. Bing Li, Akintola 

Akintoye, Peter J Edwards, and Cliff Hardcastle (2005) argue that most exogenous risks to 

the PPP project should be borne by the public party, while endogenous risks should be 

allocated to the private party. However, these authors identify that a high risk premium may 

enforce the public party to rearrange risks by sharing or transfer more of them to lower the 

contract price.  

Risk pricing has a vital role in risk allocation. (Bing Li, Akintola Akintoye, et al., 2005) 

argue that transfer risks in PPP projects to the public sector and private sector is not always 

obvious. (A. Boussabaine, 2013) states that the major problems with uncertainties in risk 

pricing analysis are the ability of the analyst to map out all uncertainties, initiating events and 

the combination quantities of both direct and indirect costs. Therefore, Prices should be 

estimated relative to the underlying project events at risk. 

Bias by risk estimator will influence risk pricing. It has been recommended that there is a 

positive association among perception of control and the optimistic bias (Cho, Lee, & Chung, 
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2010). To avoid bias in risk pricing, estimators are often asked to provide detailed analysis in 

support of risk costing decisions that may affect the price of PPP project contracts.  

A significant amount of skills and efforts are needed to quantify the risk costs reasonably and 

accurately. In case the analyst does not have the cost of the results of the uncertain events, 

then theoretical models are needed to simulate the result prices under the uncertainties. 

Therefore, understanding and using the suitable methods allows the risk analyst to afford 

accurate data to decisionmakers for proper risk allocation and ultimately for the projects’

success (Martinus P Abednego & Stephen O Ogunlana, 2006). 

A. Boussabaine (2013) highlights that risk analysis is not new; nevertheless, pricing risk 

theory under uncertainty in construction projects is underdeveloped. This is a very significant 

area of research since most risk pricing decisions in PPP projects are depend on data obtained 

from qualitative and quantitative analysis. 

There is inadequate evidence to assess thegovernment’sclaimthattheadditional cost of PPP 

is associated to risk transfer (Pollock, Price et al. 2004). Empirically, no systematic study of 

the relationship between risk transfer and construction cost has been conducted. This will be 

addressedbythecurrentresearchbytryingtheanswerthefollowingquestions:“What is the 

relationshipbetweenrisktransferandriskcostinPPPprojectinSaudiArabia”. 

1.4 Why construction stage risks? 

The complexity of the PPP contract agreement leads to increased levels of risk exposure for 

all public and private sectors, and gives rise to interdependence through nonlinear 

relationships between the project risk and project outcomes in terms of risk cost and outturn 

unit cost. In most, if not all, the literature on PPP, risks factors are dealt with as independent 

entities.  Also, existing PPP guidelines make the same assumptions about risk events. For 

example, the UK government in the value for money Assessment and Quantitative 
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Assessment User Guides (HM Treasury, 2004b; HM Treasury, 2004a) and also, the 

Australian government officials in the PSC -Technical Note (Victoria, 2001)  recommend the 

use of risk matrices for risk costing, assuming risks as independent factors.  Seyedhoseini, et 

al (2009) argued that cost is one of the vital elements of a successful project. Therefore, 

estimated risk cost will be more accurate, with better risk independencies identifications. 

Additionally, accurate estimation of risk cost leads to best risk allocation, aiming at achieving 

best value for money. PPP projects might be delayed or not built at all because of risk, 

complexity, or cost (Levy, 2008). It is well recognised that construction cost overruns are 

considered to be one of the greatest risks faced in construction projects development. It is 

known and assumed in PPP literature that construction risk is significant in public 

infrastructure projects delivered through traditional procurement methods.   X.-H. Jin and 

Zhang (2011) state that one of the vital drivers for VfM is risk transfer, which means that 

suitable risks can be transferred to the party most able to manage them. It is widely accepted 

that through risk transfer to the private party, the public party can achieve better value for 

money. However, there is no empirical evidence from existing PPP construction projects to 

suggest this is the case.  Normally the private sector prices construction projects according to 

the risks involved in a particular project. A frequently cited measure for evidence of effective 

risk transfer in PPP projects is the construction cost certainty, that is to say, PPP projects 

completed on time and on budget. There is evidence, however, that a considerable premium 

hasbeenpaidinsomecasestoachievethiscertaintyofprojects’cost.Thiscouldsuggestthat

risk transfer does not always necessarily lead to value for money. Alternatively, the 

contractor charges a considerable price for the risk they bear.  

It is also well known, or at least assumed, that in PPP contracts construction risk is passed on 

through fixed price contracts. In fact, the notion on-budget and on-time delivery has become 

the catchphrase in PPP literature. However, the construction phase is still expected to be risky 
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in PPP procurement methods, and also cost overruns and delays remain probable. It is 

otherwise impossible to explain the dramatic shift in the price of project finance post 

construction completion. It is well understood in PPP literature that when the project becomes 

operational the risk profile of the project changes, and hence the lower cost of capital.  This 

suggests that the operation phase of PPP projects is exposed to less risk than the construction 

stage, and that there is no information in the existing PPP literature regarding the level of risk 

to which PPP projects are exposed during the construction phase.  There is additionally no 

availableresearchonthesignificanceofconstructionriskcostfromthecontractor’spointof

view in PPP procurement methods. Thus, to empirically establish a theoretical relationship 

between risk transfer and risk costs, it must first be articulated as it applies to construction 

projects in general. In the absence of directly applicable formal theoretical models on the 

determinants of the cost of risk transfer in relation to the cost of construction (contract prices) 

in the construction sector, this research attempts to develop a new empirical model to help the 

public and private sectors to deal effectively with this problem. Therefore, the focus of the 

research is on the impact of risk events on risk cost and outturn unit cost in PPP projects in 

KSA. 

 

1.5 The specific issues influencing the situation in KSA 

One of the most critical problems of construction industries in developing countries is 

construction delays (Sweis et al., 2007). The vital problem for construction companies 

currently is to complete projects on time and within the estimated budget. Over the decades, 

construction activities have increased quickly in developing countries, particularly in KSA.  

Problems are occurring in Saudi construction projects; in recent periods, huge ambiguities 

have ensued due to bad administration. Nonetheless, Saudi construction projects have unique 

characteristics, as well as many specific risks. Risks often arise due to interdependencies 
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between risk events during the construction stage that may lead to a huge influence on risk 

cost and outturn unit cost. Many analysts centralised their focus only on assessing the direct 

impact of risk events. However, the huge impact that influenced the project outcomes came 

from the impact of risk events on each other that increased the influence on the risk cost and 

outturn unit cost. In addition, PPP projects are characterised by a wide range of cultural 

variations including the method by which they are conceived and applied. 

 

1.4 Research Questions 

The research issues and gaps identified in the previous section are converted to the following 

research questions:  

1. What are the generic risk events inherent in the PPP projects? 

2. How the risk events in PPP projects are classified?  

3. How can the risk interdependencies and interactions be modelled over the 

construction stage of PPP contracts?  

4. How might the risk events impact interrelationships in PPP project construction stage 

be modelled and quantified?   

5. How can the probability distribution for risk events impact be estimated?  

6. How can the probability distribution of risk cost and outturn unit cost be estimated? 

 

1.6 Research Aim and Objectives 

 

The questions in the above section are translated into objectives. Thus, the purpose of 

this research is developing a model taking into consideration the risks interdependencies with 

a view to cost these risks in PPP projects. Also the impact of risk cost of these risks on risk 

allocation is investigated.  Leading to this, the following objectives need to be achieved: 
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 To identify of the risk events  that are most likely to emerge in KSA environment (i.e. 

‘risklistandclassification) 

 Toidentifyoftheimpactofemergingriskevents(i.e.‘riskimpactxlikelihood’) 

 To model analyse the interaction between risk events using cost overrun as a proxy 

variable for uncertainty of the construction stage. 

 To find out how risk cost influence risk allocation in KSA. 

 To develop a model to assist practitioners in the assessment of the risk events impact 

within the construction stage in PPP projects aiming to estimate the optimum risk cost 

and outturn unit cost. 

In summary, the developed theoretical approach can serve as a decision support 

model that is specific to a particular PPP project for the public sector to analyse construction 

risk impacts and risk cost leading a better value for money creation.   

 

1.7 Research Methodology 

 

The research methodology is only outlined briefly in this section. Chapter 6 provides a full 

and comprehensive description of the adopted research methodology. The selection of an 

appropriate research methodology is fundamental to the final results and overall success of 

the research project. “Research methodology is defined as a set of systematic methods

applied in conducting a study of a particular area or activity” (Oxford Reference online 

2012). Fellows and Liu (2008) argue however that the most fundamental element to consider 

in research design is the logical link between the collected data and the ultimate findings and 

conclusions of the research.  

The research method includes a number of phases. 
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The early phase involves the literature reviews on the topic area to gain more 

understanding of the risk factors that may affect construction cost unit in PPP project. This 

approach is consistent with how other researchers conducted their research in this area. 

Grimsey and Lewis (2002), Hodge and Greve (2007),Karim and Alkaf (2011) use widespread 

literature reviews of PPP project risk factors to produce the risk factor list for their studies. 

This helped to form an initial list of risk factors. Additional new risk factors were added. 

The next step identified an appropriate risk descriptions based on project management 

viewpoints of PPP projects and after that to create a list of risk variables to be involved in the 

survey. 

A questionnaire survey was conducted among PPP experts with the objective of 

determining their assessments concerning the identification, impact assessment of the risks 

and pricing the risks involved in PPP projects. The survey respondents were also asked to 

find out the best risk allocation for the risk factors based on the level of risk cost 

The questionnaire survey was delivered by hand and by post to practitioners in the 

PPP in Saudi Arabia. Their contact and email addresses were attained from the relevant 

government ministries. 250 respondents were contacted across a range of PPP job functions 

with varying level of experience and type of organization, with 68 completed and returned 

the questionnaire.  

The completed questionnaire results were pre-processed and transferred into the required 

format needed for Microsoft Excel and Statistical Package for Social Science (SPSS) in order 

to extract related statistical data for the research. The main empirical analysis is started in 

which determining how survey contributors ranked PPP project degree of risk impact on risk 

price. EastFit software was used to find the best distribution fit for every risk factor. Sub-

models equations built from SPSS result. VENSIM software as one of the best System 
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Dynamics software used to build risk costing model based on risk events impact 

categorisations.   

 

1.8 Outline of Thesis 

 

Chapter 1 Provides an introduction, purposes and objectives of the research. The 

significance and importance of the research are outlined before providing a brief summary of 

the methodology adopted to achieve the stated objectives. 

Chapter 2 Highlights risk allocations in different type of PPP projects. BOO contract, 

DBFO contract and BOT contract.  

Chapter 3 Focuses on extracting the risk factors from the literature reviews of PPP 

project risk, which are common to most PPP projects. The risk factors extracted were 

organized into two main categories. Exogenous risks category, which was divided into 5 sub-

categories, and endogenous risks category that was also divided into 5 sub-categories. 

Chapter 4 Focus on the mapping of and the interactions between risk factors. 

Chapter 5 Looks at different types of risk analysis that guide to the best assessment of 

pricing risks and highlights System Dynamics risk analysis, and illustrates the benefits of this 

tool to achieve the aim and objectives of this research. 

Chapter 6 Explains the research methodology in details and outlines the development 

and design of the questionnaire survey. 

Chapter 7 Data collection was conducted and the descriptive analysis of the responses 

was performed using the Microsoft Excel and SPSS. The results of the descriptive analysis 

were elaborated and the perceptions of practitioners were discussed in details. 

Chapter 8 The results of the risk allocation analysis and level of risk price were 

elaborated and discussed. 
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Chapter 9 Risk pricing modelling and the development of the required sub-models.  

Chapter 10 Results from SPSS and best distribution fit for every risk factor were used for 

risk pricing models. 

Chapter 11 Discussion of the main results. 

Chapter 12 Conclusion and summary of research contributions and recommendations for 

further research. 

 

1.9 Summary 

Significant challenges arise from risk pricing in PPP projects due to the complexity of the 

risk events and uncertainty.  This chapter illustrated the problem statement for the challenges 

that affect the risk cost and outturn unit cost during the construction stage in KSA PPP 

projects. The aim of this research is to develop a model, taking into consideration the risk 

interdependencies with a view to estimating the impact of risk events and risk cost in KSA 

PPP projects. Risk allocation plays a vital role in risk costing in PPP projects, hence its 

inclusion in this investigation.  
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 Introduction 2.1

One of the most significant processes in risk management is risk allocation. Risk allocation 

among the contracting parties in construction projects is regarded as an important 

contributing factor to project success (Lam, Wang, Lee, & Tsang, 2007) 

Based on the theory that the party in the greater position of management over the event has 

the best opportunities to reduce the likelihood of the risk and to manage the risk if it occurs, 

the essential aim of risk allocation is to minimise the project cost and risk, by allocating the 

risk to the party best able to control them. This theory has been supported by (Cooper, Grey, 

& Raymond, 2005) who indicate that the risks should be allocated to the sector best able to 

manage and control them and at the minimum cost. In a case where there is risk but no party 

is able to bear it and manage it on their own, then the best way is to share the risk between the 

public party and private party (Ke, Wang, & Chan, 2010).   

Risk allocation helps the government to achieve value for money by determining the risk that 

is allocated to the private party and that should be taken back or shared in order to minimise 

theproject’scostandrisk.However,alltheidentifiedriskmaystillarise,andtheremaybe

potential risks that have not been identified or have not been clearly allocated in the contract. 

Therefore there is no freedom from risk in any project, even if all identified risks are 

allocated in the contract. 

The party that will bear the risk is required to use their specialist skills to implement 

appropriate strategies to manage these risks. This situation entails minimising the cost and 

risk, which is main aim of risk allocation (Cooper et al., 2005).  Every contract is designed to 

allocate responsibilities and obligations to the various parties involved, aimed at dealing with 

potential risks and best managing them. At the time of contracting, those parties will begin to 

pursue a certain course of events intended to deliver a particular outcome. The public sector 

identifies the risk that might arise in the project in a risk register and then determine the risks 
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related to each phase in the project life cycle. This is followed by an evaluation of the 

financial consequences arising from the likelihood of occurrence for each risk. The result of 

such an analysis is that the public sector can determine, from its perspective, which risks it 

should retain to manage itself and which are best handled by transferring to the private 

sector.. (Bing, Akintoye, Edwards, & Hardcastle, 2005).    

Theproject’sparticipantsshouldlistallrisksthatmightariseintheprojectpriortoentering

into an agreement. As mentioned, some risks can be controlled solely by the public sector, 

which then bears responsibility for them, while others are better handled by allocation to the 

private sector. Additionally, some risks may be too difficult to be managed by only one party, 

so that these are best shared between both parties in order to have better control over them.  It 

is imperative for the contractor to understand every risk that has been allocated to it. Risk 

allocation between parties often entails a variety of possible interpretations of conditions and 

clauses.  The absence of related contract clauses, unclear stipulations and unfairness of risk 

allocation can lead to disagreements between the parties (M. T. Wang & Chou, 2003).  

Therefore,understandingtherisks’originsandtheirallocationisanessentialaspectofhandle

the risks successfully. Distortion of these factors stemming from different interpretations by 

participants will lead to many disagreements concerning the fairness of risk allocation, 

unclear stipulations or the absence of related information (Xu, Yang, Chan, Yeung, & Cheng, 

2011).  In the event that a risk allocation is perceived as being unfair from the private sector 

perspective, or that transference to the private sector is seen as involving a high risk cost from 

the public perspective, negotiation would be required between the parties to reallocate all or 

part of a risk (Bing et al., 2005).. 

Abrahamson (1989) stated that five principles should be considered before allocating any 

risk. Among these is that risk should only be allocated to a sector if the risk is under that 

party’s control, thus enabling value formoney to be achieved. This view is supported by 
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Arndt (1998) who highlighted that risk should be allocated to a sector who has a greater 

capability to influence the likelihood of occurrence, has suitable mitigation techniques to 

tackle the risk and is not be risk averse. 

The suitable risk allocation between public party and private party is significant to attain 

VfM. It has been demonstrated that the public sector will charge an economically appropriate 

price for the risk within its control, whereas the private sector might charge a premium to 

bear the risk, which is not under its control, thus affecting the project value (NAO, 1999). In 

other words, the private sector will refuse to bear the risk if it cannot manage it or will require 

that the public sector guarantees to bear the risk. 

The allocation risk can be achieved through three common methods, namely, the provision of 

risk factors, a risk allocation framework and a risk matrix. The risk matrix method is 

generally preferred for allocation of risk between parties. It can also assist the public sector, 

during the pre-tender and tendering stages, to identify all relevant project risks. In addition, it 

serves as a checklist to ensure all risks have been addressed (Molenaar, Anderson, & 

Schexnayder, 2010). A risk matrix is constructed to illustrate the range of risks that may 

applyforeachproject,andtosetoutthepublicsector’spreferredpositiononallocation. 

In a comparison between PPP procurement and traditional procurement it was found that in 

the former case about 70% of risks were allocated to the private party while in traditional 

procurement the comparable figure was only about 20% (Ke, Wang, & Chan, 2010). 

Potentially, the main benefit of a PPP project is to transfer the risk to the private sector. 

However, in this some cases this can impair the feasibility of the project if the private party is 

not ready to assume the risk. Failure in many PPP projects arises from an inability of the 

parties to agree on risk allocation, with each party trying to shift the risk to other, when in 

fact the risk should be allocated to the sector best able to control and manage it. Prior 
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research has indicated that in countries such as the UK and Greece that highly participate in 

PPP projects, the private sector is more willing to undertake and manage the risk; by 

comparison in countries such as China and Hong Kong where participation in PPP projects in 

lower, the private sector displays a greater degree of aversion to dealing with and managing 

the risk (Ke, Wang, & Chan, 2010).  

 

 Concept of risk allocation 2.2

The concept of risk allocation is to split the responsibilities for identified and classified risks 

between the parties involved (Van Staveren, 2006). It generally involves passing the risk to 

parties that have a good track record and are financially in the best position to influence it 

(Kwabe, 2010). All the parties have their own assumed or off-loaded provision for insurance, 

or share the consequences of certain types of risk event that might occur in the future. 

 

 Definition of risk allocation 2.3

Risk allocation is a stage of risk management in which individual parties are assigned to bear 

the consequence of the occurrence of specific risk based on an estimation of the parties 

ability to assess, control and manage the risk in the best way. Risk allocation can be studied 

only after the prevalent risks have been identified.  

Siebert (1987) defined risk allocation as the system of contractual agreements between a 

project’sparticipants, includinga setof riskmarkers for thedifferent typesof riskand the

various participants. In other words, risk allocation is the process of transfer the 

accountability for dealing with every identified risk to one party or more in the contract. This 

involves monitoring the event and acting to avoid any risk that may arise from it.  
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Appropriate risk allocation means that, within a contract, risks are allocated to the party that 

can best control and manage the risks. The object of such allocation is to achieve the lowest 

overall cost and risk for the project (H. A. Boussabaine (2007).  

 

 Principle of risk allocation 2.4

The principles upon which risk allocation is based have been debated by a large number of 

authors over many years (H. A. Boussabaine, 2007). Effective risk allocation delivers 

benefits to the project participants in terms of timely completion of the project on or under 

the estimated budget and without costly disputes. A judicious owner with identified risk will 

follow established principles of risk allocation, with the result that a contractor, knowing that 

the allocation of a significant risk is fair, will be more willing to take on the risk. Not only 

does the owner often realize a substantial price advantage if these issues of risk are addressed 

in advance, but also the contractor, through satisfying the owner by completing the project on 

time and under estimated budget, stands to earn a fair profit for its efforts.  

Risk allocation should be based on the “value for money” principle. H. A. Boussabaine 

(2007) mentions that value for money is demonstrated through drawing up a contract that 

identifies, allocates and manage the risk. As it is the public sector that determines the nature 

and scope of the project, and is responsible initially for bearing all the project risks, allocating 

risk to other parties is an essential issue in achieving value for money. 

According to (Pipattanapiwong, 2004) the central risk allocation principle is that the risk 

should be assigned to those project parties which are best able to control it and manage it. In 

pursuing this principle, owners in the public sector have two options. The first is to transfer 

all project risks to another party in order to avoid any further cost overrun or delay that might 

arise from any event that causes an unsatisfactory end result. The logic behind this approach 
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has theoretical appeal in that if anything unexpected occurs the owner will not be a party to 

resolving the issue, which might end up in litigation. The other approach to risk allocation, 

which owners have turned to increasingly as an effective way to manage contracts and obtain 

more competitive bids, is through recognizing the need for a budget contingency, advance 

planning for permits and approvals, and effective decision-making. To give a specific 

instance, it might involve obtaining subsurface geotechnical information for a project,. By 

adopting this approach, owners have experienced fewer delays and disputes, and better.  

H. A. Boussabaine (2007) identified the following principles and factors in risk allocation: 

 Risk events should be assigned to the party best able to manage the risk before it 

occurs. 

 Good management by the party who bears the risk through risk allocation should be 

encouraged. 

 The financial consequences provide the motivation 

 The public sector should return the risk that it cannot control and should be managed 

by the private sector. 

 When risk has been allocated, each party should reflect its ability to manage the risk. 

 Small risks should not clutter up the contract. 

Abrahamson furtherdevelopsfiveprinciplesforriskallocationwhicharesimplifiedin“No

Dispute”,allocatingrisktoaparty: 

 If the risk is under its control 

 If that party can transfer the risk in an economically beneficial way. 

 If the risk has economical benefits that rest with that party. 

 If it is more efficient to allocate risk to that party. 

 If the risk eventuates on that party. 
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 Ng and Loosemore (2007) identified the following factors concerning the allocation of 

project risks to the participants: 

 The party should be aware of the risk that it will undertake. 

 There should be sufficient capacity to control the risk effectively. 

 The party should have the capability to cope with risk eventuating. 

 The possibility should exist to charge the respective risk premium 

 Theparty’spreferencetobearspecificriskshouldbetakenintoaccount. 

The various principles and factors inherent in a project in risk allocation listed by these 

various authors can be summarised as follows: 

 All project risk is initially borne by the owner until the owner avoids it by 

contractually transferring it to another party such as contractor or designer or buys an 

insurance policy to bear it. 

 A decision to transfer risk to another party should be based on whether that party has 

the competence and expertise to control the risk or minimise it. 

  Risk transference should only take place if it will result in savings to the public 

sector. 

Construction project participants agreed upon the basic principle of risk allocation, which is 

to allocate risk fairly, and determine who is best able to evaluate, control it. For example, the 

risk of unusually severe weather might be assigned to the contractor but with the proviso that 

the contractor has the right for a time extension in such an eventuality and will not be held 

responsible costs arising from the delay. While some risks, such as inadequate labor supply, 

are seldom assigned to the contractor, others such as funding the project, should only be 

allocated to the owner, who is better able to bear any unsatisfactory result stemming from the 

risks.. 
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If these principles are applied accurately, it should be possible to achieve clear and realistic 

completion of the contract in a manner that is acceptable to the project participants. In 

particular, if the allocation is fair and equitable, the contractor is able to prepare the tender 

price without the need to include extra cost for contingencies due to unclear terms or risks.  

 

 Mechanism of risk allocation in PPP contracts. 2.5

Risk allocation ranks as one of the essential part in PPP projects. Its importance derives from 

the need to achieve a fair distribution of risk between parties by assigning each risk to the 

party who is best able to control and manage it. Many risk factors in PPP procurement cannot 

be eliminated by technical measure. Therefore risk should be allocated to the project’s

participants so as to yield the most efficient and cost-effective outcome. Arndt (1998) 

identified these participants as the public party, the private party and the end users. (Lei & 

Jingnan, 2010), however, mention in their research that (Al-Bahar & Crandall, 1990) 

proposed risk allocation based on a program, that included the public and private sectors, and 

a sharing of risk between these sectors but excluding the end user.  Other research by (Bing et 

al., 2005) agrees that the risk allocation indicates to a primary measure assignment between 

public sector  and private sector excluding the end user and which appears as a shared risk 

allocation mechanism, such as that widely used in the UK PPP projects. 

One of the government's main aims in developing the PPP project in the first place was 

probably to transfer risk away from the public sector to best enable the other party to manage 

it. Therefore the risk allocation for a PPP project emerges as a critical factor which parties 

must consider before developing the project.  In PPP projects, government has to assume 

risks initially before these are transferred to the private sector.  However, allocation of risk 

between parties will not always be appropriate, even if all risks are considered. The risk 

allocation scheme is provided by the government in the procurement process to allocate risk 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

29 
Saleh Alzahrani 

between parties. Risk allocation is an important feature in a PPP because it affects VFM and 

accounting for PPP (Xu et al., 2011).  

Risk factors can be classified into three main categories: macro level risk factors that have 

their origins outside the projects, meso level risks that contain factors straight concerned with 

the nature of each project and micro level risks that are related with the associations between 

the sectors participated within projects (Ke, Wang, & Chan, 2010). This classification leads 

to an effective and beneficial method for allocating risk between participants (Xu et al., 

2011).  According to (Ke, Wang, & Chan, 2010) in the Hong Kong and China, it was 

preferred to allocate most macro level risks to the public party, to share most micro level 

risks between the public party and private party, and to allocate the most of meso level risks 

to the private party. 

Bing et al. (2005) point out that some individual projects may entail circumstances that are 

difficult to assign as risk in general. They suggest that the proffered risk allocation should be 

split into four categories as follows: risk allocated to the public party, risk allocated to the 

private party, risk shared between public party and private party, and risk allocation that is 

strongly dependent on the project situation itself.  These categories will now be briefly 

described. 

2.5.1 Risks that should be allocated to the public sector 

Bing et al. (2005) noted that four risks out of 46 at the macro level – poor political decision-

making process, nationalisation/expropriation, political opposition, government stability and 

site availability – were allocated to the public sector, while just one – site availability risk – 

from the meso level was allocated to the public sector. 

In China, all the political factors have been assigned to the public party. Additionally, the 

levels of public opposition to a project, legislation change and delay in project approval and 
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permission have also been assigned to the public party. Majority of these risks are classified 

as macro level (Ke, Wang, & Chan, 2010).  

2.5.2 Risks that should be allocated to the private sector 

(Bing et al., 2005) identified 32 out of 46 risks in PPP procurement that were allocated to the 

private party. Also they noted that 11 of these risks allocated to the private party have the 

potential of being shared with the public party.    

(Ke, Wang, & Chan, 2010) found that in China, 22 risk factors out of 46 risk factors were 

preferred for allocation to the private sector. The majority of these risks were meso level 

risks; five were from the macro level and just one risk from the micro level.  

 

2.5.3 Risks that should be shared 

This category includes risk allocation between public sector and private sector and excludes 

the end user. A shared risk allocation mechanism is a broadly used arrangement in PPP 

projects especially in the UK (Bing et al., 2005). This view has been supported by (Karim & 

Alkaf, 2011) who notice that one of the important advantages of PPP procurement is the 

possibility of such sharing.  

(Bing et al., 2005) identify a list of risks that in the UK are shared between the public party 

and the private party. Two of these risks, legislation change and force majeure belong to the 

macro level. The rest belong to the micro level and include: responsibilities and risk 

distribution, lack of commitment from a partner, and authority distribution between 

partnerships. Sharing is carried out in the case of these risks because neither sectors is 

considered able to entirely bear the risks on their own. 

(Ke, Wang, & Chan, 2010) indicated that in China, there was a preference to share 11 risks 

between the public and private parties. Seven of these were micro level risks. Their research 
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concluded that for these risks no single party was deemed capable of dealing with them, so 

that a sharing mechanism was the best option to manage them.   

2.5.4 Risks where allocation strongly depends on specific circumstances 

According to Robinson (2002) there are some risks in PPP for which no party has sufficient 

experience to bear and manage them (Bing et al., 2005) found that four risks were  difficult to 

allocate to a specific party, and were was also difficult to share them between both parties. 

These risk factors do not clearly relate to a specific kind of project, the contract method or the 

revenue resource. They are: project approval and permission, the level of public support, 

contract variation and lack of experience. According to Ke, Wang, and Chan (2010) in China, 

six risks, such as lack of tradition of private provision of public services and change in tax 

regulation,aredifficult toallocatebecausetheserisks’allocationdependsontheindividual

project circumstances. 

Most research in the field of risk allocation in PPP procurement suggests that all risks in the 

project can be placed in one of the four categories discussed above.  

(Ke, Wang, & Chan, 2010) point out that in the UK the number of risk factors allocated to the 

public party and private party is 4 and 29 respectively, while risk allocation to these sectors in 

Greece, China and Hong Kong is 9 and 23, 6 and 19, and 7 and 17 respectively. Their 

research demonstrates that these four countries (the UK, Greece, China and Hong Kong) 

agreed on the allocation of just 15 risks. In the case of other risks the allocation is different 

because every country has its own circumstances and also differences exist from one project 

to another. 

To summarise, the risk allocation model is depend on methods of transferring risks to the 

public sector and private sector and sharing between them. The risk allocation suggests that 

macro level risk factors should be taken by the public party; meso level risk factors should be 
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assigned to the private party; while, micro level risk factors should be shared between the two 

parties (Li, Akintoye, & Hardcastle, 2001) 

 

 Risk allocation in PPP contracts 2.6

There are many PPP contracts. This research will focus on BOO contract, DBFO contact and 

BOT contract. The risk allocation will be discussed below for the mentioned contracts:  

2.6.1 Risk allocation in BOO contracts 

Public Private Partnership requires a common understanding between the public party and 

private party about the aim and objective for each project. Strengths and weaknesses for each 

party comes from different management opinions, therefore understanding helps to realize the 

mutual needs of parties in different aspects. Martinus P Abednego and Stephen O Ogunlana 

(2006) note that the differing risk perspectives of collaborators in PPPs necessitate effective 

management to ensure that risks are properly shared between the parties, as these projects are 

most likely to fail when risks are transferred to the wrong partners and their roles and 

requirements are not defined in sufficient detail. 

Build Own Operate is a scenario where private firms bid for government contracts to fund, 

construct and permanently operate an infrastructure project, in other words when public 

authorities give licenses to private organisations to undertake service provision. Examples 

would include telecommunications and Internet service providers, broadcasters and providers 

of public transport. The majority of the work is undertaken by the private party, but the public 

party does have the responsibility of ensuring that the project is of benefit to society, both in 

concept and ultimately in execution. 

In the Build Own Operate contract, the private sector constructs owns and operates a 

government-initiated project and is financially covered by charging a fee from the end user of 
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the project.  Through this contract the private sector builds and operates facilities on behalf of 

clients so that they can allocate more resources to other key areas of their business. This 

move to increase private sector involvement in infrastructure projects is part of a concerted 

effort to integrate private sector innovations and efficiencies into public sector activity 

(Bennett & Krebs, 1991). The downside of this is that the public sector loses some of its 

power in making spending decisions (Grout & Stevens, 2003) and its motivations and targets 

are not always in accordance with those of private companies (Demirag, Dubnick, & 

Khadaroo, 2004).  There are clauses in the agreements that specify the minimum quantity and 

level of quality of the services to be produced and set budgets that one stays in line with. 

2.6.1.1 BOO Definition 

Build Own Operate (BOO) agreements are ones where the public sector hands over 

infrastructure projects to private contractors, who fund, design, operate and provide 

maintenance, as well as being given ownership of the facility. In other word, public sector 

engages private companies to undertake responsibility for finance, design, construction and 

operation of infrastructure projects. The agreement will include a long-term lease for the 

private partner to own the facilities, based on their fulfilling predetermined public sector 

requirements, such as meeting health and safety standards, not excessively charging the 

project’sendusers,etc. Theprivatesectorisnotobligedtoreturntheprojecttothepublic

sector.  

Sage and Rouse (2009) agree that the Build Own Operate Public Private Partnership 

approach entails transfer of ownership, construction and operation of a project from the 

public party to the private party, with potential benefits, such as tax credits, to incentivise the 

privatepartners’participation. Under this contract the public sector pays a private contractor 

provider to develop and operate a facility for a given time between 20-30 years.  
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Global H2O Investment uses a BOO agreement to fund, build, operate and maintain 

treatment plants, with leases usually running for between 5 and 30 years. The vast majority of 

responsibility for building and operating the facilities is taken on board by (GHI), so that 

clients’ resourcescanbe focused elsewhere. Under the agreements, (GHI) promise to meet 

customers’waterqualityandquantityrequirementswhileoperatingwithinbudget. 

 

2.6.1.2 Structure of BOO Contract 

Aggregating design, construction and operating the services under a single umbrella company 

is more efficient. Building and operating the entire process and paying for the success of the 

project in its entirety incentivises efficiency and high standards throughout, limiting 

overspending and shoddy workmanship, due to awareness of budget requirements and 

maintenance responsibilities, respectively. The public authority looks to benefit from a 

reducedfinancialrisk,thetransferofasignificantportionoftheproject’sriskstotheprivate

sector through a Special Purpose Vehicle (SPV), which is a company established through an 

agreement, usually a memorandum of association, between the sponsors or shareholders 

(Wolfs & Woodroffe, 2002).  The SPV might not be straight owned by the sponsors; instead, 

a holding company may be used for this purpose. SPV as a company has a very important 

characteristic, namely, it cannot undertake any business that is not part of the project.  As a 

separate legal entity, an SPV protects the interests of the investors and the lenders. 

Sometimes PPP project might be too complicated to be undertaken by a solitary investor. 

SPV consider projects management, investment size, and the operational risks involved 

(Grimsey & Lewis, 2007).  The SPV mechanism accepts joining hands with new investors 

who might invest, bring in management and technical capability and share risk events, as 

necessary. 
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Figure 2-1: BOO contract structure 

 

2.6.1.3 Relationship in BOO Contract related to risk 

The terms and condition are agreements pursuant to the way in which lenders will lend the 

money to the project company. Lenders have substantial influence over the project’s

agreement and their involvement ensures BOO projects are bankable. During implementation 

of the problem, BOO projects face some major risks. Firstly, there is a construction risk that 

may involve delay during construction, penalties, costs overruns, and non-acceptance of the 

plant by consumers. Secondly, there are operation risks involving plant failure. Thirdly there 

are financial risks, which occur through non-achieved equity returns expectations and failure 

of the lenders to assist with financial support in case of default by the project company.  The 

project company certainly will ask the grantor to bear some of the risk. In most of the cases 

the aim is not so much pegged on the project company to be compensated by the grantor. 

Rather, the grantor exerts pressure on the government to avoid some of the risks. The host 

government may therefore be invited on where such risks are likely to come up. 

Understanding the contractual relationship between parties involved in BOO contract is 

essential in order to perform successful risk management of the project. 
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BOO contracts handle market risks by guaranteeing the contractor payment irrespective of 

whether or not customers use and/or pay for the service provided. This is referred to as a 

take-or-payarrangementandcoversanagreedminimumamountofthecontractor’soutput. 

There remains the risk of default by the public authority initiating the project and so, when 

this risk is significant, a further guarantee in case of default must be provided by the 

government or other creditworthy party, with funds held in escrow to further reduce credit 

risk (Haarmeyer & Mody, 1998).    

Lenders and investors for the project do so with potential risks facing them such as the 

building phase taking longer than agreed, the labour and materials costing more than they 

have budgeted for and/or the finished facility failing to meet the agreed requirements. As 

BOO investors often have to wait many years to see a return, these risks are particularly 

important to them, as they may be detrimental to the likelihood and timeliness of repayment.   

Measures to mitigate these risks include hiring reputable contractors at fixed cost, with a 

guaranteed completion date set in the agreement. The public authority can impose strong 

punitive measures through the government when contractors fail to deliver. The construction 

firm may be required to put up a sizeable investment in the project or a performance bond, to 

tie their financial wellbeing to the outcome of the agreement. 

According to Haarmeyer and Mody (1998) the key risk in operations is that the contractor 

does not meet the agreed quality, quantity or budgetary specifications. In order to mitigate 

this risk, contractors provide a performance-related bond and agree to pay fines when they 

fall short of contractual requirements. 

Where foreign entities are involved in project funding, the capacity for the local currency to 

retain exchange value and to be converted into other currencies will determine to a large 

extent the willingness of the foreign parties to be involved with the project. Investors will 

lose out if the currency loses significant value before the project begins to generate revenue 
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or if they are not able to exchange the currency when they wish to transfer their income from 

the facility. These risks are mitigated by including interest, inflation and exchange rate 

measures in the service’s pricingmodel.BOO agreement inmany countries link prices to

inflation. Reserves may also be held when there is a fear of currency devaluation having a 

detrimentaleffectonforeignparties’investment.  

Regulatory and Political Risks: These include risks such as expropriation and legislative 

changes affecting the terms of, or possibly causing the termination of, the contract. The 

private sector has little capacity to mitigate such risks in a politically volatile environment. 

This is particularly problematic where the importance of setting and meeting high standards 

of performance and the sometimes-limited experience of local government officials in 

regulating such operations can be problematic. The large burden of these risks on the 

contractor needs to be addressed in the form of contractual clauses that are fair and equitable 

in the standards set as requirements, but also in the exceptional circumstances they 

acknowledge and the provisions provided for dealing with them (Crampes & Estache, 1998). 

Also, the regulators must be seen to be competent and unbiased. While these aspects of the 

contracts and regulatory framework promote a conducive environment for private sector 

contractors, investors will also look for contracts, which allow them to extricate themselves 

from projects in the event of early termination, in the aftermath of political or regulatory 

change.  

Force majeure risks are those beyond the control of the contracted parties, which remove the 

obligation of the parties to meet agreed upon specifications. These may include acts of God 

or political or social upheaval. 

2.6.1.4 Risk transfer in BOO Contract 

Build Own Operate agreement is one of the most common types of Public Private 

Partnership. Governments with tight budgets often fund important infrastructure projects 
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through private sector financed Build Operate Own agreement. It is important and ultimately 

beneficial to both partners that risks are transferred to the sector best placed to handle them, 

but risk allocation can be the most difficult phase of the project to get right. 

The private party builds a facility in accordance with a design made by the public party. The 

private party finances the project and is accountable for the operation of the facility laterally. 

The private sector will have the ownership of the facility in perpetuity (Ke, Wang, Chan, & 

Lam, 2010) 

Li, Akintoye, Corresponding, and Hardcastle (2005) reported that the public sector will have 

the ownership for the project assets during the period of the contract but not after that. 

However, Deaton and Heston (2008), Jang (2011) and UNESCAP (2008) agreed that the 

private sector under Build Own Operate agreements, takes on responsibilities to build and 

operate a public sector project and does not return it to government control upon completion 

(that is on the completion of construction). Odebode (2004) points out that the project asset in 

a BOO contract will be owned by the private sector during the project period which is 

normally between 20-30 years, then eventually the ownership will revert back to the public 

party (Kumar and Prasad (2004).  

There is a possibility for the public party or for the private sector to conceive the project. 

Smyth and Edkins (2007) indicate that the private sector through the project company (SPV) 

will bear the financial risk, operation risk, maintenance risk, design risk and construction risk, 

which will be transferred to the involved party that is best capable to bear it. The public party 

will pay for the services based on its performance. Asian Development Bank (2008) agreed 

that the private sector will be accountable for the design risk, construction risk, operation risk 

and maintenance risk and financial risk. 
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Jang (2011) indicated that the private sector in this contract will be responsible for 

construction risk, design risk, finance risk, operation risk, maintenance risk and market risk. 

Through the special purpose vehicle (SPV) risks are distributed to the parties that are 

involved in the project; thus a construction risk would be transferred to the construction 

contractor and the operation risk to the service provider.  

The private sector will bear the operation risk, capital investment and commercial risk 

(Odebode, 2004). UNESCAP (2008) agrees that the private sector is responsible for 

investment risk, and Haarmeyer and Mody (1998) support the view that the private sector 

will be responsible to bear the operation risk and investment risk.   

According to Watts, Fox, Upfold, and Partner (2000), the private sector will be responsible 

for bearing the risks of service delivery, management, maintenance, construction. Those that 

bear responsibility for those risks in the private sector will have the ownership of the assets 

and therefore always have access to the project’s private finance. In some instances the 

private sector will be responsible to bear the demand risk.  

Due to the fact that the private sector under this contract will own the assets it will be 

responsible for financing the project, providing the service, providing the working capital, 

and receiving the net income, while the public sector will be responsible for providing 

sectorial planning and regulating services. Although the private sector has the role of 

financing the project, default risk is held by the public authority, which is the ultimate 

guarantor of the funds raised for the project (Reeves & Ryan, 2007).   

According to (Haarmeyer & Mody, 1998) in a Build Own Operate, where the private sector 

retains control permanently, this approach means greater capital risk for the public, while it 

does not deal with inefficiencies that may exist with distribution problems, such as inefficient 

pricing, loss of water and insufficient supply of meters in projects of water sourcing. Many 
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view this sort of approach as a quick fix used by public authorities reluctant to make longer 

lasting but more difficult and costly changes. This kind of thinking previously resulted in 

take-or-pay agreements for power supply provision. This creates costly inefficiencies, where 

supply may be excessive.  

 

2.6.2 Risk allocation in a DBFO contract 

PPPs have the purpose of reducing public risk by moving it to the private party, with the aim 

oftransferringrisksinaccordancewitheachparty’scapacitytodealwiththem(Bing Li, A. 

Akintoye, P. J. Edwards, & C. Hardcastle, 2005), with premium payment to the party that 

bears the risk. Transferring risk is an important element of PPP in that it increases the 

benefits of the projects worked upon and the service provided, such as improving delivery of 

projects and elimination of over-specification (Dixon, Pottinger, & Jordan, 2005). Given the 

benefits of properly allocated risk, managing risk is considered a key aspect of PPP. Ideally 

risks move from being public to private responsibilities, but not all risks can be transferred. 

There must be compromise and collaboration between the parties in the risk management 

process (Demirag, Khadaroo, Stapleton, & Stevenson, 2011).  

One of the most common PPP contracts involves the public partners using a Design Build 

Finance Operate (DBFO) contract, which includes various duties and risks involving to the 

contract that will ultimately be transferred to their private partners. This may involve 

hospitals, education facilities such as schools and colleges, etc. According to Eaton, 

O'Connor, and Turner (2002) DFBO agreements place responsibility for designing, financing, 

building/renovating and operating infrastructure projects on the private partner, who is then 

allowed to earn revenue from the completed project for a specified period of time. 
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One of the benefits of a DBFO contract is that the private sector can fund the project partly or 

completely through dedicated government levies, such as registration fees or tolls charged to 

the public (e.g. tollbooths, parking charges). Introducing DBFO agreements to allocate 

financial risk to the private sector partners can cause the public sector to reallocate their 

budget in other projects. This often reduces costs, with the private partner being less wasteful 

with their own money, but with the often expensive nature of these projects DFBO 

agreements may create scenarios where only huge organisations can afford to engage in the 

PPPwhilemediumandsmallcompaniescan’taffordit(Palmer, 2000).   

Private contractors will bid for the DBFO opportunity, competing on the quality of their 

planned final output, the level of public sector support they will need and how much they 

intend to charge the public upon completion of the construction. Quite often the successful 

bidder will earn revenue from the project for a period of 25 to 30 years or even longer. 

However, the public partner will continue to own the project, taking responsibility for 

monitoring the condition of their assets and the service standards provided by the private 

party operating the project (Eaton et al., 2002). 

DBFO contract is not the best choice if the private partner is going to receive user fees from 

the public organisation, but the public partner covers the costs of the project and accepts 

demand risk. While a DBFO contract is usually made between the partners, if the private 

partner is taking on some demand risk there is no end-user fee. 

In the DBFO approach, for revenue that is using shadow tolls instead of real tolls from end 

users, these are calculated by monitoring usage of the infrastructure in question. 

Alternatively, in performance-based DBFO agreements, the private party receives payment 

from the public organisation in accordance with the quality of their construction work and the 

service they then provide to end-users. 
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2.6.2.1 Definition of DBFO 

In Design, Build, Operate and Finance (DBOF), the private party agrees to build and run a 

public infrastructure project in exchange for recovering its investment from their public 

partner over the period of their contract (Lædre, Austeng, Haugen, & Klakegg, 2006). 

This is collaboration between private and public parties to design, build, finance and operate 

an infrastructure project. The majority of this work is undertaken by the private sector 

organisation, with their partner in the public sector recovering them financially when they 

achieve the agreed targets (M. Hall, Holt, & Graves, 2000). The private party recover bearing 

risks through payments from the public party during the period for which the agreement runs. 

When the agreement expires, the public party is given ownership of the contractual capital. 

This approach is the default for public sector infrastructure projects where there are no clearly 

superior alternative approaches. 

The major aspects of a DBFO are: 

 A public sector organisation makes an agreement with a private contractor to design, 

build, finance and operate a public infrastructure project, beyond which responsibility 

is given back to the public party. 

  The private contractor owns the capital for the duration of the agreement and is 

compensated by the public sector. 

 The major motivation for the public sector is to substitute the source of funds and 

reduce their risk burden on the design, building and running side of the project. 

 Different risk-sharing combinations are put in place for different PPPs. 

 

2.6.2.2 DBFO Structure 

Design Build Finance Operate agreements involve a private sector – usually a group of 

companies referred to as consortium, which is generally created by a joint venture which 
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includes private partners, banks facilities managers, suppliers and investors, that are keen to 

obligate equity and/or resources to the project, carrying out a public sector service project for 

many years, under the management of a special purpose vehicle (SPV) in the different stages 

of the project and to allocate risks among the parties of the (SPV) (Shaoul, Stafford, & 

Stapleton, 2007). 

Figure (1) depicts the general structure of a DBFO agreement. The project company (SPV) is 

created to own the assets, undertake the contracted service and to be the contracting party 

with the government. 

 

Figure 2-2: DBFO contact structure 

 

2.6.2.3 Relationship in DBFO between parties related to risk 

The core of a successful contracting relationship is based on equitable risk allocation. 

Detailed risk analysis is required to ensure appropriate risk allocation between partners to the 

contract. This must involve assessment of the project risks and provision of risk allocation 

schedules by bidders for the project. The agreement must be based upon realistic assessment 
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by both parties of their capacities and not just mere self-interest (Shaoul, Stafford, & 

Stapleton, 2006). 

DBFO agreement involves a private sector partner being given responsibility for running a 

public sector infrastructure project, as well as accepting some of the financial responsibility 

for funding the project. The public sector maintains ownership of the capital assets.  It must 

show the capacity to earn back that investment to attract the private sector funding. This 

creates an issue over whether grants are best utilised for funding infrastructure directly or for 

leveraging a funding package. 

Thecontractor’sproject design isbasedupon thepublic sectororganisation’s requirements

(Grimsey & Lewis, 2007). The contractor will look to save costs where possible without 

risking a poor standard of output. They will look to achieve a level of quality in their 

construction that prevents them from having to deal with high running or maintenance costs 

at a later stage. Multi-purpose design elements can also help to add value to the project. With 

so many different areas of expertise in which the contractor needs to operate, it is often 

practical for several companies with different specialisations to cooperate on these projects, 

in the form of a special purpose vehicle, for both the initial construction and then the 

operation and maintenance that follow (A. Akintoye, Beck, & Hardcastle, 2003). This PPP 

approach sees the private contractor taking on risks in the areas of design, building, finance 

and operation. 

In general, project risks under a DBFO contract are allocated between the public party and 

the private party. The project company (SPV) that represents the private sector reallocates 

risk to the parties that are involved under this project company based on the party’s

experience such as construction risks and operation risks between the project company (SPV) 

and construction contractor and operation provider respectively. Therefore there is no 

financial risk or investment risk between the project company and those parties.   
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DBFO agreements are made by the public sector with private sector organisations who are 

contracted to design, build, operate and finance an construction project for a given period of 

time, beyond which the public sector takes control. The project is owned by the contractor for 

the length of the agreement and they are recovered financially by the public sector. 

 

2.6.2.4 Risk transfer in a DBFO contract 

The potential benefits to the public sector include financial savings in the short-term and 

transfer of design, building and operational risks to the private sector, with individual projects 

sharingtheseresponsibilitiesinaccordancewiththeparties’requirementsandcapacities. 

There are several contractual approaches to Public Private Partnerships where the contractor 

takes on additional responsibilities to construction, such as Design Build Finance Operate 

(DBFO), which is an agreement made by the public sector with private sector organisations 

who are contracted to design, build, operate and finance a construction project for a given 

period of time, beyond which the public sector take control. The project is owned by the 

contractor for the length of the agreement and they are recovered financially by the public 

sector. Millones (2010) has also demonstrated that the private contractors design, build, 

finance and operate an infrastructure project on a long-term contract from the public sector, 

after which responsibility returns to the public sector. PPPs can be utilised for projects 

involving both existing and new infrastructure. This is different from other approaches due to 

the involvement of private sector finance, meaning that the contractor will have greater 

involvement, due to the additional risk they take on.  

The partnership in this contract runs for a predetermined period of time, usually between 25 

and 40 years, after which the public sector takes control (Sedisa, 2009). This requires that the 

parties initially agree what the residual value of the capital will be when the agreement 

expires.  By agreeing terms with the public sector and then hiring private sector contractors to 
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undertake the construction, usually for a fixed fee and service provision aspects – usually the 

pay back is according to performance – of the project. The special purpose vehicle will look 

to perfectly match up the contracts with government to the contracts with private sector 

companies. Iseki and Houtman (2010) agree that normally the duration of the DBFO contract 

will be between 20-30 years. The public sector will own the assets during this period and 

afterwards. The size of the payment will be depend on the contractors’ performance. The

private sector through the project company (SPV) will bear the financial risk, operation risk, 

maintenance risk, design risk and construction risk, which will be transferred to the party best 

able to bear it. Murphy (2008) agrees that it is common for the private contractor in a DBFO 

agreement to take on all risks associated with design, building, finance and operation of a 

project, sometimes for upwards of thirty years. 

According to Jang (2011) the public sector will have ownership of the assets for the 

contract’speriod.The private sector in this contract will be responsible for construction risk, 

design risk, finance risk, operation risk, maintenance risk and market risk. Through the 

project company (SPV) risks are allocated to the private sector and distributed to the parties 

that are involved in the project, such as construction risk being transferred to the construction 

contractor and the operation risk being transferred to the service provider. Shaoul et al. 

(2006) agreed with that the public sector under DBFO contract will have ownership of the 

project assets. There is a possibility for the public sector or for the private sector to conceive 

the project. The private sector will be accountable for the design risk, construction risk, 

operation risk and maintenance risk. But the financial risk in this type of contract could be 

allocated solely to the public party or solely to the private party or it might be that they share 

the financial risk, and the level of the funding that must come from the private party will 

depend on the specifics of the individual project. Grimsey and Lewis (2007) also remark that 
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the financial risks are sometimes fully transferred to the private sector and sometimes shared 

between the public sector and the private sector. 

According to Eaton et al. (2002), referring to a road project in Angus, Scotland, construction 

risks and operation risks are best transferred to the private sector. The private sector also 

bears legislative risks, financial risks and economic risk. The public sector should be 

responsible for the force majeure risk, change in design standards and pre-contract risks. 

According to (Ng & Loosemore, 2007) after the special purpose vehicle has agreed terms on 

the public and private sector sides, its financial needs are agreed with the public sector, based 

upon how much funding the private sector contractors will require until the project starts to 

generate income, most of the funding might arise from debt, with the balance usually 

provided by special purpose vehicle shareholders (normally the private sector parties). The 

debt used to finance the project is guaranteed by the government organisation supporting the 

project.  

The public sector partner in a DBFO contract will be responsible for planning risk, risk of 

change in public need and residual risk. The private sector will bear the risk of design and 

operation. Some risks, under the construction category, are allocated to the public sector, 

such as delay in obtaining approvals, while other risks in this category are allocated to the 

private sector, such as increases in material costs. Also, for demand risks, regulatory risk and 

financial risk, both sectors will share the burden, depending on the sector best able to manage 

and control the risk event (Iossa, Spagnolo, & Vellez, 2007).  

(European & Policy, 2003) argues that the public sector may retain planning risk but agrees 

that the private party will bear the responsibility of design and construction risks, operation 

risk and demand risk due to their ability to control demand and forecast revenue with 

reasonable certainty. The residual value risk will also be transferred to the private sector. 
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Legislative risk is regularly retained by the public sector and sometimes shared between both 

sectors. Most opinion sees the public sector as the party best able to control these risks.  

Project financers such as the banks and equity pay funds to the SPV to cover the cost of the 

completed construction project and pay the assets providers as they provide the service. The 

public sector makes an annual payment for each of these, with their overall cost equal to the 

current value of these payments. The special purpose vehicle will cover all of the costs 

associated with the project and take into account capital charge, the service costs and 

transaction costs (Ng & Loosemore, 2007). 

In most projects, the private sector is accountable for design, financing, construction, 

operation and maintenance of facilities, general regulatory risks and force majeure risk, while 

the public sector is responsible for environmental license approvals and other planning 

permits, right-of-way land acquisition, discriminatory regulatory risk, and uninsurable force 

majeure events and political risks. 

2.6.3 Risk allocation in a BOT contract 

In 1984 the Build-Operate-Transfer (BOT) model was used in the first privatization program 

in Turkey, to develop new infrastructure (European & Policy, 2003). The advantage of the 

BOT contract is that it combines responsibility of design, construction, and maintenance 

under one single entity. 

A BOT project involves is the granting of a concession to a private company to undertake 

what would traditionally have been carried out by the public sector. The companies awarded 

with the contract receive financing for the project, and procure the design construction work.  

The relationship between public and private sector is described by (Mubin & Ghaffar, 2008) 

as a contractual association in which a private sector takes accountability for all or part of a 
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government’s functions. It is an agreement between a public party and a private party to 

deliver a public service to the end user (M. P. Abednego & S. O. Ogunlana, 2006).  

The transference of risk to the private party has increased over the last decade. According to 

Quiggin (2005), the public party transfer risk to the private party through the framework of a 

standard contract may not necessarily be an optimal risk allocation.   

The importance of a good governance system ensures proper allocation of risk, which is 

important because the parties involved in PPP projects may have different perceptions of 

risks. The project company operates the facility during the concession period. BOT models 

are used worldwide in sectors such as infrastructure. Many projects successfully completed 

include toll bridges, toll motorways, water supply plants, and thermal power plants, and 

reinforce the attraction of this model for the private sector.  

2.6.3.1 Definition of a BOT 

A BOT project is typically used to develop a discrete asset rather than a whole network. (X.-

q. Zhang & Kumaraswamy, 2001) defined such a projec as one in which the private sector 

undertakes to build and operate the project that would normally be undertaken by the public 

sector, and then revert the ownership back to the public sector after the period of the contract.  

Tiong and Alum (1997) agree that BOT is a type of PPP procurement where the private 

sector is given a concession to build and operate a project that would usually be built and 

operated by the public sector. The private sector is accountable for financing and designing 

this kind of project. At the end of the concession period, the private company returns 

ownership of the project to the government.  In a BOT Project the private sector usually 

obtains its revenues by charged to the public sector rather than tariffs charged to end-user. (D. 

Hall & Lobina, 2004). 
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2.6.3.2 BOT Structure  

The SPV is built upon the concession contract with public sector. SPVs have an agreements 

with all the project participants. The successful agreement of each participant is vital to 

proceed with the project.    

The private sector is a consortium of several companies (SPVs) which incorporate 

construction, operation, finance and design in corporative relationship in which these 

function fragmentally among participants. In many project the SPV is a joint venture between 

specialized construction company and an operation company to operate and maintain the 

asset or with facilities management. Obtaining private financing for ongoing operations is the 

key function of structuring (SPV) (Zhang, 2004a; Zhang, 2004b; Zhang, 2005). 

The private sector (sponsor) usually launches a SPV in exchange for sharing ownership. The 

SPV leads the project for the duration of the contract. The public sector may contribute to the 

SPV in order to share representation of the ownership. In such a case the SPV works as joint 

venture between the government and the private sector. Thereby it acquires equal rights and 

interest as other shareholders. Sometimes joint ventures are established due to government 

wanting to be ensured about continued interest, with or without controlling authority. This 

joint venture is owned by the public sector and private sector or between multiple companies. 

Often an SPV is run between an experienced construction company and a service operation 

company that operate and maintain the project (UNESCAP, 2008). 

The figure below displays the contractual structure of a BOT agreement, which consist of the 

shareholder's agreement between the project shareholders, the construction contract, the 

lending agreements and the agreement of the operating contract, the supplier contract and the 

agreement of offtake purchaser.  
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Figure 2-3: BOT contract structure 

 

According to (Guo & Ma, 2007) the agreements under BOT contract are: 

 A concession agreement between the private sector and the government in order to build 

and operate the project. This agreement will determine the critical revenue provision and 

performance obligations.  

 A Construction agreement between the private sector and the contractor in order to build 

the project under agreed terms and conditions. 

  An operation and maintenance agreement between the operation provider and the project 

company setting forth the terms and conditions of the project. 

 A supply contractor that transfers the responsibility of delivering to a project utilities 

service from the project company to the supplier under agreed terms and conditions.   

 A loan agreement between the project company and private banks or any other financial 

company. 

 A Shareholder agreement between the shareholders and the project company. Sometimes 

the government may be involved in this agreement depending on whether the government 

is an equity participant as shareholder or not. 
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Every BOT project will contain some variation of this agreement depending on its specific 

requirements. Not all BOT projects will need a guaranteed supply of input; consequently a 

supply contract may not be essential. The payment stream may be in portion or totally 

through tariffs from the end user, rather than from an offtake purchaser (Wolfs & Woodroffe, 

2002) 

2.6.3.3 Relationship between BOT partners 

Understanding the contractual relationship between parties involved in BOT contract is 

essential in order to perform a successful risk management in the project. Every BOT project 

is unique: it is similar in the procurement rules and different in the delivery environment for 

constructing facilities, designing and financing. A BOT procurement process involves a 

number of participants, including sponsor, investor, and construction contractor, designer and 

operating company. The project sponsor through the SPV transfers finance risk, construction 

risk, operation risk and maintenance risk to the private party (Salama, 2008). 

A BOT contract has many contractual arrangements and many different contracting parties 

with much interlinking and interdependency (Menheere & Pollalis, 1996). According to 

Leiringer (2003) four main clauses are found in all BOT contracts as follows: 

1- The concession contract, which is a business deal between government and the 

concessionaire to construct, operate and maintain, as well as transfer the facility. 

According to (Levy, 2008) the concession contract will include the project period, 

financial scheme, financial guarantees and also the project company structure will be 

included.  

2- The construction contract that between SPV and construction contractor, which 

identifies the time schedule, budget and agreed performance factors. Usually the SPV 
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uses a design-build contract or fixed price contract for any construction work in ` a 

BOT contract.  

3- The financial contract, which is an agreement between the SPV and the equity and the 

lenders in order to finance and distribute the expected revenue. 

4- The operation contract, which is between the SPV and the operator specifying 

responsibility for the operation of the project during the whole concession period. 

The important issue is to ensure transparency, whereby the risk and its responsibilities are 

shared between the participants.  

 

2.6.3.4 Risk transfer in BOT 

The main challenge in ` BOT contract is to reduce the uncertainty and allocate risk to those 

best able to manage it. According to (UNESCAP, 2008) the concession assets will be owned 

by the public sector during the period and after the completion. The assumption of the project 

risk will be through the public party and the private party. The investment risk will be shared 

between both. During the concession period, the private sector will bear the construction risk, 

operation risk, legal risk, regularity risk and liability risk.  Odebode (2004) agreed that the 

concession asset in ` BOT contract will be owned by the private party during the project 

period, and then eventually the ownership will revert back to the public party. The private 

party will bear the risk of operation risk and commercial risk.  

According to F. Nasirzadeh and Monirabbasi (2004) ownership of the BOT contract will 

transfer to the public sector. In order to finance the concession, the private partner will 

provide the capital for construction of a new facility and the commercial risk will reduce for 

the private sector by agreement that the public sector will purchase the minimum level of 

output. However the estimation of minimum output difficult as demand may vary. Therefore 

demand risk is shared between the public party and private party. The private party, through 
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the project company, will be responsible for designing, constructing and operating the 

concession. Through the project company (the SPV) the designing risk, construction risk and 

operating risk will transfer to the designer, construction contractor and the operator company 

respectively. The operation provider, through the project company, will own the project 

assets for a period set by the agreement to recover investment cost.  

According to Chen and Doloi (2008) who stated that the private sector under a BOT recovers 

its investment and is responsible for returning its investment through collecting of user fees 

or other agreed way of return upon schemes.  

According to Jang (2011), in a BOT contract the public sector will share with the private 

sector bearing of the financing risk, while the private sector through the project company 

(SPV) will bear the rest of the concession risks. The project company will have different sub 

contracts with operation providers to operate and maintain the project and then bear any 

further operation risk.  Designing risk is transferred to the designer by contract between the 

project company and the designer to design the project. After that the construction 

subcontractor bears the construction risk due to signing a contract with the project company 

to construct the project. The private sector during the concession period will own the assets 

and eventually will be transferred to the public sector.  

In a BOT contact the SPV signs contracts with the construction contractor to construct a new 

building, and with the operation company for operation and maintenance section. Therefore 

the project company transfers the construction risk and operation risk to specialised 

companies to bear its risks. The lender and equities will finance the project. The commercial 

risk will be transferred to the project company to sell the product to the users and recover the 

cost investment (Thomas, Kalidindi, & Ananthanarayanan, 2003). 
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Iossa et al. (2007) stated that the public sector will be responsible for planning risk, design 

risk, some construction risk (such as delay in obtaining approvals, adverse environmental 

condition and changes in output specifications), risk of change in public need and financial 

risk, while the private sector bears the risk of the rest of construction risk, operation risk, 

demand risk and regulatory risk. Both parties will be share responsibilities of bearing the risk 

of overcast demand and revenues and some general changes in law. 

According to X. Zhang (2005) political risks tend to be allocated to the public party. The 

risks solely left in the hands of the private party include construction risks. Thus the public 

party is relieved of the burden of bearing total accountability for all engineering risks. The 

public sector transfers management risk to the private sector. It is also likely then for the 

public party to reduce its project management and maintenance of equipment and the staff. 

In a study by Ng and Loosemore (2007) several risk factors are seen as being equally shared 

between the private and public parties. Some of these include soft elements such as lack of 

commitment from parties, risk and responsibilities distribution and authority distribution 

between partnerships.  

The principal technique for financing BOT projects is limited, and involves lenders relying 

on the project cash flows for repayment of debt. Unlike traditional corporate finance, lenders 

have limited recourse to project sponsors. This technique places a great degree of risk on 

lenders to BOT infrastructure projects. When financial risk arises they are either borne by the 

project company or the government during fluctuation in interest rates or insufficient 

hedging, the government project company (Bing Li, Akintola Akintoye, et al., 2005). 

Inflation may cause payment to be eroded. The government or the private company bears the 

risk. The two risks however will depend on the prior agreement contract. In case of force 
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majeure risk such as floods, riots, earthquakes or strikes, the risk is shared between the two 

parties. 

In the case of the increase in input prices resulting from contractual violation from a network 

owned by the government, the risk is borne by the government. If the private supplier violates 

contractual obligation then it bears the risk. Any other risk in revenue will be borne by the 

investor or project company (Andersen & Enterprise, 2000). 

For changes in law affecting the construction period, the risk is transferred to the construction 

contractor. If the source of risk is the operating period, the project company, with proper 

compensation from the government, should bear the risk. However this is determined by prior 

agreement between parties to the contract. If the government cancels the licenses it becomes 

a breach of contract. The failure to renew approvals of discriminatory taxes and restriction of 

imports, all these are government responsibilities. However if the source of the risk is 

expropriation the insurer, investor or project company will bear the risk. 

According to Ng and Loosemore (2007) the project may fail due to a combination of risks. In 

this case, the equity investor followed by the banks, the holders of bonds and lending 

institutions bear the risk. If failure is as a result of sponsor suitability risk then risk is 

transferred to the government. 
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Figure 2-4: PPP Procurements (European & Policy, 2003) 

 Summary 2.7

This chapter discussed risk allocation in BOO, DBFO and BOT contracts. The major 

objective of the chapter is to investigate how risk should be transferred and managed in PPP 

contracts.   This chapter shows that the private sector bears more risk events in BOO 

contracts than the DBFO and BOT contracts system.  
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 Introduction 3.1

The categorization proposed in this research based on risk pricing proffers greater capacity 

for more accurate risk control than those mentioned before. There are a number of techniques 

for identification; Bing Li, A. Akintoye, et al. (2005) suggested in their study a meta level 

categorisation method based on the three levels of PPP project risk factors. The three levels 

consist of macro, meso and micro level risks. This technique has also been utilised by other 

authors, for example, (Grimsey & Lewis, 2002),(Hodge & Greve, 2007) and (Karim & Alkaf, 

2011). 

Bing Li, A. Akintoye, et al. (2005) state that the macro level includes exogenously produced 

risks, i.e those external to the project. This level concentrates on risks at the status of industry 

or national level, as well as natural risks. At this level the risks are usually related to political, 

economic and market circumstances.  

The meso stage of PPP risk factors comprises endogenously sourced risks, i.e. risk 

occurrences and their implications taking place inside the system confines of the project. It is 

symbolised in the execution problem of the project, concerning issues like demand/usage of 

the project, situation, design and assemblage and technology. The project-related risks form 

part of this level.  

The micro stage of PPP risk factors signifies the risks present in the stakeholder associations 

created in the process of procurement, resulting from the innate variances between the private 

and public divisions in contract administration. The major reason for suggesting this risk 

class is the fact that usually the public party is socially responsible while the private party is 

income oriented. This level also includes the party-related risk.    

A variety of studies, including those of (Ke, Wang, Chan, et al., 2010), (M. P. Abednego & S. 

O. Ogunlana, 2006), (Bing Li, A. Akintoye, et al., 2005), (L. Y. Shen, A. Platten, & X. P. 
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Deng, 2006), (Ibrahim, Price, & Dainty, 2006), (Yuan, Deng, & Li, 2008), (Xu, Chan, & Hu, 

2009), (X.-H. Jin & Zhang, 2011), (X. Zhang, 2005), (Boeing Singh & Kalidindi, 2006), 

(Wibowo & Mohamed, 2010), (Ng & Loosemore, 2007), (Material, 2001), and (UNESCAP, 

2008) have focused on classifying risk factors into different groups. For the purposes of this 

research they will be categorized into 2 main groups, namely, exogenous risks and 

endogenous risks.  

The exogenous risks category includes the following subcategories: political risks, legal risks, 

economic risks, natural risks and market risks. Most of these factors are uncontrollable by the 

private sector and they are better allocated to be managed by the public sector . The 

endogenous risks category includes the following subcategories: project selection risks, 

project finance risks, construction risks, relationship risks and operation risks. The majority 

of endogenous risk factors are controllable be the private sector, and therefore are better 

allocated to this sector. A suitable risk allocation to the public party and private party will 

lead to value for money. The risk categorizations will be described below in detail. 

 

Figure 3-1: Risk classification in PPP projects 
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Table 3-1: Exogenous risks factors 

Exogenous Risks 

1. Political Risks References  

1 Change in law 
(Ke et al. 2010), (Shen, Platten & Deng 2006),  (Yuan, Deng & Li 2008), (Xu, Chan & Hu 

2009), (Zhang 2005), (Boeing Singh & Kalidindi 2006), (Karim & Alkaf 2011) 

2 Delay in project approvals and permits 
(Ke et al. 2010), (Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006),  

(Ibrahim, Price & Dainty 2006), (Jin & Zhang 2011), (Boeing Singh & Kalidindi 2006), 
(Karim & Alkaf 2011) 

3 Poor public decision making process 
(Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), (Xu, 

Chan & Hu 2009), (Karim & Alkaf 2011), 

4 Government intervention (Ke et al. 2010), (Xu, Chan & Hu 2009), (Karim & Alkaf 2011), 

5 Unstable government (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Zhang 2005), (Karim & Alkaf 2011), 

6 Government reliability (Ke et al. 2010), (Zhang 2005), (Karim & Alkaf 2011), 

7 Inconsistancies in government policies 
(Ke et al. 2010),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), (Karim & Alkaf 

2011), 

8 Strong political opposition /hostility 
(Ke et al. 2010), (Li et al. 2005),   (Ibrahim, Price & Dainty 2006), (Jin & Zhang 2011), 

(Karim & Alkaf 2011), 

9 Expropriation/nationalization of assets 
(Ke et al. 2010), (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Xu, Chan & Hu 2009), 

(Karim & Alkaf 2011), 

10 Inability of concessionaire (Ke et al. 2010), (Yuan, Deng & Li 2008), (Zhang 2005), (Karim & Alkaf 2011), 

2. Legal Risks References  

11 Change in tax regulation 
(Ke et al. 2010), (Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 

2006), (Xu, Chan & Hu 2009), (Karim & Alkaf 2011), 

12 Corruption and lack of respect for law 
(Ke et al. 2010),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), (Xu, Chan & Hu 

2009), (Zhang 2005), (Karim & Alkaf 2011), 

13 Legislation change 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Xu, Chan & 

Hu 2009), (Jin & Zhang 2011), (Zhang 2005), (Karim & Alkaf 2011), 

14 Import / Export restrictions  (Ibrahim, Price & Dainty 2006), (Karim & Alkaf 2011), 

15 Rate of return restrictions  

16 Industrial regulatory change  
(Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Jin & Zhang 2011), (Karim & Alkaf 2011), 

14, 

3. Economic Risks References  

17 Interest rate volatility 
(Ke et al. 2010), (Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 

2006), (Yuan, Deng & Li 2008), (Xu, Chan & Hu 2009), (Boeing Singh & Kalidindi 2006), 
(Karim & Alkaf 2011), 

18 Inflation rate volatility 
(Ke et al. 2010), (Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 

2006), (Yuan, Deng & Li 2008), (Xu, Chan & Hu 2009), (Karim & Alkaf 2011), 

19 Foreign exchange and convertibility 
(Ke et al. 2010),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), (Xu, Chan & Hu 

2009), (Karim & Alkaf 2011),  

20 Poor financial market 
(Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Jin & Zhang 2011), (Karim & Alkaf 2011), 

(Li et al. 2005), 

4. Natural Risks References  

21 Force majeure 
(Ke et al. 2010), (Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006), 
(Yuan, Deng & Li 2008), (Xu, Chan & Hu 2009), (Boeing Singh & Kalidindi 2006), (Karim 

& Alkaf 2011), (Ng & Loosemore 2007), 

22 Environment 
(Ke et al. 2010), (Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006),  
(Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), (Xu, Chan & Hu 2009), (Karim & 

Alkaf 2011), 

23 Weather (Ke et al. 2010), (Shen, Platten & Deng 2006), (Xu, Chan & Hu 2009), (Karim & Alkaf 2011),  

24 Geotechnical condition  
(Ke et al. 2010), (Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006),  

(Ibrahim, Price & Dainty 2006), (Xu, Chan & Hu 2009), (Karim & Alkaf 2011), (Ng & 
Loosemore 2007), 

5. Market Risks References  
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25 Tariff change  (Ke et al. 2010), (Zhang 2005), (Karim & Alkaf  

26 Market demand  (Ke et al. 2010), (Shen, Platten & Deng 2006), (Xu, Chan & Hu 2009), (Karim & Alkaf 2011),  

27 Fluctuation of material cost by public/private (Karim & Alkaf 2011), (Ng & Loosemore 2007),  

 

 

Table 3-2: Endogenous risks factors 

Endogenous Risks 

6. Projects Selection Risks References  

28 Public opposition to projects 
(Ke et al. 2010), (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), 

(Xu, Chan & Hu 2009), (Karim & Alkaf 2011), (Ng & Loosemore 2007), 

29 Uncompetitive tender 
(Ke et al. 2010), (Xu, Chan & Hu 2009), (Jin & Zhang 2011), (Zhang 2005), (Karim & Alkaf 

2011), 

30 Level of demand for the project 
(Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), (Karim & Alkaf 

2011), 

31 Land acquisition 
(Ke et al. 2010), (Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006), 
(Yuan, Deng & Li 2008), (Xu, Chan & Hu 2009), (Boeing Singh & Kalidindi 2006), (Karim 

& Alkaf 2011), (Ng & Loosemore 2007),  

32 Competition risk (Ke et al. 2010),  (Ibrahim, Price & Dainty 2006), (Karim & Alkaf 2011), 

7. Project Finance Risks References  

33 Availability of finance 
(Ke et al. 2010), (Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006), 
(Yuan, Deng & Li 2008), (Zhang 2005), (Boeing Singh & Kalidindi 2006), (Ng & Loosemore 

2007), 

34 Inaccurate estimates (Karim & Alkaf 2011); (Ibrahim, Price & Dainty 2006)  

35 High finance cost 
(Ke et al. 2010), (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Zhang 2005), (Karim & 

Alkaf 2011), 

36 High bidding costs  (Ibrahim, Price & Dainty 2006), (Zhang 2005), (Karim & Alkaf 2011), 

37 Delay in payment of annuity (Ke et al. 2010), (Boeing Singh & Kalidindi 2006), (Karim & Alkaf 2011), 

38 Financial attaction of project to investors 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng 

& Li 2008), (Zhang 2005), (Karim & Alkaf 2011), 

39 Lack of creditworthness 
(Ke et al. 2010),  (Ibrahim, Price & Dainty 2006), (Xu, Chan & Hu 2009), (Zhang 2005), 

(Karim & Alkaf 2011), 

40 Delay in financial clouser (Zhang 2005), (Boeing Singh & Kalidindi 2006), (Karim & Alkaf 2011), 

41 Inability to service debt  (Ibrahim, Price & Dainty 2006), (Karim & Alkaf 2011), 

42 Lack of government gurantees  (Ibrahim, Price & Dainty 2006), (Karim & Alkaf 2011), 

43 Financer unwilling to take high risk (Zhang 2005), (Karim & Alkaf 2011), 

8. Construction Risks References  

44 Construction cost overrun 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng 

& Li 2008), (Boeing Singh & Kalidindi 2006), (Karim & Alkaf 2011), (Ng & Loosemore 
2007),  

45 Construction time delay 
(Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price 
& Dainty 2006), (Yuan, Deng & Li 2008), (Zhang 2005), (Boeing Singh & Kalidindi 2006), 

(Karim & Alkaf 2011), 12, 

46 Material availability 
(Ke et al. 2010), (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), 

(Xu, Chan & Hu 2009), (Karim & Alkaf 2011), 12, (Ng & Loosemore 2007), 14, 

47 labour availability 
(Ke et al. 2010), (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng & Li 2008), 

(Xu, Chan & Hu 2009), (Karim & Alkaf 2011), 12, (Ng & Loosemore 2007),  

48 Poor quality of workmanship 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Karim & 

Alkaf 2011), 
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49 Default of sub-contractors or suppliers 
(Abednego & Ogunlana 2006), (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Karim & 

Alkaf 2011), (Li et al. 2005), 

50 Design & construction complexity (Karim & Alkaf 2011); (Ibrahim, Price & Dainty 2006)  

51 Design deficiency 
(Abednego & Ogunlana 2006), (Shen, Platten & Deng 2006), (Li et al. 2005),  (Ibrahim, Price 

& Dainty 2006), (Yuan, Deng & Li 2008), (Jin & Zhang 2011), (Zhang 2005), (Karim & 
Alkaf 2011), 14, 

52 Late design change 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Karim & 

Alkaf 2011), (Ng & Loosemore 2007), 14, 

53 Construction technology risk (Ke et al. 2010), (Karim & Alkaf 2011),16 

54 Contractual risk 
(Ke et al. 2010), (Abednego & Ogunlana 2006), (Li et al. 2005), (Shen, Platten & Deng 2006), 
(Yuan, Deng & Li 2008), (Xu, Chan & Hu 2009), (Jin & Zhang 2011), (Karim & Alkaf 2011), 

14, 

55 Contractor failure  
(Abednego & Ogunlana 2006), (Shen, Platten & Deng 2006), (Yuan, Deng & Li 2008), (Jin & 

Zhang 2011), (Zhang 2005), (Karim & Alkaf 2011), (Ng & Loosemore 2007), 

56 Quality risk  (Abednego & Ogunlana 2006), (Karim & Alkaf 2011), (Ng & Loosemore 2007), 14, 

9. Relationship Risks References  

57 Different working method between partners 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Jin & Zhang 

2011), (Zhang 2005), (Karim & Alkaf 2011), 

58 Inadequate experience in PPP 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Yuan, Deng 

& Li 2008), (Zhang 2005), (Karim & Alkaf 2011), 

59 Lack of commitment from public/private sector (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Zhang 2005), (Karim & Alkaf 2011), 

60 Organisation and coordination risk 
(Li et al. 2005), (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Xu, Chan & 

Hu 2009), (Karim & Alkaf 2011), 

61 Inadequate distribution of responsibility and risk (Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Zhang 2005), (Karim & Alkaf 2011), 

62 Inadequate negotiation period prior to initiation (Shen, Platten & Deng 2006),  (Ibrahim, Price & Dainty 2006), (Karim & Alkaf 2011), 

63 Conflict between project's participants (Karim & Alkaf 2011); (Ibrahim, Price & Dainty 2006)  

64 Workers strike 
(Li et al. 2005),  (Ibrahim, Price & Dainty 2006), (Karim & Alkaf 2011), (Shen, Platten & 

Deng 2006), 

65 Cultural differences between main stakeholders  (Ibrahim, Price & Dainty 2006), (Karim & Alkaf 2011), 

 

 

 Exogenous risks category 3.2

Exogenous risks are those that arise from outside the project (Danielsson & Shin, 2003). In 

this research, exogenous risks are broken down into five sub-categories: political, legal, 

economic, natural and market risks. Each of these will now be discussed in detail. 

3.2.1 Political risks sub-category 

Wells (1998) described political risks as “threats to profitability resulting from exterior

pressure to a project, which includes some type of governmentactionorlackthereof.”S. Q. 

Wang, R. L. K. Tiong, S. K. Ting, and D. Ashley (2000) define such risks as activities of 

government taking place at local, provincial and central levels that may jeopardize a project. 

These actions are the result of policy or political alterations and the mass of concerned 
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entities in addition to absence of coordination of their policies in concession phases that 

endanger cost recovery (Koppenjan and Enserink, 2009).  

The composition of the political risk is complicated by the interrelation of economic and 

political factors. Moran (1998) endeavoured to distinguish political risk from commercial 

uncertainties due to alterations in economic states. He observed however that this distinction 

is questionable due to government action or lack thereof, as seen in Wells (1998) description 

of political risk. In light of this theoretical difficulty, Howell (1998) proposed that a 

contemplation of the incidents encompassed by political risk assurance could be a practical 

starting point for establishing political risk. This sub-category of risk encompasses the 

stability of political circumstances, policy movement and trade affiliations. 

A PPP project has a lifespan of approximately 20-30 years. It is not easy to avoid government 

changes within such a period. Generally, the subsequent government does not adhere to 

promises made by the previous government. The political changeability means that the 

investment return cannot be ensured. If the investor cannot acquire the minimum profit, the 

project requires early transfer with less qualification. According to Millones (2010) political 

risks may arise that endanger a project as a result an inadequate agreement, imprecise laws or 

incorrect actions from organizations. Principal political risks include inconvertibility of 

currency and transfer limitation, expropriation, impediment in approval, breach of contract, 

alterations in law and corruption. The most frequently occurring risks in a PPP project are 

ending the contract unilaterally, enforcing toll price ceilings and adjusting upwards taxes on 

revenues that would greatly decrease the returns to operators and make it more difficult for 

them to recover expenses, return debts and achieve profits.  

Ke, Wang, Chan, et al. (2010) mention that political risk may result from legal changes and 

obstructive government policies. Noteworthy risk factors include alteration in law, 
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impediment of project endorsement and permit. Alteration in law occurs when local 

governments implement new laws and regulations. Impeding of project approval and permits 

occurs when there is a delay or rejection of project endorsement by local governments.  

1. Political Risks Sub-category 

1 Change in law 

2 Delay in project approvals and permits 

3 Poor public decision making process 

4 Government intervention 

5 Unstable government 

6 Government reliability 

7 Inconsistencies in government policies 

8 Strong political opposition /hostility 

9 Expropriation/nationalization of assets 

10 Inability of concessionaire 

 

3.2.2 Legal risks sub-category 

Farlex Financial Dictionary (2012) defines legal risk as the risk of suffering potential loss 

from a failed investment in a country. Legal risk may stem from issues outside the rule of 

law, for example, from flaws in bankruptcy protection, or local government may take over a 

project in extraordinary circumstances. On the other hand, it is also possible for legal risk to 

occur within the rule of law, as is the case if a company is found against in a lawsuit. 

Victoria (2001) states that legal risk arises when pre-agreed regulations and policies change 

during the project in such a way that there is a financially negative effect the project. For 

example, a change in regulationmay be followed by a change in the project’s equipment,

suchaschangesin‘ventstacksinfreewaytunnelsorairfiltrationequipment’andchangesin

the ways of delivery of service. These results in additional capital expenditure and operating 

costs, in which case the questions is which party bears the costs of such changes. 
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According to Victoria (2001) regulatory risk is the risk that accompanies changes in 

legislation. For example, it may happen when following after a contact is made between 

private sector parties and government, there are changes in government policy following an 

election Iossa et al. (2007) see regulatory risk as arising from changes in the framework and 

system, for instance, unexpected changes in taxation law which include changes in tariff and 

changes in contractual duties.  

There are also risks that licenses will only be issued with severe conditions, or that the project 

can only precede in the face of heavy tax, royalty payments, and strict requirements of local 

suppliers and distributers. To manage these risks, it is advisable that the private sector strictly 

complies with applicable laws and regulations and also makes any drawdown of investments 

with approvals is necessary. 

Legal risk largely results from government policies.  According to Ke, Wang, Chan, et al. 

(2010) the greatest risk factors in this group are alteration in tax legislation, corruption and 

disregard for law and regulation change or discrepancy. Alteration in tax regulation occurs 

when the local government inconsistently enforces tax legislation. Corruption and disregard 

for the law happens when, through dishonesty, government officials do not aid the 

association between the government and the project company.  Regulation changes or 

discrepancies may follow from changes in legislation, which then result in the growth of 

project expense and diminishment of the revenue. 

Eversheds et al. (2002) explain that a legal system in some countries is based not only on law 

itself, but also on a mixture of local custom, principles of natural law and rule of equity. 

When there is a lack of a mature and advanced legal system, a judge refers to other legal 

resources instead, such as Islamic law. For instance, in Libya, the local legal framework 
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consistsof‘authority,theconstitution,laws(includingvariouscodes),executiveregulations 

and ministerial decisions. 

2. Legal Risks 

11 Change in tax regulation 

12 Corruption and lack of respect for law 

13 Legislation change 

14 Import / Export restrictions 

15 Rate of return restrictions 

16 Industrial regulatory change  

 

3.2.3 Economic risks sub-category 

Economic risks are those related to macroeconomic conditions such as volatility in interest 

rate and inflation rate, foreign exchange and convertibility, and a weak financial market. 

These risks influence the likelihood that will not be able to generate sufficient revenue to 

cover its operating costs and repay any debt obligations (Gupta and Sravat, 1998; Duffield, 

1998). 

In the case of a project that is financed in foreign exchange and the project revenue is earned 

in local currency there are currency risks due to variations in the foreign exchange market 

that may lead to repayment problems. Likewise, international projects are often financed by 

long-term loans that may be subject to wide fluctuations in interest rates. Both Thomas et al. 

(2006) and Zeng et al. (2008) point to mistakes in predicting demand, reduction in demand, 

competition, variation of loan interest rate, inflation and currency risks as the most serious 

financial threats to the revenues of a PPP project. 

Karim and Alkaf (2011) also indicate the finance risk resulting from insufficient hedging of 

resource streams and financing expenses. This can impact on the financial appeal of the 

project to stakeholders who may not be content with the financing and revenue. 
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3. Economic Risks 

17 Interest rate volatility 

18 Inflation rate volatility 

19 Foreign exchange and convertibility 

20 Poor financial market 

 

 

3.2.4 Natural risks sub-category 

A force majeure event is one that is totally out of the control of either party and may occur 

for a continuous period or some specified period. Owing to its extremely significant 

consequences neither party is able to be responsible for all or a major part of their duties 

anymore under the signed contract. Dependent on factors such as value for money, 

availability of business interruption insurances and the time taken for project replacement or 

reinstatement, the specified period could be shortened or lengthened. (Treasury, 2007). 

The probability of a force majeure event occurring is much less than of other project risks. 

However, when such an event does occur, its effect on the project may be severe. The 

impacts on the private sector, which bears the risk, are not only restricted to finance but may 

threaten the very existence of the project. To prevent such risk, certain terms should be 

addressed regarding relevant services on the contract. A force majeure event (normally is 

defined as a Relief Event) mayaffectthedeliveryofservicesdirectly,andtheprojects’assets

indirectly (Victoria, 2001). To address risk caused by a prolonged force majeure event, it is 

suggested that the government considers a buyout of the project. It is also suggested to have 

terms on the contract to ask government to consider to buyout a project when suffering 

extraordinary circumstances (UNESCAP, 2008). 

Environmental risk is expressed as actual or potential risk of adverse results on living plants 

and the environment, and may arise due to the deeds of organisations. Victoria (2001) 
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believes that certain contracted services or ways of service delivery may cause pollution to 

the environment. Also, some infrastructures of a project may have environmental issues. A 

great deal of unexpected and additional cost may be occurred, as extra monitoring and/or 

management have to be performed according to the changes in environmental regulations. 

Changes in environment would normally result in changes in regulations and laws. These 

changes would be addressed as a kind of government policy risk. 

Ruster (1997) concludes that there are three main ways to manage and minimize such risks: 

a) investigate and evaluate the possibility of relevant risks; b) try to allocate risks to other 

parties legally through contracts (e.g. require the builder to take risks under the construction 

period through the construction contract); and c) require sufficient insurances to cover 

potential loss of the project and financiers. When a force majeure risk could be insured 

against by the private party alone at reasonable cost, it is better to require the private party to 

bear it alone. When the force majeure risk could not be insured against by the private party or 

only can be insured against with an unreasonable cost, then the optimal way to allocate the 

risk is to share it by both the private and public party. 

PPP projects may draw attention from local people and government regarding their 

environmental concern. Unexpected environmental issues may cause a huge amount of 

additional cost and severe construction delays that are all taken by the private sector. To 

prevent environmental risks, potential investors often take complete pre-assessments on 

environment and identify likely programmes to be carried out. 

4. Natural Risks 

21 Force majeure 

22 Environment 

23 Weather 

24 Geotechnical condition  
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3.2.5 Market risks sub-category 

Market risk is the likelihood for an investor to practice losses because of factors that affect 

the total implementation of the financial markets. Market risk concerns change in wide 

economic circumstances that impact a whole market. For examples of market risk include 

tariff change, market demand, and fluctuation of material cost by public/private (Akintoye et 

al., 2003).  

PPP project may be unattractive to a lender if the market for the project output is not assured. 

The expected demands and price for project output may prove unrealistic, leading to revenue 

and profitability problems. Unless there is a single buyer or a small group of buyers for the 

project output, it is may be difficult to mitigate market risk.  

5. Market Risks 

25 Tariff change  

26 Market demand  

27 Fluctuation of material cost by public/private 

 

 

 Endogenous risks category 3.3

Endogenous risk denotes to the risk from shocks that are created and increased within the 

system (Danielsson & Shin, 2003). This category can be divided into five sub-categories: 

project selection risks, project finance risks, construction risks sub-category, relationship 

risks and operation risks. These sub-categories will be described in detail. 

3.3.1 Project selection risks sub-category 

Essential types of project risk are best focused by project selection due to they are outside 

scope of project managers. This sub-category includes public opposition to projects risk, 

uncompetitive tender risk, level of demand for the project risk, land acquisition, and 

competition risk.  
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For example, a company installs a modern equipment to increase capacity. Nevertheless, the 

project planning team unsuccessful to assess whether there was a market for the increased 

supply made available by the additional capacity. Narrowly expressed, the project was a 

success because the new equipment was installed effectively, on time and on budget 

(company (N/A) in KSA, 2013). Nonetheless, due to there be inadequate demand, the 

company could not sell its additional output at its prevailing cost. It eventually had to go out 

of some of its manufacture lines. As showed, risk management within project planning and 

project implementation often unsuccessful to address exogenous risks to the project. Project 

portfolio management (that is collectively assessing the project activities to attain a set of 

business purposes) delivers a chance to account for exogenous risks and to get senior 

executives to take some ownership of risks before the project starts. 

6. Projects Selection Risks 

28 Public opposition to projects 

29 Uncompetitive tender 

30 Level of demand for the project 

31 Land acquisition 

32 Competition risk 

3.3.2 Project finance risks sub-category 

Theterm“financialrisks”hasvarieddefinitionsin theliterature.Somenotionsoffinancial

risk include only the cost of interest or capital rate, and the currency and inflation exchange 

rates, while construction and operation expenses are not regarded. (S. Q. Wang et al., 2000) 

indicate that financial risk is a kind of risk of difficulty in financing, such as high cost of 

financing or fail to meet financing requirements. However, Moran (1999) cited in (Salama, 

2008), argues that currency fluctuations is the essential factor of financing risk.  

Generally, private PPP providers make a large amount of capital investment and intend to 

make a profit during a long-term period from either operational revenues or a transfer back to 
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the host government. However, the PPP providers may suffer loss in their investment as the 

currency exchange rates may fall in the interim, which is common in many developing 

countries. 

In most cases, project company gains revenue from the local market in the currency of the 

host country, but this is not always the case. Risks arising from unsure foreign exchange 

fluctuations may be taken on by the firm itself, while those due to higher fluctuations are 

managed with the host government’s help, such as by offering guarantees and tariffs

privileges. Some authors maintain that equity-raising tools in developing countries can be 

regarded as financial risks because of the lack of bond and stock market in these countries, 

making it a challenge to organize large funds for a PPP project.   

X. Zhang (2005) emphasises that financial capability of a concessionaire is crucial to the 

development of PPP projects because the financing of these projects is heavily reliant on 

investors and lenders when they are under construction. Lam and Chow (1999) further state 

that the repayment ability of concession companies in a long concession period determines 

the level of financial support obtained from investors and lenders. 

Victoria (2001) posits that financial risk has three components: financial uncertainty risk, 

financial parameter risk and robustness of financial structure risk. 

a) Financial uncertainty risk is the risk that a financier (equity and debtor) may not continue 

to provide financial support to the project. 

b) Financial parameter risk is the risk, that financial parameters may change and that the 

private sector will become fully responsible to the project, which may potentially have 

negative impacts on price. 

c) Robustness of financial structure risk is the risk that the financial structure of the project 

is not robust enough to bring satisfactory profits to the financier during the project’s

lifetime, which may result in a continuity problem for the project. 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

73 
Saleh Alzahrani 

The assessment of a country’s financial risk is involved with evaluating its capability to

produce sufficient foreign exchange to service interest and capital payments on its external 

debt. This risk based on the entire sum of external debt, debt reimbursement schedule, and the 

nation’seconomicrisk.Themagnitudeofdebtandinterestrateestablishesthesizeofinterest

disbursements, although the magnitude and timing of capital reimbursements are reliant on 

the schedule of debt repayment. The country’s capability to comply with debt service 

requirements is dependent on general macroeconomic performance. 

7. Project Finance Risks 

33 Availability of finance 

34 Inaccurate estimates 

35 High finance cost 

36 High bidding costs 

37 Delay in payment of annuity 

38 Financial attraction of project to investors 

39 Lack of creditworthiness 

40 Delay in financial closure 

41 Inability to service debt 

42 Lack of government guarantees 

43 Financer unwilling to take high risk 

 

3.3.3 Construction risks sub-category 

Construction risk is the likelihood of loss related with the physical stage of a construction 

project. Victoria (2001) explains that during construction such a risk might take the form of 

delays in construction and/or an increase of cost, either over time or immediately. 

Construction risk might manifest itself as construction flaws which result in inadequate and 

ineffective service delivery. The financing of every project is based on capital construction 

cost, which is fundamental. Thus, feasibility of a concession may be doubted when cost 

overruns. 
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Some factors of construction risk such as unknown geological conditions, poor project 

definition, or loosely expressed safety specifications can bring significantly negative impacts 

to capital construction costs. But they are also evitable and manageable through well-planned 

and completed pre-concessional engineering studies (European & Policy, 2003). 

Construction delays are also detrimental to capital costs.. Although some delays could be 

well-managed and even minimised through good construction management, they may still 

occur in future. Management and control of other external factors are more difficult. External 

circumstances, such as inflation, and political conflicts, may have a significant impact on 

capital costs as well. Generally, construction risk is allocated to the private sector, which is 

likely to have incentive terms on the construction contract to encourage finishing work on 

time. (European and Policy (2003)   

Construction risk covers events linked to the construction of the PPP assets on time and on 

budget. According to Karim and Alkaf (2011) construction risk in the form of cost overruns 

and time delays may result from poor construction methods, cost increases and impediment in 

construction, as well as problems in land acquisition.  

8. Construction Risks 

44 Construction cost overrun 

45 Construction time delay 

46 Material availability 

47 labour availability 

48 Poor quality of workmanship 

49 Default of sub-contractors or suppliers 

50 Design & construction complexity 

51 Design deficiency 

52 Late design change 

53 Construction technology risk 

54 Contractual risk 
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55 Contractor failure  

56 Quality risk  

 

3.3.4 Relationship risks sub-category 

Majority of PPP projects contain of groups and individuals with different interests and 

motivations (Jepsen and Eskerod, 2009). PPP projects are complicated in specific due to the 

need to integrate viewpoints of a great number of stakeholders involved (Yescombe, 2007; 

Bourne, 2009). Regarding to the significance ofunderstandingstakeholders’prospects, Atkin 

and Skitmore (2008) stated that managing and cotrol these diverse interests is a complicated 

duty, particularly when they are conflicting. Bourne (2009) holds the sight that based on the 

stakeholder possesses in PPP project, they frequently have diverse views of success as well as 

failure. Furthermore, considering that their impact or salience is based on the influence and 

interest they possess, which is always changing, the task becomes even further apparent. The 

prioritization of parties involved should be limited. Mitchell et al. (1997) and Manowong and 

Ogunlana (2010) suggest that assured parties involved need careful consideration and the 

level of this consideration should be formed consequently. In these cases, management of 

stakeholder becomes even more relevant due to they are carried out in demanding and 

changeable institutional environments including some of diverse actors who are influanced 

and try to influance a project (Aaltonen et al., 2008). 

Every risk arisng from situations described above will, in this research, be considered to be a 

relationship risk. Karim and Alkaf (2011) state that relationship risk is mainly concerned with 

organization, coordination, responsibilities and commitment.  

9. Relationship Risks 

57 Different working method between partners 

58 Inadequate experience in PPP 

59 Lack of commitment from public/private sector 
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60 Organisation and coordination risk 

61 Inadequate distribution of responsibility and risk 

62 Inadequate negotiation period prior to initiation 

63 Conflict between project's participants 

64 Workers strike 

65 Cultural differences between main stakeholders 

 

 

3.3.5 Operation risks sub-category 

According to Victoria (2001), operating risk is a risk that the private sector is not able to fully 

or partly deliver its contacted services within the agreed costs. Operating risk also referred to 

as performance risk, comprises three interconnected aspects: management, cost and 

technology. Issues stemming from any of these have the capability to damage debt service 

ability.  Operating costs have a predisposition to surpass expectations if not controlled. Risk 

of operating cost can be reduced through contracts, which encompass operating expenses, 

including the operators, service providers and sponsors, and input supplier. It is possible in 

some projects to subsidize the project organization to service debt payments. Taxes and other 

remittances due to government as well as payments of royalties and dividends may also be 

subsidized to service of debts. 

Iossa et al. (2007) further indicate that factors of operation risk are elements that may result 

in increase of operation costs and failure to meet operation requirements, such as a lack of 

skilful labour, late delivery of equipment, labour disputes, modest maintenance and 

inefficient cost management. According to Boddy (2006), these risks will increase operation 

costsor affect theproject’sproductioncapacity negativelyover its lifetime. Consequently, 

such risks may affect cash flow of the project. Operating risks include a lack of experienced 

and skilled labours, a shortage of operators and inefficiencies of operations, etc. Boddy 

(2006) conclude that for managing operation risk, the most common way is to ask a well-
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financed operator with a good reputation to run the project. There are other methods to 

manage operation risk; including asking for detailed reports on operation during the loan 

period and controlling cash-flows. (Ensuring revenue could be collected promptly and 

regularly and all operating costs are approved). 

Operation risk may crop up from several facets of a project, for instance, cultural difference 

between host environment employees and foreign project supervisors; insufficient 

comprehension of the host business setting; and capability to manage labour issues, 

government officials.  

According to Grimsey and Lewis (2002) operating risk results from increased operating and 

maintenance costs. The important aspect is cost overruns. This is due to inaccurate 

measurement, a poorly planned schedule or minor operating accuracy or operation and 

maintenance.  Operator control influences the project directly if the external circumstances 

are altered or if an operator action is ignored, for instance through operator proficiency, or 

equipment preservation and project operating state. 

10. Operation Risks 

66 Operation cost overrun 

67  Operational revenues below expectation 

68  Low operating productivity 

69  Maintenance costs higher than expected 

70  Maintenance more frequent than expected 

71  Residual value (after concession period) 

72  Operation financial risk 

73  Operator default 

74  Quality of operation 

75  Project / Operation change  

76  Supporting facilities risk 

77  Operation technology risk 

78  Waste of material 
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 Risk categories impact  3.4

PPP projects profit comes from strong representation of all concerned parties. Identification 

and allocation of risks are a crucial matter in contractual agreement, which specifies both the 

nature and content of the contract. Furthermore, different risks can be competently controlled 

by being allocated to parties most capable of managing them by utilizing suitable contractual 

agreements, as well as a concession arrangement between the concessionaire and 

government, and shareholder arrangement, design and construction contract, loan 

arrangement, insurance arrangement, supply and operation arrangements (Zhang, 2005). 

The suitable contractual arrangements and the partnership between the private and public 

sectors serve to provide important public service based on risk allocation. In some PPP 

projects it is important for the government to contribute in the form of project guarantees so 

as to minimize the risk of the private investor securing profits.  

The most vital role of risk management is to enable and orderly and structured approach to 

the control of project risks. A risk categorization system should thus be strong enough to 

enable the limitation of risks (Cannon, 1999). 

The role of risk categorization that was earlier mention is further clarified below. 

 

3.4.1 Exogenous risks impact 

3.4.1.1 Political risks impact 

Kettis (2004) maintains that political risk is too complicated to elaborate as a result of its 

being a fact existing in the boundary between a political environment and an entity and 

includes the theory of risk and uncertainty, political setting and political origins. Political risk 

can be described as the risk subsequent from negative action of central government on an 

entity’sbusinessoperations(i.e.compulsorydivestment,seizingofassetsorexpropriation)or

due to political conclusions.  
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Political risk occurs from the likelihood of an unpredicted political incident damaging the 

profitability of a project and capability of service debt. Political risk may be an action by 

government such as an alteration in laws, rejection of changes in project tariffs to indicate 

inflation or devaluation or postponement in effecting such adjustments, and uncertainty in the 

political structure as a result of acts of man. Routine tariff changes may be included in the 

concession arrangement, but overall conformity is dependent on the government. The 

capacity for controlling such regulatory risk is restricted, with the exception of building in 

buy-out instruments (for example insurance policies) in particularly challenging situations. 

Political risk insurance is the major alternative for reducing political risk. It generally covers 

risks, which encompass civil unrest and war; expropriation, sabotage, terrorism and deliberate 

breach of contract; currency inconvertibility and transfer. Other alternatives include the 

participation of local stakeholders in project shareholding and finance development 

organizations or other authorized support agencies (Odebode, 2004). 

The increase in political risk is reflected in the cost of acquiring financing. The lengthy 

period of the majority of concession arrangements and the common dislike of user fee raises 

result in PPP projects being particularly vulnerable to political risks. This is intensified when 

current governments supervise unpopular undertakings initiated by preceding 

administrations. Frequently political risks are addressed by the resident governments, but 

such allocation may be found to be less than suitable when faced with uninspiring political 

enthusiasm for an infrastructure affiliation (European & Policy, 2003).    

Kreydieh (1996) states that the hazard of financial or political volatility in the resident 

country is the result of occurrences such as strikes, rebellions, creeping expropriation, 

deferral of foreign exchange as well as total nationalisation. Additionally, it encompasses the 

risk that a government may be capable of evading its contractual duties through independent 

immunity principles. Commonplace devices for reducing political risk include: 
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(a) Necessitating host country arrangements and guarantees that a project will not be 

impeded. 

(b) Acquiring legal views on the relevant laws and the ability to impose contracts with 

government bodies. 

(c) Necessitating political risk insurance to be acquired from entities that offer such 

insurance; conventionally government organisations. 

(d) Including investors from several varied countries, national export credit organisations and 

multifaceted lending organisations, for instance a development bank. 

(e) Instituting accounts in constant countries for the collection of sale income from 

purchasers. 

3.4.1.2 Legal risks impact 

The exceptional characters of PPP projects like increased specificity of assets results in 

project guarantors and investors being prone to autonomous renegotiation of contract terms 

and re-classification of property privileges.  

Two aspects of legal risk frequently occur in PPP projects: incompleteness of contract 

(Dailami and Hauswald, 2001) and an incapable legal system. The PPP project comprises a 

nexus of contracts that delegate obligations and responsibilities to different parties. As a 

result of the intricacy and ambiguity inherent in the PPP, it is impractical to predict and cover 

every possibility in the drawing up of contracts. Thus participants may be found at the mercy 

of some risk event not expressly provided in the contracts. It is a challenge to control this risk 

as all mitigation alternatives have their basis in some sort of contract, which may additionally 

be incomplete. Using lawyers to review documentation may reduce some of the related risks. 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

81 
Saleh Alzahrani 

Though governments discuss contract stipulations and provisions with their concessionaires, 

they may not always be capable of upholding their obligations. This is especially true in the 

case of tolls and various user fees that are inclined to be politically sensitive. These are risks 

that are more common than numerous financial participators would care to disclose. They can 

have considerable effects on current concession arrangements, and also reduce interest in 

later projects. 

Regulatory risk is intensified in countries that have new and untried laws regulating PPP 

projects. Such risks are anticipated to be prevalent in countries with relatively little 

familiarity in project finance (European & Policy, 2003). 

3.4.1.3 Economic risks impact 

The inflation factor in the PPP project is a crucial aspect for both parties. Although the rate of 

inflation may not be due to the financial predicament, it could result in several setbacks if not 

properly controlled. The implications of inflation aspects from the view of project finance 

could multiply if another financial crisis were to occur. Thus government should guarantee 

the project funding to gain the trust of the private partner. The alteration in actual prices can 

result in changes in tariffs and therefore decrease of income.  

In some cases, the economic risk is incurred by foreign exchange, which is endured as private 

sectors have absolutely no influence. The economic risk sustained by market demand is also 

retained by the public sector as the expected incomes of service are dependent on the tariff, 

which is closely monitored by the private side. 

 

3.4.1.4 Natural risks impact 

Force majeure risks are activities not within the control of the participators in a project or 

contract, and encompass acts of man, acts of government, acts of nature and impersonal acts. 

Acts of nature comprise occurrences such as earthquakes and floods while acts of man 
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include wars, riots and terrorism. Acts of government are those prearranged with a political 

objective, which impact a project, for instance a general strike. Impersonal acts are acts that 

occur for no specific reason, for instance the failure of the financial structure. Acts of 

government and man are normally controlled under political risk. The major control 

alternative for force majeure risk is insurance. Provision for force majeure in project contracts 

may also function to reduce the risk.  

While a project is in course, an incident not within the power of either partner may take place 

that hinders the private sector from fulfilling its duties under the agreement. Examples of 

such occurrences are an earthquake, flood or outbreak of a war.  

In the case that such an occurrence takes place, government is required to ascertain that there 

are adequate measures in place to mitigate its effect so that the negative implications on the 

project and, particularly on the fulfilment of services may be reduced (Victoria, 2001).  

Implicationsofaforcemajeureoccurrenceontheprivatepartnerfallunder‘noservice,no

pay’.Ifthecontractdoesnotprovideanalternative,theservice charge is decreased and the 

private partner is left with minimal or no proceeds to cater for its fixed costs in the case that a 

force majeure incident hinders or then negatively impacts the supply of the agreed services. 

In a situation where the project asset sustains damage, the private partner is also left to 

maintain responsibility for the implications of such damage, though as illustrated previously 

the project asset may not always sustain damage.  

On the side of government, implications of a force majeure incident may be reduced if 

government is able to acquire the same service from a different source at a similar expense. 

For instance, in the incidence of a damaged plant for water treatment, the water treatment 

may be done at a different location or by different means, or in the case of damage to a 

prison, prison accommodation may be acquired by government through the transfer of 
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prisoners to an alternative facility, subject to the condition of supply relative to demand and 

other security concerns (Victoria, 2001). 

Controlling environmental risk is becoming a key aspect of risk control in PPP projects. 

Environmental risk reduction can cause companies and their investors to gain a competitive 

lead and reduce the possibility of danger to the natural surroundings. PPP projects can impact 

the environment by way of site contamination, emissions and major hazards. This effect may 

endanger the feasibility of a project and thus expose the organisations and their investors to 

risk. Possible losses to organisations encompass criminal and civil liabilities, refusal or 

hindrance of contracts and permits, shutting down of plant, and growth in the cost of capital. 

Legal mechanisms are utilised to avert the financial organisation from taking on risk 

transferred through the organisation, and utilising insurance to pass on risk to third parties 

(Bond, 1994). 

Environmental risk may be caused by harmful emissions. The risks involve responsibility for 

damages and clean-up of environmental destruction. Lenders are especially susceptible to 

environmental risks as a result of the perception that they have deep pockets. Securing 

lenders against environmental risk begins with a meticulous primary environmental 

evaluation to establish conformity with international and local standards. The PPP project 

company should own or have swift access to environmental administration skills. Guarantors 

are expected to either establish a rehabilitation account or give assurances to the government 

of the host country to restore potential environmental destruction. Guarantors may also have 

to offer environmental guarantees, which give the lenders an option to involve sponsors in the 

case of environmental hazards endangering debt payment.  

3.4.1.5 Market risks impact 

Market risk is a facet of demand, cost and reimbursement for a project’s revenues. Issues

with any of these aspects may imply a decrease in expected revenues. Insufficient demand is 
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normally controlled by take-or-pay sales agreements, which assure the least volume and costs 

of output taken by a buyer. There is nonetheless always a chance that the purchaser may 

abscond on the long-term agreements frequently found in PPP projects. The capability of the 

purchaser to pay for agreed output is, if required, backed by: (i) government assurances of 

contractual fulfilment if a government agency is the purchaser; (ii) direct allocation of portion 

ofbuyers’resourceflowtolenders;(iii)escrowaccountarrangedbythebuyerencompassing

service of debt for several months, or (iv) provision of advance payment cushion by 

revolving letter or credit from the buyer.  

Market risk involves alterations in broad economic circumstances that influence an entire 

market. For example, they may be linked to differences in asset worth as a consequence of 

systematic environmental aspects. Other cases of market risk are differences in customer 

spending, level of industrial production, exchange rates, interest charges, and energy costs 

(Akintoye et al., 2003). Additionally, market risks may be the result of general economic 

recession and occurrence of inflation. For example, the risk of a decrease in economic action 

will affect the demand for the agreed service, which will cause the project income to be under 

predictions. Additionally, the risk of inflation will cause the devaluation in the value of 

payments received in the project period and thus decrease the actual returns of the private 

actor (Flyvbjerg et al., 2003). 

 

3.4.2 Endogenous risks impact 

3.4.2.1 Project selection risks impact 

This subcategory as stated before consists of risk factors outside the control of the projects 

manager such as public opposition to projects risk, uncompetitive tender risk, level of 

demand for the project risk, land acquisition, and competition risk. These risk factors might 
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have an impact on project duration or project scoop or directly that lead to influence on risk 

cost.  

Regarding land acquisition most studies agree that this should be allocated as a risk factor to 

the public sector. It is a factor that impinges on the project duration and might affect the 

project scope and cost. Another risk is that the level of demand for the project will be 

insufficient, so that the private sector might have to decrease its production and thereby lower 

its revenues.  

3.4.2.2 Project finance risks impact 

Project financial risk arises from factors such as a high cost of financing that might affect the 

construction cost (S. Q. Wang et al., 2000). Moran (1999) stated that fluctuation of the 

currency is another important risk factor that affects construction cost.  

X. Zhang (2005) emphasises that financial capability of a concessionaire is crucial to the development 

ofPPPprojectsbecausePPPprojects’financingis heavily reliant on investors and lenders when they 

are under construction. The private sector in PPP projects makes a large amount of capital investment 

and expects to make a profit during a project period (Lam & Chow, 1999). In most cases, the private 

sector gains revenue from the local market in the currency of the host country. However, regarding to 

finances from other countries, because of fluctuations in currency exchange rates, the PPP sector may 

suffer a loss in its investment – a common circumstance in many developing countries.  

The most significant project finance risks come from the serious impact of these risk factors on the 

construction unit cost. The most crucial of the risks occurs when the stakeholder is not content with 

the project financing. 

3.4.2.3 Construction risks impact 

As stated by Victoria (2001) construction risk typically is unconditionally assigned to the private 

party. This is usually satisfactory to the private party, as long as the capability of government to 

influence the construction procedure is extremely restricted. If particular obligations are enforced on 
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theprivatepartybygovernmentinrelationtotheproject’sconstruction,theassignmentofrisktothe

private party is endangered as is the capability of the private party to make a resolution about 

how these risks can be best controlled.  

Government will not accept back, or in any way contribute to controlling, risk with the 

private partner if it is not a risk related to a government-instigated alteration in construction 

or other government intervention (either omission or action) in the construction procedure. In 

such a situation it may be suitable with the use of the best possible risk assignment values for 

the cost of such changes to be borne by government. 

Several issues in construction delays are associated with soil conditions that may have been 

overlooked in the very meticulous geological research, or the time consuming performance of 

the technique of construction. These risks are linked to project expense and overruns of time 

causing delays in conclusion of the project.   

The private party controls the potential implications of these risks by passing on aspects of 

the risks to sub-contractors and their insurers who are conversant with the particular territory 

and familiar with mitigating its risks. Despite these bearers of risk, i.e. the third party to 

whom the certain risks are passed on, the private partner maintains the principal liability for 

the specified risk subject to the agreement with government. If a risk materialises, the private 

partner will endeavour to address the expenses by utilising its rights subject to the sub-

contracts against sub-contractors, but if this may somehow be unsuccessful, the private 

partner is required to meet the expenses on its own (Victoria, 2001). 

3.4.2.4 Relationship risks impact 

One of the relationship risks is conflict in PPP projects that arise mostly due to inefficient 

communication, poor personal skills, lack of responsiveness and unethical or opportunistic 

behaviour (Groton, 1997). It is noted, that conflict is not mainly a bad or unusual 
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phenomenon; it is a fact of lifetime that projects managers have to manage with. Moura and 

Teixeira (2010) stated that stakeholder management is a method to manage with and to avoid 

these conflicts by proactively controlling and managing the relationships. However, previous 

study exposes a trend towards reactive behavioural patterns in the PPP project when 

relationships are control and managed (Smyth and Edkins, 2007).  

According to Aaltonen et al. (2008), managing relationships is one of the vital ingredients for 

a project to be successful. It is essential to understand that managing stakeholder and 

managing relationship are strictly intertwined (Smyth, 2008). Some even study managing 

stakeholder or stakeholder engagement as the official procedure of managing relationship 

(Bourne, 2006). In the PPP projects, the attention has been concerning managing the internal 

relationships. The external relationships, conversely, are studied as being a duty that the 

public sector is assigned with (Atkin and Skitmore, 2008).  

3.4.2.5 Operation risks impact 

Operation risks factor has no impact on construction unit cost, because the operation risks 

come after the construction stage. Therefore, this research will not focus on the operation 

risks in PPP projects. 

 

 

 Relationship between risk factors and construction cost 3.5

Identification of risks is possibly the most vital aspect in the risk management procedure as 

these identified risks are the ones that can be managed. Raftery, 1994b asserts that the stage 

of risk identification has not been accorded due consideration in the literature of construction 

management, which tends to deal mainly with its characteristic features.  

Identifying and managing risks are vital processes in all projects. At the same time, in any 

venture total certainty is non-existent. Risks in any project are increased by outlays of capital 
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(that is  money  spent to acquire, maintain, repair, or upgrade capital assets) and  increased 

lead times normally, as well as, in the case of PPP projects by lenders and investors placing 

primary if not exclusive reliance on the cash flows of the project to provide returns 

(UNIDO,1996). Identifying and managing of these risks thus has a major part in the 

organization and financing of PPP projects and has to be dealt with in an organized and 

disciplined manner. 

A practical risk-allocation mechanism is an essential prerequisite for successful PPP projects. 

In PPP contracts, risk allocation is regarded as a method of determining financial stability 

between partners. Thus insufficient allocation of risk can increase capital costs as well as 

levels of tariffs in the project. If inadequacies and increased costs materialize as a result of 

inadequate risk allocation, frequently the renegotiation of concessions is required to establish 

a new allocation of risk between public and private partners (Medda, 2007).  

Transfer risks to the private sector from the public sector are a major element of the estimated 

benefits for the personal funding of the public sector. Ball et al. (2003) observes that risk 

transfer made up 60% of the entire cost saving of PPP projects in the UK, and in the case of 

about one third of these projects, attaining value for money completely depended on risk 

transfer. In theory, risks are allocated within a contract to those that are in a position best able 

to manage them. Practically, the risks delegated to the private sector are covered by the 

government, which naturally covers the cost of the service for the greater period. However, if 

the government is allotted risks, this may have the consequence of a reduced advanced 

project cost (Hodge and Greve, 2007). 

Corbett and Smith (2006) and Chan et al. (2006) found that cost certainty of PPP projects is 

easier to manage as financial terms are specified on the contract. In general, the private sector 
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charges for financing, designing, constructing and operating during an extended period, so 

that the private sector pays close attention to cost control to enhance its profits. 

Allocation of risks has been studied extensively. Bing et al. (2005) believe that most of 

macro-level, including political, social and economic risks, and exogenous risks, should be 

taken on by the public party. Meanwhile, other risks related to the project should be borne by 

the private party. However, Bing et al. (2005) further state that the public party would like to 

take more risks when there is a risk premium to minimise the contract cost. In Shen et al. 

(2006)’sopinion,the‘effective’riskallocationisthatsiteacquisition, legal and policy risks 

are taken by the public sector; while design and construction, operation and industrial action 

risks are borne by the private sector; other risks including development, market, financial and 

force majeure risks should be shared by both of the public and private sectors together. 

 

 Ownership of risk in PPP projects 3.6

A major aspect of PPP is that opportunity is provided for the transfer of ownership of risk to 

the private sector from the public sector if effectively agreed upon at the commencement of 

the project and contract period. For instance, a structure could be designed and constructed in 

such a manner that it necessitates a substantial upkeep cost for the foreseeable future to 

maintain its standard. Conventionally this expense would be absorbed by the public sector 

patron. Subject to the PPP, the private sector would maintain accountability for the 

continuing preservation and repairs to the building. This plays a part in increasing 

concentrationontheproject’swhole-life expenditure. 

Recognition of risks should be at a stage where a particular implication can be recognized 

and a particular action to tackle the risk can be recognized. Once every risk has been 

recognized, they should be allocated to an owner who is answerable for making certain that 
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the risk is controlled and observed. When the owner of a risk is identified it has to be 

indicated on the risk register. The proprietor of the risk is the elected staff member who has 

the critical task of making sure that the implications and possibility of incidence of any 

negative risks are reduced.  

Growthandcontrolofprojectrisksnecessitatesprecisioninrelationtotherisks’natureand

implications. A major aspect in the exact perception of risk is the ownership of risks, that is, 

whom does the risk belong to? An aim of an official risk management scheme is to designate 

all risks to the suitable project partner (Molenaar et al., 2010).  

The proprietor of risk, according to their responsibility for controlling the risk, should have 

adequate influence to ascertain that risk is successfully controlled. The risk proprietor is not 

necessarily the partner who physically takes the measures to minimize the risk. Owners of 

risk should thus ascertain that the risk is raised where required to the suitable management 

level. 

Usually the owner of risk is its manager who assumes the accountability for applying the 

actions that will reduce negative risks. Nonetheless the risk proprietor may organize for a 

different stakeholder with pertinent experience to assume the task of controlling the risk in 

place of the owner. Therefore the public sector may request that the private sector control a 

risk for which it retains ownership. In such a situation, the manager of the risk is accountable 

for the provision of timely updates to the owner on the situation, specifically if there is an 

abrupt decline. 

In particular situations, a risk may be primarily recognized and evaluated by one partner but 

subsequent to discussion, transfer of ownership may be made to another partner for which 

proprietorship is more suitable as the actions are included in its usual remit. The 

distinguishing responsibilities of risk ownership and control and all transfer of proprietorship 
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should be plainly discussed in the risk register. For instance, the public sector may utilize 

contract terms to pass on risk to a design consultant or construction contractor. Different risks 

may be passed to bonding or insurance companies. Alternative risks may be maintained by 

the public partner but control of the risk may be moved to the team managing the project 

(Molenaar et al., 2010).  

Risks that surpass the scope of a single project will be maintained by the public sector. The 

public sector retains one sort of risk, site-specific risks, whose implications are so 

considerable that the risk cannot rationally be dealt with by the project. An additional type of 

risk that the public sector may retain is that which influences a number of projects, namely 

legislative, regulatory or market risks. The theory of risk control is included in risk ownership 

(Molenaar et al., 2010). Risks may practically be passed to the private sector from the public 

partner or to a subcontractor from the private partner if the party receiving the risk can reduce 

the possibility of incidence of risks or otherwise manage its negative impact (Molenaar et al., 

2010). 

Azam (2011) asserts that the role of the conventional project manager has been restricted in 

the scope and manner in which they may actually control risks. This restriction can be 

accredited to a series of factors such as deficiency of technical awareness and project risk 

control experience, cultural differences affecting outlook towards control of risk or 

organizational arrangement that establishes influence and control over resources of a project. 

The restrictions previously mentioned appear to reduce capability of a project manager to 

apply a successful risk control procedure on a project. A probable resolution to the 

predicament possibly lies in creating a framework for assigning risk ownership. This will 

help to identify the most suitable member of the project group for owing and managing any 

particular specific risk. 
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This dilemma is mainly noted where project managers, more usually than otherwise, are not 

experts on the subject at hand and therefore place reliance on the experience of their team 

members for adequate risk control. In such situations, the capability of the project manager to 

counter some or all of the risks is dubious. 

3.6.1 Private sector risk ownership challenges 

The incidence of risks can happen at different stages in the entire procedure of formalizing a 

PPP accord. In the primary contesting and award stage, numerous challenges may be made by 

both partners. The private sector may be subject to delays resulting from the absence of 

administrative ability on the part of the public sector to capably manage the process of 

assessing and awarding agreements. This should be contemplated at the negotiation stage and 

suitable principles for handling must be plainly illustrated in the agreement (Hayford, 2006). 

The private party is also subject to political risk at the contesting and award stage presented 

as favouritism and corruption. A study by the World Bank in the transportation sector found 

that the normal number of bidders for consideration of a green field project in the 

transportation sector is two or three (Thomsen, 2005). In construction stage it is 

approximated that six organizations monopolize 50 % of the international market, and 90 

percent of the construction projects is shared by sixteen organizations. This evidence clearly 

illustrates that favouritism is happening and that there is an absence of competition in the 

market arena. In the primary stages another issue encountered by consortia and private firms 

is the absence of contract sanctity in developing countries. This is usually a discourager to 

having commercial dealings with such countries. The political risk that ensues from common 

changes in public sector may result in misperception, substandard communication, and a 

meagre exchange of data, as an incumbent government may be have different opinions of the 

concessionaire than the previous government had, and may therefore alter its awareness of 

the project (Bracey, 2006). 
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Risk linked with the misunderstanding of market requirements and production expenses by 

investors has been comparatively rare. However, in undertakings in telecommunications and 

transportation, it occurs more often compared to other sectors. Additionally there are 

instances in which the consortium or private company will deliberately and tactically 

undervalue market requirements when they anticipate the necessity for future renegotiations. 

One potential cause for this is if the market requirements are undervalued, the cost of their 

bid would be reduced which would enhance their chances of being awarded the contract, and 

afterwardsinsistonadditionalfundsasaresultof“specialcircumstances.”(Bracey, 2006). 

 

3.6.2 Public sector risk ownership challenges 

Bracey (2006) scrutinises both advantages and disadvantages of PPP allocation of risks. 

Inability to reduce project procurement risk may also result in suffering of losses by the 

public sector. Undeniably, there are circumstances in which the capability to control risk 

from the inception of the project is subject to the capability of the private sector to adequately 

control its risk factors. For instance, if the private party is unable to achieve financial closure 

on a contract, the public party is required to begin the procedure again and spend additional 

time and resources in procuring a different service supplier. In the meantime the private party 

experiences financial losses and damage to its reputation that might have an impact on its 

forthcoming capability to attain agreements in PPP or alternative agreements. The public 

party can reduce these risk factors by opting primarily for a dependable group from the 

selection of bidders. If the public party does not control risk factors, the entrepreneurial and 

investment society may lose trust in the client. Although not all of the risks addressed by the 

government are seen to be measurable, the client may experience a loss equivalent to the 

dollar equal to the entire price benefits, and public commodities resulting from the intended 

project if the private sector withdraws.  
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 Summary 3.7

This chapter classifies the risk events into two main categories: Exogenous risks, and 

Endogenous risks. The exogenous risks are classified into five sub-categories which are: 

political risks, legal risks, economic risks, natural risks and market risks. The endogenous 

risks are classified into five sub-categories which are: project selection risks, project finance 

risks, construction risks, relationship risks and operation risks. The next chapter will map the 

influence of risk events towards cost overrun, and also map out the interdependencies 

between the risks events. This will help in identifying the cause-effect relationship that can be 

used in the SD modelling.  
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 Introduction 4.1

All of a project's risks should be identified and assessed when planning the project. This 

helps safeguard as much as possible against any risks or problems arising later. A crucial role 

in building a trustworthy cost model is the identification of cost-determinant factors and 

assessment (Elhag, Boussabaine, & Ballal, 2005). 

Even though cost of risk is one of the most significant expenses, it is sometimes not 

considered by construction companies (Banaitiene & Banaitis, 2012). In any given activity in 

business, the foremost factor to be considered, especially in construction for both contractors 

and clients, is poor cost performance, which is a source of a major concern  (Memon, Abdul 

Rahman, Abdullah, & Abdu Azis, 2011; Xiao & Proverbs, 2002). To ensure that costs stay 

under control, it is important that there is a full understanding of the cost-determinants and 

how these will benefit the cost estimator Elhag et al. (2005).  

The cost performance of construction projects has been well researched, leading to the 

conclusion that several variables serve as risk drivers. An individual project’s cost

performance can be calculated by looking at cost growth (Minato & Ashley, 1998). The 

former comprises all extra expenses encountered due to base contract modifications. 

Furthermore, cost growth being used as means of measuring performance must be expressly 

shownwhendifferentcompanies’performancesareevaluated (D. Baloi, 2002). 

It has been shown that a number of risk factors from the project estimation stage to the 

completion stage influence the construction cost. Prior literature on this matter comprises 

works by (Memon et al., 2011), (Stoy & Schalcher, 2007), (S. L. Chan & Park, 2005), (Elhag 

et al., 2005), and (Bubshait & Al-Juwairah, 2002). Each of these authors highlighted factors 

that influenced costs in various countries. Various studies have been conducted into the risk 

factors that impact upon cost performance for contractors. The cost performance rate is 

applied ordinarily to ascertain the cost performance of an individual project; this is the 
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percentage difference between final agreement amount and agreement award amount at the 

beginning of negotiations. The former comprises all additions caused by changes in variables. 

In managing cost and accounting for external conditions for construction organisations, it is 

also important to appreciate the technological and political context that influences 

construction costs (D. Baloi, 2002). According to reports, the majority of PPP projects in 

China suffered from cost overrun, schedule delay, or failure to deliver the agreed service 

(Zeng, Wan, Tam, & Liu, 2008). 

One individual risk event may occur due to single or numerous sources, and likewise its 

consequence can be several in number (M. T. Wang & Chou, 2003). If these are not managed 

properly, thy may lead to serious implications such as poor quality, schedule delays, budget 

overrun and contractual arguments (L. Y. Shen et al., 2006). 

Achieving an adequate range of profit margin is an aim generally pursued by contractors 

although such margins have been dropping for the majority of contractors on projects of late.  

For many years, contractors have normally used financial profit margin to cater for any risk 

inherent in projects, but rising levels of competition mean that such an approach is no longer 

adequate and that risk management abilities must be improved (D. Baloi, 2002). Correctly 

understanding risk will allow contractors to evade any potential damaging impact on their 

profit margins (Banaitiene & Banaitis, 2012). 

Real benefits to be gained from a particular project are known as ‘desired outcomes’. A

government will often bear the significant risk that a private party will not in delivering such 

outcomes, so that a risk analysis must be made beforehand, paying specific attention to 

achievingtheproject’saims(Victoria, 2001). 

When a project encounters change, the impact is not always negative. On the contrary, it can 

provide unexpected benefits thereby improving profitability in an unforeseen manner. During 
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riskallocation,thereshouldbesomethoughtgivento‘symmetrical’ (regular) elements which 

deliver rewards for any unexpected benefits and liabilities from risk unpredictably surfacing. 

This encourages those involved to add more efficiency to the project and let benefits offset 

losses from risk (Victoria, 2001). 

Better efficiency in terms of cost-effectiveness and timeliness would definitely help not only 

the construction industry. Work aimed toward addressing these areas focused on time and 

cost in the construction industry where costs frequently overrun as well as time in high-rise 

construction (Kaming, Olomolaiye, Holt, & Harris, 1997). 

Although some existing literature deals with cost influencing factors, there has not to date 

been any published research on mapping risk factors influencing risk cost and outturn unit 

cost in  PPP projects in Saudi Arabia. However, some studies have looked at the construction 

industry in Malaysia as with regard to more general points and focussing at conventional 

methods. Such research can help to define theoretically relevant causal relationships (Bari, 

Yusuff, Ismail, Jaapar, & Ahmad, 2012). 

 

 Mapping Risks into Construction Cost 4.2

In the majority of previous risk analyses, risk events were assessed independently. Kim et al. 

(2009) gave prominence to attention to interaction between risk-related factors more 

willingly than individual risk events. Therefore, risk events should be evaluated with the 

attention of their interactions, to reach better simulation of risk events evaluation. 

In this section the research will focus on mapping the interaction of impact of risk events 

between each other and their influence on construction unit cost. Mapping impact of risk 

events will be between just risk events in each sub-category separately as investigated below. 

However, by grouping risks into two classes this will certainly lead to the fact that the 
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exogenous risks are not mapped against endogenous risks. This research limitation was 

addressed by this study to improve the significance of multiple regression results. However, it 

is possible to combine all risks together in one set and carry out the multiple regression 

analysis. This was considered impractical for run regression with 68 variables.  

4.2.1 Exogenous risks 

Numerous researchers, including (Akinci & Fischer, 1998; Ashley & Bonner, 1987; Jahren & 

Ashe, 1990; Kaming et al., 1997; S. Ogunlana & Thorpe, 1991; Stobaugh, 1969), have 

conducted studies of these risk factors. A project’s cost performancemay be hindered by

global risk factors in two stages: they can impact on estimates of construction costs as they 

alter work amounts, and they can input expenses during construction. (D. Baloi, 2002). 

Particular focus is given here to exogenous risk factors as they are poorly defined and seldom 

understood fully by contractors despite the major impact they can have in cost performance. 

In general, contractors, particularly in developing nations, have insufficient experience to 

manage such risk factors appropriately (Daniel Baloi & Price, 2003). 

Akinci and Fischer (1998) examined thefactors likely to impacton thecontractor’s riskof

costs overrunning. They paid specific attention to external factors including political and 

weather conditions. This review appears to agree with previous studies, such as those by (Al-

Bahar & Crandall, 1990; Flanagan & Norman, 1993; Raftery, 1994) on the requirement for 

proper consideration of internal and external factors in the risk management process. There is 

however some evidence that demonstrates that most organisations within construction look at 

risk factors estimated quantitatively (ICE, 1998) and pay minimal attention to additional 

factors (D. Baloi (2002). 
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4.2.1.1 Political Risks 

Political risk is a highly subjective and business-specific phenomenon and has been defined 

in many ways. The Overseas Private Investment Corporation (OPIC), an entity that provides 

political risk insurance against losses incurred by American firms engaged in operations 

abroad, defines it as the occurrence of some political risk events that will change the 

prospects for the profitability of a given investment (Kobrin (1982). Another accepted 

viewpoint defines political risk as a government interference, through specific acts or events, 

with the conduct of business or in terms of overall government policy towards foreign 

investors (Ashley & Bonner, 1987). 

For privatised infrastructure projects in developing countries, one of the most significant risk 

factors is political uncertainty. Naturally, any project funded by a government is political in 

nature (Daniel Baloi & Price, 2003). Moreover, political risk factors have a great impact on 

construction costs from estimate to completion and can significantly affect the performance 

of PPP projects (Xu et al., 2011). 

Contractors at a multinational level are especially vulnerable to fast, unforeseen change in the 

political context that impacts on principal cash-flow parts of their projects. Also multinational 

contractors are also susceptible to political turnover. Quick, unexpected change in the 

political sector can result in heavy losses. A worry about political risk in general 

multinational business interests has facilitated the development and growth of the political 

risk analysis industry. A firm in the multinational construction sector ordinarily conducts 

itself in a largely uncertain environment. It needs to frequently assess these risks, and react 

accordingly by changing strategy and culture. If a firm cannot fully comprehend these risk 

exposures, their profitability will suffer as well as their market share and long-term security 

(Ashley & Bonner, 1987). 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

101 
Saleh Alzahrani 

This is illustrated in figure 4-1: mapping impact of risk events between each other and their 

influence on project construction. It shows clearly the interaction between the risk events. 

Every risk event triggers another risk event or is impacted by another risk event. Regarding 

unstable government, Busse and Hefeker (2007) maintain that risk for foreign investment is 

not always increased by political instability. In some countries, political instability, which 

brings about radical change, is a representation of a traditional system of change. In these 

instances changes may have minimal impact on foreign investments. Construction ventures 

are not always critically affected by such changes (Ashley & Bonner, 1987). 

Another political risk factor and one of more significant political risk factors is change in law. 

Certain acts of law can have a huge impact on projects (D. Baloi, 2002). The requirement for 

design modification is one of the clearer results of change in law during construction. Capital 

expenditure consequences of design change depend on the nature of the requirements 

themselves, and the stage of construction. However, in general, design flexibility and the 

brevity of the construction period together make it improbable that major change would be 

needed at this point (Victoria, 2001).  Khaliluddin (2010) argues that risk brought on by 

changes in laws and regulations are intrinsically governmental and the parties have less 

involvement in such modification. If there is abrupt modification, the planner must alter the 

schedule. If the changes are enforced after design, subsequent oppositions can cause project 

delays. Furthermore, if the project is large the risk allocation is of great importance. 

Another factor of political risk is government intervention risk, which applies to major 

administrative intervention or poor supervision. The government might interfere in design, 

site choice, engineering construction, operation, and product sales of PPP projects by giving 

compulsory regulations, making purchase orders of raw materials, and recouping extra fees 

for chartered rights, etc. (Xu et al., 2011). A specific plan will be drawn up by the contractor 

to carry out every activity and could be affected if owners intervene. The risk category can 
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lead to financial loss and it is imperative that the contracting parties are aware of the risk 

allocation. The contractor may be unwilling to react to the owner on issues about intervention 

intheeventthatthereisamajorshiftinthework’sscope(Khaliluddin, 2010). 

Expropriation and nationalization risk events are also examples of political risks. Since 

World War 2, American firms have come across numerous occurrences of such risks 

particularly in Central and South America (Ashley & Bonner, 1987).  Nationalistic factors 

usuallyliebehindsuchactionswiththefeelingthatanation’swealthshouldbebetteredfor

its own benefit and not the benefit of a foreign body. Protecting national security and interests 

are at the heart of the expropriation of machinery used by foreigners. Therefore, 

expropriation and nationalization are particularly notable actions that can result in huge 

losses, and very often the compensation due does not match the scale of loss (Ashley & 

Bonner, 1987). 

Focusing of the interaction between impacts of risk events on each other and eventually on 

construction cost, rather than ignoring the impact of interaction between risk factors will give 

a clear picture of the magnitude of the impact of risk events that might affect the project 

construction cost.  

 

Figure 4-1: Mapping Political Risk Factors into Construction Cost 
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4.2.1.2 Legal Risks 

Legislative and government policy risk refers to the risk that a government will apply its 

authority in a manner that has a detrimental impact on the project. Such measures taken by a 

government may include policy changes that could hinder the way in which a project is 

carried out or hinders the connection between the project and public infrastructure. 

Legislative changes or a change in government are perceived by the private party as critical 

risk factors when dealing with a government (Victoria, 2001). 

Chen and Doloi (2008) noted that an insufficient and unclear legal system and a complicated 

approval mechanism are the most significant factors (Xu et al., 2011). Research was 

conducted by Kaming et al. (1997) into factors affecting construction duration and increasing 

cost in the context of high-rise projects in Indonesia and the study found local regulation to 

be one of the primary causes. Xu et al. (2011) see the legal risk is one of the significant risk 

factors affecting construction performance. 

China still has no united national PPP legal system and lacks the legal climate that would be 

conducive to PPP projects (Qi et al., 2010). Such projects carry particular difficulties that are 

normally managed by ministerial regulations or local government (Yuan et al., 2008). 

Therefore, costs will usually be high for project companies while high risk is associated with 

getting accustomed to the local legal framework. PPP project related risks are primarily taken 

from changes to relevant laws such as land and environmental protection as well as 

government policies in general (Xu et al., 2011). 

Figure 4-2 illustrates that when legislation change risk events occur, that may lead to 

influence on another legal risk event such as change in tax regulation, import/export 

restriction and in some cases might lead to corruption and lack of respect for law. 
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The interaction between legal risk factors shows the magnitude of the impact of legal risk 

events on construction cost see (figure 4-2). Corruption is one of a legal risk that comprises 

various actions or omissions that are designed to misrepresent the facts to the benefit of one 

party, at the expense of another. Work performed by present and past researchers has shown 

that fraudulent practices and kickbacks were huge factors in increased costs in construction 

projects in Nigeria (Elinwa & Buba, 1993). Corruption and bribes can happen at any level in 

construction (Khaliluddin, 2010). For construction projects, fraudulent practice includes 

distortion of facts to affect the procurement process or the signing and drafting of a contract 

toanotherparty’sdetriment. During a tender, misrepresentation normally manifests itself in 

collusion among bidding parties before or after the bid has been lodged to create artificial 

prices to thwart any sort of competitive bidding. Wills (1986) noted that contractors might 

enable a small bid knowing that the client will contribute toward an inflated tender price at a 

later stage. Meanwhile, corruption entails offering, giving, receiving or soliciting anything of 

value to entice a decision from an official involved in the tender or contract (D. Baloi, 2002). 

Corruption and fraud, and the problems they bring, were identified by Okpala and Aniekwu 

(1988) and Elinwa and Buba (1993) as primary reasons for construction projects in Nigeria 

becoming expensive. Wills (1986) claimed that cheating in tendering in developing countries 

was endemic. On another note, Rosenbaum (1997) stated that hundreds of millions of dollars 

had been wasted on risk management problems in developing nations. Costs attributed to 

ambiguity have brought about the failure of some projects. The risks most commonly 

encountered in this context are political instability, currency fluctuations, material availability 

and corruption. Any program funded by the government was considered political by nature. 

Moreover, projects conducted by foreign parties for a domestic purpose often aroused 

suspicion of bribery. The need for ethics to be adhered to was highlighted by Al-Harbi, 

Johnston, and Fayadh (1994) who noted that collusion and conspiracy were commonplace. 
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Theuseof“weaselclauses”byarchitectswasmentionedastheyputunevenriskliabilityon

the contractor (Al-Harbi et al., 1994; D. Baloi, 2002).  

Okpala and Aniekwu (1988) also noted that the causes of cost overruns are often discussed 

but it appears that little has been done to minimise the problems. Fraudulent practices and 

kickbacks were identified as two of the most important factors. Elinwa and Buba (1993)  

studied construction cost factors in Nigeria and appeared to acknowledge previously noted 

factors. According to the research results, fraud is one of the main causes of escalating 

construction costs (D. Baloi, 2002). It should be noted that although such factors are 

significant in Nigeria, they will be less relevant in other countries such as the UK which 

controls rigidly its procurement systems with regulations (Elhag et al., 2005). 

During projects, any criminal acts are clearly unwanted by the contracting parties. However, 

they can happen and such risks are difficult to manage, especially if external. The contractor 

and owner cannot be expected to foresee such acts and will base decisions on the facts 

available at the outset (Khaliluddin, 2010). 

Figure 4-2 also shows other interdependencies between legal risk events, such as change in 

tax regulation that might influence import/export restriction risk events that could lead to 

increase in the construction cost.  

 

Figure 4-2: Mapping Legal Risk Factors into Construction Cost 
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4.2.1.3 Economic Risks 

The economic factors considered in terms of cost performance differ according to the specific 

location and emphasise the importance of economic instability, which is shown by market 

conditions, financial system, inflation rate, exchange rate and interest rates. Figure 4-3 shows 

that normal factors of an unstable economy include inflation, making it hard to predict 

exchange rates. Generally, numerous economic variables are connected with each other so 

that instability affects everything. For instance, escalating expenses due to increasing 

inflation normally lead to interest rates following suit and discourage investment in property 

development and the expense of loaning money could decide whether a project proceeds or 

not (D. Baloi, 2002) 

Factors attributable to the economy are heavily influenced by events that have no specific 

relationship with construction but strongly affect cost. As a result, economic factors must be 

acknowledged as they are omnipresent in construction projects and carry consequences on the 

costs of input (Smith, 1999; (D. Baloi, 2002). Potts and Patchell (1995) argue that among the 

causes leading a project to face cost overrun and delay to complete on time are inflation, 

interest charges and exchange rates. 

Figure 4-3 illustrates the magnitude of influence of inflation risk events on other economic 

risk events. Xu et al. (2011) point out that one of the main risks affecting the performance of 

PPP water projects in China is inflation risk. Inflation remains a very important sign of 

whether an economy is in good condition or not (Xu et al., 2007). It leads to an overall price 

level rise while purchasing power falls. PPP projects can encounter this more explicitly in the 

later stages of construction (World Bank, 2006).  D. Baloi (2002) noted that factors 

influencing construction time and cost increase were researched on high-rise projects in 

Indonesia and found that inflation was a significant contributing factor. Kaming et al. (1997) 

also regard that as one of the prime variables of cost overruns. It was agreed by Stukhart 
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(1982) that inflation has turned into a serious problem the effects of which reverberate around 

the whole construction industry. Contractors experience serious uncertainty in tendering and 

financing construction projects. The impact of inflation on profit and the price determined by 

a contractor was studied by Warszawwski (1982) who found that the ambiguity level does 

impact on prices overall. Moreover, if not protected against risk by a suitable contract in 

which the contractor includes an amount in his fee for serious escalation of price inflation 

increases can become one of the main causes for overrunning costs Elhag et al. (2005). 

Markets have been characterised in recent years by inflation and sudden changes in price. 

The contractor is often troubled by a fixed type contract as inflation and sudden change in 

price pose a very significant risk in construction (Khaliluddin, 2010). 

Every country has its own economic situation and this has been under examination 

particularly in terms of currency fluctuation. When the economy changes the contractor is 

focused on market fluctuations in order to remain aware of project costs. Therefore, it is 

critical for contractors to foresee the progress ahead of time so that a contingency plan can be 

drafted (Khaliluddin, 2010). 

Other economic risk events illustrated in figure 4-3 include interest rate volatility, and forging 

exchange and convertibility shows their influence on construction cost. 

 

Figure 4-3: Mapping Economic Risk Factors into Construction Cost 
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4.2.1.4 Natural Risks 

Cost of construction delay (except where coming from government design changes or 

interference) normally falls on the private party. But there can be situations where extensions 

for time to complete are given to avoid a party from defaulting on the contract, which would 

allow for termination. A contract may specify such circumstances, including pollution 

causing delay to works, and force majeure events. Notwithstanding the government’s

responsibility for a particular event, these circumstances should not lead to any risk 

redistribution. In very special situations, where government acts caused the delay, the 

government might accept the burden of the extra cost (Victoria, 2001). 

Figure 4-4 shows the interactions of natural risk events, and their influence on construction 

cost. Weather is a natural factor that is outside the remit of any contracting group. However, 

some sort of contingency is necessary to combat adverse weather hindering a project’s

completion (Khaliluddin, 2010). Adverse weather can be a significant factor of risk in 

construction but, to a certain degree, weather can be foreseen and measures put in place to 

lessen the damage done to a project. Weather may by seasonal but is still not entirely 

predictable and this can add to the cost and duration of a project. For instance, humidity and 

extreme heat can limit project productivity. Akinci and Fisher (1998) suggested that 

contractors should not merely focus on the examination of probabilities and cost 

consequences but also the exposure. Numerous developing nations are located in tropical 

regions where extreme weather has a huge impact on construction. Stabb (1989) studied a 

construction project in Somalia and stated that significant problems were presented by 

weather including corrosive environment, high solar radiation, high wind speed and sand 

abrasion (D. Baloi, 2002). Weather conditions were listed by Kaming et al (1997) in their 

study into high-rise projects in Indonesia as one of the main causes for construction delay and 
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increasing cost (D. Baloi, 2002). This study concluded that unforeseen adverse weather is one 

of the significant variables that may result in increased costs.  

Okpala and Aniekwu (1988) see weather as being a less important, but still significant factor, 

they suggest that construction’smainproblems are humandecisionmaking judgments and

solutions to these would reduce delays and costs. In the United States however, weather was 

listed as one of the top three factors responsible for delay (Baldwin et al, 1972) as some parts 

of the country cannot work in winter. The writers were unable to establish the quantitative 

impact of this variable in the US construction industry (Okpala & Aniekwu, 1988). 

Where a site is contaminated, environmental issues arise especially where a party provides 

services that carry a risk of pollution, or where certain infrastructure may impact negatively 

on the environment. Modifications to environmental laws can add to expenses if new 

monitoring or management requirements are enacted that were not foreseen when the contract 

was being drafted. For example, in waste management the Victorian Environment Protection 

Authority (EPA) to Coode Island silts extracted from several major project sites in 

Melbourne, which at the time of its extraction was officially sanctioned for disposition as 

clean fill. Such alterations would normally be covered by law and debated in the area of the 

legislative and government policy risk (Victoria, 2001). 

 

Figure 4-4: Mapping Natural Risk Factors into Construction Cost 
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4.2.1.5 Market Risks 

Market risk refers primarily to the sales risk of project products or services, such as an 

increase or decrease in market demand. Market demand increase may require the 

concessionaire to expand the original project to meet the expanded demand of water volume. 

By contrast, market demand decrease may result in an operation revenue risk to the private 

sector.Unlesstheprojectcompanyobtainsthegovernment’spromisethatitwillpurchasethe

products as a whole or in parts at a reasonable price after the completion of the project, the 

concessionaire will face a high market risk (Wang and He, 1999). Xu et al. (2011) noted that 

market demand change risk and inaccurate market forecast risk are significant critical risks 

affecting the performance of PPP water projects in China. 

Figure 4-5 illustrates the interaction between market risk events. Fluctuation in prices was 

one of the main causes identified that would add expense but not delay (Okpala & Aniekwu, 

1988). A fluctuating price, was one of the main factors of inadequate cost performance in 

construction projects in Nigeria. Additional research by Jahren and Ashe (1990) and Elinwa 

and Buba (1988) showed that similar variables had the highest influence on project cost 

(Daniel Baloi & Price, 2003). Okpala and Aniekwu (1988) noted that in an examination of 

the causes of high construction costs in Nigeria, one of the top factors was price fluctuations 

and the factors, more broadly, were influenced heavily by the country in which they were 

located (Elhag et al., 2005). Although fluctuation in prices of materials ranked at one of the 

top of those affecting construction costs in Nigeria, it is not so applicable to other countries 

especially the UK where there are a stable economy with low inflation (Elhag et al., 2005). 

Some factors could cause costs to overrun but not necessarily delay, and price fluctuation was 

deemed the most important factor. This clear choice was not related to general high and 

unstable inflationary habits in the nation. This is likely to be caused by demand exceeding 
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supply, perpetuated by artificially created lack of goods. Fluctuation will affect materials, 

labour and other materials and services.  

A wider solution for countries for this issue would lower costs increasing. These trends in 

inflation are not immediately seen in developed countries and may have assisted in the almost 

correct projection of construction costs (Okpala & Aniekwu, 1988). 

 

 

Figure 4-5: Mapping Market Risk Factors into Construction Cost 

 

4.2.2 Endogenous Risks 

4.2.2.1 Project selection risks 

The interaction between project selection risk events is illustrated in figure 4-6.  One of the 

important risk factors in this category is competitive risk, which plays an important role in 

construction cost. Normally it is recognised that projects with a greater number of bidders are 

likely to display broader variability among tenders. The amount of bidders is directly 

associated with the extent of competition, which may be low or high, from which market 

circumstances is the most significant. Neufville et al. (1977) state that contractors display 

compliance in carrying out projects that are less appealing, and incur losses at times, when 

market activity is reduced. Conversely, levels of tenders are anticipated to increase and the 

competition is not as bad in times of favourable economic performance. The appraisal of 
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alterations in benefit of the project to the contractors is difficult to simulate, and thus 

considerably impacts the tendering prices. A number of authors have illustrated that there was 

a negative association between low bid and the amount of bidders (Baloi, 2002).  

History has illustrated that if the partnership that is PPP contract does not financially benefit 

the private party – where, for example, the private party has greatly under-priced its bid to 

acquire the project – it is not probable that the project will function to the satisfaction of the 

government. In the circumstance that the private party secures an unsuitable bargain, which 

could occur when subject to extreme competitive force or subject to interior forces due to the 

failure to secure different contracts, the project starts on an incorrect course which may 

possibly cause perpetual challenges or commercial catastrophe.  

The government should attempt to mitigate financial risk by ascertaining that only reliable 

and able parties are included in the short-listing for bidding participants. The government 

should additionally seek to ascertain that it not only selects the bid comprising the lowest bid 

price, but one that has a financially sturdy framework and which is able to produce suitable 

returns from the project and simultaneously attain value for money for the government.  The 

government as a matter of course is not required to accept the lowest bid as indicative of the 

best value for money. Adequate appraisal processes have to be implemented to assist in 

assuring that bids are financially sturdy and the bidder is not assertively estimating risks for 

the sake of winning the bid, thus conceding greater value for money to the state (Victoria, 

2001).  

It is essential that the government observes the trends formed by bids, and as much as 

possible carries out an actuality test or evaluation, so that an important under-bid is not 

agreed to immediately. One sign of danger could be where the financier is reliant on a 

refinancing at rates that are more suitable to ensure the commercial feasibility of the 
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undertaking in the extended period. Though normally this is achievable when the project 

comes into a stage with reduced risks, if a risk appears and risk appraised as high impact, the 

private party could be found in an unsound business position, encouraging a desire to default 

and retreat. In spite of the observation among a few private sector parties that the state gains 

from step-in and termination, this result is in variation with the Partnerships Victoria theory 

which identifies value for the state in service execution for the private quarter and in 

sustaining a constant, beneficial association (Victoria, 2001).  

Figure 4-6 illustrates the influence of uncompetitive tender on the construction cost.  The 

existing competition in the field where the project is under construction will additionally 

impact the cost of the project. Among other factors that impact competition are that the 

greater the number of qualified contractors, the larger the possibilities for competitive costing 

and the lower the constructioncost.Thekeyisintheexpression‘qualifiedcontractors’,who

are those that can competently complete the project. Many contractors and sub-contractors 

tend to be suspicious. If their bid is greatly lower in comparison with the rest of the 

competitors, there must plausible explanation for this. There be doubt if a bid is vastly 

different from the rest, either extremely low or extremely high. If the project is won by the 

lowest bidder, there could be actual challenges in achieving a construction of superior 

quality. In the majority of government projects, there may be an obligation to accept the 

lower bid. It is essential to establish very precise illustrations and particulars to ascertain that 

those participating in the project bidding are compelled to complete the project on time and 

under budget. Also a second key aspect of acquiring a competitive bid is to permit bidders 

some privacy for their pricing of the project. The illustrations and specifications have to be 

exact enough to communicate to the contractor the level of quality anticipated, but still 

provide them with sufficient choice to offer possibilities for them to choose techniques, 

inputs and staff, which could be cheaper than those selected by the competition. Piotrowski 
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(2011) mentions a number of classes of specifications that are significant as they can 

establish the extent of competition available in pricing for the project. Specifications that are 

closed do away with the majority of competition, but help establish that all facets of the 

project are constructed or implemented exactly as designed. For the project to be of superior 

quality, closed specifications are the suitable technique to construction recording. On the 

other hand, if a relatively reduced level of quality is adequate, a more flexible layout for the 

particulars may be adopted. The flexibility of the layout will permit more competition in the 

pricing and permit the production of a cost approximation that is nearer to the standard 

regarding comparable sorts of projects. An important point is that tender procedure risks also 

involve the private sector. These procedure risks encompass transparency and probity 

matters, assurance of authorities carrying out the project, and delays that could enhance bid 

costs. 

Figure 4-6 shows another important factor that affects construction cost, which is land 

acquisition. Kaming (1993) researched factors affecting construction period as well as cost 

overruns regarding high-rise projects in Indonesia and concluded that project location is one 

of the main contributors. 

Also regarding land acquisition, projects that are especially complicated may incur delay for 

safety or access reasons. Such hold-ups can result in a significant delay to completion. The 

project’slocationisanessentialfactor that should be confirmed early on. If it is located in a 

remote area, it may have consequences for the contractor in supplying the necessary materials 

and resources (Khaliluddin, 2010). 
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Figure 4-6: Mapping Project Selection Risk Factors into Construction Cost 

 

4.2.2.2 Project finance risks 

Project finance risk is generally the outcome of an irrational funding framework (Standard & 

Poor, 1997), which may involve availability of finance, high finance cost, inaccurate 

estimate, and high bidding cost or delay in payment.  

A number of authors have studied issues on time performance in construction projects. 

Aibinu and Odenyika explored and appraised the reasons for delays in construction projects 

inNigeria.Ultimately,contractor’sfinancialchallenges,government’s cash flow difficulties, 

and financial problems of subcontractors were the most significant factors that cause delay in 

the construction project, which ended up with a cost overrun. Potts and Patchell (1995) in 

their research of major factors noted the following risk factors as the cause of work not being 

finished on time or at or below budget: underestimating, funding availability, and contractors' 

financial difficulties.. 

The relationship between risk and the return alters through the various stages of a project. 

The most increased risk level is present in the construction stage when construction delays 

and cost overruns may have severe outcomes for the success of a project. It is at this stage 

that financiers need the greatest return on their investment to make up for the risk, which 
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results in an increased cost of capital. As soon as construction is completed and the flow of 

cash from activities has commenced, the project risks significantly reduce and it is possible 

for financiers to refinance at a reduced cost. 

On the other hand, a financier or particular sponsor may regard risk as an area of advantage, 

and look to accept risks at an increased premium. Nonetheless if the risk is one that entails a 

considerable likelihood of disturbing or reducing the flow of income that will service the 

liability, the private individual insists on a considerable premium for the acceptance of such 

risk. This then considerably raises the cost of financing the project. The discomfort of the 

private party for accepting such risks is increased when the risk is outside its control. In such 

an instance, it may be an option to alter the features of the risk or the extent of the project so 

that the private party may better face the risk. Optionally, if this is not possible, it could well 

be more cost effective for the government to assume the risk and minimise the costs of 

financing the project. 

Figure 4-7 shows mapping between impacts of risk events. The most widespread financial 

risk is the challenge in raising capital. To acquire financing, two key aspects should be 

correctly dealt with. The primary one is the income stream of the project, which is associated 

with the payment mechanism described in the purchase arrangement signed by the 

government and the concessionaire. The second is the pay-out flow of the concessionaire, 

which is subject to the difficulty of construction, the length of construction time, the 

knowledge of the construction contractor, and the functional cost. Thus, to accommodate 

project financing, the most suitable technique is to transfer the revenue flow risk to the 

government by means of a purchase arrangement and transfer the pay-out risk to the general 

contractor. 
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There are extra costs for having recourse on the part of the private sector – generally the cost 

of borrowing funds is much higher for the private sector as opposed to the public sector, and 

managerial costs for the administration of PPP contractual systems. Transaction costs for PPP 

projects may also be considerable. It could take quite some time to complete a PPP project 

contract, which has repercussions on total project costs. 

The key matter associated with the public sector is the reputation or capability to pay funds 

for the services offered by the private sector. This ranks as one of the main reasons behind 

unsuccessful businesses (Dun and Bradstreet, 1986).  According to Kometa (1995), one of the 

key reasons for the failure of business is delay in payment. Also Kangari (1988) states that 

delayed payment critically affect the cash flows of the private sector. 

Illustrated in figure 4-7 is the influence of delay in payment on the construction cost.   

Inability to adhere to the payment terms as determined in the clauses of the contract may 

result in cash flow challenges to the outworkers and could enhance project costs and result in 

stoppages. Therefore the insolvency of the client results in no additional cash flows to the 

contractor, which results in severe consequences for the project. The success of the project is 

mainly dependent on uninterrupted cash flows to the contractors from the client, but in the 

case of the client being insolvent, the project is left open to risks in that class. The risk 

resulting from delays in cash flows to the contractors from the clients is viewed as a risk that 

has severe negative consequences for the project. It is essential that the risk distribution 

among the contracting participants be properly research. Payment on time is considered of 

major significance to contractors in sustaining a robust association with the client for steady 

development. Moreover, it may be a challenge for some of the members of the contracting 

party to claim compensation from insurance to allow a smooth project development. For a 

number of reasons, insurance compensation may take extended periods to pay compensation, 
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thus impacting the projected costs of the contractor and resulting in a delayed completion and 

cost overruns.  

Okpala and Aniekwu (1988) explain that contractual agreements employed in Nigeria are 

founded on the concept that the client has adequate funding resources to embark on a project 

and that the contractor has the required knowledge to carry out the project. In Nigeria, this 

concept is unfounded. The biggest client of the construction industry in the majority of 

developing countries is the government. It also tends to be the worst offender, maybe as a 

result of the relative instability of many third world governments and the frequent 

irresponsibility of administrators. 

Okpala and Aniekwu (1988) explored reasons for the high construction costs in Nigeria. The 

author found that high cost is attributed to three major causes. The experts mainly concurred 

that the method of funding, as well as payments for completed works, were the main causes 

of elevated construction costs and delays. Dissanayaka and Kumaraswamy support the 

conclusion that the payment modality is one of main factors affecting cost overrun. 

 

Figure 4-7: Mapping Project Finance Risk Factors into Construction Cost 

4.2.2.3 Construction risks 
Construction projects suffer from costs overrun, delays to their schedule and poor standard of 

progress due to various risks and uncertainties. Baloi and Price (2003) noted that poor cost 
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performance of construction projects appears to be standard and that all parties suffer 

financially as a consequence. In the construction industry, inadequate cost performance is 

found everywhere with plenty of recent examples. Raftery (1994) stated that the industry was 

renowned for its problems with cost overrun and delay and this view was echoed by Tah 

(1993). Results from a number of different studies have shown that the tendency for cost 

overrun and delay has been increasing in construction projects of all sizes from dams to 

nuclear plants (Berkeley, 1991; Elinwa and Buba, 1993; Kaming et al. 1997; and Astley, 

1998). 

Figure 4-8 shows the interaction between construction risk events. Potts and Patchell (1995) 

concluded that technological advances, design changes, adverse site conditions, quantity 

increases, shortage of materials and inappropriate contract strategy were the most important 

factors affecting construction cost and time. Bubshait and Al-Juwairah (2002) examined 42 

main factors impacting upon construction cost in Saudi Arabia using a severity index for 

contractors, owners and a mixture of respondents, and found that material cost, improper 

planning, inexperience in contract management and a lack of financial control added to cost 

significantly (Bari et al, 2012). Meanwhile, typical problems affecting construction in 

developing nations were noted by Abdelkhaled (1997) They included a shortage of 

management skills along with a lack of skilled workforce, poor productivity, and insufficient 

equipment. Human resources was another problem identified by Imbert (1990). 

There are also risks to consider for building projects related to ground condition, but the 

projects most vulnerable are civil engineering works and environmental projects because 

these entail substantial soil excavation. As they are rare, environmental restoration projects 

have been especially risky. Accurately defining conditions on the ground is difficult for 

construction projects even if modern technology is applied to ascertain its properties. It was 

observed by Littlejohn et al. (1992) that even though it was the most important element in a 
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construction project, there was a lack of extensive knowledge on the properties of the ground. 

This can lead to numerous risks. Many factors result in poor site investigation including: lack 

of expertise and technology, pressure and shortage of time during design, financial problems 

and lack of awareness.  

In conclusion, unpredicted geological conditions continually make contractors carry out extra 

work that adds to time and cost. Kaming et al. (1997) support the view that contractor’slack

of geographical experience is one of the factors that lead to project cost overruns. 

Figure 4-8 illustrates the magnitude of impact on risk event of changing order. Numerous 

studies have examined the change-order rate, defined as the ratio between the change order 

amount and the award amount. The former is deemed to be a large factor in cost overrun and 

is used as a measure of cost performance. Research by Neufville (1977) on risk factors 

impacting on change-order rate discovered that the difference between a low bid and 

government estimate, competition and scale of project were main drivers. The significance of 

change-order rate as a source of cost overrun has been emphasised by various authors (Jahren 

and Ashe, 1990; Chan and Yeong, 1995; and Levin, 1998). 

Influential factors affecting the change-order rate include the level of competition and the 

project’s sizeand type. Itwascontested thatoverrunscouldbe lowered if therewasbetter

efficiency among the parties involved (Baloi and Price, 2003). However, if the government 

decide to pursue a variation they should cover the cost, including costs brought on by extra 

delay or expense. For instance, the government may ask for changes to the project design, or 

request new connections to roads that will bring further costs to the government and will 

indemnify the private party for any losses subsequently incurred from the variation. 

Figure 4-8 shows the impact of construction technology risk event on other construction risk 

events and the construction cost. Innovation is generally positively viewed but it carries an 
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innovation risk that new technology might not reach the expected level and will need 

additional work. This risk falls on the private party, who will not yield any income until their 

expectations in the contract are reached; the government also bears risk as to the failure to 

deliver services within the agreed time. Dinassayaka and Kumaraswamy (1999) found new 

technology to be one of the more important factors impacting upon cost performance. A 

study on the influence of this factor on construction costs in Singapore was conducted by 

Chan and Park (2005) who used a random sample survey of projects valued at $5 million 

completed after 1992. They identified three main groups: project, owner, and contractor, and 

divided their characteristics into variables. It was shown that special provisions such as 

highly technological knowledge had a major impact on cost. In addition, technical expertise 

and knowledge of construction of the owner can also have a bearing (Bari et al, 2012). 

Certain technical difficulties can surface during a construction project that can cause it to be 

halted for a period of time. Neither party usually has predicted such a stoppage. As a risk 

category, this may appear less significant but in reality it can be very damaging and 

provisions for such risk should be put in place as a result (Khaliluddin, 2010). 

Project costs can increase rapidly due to complexity and expenses of renovation, heavy 

loading, hazardous materials, etc. Influential factors affecting the construction time and cost 

overrun were examined by Kaming (1997) in the context of high-rise projects in Indonesia 

who found that project complexity is a significant contributor and such factors have been 

widely acknowledged in the existing literature. 

Projects of great complexity normally present major obstacles when arriving at cost estimates 

of the necessary accuracy. Estimating quantities, production rates and units costs are 

complicated and this damages the accuracy of cost estimates. Ordinarily, project/design 

complexity comprises: use of advanced technologies, constructability, highly specialised 
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equipment and methods of construction. The main risk of using advanced technology and 

methods, according to Napier and Chang (1988), is in not knowing how it will work due to a 

lack of previous examples to call on (Baloi, 2002). Elhag et al. (2005) state that although 

numerous factors exist for cost overrun. The risk of quantity variations and levels of 

complexity were among the most significant. 

Other large factors were excess work, reducing contract period and inaccurate estimates. 

Elinwa and Buba (1993) conducted research on construction cost factors in Nigeria and 

acknowledged earlier mentioned factors such as material cost. High construction costs in 

Nigeria were examined by Okpala and Aniekwu (1988) who discovered 27 factors 

contributing to such costs and delays. Generally, one of the most significant factors to emerge 

from their research causing cost overrun and time delays in their research was a lack of 

materials. Construction cost factors in Nigeria were also assessed by Elinwa and Buba (1993) 

involving a total of 31 variables. The results showed that most respondents agreed and found 

the highest ranking factor to be cost of materials. 

The type and availability of a certain material will impact on the cost estimate. Should a 

client demand a specific product for the project to be a success then costs can naturally rise. 

However, if materials of similar quality but not identical can be accepted there will be more 

scope for price competition. The availability of a product or material can also affect the 

success of a project relative to the client schedule expectations.  

When materials are not delivered punctually, the material suppliers become pivotal in the 

project.Thisriskcategorythreatenstheproject’ssuccessasmaterialsarrivinglatewillcause

major inconvenience. Local or regional factors can have a significant bearing on the reasons 

for delay. If such reasons are deemed acceptable by the contractor then it is possible that the 

situation can be resolved amicably, and the completion will still be reached despite the cost 

and time overruns (Khaliluddin, 2010). 
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Lack of materials - as risk event impacted other risk event (see figure 4-8) – this is regularly 

used as an excuse by contractors for delay and thereby missing contract deadlines. In certain 

circumstances, changes to the agreed rate and completion date may be required. This can be 

protected against if design is completed prudently with availability in mind. In the US a 

design team is normally aware of latest products and methods, which helps to accelerate the 

process (Gray and Flanagan, 1984). Such products are openly available and can be sourced 

easily which has been known to significantly lower the construction period and inherent 

expenses (Okpala and Aniekwu, 1988). 

Figure 4-8 shows the influence of lack of material on construction cost. Elinwa and Buba 

(1993) stated that shortages and cost of materials, and improper planning were important 

factors in the construction industry in Nigeria that affect construction cost.  

Aparticularjob’schosenmaterialsneedtobeassessed for quality and if the material is not 

up to standard then there will be a delay. This instils a sense of ambiguity for the contractor 

asthematerial’sstandardisofthecriticalimportance.Theriskcategoryhereisvitalforthe

contractor more so than the owner although in certain instances the contractor may be 

oblivious to the negligence of the subcontractor and poor quality materials (Khaliluddin, 

2010). 

Risk allocation that happens too swiftly during a project can lead to serious financial loss. 

The contracting parties then seek a new risk that requires a suitable solution as an owner can 

impact negatively on project progress by changing the design (Khaliluddin, 2010). Almost all 

civil engineering andbuilding projects’ constructionwill encounter a change in volume or 

nature or even duration of the work undertaken. The scale of such changes depends on 

various factors the most important of which are: the thoroughness of the pre-design site 

investigation; the completeness of working drawings available at the time of estimate or 
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proposal; and unpredictable circumstances during construction. Design changes inevitably 

lead to variation in original cost/time programmes (Kaming et al., 1997). 

Upon being chosen as the winner of a bid, the contractor continues and often only finds 

problems or defects after execution. Issues such as poor drawing or weak data may only come 

to the surface at a later date. If a design is flawed then the rectification risks are another factor 

to consider for the parties. The contract should deal with such a development, but risk 

allocation is naturally a concern at this part of the project (Khaliluddin, 2010). 

In structural design, drawings and specifications are crucial elements in the project. Any 

flawsintheseareascanbefatal to theproject’ssuccessful completion. The categorising of 

risk is also vital in such instances. Rectifying these deficiencies can be time-consuming and 

will add further costs to the initial project budget (Khaliluddin, 2010). A significant element 

of design and planning is consumed by drawings and document, the release of which at the 

right time is crucial. Any hold-ups in these matters will likely lead to an overrun of both cost 

and time (Khaliluddin, 2010). 

For a project to succeed, the level and availability of workforce is essential and must be in 

good condition and at the required number. Any shortage of manpower will be a massive 

obstacle for a contractor to overcome as this risk is one that will result in gradual delay to 

completion. The specific characteristics of labour keep it apart from other resources, and its 

output requires skill and motivation (Olomolaiye, 1988). Considerable research has been 

conducted into low labour productivity in developing nations and numerous problems were 

found, including in Indonesia. The bulk of the Indonesian construction workforce is self-

employed or are farmers. Recruitment is often informal and through friends, family etc and 

results in a low-skilled and poorly paid workforce who are not productive (Kaming et al, 

1997). 
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Contractors and owners are very much concerned with the quality of work and the 

specifications necessary to ascertain its standard. If poor quality work restricts a project then 

the means of rectification will be confirmed as well as the party liable. A contractor’s

business reputation can be fatally harmed by poor quality work but in the main, contractors 

use contingency plans to combat against low standards of work (Khaliluddin, 2010). 

Particular parts of the work are often subcontracted by contractors to lighten the load and to 

allow especially skilled workers to contribute. However, if the subcontractor performs below 

the standard expected, the contractor may need to seek alternatives to ensure the smooth 

continuation of the job. Here, the atmosphere can turn extremely volatile in construction 

projects. 

Okpala and Aniekwu (1988) assessed the reasons for high construction costs in Nigeria and 

held that delay and cost overrun would be greatly reduced by greater human efficiency. If a 

lack of competence is shown by a contractor and impacts on the project significantly, the 

progress of the project is threatened.Here, the contractor’s experience of various types of

projects is beneficial. Incompetence can impact negatively on all kinds and sizes of projects 

(Khaliluddin, 2010). 

A shortage of qualified employees as illustrated in figure 4-8, can hinder project progress, 

and the case is similar where qualified staff exists but depart prematurely. Risk category 

places the project in a position of delayed milestone completions and effective risk allocation 

is also essential for the purpose of keeping a secure grasp on the running of the project 

(Khaliluddin, 2010). 

Equipment and labour productivity are essential to keep a project on track. If either of these is 

low the project’scostwillincreaseandtimewillalsobeadded.Theowner’sexperiencewill

have a bearing on risk calculations as well as their perception of low productivity. This is 
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commonly a product of incorrect calculations of productiveness, which thereafter puts huge 

pressure on this being of a high enough standard to meet with estimates. 

The most notable ambiguity for all concerned is completion risk. A project that is 

incompleted or completed to a different specification than that stated in the contract is 

extremely costly. Completion risks are a particular concern for lenders because of the debt 

repayment consequences. Such delays prolong the repayment period, and failure to complete 

carries huge problems. 

If delays to completion and commissioning lead to services being unavailable, then liquidated 

damages could arise, as a real pre-estimate of the daily damages government will bear due to 

such unavailability. Commonly, they will need a private party to give a security for liquidated 

damages in the form of bonds or guarantees issued either by sub-contractors or the private 

party. 

 

Figure 4-8: Mapping Construction Risk Factors into Construction Cost 
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4.2.2.4 Relationship risks 

Where the government selects the location or area for a project or points out a suitable 

location,itmaycommence‘communitycooperation’subjecttoasocietydiscussionstrategy.

This could deal with ecological and progress fears and aid in reducing society resistance as 

well as the likely flow-on into endorsements and industrial association risks (Victoria, 2001). 

Variations in culture may result in negative consequences for a project. For countries such as 

Saudi Arabia, in which there is a great mix of cultures, disagreement at any phase could 

disrupt the simplicity of the development of the project. Thus the risk appearing in this class 

maintains some sort of significance to the contracting parties. 

Figure 4-9 shows the influence of conflict between the project parties that may lead to 

increase in the construction cost. It was mentioned by Masterman (1992) that one of the 

major causes of poor performance that may lead to time delay and cost overrun by the 

construction industry is the inappropriateness of the selected procurement system that may 

lead to cover any conflict between the project parties. Walker (1997) asserted that the 

procurement technique is an important aspect influencing construction period performance, 

while strong working associations of the government team and the contractor’s delegated

team also help to attain favourable ‘construction period performance’ (Dissanayaka and

Kumaraswamy, 1999). Forecasters of cost overruns were investigated by Jahren and Ashe 

(1999) and were found to include the quality of contract document and the form of 

interpersonal associations on the project. If a dispute surfaces concerning the parties’

contractual duties that affects risk allocation, a suitable remedy procedure can quickly resolve 

the situation and avoid any need for either party to exercise their contractual rights. The main 

benefit of this is lowering costs and delay and removing the chance of bad publicity. 

Moreover, an informal dispute resolution procedure should be far quicker. For Partnerships 

Victoria contracts, this lowers the opportunity of any interruption and safeguards public 
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interest (Victoria, 2001). Third parties will be involved in dispute resolution and therefore the 

contract should state which party bears the cost of resolution. The contract might require a 

party to pay costs at a specific stage or may leave the decision to the third party (Victoria, 

2001). 

Figure 4-9 shows another important risk factor that affects time and construction cost which 

is the risk of any sort of industrial activity, which comprises lockouts, picketing, strikes or 

stoppages and other activities, which take place in a manner that, either indirectly or directly, 

negatively impacts the assigning, service provision and feasibility of the project. Industrial 

associations risk may appear at the construction as well as operational stages of the project 

but is possibly more obvious at the construction stage. In the situation where the risk does 

appear, it could have a significant impact on the finances of a project and could impact inputs 

as well as products.  Such losses arising from industrial action are normally caused by delay 

in acquiring supplies, delays in construction and service delivery. These lead to larger costs 

and even loss of revenue for the private party and potentially a contractual liability to pay 

compensation to the authorities (Victoria, 2001).  Industrial action can also impact on 

revenues as it may delay the receipt of payment. Such action can be very disruptive if the 

action involves the removal or unavailability of a key element or service needed for the 

project, without which it cannot function.  

Figure 4-9 shows the impact of lack of experience on other risk events and also on the 

construction cost. Inadequate experience of the contractor is also a factor that affects 

construction cost and construction period (Kaming et al., 1997).  Research carried out by 

Chalabi and Camp (1984) on causes of delays and subsequent cost overrun frequently 

occurring in South American developing countries found that foreign contractors might not 

be familiar with materials or human resources in the country in question, which impacts 

negatively on the project. Some local contractors are similarly unaware and this can lead to 
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cost and time overrunning (Baloi, 2002). Contractors having poor levels of experience in 

specific projects are typical in Indonesia and the risks arising from knowledge gaps result in 

increased costs delays. This makes it difficult for schedulers to plan the duration of activities 

if they are not familiar with the method of construction and optimal sequencing of works. It 

also creates problems for estimators to budget equipment and operator/labour costs if they do 

not know the outputs of equipment and wage costs for operators. Moreover, a shortage of 

data on the environment concerning geographical problems also adds to both delay and cost 

(Kaming et al, 1997). 

Many researchers have investigated factors that impact cost overruns. Dissanayaka and 

Kumaraswamy found that cost overruns are affected by the level of client confidence in the 

construction team.. Elhag et al, (2005) support the view that client confidence in the 

construction team plays an important role in affecting construction cost. For this reason, it is 

important to ensure that the public and private teams have an agreed method so as to avoid 

any conflict situation that might arise if the client confidence is low.   

 

Figure 4-9: Mapping Relationship Risk Factors into Construction Cost 
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 Summary 4.3

This chapter illustrates themapping of the risk events’ influence on the construction cost,

time delay, leading to cost overrun and project termination which will result in an increase in 

the construction unit cost. The information used to carry out the mapping is extracted from 

literature review. As demonstrated in graphs 1-9, the existing literature on PPP reports 

provides an extensive link between risk events in one hand and risks events and project 

outcomes and risk events on the other hand. This mapping is purely theoretical and it needs to 

be verified by experts.  
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 Introduction 5.1

The establishment of effective risk management approaches will point out the most practical 

setting for analysing risk within the general modelling system. Following the recognition of 

key risks, it is crucial that a precise outline of the ultimate aims and objectives of the risk 

management process is provided (Tah & Carr 2001). As stated by Al-Bahar and Crandall 

(1990), the most significant phase in the risk analysis procedure involves the gathering of 

data pertinent to the risk exposure to be assessed in the subsequent stage. This determines 

how serious the risks in terms of their possible severity and probability of occurrence.  

Risk analysis does not comprise a discipline or technique, but is actually a logical decision 

making tool. Its basic nature is that it endeavours to encompass all available choices that have 

been recognised in the risk identification procedure and then evaluate the different results of 

any decision.  Analysing risks offers the capability of acquiring a conception of what goes on 

if, for instance, an investment decision does not work out as intended. Nonetheless, the 

knowledge and awareness of the analyst are as significant as the methods employed, as 

translation and final endorsement of the data are a significant matter (Boussabaine & 

Kirkham 2004). 

The function of risk analysis of estimates is to consider the innate uncertainty of the expenses 

or period of particular operations or aspects inside a project when appraising the expected 

ultimate expense of a specific plan. This facilitates the assessment of the likelihood of 

observing time and budgetary constraints by the project manager (MAK 1992). 

Just analysing risk and subsequently controlling it is inadequate (Ward & Chapman 1991). 

The general concept underlying any risk analysis method is to allow a variety of values for 

the several uncertainties and then measure their impact. 
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Various methods may be utilised for risk evaluation, as described, for example, by Perry and 

Hayes (1985b), Newendorp (1975), Lifson and Shaifer (1982), Raftery (1994), Thompson 

and Perry (1992), Marshall (1991) and Boussabaine & Kirkham 2004). These methods 

evaluate risk pricing subject to the anticipated value technique. Even though the anticipated 

value method is simple to apply, it does not consider the uncertainty and partiality concerning 

the expert of the anticipated value. There are several risk modelling methods available for 

analysing risks and uncertainty, some of the more commonly used of which will be illustrated 

and discussed in this chapter.  

 

 General Risk Analysis Classification 5.2

Risk analysis within PPP projects commences in the initial stages of the project development 

and is maintained up to the end. Following the identification of risks, their features regarding 

their effect and implications have to be evaluated and quantified. Risk quantification 

concerns the procedure of analysing the influence of the identified risks and is essential for 

risk reorganisation and decision-making goals. 

The aim of the quantification is to determine the possibility of risk incident, and the amount 

of its influence.Thiswillassistinidentifyingandpositioningtheseverityoftheproject’srisk 

events. Risk quantification is a complicated process with several dimensions. This is because 

the manner in which the analyst reasons and observes risks will have a determining effect on 

how the analyst values and quantifies risk events, with the consequence that risk 

quantification is tainted by the main framing assumptions made concerning the risk.  

The quantification of identified risk event is a crucial foundation on that risk price is assessed 

and risk decisions are formed. Therefore, the intention of the entire risk quantification 

procedure within PPP projects is to generate risk price to include in the PSC, to provide risk 
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budget resources and to attain risk forming between all parties involved in the contract 

(Boussabaine 2013). 

Official risk analysis techniques have to be employed to in order to maintain reliability and 

evenness of outcome (Kahneman et al. 1986), but some of them are too complex, time-

consuming and costly to be used for many projects. The absence of familiarity as well as 

uncertainty concerning appropriateness inside the set of circumstantial disciplines have 

additionally been recognised (Akintoye & Macleod 1997) as causes for their slow take up 

(Boussabaine & Kirkham, 2004). Several methods may be utilised to quantify risks 

(Chapman 1998) and these may be broadly categorised as qualitative and quantitative 

(Boussabaine 2013). This chapter give prominence to the methods accessible to the analyst in 

risk analysis, and the most appropriate method for the analysis of data on this research. 

5.2.1 Qualitative techniques 

Qualitative techniques are employed for two main reasons. Primarily, they are employed to 

appraise the subjective of risk events of PPP projects, which are not quantifiable in relations 

of monetary value. Secondly, they are employed in the primary phases of PPP projects in 

which the project data are not comprehensive. Qualitative techniques are efficient in 

classifying the risks of a project in clusters, and are also significant in risk management and 

planning. (Boussabaine 2013). 

Akintoye et al (2000) and DELG (2000) point out that by employing qualitative risk methods, 

the undesirable result of an activity is articulated in terms of probability or likelihood, 

frequency of occurrence, and impact or consequence. These are carried out individually, 

where the level of impact of risks and likelihood of occurrence may be appraised as low, 

moderate or high. 
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Boussabaine & Kirkham (2004) assert that qualitative risk analysis concerns the articulation 

of the probability or the size of the result of an occurrence in qualitative terms. Practically, 

qualitative evaluation is usually employed primarily to acquire a common signal of the level 

of risk related to a project. The outcomes of this evaluation could signify that it is essential to 

carry out a comprehensive quantitative analysis where risk factor has been identified as 

specifically essential. 

Qualitative analysis makes use of non-numeric or expressive scales to define the extent of 

likely results and the likelihood of incidence. These scales may be modified or altered to fit 

specific situations, and several explanations could be applied for various risk factors. 

Qualitative analysis is employed: 

(1) As a primary assessment action to identify the risks that necessitate additional or 

more specific analysis 

(2) Where the level of the risk does not validate the necessary time and endeavour for an 

additionally comprehensive analysis, or 

(3) Where the statistical data is insufficient for a quantitative analysis.  

A wide variety of methods an existing to the analyst when endeavouring to institute a risk-

based technique to PPP undertakings. Overall there are no established regulations concerning 

the choice of the best suitable method, as the majority of analysts will alter their technique to 

the specific requirements and features of the firm or circumstances under scrutiny. 

5.2.2 Quantitative techniques 

Risk factors are quantitatively analysed if it is feasible to evaluate the likelihood of an 

occurrence on the foundation of accessible data concerning comparable previous occurrences, 

or information acquired alternatively, or on the foundation of individual knowledge (Evans 

and Olson, 1998; Baker, Ponniah and Smith, 1998; Vose, 2000). 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

136 
Saleh Alzahrani 

In the majority of PPP projects quantitative risk is utilised to measure risks ranked by the 

qualitative risk techniques. The key objective of risk pricing quantification is to designate 

assessed risk values to the identified risks. The assessed risk values are subsequently used to 

appraise the harshness of risk costing influences in relations of possibility.  

The objective of the statistical process is to assess occurrence and the harshness for risk costs. 

Occurrence, as well as harshness, may be quantified in relations of time and cost effects. The 

risk quantification output is the distribution of the probability of harshness and the impact of 

risk cost stemming from input risks. These are subsequently utilised in quantitative risk 

analysis techniques (Boussabaine 2013). 

 

 Risk Modelling Techniques 5.3

Risk analysis processes have been obtainable for several years. The furthermost general risk 

analysis processes include the Monte Carlo method, sensitivity analysis and decision trees. 

Even though these conventional techniques offer a foundation for implementing pricing risk 

decisions, they usually do not include some of the factors that could impact the real risk 

prices. They are depend upon top-down techniques and are incapable of considering the low-

level interdependencies linking risk factors that result in losses of risk pricing data (Johnson 

2005). Although traditional risk assessment processes are easy enough to be used by risk 

analysts, they are generally too basic to portray the details of risk pricing circumstances. 

Moreover those that can handle the intricacies of risk pricing circumstances are so complex 

that they can only be implemented by experts. A number of studies have proposed methods 

whereby implicit variables are rendered explicit. These techniques comprise hierarchal 

pictures, the description of internal and external random factors, and the collection of factors. 

In addition to all these contributions, risk analysis processes have no simple way of 
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encompassing the effects of obvious associations or the embedded variables within the risk 

configuration. It is essential to be capable of modelling situations in which the causal impacts 

connecting factors are the aspects, or at least one aspect of significance. To deal with this 

issue, requires risk analysis processes that are capable of modelling the risk complexity but 

which conceal their integral computational complexity by the user. Innovative analysis tools 

are appearing that have the possibility of enabling complex risk analysis to be carried out 

easily, Included in these techniques are fuzzy theory, cellular automata, Bayesian networks, 

genetic algorithms, neural networks, systems dynamic modelling, and network theory 

(Boussabaiane, 2013).  

Several risk analysis techniques may be employed for analysis of risk factors in PPP projects. 

Figure 5-1 illustrates the most widespread and effective technique, ranging from the simplest 

to most complex, the use of which will depend on the project significance and the budget of 

the undertaking (Boussabaine 2013).  

 

Figure 5-1: Most popular risk analysis methods (Boussabaine, 2013) 

5.3.1 Expert judgement 

Expert judgement is of considerable significance as a general procedures in project 

management. In project integration, for example, expert judgement is often utilised to 

obtain the inputs required to establish the project charter. It is implemented for any 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

138 
Saleh Alzahrani 

practical and management details in this procedure. Expert judgement helps to recognise all 

the effects encompassing project management deliverables and the other necessary 

deliverables (PMBOK Guide 4th edition). 

A humanistic structure is a structure that is non-mechanistic and is greatly influenced by 

human conduct. A sole individual and his reflection processes may be perceived as a 

humanistic structure (Mak & Wong, 1997). Cook (1991) states that expert judgement is 

reliant on experts, the situation of knowledge on the matter and the discourse between 

analysts and experts. Moreover, Cooke maintains the most crucial tool in utilising expert 

judgement is the representation of uncertainty. Thus it is a system that is principally reliant 

on human conduct. As described by Hillebrandt and Cannon (1990), during the tendering 

phase the contractor is required to estimate a cost for an undertaking not constructed yet, 

for which the detailed drawings have not been made available, on a site he is unaware of, 

with a work force as yet not arranged (Mak & Wong, 1997). 

Expert judgement may additionally be defined as an expression of an individual’s or a

group’sviews for establishingdecisions, and thismaybe foundedon their familiarityor

experience, or both. Any individual who has been part of a large firm understands its 

significance on making favourable decisions. Project managers should be quick to query or 

consult experts on various issues such as what methodology to observe or programming 

language to use.   

Four circumstances were identified by Lannoy & Procaccia (2001) as necessitating reference 

to exert judgement: 

  Completing, verifying, translating and combining available data; appraising the effect 

of a change. 
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 Forecasting the occurrence of future events’ occurrence and the implications of a

decision. 

 Establishing the current state of knowledge in an area. 

 Offering the required aspects for decision-making with the availability of numerous 

alternatives.  

A benefit of estimation of the cost of risk by the expert judgement technique is the knowledge 

from previous projects that the expert brings to the suggested undertaking. The expert may 

additionally bring in project effects resulting from new technologies, languages and 

applications. The other advantage of this method is its speed and if the expert is proficient, it 

is usually the most precise estimation for particular activities. Disadvantages may include the 

unavailabilityofanexpert’simmediatepresenceandevenifoneisathandtheexpertmaybe

unable to offer any firm rationale for their estimation apart from personal opinion. Another 

downside of thismethod is that the expert’s partiality and at times inadequate familiarity

could cause challenges. Delphi methods may assist in reducing partiality issues. In addition, it 

may be difficult to record the steps taken by the expert in forming their estimation. 

Expert judgement methods are appropriate for appraising the differences between previous 

and imminent projects; they are particularly practical for new and special programs that have 

no existing historical precedent. However, while expert judgement models are practical in 

establishing inputs for alternative models, they are usually not employed alone. .  

5.3.2 Parametric models 

Name of parametric modelling takes from the parameters of the project or factors that are 

altered by the project simulation process. A group of mathematical equations used to 

construct the parametric. These could be standard equations, proprietary equations 

established by vendors and consultants, or an integration of both. For the parametric models 

to hold whichever relevance, they have to be founded on or verified utilising real project 
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information. It is the complication of the information analysis techniques and the 

comprehensiveness of the basic project data that establishes the efficiency of a modelling 

result.  

Boussabaine (2013) states that parametric distributions are founded on a theoretical formula 

taken from the suppositions of the risk being analysed. For instance, one may stipulate 

Poisson distribution for a risk effect aspect founded on the supposition that the risk factors 

are autonomous and take place at an identified average influence rate. Additionally, one may 

stipulate an exponential distribution for the entire project risk founded on the supposition of a 

constant decay rate in risk effects as the project nears conclusion. ModelAssist (2012) 

explains that the parametric distributions may only be employed if they meet the subsequent 

requirements: 

 The theory underlying the distribution is relevant to the specific issue. 

 It is widely recognised that a specific distribution has been established to be precise 

for modelling a particular factor without really having a concept to sustain the 

reflection. 

 The distribution corresponds with the detected data favourably. 

 One desires to employ a distribution that has an extended tail reaching past the noted 

maximum or minimum.  

Parametric methods are practical for applying particular circumstances to the strictness of an 

established and predetermined mathematical model. They may practically exemplify a great 

deal of prior knowledge and are not as partial as human thought procedures on their own. 

Additionally they are precise concerning linear assets, but less so regarding alternatives and 
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different non-linear derivatives. They also become less precise at extended horizons. 

Parametric computations are faster than any simulation method and do not require vast 

historical information, only the matrices of volatility and correlation. This technique is not 

advised for extended horizons or portfolios with numerous alternatives, or assets with uneven 

distribution. 

5.3.3 Causal maps 

A causal map is a sort of concept map within which the relations between nodes portray 

causality or effect. Causal mapping is the procedure of forming a causal map. When 

completed by an individual to explain their ownthoughts,itiscalled“cognitivemapping”.It

maybereferredtoas“ovalmapping”whencarriedoutbyagroup,namedfortheminuteoval

paper scraps holding the notions.   

(Al-Shehab, Hughes, & Winstanley, 2004) describe a causal map as a network diagram 

portraying causes and effects. The diagram comprises two fundamental aspects: features that 

are the nodes within the network and causal associations portrayed by the arcs separating the 

nodes. Perceptions are regarded as the system factors and in different representations hold a 

negative or positive sign inferring the sort of causal association and impact. 

Causal maps are greatly utilised in problem-structuring efforts. They allow a rich depiction of 

concepts, using the modelling of complicated argument chains as networks. The final stage of 

a problem structuring effort is usually to recognise and concur with a group of possible 

strategic alternatives. In some instances the favoured direction may appear as a naturally 

formal negotiation procedure; for others additional, relatively official, analysis to analyse the 

alternatives and comprehend their effect on the goals could be beneficial. Such analysis may 

help to give the procedure closure (Belton & Montbelier, 2006). 
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Causal maps have been used often within managing operations system (Axelord, 1976; 

Brown, 1992; Bryson et al., 2004; Eden, 1988; Scavarda et al., 2004; Williams, 1995), mainly 

employing them to sustain empirical study for construction and distribution of conjecture (Al-

Shehab, Hughes & Winstanley 2005). The most comprehensive and official form of causal 

mapping is employed as a tool for strategic thinking and scheming (Bryson, et al., 2004).  

5.3.4 Monte Carlo simulation 

The term “Monte CarloMethod” is quite general.MC techniques are stochasticmethods,

meaning they are founded on the use of random numbers and probability figures to explore 

issues. 

Monte Carlo simulation is defined by Boussabaine and Kirkham (2008) as a statistical 

techniquewhichisusedtocomputeaquantityseveraltimes,utilisingrandomlychosen‘what

if’ situations for every computation. Even though the simulation procedure is internally 

complex, commercial computer programs are available to carry out the repetitive calculations 

involved, providing output in the form of easily comprehendible tables and graphs. These 

outcomes estimate the entire range of likely results and the likelihood for each. When Monte 

Carlo simulation is implemented for risk analysis, risk is seen as a frequency distribution 

graph comparable to the bell-shaped curve familiar to statisticians. 

The Monte Carlo simulation technique is the most common of a number of simulation 

techniques (Hutchinson, 1993). The following features are characteristic of the way data is 

handled in this type of modelling: 

 The varieties of values for all related risks concerned are appraised with each of their 

probability distributions. 

 A value for every sort of risk inside its particular range is randomly selected with 

regard to distribution type; 
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 Every result of the decision variable is computed utilising the logical set of values 

chosen from each type of risk; 

 The computation is redone several times to acquire result distributions. The amount of 

cycles is dependent on the degree of confidence required but is generally between 100 

and 1000. 

The fundamental use for simulation in construction risk control is to generate probability 

curves and frequency histograms for time as well as cost, while seeing all the risk 

distributions together. Computer programs are the main tool employed for this simulation 

analysis.  

Wall (1997) states that Monte Carlo simulation is a numerical simulation method. Each 

parameter that influences a particular risk exposure is regarded as a random variable with the 

related value positioning and probability distribution role. The distribution role is established 

from available databases or appraised from experience. One value for every parameter is 

randomly selected and its likelihood established from the distribution role. The selected 

parameter values and the related likelihoods are employed to compute the related exposure. 

This random choice process is redone from 100 to 1000 times, at a point when exposure is a 

random variable too. It is now feasible to compute the expected value, maximum possible 

risk, the likelihood for exposure to take up a value inside a specific interval, etc. 

The Monte Carlo simulation is employed to scrutinize the impact of the variability of input 

aspects on a result (Newton, 1992). It comprises simulation utilizing techniques of random 

digits. It offers a very strong yet theoretically easy technique of including probabilistic 

information. 

Monte Carlo simulation estimates value at risk (VaR) by imitating risk factor situations and 

revaluing all places within a portfolio for every test (i.e., total re-pricing). It provides risk 
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factor circumstances from a log-normal distribution. Therefore, the distribution assumption 

for risk factors is similar to that of the parametric model, but the technique for making the 

price distribution of the security is varied. The technique accounts for all the non-linearites 

within portfolio positions. As with the parametric technique, instabilities and associations for 

the risk factors are calculated straight from the time series data covering user-particular 

beginning and end dates. Users may additionally stipulate an alternative decay factor and the 

quantity of simulations to carry out per analysis.   

This technique precisely prices all sorts of complex non-linear placing in addition to simple 

linear devices. It offers an entire distribution of likely possible portfolio losses and gains 

which do not have to mirror each other, but does not include any abnormality in the basic 

factors, such as fat-tails and mean-reversion, even though Monte Carlo simulation recognises 

fat-tailed risk if the situations are produced from suitable circumstances. Simulations are 

rigorous concerning calculations and more time-consuming than the parametric technique, 

which is the quickest. 

5.3.5 Fuzzy systems 

Fuzzy set theory is a division of contemporary mathematics created by Zadeh (1965) to 

imitate ambiguity inherent in human cognitive procedures. It has been employed to address 

inadequately-defined and complicated issues as a result of inadequate and unclear 

information that are featured in the actual structures. It is thus suitable for uncertain or 

estimated cognitive that concerns human intuitive reflection. Boussabaine (2013) asserts that 

the concept of fuzzy sets offers an appropriate technique for evaluating complex systems and 

decision procedures when the sequence of indeterminacy is as a consequence of intrinsic 

vagueness as opposed to randomness. 
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The decision-making procedure of projects managers is distinguished by their capability to 

address unclear and ambiguous theories that are usually articulated linguistically 

(Boussabaine, 2013). The concept of fuzzy sets appears to address the ambiguous sort of 

uncertainty better than alternative techniques. Ambiguity is overall a distinct sort of 

uncertainty to be addressed using probabilistic techniques. The mathematical framework for 

addressing fuzziness is fuzzy set theory. 

Zadeh (1980) statesthatoneofthefuzzysetsconcept’sobjectivesistheestablishmentofa

technique for the creation and addressing of matters which are too complex and poorly 

defined to be subject to evaluation using traditional methods. The main notions related to 

fuzzy set theory as related to decision-making include linguistic variables, linguistic expert, 

membership roles, natural language calculation, fuzzy set arithmetic operations, set 

operations and a fuzzy weighted average. Particulars regarding these subjects are available in 

the references such as Zadeh (1965), Dubois and Prade (1980), Schmucker (1984), Dong and 

Wong (1987), Ross (1995) and Cox (1999). 

The heart of fuzzy sets theory models an unclear circumstance like the estimation of a risk by 

permitting one to estimate the likelihood or truth of an aspect being part of a set. The 

employment of linguistic variables permits an exact replication of unclear declarations such 

‘high’,‘low’,and‘fairlyhigh’etc.Thustheideasoflinguistic factors as well as fuzzy sets 

are likened to the ideas of objective and devices correspondingly. 

Riskanalysisisajobwithnoobvioussuccessmeasure;itconcerns‘bestguesses’,intuition,

as well as straw man estimations (Schmucker, 1984). The concept of fuzzy sets provides a 

natural replication of a circumstance with a numerically founded rating structure that 

demands accuracy from the system rater  (Gupta, 1977).  
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A private sector trying risk analysis in tendering meets numerous ambiguities and the 

implementation of conventional algorithmic logic may not difficult. It is a challenge to define 

an uncertain object accurately and unfeasible to imply an outcome from a single statement. In 

such circumstances, a fuzzy decision support structure to help project management form 

mark-up decisions could be appropriate. 

The expert judgement of the management on every one of these features is passed to the 

model employing a set of natural language articulations that have greatly structured and 

special definitions. The weighting, individual judgement, and reliability aspect for every item 

are put into the structure for the computation of a fuzzy outcome. 

Fuzzy theories may assist construction administrators to form reliable decisions from vague 

and inaccurate occurences and facts by portraying them in linguistic expressions. Decision 

formers generally allocate linguistic worth of a fuzzy characteristic to their portrayal of 

incidents. 

Other benefits of fuzzy methods over alternative modelling techniques include: 

 Regulations and actual performance information are integrated. 

 Regulations and input/output variables are chosen and maximised in training. 

 Non-participating factors to the decision procedure are recognised and extracted. 

 Fuzzy models are retrainable subject to the accessibility of new data and information. 

 Visual and text causes for the outcomes are offered (Boussabaine, 2013). 

5.3.6 Bayesian networks (BNs) 

For the past 25 years, since they were created, BNs have been used in several areas. Holmes 

and Jain (2008) describe Bayesian networks informally as graphical models of causal 
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relationships in a certain area. Finn Verner Jensen and Nielsen (2007)) argue that Bayesian 

networks are graph-based representations of probability distributions. They can also be 

applied to model and reason competently in such areas in which simple methods are 

unreasonably complex. This can be done making use of conditional and unconditional 

independence relationships. 

BNs are called by various other names such as causal probabilistic networks, belief networks, 

graphical probability networks, causal nets, and probabilistic cause–effect models 

(Wooldridge, 2003). They are called causal belief networks due to they can show the causal 

influences between the network variables. Bayesian networks are becoming more and more 

popular for modelling uncertain and complex areas. This approach uses artificial intelligence 

and probability methods in order to make decision support systems and apparatus that can be 

used for issues relating to the complexity and uncertainty of the relationship between the 

limits of the problems. Pollino and Henderson (2010) cited in (A. Boussabaine, 2013) state 

that the importance of the Bayesian decision procedures is founded on the process of 

reasoning and information amongst the parts of a risk system.  

According to (Finn V Jensen, 1996) and (Finn Verner Jensen & Nielsen, 2007), Bayesian 

networks are made up of: 

 A group of factors and a group of directed edges between the variables 

 A limited group of equally unique states belongs to each variable 

 A directed acyclic graph is made from the directed edges and variables 

 For every factor A with parents B1, B2 to Bn the probability table P (A| B1, 

B2….Bn)isalsoprovided. 

In a Bayesian network, stochastic variables are signified by the nodes and the direct casual 

influences between the connected variables are signified by the arcs. The information inside 
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each variable is displayed as single or multiple probability distributions. When a variable 

does not have arcs coming in, it does not depend on other variables in the model creation, in 

other words it can be described as having no parents. Where it has parents, it has a single 

probability circulation for every group of likely parent values (Uusitalo, 2007). 

Bayesian networks apply probability when measuring uncertainty; beliefs regarding variables 

or figures are displayed as probability distributions. A direct positive correlation exists 

between the uncertainty and the probability distribution. As knowledge expands, information 

relating to the actual value of the variable also grows. In other words, the uncertainty 

surrounding the value is reduced and the probability distribution becomes smaller (Gelman, 

Carlin, Stern, & Rubin, 2003; Sivia & Skilling, 2006). 

One of the major aspects of BNs is the probabilistic appearance of the connections as it 

makes room for estimation of risks and uncertainties in a way that is superior to models that 

can only cover predicted figures. The probabilistic appearance of knowledge avoids 

becoming overconfident with regards to the power of the results achieved by altering specific 

aspects of the ecosystem. (Uusitalo, 2007) 

Data and expert knowledge, particularly in areas filled with uncertainty, use Bayesian 

networks to evaluate data. This is because they enable uncertainty to be handled clearly. 

Bayesian networks are also capable of making “expert systems” that contain and model

detailed information on complex fields such as medical research and medicine (Kahn Jr, 

Roberts, Shaffer, & Haddawy, 1997; Papaconstantinou, Theocharous, & Mahadevan, 1998). 

Decision support tools can also be used to assist Bayesian networks. They are a common aid 

when dealing with uncertainty. 

Technically, when it comes to BNs it is not possible to have “too little data”. This is an

extremely helpful characteristic as they look at whatever data is available and there are no 
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requirements for the sample sizes when conducting evaluations. Moreover, (Kontkanen, 

Myllymäki, Silander, & Tirri, 1997) showed that Bayesian networks are capable of making 

precise estimations using an expectation-maximization (EM) algorithm (Lauritzen, 1995; 

Spiegelhalter, Dawid, Lauritzen, & Cowell, 1993) All it needs to know in advance is the 

model structure and it works out the largest possible approximations for the parameters with 

relation to the structure of the data and the model. 

One of the major aspects of Bayesian methods is that they apply old data. Old data show the 

subject’sknowledgepriortotheresearch.Insomecasesthispriorinformation can either be 

complex and full of information in situations where there is a great deal of existing data on 

the topic or useless in cases where little is known. This prior information is then restructured 

in order to combine new and old information. This combined information can be applied to a 

new study. In addition to making the scientific learning procedure clear, this also makes the 

predictions made explicit and easy to discuss. Another strength of Bayesian network models 

is that they are good at combining knowledge from various sources in a numerically clear 

way. Data on variables that have not yet been studied can be joined together with expert 

information data (Marcot, Holthausen, Raphael, Rowland, & Wisdom, 2001). Data taken at 

various degrees of precision can also be put together (Uusitalo, 2007). 

Bayesian networks can be assisted by variables encoding managerial decisions that influence 

themodel’snatural variables, encoding cost and the service associated these decisions and 

their results (Finn Verner Jensen & Nielsen, 2007). These models usually concentrate on the 

relationship between information, actions and uncertainty; the results of different 

management decisions can be looked at in terms of the risks as well as the expected values 

(Kuikka et al., 1999). 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

150 
Saleh Alzahrani 

A. Boussabaine (2013) points out that BNs are viewed as an extremely useful way to create 

model risk scenarios in which only some of the information on the risks is available and there 

is uncertainty regarding the information and related risks. BNs are good at appreciating the 

origins and outcomes of risks using graphical representation. It is because of this that BNs are 

a good way of modelling risk pricing uncertainty which is determined by several cause and 

effect connections. 

 

 System Dynamics 5.4

5.4.1 Introduction 

Risk management procedures have been developed based on the assumption that risks factors 

have no impact on each other. Several tools and methods have evolved around this 

assumption. In real life, the risk is usually a number of outcomes that lead to a network of 

risks. When risks are measured individually it may seem that they are not important enough 

to need managing but when viewed as part of a risk continuum their true significance 

becomes clear. For this reason, it is not feasible to measure the outcome of a group of risks in 

the absence of modelling the interrelations of risks comprehensively. Additional 

developments in risk management in projects are required to cover the limitation of the 

traditional tools and methods (Qi2fan et al., 2005). 

The most harm to the project is caused by the interaction between risk factors. Therefore, it is 

essential to focus not just on the risks themselves, but on their effects on other risks, as well 

as a broader variety of risk classes. Additionally, the occurrence of one risk may result in a 

portfolio within which the impact of the entirety is much larger than the sum of parts if 

occurring simultaneously with alternative risks (Qi2fan et al., 2005). 
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System dynamics modelling is used to capture the dynamics of different risk events. 

Appraisal activities can detect the problems and sort out the impact on construction cost from 

risk events. System dynamics is a methodology for studying and managing complexity 

between risk events. It enables the understanding of how things change through time and how 

a system can be influenced through the changes of impact of risk events  

 

5.4.2 System dynamics definition 

System dynamics is based on information feedback as well as behavioural decision-making 

and endeavours to display complex interactions between tangible elements and intangible 

elements. In other word, system dynamics is a method for comprehending the dynamic 

behaviour of complex systems, which is a part of systems theory. Recognition of the system 

structure is the main basis of this method. Interlocking associations among its components is 

as significant in determining system behaviour as the separate elements themselves. 

S. O. Ogunlana, Li, and Sukhera (2003) stated that causality encompassing multiple 

feedbacks and delays is clearly included in systems dynamics models. It helps to construct a 

system structure within which supposed causal associations may be immediately scrutinised. 

Recognition of effective management selection can prevent costly inaccuracies in these 

causal models.  

Thelen and Smith (1998) stated that system dynamics is a conceptual technique aimed at the 

scrutiny of development. It signifies elemental structures that change with time and is based 

upon mathematical equations that express time-based systems comprising special features. 

The researcher defines system dynamics in this research as a methodology of capturing the 

dynamics of the impact from the interaction between risk events. This helps provide greater 

http://www.businessdictionary.com/definition/decision-making.html
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understanding of indirect impact of risk events on risk pricing in PPP projects (see figure 5-2 

for an example of impact of risk events).  

 

Figure 5-2: Example of a system dynamic risk cost model 

 

5.4.3 Importance of system dynamics   

The logic of human judgement signifies that the best-intentioned mental evaluation of a 

challenge as complex as a large construction project is unable to account precisely for the 

numerous interactions. Adequate evaluation of the effect of externally imposed changes or 

assignment of accountability for disturbance and delay is not possible by any mental model. 

System dynamics methodology was devised to cover the limitation of mental analysis. It is 

one of the broad tools of computer simulation for addressing multi-dimensional challenges. It 

focusses on the interrelationships between the elements of an organization as opposed to each 

element on its own.  

Richardson and Pugh (1981) stated that relationship of cause and effect is the basis, and most 

distinctive feature of system dynamics modelling. It is attained by the linking of several 

cause-effect interactions, creating a circular relationship referred to as feedback loop. The 

idea of a feedback loop discloses that any factors in a system will ultimately be impacted by 

its own action (Qi2fan et al., 2005). 
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The feedback of interrelationships of a complex system are comprehended and influenced 

through systems dynamics models (S. O. Ogunlana et al., 2003). The models are employed 

by project managers to support decision-making process such as “what-if”? situations and

investigate what could have taken place, or what could take place subject to a range of varied 

previous and future assumptions, and over alternative decision options. It enables the 

possibility of selecting strategies among numerous optional simulation results. Models assist 

in analysing inputs so that ensuing decision-making is chosen based on comprehensive and 

accurate data. Additionally, models assist management in investigating the causes for outputs. 

The efficiency of decision-making is basically enhanced by systems dynamics, which 

combines all aspects of management procedures. Practical management knowledge is not 

replaced by system dynamics models, but it does support the decision making process.  

5.4.4 Advantages and disadvantages of system dynamics 

System dynamics models are employed to comprehend complex systems. They may be 

employedwithwhatareregardedas‘datapoor’ issues. Itmaybemorepractical toacquire

insight and comprehension in chaotic situations by drawing progressively more complicated 

causal loop diagrams. However, various assumptions could be introduced by various 

stakeholders or experts with different cultural perspectives or with varied political agendas, 

thereby producing a range of different scenarios. When real situations with numerous 

variables are modelled, a system dynamics picture can become extremely complex. 

Sterman (1992) stated that there are several advantages and disadvantages of the mental 

model approach compare to system dynamics as applied to project management. The mental 

model can accept a broad variety of information for consideration, and can process data that 

is provided in numerous forms. As new information is made accessible, the model can be 

changed to adapt to new situations. On the other hand, mental models are unclear and 
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difficult to scrutinise by others. Uncertainties and inconsistencies may be left unresolved, and 

their assumptions are a challenge to pinpoint in dialogue or dispute.  

The idea that individuals are unable to appropriately translate the assumptions of their own 

mental models is more worrying. Different restrictions of attention and memory as well as the 

capability to process data, confine the capability of the human mind. Individual opinions may 

be biased, information incomplete or outdated, and the time available to evaluate options 

inadequate. There are great challenges in inferring accurately the behaviour of complex 

dynamic systems by people, and when experts are involved.  

Several limitations of mental models are addressed by the computer models as they are 

unambiguous and their assumptions are available for assessment by everyone. Computer 

models moreover, reliably calculate the results of the modeller’s assumptions, are capable of 

interrelating numerous factors concurrently, and allow analysts to carry out experiments that 

are not ethical or feasible in a real system. However, the computer models are not always 

better than mental models despite these advantages. As with any tool, computer models may 

be misrepresented.  

5.4.5 System dynamics methodology  

System dynamics is a computer-assisted method of policy analysis and planning that is 

pertinent to any issues in any complex system. It is a methodology and mathematical 

modelling technique used to structure and comprehends complex matters and challenges, and 

presently employed throughout the private and public sectors for analysis and planning of 

policies. It is distinguished by interdependence, interaction and information feedback. A 

specific challenge is presented by the way models are built in systems dynamics; the elements 

of the model are determined by the problem being addressed and have to be surrounded in the 

model.Thissignifiesthemodel’sboundary  
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Three sources of information support system dynamics models: statistical information, the 

written database, and the professional expertise of main members of the system.Theexperts’

awareness is the most important source, then the writer database, and finally the statistical 

database, which is relatively minor.  

An identification of a challenge signifies the commencement of a system dynamics 

application. All main patterns of impact that cause the challenge should be subsequently 

drawn in by the modellers to create a system. A productive model is capable of simulating 

these sequences and producing system behaviour. Subsequently, various values for variables, 

as well as varied policy structures, may be introduced to model the manner in which the 

system would react to various situations. The causes of system behaviour that are found 

within the system with events serving as triggers opposed to causes are sought by this 

technique.  

System dynamics and traditional management support tools are differentiated by three 

features: 

 Its basis in engineering science, as opposed to statistics; 

 It depends on information to support, not control model development 

 It signifies a dynamic, not static for decision-making analysis. 

 

5.4.6 System dynamics modelling for project management 

Managing project is one of the most important sections of management. The numerous 

challenges of costing and scheduling are imposed on project management. Time delay and 

cost overruns are widespread in this field (Rodrigues & Bowers, 1996).  
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Project management is usually counterintuitive. Normally, projects seem to be executed 

smoothly without any challenges almost up to the completion, when uncertainty occurs that 

may require expensive rework, overtime, hiring, schedule slippage as well as reductions in 

the extent or quality of the projects.  

Practical experiences as well as academic studies show that system dynamics modelling is 

mostly effectively applied as an analytical tool for managing for large construction projects. 

Farnad Nasirzadeh et al. (2008b); Ford et al. (2004) stated that through constructing and 

applying simulation models, system dynamics is a methodology for scrutinizing and 

managing of dynamically complex systems. Several applications of system dynamics concern 

the quantitative assessment of the costs and advantages of different programs, prospectively 

as well as retrospectively. Systems dynamics models are broadly employed in project 

management. Application of the models has been used to manage projects more efficiently, 

and to assess the size and basis of cost and schedule overruns.  System dynamics modelling 

can be effectively applied to managing issues in construction projects due to: 

 Construction projects complexity 

Love, Holt, Shen, Li, and Irani (2002) stated that interdependencies are the main reason 

behind using mental models, as they allow the consequences to be determined of making 

changes in one area of ta project for other, distant areas. A change of order by the client, 

for example, could result in subsequent changes in other subsystems, requiring rework 

that extended well beyond the initial change. Workers may be rescheduled to a particular 

task as a result of these changes, delaying some tasks and speeding up others. Thus, 

delays on alternative projects could result from this sort of rework, which are found to be 

reliant on the conclusion of the delayed tasks. System dynamics models are sufficiently 

suited to signifying such compound interdependencies. One of the key functions of 
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system dynamics is in establishing such relationships, so that the causal effect of changes 

may be traced all through the system (Farnad Nasirzadeh et al., 2008b).  

 Highly dynamic nature of construction projects 

Rodrigues and Bowers (1996) stated that, essentially, project management is dynamic. 

Training and hiring procedures are spread out over time. Numerous time delays exist in 

executing projects, in finding and correcting mistakes, and in reacting to unpredicted 

changes in project extent or particulars. That the immediate responds of a system to 

actions may vary from the long term response is an indication of these dynamic aspects. 

For example, in the long term, hiring extra employees increases the ability of a firm, but 

in the immediate term, output is decreased by experienced staff having to redirect time 

from their work to teach the recruits. The establishment of system dynamics was precisely 

to address those dynamics. System dynamics has the most developed provisions for the 

correct representation, evaluation, and clarification of the dynamics of complex 

managerial and technical structures of all the official modelling methods (Farnad 

Nasirzadeh et al., 2008b).  

 Multiple feedback processes involved 

Richardson and Pugh (1981) assert that the feedback relationships that describe 

complexity are clearly included in system dynamics models. To understand and manage 

system behaviour, comprehending feedback is essential. Complex, non-linear response 

interrelationships production management systems such as manufacturing, purchasing, 

technology and logistics. Numerous variables, connected in complex networks of 

interrelationships, influence one another in often unexpected ways. so that, in the absence 

of computer models, it is impossible to predict the manner in which the multiple feedback 

connections support or offset one another with time (S. O. Ogunlana et al., 2003). The 

majority of feedbacks are too complex to be worked out by mental evaluation. However, 
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for efficient management of any complex system, comprehending these feedback tools is 

crucial (Farnad Nasirzadeh et al., 2008b). 

 nonlinear relationships involved 

Nonlinear causes and effects have no simple or proportional associations (Sterman, 

2000). When the rate of change of one variable accelerates or decelerates in relation to a 

constant level of change of another associated variable, there is a nonlinear connection. 

Love et al. (2002) assert that the majority of managers would concur that production work 

carried out subject to schedule pressure is not likely to be as precise as work carried out 

with no schedule influence. A rise in schedule pressure will reduce design standard in a 

realistic model. Minor quantities of schedule pressure have minor impact on standard of 

work in the nonlinear relationship amid schedule pressure and work quality, but rising 

pressures may result in increase of work errors, reducing the standard of the continuing 

work and raising the requirement for expensive rework. For example, drawing output may 

be raised by raising the hours of the workweek. However, decreasing and even negative 

returns may also result quickly from extra overtime as extended hours result in tiredness, 

more errors and other effects that were not so important before. System dynamics models 

can handle the rich extent of nonlinear relationships available in reality with considerable 

fidelity. System dynamics emphasises the significance of nonlinearities in model creation 

more than is the case with other commonly used modelling techniques (Farnad 

Nasirzadeh et al., 2008b).  

 Correlation and causality 

System dynamics models overtly describe cause-and-effect relationships in comparison to 

traditional modelling methods. For example, numerical regression models only establish a 

correlation: the causality has to be implied. Understanding the difference between 

correlation and causality is not usually intuitively simple even though it is essential for 
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effective resolution formation. Regression researches demonstrate, for example, a positive 

correlation between the number of workers and its cost: as number of workers is raised, 

so too does cost. Nonetheless, causality is inherent; the regression model on its own does 

not verify that decreasing number of workers will minimise cost any more than 

decreasing cost will decrease productivity (Farnad Nasirzadeh et al., 2008b). 

5.4.7 System dynamics in project risk management 

Not all goals are attained in many construction projects (Shang (2002). This failure could 

take the form of severe project delay, cost overruns and poor quality. The risks and 

uncertainties present in a project play an important role in determining the sorts of failure that 

may happen at different phases of the project. Thus, to improve the running of the project 

there is a substantial need to include the idea of risk management into construction practice. 

The notion that risk control should comprise an essential and significant aspect of project 

management is now broadly acknowledged by the key project management organisations.  

Over the years, researchers suggested different levels of risk management procedure. 

Identification, analysis, response strategy and management are mostly encompassed by these 

levels (Farnad Nasirzadeh et al., 2008b).  

A holistic opinion of the project management is the basis of the system dynamics method to 

project management. The key concern of a system dynamics model is in identifying the main 

feedback procedures answerable for the project system behaviours, in comparison to 

traditional project management techniques, which are not so concerned with complex 

management elements (Shang, 2002). Regarding project risk management, the key benefits of 

the system dynamics technique are found in risk identification, risk analysis and risk 

response, as these procedures concern numerous aspects that are subjective and dynamic, and 

are incapable of being sufficiently addressed by traditional tools (Qi2fan et al., 2005). 
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The system dynamics technique, with its responsive and endogenous viewpoint, is efficient in 

addressing interactive, dynamic project risks, for which the majority of the traditional 

simulation methods are unsuitable (Qi2fan, Xiao2qian et al., 2005).  

 Risk identification 

The analysis of feedback loops may be used for identification of project risks. Analysis of 

feedback loops may bring some risks to light, which might otherwise have been too vague to 

notice. For example, sufficient notice is rarely provided by project managers to the training 

and interaction cost caused by bringing in new staff, while experience illustrates that these 

costs could comprise the main cause of declining project schedule performance, particularly 

for high-tech projects in which expert skills and efficient interaction are vital (Qi2fan et al., 

2005). 

The ability to measure the majority of risks in a project is seen as an additional benefit of 

system dynamics in project risk identification. The calibration of system dynamics simulation 

models allows project managers clearly articulate their assumptions concerning the project 

procedure, such as the effect of schedule pressure on output, and practice quality, and the 

time and manner in which new workers are employed. Usually, these assumptions are not 

documented and could exist solely in the mind of the manager. For discovering if possible 

risks that are not simply recognised as a result of their indefinable and biased character, this 

elicitation procedure is practical. For example, the encouragement of a project crew has a 

considerable effect on project performance; nonetheless, it is rarely articulated clearly as a 

result of its quantification challenge. It compels project managers to attempt to establish 

appropriate ways of encouragement. The desire of labourers to work hard is related to the 

number of hours for which they work effectively. By means of calibration, the possible risk 

of reduced motivation, which is signified by decreased efficient working hours when the 

project is ahead of schedule, may be clearly recognised (Qi2fan et al., 2005). 
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Project managers are provided the opportunity to examine previous project information by 

calibration of system dynamics simulation models, as they are required to use this 

information as a calibration base. Project managers are able to identify the risks widespread 

in the majority of projects through this procedure of thinking back, and avoid unnecessary 

mitigation endeavours by extracting immaterial risks. Secondly, system dynamics simulation 

models may reveal significant quantitative data regarding the present status of an project, 

such as undisclosed flawed tasks, which normally are not quantified by traditional methods 

(Qi2fan et al., 2005).  

 

 Risk analysis 

During the stage of risk analysis, being the most significant stage of the risk management 

procedure, assessmentof consequencesofvarious risksonaproject’s aims takesplace. In

addition, analysis of consequences may help to identify the most significant impacting 

aspects on project performance and to address them by implementing a suitably timely 

response (Qi2fan et al., 2005).  

A risk analysis technique is provided by this research, which explicitly makes up for the 

inadequacies related to the usually applied techniques. The suggested methodology comprises 

a system dynamics founded technique within which all the various risks may effectively be 

modelled and simulated by the employment of the applied object-oriented simulation method. 

All systemic characters of risks could be regarded clearly using the suggested method. 

Various risks may be modelled as feedback loops in the suggested method, and their effect on 

project aims may be measured in terms of period, cost and standard effectively. The systems 

dynamics technique has the ability to measure the entire effect of various risks by 

contemplating direct as well as indirect impacts of every risk by means of the feedback loop 

evaluation in contrast to the traditional risk evaluation techniques. The suggested systems 
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dynmics simulation model offers a strong tool, by which the effect of different risks on 

project aims may be measured before their incidence by forming a learning laboratory and 

additionally their complete impacts may be focused efficiently (Qi2fan et al., 2005).  

Feedback loop analysis may qualitatively imply the possibility and effects of each risk. The 

incidence of a particular risk could be supported or opposed by every feedback loop within 

the feedback diagram. It may be recognised whether a feedback loop comprises a dynamic 

force that compels the project outcome in the direction of, or away from, the risk incidence 

by means of feedback loop analysis. The comparative power of the loops associated with a 

particular risk establishes its incidence probability and effects. Additionally, the manner in 

which project risks are linked to one another is defined by a feedback loop diagram, which 

comprises one of the more outstanding aspects of the system dynamics technique (Qi2fan et 

al., 2005).  

Delays and cost overrun are regular events in major projects. When workers just begin to 

overwork, for example, there is nearly no effect on productivity or practice quality resulting 

from tiredness. Nonetheless, tiredness accumulates and its unconstructive consequences are 

progressively more obvious following constant work on a project. With its useful formulas, a 

system dynamics simulation model may define various orders of delays expediently. A 

system dynamics simulation model offers a more practical technique to define projects with 

its ability for defining delays that lead to cost overrun. The project manager is enabled to give 

more notice to those risks and actions with delayed and cost overrun impacts by scrutinising 

project behaviour sequences provided by the models combining delayed and cost overrun 

consequences (Qi2fan et al., 2005) .  

 Risk response 
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The technique of System dynamics is strong enough to sustain the effective risk responses 

progress. System dynamics simulation models as well as feedback loop diagrams are efficient 

in diagnosing and analysing the multivariable causes of risks. These causes may be followed 

down along the chains of cause and effect with efficient solutions being recognised. 

Identification of these consequences is additionally assisted by walking through feedback 

loop diagrams. When a project manager hires several labourers to mitigate schedule pressure, 

for example, complexity in communication in the project crew will be raised, which is 

inclined to raise schedule pressure and harm output.  

The System dynamics simulation model offers an experimental laboratory, within which the 

impact of different risk responses may be assessed and analysed at a safe environment and 

reduced cost without impairing actual project procedures. (Qi-fan et al. 2005). 

 

5.4.8 System dynamics Method – VINSEM software 

The underpinning of the majority of risk analysis techniques reported in the literature is based 

on risk rating matrix, multiple-regression analysis, probability fitting and system dynamics 

modelling. Any risk analysis method has negative and positive features. Choosing the right 

method for the right phase of the PPP project can be as significant as analysis of risk pricing 

outcomes. As described in section 6.1.2, current practices use spreadsheets to estimate cost 

risks.  For example, the UK government (HM Treasury) officially provides a standard 

modelling tool (spreadsheet) for VFM evaluation. The input risk parameters of the 

Spreadsheet are considered independent. More importantly, there is no assessment of risk 

costs arising from the interdependency of risk events. As stated above, when a cause-effect 

relationship exists in a system, then a multiple feedback loops method to describe the 

dynamic behaviour for understanding the complexity of the  problem being solved is 
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necessary (Sterman (2000). As postulated above, PPP projects and their contractual 

arrangements are highly dynamic, extremely complex, have non-linear relationships and 

multiple feedback, and necessitate both quantitative and subjective data. Sterman (1992) 

advocates use of the system dynamics method being necessary for modelling such complex 

problems.    In this research, the system dynamics analysis is used, among others, to quantify 

the impact of complex interactions and interdependencies between risk events, the risk cost 

and outturn unit cost. A simulation model will be built to assist risk cost estimators to observe 

interconnections and interdependencies. System dynamics is attentive to the comprehending 

of changing systems over time, and investigates the system behaviour, a property which is 

desirable in assessing risk in PPP projects. Building system dynamic models assists to 

comprehend nonlinearities and feedbacks systematically (Van den Belt, 2004). System 

dynamics is related to dynamic challenges, and consequently matches other management 

science methods that more closely to static problem; it deals with the wide-ranging behaviour 

of the system and how it impacts its own forthcoming development; it makes it specifically 

easy to build models (Coyle, 1996).These properties are desirable in assessing risk in PPP 

projects.  

A new generation of simulation modelling techniques has emerged as a result of 

developments in computer technology. Engineers can now run virtual machines and 

strategists can control virtual battlefields of additional significance, nonetheless these new 

simulation technologies are just as appropriately applicable for management decision-

making. Decision-makers can now run virtual management systems and measure the cost and 

performance trade-offsofvarious“what-if?”alternatives. 

VENSIM software is presently the software chosen by many analysts, researchers and 

consultants globally for construction simulation models for commercial, scientific, ecological 
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and social systems amid a broad array of software providing system dynamics 

characteristics,.  

VENSIM combines a strong set of tools for establishing, appraising, interpreting and 

distributing models. Cause-and-effect diagramming, graphical and textual model 

construction, simple simulation of model format employing arrays, Monte Carlo sensitivity 

analysis, optimization, dealing with data and application interfaces are all encompassed 

within these tools (VENSIM 2014).  

A visual simulation tool that permits one to conceptualize, simulate, record, evaluate and 

improve models of dynamic systems constitutes VENSIM. It offers an easy and amenable 

means of constructing simulation models by using causal loop diagrams. 

Using arrows to link words, relationships amid system variables are inserted and documented 

as causal relationships. The Equation Editor utilises this data to assist in creating a complete 

simulation model. All through the construction procedure the model can be evaluated, 

observing the causes and functions of a variable, and additionally the loops concerning the 

variable. Following construction of a model that may be simulated, VENSIM allows a 

comprehensive examination of the behaviour of the model (VENSIM, 2014).  

5.4.8.1 Monte Carlo sensitivity analysis  
One of the significant tools employed in VENSIM software is Monte Carlo sensitivity 

analysis. This is a computerised statistical method that permits individuals to consider risk 

within quantitative evaluation and decision-making. Experts in such diverse areas as finance, 

project management, energy, production, engineering, study and development, insurance, gas 

and oil, and the ecology employ this method.  
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It comprises a wide class of computational algorithms that depend on recurrent random 

sampling so as to acquire statistical outcomes. Simulations are carried out numerous times 

generally, so as to acquire the distribution of an unknown probabilistic entity.  

By operating simulations to recognise the variety of likely results for several situations, 

Monte Carlo analysis concerns establishing the effect of the recognised risks. By employing 

unsure risk variable inputs to produce a variety of results with an assurance measure for every 

result, a random sampling is carried out. This is generally carried out by determining a 

statistical model and then operating simulations employing this model to approximate the 

effect of project risks. This method assists in implementing informed project resolutions by 

predicting the possible result of an event.  

Circumstances may be encountered in which there is a list of possible risks when managing a 

project, but their likely effect on the project is totally unknown. One can contemplate the 

worst-case situation to address this issue by totalling the maximum anticipated values for 

each of the variables. Comparably, one can compute the best-case circumstances. Presently, 

the Monte Carlo analysis can be employed and simulations operated to produce the most 

likely result for the occurrence. A bell-shaped regular distribution sequence may be 

encountered for the likely results in the majority of circumstances.  

The decision-maker is provided with a range of likely results and the likelihoods they will 

take place for any kind of activity by Monte Carlo simulation.  Every decision made includes 

an aspect of risk analysis. Indecision, vagueness and uncertainty are always encountered. And 

although there may be exceptional availability of information, foreseeing the future precisely 

is impossible. Viewing of all the likely results of resolutions and assessment of the effect of 

risk is permitted by Monte Carlo simulation, permitting improved resolution formation 

subject to hesitation.  
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The significance of the Monte Carlo analysis in project management is that it permits 

computing of a probable total cost of a project by a project manager in addition to 

establishing a range or a possible conclusion date for the project.  

The use of quantified information by the Monte Carlo analysis enables project managers to 

enhance communication with senior management, particularly when the latter is striving to 

achieve unreasonable dates of completion and impractical project costs. This kind of analysis 

additionally permits project managers to measure risks and uncertainties in project schedules.  

Monte Carlo simulation comprises a significant method for assessing risks, particularly those 

associated with cost and schedule. The worth of this method is increased by the idea that it is 

founded on statistical information collected by operating a number of simulations. 

Additionally, it assists in extracting any sort of project bias concerning the choice of options 

while planning for risks. It is sensible to look for active involvement of the chief project 

decision-makers and stakeholders while operating the Monte Carlo simulation, especially 

while concurring on the range worth of the project risk variables, as well as the likelihood 

distribution sequences to be employed. The creation of stakeholder assurance will be greatly 

assisted by this in the general risk-management ability of the project. This functions 

additionally as a suitable chance to make them conscious of the whole risk management 

strategy being carried out for the project.  

There are several advantages to the Monte Carlo simulation, however the correlation 

sequences, if any, that have been stipulated during the simulation dependability of the outputs 

dictate the accuracy of the range values as well as. Thus, considerable care has to be applied 

when pointing out the correlations and stipulating the scope values. If not, the whole 

endeavour will amount to nothing and precise outcomes will not be achieved (Marom, 2010). 
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Risk analysis is carried out by Monte Carlo simulation by constructing models of likely 

outcomes by replacing a variety of values – a probability distribution – for any aspect that has 

implied uncertainty. It subsequently computes outcomes repeatedly, utilising a varied group 

of random values from the likelihood functions every time. Prior to its conclusion, a Monte 

Carlo simulation could concern thousands or more recalculations subject to the amount of 

uncertainties and the extents stipulated for them. Monte Carlo simulation results in delivery 

of likely result values.  

Variables may have varied probabilities of varied results taking place through employment of 

likelihood distributions. Probability distributions comprise a more realistic means of defining 

indecision within variables of a risk analysis. 

A range of various distributions to select from is offered by VENSIM. The normal, uniform 

and triangular distributions are the most broadly employed. Adhering to a uniform 

distribution is normally reasonable if there is no cause to select a particular distribution. 

Maximum and minimum values are selected to restrict every limitation.  

 Summary  5.5

This chapter presented a wide range of risk analysis techniques. System dynamics is one of 

the most significant techniques for comprehending the dynamic behaviour of complex 

systems. Therefore, system dynamics technique was chosen to analyse the interactions of risk 

events in this research.   
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6.1 Introduction:  

 

Research techniques are usually categorized as qualitative or quantitative, or both. As 

opposed to the quantitative technique that is normally based statistics, the qualitative 

technique involves knowledge or information. The qualitative technique normally deals with 

the scrutiny and study of the information within a natural environment (Leedy & Ormrod, 

2005) while the quantitative technique is normally utilized to appraise a concept or model 

founded on a hypothesis or hypotheses (Russell, 2000). 

The conceptual model is developed here to assess the concept that the project outcomes are 

impacted by the various opinions regarding risk factors in the PPP projects. So as to enhance 

the efficiency of PPP projects by developing an analytical model. The appropriateness and 

validity of the proposed hypothetical model will subsequently be analysed. This is why 

qualitative as well as quantitative techniques have been employed. Yao (2004) states that 

improvement of the research strengths and exclusion of any weak study areas may be the 

result of hybrids amid research techniques. 

 

6.2  Research Methodology and Framework 

 

Six main tasks make up the research technique of this study (see Figure 6-1). The first task 

comprises establishing the theory, problem statement, purposes and the aim and objectives of 

this research. The subsequent task is assessing the aspects of risk within PPP projects so as to 

highlight the risk categorization and allocation, risk analysis methods, outline aspects of risk 

as well as system dynamics. The third task is the development and validation of the 

questionnaire survey after seeking expert views prior to delivery of the final questionnaire. 

The fourth task comprises gathering and analysing of collected data starting with the 
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descriptive outcomes through regression analysis as well as establishing the best probability 

distribution fit, system dynamics end with Monte Carlo Simulation.  The final task is to 

discuss and reflect on the key research findings. These tasks are illustrated in Figure 6.1 and 

will be explained individually in the subsequent sections. 

6.3  Initial Research 

 

Establishing the research aim as well as checking for any previous techniques employed to 

address the same topic. This is done to acquire the knowledge required to establish the 

associations linking construction price and risk transfer. This will be clarified further in the 

subsequent section. 

6.4  Literature Review  

 

A literature review is necessary to explore existing knowledge on the research topic, as well 

as constructing an argument regarding the significance of the field of research. Any 

noteworthy inconsistencies and controversies have to be highlighted, in addition to any 

research queries lacking responses (Bryman, 2008). The applicable theories and concepts to 

the research area may be recognised. This helped to recognise the research gaps in the 

literature review and highlight the strong and weak points of the research in this important 

area.  The research uses the background literature review as its foundation to make develop 

new knowledge. Thus, the methodology in addition to the investigation of the relationship 

between risk transfer and construction price in PPP projects are now outlined individually. 

The literature review has been split into four key stages as follow: 
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Figure 6-1: Research Methodology and Framework 
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6.4.1 Risk Classification in PPP Projects 

Many studies focused on classifying risk factors into different groups. The categorization 

based on risk pricing used in this study offers a greater capacity for more accurate risk 

control. As a consequence, the risk factors in this research are categorized into two main 

groups namely: exogenous risks and endogenous risks.  

6.4.2 Risk Allocation in PPP Projects 

This section will discuss that the suitable risk allocation between public sector and private 

sector is a key to achieve VfM. It is illustrated that the public sector will charge economically 

appropriate price for the risk within its control, while the private sector might charge a 

premium to bear the risk that is not under its control, which will affect the project overall cost 

hence its value for money.  

6.4.3 Mapping Risk Factors in PPP Projects 

Risks should be identified and assessed when planning a project. This should protect as much 

as possible against any risks or problems arising later. A crucial role in building reliable cost 

model is performed by the identification of cost-determinant variables. The cost of risk has 

not been fully considered by many construction companies, due to neglecting of interaction 

between risk factors that increase the influence of risk factors on construction price. This 

study will be help to develop a better understanding of the impact of risk factors on 

construction cost. 

6.4.4 Risk and system dynamics Analysis  

This is to consider the essential uncertainty of the expenses or period of particular operations 

or aspects inside a project when appraising the expected ultimate cost of a specific plan. 

There are several risk modelling methods analysing risks and uncertainty. The following 

section will illustrate the most popular tool used for risk modelling to price risk and 

uncertainty.  
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System Dynamics is one of the effective tools of computer simulation for addressing multi-

dimensional challenges. The aim of this technique is to establish the conditions, under which 

a system being scrutinised will develop and in which direction. Models that signify 

characteristically the actuality of the system are the tools employed. Focusing on the 

interrelationships and the interaction between the risk factors impacts as a whole rather than 

focus on each risk factor impact individually. 

 

Figure 6-2: Risk analysis process (Task 4 & 5 from research structure) 

 

 

6.5 Risk Analysis Process 

Step1: 

As illustrated in figure 6-2, a risk matrix is used to collect data about the risk events in PPP 

projects in KSA. The risk matrix is based on the likelihood and impact rating of each risk 

impact event. Mapping risks in a matrix over a specific phase of a project is advocated by 

Akintoye et al. (2001).  The authors claim that this format will assist in demonstrating 

different consequences of cost and time.  An example of the risk matrix is shown in Table (6-

1). To reduce the potential bias arising from respondent’s judgment in making a reliable 

assessment, the questionnaire was sent to participants who were a group of risk experts from 

a PPP domain in KSA. The data in the matrix is then normalised using the method described 

in section 6-7.  Ranking analysis is used to extract the most important risk impact events.  



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

175 
Saleh Alzahrani 

Step2: 

The results from step one are used to extract mathematical equations. Regression modelling 

technique has been extensively used in the construction industry to predict the performance 

of projects.  For example, Odeyinka, Lowe, and Kaka (2012) developed regression models to 

assess the impacts of the identified risks on the baseline forecast at the in‐progress stage of 

construction. Hwang (2009) developed dynamic regression models to track construction 

costs. The study used a linear multiple regression model to quantify the functional relations 

for a dependent risk variable and its independent variables in a risk cost, using cost overrun 

as proxy dependent variable; chapter 9 provides further details.  

Step3:  

At this step the risk impact events that were selected for developing multiple regression 

equations are selected for probability distribution fitting. This was necessary due to the fact 

that by fitting a theoretical distribution to the collected data, the specified distributions should 

be less sensitive to random fluctuations between different respondent answers. Thus, a series 

of theoretical distribution functions were applied to fit the data collected from the 

questionnaire survey. Statistical tests such the Andersen test are used to select the best fit 

distributions. These distributions then used the VINSEM platform to perform Monte Carlo 

simulation 

Step 4:  

Monte Carlo simulation is considered to be one of the most powerful techniques for risk 

analysis. In particular, it is very useful when there are many constructs with significant 

uncertainties. In this study all of both dependent and independent variables are considered to 

have a high uncertainty. Thus, Monte Carlo simulation is used to capture the variability that 

may exist in each of the study constructs. Inter-relationship between the risk events is 
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captured through the linear equations developed in step 3. Causal loops (both negative and 

positive) are used to study the influence of risk events on the risk cost proxy variable (i.e., 

cost overrun). At this stage, the followings are results are obtained from the simulation (see 

section 6-12): 

1- Risk events impact probability distribution. This result is based on Eq. (11) 

2- Risk cost probability distribution. This result is based on Eq. (12)  

3- Outturn unit cost probability distribution. This result is based on Eq. (13) 

Step 5:  

The results generated from step 4 are subjected to analysis to determine the nature of the 

resulting probability distributions. Thus, empirical distributions are defined for the simulated 

data. The process of identifying and confirming the best fitting distributions is necessary 

because it can provide several benefits, including awareness of the upper and lower limits of 

risk impact events. Several statistical techniques are used to compare and analyse the results. 

The study used correlation coefficient, PP plots, Andresen test, and descriptive statistics. 

Plots and charts are also used to observe the variability of output from the simulation.    

 

6.6  Questionnaire Design and Development 

A review of the qualitative research techniques as well as the procedure adopted to plan and 

finalise the questionnaire are summarised in this section. There are drawbacks and benefits 

for this research tool. The benefits of using a questionnaire and email survey are categorised 

by Powell (1997): 

- The participants will not be distracted by the interviewers. 

- The significance of contemplating the layout of the questionnaire, hence this will assist 

to extract variations within the questioning procedure. 
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-  The participants will be able to provide thoughtful responses with sufficient time to 

fill the questionnaire. 

Questionnaire surveys nevertheless have some drawbacks as highlighted by Powell (1997):  

- The communication amid the researcher, the subject and the participant. 

- The participant will be unable to ask if he or she requires a clarification. If the 

questionnaire comprises questions, which are easy to respond to, nonetheless, any 

queries could be sent through email.  

- The questionnaire will more likely be answered by people who are highly opinionated. 

The impact of risk factors on risk cost is what the questionnaire is intended to determine.  

Prior to developing a system dynamics risk model, the initial factors used in the survey have 

been identified based on a comprehensive literature review. The result of the questionnaire 

will be evaluated using the SPSS package, followed by multiple regression analysis to 

establish the most suitable distribution fit for all factors of risk. This is followed by the 

construction of the conceptual model, prior to ultimately implementing the conceptual model 

within the system dynamics model. Lastly, Monte Carlo simulation is used to establish the 

outcome. 

This questionnaire technique was selected by the researcher based on the benefits highlighted 

above. As mentioned earlier, the literature review helped to form an extended list of risk 

factors to use in the questionnaire. This required dividing the questionnaire into three key 

parts.  General questions regarding the participants are included in part 1. Subsequently, the 

second part is split into nine sub-categories. The survey is designed to ask about the main 

research question which is about how risk factors influence construction price in PPP 

projects. The third part of the questionnaire included nine sub-sections intended to assess risk 

allocation based on the risk price level in PPP projects. The methodologies that have been 
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employed for the purpose of developing the questionnaire are briefly summarised in the 

following sub-sections. 

6.7  Impact of Risks on Risk Cost 

The impact of the risk factors on risk cost has been measured by the second part of the 

questionnaire in nine sub-classes.  

Various implications of cost are highlighted through the mapping of risks over a particular 

project stage (Akintoye et al., 2001; DAU, 2003; Dey, 2002; Kindinger, 2002). To quantify 

the effect of risk on construction price within PPP projects, a risk matrix is employed. This 

matrix in based on the ratings of probability and impact for every risk occurrence. In the 

literature a broad range of assessment is employed to define the impact of risk. The range 1 to 

25 is adopted in this study.  

Figure 6-1 shows a risk matrix comprising a risk scale numbered from 1 to 25 (used by 

Australia Government, 2005 and Cooper et al., 2005).  

This questionnaire was mailed to participants by the researcher to rank the risk effect with the 

use of professional judgement for all of the occurrences of risk spanning the life cycle of the 

project. The intention was to offer a scale of magnitude that was reliable to measure and rank 

the anticipated effect for every risk event.  

Table 6-1: Risk matrix 
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Impact approximations and probability are not employed directly; instead, they start with 

qualitative scales, and subsequently convert these into statistical values to be used as signals 

or indirect quantifications of risk effects and probabilities. These are sufficient for comparing 

between various outcomes, specifically when the risk factors for a project have to be 

established swiftly to decide which areas the management should concentrate on. Absolute 

measuresarenotrequiredastheintentionistoratethefactorsbetween‘mostrisky’and‘least

risky’. 

To calculate the impact of risks on risk cost, the respondents’ assessments are converted to 

numerical measures using Eq. (1) and shown in figure 6-1. The numerical measures are then 

averaged to give a risk probability measure (P) as in Table 6-3. A similar process is 

implemented for the impact assessment as in Table 6-2, to give an average impact measure 

(C).  

 

 

Table 6-2: Numerical value for impact rating 

Impact Scale Number Rating Numerical Value 

Very High (VH) 1000 (1000/1855) = 0.5391 

High (H) 700 (700/1855) = 0.3774 

Neutral (N) 100 (100/1855) = 0.0539 

Low (L) 50 (50/1855) = 0.0270 

Very Low (VL) 5 (5/1855) = 0.0027 
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Table 6-3: Numerical value for probability rating 

Probability Scale Number Rating Numerical Value 

Very High (VH) 9 (9/24) = 0.38 

High (H) 7 (7/24) = 0.29 

Neutral (N) 5 (5/24) = 0.20 

Low (L) 2 (2/24) = 0.08 

Very Low (VL) 1 (1/24) = 0.04 

 

The impact of risks on risk cost (DR) is then calculated for each risk: 

Risk probability measure (P) is on a scale between (1/24 = 0.04) (very low) to (9/24 = 0.38) 

(very high). 

The impact measure (C) is on a scale between (5/1855 = 0.0027) (very low) to (1000/1855 = 

0.5391) (very high). 

DR= P + C - (P*C)  Eq. (1) 

The degree of risk impact on risk cost (DR) exposes the probability of a risk occurring and 

the severity of its impact. The degree of risk impact on risk cost will be very high if the 

probability (P) is very high and/or the consequence C is very high. 

In some circumstances, degree of risk impact on risk cost could be computed as the product 

of the probability and impact measures: 

RP =P*C  Eq. (2) 

This formula of projected value calculation is common in several forms of safety analysis. 

Here, P and C are not restricted to the ranges 0 to 1. 
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This formula has one substantial disadvantage in contrast with the earlier formula in that 

items with very high impacts but very low likelihoods may be allocated very low degree of 

risk impact on risk cost, and therefore they could not be flagged as significant. This can be a 

problem in practice, as there is a possible that significant risks could not be observed.  

The method adopted in Eq. (1) identifies risks with very high probabilities or very high 

impacts or both, so the chance of very high consequence with very low probability items 

being ignored is greatly reduced. 

Therefore, numerical values of the degree of risk impact on risk cost for (P) and (C) are 

converted to a scale between (0 and 1). Mathematically, it derives from the probability 

calculation for risk events:  

Prob. (A or B) = Prob. (A) + Prob. (B) – Prob. (A) * Prob. (B)     Eq. (3) 

Nevertheless, the formula is not a mathematical relationship, only a useful piece of arithmetic 

for setting significances.  

This way of measurement in practice solves the disadvantages of the traditional formula 

(RP=P*C). Therefore the suggested method of computing impact of risks on risk cost uses 

the form shown below in table 6-4. 

Table 6-4: Risk matrix for degree of impact of risks on risk cost 

 

The scale illustrated in Figure 6-4 include very low (dark green colour), Low (bright green 

colour), Medium (yellow colour), High (brown colour) and very high (red colour). 
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6.8  Level of Risk Price and Risk Allocation 

The third part of the questionnaire, which included nine sub-categories, focused on risk 

allocation based on the risk price level in PPP projects. The risk matrix for this section used a 

scale between 1 and 15 (see table 6-5). Rating from 1 to 5 means allocation to public sector 

based on level of risks price from very low to very high respectively. Rating from 6-10 is 

allocated to private sector. Finally rating from 11-15 is to be shared between both sectors. 

Table 6-5: Risk matrix for level of risk price and risk allocation 

R
is

k
 P

ri
ce

 

VH 5 10 15 

H 4 9 14 

N 3 8 13 

L 2 7 12 

VL 1 6 11 

  Public Private Share 

 

Risk Allocation 

 

6.9  Questionnaire Validation 

 

Through a process of continuous deliberation and review, the questionnaire design was 

finalised and validated before being sent to potential respondents. This was followed by a 

final check by academics and professionals selected based on their research interests and 

publications. The questionnaire was updated based on their recommendations and remarks. 

This helped to confirm that the questions and the description of listed risk factors were 

inclusive and appropriate.  

6.9.1 Pilot study 

After constructing the format of data collection and before distribution it to the selected 

sample of the participants, a pilot study will be applied to verify the clearness and readability 
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of the format of data collection. Teijlingen and Hundley (2001) definite the pilot study as the 

course that states to the minuscule versions of a total study as well as the precise pre-testing 

of a specific research tools such as questionnaire. According to Naoum (2007), the pilot study 

affords a trial run for the questionnaire which includes examine the wording of the questions, 

identifying any unclear question, testing the method used in gathering data and computing the 

efficiency of the used typical invitation to contributors. According to Ghauri et al (1995), the 

logic behind this method is to define and evaluate the participants’understanding,thelevelof

struggle and their willingness to reply questions. 

 

6.10 Sample Size and Delivering the Questionnaire to Respondents 

Strauss and Corbin (1998) recommend that variant sampling approaches can be implemented 

at different phases of a research study. Primarily, even though categories are being 

recognised and entitled, sampling is open and unstructured. As theory improves and groups 

are established along perfect dimensional stages sampling turn out to be more purposive in 

demand to make best use of chances for comparative analysis (Strauss and Corbin, 1998) in 

(Ritchie et al. Eds. 2013, p.115). Endorsements about ideal sample sizes differ noticeably, 

based on: firstly what one purposes to improve (accuracy or power), secondly about the 

variance element of concern, and finally about constraints forced by the system (Snijders & 

Bosker 1999; Maas & Hox 2004; Scherbaum & Ferreter 2009; Hox 2010; Martin et al. 2011; 

van de Pol 2012) in (Dingemanse and Dochtermann 2013, p.45-46). 

Regarding to risk transfer, and which party manage and control the risk event, PPP projects is 

different in comparison to traditional projects. Therefore, the respondents who targeted to 

participate in this research were experts who have been working more than 3 years in any 

type of PPP projects.  
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The following guidelines from the literature have assisted in achieving an improvement in the 

response rate of the written questionnaires: 

 Covering letters: in the previous researcher founded that personalised covering letters 

with hand-written signatures helped response rates (Leung Wc, 200 I). 

 Follow-ups: Many previous researcher shows that follow-ups call are effective in 

increasing response rates. In the present research study, with a fellow-ups call the 

response rate has been increased from 20% to 27%. 

The format of data collection was sent to the experts working in PPP projects. 250 

participants were selected randomly, based on their involvement with PPP projects. The 

survey was completed and returned by 68 participants with a good response rate of 27%, 

which is within the acceptable rage of 20% to 30% identified by Akintoye (2000), 

Zoomerang (2010), Sherrie (2010) and Couper (2000).  The same rate may be categorised as 

a modern acceptable benchmark, as asserted by Addendum (2012). Hamel and Prahalad 

(1990) state that a rate above 20% is satisfactory for email surveys. Other researchers 

including McMillan and Sheehan (1999) regard 24% as a regular rate of response. 

 

6.11 Case study (Estimated price) 

To estimate the risk cost, actual historical data on risk cost is unavailable. The author has 

investigated the historical records of 4 projects contracted under PPP contract mechanisms. 

The purpose of investigating these homogenous projects is to determine the unit cost.  The 

unit cost of these projects is not adjusted to risk impact. Thus, for the smooth functioning of 

this research, projected or anticipated values for the initial unit cost, i.e. estimated costs, were 

derived from 4 infrastructure PPP projects (water network project, see table 6-6). These 

projects include supply and installation of pipes in a normal open excavation. The initial 
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average estimated cost is 973 SR per unit. This unit cost is assumed as the based cost free 

from risk impacts that is not adjusted to risk.  

Table 6-6: Estimated unit price from case studies 

 Duration Contract Est. Cost/meter Average Est. Cost/meter 

Project ( A ) 36 1024 SR/meter  

 

973 SR/m 

Project ( B ) 36 922 SR/meter 

Project ( C ) 24 990 SR/meter 

Project (D) 36 958 SR/meter 

 

6.12 Data Analysis 

Data analysis has five sub-tasks; multiple regression analysis, best distribution fit (BestFit 

software), Theoretical Models, system dynamics (VENSIM software), and Monte Carlo 

Simulation as explained in the following sub-sections. 

6.12.1 Multiple Regression Analysis 

The regression modelling technique has been extensively used in the construction 

engineering and management field to predict the project performance (Liou & Huang, 2008; 

Molenaar & Songer, 2001; Russell, 1992). The regression modelling technique is used by 

professionals when it is hypothesized that a variable (X, the independent variable) statistically 

causes another variable (Y, the dependent variable) to change. The researcher will apply the 

multiple regression model including interaction terms to quantify the functional relations 

between a dependent risk factor and its independent variables in a risk cost network, which is 

expressed in Eq. (4) as: 

 

𝑌 = 𝛽0 
+ ∑ 𝛽𝑖 𝑅𝑝𝑖

𝑖=𝑛

𝑖=1

+∝                 Eq. (4) 
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Where:  

Yi = the value of the dependent variable in risk network  

𝛽0 = constant 

𝛽𝑖 = the weight of the independent variable 

Rpi = risk factor 

∝ = error  

 

6.12.2 Probability Distribution Fit (BestFit Software) 

A series of theoretical distribution functions were applied to fit the collected data. The 

process of identifying and confirming the distribution was called fitting a distribution 

(Molenaar & Songer, 2001, Park & Sharp-Bette, 1990 and Springer, 1997). Park and Sharp-

Bette (1990) state that this process can provide several benefits when fitting a distribution to 

data applied in risk simulation:  

(a) - The empirical distribution for the same variable might be different when obtaining 

different sets of observations at different times. By fitting a theoretical distribution to the 

data, the specified distributions should be less sensitive to random fluctuations between 

different observations. 

(b) - If empirical distributions are defined for observed data, then their use in the 

simulation implied that no random variables falling outside the variety of the observed 

data would be generated. On the other hand, with a fitted theoretical distribution, random 

variables outside the variety of the observed data can be generated. “This is a much

desired feature in risk simulation, since many project outcomes depend heavily on the 

probabilitythatan‘extreme’event may occur. 

In probability fitting, a fitted probability distribution for the input risk variables in a risk cost 

network can be inferred. Since each risk cost network links to the risk pricing model, it is 
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possible to predict the probability distribution of risk pricing values by Monte Carlo 

simulation. BestFit software will used to find out the best distribution fit for variables used in 

this research.  

6.12.3 Theoretical Models Applied in VENSIM Software 

In the absence of directly applicable theoretical models for the determinants of the cost of 

risk transfer in relation to the cost of construction (contract prices) in the construction sector, 

this research proposes empirical models to help in dealing with this problem. The proposed 

models are described in the following sub-sections: 

6.12.3.1 Risk Price Model 

The risk cost is formulated using the following simple mathematical expressions. These 

equations are based on mathematical reconciliation between initial and final account project 

costs. This is necessary to compute the risk cost 𝑅𝑃.  

𝑦𝑀𝐸 = (𝑃𝐸 − 𝐶𝐸) 

𝑦𝑀𝐴 = (𝑃𝐸 − 𝐶𝐴) 

𝑅𝑃 = 𝑦𝑀𝐴 − 𝑦𝑀𝐸 

 Where: 

𝑦𝑀𝐸= Estimated project margin. 

𝑃𝐸= Project price including risk cost and profit. 

𝐶𝐸= Estimate project cost. 

𝑦𝑀𝐴= Actual project margin 

𝐶𝐴= Actual project cost. 

𝑅𝑃= Project risk price. 

The adjusted project margin to risk categories is computed as follows: 

𝑦𝑀𝑅 = 𝑦𝑀𝐸 + 𝑦𝑀𝐸 ∏ 𝑅𝑖

𝑖=𝑛

𝑖=1

 

Where,  𝑅𝑖 is the risk impact each risk. 
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6.12.3.2 Construction Model 

In this study, the construction cost excludes the risk cost. The construction cost is represented 

as follows: 

         𝑦𝐸 = ∑ 𝐶𝑖
𝑖=𝑛
𝑖=1      Eq. (9)         ,        𝑦𝐹 = 𝐶𝐴 − 𝐶𝐸       Eq. (10) 

  Where  𝐶𝑖  is the total construction cost of each construction package, in other words, the 

sum of the estimated construction cost for each project. 

𝑦𝐸: Estimated project cost without risk cost. 

𝑦𝐹: Final project risk cost.  

 

The estimate project cost is adjusted to cost risks using the following equations: 

𝑅𝑐 (𝑌) = 𝛽0 
+ ∑ 𝛽𝑖 𝑅𝑝𝑖

𝑖=𝑛

𝑖=1

+∝   Eq. (11) 

𝑦𝑅𝑃 = 𝑦𝐸 ∗ ∏ 𝑅𝑐

𝑖=𝑛

𝑖=1

       𝐸𝑞. (12) 

𝑦𝐹𝐶 = 𝑦𝐸 + 𝑦𝑅𝑃       𝐸𝑞. (13) 

Where: 

𝑅𝑐 = risk impact due to the 9 risk categories. 

𝑦𝑅𝑃 = Risk Cost.  

𝑦𝐹𝐶 = Outturn unit construction unit price.  

 

6.12.4 System Dynamics (VINSEM Software) 

In a large-scale project, applying a causal-effect modelling technique to model risk 

interdependencies may be more appropriate than the spreadsheet used in current practices for 

risk cost estimates. Systematic dynamic (SD) is a both qualitative and quantitative tool with 

feedback and causal loop diagrams, suitable for modelling the interaction such as non-linear 
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behaviour, time delay effects and causal feedback for a complex PPP project over time 

(Williams, 2002). 

SD uses multiple feedback loops to describe dynamic behaviour for understanding specific 

kinds of complex difficulties that include changes over time. Multiple feedback loops are 

closed chains of cause and effect relations, in which feedback given to generate further 

action.  

Sterman(1992)statethat“It is important tonotethat thelarge-scale projects are extremely 

complex, highly dynamic, have multiple feedback and non-linear relationships, and require 

both hard and soft data. That explains why SD can fulfil certain modelling requirements, 

especiallyforlargescaleconstructionmodels” 

Concerning parameter inference for a SD model, applying correct hybrid tools at the right 

time for project modelling may be necessary. This research study combines various 

techniques and tools to infer the risk consequence and probability for risk variables. 

VENSIM software is one of the best system dynamics software. It will be used in this 

research to combine a strong set of tools for establishing, appraising, interpreting and 

distributing models. Cause-and-effect diagramming, graphical and textual model 

construction, simple simulation of model format employing arrays, Monte Carlo sensitivity 

analysis, optimization, dealing with data and application interfaces are all encompassed 

within these tools (VENSIM 2014).  

6.12.5 Monte Carlo Simulation 

Monte Carlo simulation is used to investigate the consequence variability. Every risk event 

may be triggered by more than one cause and may lead to harm consequences. Once the 

likelihood for every risk event is assessed and determined, the likelihood for these causal sub-

events is joined to assess the incidence likelihood for the main event. Monte Carlo simulation 
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is presently viewed as the furthermost great technique for cash-flow analysis. It is beneficial 

when there are numerous variables with important uncertainties (Reilly, 2005). Monte Carlo 

simulation analysis is valuable when the project is more complex and more risks and 

uncertainties involved in it (Dey & Ogunlana, 2004; Stahr, 2006; Watson, 2005). 

 

6.13 Summary 

The research techniques that have been used in this study for the development of the 

proposed model have been outlined in this chapter. These techniques include quantitative and 

qualitative tools. The outcomes from the questionnaire survey and the analysis of the 

collected data will be discussed in the subsequent chapters.  
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7 Chapter 7: Descriptive Analysis and Data Ranking 
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7.1  Introduction 

As described in the previous chapter, a questionnaire survey was carried to provide a general 

review of the current pricing risk practice in Saudi Arabia, identify the impact of risk factors 

considered in PPP projects and to obtain actual data for development and validation of the 

innovative pricing risk models proposed in this study. The main aim for this study is to 

investigate the degree of impact of risk on cost unit and the best risk allocation in PPP 

projects. The impact of risk factors will be assessed based on the respondents' prospective 

and their experience. This chapter will describe the data analysis process and to summarise its 

findings.  

As mentioned earlier, the written questionnaire was posted to a randomly selected set of 

(250) practitioner in PPP projects in both public and private sectors. The sent questionnaire 

survey was then followed by follow-up telephone calls in order to remind and encourage 

potential respondents to complete and return the questionnaire and hence improve the 

response rate of the survey. The total of (68) fully completed questionnaires were received 

back from respondents, hence achieving a response rate of (27%) in the mail survey. It seems 

that the reminders and follow-up telephone calls have helped to improve the response rate. 

The questionnaire three main parts are analysed in the following sections. 

7.2 Parts One: Respondents General Information 

Part one of the questionnaire aims at obtaining general background information about the 

respondents (Respondent’sposition,Jobtitle,Experience, Size of Organization). 

 
Figure 7-1: Respondent’s Position 

 
Figure 7-2: Experience 

 
Figure 7-3: Job Title 
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Theauthorbelievesthattherespondent’sposition is most important question in this section, 

which determines the prospective of the respondents involved in this research. The study 

determined that 38 participants (55%) of this research were working in the public sector, 

while 30 participants (45%) were working in the private sector. This combined between 

respondents from both sectors gave balance in the assessment of impact of risks on 

construction risk cost.  

The respondents years of experience are illustrated in Figure 7-2 based on data collected 

through questionnaire. 

Asillustrated,7 respondentsoutof68(10%)have less than5years’experience,19(28%)

have6to10years’experience,18(26%)have11to15years’experience,11(16%)have16

to20years’experience,and13(19%)havemorethan30 years of experience. 

As shown in Figure 7-3, participation included 19 Engineers, 23 Estimators, 1 General 

Manager, 3 Heads of Department and 22 Project Managers. 

7.3 Section Two: Impact of Risk Factors on Construction Unit Price 

Part two of the questionnaire is to provide descriptive data on most recently completed or 

ongoing projects, in which the respondents personally participated to find out the effect of 

risk factors on construction price. The risk factors that highly affected construction unit price 

have been identified. Analysis and ranking of these factors are summaries in the following 

sub-sections. 

 

7.3.1 Data Ranking 

Theimpactofriskfactorshasbeenrankedbasedontherespondent’sopinionsonhow

much a particular risk factor usually affects construction unit price. The ranking was done 

among PPP projects practitioners in both public sector and private sector.  
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This chapter used the statistical techniques SPSS and Microsoft Excel to rank the data 

obtained from the questionnaire survey, which consists of 65 risk factors within 2 main 

categories and 9 sub-categories. The method of assessment and ranking is based on statistical 

analysis such similar to (Field, 2005; Morgan et al, 2004; Punch, 2006): 

 The average weighted mean 

 Standard deviation 

 Coefficient of variation, which is the ratio of standard deviation as a percentage 

(%) of the mean. Usually used for comparing the relative variability of various 

responses. The lower variation coefficient, the better is the variability. 

Each sub-category has a number of risk factors as shown in Figure 7-4. 

 

Figure 7-4: Risk factors questionnaire structure 

 

7.3.2 Risk Scale Matrix 

A risk scale numbered from 1 to 25 was thought to be easier for respondents to determine the degree 

of impact of risks on construction price unit. The results were then normalised in a scale between 0 

and 1. Further explanation is shown in Chapter 6. 
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7.3.3 Analysis and Ranking 

A mean weighted rating for each impact risk factor is computed to indicate the importance of 

each risk factor, using the shown below: 

Mean weighted rating =(∑(R*F))/n   

Where; 

R=degreeofimpactriskfactor(impact*Likelihood),(0.0442,0.0858,0.2105,…,

0.7119) 

F = frequency of responses 

n = total number of responses (n = 68) 

 

The ratio of standard deviation as a percentage of the mean is called Coefficient of Variation 

(COV) and is used for comparing relative variability of responses. 

 COV = (S / M) * 100 %                  

 Where; 

   S = standard deviation 

   M = weighted mean sample. 

List of risk factors, derived from the literatures was provided to the respondents who were 

asked to give a degree of impact of risk in terms of the likelihood of occurrence of the risks 

and the impact of the risk on the construction unit price in PPP projects, using risk matrix 

between the impact and the likelihood on a scale from 1 to 25.  
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7.3.4 Exogenous Risks Category 

Descriptive analysis for exogenous risk category is combined of 5 sub-categories named: 

political risks, legal risks, economic risks, natural risks and market risks. Every one of these 

sub-categories will be described in details as follow. 

7.3.4.1 Political Risks 

Political risk sub-category consists of 10 risk factors. The average weighted mean for the 

political risk factors varies from 0.1191 to 0.3057, with the overall Mean of 0.2015.  Table 7-

1 shows that there is just one factor (RP3) with ranking among the highest risks impact on 

cost. In this table, factor RP3- Poor public decision making process, is considered as the 

highest ranked indicator for the political risk sub-category, with the Mean of 0.3057. It has an 

overall ranking of 15
th

 out of the 65 factors. The public sector ranked RP3 the 16
th

 out and 

private sector ranked it the 13
th

. 

Table (0-1 in the Appendixes A) shows frequencies and distribution of responses that 13 

respondents (19.1%) gave a score in the range of very highly affected to the construction price, 

17 (25%) a score in the range of highly affected to the construction price. This high score (high 

range and very high scale) shows that this factor (RP3) is recognised by respondents as one, 

which is affecting construction unit price.  

Table 7-1: Ranking of political risks (Risk likelihood & Risk impact) 

Risk Factor 
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RP1 
Change in law 

.1904 .1807 6 45 54 39 94.8887 

RP2 
Delay in project approvals and permits 

.2880 .1781 2 20 20 19 61.8158 

RP3 
Poor public decision making process 

.3057 .1869 1 15 16 13 61.13675 

RP4 
Government intervention 

.1946 .1500 5 43 44 42 77.05639 

RP5 
Unstable government 

.1725 .1752 7 54 56 48 101.5926 

RP6 
Government reliability 

.1989 .2134 4 39 49 37 107.3117 
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RP7 
Inconsistencies in government policies 

.2393 .1843 3 33 31 31 77.0331 

RP8 
Strong political opposition /hostility 

.1191 .1170 10 64 63 64 98.24785 

RP9 
Expropriation/nationalization of assets 

.1431 .1372 9 61 64 56 95.82639 

RP10 
Inability of concessionaire 

.1632 .1404 8 59 60 50 86.01758 

 

7.3.4.2 Legal Risks 

In the legal sub-category, the average weighted mean for the impact varies from 0.1797 to 

0.3292, with the overall Mean of 0.2233 (see table 7-2).  Only one risk factor from the 6 

factors in this sub-category was among the factors with highest impact on construction risk 

cost; namely RP12- Corruption and lack of respect for law. This risk factor scored an average 

weighted Mean of 0.3292 and a standard deviation of 0.1661. The impact of this risk factor 

was ranked as 9
th

 overall. The public sector ranked it as 7
th

 while the private sector ranked it 

as 12
th

. This gives an impression that public sector assess this factor to be an important 

contributor to cost overrun. 

Table 7-2: Ranking of legal risks (Risk likelihood & Risk impact) 

Risk Factor 

M
ea

n
 

S
td

. 

D
ev

ia
ti

o
n

 Ranking 
Coefficient 

of 

variation 

C
a

te
g

o
ry

 

O
v

er
a

ll
 

P
u

b
li

c
 

P
ri

v
a

te
 

RP11 
Change in tax regulation 

.1975 .1488 3 41 38 47 75.36457 

RP12 
Corruption and lack of respect for law 

.3292 .1661 1 9 7 12 50.45011 

RP13 
Legislation change 

.2714 .1323 2 23 25 22 48.73334 

RP14 
Import / Export restrictions 

.1686 .1367 6 58 51 59 81.07517 

RP15 
Rate of return restrictions 

.1797 .1221 5 48 52 45 67.96276 

RP16 
Industrial regulatory change 

.1934 .1213 4 44 39 46 62.73545 

 

7.3.4.3 Economic Risks 

The economic risks sub-category consists of 4 risk factors. No factor of this sub-category 

ranked as one of the highest impact risk factors that influence construction risk cost. The 
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Mean of the economic impact of risk factors vary from 0.1544 to 0.2666. The overall mean is 

0.2072.  RP18- Inflation rate volatility, ranked as 1
st
 in the economic sub-category with Mean 

of 0.2666 and standard deviation of 0.1554 (see table 7-3). 

Table 7-3: Ranking of economic risks (Risk likelihood & Risk impact) 

Risk Factor 
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RP17 
Interest rate volatility 

.2340 .1826 2 34 36 33 78.01271 

RP18 
Inflation rate volatility 

.2666 .1554 1 26 26 24 58.28585 

RP19 
Foreign exchange and convertibility 

.1737 .1037 3 53 47 57 59.68727 

RP20 
Poor financial market 

.1544 .1337 4 60 59 61 86.57887 

 

7.3.4.4 Natural Risks 

In the natural risk sub-category, 2 risk factors from the 4 factors were ranked in the highest 

impact factors affecting construction cost in PPP projects namely; RP21-Force majeure and 

RP24-Geotechnical condition.  

Table 7-4 shows that RP24 was ranked as 1
st
 in this sub-category and 4

th
 overall. The public 

sector ranked this factor as 9
th

, while the private sector ranked this factor as 3
rd

. in this table 

shows a difference between the public sector and the private sector perspective regarding this 

factor. RP21 was ranked as 2
nd

 with a mean value of 0.3048 and a standard deviation of 

0.2233 clearly indicating the effect of this risk factor on the construction unit price as 

perceived by respondents. The average mean for this sub-category is 0.3043, putting this sub-

category in the 2
nd

 place among all sub-categories that usually to cost overrun.  
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Table 7-4: Ranking of natural risks (Risk likelihood & Risk impact) 

Risk Factor 

M
ea

n
 

S
td

. 

D
ev

ia
ti

o
n

 Ranking 
Coefficient 

of 

variation 

C
a

te
g

o
ry

 

O
v

er
a

ll
 

P
u

b
li

c
 

P
ri

v
a

te
 

RP21 
Force majeure 

.3048 .2233 2 16 21 8 73.26015 

RP22 
Environment 

.2991 .2087 3 17 22 10 69.77201 

RP23 
Weather 

.2559 .1830 4 29 30 26 71.50212 

RP24 
Geotechnical condition 

.3574 .2109 1 4 9 3 59.00694 

 

7.3.4.5 Market Risks 

Market risks sub-category consists of 3 factors (see table 7-5): RP25- Tariff change, RP26- 

Market demand and RP27- Fluctuation of material cost by public/private. The last factor was 

ranked as the 1
st
 in this sub-category and the 8

th
 in overall list with a mean score of 0.3374. 

Thepublicsectorandtheprivatesectoragreeontheimportanceofthisfactorbuttheydon’t

share the same ranking. The public sector ranked RP27 as 12
th

 while the private sector ranked 

it as 7
th

. 

Table 7-5: Ranking of market risks (Risk likelihood & Risk impact) 

Risk Factor 
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RP25 
Tariff change 

.1986 .1398 2 40 42 41 70.39087 

RP26 
Market demand 

.1693 .1375 3 57 57 52 81.20193 

RP27 

Fluctuation of material cost by 

public/private .3374 .1740 1 8 12 7 51.57409 

 

7.3.5 Endogenous Risks Category 

Descriptive analysis for endogenous risk category is mapped into 4 sub-categories; project 

selection risks, project finance risks, construction risks and relationship risks. Every sub-

category will be described in details as follow. 
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7.3.5.1 Project Selection Risks 

Although the project selection risks sub-category consist of 5 risk factors, no risk factor from 

this list was ranked in the highest impact factors that affect the construction price. In table 7-6 

shows the impact of risk factors in this sub-category range from mean of 0.1720 to 0.2673. 

Factor RP31- Land acquisition, seemed to be the most important risk factor in this sub-

category and has an overall rank of 24
th

 out of 65 risk factors. The private sector gives 

attention to this factor more than the public sector. The private sector ranked RP31 20
th

 while 

the public sector ranked it 28
th

. 

Table 7-6: Ranking of project selection risks (Risk likelihood & Risk impact) 

Risk Factor 
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Coefficient 

of 

variation 
C

a
te

g
o

ry
 

O
v

er
a

ll
 

P
u

b
li

c
 

P
ri

v
a

te
 

RP28 
Public opposition to projects 

.1720 .1677 4 55 53 55 97.5465 

RP29 
Uncompetitive tender 

.1801 .1227 2 47 58 44 68.12844 

RP30 
Level of demand for the project 

.1706 .1200 5 56 55 54 70.34534 

RP31 
Land acquisition 

.2673 .1613 1 24 28 20 60.32442 

RP32 
Competition risk 

.1760 .1192 3 52 40 60 67.70803 

 

7.3.5.2 Project Finance Risks 

Table 7-7 shows that 3 risk factors in the project finance sub-category were ranked among the 

highest impact risk factors by all of respondents. Factor RP34-Inaccurate estimates, is 

considered as the highest ranked impact factor among all risk factors, with a Mean of 0.4822. 

Both public sector and private sector assess this risk factor as the most influential risk factor 

and ranked it 1
st
 in their list of impact of risk factors that affect construction risk cost. Also, 

RP35-High finance cost and RP37-Delay in payment of annuity ranked were as 2
nd

 and 3
rd

 in 

this sub-category and also ranked overall as 11
th

 and 12
th

 with a Mean of 0.3252 and 0.3211 

respectively.  
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Table 7-7: Ranking of project finance risks (Risk likelihood & Risk impact) 

Risk Factor 
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RP33 
Availability of finance 

.2642 .1998 5 27 27 25 75.60453 

RP34 
Inaccurate estimates 

.4822 .1896 1 1 1 1 39.32126 

RP35 
High finance cost 

.3252 .1770 2 11 15 5 54.43893 

RP36 
High bidding costs 

.2672 .1529 4 25 23 30 57.24257 

RP37 
Delay in payment of annuity 

.3211 .1528 3 12 13 14 47.58807 

RP38 

Financial attraction of project to 

investors .1777 .1027 8 49 48 53 57.7721 

RP39 
Lack of creditworthiness 

.2064 .1552 7 38 45 35 75.17077 

RP40 
Delay in financial closures 

.1771 .1175 9 50 43 58 66.31835 

RP41 
Inability to service debt 

.1765 .1206 10 51 50 51 68.31174 

RP42 
Lack of government guarantees 

.1431 .1325 11 62 62 62 92.57431 

RP43 
Financer unwilling to take high risk 

.2527 .1588 6 30 35 21 62.84383 

 

7.3.5.3 Construction Risks 

The construction risks sub-category includes 12 factors, 7 of which were ranked in the 

highest impact risk factors. These are RP45-Construction time delay, RP47-labour 

availability, RP48-Poor quality of workmanship, RP49-Default of sub-contractors or 

suppliers, RP51-Design deficiency, RP52-Late design change and RP54-Contractual risk. 

This means that about 60% of the impact of risk factors in the construction risks sub-category 

were ranked in the highest impact group. These risk factors’means range from 0.3134 to 

0.4638. The average mean for this sub-category is 0.3122. The score of average weighted 

Mean and the severity indices for all of these factors are very high in comparison with other 

sub-categories. Factor RP45 with a Mean of 0.4638, is considered is the highest ranked risk 

factor for this sub-category. The overall ranking for this factor was 2
nd

 also the public sector 

and the private sector ranked it as the 2
nd

 in their most influential risk factors (see table 7-8). 
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Table 7-8: Ranking of construction risks (Risk likelihood & Risk impact) 

Risk Factor 
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RP45 
Construction time delay 

.4638 .1847 1 2 2 2 39.8277 

RP46 
Material availability 

.2815 .1981 9 22 8 40 70.37399 

RP47 
labour availability 

.3391 .1920 5 7 4 15 56.61866 

RP48 
Poor quality of workmanship 

.3420 .1819 4 6 6 9 53.16785 

RP49 

Default of sub-contractors or 

suppliers .3422 .2091 3 5 10 4 61.10273 

RP50 
Design & construction complexity 

.2818 .1830 8 21 19 23 64.9492 

RP51 
Design deficiency 

.3148 .2012 6 13 5 27 63.92454 

RP52 
Late design change 

.3802 .1990 2 3 3 6 52.34657 

RP53 
Construction technology risk 

.2275 .1449 11 35 32 36 63.69032 

RP54 
Contractual risk 

.3134 .2036 7 14 14 16 64.97701 

RP55 
Contractor failure 

.2638 .1915 10 28 24 28 72.616 

RP56 
Quality risk 

.1964 .1367 12 42 41 43 69.60297 

 

7.3.5.4 Relationship Risks 

This sub-category consists of 9 risk factors with the mean value vary from 0.1416 to 0.3273. 

The impact of risk factor RP62-Inadequate negotiation period prior to initiation has a Mean 

value of 0.3273 and standard deviation of 0.1747. RP62 was ranked by the respondents as one 

of the highest impact risk factors that affect construction risk cost ( see table 7-9).  

Table 7-9: Ranking of relationship risks (Risk likelihood & Risk impact) 

Risk Factor 
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RP57 

Different working method between 

partners .2229 .1519 7 37 37 34 68.12817 

RP58 
Inadequate experience in PPP 

.2900 .1442 3 19 18 18 49.72705 

RP59 Lack of commitment from .2245 .1367 6 36 34 38 60.91078 
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public/private sector 

RP60 
Organisation and coordination risk 

.2437 .1592 5 32 33 29 65.32238 

RP61 

Inadequate distribution of 

responsibility and risk .2914 .1715 2 18 17 17 58.86502 

RP62 

Inadequate negotiation period 

prior to initiation .3273 .1747 1 10 11 11 53.37932 

RP63 

Conflict between project's 

participants .2464 .1418 4 31 29 32 57.54674 

RP64 
Workers strike 

.1416 .1215 9 63 61 63 85.79295 

RP65 

Cultural differences between main 

stakeholders .1807 .1526 8 46 46 49 84.47268 

 

7.4 Overall Observation 

Theoverallpractitioners’perspectivesontheaverage rating for the risk factors sub-

categories are shown in Figures 7-5 and 7-6.  

As shown in Table 7-10, the top ranked factors based on their impact on construction 

risk cost are:  

1- Construction risks sub-category (Mean average: 0.3122);  

2- Natural risks sub-category (Mean average: 0.3043); 

3- Project finance risks sub-category (Mean average: 0.254); 

4- Relationship risks sub-category (Mean average: 0.2409); 

5- Market risks sub-category (Mean average: 0.2351); 

6- Legal risks sub-category (Mean average: 0.2233); 

7- Economic risks sub-category (Mean average: 0.2072); 

8- Political risks sub-category (Mean average: 0.2015); and  

9- Project selection risks sub-category (Mean average: 0.1932). 

 We can also see from table 7-10 and 7-11 that the public sector perspective is 

different from the private sector perspective. However both groups agree that construction 
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risks sub-category and the natural risks sub-category are the two most important sub-

categories that have a high impact on risk cost in PPP projects. They also agree that the 

endogenous risk factors have more impact on risk cost compared with exogenous risk factors. 

Table 7-10: The average rating of risks sub-categories for impact of the risks on risk cost 

Risk Sub-category Overall Public Private 

Political Risks sub-category 
.2015 0.1883 0.2182 

Legal Risks sub-category 
.2233 0.2235 0.2231 

Economic Risks sub-category 0.2072 0.2029 0.2126 

Natural Risks sub-category 0.3043 0.2794 0.3358 

Market Risks sub-category 0.2351 0.2256 0.2472 

Project Selection Risks sub-category 0.1932 0.1866 0.2015 

Project Finance Risks sub-category 0.254 0.2442 0.2663 

Construction Risks sub-category 0.3122 0.3215 0.3004 

Relationship Risks sub-category .2409 0.2355 0.2479 

 

 

Figure 7-5: The average rating for Likelihood of occurrence and impact of the risks sub-categories 
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Table 7-11: The average rating of the exogenous & endogenous risks for impact of the risks on risk cost 

Risk Category Overall Public Private 

Exogenous Risks 0.2239 0.2474 0.2357 

Endogenous Risks 0.2470 0.2540 0.2505 

 

 

Figure 7-6: The average rating for the exogenous & endogenous risk factors 

 

7.5 Ranking of Highest Impact Risk Factors 

The Risk matrix shown in the Chapter 6, table 6-1 classified risk factors according to 

their impact on construction cost into: very low impact (0.0442 - 0.0858), low impact (0.0859 

– 0.1327), medium impact (0.1328 – 0.2936), high impact (0.2937 – 0.5071) and very high 

impact (0.5072 – 0.7119).  

Any risk factor rated as a high impact or higher (more than 0.3) is shortlisted as one of 

the“highestimpact”factors.The ranking of these risk factors that have the highest impact on 

construction risk cost is shown in Table 7-12. For example, RP34-inaccurate estimate is a 

factor that has an overall Mean of 0.4822. The respondents from the public sector rate this 

factor based on its impact on risk cost with a Mean of 0.4618, while the respondents from the 
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private sector rate it with a Mean of 0.5081. This shows that both sectors see this sector as 

one of the risk factors that affect the cost. There are some risk factors rated as a high impact 

on risk cost by the respondents from private sector while it rated as a medium impact on risk 

cost by respondents from the public sector such as RP2- Delay in project approvals and 

permits. Even though both sector didn’t rated as a high impact but still the rating is very

similar. 

There were common agreements among the respondents from both sectors about the impact 

of the risk factors on risk cost in PPP projects. As illustrated in Table 7-12, 14 risk factors are 

rated by both sectors as high or very high impact factors.   

 

Table 7-12: The Mean average rating and Standard Deviation (SD) for risk factors impact 

Category 
Risk 

Factor 

Overall Public Sector Private Sector 

Mean S.D R Mean S.D R Mean S.D R 

Political Risks 
RP2 .2880 .1781 20 .2785 .1766 20 .3001 .1822 19 

RP3 .3057 .1869 15 .2945 .1958 16 .3199 .1772 13 

Legal Risks RP12 .3292 .1661 9 .3340 .1726 7 .3231 .1602 12 

Natural Risks 

RP21 .3048 .2233 16 .2742 .2160 21 .3434 .2299 8 

RP22 .2991 .2087 17 .2705 .2101 22 .3352 .2046 10 

RP24 .3574 .2109 4 .3332 .1976 9 .3881 .2263 3 

Market Risks RP27 .3374 .1740 8 .3271 .1802 12 .3506 .1680 7 

Project Finance Risks 

RP34 .4822 .1896 1 .4618 .1766 1 .5081 .2050 1 

RP35 .3252 .1770 11 .3024 .1670 15 .3540 .1878 5 

RP37 .3211 .1528 12 .3245 .1456 13 .3168 .1639 14 

Construction Risks 

RP45 .4638 .1847 2 .4575 .1719 2 .4718 .2025 2 

RP46 .2815 .1981 22 .3334 .2038 8 .2158 .1723 40 

RP47 .3391 .1920 7 .3577 .1960 4 .3155 .1873 15 

RP48 .3420 .1819 6 .3470 .1875 6 .3358 .1774 9 

RP49 .3422 .2091 5 .3320 .1861 10 .3551 .2377 4 

RP51 .3148 .2012 13 .3521 .2060 5 .2676 .1879 27 

RP52 .3802 .1990 3 .4034 .2026 3 .3509 .1938 6 

RP54 .3134 .2036 14 .3171 .1881 14 .3086 .2249 16 

Relationship Risks 

RP58 .2900 .1442 19 .2797 .1438 18 .3031 .1461 18 

RP61 .2914 .1715 18 .2806 .1675 17 .3051 .1784 17 

RP62 .3273 .1747 10 .3291 .1631 11 .3249 .1912 11 
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7.6 Reliability Test 

Reliability analysis has been used as part of the validation process because it checks whether 

the elements from the similar scale measure the similar construct. A low reliability signifies 

that the elements that make up the scale do not associate strongly enough, thus they may not 

be tapping the same construct domain. Cronbach's Alpha as a measure of reliability was 

calculated to check the consistency of the questionnaire results and to exclude any extreme 

responses (SPSS Inc., 2007). George & Mallory (2003) assessed the Cronbach's Alpha 

measure as shown in Table 8-5: 

Table 7-13: George & Mallory (2003) techniques 

Cronbach's Alpha Internal Consistency 

 > 0.90 Excellent 

0.80 - 0.89 Good 

0.70 - 0.79 Acceptable 

0.60 - 0.69 Questionable 

 0.50 - 0.59 Poor 

< 0.50 Unacceptable 

 

In the exogenous risk (see table 7-14), every sub-category tested by reliability test. Political 

risks sub-category scored 0.762 which is assessed as reliable with acceptable level of internal 

consistency based on George & Mallory (2003) techniques. Reliability test for legal risks 

sub-category resulted with 0.412, indicating a reliability issue. Therefore RP11 and RP12 

were deleted to in an attempt to improve reliability. The new value was 0.542 (poor but 

accepted level of internal consistency). Economic risks sub-category also scored 0.542. Legal 

risks, natural risks sub-categories both achieved a Cronbach's Alpha of 0.842 indicating 

reliability with a good level of internal consistency. Finally the Cronbach's Alpha for the 

reliability test for market risks sub-category was 0.638 indicating that it is reliable with a 

questionable level of internal consistency. Overall exogenous risks category score Cronbach's 

Alpha with 0.883, which is assessed as reliable with good level of internal consistency. 
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Table 7-14: Reliability Test for Exogenous Risk category 

  

Scale 
Mean if 

Item 
Deleted 

Scale 
Variance 

if Item 
Deleted 

Corrected 
Item-Total 
Correlation 

Cronbach's 
Alpha if 

Item 
Deleted 

Cronbach's 
Alpha for 
sub-
category 

Cronbach's 
Alpha for 
category 

RP1 1.824431 0.83 0.129 0.784 

0.762 

0.883 

RP2 1.726837 0.715 0.526 0.728 

RP3 1.709149 0.74 0.404 0.746 

RP4 1.820272 0.771 0.422 0.743 

RP5 1.842382 0.741 0.443 0.74 

RP6 1.816019 0.623 0.7 0.694 

RP7 1.775607 0.697 0.567 0.721 

RP8 1.895765 0.803 0.423 0.746 

RP9 1.871741 0.813 0.294 0.758 

RP10 1.851685 0.791 0.376 0.749 

RP13 1.068337 0.138 0.202 0.365 

0.542 
RP14 1.171151 0.139 0.179 0.379 

RP15 1.160074 0.123 0.443 0.228 

RP16 1.146378 0.143 0.202 0.367 

RP17 0.594663 0.06 0.575 0.184 

0.542 
RP18 0.562091 0.086 0.387 0.415 

RP19 0.655009 0.125 0.119 0.599 

RP20 0.674319 0.105 0.258 0.524 

RP21 0.912418 0.255 0.709 0.785 

0.842 
RP22 0.918116 0.258 0.767 0.758 

RP23 0.961247 0.299 0.662 0.808 

RP24 0.859757 0.288 0.582 0.84 

RP25 0.506754 0.068 0.439 0.555 

0.638 RP26 0.536054 0.062 0.565 0.394 

RP27 0.367926 0.058 0.37 0.68 

  

Also based on George & Mallory (2003) techniques, the endogenous Project selection risks 

sub-category and project finance risks sub-category achieved 0.680 and 0.641 respectively 

indicating reliability with a questionable level of internal consistency. Construction risks sub-

category scored 0.904, which indicates reliability with excellent level of internal consistency. 

Finally the Cronbach's Alpha for the reliability test for relationship risks sub-category was 

0.745 indicating acceptable level of internal consistency. Overall endogenous risks category 

score high Cronbach's Alpha (0.892), which is assessed as “reliable with good level of

internal consistency”(seetable7-15). 
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Table 7-15: Reliability Test for Endogenous Risk category 

  

Scale 
Mean if 

Item 
Deleted 

Scale 
Variance 

if Item 
Deleted 

Corrected 
Item-Total 
Correlation 

Cronbach's 
Alpha if 

Item 
Deleted 

Cronbach's 
Alpha for 
sub-
category 

Cronbach's 
Alpha for 
category 

RP28 0.794051 0.121 0.554 0.568 

0.680 

0.892 

RP29 0.785912 0.16 0.395 0.646 

RP30 0.795363 0.157 0.451 0.625 

RP31 0.698701 0.14 0.4 0.65 

RP32 0.790007 0.162 0.399 0.645 

RP33 2.529321 0.436 0.552 0.551 

0.641 

RP34 2.311318 0.557 0.101 0.665 

RP35 2.468388 0.494 0.387 0.598 

RP36 2.526381 0.547 0.229 0.631 

RP37 2.472441 0.609 -0.043 0.68 

RP38 2.615822 0.556 0.359 0.613 

RP39 2.587126 0.485 0.522 0.571 

RP40 2.61636 0.573 0.195 0.634 

RP41 2.61701 0.532 0.426 0.599 

RP42 2.650415 0.551 0.27 0.623 

RP43 2.5408 0.515 0.358 0.605 

RP45 3.282759 2.111 0.564 0.9 

0.904 

RP46 3.465047 2.103 0.531 0.902 

RP47 3.407521 2.032 0.692 0.893 

RP48 3.404543 2.04 0.72 0.892 

RP49 3.404425 1.995 0.693 0.893 

RP50 3.464778 2.055 0.685 0.894 

RP51 3.4318 1.994 0.727 0.891 

RP52 3.36635 2.041 0.645 0.896 

RP53 3.519046 2.218 0.484 0.903 

RP54 3.433218 1.97 0.763 0.889 

RP55 3.482818 2.114 0.533 0.901 

RP56 3.550184 2.222 0.509 0.902 

RP57 1.945449 0.478 0.518 0.706 

0.745 

RP58 1.878341 0.548 0.192 0.757 

RP59 1.943884 0.484 0.563 0.701 

RP60 1.924674 0.48 0.475 0.713 

RP61 1.876929 0.446 0.587 0.691 

RP62 1.841096 0.525 0.215 0.761 

RP63 1.921982 0.478 0.57 0.699 

RP64 2.026781 0.484 0.655 0.692 

RP65 1.987688 0.552 0.154 0.764 
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The reliability test has also been done for all factors together resulting with 0.931 Cronbach's 

Alpha, which indicates reliability with excellent level of internal consistency (Table 7-16). 

 
Table 7-16: Reliability Statistics for all risk factors 

Cronbach's Alpha N of Items 

0.931 65 

7.7 Conclusion  

The impact of the identified risk factors has been analysed and discussed in this chapter based 

on the results of the conducted questionnaire survey that was completed by 68 experts 

working in PPP projects from both the public and private sectors in Saudi Arabia.  

It has been found that the impact of risk factors RP3, RP12, RP21, RP24, RP27, RP34, RP35, 

RP37, RP45, RP47, RP48, RP49, RP51, RP52, RP54 and RP62 have an impact score that is 

higher than 0.3 meaning. This means that the risk cost will be highly or very highly affected 

by these risk factors.  

Factors such as RP34-inaccurate estimate, RP45- Construction time delay are found to 

have high impact on risk cost in PPP projects. There are 12 other risk factors that respondents 

from both sectors agree on their high impact on cost. Both public and private sectors did not 

however agree on the impact on 7 risk factors, but the researcher would still recognize them 

as high impact risk factors in PPP projects. 
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8.1 Introduction 

This chapter will explore how all risk factors identified so far in this study are allocated in 

PPP projects in Saudi Arabia. This will be done for all risk factors categories as shown the 

following sections and sub-sections. 

8.2 Level of Risk Cost Impact on Risk Allocation 

Risk allocation in PPP projects has received considerable attention from numerous studies. 

The majority of these studies aim to investigate which of risk events are better managed by 

which party of PPP contracts. However, no previous attempt to investigate the impact of risk 

cost on risk allocation in PPP projects has been found.  

The data gathered by through the questionnaire regarding risk allocations is based on a five 

point’s scale; very low, low, medium, high and very high. The scale for risk allocations 

consists of fifteen points as mentioned in the previous chapter; 1 – 5 (allocated to public 

sector), 6 – 10 (allocated to private sector) and 11 – 15 (shared between public and private 

sectors). The data gathered through the questionnaire regarding risk allocations is based on a 

five point scale; very low, low, medium, high and very high. The scale for risk allocations 

consists of fifteen points as mentioned in the previous chapter; 1 – 5 (allocated to public 

sector), 6 – 10 (allocated to private sector) and 11 – 15 (shared between public and private 

sectors). The data was collected in a matrix format, so the risk impact events are directly 

assessed by the respondents. For every cell in the matrix, an average weighted response for a 

particular risk event is computed. The values of these weighted averages are then used to 

develop risk allocation heat maps, based on the level of risk impact on construction cost. This 

heat map is a graphical way of displaying allocation of risk events based on level of risk price 

by using colours to represent numerical values. High value shows the first priority which is 

inclined toward dark red colour, while the low value is inclined toward green colour (see 
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figure 8-1). The results of this exercise are presented and analysed in the following sub-

sections.  

 

      

High 

Value 

    Low 

Value 

Figure 8-1: Interpretation of heat map colour 

   

8.2.1 Allocation of Exogenous Risk Events Based on Risk Cost 

8.2.1.1 Political Risk Events 

Political risks are related to a range of risk events that stem from issues such as government 

policy, taxation, expropriation rules and nationalisation. Ten political risk events were 

included in this study based on the literature review (see Chapter 3).  The risk allocation heat 

map generated using the collected data is shown in (Appendix C). An example of RP10- 

“Inabilityof concessionaire” risk event heat map is shown in Figure 8-1. Table 8-1 shows 

that the majority of the respondents suggested that if the political risk event cost was very 

low, low and medium, the risk should be allocated to the public sector. Respondents have 

allocated RP10 to the private sector when the likelihood the risk event was low or very low. 

 

VH 0 0 0 

H 0 1 3 

M 1 0 4 

L 8 23 6 

VL 4 18 0 

  Public Private Share 

Figure 8-1: Heat Map of RP10-Inability of concessionaire (Risk Allocation & Risk Price) 
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The heat map in Figure 8-1 shows that majority of the respondents assess RP10 to be 

allocated to the private sector. The respondents generally suggested that if RP3-Poor public 

decision making process risk was medium then it is most likely allocated to the public sector. 

Some thought it is better to allocate it to the private sector.  However, all respondents agree if 

the RP3 risk cost is low then it should be allocated to the public sector.  

 

Table 8-1: Political risks allocation based on level of risk price 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP1 L PC VL PC H SH 

RP2 L PC M PC M SH 

RP3 M PC L PC M PV 

RP4 L PC M/VL PC L PV 

RP5 VL PC L PC VL SH 

RP6 L PC VL PC L PV 

RP7 L PC M PC L PV 

RP8 VL PC L PC L PV 

RP9 VL PC L PC M PV 

RP10 L PV VL PV L PC 

 

It is noted that these results are not in line with previous studies. Most of the literatures 

including the European bank PPP guide suggest that “in general, the private sector is better 

placed to assume commercial risks while the public sector is better placed to assume legal 

and political risks”. 

This might be attributed to the fact that in Saudi Arabia most the economy is mostly 

controlled by the government. Probably this is the norm in other countries when public 

projects underperform, the government steps in to provide necessary support.  
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8.2.1.2 Legal Risk Events 

Legal risk events are the consequences of possible legislation change, imperfect law and 

supervision systems and change in tax regulation. As shown in Table 8-2, six legal risk 

events are included in this study.  

Table 8-2: Legal risks allocation to level of risk price 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP11 L SH M SH L PV 

RP12 L SH H SH H PV 

RP13 L SH H PC/PV M SH 

RP14 L SH M SH VL SH 

RP15 L/M PC/PV VL PC L SH 

RP16 M SH L PC L SH 

 

The legal risk allocation heat map is shown in Appendix C. For an example, the RP-12 risk 

event heath map is shown in Figure 8-2.   

VH 
1 3 6 

H 
1 8 11 

M 
1 7 7 

L 
4 2 12 

VL 
3 0 2 

  Public Private Share 

Figure 8-2: Heat map of RP12- Corruption and lack of respect for law (risk allocation & risk price) 

 

As can be seen in Table 8-2, it seems that there is a wide range of opinions on how legal risk 

cost influences risk allocation in Saudi Arabia. For RP11, RP12, and RP14, respondents 

agree that if risk cost range from high to low then the risk should be shared.  Although for 
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RP11 many respondents thought this risk should better be managed by the private sector. If 

the cost of RP13 was low then its allocation, respondents showed no clear preference for risk 

allocation. However, if this risk cost level was medium, it should be shared by private and 

public sectors. There appear to be a disagreement between respondents regarding the 

allocation of RP15 risk event.  RP12-Corruption and lack of respect for law, and RP16-

Industrial regulatory change have been rated as medium level of risk price, which is the 

highest in this sub-category, also it is one of the highest overall risk factors considered in this 

survey.  

8.2.1.3 Economic Risk Events  

PPP projects are known to be susceptible to economic risk events. Four economic risk events 

are included in this study and they are listed in Table 8-3.  

Table 8-3: Economic risks allocation to level of risk price 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP17 L PV VL/L PV/SH M PV 

RP18 L PV M/L PV/SH VL/M PV/SH 

RP19 L PV L SH M PV/SH 

RP20 VL PV L PV L SH 

 

A detailed description of these risk events is presented in Chapter 3.  The generated economic 

risk event allocation heat map is shown in Appendix C. An example of RP20 risk event heath 

map is shown in Figure 8-3.  
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VH 0 0 0 

H 0 0 0 

M 1 2 4 

L 1 17 14 

VL 2 20 7 

  Public Private Share 

Figure 8-3: Heat map of RP20- Poor financial market (risk allocation & risk price) 

 

An overall observation of the heat map shows a consensus among the respondents that this 

risk should be allocated to the private sector if their costislowormedium.The“RP20-Poor 

financialmarket”riskisallocatedtotheprivatesectorifthecostwaslow.Thefindingsfrom

this section are in line with the current PPP guidelines, which stipulate that commercial risks 

should be allocated to the private sector. 

 

8.2.1.4 Natural Risk Events  

Natural risk events are mainly considered to be related to acts of God, such as natural 

disasters. This study has included four natural risk events as shown in Table 8-4.  

Table 8-8-4: Natural risks allocation to level of risk price 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP21 L SH M SH L PC 

RP22 L SH M SH VL SH 

RP23 L SH M SH VL PV 

RP24 M/H SH M PV VL/VH PV/SH 
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The generated natural risks allocation heat map is shown in Appendix C. An example of 

RP24 risk event heath map is shown in Figure 8-4.  

VH 0 4 7 

H 0 5 9 

M 4 8 9 

L 2 6 5 

VL 0 7 2 

 

Public Private Share 

Figure 8-4: Heat map of RP24- Geotechnical condition (risk allocation & risk price) 

There appears to be a general consensus among practitioners that if the cost of a risk event is 

high to low, then the consequences of this risk should be shared between project partners. In 

fact this is the general principle in all existing PPP frameworks. However, some the 

respondents think that if the risk cost for RPA21 is medium to low then the public sector 

should bear the risk.  Moreover a group of respondents suggest that if the risk cost for event 

RP24- Geotechnical condition - is medium to very low then the private sector should bear 

this risk consequences of this event.  

8.2.1.5 Market Risk Events  

Typical market project risks normally arise when the payment for the services that need to be 

provided by the project is dependent on the level of usage.  However, the construction stage 

of PPP projects could be also subjected to market conditions through unforeseen price 

variations of construction material, equipment, etc. Typical market risk events are listed in 

Table 8-5.   
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Table 8-5: Market Risks allocation based on level of risk price 

Risk 

Factor 

1
st
 priority 2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP25 L SH VL SH L/M PV/SH 

RP26 L SH VL/L/L PV/PV/SH M SH 

RP27 L PV M/L PV/SH VL PV 

 

The generated market risk event allocation heat map is shown in Appendix C. An example of 

RP27 risk event heath map is shown in Figure 8-5.   

VH 0 0 0 

H 1 5 6 

M 2 11 6 

L 1 17 11 

VL 0 7 1 

  Public Private Share 

Figure 8-5: Heat map of RP27- Fluctuation of material cost 

 

Practitioners in Saudi Arabia suggest that the risk cost of RP25- Tariff change and RP26- 

Market demand risk events have to be shared by both public and private sections when the 

risk cost is low to very low. However, some procuring authorities prefer the market demand 

risk to be allocated to the private sector. It is interesting to notice that the respondents thought 

the cost of these two events is low. This is probably due to the fact that the majority of 

services in Saudi Arabia are provided by the government and demand for the public services 

is growing exponentially due to the rapid growing of population and economy. The 

respondents assessed “RP27-Fluctuation of material cost” risk event cost to bemedium to
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low and suggested that it should be shared by public and private sectors, as shown in Figure 

8-5.  

 

8.2.2 Allocation of Endogenous Risk Events Based on Risk Cost 

8.2.2.1 Project Selection Risk Events  

According to the European Bankguidelines,projectselectionobjectiveis“to ensure that the 

investment offers value for money”.Thus, theproject selection riskeventsdealwith issues

such as delays in land acquisition, planning approval, site availability, etc. 

Further discussion on these risk events can be found in Chapter 3. As can be seen Table 8-6, 

the 1
st
 preference is to allocate RP28, RP30 and RP32 to the public sector when risk cost is 

low.   

Table 8-6: Project selection risks allocation based on level of risk cost 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP28 VL PC L PC L SH 

RP29 L PV L PC VL SH 

RP30 L PC VL PV VL PC 

RP31 M PC H PC M SH 

RP32 L SH VL SH L PV 

 

The full generated project selection risk allocation heat map is shown in Appendix C. An 

example (RP31 risk event) heat map is shown in Figure 8-6. 
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VH 3 0 0 

H 13 1 0 

M 22 2 7 

L 7 3 4 

VL 0 1 5 

  Public Private Share 

Figure 8-6: Heat map of RP31- Land Acquisition 

 

However, if the risk cost is low, the respondents preferred to allocate the RP29 risk to the 

private sector.  In column 2, the respondents preferred to allocate RP28, RP29 and RP31to 

the public sector, whereas RP30 and RP32 are preferably allocated to the private sector and 

shared respectively.  In column 3, the respondents preferred that RP28, RP29 and RP31to be 

shared between private and public sectors when the risk cost is low. Despite these findings, in 

most existing PPP frameworks and guidelines project selection risk events are mainly 

managed by the public sector.  No matter what the level of the risk cost, the transfer of these 

risks is being rarely used as strategy for managing the project section risks. This might be due 

to the fact that it is generally impractical to achieve value for money from transferring these 

risks to the private sector. 

8.2.2.2 Project Finance Risk Events 

Project financial risk events deal with issues such as availability of finance, financial 

attraction of project to investors, high finance cost that may influence the development 

budget of projects. A detailed description of these risk events is presented in Chapter 3.   

Table 8-7 shows that if the risk price is low then the 1
st
 preference is to transfer the risk to the 

private sector.   

Similarly, in the 2
nd

 column it appears that the preference when the risk cost ranges from high 

to low is to allocate to the risk to the private sector. The third column indicates that risk 
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transfer to the private sector is the most favoured measure.  It is also noticeable in Table 8-7 

that the respondents prefer RP42-Lack of government guarantees to be allocated to the public 

sector when the risk cost is low to very low.  

Table 8-7: Project finance risks allocation based on level of risk price 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP33 L PV VL/M PV L SH 

RP34 M PV H PV L PV 

RP35 L PV M PV H PV 

RP36 L PV M PV H PV 

RP37 L PV L/M PC VL PV 

RP38 L PV L SH VL PV 

RP39 L PV VL PV M PV 

RP40 L PV VL PV L/M PC/PV 

RP41 L PV VL PV L/M PC/PV 

RP42 L PC VL PC VL/L PV/SH 

RP43 L PV VL/M PV L SH 

 

The generated finance risk event allocation heat map is shown in Appendix C. An example of 

RP34- risk event heat map is shown in Figure 8-7.  

VH 
0 9 0 

H 
0 17 0 

M 
0 18 4 

L 
1 10 3 

VL 
2 4 0 

  
Public Private Share 

Figure 8-7: Heat map of RP34- Inaccurate estimates 
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8.2.2.3 Construction Risk Events 

Construction risk events are related to design, construction and commissioning of the project. 

It is well recognised that the design and construction phase of the PPP projects is the most 

risky stage. Thus, it is possible that if certain aspects of each of these three processes are not 

implemented correctly might lead to adverse cost escalation and time delays. 

12 risk events are considered in this study as listed in Table 8-8. 

Table 8-8: Construction risks allocation based on level of risk price 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP45 L PV VL/M PV L SH 

RP46 L PV M PV VL/H PV 

RP47 M PV L PV H PV 

RP48 M PV L PV H PV 

RP49 L PV M PV VL PV 

RP50 L PV VL/M PV M SH 

RP51 L PV M PV VL PV 

RP52 M PV L PV H PV 

RP53 L PV M PV VL PV 

RP54 M SH L/M PV L SH 

RP55 L PV L SH M SH 

RP56 L PV VL/M PV/SH L SH 

  

The generated construction risk allocation heat map is shown in Appendix C. An example of 

“RP48- Poorqualityofworkmanship”riskevent heat map is shown in Figure 8-8.   
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Figure 8-8: Heat map of RP48- Poor quality of workmanship 

There seems to be a general agreement among the respondents that no matter what the risk 

cost is the construction risk events should be allocated to the private sector. However, it 

appears that the respondents prefer if the RP54- contractual risk is shared between the public 

and the private sectors. One can only presume that in Saudi Arabia the government is heavily 

involved in contractual arrangements and approval, hence the desire of the respondents that 

this risk should be shared. One can also assume that if all of these risks are allocated to the 

private sector this will increase the risk cost and ultimately the outturn unit cost of PPP 

projects.   

8.2.2.4 Relationship Risk Events  

Relationship risk events are related to stakeholder relations as formed in the project 

procurement process of PPP projects. This type of risk is unavoidable due to the nature of 

PPP projects and their complex contractual arrangements and coordination.  A detailed 

discussion on the relationship risk events is provided in Chapter 3.   

Table 8-9 indicates that the 1
st
 preference of PPP practitioners in Saudi Arabia is to share the 

risk between the public and private sectors if the risk cost range was between very low to 

medium. However, the respondents thought that if the risk cost for event RP65 is low then 

this risk should be allocated to the private sector. 
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Table 8-9: Relationship risks allocation based on level of risk price 

Risk 

Factor 

1
st
 priority  2

nd
 priority  3

rd
 priority  

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

Risk 

Price 

Risk 

Allocation 

RP57 L SH M SH L PV 

RP58 L SH L PV M SH 

RP59 L SH M SH L/VL PV/SH 

RP60 L SH L PV M SH 

RP61 M SH L SH L PV 

RP62 L SH M SH L PV 

RP63 L/M SH L PV M PV 

RP64 VL SH L SH VL/L PV 

RP65 VL PV VL SH L PV/SH 

 

The second column in Table 8-9 shows that if the risk cost is between medium  and very low 

then the preference for risk allocation is either shared (eg. RP57-Different working method 

between partners) or allocated to the private (eg. RP58-Inadequate experience in PPP) . The 

third column shows that the preference of respondents seems to swing towards the private 

sector to bear the risk when the risk cost is low.   

The generated relationship risk event allocation heat map is shown in appendix C. An 

example of RP61- risk event heath map is shown in Figure 8-9.   

VH 0 0 1 

H 0 0 4 

M 0 3 26 

L 3 7 17 

VL 1 0 6 

  Public Private Share 

Figure 8-9: Heat map of RP61-Inadequate distribution of responsibility and risk 
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8.3 Overall Risk Allocation Heat Map 

The first priority of the response of the findings from the survey regarding the impact of risk 

cost on risk allocation in PPP projects is illustrated in Figure 8-10.  It appears that risk 

retention by the public sector is preferred for RP3 and RP31 when the risk cost is medium. But 

when the risk cost is low to very low it seems that it is preferred to allocate RP1; RP2; RP4; 

RP6;RP7; RP15; RP30; RP42 RP5; RP8; RP9;  and RP28 to the public sector.  It is very clear 

from the figure 8-10 that the respondents prefer to allocate most of the risks to private sector 

when the risk cost is very low to medium. Similarly, the respondents prefer to share the risk 

between the private and public sectors if the risk cost is low to medium. What is interesting is that 

only few risk events have been assumed to have a high to very risk costs. The respondents 

thought that if RP24 has a high risk cost then it should be shared.  

The general observation is that in Saudi Arabia the preferred option for risk management based 

on the level of risk cost is to transfer the risk to the private sector. The findings shown in figure 8-

10 should help both public and private sector stakeholder in Saudi Arabia to optimise risk 

allocation based on the level of risk cost. 
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8.4 Summary 

 

PPP projects are complex as they are affected by multi interactions between risk factors that 

could create additional risks ultimately leading to cost overrun. This study found that most of 

risk factors are usually allocated to the private sector.  

This chapter highlighted that most of exogenous risk factors are shared between the public 

sector and the private sector although the private sectors is allocated the larger share of these 

factors. Regarding the endogenous risk category, the private sector is found to be the best 

party to manage most risk factors in this category. Overall, 28 risk factors are allocated to the 

private sector, 22 risk factors are shared by both parties. Only 14 risk factors out of 65 risk 

factors are usually allocated to the public sector. 
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9 Chapter 9: Risk Impact Conceptual Modelling 
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9.1 Introduction 

Risks in construction are usually complex and uncertain. The inherent risk factors in PPP 

projects and their interactive impact has been reported in many previous studies around the 

world. Although risk management standards have been recommended for the best practice, 

there is still absence of systematic approaches to defining the interaction among risk factors 

with respect to all complex and dynamic conditions of PPP projects for a better understanding 

and effective risk management considering the nature risks, including their dynamic 

interactions and impact in PPP projects (Cooper et al., 2005). 

The purpose of this research is to evaluate impact of risk cost on construction unit price from 

both public and private sectors’ perspectives. Therefore, the researcher investigated and

identified the generic risks, which would impact PPP project performance in Saudi Arabia. 

The risk interdependencies (cause-effect interrelationships) were addressed based on the case 

scenarios by causal loop diagrams. System Dynamics (VENSIM software) was use to convert 

causal loop diagrams to the quantitative System Dynamic models to evaluate risk effects on 

construction unit price in PPP projects. This will be explained in this chapter.  

As discussed in Chapter 3, the risk factors for PPP projects were gathered from a 

comprehensive literature review including two major sources: empirical studies and official 

publications.  The risk factors were classified into two main categories: Exogenous Risks and 

Endogenous Risks, with explanations of how the risk factors would interact during the 

construction stage influencing the construction unit price. 

9.2 System Dynamics (SD) for Modelling Risk Cost 

Systems Dynamics is largely based on the soft systems thinking. It is well suited to be 

applied on those managerial problems which are ambiguous and require better 

conceptualization and insight. According to Farnad Nasirzadeh, Afshar, and Khanzadi 

(2008a), the system dynamic has been successfully used in construction-project-related re-
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search. Figure 10-1 shows the process of capturing the information from the model 

constructs.   The process is based on two distinctive, but complementary, approaches for 

evaluating the risk scenarios impact. The first approach is based on statistical methods for 

behavioural risk assessment. The second is based on systems’ approach for exploring and

simulating the risk impact on project costs. Both modelling approaches are combined during 

the risk assessment process to extract comprehensive results. The system dynamics 

methodology to model the complexity of interaction between different variables of a risk cost 

system revolves around feedback processes (Sonnessa, 2004). This is based on the 

assumption that interdependencies feedback between the risk costs determinates are 

responsible for changes in risk price over the period of the project contract. The idea here is 

that dynamic behaviour is a consequence of system structure. Figure 9-1 depicts a risk cost 

system dynamic constructs that is adopted in this research.  The system starts with an in-

depth understanding of the risk cost system and its inherent dependencies, then risk cost 

problem definition (in terms of equations), risk cost system conceptualisation and model 

formulation based on equations and assumptions, with update (casual feedback loops) to 

further understand the system. The formed risk models are then tested through scenario 

simulation to understanding the complexity of dependencies and interdependencies between 

risk variables and the model output. 

 

Figure 9-1: Risk Cost System Dynamics Constructs 
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This model is constructed for the construction phase in PPP projects. The risk cost constructs 

are grouped into two main categories. The first category models the risk cost that is related to 

exogenous risks (made up of 5 sub-models). The second cluster models risk is related to 

endogenous risks, which consist of 4 sub-models.  It is important to note that these 9 sub-

models were created to simplify the risk cost model formation process. Also they are 

necessary to improve the usability of the model. The user can run just a sub-model to check 

the sensitivity of the risk cost and cost unit to sub-model variables. These sub-models are also 

useful for the evaluation the interdependencies between the risk variables.  The 9 sub-models 

mentioned above are listed in Table 9-1 shown below.  

Table 9-1: Model Clusters 

 Exogenous risk sub-model  Endogenous risk sub-model 

o Political Risks Sub-Model o Project Selection Risks Sub-Model 

o Legal Risks Sub-Model o Project Finance Risks Sub-Model 

o Economic Risks Sub-Model o Construction Risks Sub-Model 

o Natural Risks Sub-Model o Relationship Risks Sub-Model 

o Market Risk Sub-Model  

 

Taking into consideration the interrelationships of the risk cost system and the causal loops of 

interdependencies of risk variables, the impacts of risk categories are modelled taking into 

account the complexity of these relationships and impact scenario analysis of each risk factor 

on risk cost and on the actual construction price.  Structure of risk sub-categories illustrates 

how the sub-model is implemented in the VENSIM software. The basic structure of a model 

has three steps (see structure of sub-models). The risk cost box symbolizes the formulation of 

the system.The riskvariables’data and their interdependency is structuredbymulti-linear 

regression equations. The risk variables in the multi-linear equations are represented by their 

appropriate probability distribution. The risk cost and actual construction price boxes are the 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

232 
Saleh Alzahrani 

constructs of the risk formulation.  The first one is directly linked to the risk variables impact.  

The results from this box are feed into the second to compute the actual construction price.  

For the smooth functioning of the model, projected or anticipated values for the initial unit 

cost, i.e. estimated costs, were derived from a infrastructure PPP project (water network 

project). This project includes supply and installation of pipe in a normal open excavation. 

The initial average estimated cost was 973 SR per unit.  This unit cost is assumed as the 

based cost free from risk impacts that is not adjusted to risk.  

The sub-models were built in VENSIM software based on cause loop feedback, the best 

distributionfit foreveryriskfactorand themodels’equations.TheVENSIMsoftwarewas

used to simulate the estimated price and the actual construction price using Monte Carlo 

simulation tool. The system was run for 100, 200 and then 300 iterations. It was suggested 

that 300 iterations is considered appropriate for dynamic risk systems for this research.  In 

anycase, the trialdidn’tshowanysignificantdifference in thegeneratedresults.Thus300

iterations were adopted as the standard for the subsequent models.  

Anderson Darling test was used to check for ‘goodness of fit’ for risk distributions

(Anderson, 2011). This test used to determine the best distribution extracted from Easy Fit 

Software for all risk factors. Anderson Darling test gives more weight to the tails of 

distribution. This is because most of risk events are related or based on the data in the tail 

zone.  

9.2.1 Exogenous Risks Sub-Models 

Exogenous risks defined by researcher as external risks. Most of these risk factors are better 

managed by the public sector rather than allocated to the private sector. As mentioned earlier, 

exogenous risks classified into five sub-models namely: political risks sub-model, legal risks 
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sub-model, economic risks sub-model, natural risks sub-model and market risks sub-model. 

Each one of these sub-models will be described in details in the following sub-sections. 

9.2.1.1 Political Risks Sub-Model 

Most, if not all, PPP projects need sustained political support to secure the finance and the 

long-term investments that is needed to enable a project to be developed successfully (Sachs, 

Tiong, & Wang, 2007).   The SPV is also subjected to political risks in relation to the project 

location and relationship with the host government.  Political risk is a cluster of risks (see 

Chapter 3), which includes 10 risks that have been identified from the literature. Most of the 

risks overlap and influence each other, i.e. if one risk occurs; it might trigger other risks 

arising.  The direct cause and consequences of political risks on construction unit cost and 

risk cost are illustrated in Figure 9-2, which shows that poor decision making would cause 

construction delay leading to construction cost overrun. This is in line with (A. P. Chan, 

Yeung, Yu, Wang, & Ke, 2010).  This risk event also will overlap (loop 1) with delay to 

permits risk event, which may boost the impact of other risk political risk events.  This would 

create a vicious circle (positive loops 5 and 6) because more risk in construction delay and 

more construction cost overruns lead to higher risk cost and low revenue. Political hostility 

and government instability leading to more interruptions and consequences of time and cost 

overruns (positive loop 3). (Delmon, 2009) suggestthatthe“changeinlaw”riskeventwould

possibly trigger (loop2) “expropriation” risk event leading to evengreater impacton time

and cost. To capture this dynamism of the direct consequences of political risk events, the 

linear multiple regression model is developed as illustrated in Figure 9-2.   The basic model 

was created based on independent variables. Then, subsequent variables were added to the 

basic model. Several combinations between the independent variables were experimented 

with.  The purpose of the multi-linear models was to map risk into the proxy variable that 

might indicate the level of risk cost. 
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𝑌 = 𝑎 + 𝑅𝑝1𝛽1 + 𝑅𝑝2𝛽2 + 𝑅𝑝3𝛽3 + 𝑅𝑝4𝛽4 + 𝑅𝑝5𝛽5 + 𝑅𝑝6𝛽6 + 𝑅𝑝7𝛽7 + 𝑅𝑝8𝛽8 +

𝑅𝑝9𝛽9 + 𝑅𝑝10𝛽10+∝                      …………………………………..Eq. (9.1) 

Where: 

Y Political risk impact events   : The dependent variable (Construction Cost Overrun)  

𝑅𝑝1: Change in law 

𝑅𝑝2: Delay in project approvals and permits 

𝑅𝑝3: Poor public decision making process 

𝑅𝑝4: Government intervention 

𝑅𝑝5: Unstable government 

𝑅𝑝6: Government reliability 

𝑅𝑝7: Inconsistencies in government policies 

𝑅𝑝8: Strong political opposition /hostility 

𝑅𝑝9: Expropriation/nationalization of assets 

𝑅𝑝10: Inability of concessionaire 

β: The regression coefficient for each independent political risk variable 

∝: The constant term or noise 

 

 

Figure 9-2: Political risks sub-model 
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Construction cost overrun was used as a proxy for measuring the project riskiness due to 

political risk independent variables.  An increase in Y value would indicate the risk price that 

might be associated with political risks. Arguably, this may indicate the price that a 

stakeholder might be willing to charge in order to bear the risk. Alternative explanations 

might be that an increase in Y value could signify the impact of political risks. Thus, helping 

the risk bearer to devise strategies for the management of allocated political risks.  

9.2.1.2 Legal Risks Sub-Model 

It is well documented that PPP contracts are driven by very complex contract procedures that 

are based on the legal system of the host country and in some cases with cross-border 

contract documents (Edkins & Smyth, 2006).  The legal documentations may include 

warranties, conditions etc., that will form the backbone of the relationship between the parties 

involved in a PPP project.  Some of the legal risks that a PPP project may face are identified 

from the literature (see Chapter 3) and illustrated in Figure 9-3. Daniel Baloi and Price (2003) 

stated that legal risks affected the construction cost. This is shown in Figure 9-3. Legal risk 

events would cause increase in construction unit cost and construction delays due to 

corruption and industrial regulation changes. According to Hardcastle and Boothroyd (2003),  

Taxes are affected by change in legislation.  

 

Figure 9-3: Legal risks sub-model 

Legal Risk Impact Events

Rate of return

restrictions

Import / Export

restrictions

Industrial

regulatory change

Legislation change

Corruption and lack of

respect for law

+

+

+

+

+

Change in tax

regulation

+

Outturn Construction Unit Cost

Risk Cost

Construction cost
overrun+

Construction Unit Cost

+

+

+

+

+

1

2

3

+

Construction
time delay+

+

+



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

236 
Saleh Alzahrani 

This legal risks sub-model shows that a change in legislation may cause change in tax (loop 

1) leading to an impact on construction revenue, which directly impact risk cost. 

Consequently, it would create a continuous circle (the positive loop 2) to cause more risk in 

construction delay, increase in construction cost unit and construction cost overrun leading to 

an impact on risk cost and revenue loss in the construction contract. Therefore, the legal risk 

events dynamic effect on construction cost overrun is modelled using the following multiple 

regression equation:    

𝑌 = 𝑎 + 𝑅𝑝11𝛽11 + 𝑅𝑝12𝛽12 + 𝑅𝑝13𝛽13 + 𝑅𝑝14𝛽14 + 𝑅𝑝15𝛽15 + 𝑅𝑝16𝛽16+∝ Eq. (9.2) 

 Where: 

YLegal risk impact events: The dependent variable (Construction Cost Overrun)  

𝑅𝑝11: Change in tax regulation 

𝑅𝑝12: Corruption and lack of respect for law 

𝑅𝑝13: Legislation change 

𝑅𝑝14: Import / Export restrictions 

𝑅𝑝15: Rate of return restrictions 

𝑅𝑝16: Industrial regulatory change  

β: The regression coefficient for each independent legal risk variable 

α: The constant term or noise 

 

9.2.1.3 Economic Risks Sub-Model 

Economic risks are also referred to as financial risks. They are mainly due to inflation, 

interest rate, exchange rate and the economic environment (see Chapter 3 for further details).    

Inflation risk during the construction period may cause higher project costs resulting in cost 

overruns leading consequence such as unavailability of finance and resources (Rogers, 2002). 

In reality, from the client point of view, in most PPP projects the construction cost must not 

be at risk from inflation increases.  
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The Economic risks sub-model is illustrated in Figure 9-4. 

 

Figure 9-4: Economic risks sub-model 

 

However, contractors should allow contingency for inflation rate over the construction period 

to cover cost items in the contract that are not fixed.   

In some instances, the central bank or government have policies to control inflation through 

interest rate change during the construction period (positive loop 1). Thus, if interest rate is 

not fixed at the tender stage, this may cause construction cost overrun through an increase in 

the unit cost due to an increase in the cost of material and production (Burger, Tyson, 

Karpowicz, & Coelho, 2009).  Exchange rate risk event may evolve during the construction 

period. For example, if the contract funds are arranged in dollars and the dollar subsequently 

decreases in value then the funding will be inadequate to cover the construction costs leading 

to funding deficit or construction overrun. Consequently, the feedback loop from economic 

risk events would lead to a loss in the construction revenue and an increase in risk cost.  To 

capture this dynamism, the following multi-linear model is employed within the SD system.

  

𝑌 = 𝑎 + 𝑅𝑝17𝛽17 + 𝑅𝑝18𝛽18 + 𝑅𝑝19𝛽19 + 𝑅𝑝20𝛽20+∝   Eq. (9.3) 
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Where: 

Y Economic risk impact events = the dependent variable (Construction Cost Overrun) 

𝑅𝑝17: Interest rate volatility 

𝑅𝑝18: Inflation rate volatility 

𝑅𝑝19: Foreign exchange and convertibility 

𝑅𝑝20: Poor financial market 

 

9.2.1.4 Natural Risks Sub-Model 

Natural risk events refer to act of nature, which may include fire, flood, earthquake, and 

similar events that might have some physical disruption to the construction process (see 

Chapter3formoredetails).ForceMajeure’is unexpected natural events that are beyond the 

control of the project stakeholders. They are likely to cause cost overrun and disruption to 

resources supply.  Also such events would make the supply of materials, equipment or 

manpower unavailable leading to delays, which would cause construction overrun that would 

lead to increase in construction cost unit and risk cost (S. Q. Wang, R. L. Tiong, S. Ting, & 

D. Ashley, 2000). This might create a vicious circle (the positive loop 2 in Figure 9-5) at the 

construction stage resulting in revenue loss from the construction contract.   

 

Figure 9-5: Natural risks sub-model 
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Moreover,the‘ForceMajeure’is likely to directly cause or trigger environmental risk events 

(positive loop 1). The environmental risk events are normally due to emissions, catastrophe 

and contextual (in this chapter only location is taken into consideration, other risks are 

considered under other headings). Environmental damage trigger clean up events and delays 

leading to cost overrun and loss of revenue (Schmidheiny, 1992). In general, natural risk 

events would result in compounding consequences on construction cost overrun, time delay 

and risk cost respectively through the feedback dynamics shown in Figure9-5. The following 

multiple regression model is integrated with the SD model to capture this compounding effect 

of natural risk events.  

 

𝑌 = 𝑎 + 𝑅𝑝21𝛽21 + 𝑅𝑝22𝛽22 + 𝑅𝑝23𝛽23 + 𝑅𝑝24𝛽24+∝   Eq. (10.4) 

  

Where: 

Y  Natural risk impact events: The dependent variable (Construction Cost Overrun) 

𝑅𝑝21: Force majeure 

𝑅𝑝22: Environment 

𝑅𝑝23: Weather 

𝑅𝑝24: Geotechnical condition 

 

 

9.2.1.5 Market Risks Sub-Model 

Market risks affect all construction resources to some extent and cannot be completely 

avoided. It is recognised that the price of construction materials is sensitive to the inflation 

and to the relation between supply and demand in the construction sector.  In this section, the 

market risk events refer to economic events that may influence the resources that are needed 
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to complete the project (see Chapter 3). Ke, Wang, Chan, et al. (2010) state that market 

demand has influence on other risk factors. As shown in Figure 9-6, the market demand event 

will increase or reduce the tariffs and material prices (loops 1 and 3).  

 

 

Figure 9-6: Market risks sub-model 

Market demand could lead to a reduction or increase of construction cost units. The prices of 

material increase would lead to construction cost overruns, which would likely lead to a 

higher cost risk and lower construction revenue. This cascading effect would eventually lead 

to unavailability risk due to lack of money for construction to complete the project. 

Therefore, the linear multiple-regression model that used to address the relationship between 

resources unavailable market risk events and cost overrun for the SD model is captured in the 

following equation. 

𝑌 = 𝑎 + 𝑅𝑝25𝛽25 + 𝑅𝑝26𝛽26 + 𝑅𝑝27𝛽27+∝   Eq. (9.5)  

  

Where: 

Y Market risk impact events: The dependent variable (Construction Cost Overrun) 

𝑅𝑝25: Tariff change 
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𝑅𝑝26: Market demand 

𝑅𝑝27: Fluctuation of material cost by public/private 

 

9.2.2 Endogenous Risk Sub-Models 

Endogenous risks are defined in the literature as internal risks. Most of these risk factors are 

better t allocated to the private sector rather than to allocate them to the public sector. As 

mentioned earlier endogenous risks are classified into four sub-models namely; project 

selection risks sub-model, project finance risks sub-model, construction risks sub-model and 

relationship risks sub-model. Every sub-model will be described in details in the following 

sub-sections. 

9.2.2.1 Project Selection Risks Sub-Model 

PPP projects are market driven. Thus, selecting the most appropriate projects for 

development and assessing their risks for a successful completion is very important to the 

funding sponsors.  The risk events that are considered here are related the level demand for 

the services offered by the project, land acquisition, opposition to the project and tendering 

issues (further details are provided in Chapter 3). As shown in Figure 9-7, the level of 

demand for PPP projects is directly looped into competition and uncompetitive tendering 

risks (Bloomfield, Westerling, & Carey, 1998).  

 

Figure 9-7: Project selection risks sub-model 
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These interrelated events would cause delay in project selection resulting in delays in project 

approval and the start of the construction process. The construction delay would likely lead to 

further issues due to an increase in the construction cost unit as a result of extra time and 

overheads from the tendering processes (Smith, Merna, & Jobling, 2009).  The land 

unavailability risk event would cause construction delay due to the fact that there is no land 

available, on which build the project. Also land acquisition might be triggered by the public 

opposition (due unsatisfied land acquisition costs or the environment and ecology impact) to 

the project risk event (loop 3).  Thus, such events would likely cause further construction cost 

overrun risk event leading to higher risk cost.  The following equation created to map project 

selection risk events to cost overruns.   

𝑌 = 𝑎 + 𝑅𝑝28𝛽28 + 𝑅𝑝29𝛽29 + 𝑅𝑝30𝛽30 + 𝑅𝑝31𝛽31 + 𝑅𝑝32𝛽32+∝ Eq. (9.6)  

Where: 

Y  Project selection risk impact events: The dependent variable (Construction Cost Overrun) 

𝑅𝑝28: Public opposition to projects 

𝑅𝑝29: Uncompetitive tender 

𝑅𝑝30: Level of demand for the project 

𝑅𝑝31: Land acquisition 

𝑅𝑝32: Competition risk 

 

9.2.2.2 Project Finance Risks Sub-Model 

The construction phase is expected to be risky from the project finance point of view (Nisar, 

2007). Also from the construction contractors point of view, there is a high probability that 

the construction cost overruns are generally considered to be one of the greatest risks they 

may face. The term “project finance risk events” here refers to the possibility that the 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

243 
Saleh Alzahrani 

financing of the construction process is undermined or compromised due to several risk 

events as illustrated in Figure 9-8.  

This illustration shows project finance risk events would cause construction delays and cost 

overruns.  Kwak, Chih, and Ibbs (2009) state that inability to service debt affects financial 

risks. This statement is supported by this sub-model that finance availability would be caused 

by inability to service debt and delay in payment resulting finance not available on the 

amounts and on the conditions anticipated to complete the project.   

 

Figure 9-8: Project finance risks sub-model 
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the “constructionunit cost” risk cost.This is in linewith (Germani, 2012) who notes how 

lack of grantee is affecting cost in PPP projects. The finance risk events would lead 

construction delay and cost overrun, and in turn time delay would lead to an increase cost 
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positive loops 6, 7 and 8) that may augment further the increase in risk cost. The dynamic 
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impact on risk cost due to financial risk events is modelled within the SD system by the 

following equation.  

𝑌 = 𝑎 + 𝑅𝑝33𝛽33 + 𝑅𝑝34𝛽34 + 𝑅𝑝35𝛽35 + 𝑅𝑝36𝛽36 + 𝑅𝑝37𝛽37 + 𝑅𝑝38𝛽38 + 𝑅𝑝39𝛽39 +

𝑅𝑝40𝛽40 + 𝑅𝑝41𝛽41 + 𝑅𝑝42𝛽42 + 𝑅𝑝43𝛽43+∝    Eq. (9.7) 

Where: 

Y Project finance risk impact events: The dependent variable (Construction Cost Overrun) 

𝑅𝑝33: Availability of finance 

𝑅𝑝34: Inaccurate estimates 

𝑅𝑝35: High finance cost 

𝑅𝑝36: High bidding costs 

𝑅𝑝37: Delay in payment of annuity 

𝑅𝑝38: Financial attaction of project to investors 

𝑅𝑝39: Lack of creditworthiness 

𝑅𝑝40: Delay in financial clouser 

𝑅𝑝41: Inability to service debt 

𝑅𝑝42: Lack of government gurantees 

𝑅𝑝43: Financer unwilling to take high risk 

 

9.2.2.3 Construction Risks Sub-Model 

The construction sub-model aims to capture the risks that may lead to the scenario where the 

project will not be delivered on time. Paek, Lee, and Ock (1993) note that construction risks 

might increase construction cost.  Figure9-9 shows that the construction risk events that are 

likely to cause construction cost overrun risk events due of the extra costs incurred during the 

construction time delay. Consequently, the cost overrun risk event would lead to a several 

contractual and cascading events leading to a higher risk prices.  For example, cost overrun  

could lead to lack of capital to complete the project, which in turn would lead material 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

245 
Saleh Alzahrani 

unavailability (due to lack of funds), contract failure, project delay, etc.  Probably the 

occurred delay as consequence of other risk factor would lead to further cost overrun   

creating positive loops between the dependent and independent variables as shown in Figure 

10-9.   

 

Figure 9-9: Construction risks sub-model 

According to Marques and Berg (2011), construction risks affect time delay and cause cost 

overrun. As demonstrated in the above illustration, construction risk events trigger time delay 
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of the extra costs incurred during the construction time delay. Again these risk events might 

Construction Risk Impact Events

Construction
time delay

Material

availability

labour

availability

Poor quality of

workmanship

Default of sub

contractors or

suppliers

Design and

construction

complexity

Design

deficiency

Late design

change

Contractual

risk

+
+

+

+

+

+

+

+

Construction

technology risk

Contractor failure

Quality risk

+

+

Outturn Construction Unit Cost

Risk Cost

+

Construction cost
overrun+

+

+

+

+

+

Construction Unit Cost

+

+

+

+

+

2

1

3

4



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

246 
Saleh Alzahrani 

lead to risk cost increases (Burger et al., 2009).  Contractor failure and default of sub-

contractors or suppliers risk events are positively correlated  (loop 1, in Figure 10-9) to 

contractual risk event suggesting the cascading effect of these events may cause more risk in 

construction delay and more risk in construction cost overruns leading to an increase in risk 

cost and loss of construction revenue. In general, the construction risk events would result in 

dynamic feedback effects on construction cost overruns during the construction phase (risk 

cost and revenue losses from the construction contract). To capture the dynamic interaction or 

interdependency between construction risk events, the following multiple regression equation 

shown below was constructed to empirically map risk impact of the independent variables on 

overrun costs. 

𝑌 = 𝛽0 + 𝑅𝑝46𝛽46 + 𝑅𝑝47𝛽47 + 𝑅𝑝48𝛽48 + 𝑅𝑝49𝛽49 + 𝑅𝑝50𝛽50 + 𝑅𝑝51𝛽51 + 𝑅𝑝52𝛽52 +

𝑅𝑝53𝛽53 + 𝑅𝑝54𝛽54 + 𝑅𝑝55𝛽55 + 𝑅𝑝56𝛽56 +  𝜀    Eq. (9.8)  

 

Where: 

Y Construction risk impact events = The dependent variable (Construction Cost Overrun) 

Rp45: Construction time delay 

Rp46: Material availability 

 Rp47: labour availability 

Rp48: Poor quality of workmanship 

Rp49: Default of sub-contractors or suppliers 

Rp50: Design & construction complexity 

Rp51: Design deficiency 

Rp52: Late design change 
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Rp55: Contractor failure 
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9.2.2.4 Relationship Risks Sub-Model 

Relationship risk events are mainly due to organization, coordination, responsibilities and 

commitment. (see Chapter 3 for details). In the procurement of PPP projects, contractual 

relationships are multidimensional. How the participants in the project interact is crucial for a 

successful project completion (L.-Y. Shen, A. Platten, & X. Deng, 2006). Thus, the 

relationship risk events address characteristics of the risk influences on the risk cost that may 

emerge from the internal and external interactions as illustrated in Figure9-10.  

 

 

Figure 9-10: Relationship risks sub-model 

As can be seen in the above illustration, risk events interaction may lead to dispute because of 
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could or could not lead to risks. It can be argued that all decisions in PPP projects stem from 
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stakeholders personal values and morality. Conflicts in PPP projects occur mostly because of 

poor interpersonal skills and inefficient communication methods (X. H. Jin & Ling, 2005). 

Figure 10-10 shows that culture, working methods and conflicts risks are linked in a 

continuous feedback system (loops, 1 and 2). Consequently, this would create a vicious circle 

of impact leading to time delay and construction overruns. This would cause increased risk in 

revenue loss and risk cost. Therefore, the linear multiple regression model was created to 

capture the direct interaction between relationship risk events as illustrated in the following 

formula. 

𝑌 = 𝑎 + 𝑅𝑝57𝛽57 + 𝑅𝑝58𝛽58 + 𝑅𝑝59𝛽59 + 𝑅𝑝60𝛽60 + 𝑅𝑝61𝛽61 + 𝑅𝑝62𝛽62 + 𝑅𝑝63𝛽63 +

𝑅𝑝64𝛽64 + 𝑅𝑝65𝛽65+∝      Eq. (9.9)  

Where: 

YRelationship risk impact events: The dependent variable (Construction Cost Overrun) 

𝑅𝑝57: Different working method between partners 

𝑅𝑝58: Inadequate experience in PPP 

𝑅𝑝59: Lack of commitment from public/private sector 

𝑅𝑝60: Organisation and coordination risk 

𝑅𝑝61: Inadequate distribution of responsibility and risk 

𝑅𝑝62: Inadequate negotiation period prior to initiation 

𝑅𝑝63: Conflict between project's participants 

𝑅𝑝64: Workers strike 

𝑅𝑝65: Cultural differences between main stakeholders 
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9.3 Integrated Sub-Models 

Construction cost overruns are the most documented risks that are associated with project 

design and development.  Thus, knowing the likelihood of risks occurrence and magnitude of 

their impact on construction outturn and risk cost is essential for the management of project 

development processes (i.e. planning and execution). This is also of paramount importance 

for estimating the risk cost and securing funding for projects despite the fact that construction 

risk in PPP projects is allocated to the private sector, through project finance contracts. 

However, construction overruns and delays remain common occurrences.  This section is 

aimed at mapping the association between cost overrun and risk impacts with a purpose to 

compute their impact on risk cost and construction outturn outcomes.  It is assumed that 

construction risks are directly associated with estimating the appropriate level of unit cost and 

risk cost estimates. To measure the risk impact (in terms of risk cost and outturn unit cost) on 

the construction phase of PPP projects, the risks are divided into exogenous and endogenous 

groups. This division is necessary because exogenous risks are considered idiosyncratic 

whereas endogenous risks are more or less considered systematic. The above models were 

developed to assess the impact of each sub-category or risk impact events on risk cost and 

outturn unit cost.  Thus, the following sub-sections aims to integrate the above sub-models 

into two main models.  

9.3.1 Exogenous Risk Model 

Exogenous risk refers to risk impacts that come from the outside the project that may result in 

the project not being delivered on time.  The exogenous risk variables are controllable 

variables that would influence endogenous risk events, risk cost and the outturn cost unit.  

Figure 9-11 shows the interaction between cost overrun and exogenous risk impact events. 
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Figure 9-11: Exogenous risks model 

Exogenous risk events are unique for each project. This is because each project is built in 

different location and in different time scale.  This could result in consequences with 

frequency distributions that are possible to change.  Only the risk impact events that show 

significant relationship with cost overrun were selected in this study based on the literature 

review.  

Figure 9-11 shows that “Change in tax regulation” and “inconsistencies in government 

policies”riskeventsmayleadto“Governmentintervention”riskevent(loop1)leadingtoan

impact on construction time delay and cause cost overrun, which directly impact on risk cost 

and outturn unit cost. Consequently, it would create a continuous circle (the positive loop 4) 

toaffect“Poorpublicdecisionmakingprocess”riskeventisdirectlylinked“Corruptionand

lack of respect for law” risk event (loop 5). Both of these two events lead to a risk in

construction delay, increase construction cost unit and construction cost overrun creating an 

impact on risk cost. Further impact to this circle it might cause. To capture the dynamic 

association between the exogenous risk events shown in Figure 9-11 in the following 

multiple regression equation. 
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𝑌𝐸𝑥𝑜𝑔𝑒𝑛𝑜𝑢𝑠 = 𝑎 + 𝑅𝑝3𝛽3 + 𝑅𝑝4𝛽4 + 𝑅𝑝5𝛽5 + 𝑅𝑝7𝛽7 + 𝑅𝑝11𝛽11 + 𝑅𝑝12𝛽12 + 𝑅𝑝19𝛽19 +

𝑅𝑝20𝛽20 + 𝑅𝑝24𝛽24 + 𝑅𝑝25𝛽25 + 𝑅𝑝26𝛽26 + 𝑅𝑝45𝛽45 + 𝛼 Eq. (9.10)  

Where:  

Y Exogenous= Exogenous risk impact events 

Rp3:Poor public decision making process 

Rp4:Government intervention 

Rp5:Unstable government 

Rp7:Inconsistencies in government policies 

Rp11:Change in tax regulation 

Rp12:Corruption and lack of respect for law 

Rp19:Foreign exchange and convertibility 

Rp20:Poor financial market 

Rp24:Geotechnical condition 

Rp25:Tariff change 

Rp26:Market demand 

Rp45:Construction time delay 

 

9.3.2 Endogenous Risk Model 

The term endogenous risk refers to the impacts that are generated and amplified within the 

project environment, which may result in the possibility that the project is not delivered on 

time. The greatest risk impact on PPP projects normally stems from endogenous risks. 

Endogenous risks in PPP projects appear whenever project participants react to their 

environment(i.e.workersstrike)andwherethestakeholder’sactions(i.e.designdeficiency)

affect the project environment. Due to project circumstances, every project is subject to 

different impact from endogenous risks. Figure9-12 shows the interaction between cost 

overrun and endogenous risk impact events.  
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Figure 9-12: Endogenous risks model 

This figure shows that the construction delay risk “High finance cost influence and High 

biddingcosts”riskevents (loop 1) are expected to cause construction cost overrun risk events 

because of the extra costs incurred. This may result in an increase in the risk cost charged to 

the client. Thus, this may lead to undermining the value for money analysis outcomes. Figure 

9-12 also shows that “Delay in financial closure, and Lack of commitment from

public/private sector” risk events  cause “Uncompetitive tender “ risk event (loop 4) that

would possibly lead to cause time delay and cause cost overrun.  As represented in loop, 

“Conflictbetweenproject'sparticipants”riskeventmighttrigger“Inadequatedistributionof

responsibility”riskeventcausingconstructiontimedelayandccostoverrun(Zittlau, 2011). 

Therefore the risk impact from the interactions shown in Figure 9-12 can be modelled in the  

following multiple regression equation.  

𝑌𝐸𝑛𝑑𝑜𝑔𝑒𝑛𝑜𝑢𝑠 = 𝑎 + 𝑅𝑝28𝛽28 + 𝑅𝑝29𝛽29 + 𝑅𝑝33𝛽33 + 𝑅𝑝35𝛽35 + 𝑅𝑝36𝛽36 + 𝑅𝑝37𝛽37 +

𝑅𝑝40𝛽40 + 𝑅𝑝45𝛽45 + 𝑅𝑝50𝛽50 + 𝑅𝑝51𝛽51 + 𝑅𝑝53𝛽53 + 𝑅𝑝56𝛽56 + 𝑅𝑝59𝛽59 + 𝑅𝑝61𝛽61 +

𝑅𝑝63𝛽63 + 𝑅𝑝64𝛽64 + 𝛼      Eq. (9.11)  

Where: 
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Y Endogenous= Endogenous risk impact events 

Rp28:Public opposition to projects 

Rp29:Uncompetitive tender 

Rp33:Availability of finance 

Rp35:High finance cost 

Rp36:High bidding costs 

Rp37:Delay in payment of annuity 

Rp40:Delay in financial closure 

Rp45:Construction time delay 

Rp50:Design & construction complexity 

Rp51:Design deficiency 

Rp53:Construction technology risk 

Rp56:Quality risk 

Rp59:Lack of commitment from public/private sector 

Rp61:Inadequate distribution of responsibility and risk 

Rp63:Conflict between project's participants 

Rp64:Workers strike 

 

Several regression equations modelling the relationship between construction risks with the 

impact risk variables have been experimented with. The impact risk variables that appear to 

be significantly correlated with cost overrun are kept for developing a dynamic model for 

analysing the relationship between risk impacts; risk cost, unit cost estimate and outturn unit 

cost.   

9.4 Extracting Probability Distributions for Risk Events 

The risk event constructs in the multiple regression models are treated as random entities. 

This is necessary because of the uncertainty associated with the estimation of their level of 

impacts on risk cost. Therefore, probability distributions are extracted for every risk event. 
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Data from the survey and Easy Fit software are used to extract the best fit distribution. 

Anderson Darling goodness test (which measures how well the data follow a particular 

theoretical distribution) is used to select the best fit distribution.  The selected distributions 

are used within the SD for simulating the risk cost and construction unit cost.   A sample of 

the selected distribution is shown in Table 9-2. A full list and characteristics of the risk events 

probability distribution is included in Appendix D.  

As illustrated in Appendix D, most of the political, economic, market, project selection, 

project finance and legal risk events are fitted to Gamma theoretical distribution. Gamma is 

the parent of the exponential distribution, which is used in wide range of risk applications 

(Zografos & Balakrishnan, 2009). It is also suggested that the Gamma distribution is 

extremely important in risk analysis and it is used in modelling loan default, insurance claims 

and risk factors.  It is noticeable that these distributions are right or positively skewed.  

Several risk events (Rp3 and Rp2 Rp23 Rp18 Rp27 Rp45, Rp46, Rp47, Rp48, Rp49, Rp50 

and Rp54) were found to fit Weibull theoretical probability distribution. It is known these 

types of distributions are used to model variations.   Weibull probability distributions are also 

found to be the best distribution to model probability of failure of system components 

(EasyFit, 2004). It is noticeable that most of the distributions of these risk events are right or 

positively skewed that is extremely important in estimating risk cost.  

Most of the natural risk variables distributions fit Beta distribution. Other risk events are 

found to fit with Beta distribution including RP13 and RP51.  Beta probability distributions 

are used to model risks in projects and cost models to estimate the likelihood of meeting 

specific targets (Johnson, 1997). 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

255 
Saleh Alzahrani 

 Exponential probability distribution was found to be the best theoretical fit for RP1 right-

skewed distribution.  Hölmstrom (1979) suggests that this distribution is suitable for natural 

disaster occurs risk analysis.   

Uniform distribution was found as the best fit distribution for RP24 and RP52. These types of 

distributions are used to model a range of estimates between minimum and maximum values, 

which have an equal chance of occurring.   

The risk events RP34 and RP37 are best represented by y normal distribution that is uses a 

mean and standard deviation as its arguments for sampling risk out comes (EasyFit, 2004).  

Triangle probability distribution was found to the best fit for Rp36 and Rp38 risk events. It is 

flexible in its shape; it is used extensively by risk analysts. 

Table 9-2: A sample of the selected distribution for the risk factors 

 Risk 

Factors 
Mean Min Max Std. Deviation Distribution Fit 

Distribution Fit 

Graph 

1 

𝑹𝒑𝟐𝟒 .357422 .0442 .7119 .2109038 UNIFORM 
 

3 

𝑹𝒑𝟕 .239269 .0442 .7119 .1843164 GAMMA 

 
6 

𝑹𝒑𝟏 .190446 .0442 .6351 .1807114 EXPONENTIAL 
 

2 

𝑹𝒑𝟐 .288040 .0675 .6351 .1780540 WEIBULL 
 

2 

𝑹𝒑𝟏𝟑 .271425 .0442 .5775 .1322745 BETA 

 
1 

𝑹𝒑𝟑𝟒 .482221 .0442 .7119 .1896152 NORMAL 
 

2 

𝑹𝒑𝟑𝟓 .325150 .0675 .7119 .1770082 WEIBULL 
 

3 

𝑹𝒑𝟑𝟕 .321097 .0442 .6351 .1528039 NORMAL 

 
4 

𝑹𝒑𝟑𝟔 .267156 .0442 .6108 .1529269 TRIANGUL 
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10 Chapter 10: Dynamic Risk Cost and Outturn Cost 

Based Estimation 
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10.1 Introduction 

This chapter outlines the results of simulation analysis based on the entire models presented 

in Chapter 9. Firstly the results from the association modelling between risk impact events 

are explained and interpreted. Secondly Monte Carlo simulation is conducted to generate 

several distributions for risk impact, risk cost and outturn unit cost.  Results from this 

modelling process are presented and explained.  Thirdly, the final proposed model is tested 

and validated based on standard criteria.  

10.2 Risk Association Models Result 

Multiple regression methods are used to predict the value of a proxy variable (dependent 

variable) based on the value of risk events impact (independent variables). In order to find the 

best model that maps risk factors to their proxy variable (Construction Cost Overrun), several 

regression models (see Appendix E) have been constructed and evaluated using R
2
 

(coefficient of determination) and P values. R
2 

is a statistical measure of how well the 

regression line approximated the risks impact data from the survey. The basic model for 

every sub-model was created based on single independent variables. Then subsequent 

variables were added to the basic model until no further improvements were obtained for R 

Square. Several combinations between the independent variables were experimented with.  

The purpose of the multi-linear models was to map risk events impact into the proxy variable 

that might indicate the level of risk cost. As illustrated in Table 10-1, sub-models summary 

shows the outputs of R
2
 that measure the goodness of fit for the estimated regression equation 

for the sub-models. This measure explains or captures the amount of variation in the data 

captured by each equation. For example, as shown in this table, the construction risk sub-

model is associated with a large number of risk impact events.  The association between 

construction risk events is accounted for approximately 87% of the variance of the proxy 

variable.  About 13% could not be explained by the model due to other cost overrun factors 

that were not included in the model or due to natural random variations. Whereas, the 
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association between market risk events and cost overrun can only explain approximately 25% 

of the variation in the observed data. The variation in the data of the rest association of 

project finance risk events, political risk events, relationship risk events, project selection risk 

events and legal risk events are account for 50% of the construction cost overrun. 

The P values shown in Table 10-1 for the sub-models determine how the model is a good fit 

for the observed data. The p-valuesthatare≤5%meanthatnullhypothesiscanberejected.

As can be seen from the table, all the sub-models that accounted over 50% of the variance of 

the cost overrun are significant and are good fit for the observed data at p-value≤5%.These

models are likely to portray a real representation of the association between dependent and 

independent variables.  What is noticeable in Table 10.1 is that the R
2
 values are very low, 

with the exception of construction sub model. This may indicate that these models do not 

explain most of the variability of the risk impact event data around its mean. These low R
2
 

values do not however mean that these models are inadequate. This could be due to the fact 

that the risk impact events quantities are estimated by expert rather than been extracted from 

actual data. Even though the R
2
 values of each model is low most of the risk impact event 

predictors in each equationhavep≤5%whichsignifythatimportantriskinformationcanbe

drawn from the results  of these equations.  Also low R
2
  values in the context of this 

research is not problematic because the aim here is to map the association between cost 

overrun (as a proxy for risk cost) and risk impact events rather than aiming to achieve a 

reasonably precise prediction of the cost overrun. Thus, these equations were initially used to 

drive the simulation processes. However, further experimentation and manipulation of data 

into two major sets (see Chapter 9) have yielded better models with both high R
2
 and 

significance p values.  
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Table 10-1: Sub-models regression statistics 

Model R R Square 
Adjusted R 

Square 

Std. Error 

of the 

Estimate 

Change Statistics 

R Square 

Change 

F 

Change 
df1 df2 

Sig. F 

Change 

Political Risks 

Sub-Model 
.674

a
 .454 .359 .1593471 .454 4.746 10 57 .000 

Legal Risks  

Sub-Model 
.537

a
 .289 .219 .1758891 .289 4.123 6 61 .002 

Economic 

Risks Sub-

Model 

.399a .159 .106 .1881795 .159 2.976 4 63 .026 

Natural Risks  

Sub-Model 

.485a .235 .186 .1794948 .235 4.832 4 63 .002 

Market Risks  

Sub-Model 
.250a .063 .019 .1971141 .063 1.423 3 64 .244 

Project 

Selection 

Risks Sub-

Model 

.595
a
 .354 .302 .1662236 .354 6.800 5 62 .000 

Project 

Finance Risks 

Sub-Model 

.731
a
 .534 .442 .1485916 .534 5.830 11 56 .000 

Construction 

Risks Sub-

Model 

.873
a
 .762 .710 .1071802 .762 14.658 12 55 .000 

Relationship 

Risks Sub-

Model 

.622
a
 .387 .292 .1673919 .387 4.074 9 58 .000 

 

Table 10-2 shows the equations modelling the association between cost overrun and impact 

of risk events. This table shows the coefficients or multipliers that indicate the size of the 

effect the risk impact has on the proxy risk cost variable (i.e. cost overrun). This confirms the 

rejection of the null (default) hypothesis that risk impact events have absolutely no effect (has 

a coefficient of 0) on cost overrun. It seems that RP1 and RP7 political impact risk events 

have the most effect on cost overrun. It is interesting to notice that the legal and market risk 

events effect on risk cost overrun is very weak. This could be due to the fact that legal and 
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market matters in Saudi Arabia are not considered as major problems because every aspect of 

the economy is controlled to some extended by the government. Risk events RP19, RP24 and 

RP28 have the most influential effect on cost overrun in economic, natural and project sub-

models. In the finance risk sub-model, risk impact events RP40 and RP41 respectively have 

the most negative and positive effect on cost overrun.  It is interesting to notice that Rp45 has 

a significant influence on cost overrun in the construction sub-model. This could be due to 

the fact that construction delay is very usual in Saudi Arabia.  Both RP59 and RP63 

respectively have the most negative and positive influence on cost overrun in the relationship 

sub-model.  

The P values for each of the impact risk events included in the equations in Table 10-2 are 

shown in the Appendix E.  As illustrated in Appendix E, not all of impact risk events in the 

sub-model equations have significant p values. The author believes that this will not have a 

key influence on the simulation results. This is because all the impact risk events in the 

regression equations are assumed as random entities (each risk event is represented by an 

appropriate distribution function) during the simulation process. Thus, it is suggested that no 

universal best-fit procedure is certain to provide a precise solution for the random 

relationships. Hence, probably the low values of R
2
 and high p values for some of the risk 

events.  The equations are used to compute the impact of risk events from each sub-model. 

The results are then used to compute the risk cost and adjusted to risk outturn unit cost (see 

Chapter 6). 
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Table 10-2: Impact of Risk Events Equation for sub-models 

Risks sub-Model ImpactofRisksEquation.0≥Y≥1 

Impact of Political Risks 

𝑅𝑝
1
𝑅𝑝

2
𝑅𝑝

3
𝑅𝑝

4


𝑅𝑝
5
𝑅𝑝

6
𝑅𝑝

7
𝑅𝑝

8
𝑅𝑝

9


𝑅𝑝
10


Impact of Legal Risks 

𝑅𝑝
11
𝑅𝑝

12
𝑅𝑝

13
𝑅𝑝

14


𝑅𝑝
15
𝑅𝑝

16


Impact of Economic Risks 

0.623 + 0.279 ∗ 𝑅𝑝17 − 0.323 ∗ 𝑅𝑝18 − 0.580 ∗ 𝑅𝑝19 −

0.252 ∗ 𝑅𝑝20 + 0.064

Impact of Natural Risks 

𝑅𝑝
21
𝑅𝑝

22
𝑅𝑝

23
𝑅𝑝

24




Impact of Market Risks 𝑅𝑝
25
𝑅𝑝

26
𝑅𝑝

27


Impact of Project selection Risks 

𝑅𝑝
28
𝑅𝑝

29
𝑅𝑝

30
𝑅𝑝

31


𝑅𝑝
32


Impact of Project Finance Risks 

𝑅𝑝
33
𝑅𝑝

34
𝑅𝑝

35
𝑅𝑝

36


𝑅𝑝
37
𝑅𝑝

38
𝑅𝑝

39
𝑅𝑝

40
𝑅𝑝

 41


𝑅𝑝
42
𝑅𝑝

43


𝐈𝐦𝐩𝐚𝐜𝐭 𝐨𝐟 𝐂𝐨𝐧𝐬𝐭𝐫𝐮𝐜𝐭𝐢𝐨𝐧 𝐑𝐢𝐬𝐤𝐬 

0.079 + 0.849 ∗ 𝑅𝑝45 − 0.425 ∗ 𝑅𝑝46 + 0.318 ∗ 𝑅𝑝47 +

0.016 ∗ 𝑅𝑝48 + 0.039 ∗ 𝑅𝑝49 + 0.012 ∗ 𝑅𝑝50 + 0.092 ∗

𝑅𝑝51 + 0.210 ∗ 𝑅𝑝52 − 0.421 ∗ 𝑅𝑝53 − 0.042 ∗ 𝑅𝑝54 −

0.246 ∗ 𝑅𝑝55 + 0.231 ∗ 𝑅𝑝56 + 0.044

Impact of Relationship Risks 

𝑅𝑝
57
𝑅𝑝

58
𝑅𝑝

59
𝑅𝑝

60


𝑅𝑝
61
𝑅𝑝

62
𝑅𝑝

63
𝑅𝑝

64
𝑅𝑝

65
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10.3 Simulation Results for Risk Events Impact  

As explained in the methodology Chapter (Chapter 6), the simulated impact of risk events is 

used to calculate the risk cost and outturn cost unit.  The following sections will report on the 

results from the simulation process. The association between impact risk events and risk cost 

andoutturncostwillbeanalysedassuggestedbyEvans(1996)fortheabsolutevaluefor“r”,

which is a measurement that determines the degree of association between two quantities. 

10.3.1 Impact of Risk Events on Risk Cost 

Figure 10-1 shows the simulation results derived from the political sub-model. A close fit 

exists between the political risk impacts and the risk cost. It is also noticeable from this 

illustration that the risk cost below 0.5 level of risk impact is very close whereas towards the 

high limit of the risk impact, the risk cost tend be more spread. 

 

Figure 10-1: Impact of political risks  vs  risk cost 

Figures 10-1 also shows high positive correlation in the relationship between risk cost and 

each of the political risk constructs. It is clear that the minimum risk cost is close to zero with 
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1200 SR/ meter caused by the maximum expected impact of legal risks. The generated results 

for the impact of legal risks are clustered between (0.5) to (0.8). This shows that the impact of 

legal risks has a moderate positive relationship with the risk cost. This may demonstrate that 

risk cost in PPP projects in KSA are subjected to moderate legal risks impact.  

 

Figure 10-2: Impact of legal risks  vs  risk cost 

The simulation results for the impact of Economic risks shown in Figure 10-3 are clustered 
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maximum expected impact of Economic risks. It demonstrates that the impacts of Economic 

risks have a moderate positive relationship with the risk cost. 

Figure 10-4 shows the simulation results derived from the natural risks’model. There is a 

strong relationship between the impact of natural risks and the risk cost. The generated results 

spread gradually upward toward (0.8) on the impact of natural risks and toward 1000 

SR/meter on the risk cost. The minimum impact of natural risk on risk cost is (0.2) and (200 

SR/ meter), while the maximum is (0.8) and (about 1100 SR/meter) respectively. 

 

Figure 10-4: Impact of natural risks  vs  risk cost 
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Figure 10-5: impact of market risks  vs  risk cost 

 

Figure 10-6 shows the Impact of Project selection risks on risk cost. The results are 

distributed between (0.1) and (0.7) of the impact of project selection risks. It is also 

noticeable from this illustration that the risk cost over (0.5) level of risk impact spreads 

gradually towards high risk impact.  It is noticeable that a close fit exists when the weight of 

impact is below (0.5). The figure also shows a high positive correlation between risk cost and 

each of the project selection risk constructs. The minimum risk cost is 100 SR/meter when 

the impact is (0.1), while the maximum expected risk cost is about 900 SR/meter when the 

impact of project selection risks is (0.7). 

 

Figure 10-6: impact of project selection risks  vs  risk cost 
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Figures 10-7 shows high positive correlation between risk cost and each of the Project 

Finance risks. It is illustrated that the minimum risk cost is close to zero with a little impact 

of Project Finance risks on the project. While the maximum expected risk cost is about 1300 

SR when the impact of Project Finance risks reaches to a high degree. It is also noticeable 

from Figure 11-7 that the risk cost below (0.6) level of risk impact is very close whereas 

towards the high level of risk impact, the risk cost tends be more spread. 

 

Figure 10-7: impact of project finance risks  vs  risk cost 
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Figure 10-8: impact of construction risks  vs  risk cost 

Figure 10-9 shows the simulation results for the relationship between the risk cost and 

“relationship” risk impacts. It is also noticeable in this illustration that the risk cost below

(0.7) level of risk impact is very tight whereas towards the high rage of the risk impact, the 

risk cost tends be more spread. It shows high positive correlation between risk cost and each 
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the impact of Relationship risks reaches a high degree of risk. 

 

 

Figure 10-9: impact of relationship risks  vs  risk cost 
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10.3.2 Impact of Risk Events on Outturn Construction Unit Cost 

This section aims to investigate the relationship between the impact of risk events generated 

from the models and the outturn construction unit cost. The data presented here is from the 

simulation output. The strength of the impact is measured through the coefficient of 

correlation between the two quantities.  

Figure 10-10 shows the outturn construction unit cost (cost modified in response to risks 

impact) in relation to political risk impacts. It seems that the impact of political risks is 

moderately and positively associated with the outturn construction unit price. The maximum 

outturn price is about 2400 SR per unit, which is affected by the high impact of political risk 

factors. 

 

Figure 10-10: Impact of Political Risk Events on Outturn Construction Price 
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Figure 10-11: Impact of Legal Risk Events on Outturn Construction Price 

 

Figure 10-12 shows how the outturn construction unit cost is influenced by the impact of 

Economic risks. A weak positive relationship exists between the impact of the Economic 
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could reach to about 2400 SR/meter. The result of the impact of Economic risks in the range 
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Figure 10-12: Impact of Economic Risk Events on Outturn Construction Price 
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Figure 10-13 illustrates the relationship between the outturn construction unit cost and 

Natural risks impact. It shows a positive moderate association between the impacts of natural 

risks with the Outturn Construction Unit Cost.  The figure also shows random distribution of 

the result between (0.2) and (0.8) on the impact of natural risk, and between (1000 SR/meter) 

and (2500 SR/meter) on the outturn price. 

 

Figure 10-13: Impact of Natural Risk Events on Outturn Construction Price 
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Figure 10-14: Impact of Market Risk Events on Outturn Construction Price 

 

Figure 10-15 shows that the impact of project selection risks is weakly but positively 

associated with the outturn construction unit cost. The maximum outturn price that might be 

reached is about 2400 SR/meter, which is highly unlikely.  

 

Figure 10-15: Impact of Project Selection Risk Events on Outturn Construction Price 
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It seems that the simulation results are clustered between (0.2) and (0.6) of the impact of the 

project finance risks, and between 1000 SR and 2000 SR/meter of the outturn construction 

unit cost. 

 

Figure 10-16: Impact of Project Finance Risk Events on Outturn Construction Price 

 

Figure 10-17 shows that the impact of construction risks has a strong upward linear 

relationship with the outturn construction unit cost. As shown in this figure, the generated 

result is clustered below (0.3) of the impact of construction risks, while it seems more spread 

above this level. This gives an impression that the most likely outturn construction unit price 

will increase up to 1800 SR.  

 

Figure 10-17: Impact of Construction Risk Events on Outturn Construction Price 
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Figure 10-18 shows the outturn construction unit cost in relation to “relationship” risks

impact. It is clear that the impact of relationship risks is moderately and positively associated 

with the outturn construction unit price.  

 

Figure 10-18: Impact of Relationship Risk Events on Outturn Construction Price 
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Figure 10-19: Political risk cost in relation to outturn construction price 

 

Figure 10-20 shows strong association between the risk cost due to legal risk impact events 

with the outturn construction unit price.  An increase in the risk cost directly leads to an 

increase in the outturn construction unit cost.   The scatter diagram in Figure 11-20 shows 

that the maximum of risk cost leads to an increased outturn construction unit price (about 

2500 SR/meter). While the minimum of risk cost influenced by impact of legal risks leads to 

increasing the outturn construction unit price to around 1000 SR/meter. 

 

Figure 10-20: Legal risk cost in relation to outturn construction price 
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Figure 10-21 shows a strong relationship between the risk cost due to the impact of economic 

risk events with the outturn construction unit price. This figure shows that the maximum risk 

cost leads to an increase in the outturn construction unit cost to about 2400 SR/meter. The 

minimum of risk cost influenced by impact of economic risks leads to increasing the outturn 

construction unit cost to around 1000 SR/meter 

 

Figure 10-21: Economic risk cost in relation to outturn construction price 

 

There is a high positive association between the risk cost due to natural risk events and the 

outturn construction unit price as shown in Figure 10-22. The maximum outturn price could 

reach 2500 SR when risk cost is about 1100 SR, while the minimum risk cost of 200 

SR/meter can lead to an outturn construction unit price of 1000 SR. 

 

Figure 10-22: Natural risk cost in relation to outturn construction price 
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A high positive association between the risk cost due to market risk events and the outturn 

construction unit price as can be seen in Figure 10-23. This indicates that the market risk cost 

is a good predictor of the final outturn unit cost at 1500 SR or below.  

 

Figure 10-23: Market risk cost in relation to outturn construction price 
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Figure 10-24: Project selection risk cost in relation to outturn construction price 

 

Figure 10-25 clearly demonstrates that the risk costs and outturn construction unit price 

increase due to higher impact of risks. The maximum outturn price could reach to 2600 SR 

when risk cost is about 1300 SR. The simulation results show a high possibility that the 

project finance cost will be priced between 200 SR and 700 SR/meter leading to outturn price 

increase to the maximum value of about 2000 SR/meter.  

 

 

Figure 10-25: Project finance risk cost in relation to outturn construction price 
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Figure 10-26 below shows the relationship between the construction risk cost and the outturn 

construction unit cost. The figure highlights a strong positive relationship between the risk 

cost and the outturn construction unit price. The simulation results in the fitted line show that 

most of the construction risks have a cost of up to approximately 600 SR, which leads the 

outturn construction unit price to be increased to 2000 SR.  

 

Figure 10-26: Construction risk cost in relation to outturn construction price 

 

A high positive association between the risk cost due to relationships risk and the outturn 

construction unit cost is clearly shown in Figure 10-27. As the risk costs increase due to 
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Figure 10-27: Relationship risk cost in relation to outturn construction price 
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10.4 Probability Distribution of Sub-Models Outputs 

This section will explore the best theoretical distribution that may fit the simulated results for 

risk impact events, risk cost and outturn unit cost outputs.  The simulation results are 

presented as probability distributions.  In order to interpret the simulation results, an overlay 

of probability distribution and cumulative curves were produced for each sub-model.  

The probability distribution and cumulative curves for the risk impact events are shown in 

Appendix F. It is very important to notice that most of the distributions show a degree of 

skewness, either positive or negative. This gives an idea about the level of risk impact that 

may results from these events. For example, a high degree of right hand skewness means that 

risk impact can be very high and may result in high risk cost and outturn costs.  It is somehow 

unexpected to see legal and finance risk impact events fit into a symmetrical (normal) 

distribution. Although they are important, usually this type of distributions does not 

represented real world risk phenomena.  The results of the political risk impact events show 

that with a probability of 5%, the impact of political risk events on outturn cost will fall 

below 0.143, whereas the maximum impact will be 0.736 (see figure 0-1).  As illustrates in 

figure 0-2, the impact from economic risk events with probability of 90% will not be below 

0.478 or exceed 0.836. Figure 0-3 demonstrates that with 90% probability, the impact from 

natural risk events will be between 33.10% and 64.155%.  The lower and upper impact limits 

of the market risk events will be 38% and 58% respectively with 90% probability. Similarly,   

the impact from the project selection risk events ranges from 22% to 63% with a probability 

of 90%.  It is likely with a probability of 90% that the impact from the finance risk impact 

events will be between 14% and 63%. It is not unexpected to see the impact from the 

construction risk events have a wider range of impact (from 2.4% to 83.8 %). This could 

mean that there is a huge uncertainty in estimating the impact of construction risk events. The 
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relationship risk events seem to have a low impact. Figure 0-9 shows that the impact will be 

in the range of 3.8% and 56.8% with a probability of 90%. 

Figure (0-10 – 0-18) in Appendix F show the probability distribution with an overlay of the 

cumulative ascending curves for risk cost simulated results.  It is interesting to notice that 

none of these distributions is symmetrical. This could mean that these distributions are truly 

representative of results from real world occurrences of risk.  It is also clear that all of the 

distributions show a degree of right-hand skewness. This may suggest that the risk cost could 

be higher than the mean. As illustrated in figure 0-11 that with a probability of 90% the risk 

cost will not be below 402 or exceed 1003 SR/lm. It is unexpected to see the risk cost from 

legal risk impacts have a minimum to high value. That is to say with a probability of 5% the 

risk cost will fall below 402 SR/meter or exceed 1003SR/meter. This could be attributed to 

the fact the association model that is used to calculate the impact of legal risk events have a 

very low R
2
 value, i.e. the model is not a good representation of the observed data. Other 

plausible interpretation is that PPP projects in Saudi Arabia are subjected to a huge political 

interference. Despite this drawback, the probability curves may allow the decision makers to 

deduce reasonable conclusions.  What is also interesting to observe in these figures is the 

distribution of construction risks. These distributions show a very high degree of right-hand 

skewness suggesting that the risk cost could be very high. Figure 0-13 demonstrates that with 

a 90% probability, the impact from natural risk events will be between 21and 863. But this 

risk cost rises to above 1400 SR/meter.  

Figure (0-19 – 0-27) in Appendix F show the probability distribution with an overlay of the 

cumulative ascending curves for outturn simulated results. With the exception of the outturn 

cost adjusted to political and economic risk events, which fit triangular distributions; all other 

distributions are either beta general or Weibull.  The outturn cost distributions are all rightly 

skewed. This may suggest that there is an excessive uncertainty associated with the outturn 
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unit cost in PPP projects in Saudi Arabia. In fact the literature review suggests that this is the 

case not only for PPP projects but for all construction projects in Saudi Arabia. As illustrated 

in figure 0-20 the outturn unit cost with a probability of 90% will not be below 1207 or 

exceed 2359 SR/meter. The range between lower and upper limits of the outturn unit costs 

adjusted to the legal risk impact events is high. This is expected since the risk cost due to the 

legal risk impact events is also high.   For example, Figure 0-26 shows that the cost unit 

interval [873, 2002] captures the true adjusted outturn unit cost to construction risk events 

with a probability of 90%. In contrast, the cost unit interval for the outturn unit cost adjusted 

to legal risks is [1207, 2359] with a probability of 90%. These huge variation intervals may 

be due to the way the risk events are estimated. There could exaggeration or over estimation 

by the experts in evaluating the impact. Other acceptable explanations are the association 

equations used to derive the impact of the risk events do not capture the variability in the 

observed data. Also this variation could be attributed to the theoretical distributions that are 

selected to represent each risk event. Although these distributions are selected based a fitness 

test (Chapter 9), they may not represent the real world scenarios.  Thus, further experiments 

were carried out to improve these anomalies.  It appears that by dividing data into two 

homogenous sets, i.e., exogenous and endogenous risks, better association models were 

obtained as shown in the following sections. 

 

10.5 Results from the Integrated Models 

Chapter 9 provided the rational for diving data into homogenous sets; exogenous and 

endogenous risks in addition to detailed explanation for both multi-regression and simulation 

models. This section will present the results from both the regression and analysis performed 

on the exogenous and endogenous models.   
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The regression results for the two integrated models are shown in Tables 10-3 and 10-4.    

The regression results in Table 10-3 show that all endogenous risk impact events are 

significant because both of their p-values are either 0.000 or below 0.05. However, the P-

value for RP28 and RP29 is slightly greater than the common alpha level of 0.05, which may 

indicate that it is not statistically significant. The regression results in Table 11-4 show that 

all exogenous risk impact events are significant because both of their p-values are either 

0.000 or below 0.05. But, the P-value for RP12 (0.076) is greater than the common alpha 

level of 0.05, which indicates that this risk impact event is not statistically significant. 

However, because its P values are not within the range of P values that are appropriate for 

this research assumption they were kept in the equation. This is because they are more than 

likely to be a meaningful addition to exogenous model because changes in the risk impact 

events’valuearerelatedtochangesinthecostoverrun. 

As can be seen from the PP plot in Figure 10-28 for endogenous risk impact events, the left 

end of pattern is above the line and its right end is below the line, which suggests that the 

endogenous risk impact events are characterised by short tails at both ends of the data 

distribution. However the PP plot for exogenous risk impact events shows the theoretical and 

observed data fall approximately along this reference line. In both models, the  observed data 

is very close to the reference line suggesting that the derived equations and the observed data 

sets come from the same populations with similar distributions (see Figure 10-29).  
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Figure 10-28: Endogenous Risks P-P Plot 

 

 

 

 

Figure 10-29: Exogenous Risks P-P Plot 
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Table 10-3: Endogenous model regression result 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. B Std. Error Beta 

Endo. (Constant) .161 .036  4.463 .000 

RP28 -.145 .074 -.123 -1.969 .054 

RP29 .218 .110 .135 1.993 .052 

RP33 -.169 .063 -.170 -2.679 .010 

RP35 -.433 .069 -.385 -6.293 .000 

RP36 .378 .078 .290 4.863 .000 

RP37 .192 .063 .147 3.028 .004 

RP40 -.311 .104 -.183 -2.994 .004 

RP45 .746 .067 .693 11.151 .000 

RP50 .414 .083 .381 4.968 .000 

RP51 -.173 .074 -.175 -2.347 .023 

RP53 -.302 .088 -.220 -3.440 .001 

RP56 .640 .125 .440 5.140 .000 

RP59 -.317 .098 -.218 -3.242 .002 

RP61 -.224 .077 -.193 -2.907 .005 

RP63 .339 .086 .242 3.933 .000 

RP64 -.337 .125 -.206 -2.698 .009 
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Table 10-4: Exogenous model regression result 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. B Std. Error Beta 

Exo. (Constant) .141 .042  3.367 .001 

RP3 -.173 .055 -.163 -3.159 .003 

RP4 .283 .094 .213 3.005 .004 

RP5 -.296 .065 -.260 -4.568 .000 

RP7 -.265 .070 -.245 -3.795 .000 

RP11 .388 .085 .290 4.571 .000 

RP12 -.133 .074 -.111 -1.809 .076 

RP19 -.320 .111 -.167 -2.885 .006 

RP20 -.204 .083 -.137 -2.465 .017 

RP24 .203 .058 .215 3.526 .001 

RP25 -.386 .095 -.271 -4.083 .000 

RP26 .462 .101 .319 4.567 .000 

RP45 .894 .066 .830 13.622 .000 

 

Tables 10-3 and 10-4 also show the magnitude of the coefficient for each risk impact event. 

In Table 10-3, it seems that RP45 and RP56 have the most positive influence impact on cost 

overruns.  Similarly in Table 10-4, RP45 and RP26 seem to have the most positive influence 

impact on cost overruns. What is also noticeable in Table 10-4 is that most of the exogenous 

risk event impacts coefficients are negative.  This suggests that higher impact of these risk 

events may result lower cost overrun.  

Table 10-5 shows the generated models statistics. It indicates that endogenous multiple 

regression model with all 16 risk impact events produced R
2
= 0.90 and P<0.05. Also it shows 

that exogenous multiple regression model with all 12 risk impact events produced R
2
= 0.889 
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and P<0.05.  These results suggest that both of the models capture a significant variation in 

the risk impact events data set.   

Table 10-5: Integrated model regression 

Model R R Square 
Std. Error of 

the Estimate 

Change Statistics 

R Square 

Change 
F Change df1 df2 

Sig. F 

Change 

Endogenous 

model 
.962 .902 .0621433 2.653 39.741 16 51 .000 

Exogenous 

model 
.943 .889 .0732241 2.653 36.642 12 55 .000 

 

The impact of risk events in endogenous and exogenous models are combined and computed 

via multi linear equations shown in Table 10-6.  

Table 10-6: Impact of Risk Events Equation for integrated model 
Risk sub-Models ImpactofRiskEquations.0≥Y≥1 

Endogenous model 

𝑅𝑝
28
𝑅𝑝

29
𝑅𝑝

33
𝑅𝑝

35
𝑅𝑝

36
𝑅𝑝

37


𝑅𝑝
40
𝑅𝑝

45
𝑅𝑝

50
𝑅𝑝

51
𝑅𝑝

53
𝑅𝑝

56
𝑅𝑝

59


𝑅𝑝
61
𝑅𝑝

63
𝑅𝑝

64


Exogenous model 

𝑅𝑝
3
𝑅𝑝

4
𝑅𝑝

5
𝑅𝑝

7
𝑅𝑝

11
𝑅𝑝

12
𝑅𝑝

19


𝑅𝑝
20
𝑅𝑝

24
𝑅𝑝

25
𝑅𝑝

26
𝑅𝑝

45


 

10.5.1 Exogenous Risk Model Simulation Results 

The results from exogenous simulation model are shown in Figures 10-30 to 10-32, where a 

positive correlation between risk impact and risk cost is clearly indicated. Figure 10-30 

suggests that there a steady increase in the risk cost as the risk impact increases (gradual rise 

from left to right). However, about 60% of risk impact is below 0.35 and around 62% of risk 

cost is below 275 SR per unit. Furthermore, there seems to be a strong linear relationship (R
2
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=0.989) between risk impact and risk cost. This may suggest that the risk cost can be 

predicted from the risk impact with a relatively high level of accuracy. It seems that the 

relation between risk and impact results is tightly clustered in the low region.  Figure 11-30 

also shows a few results that are outside the overall pattern. This might have influenced the 

positive correlation between the two outputs. 

 

 

 

Figure 10-30: Exogenous Model (Risk Impact Output   vs   Risk cost Output) 
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Figure 10-31: Exogenous Model (Risk Impact Output   vs   Outturn Construction unit cost) 

 

 

Figure 10-32: Exogenous Model (Risk Cost Output   vs   Outturn Construction unit cost) 
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Figures 10-33 to 10-35 show the probability density and cumulative overlay graphs for the 

simulation out from the exogenous model.  Figure 10-33 show a high degree of right-hand 

skewness. In other words, extreme risks may have the most dramatic impact on risk costs and 

outturn cost unit as expected.   

 

Figure 10-33: Exogenous Model- Risk Impact Output - Probability Density /Cumulative Overlay 

 

The risk impact distribution fits a gamma theoretical distribution with risk impact of 0.320.  

The minimum risk impact is 0.015 corresponding to a situation where not all the risks taking 

place.  These graphs show with a probability of 5% that the risk impact will be 0.015. In 

other words, with a probability of 95% the risk impact will not fall below 0.015.  The 

maximum risk impact will be 0.711, when all or most of risks take place.  

The risk cost simulation results are presented in Figure 10-34. The risk cost output data fit 

into exponential theoretical distribution with a right-hand skewness.  
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Figure 10-34: Exogenous Model - Risk Cost Output - Probability Density /Cumulative Overlay 

 

The minimum and maximum risk cost is 14 SR and 708 SR per unit respectively. This 

suggests that, with a probability of 95%, the risk cost will not fall below 14 SR and it will not 

exceed 708 SR per unit. In other words, there is only 5% chance that the risk cost will fall 

below or exceed these two values.   

The adjusted outturn unit cost simulation results (adjusted to risk impact) are shown in Figure 

10-35. The results fit loglogistic theoretical probability distribution. The distribution is 

positively skewed suggesting that the adjusted to risk impact outturn unit cost can be very 

high.  This graph demonstrates that, with 5% probability, the outturn cost will not fall below 

897 SR and will not exceed 1718 SR or with a probability of 95% the outturn cost unit will 

be between these two limits.  
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Figure 10-35: Exogenous Model - Outturn Construction Unit Cost - Probability Density /Cumulative Overlay 

 

10.5.2 Endogenous Risk Model Simulation Results 

The simulation results for the endogenous model are presented in Figures 10-36 to 10-38. 

Figure 10-36 illustrates the simulation results showing that when the risk impact increases 

there is no noticeable change in the value of outturn construction unit cost. This suggests that 

the outturn unit cost change or vary randomly within a relatively large range with a tendency 

to both increase and decrease compared with the mean.   The output results of risk cost VS 

outturn unit cost shown in Figure10-37 are considerably scattered above the mean value of 

the outturn unit cost. This may suggest that the risk cost can be used as a predictor for the 

outturn unit cost with some degree of accuracy (R
2
 =0.56).   
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Figure 10-36: Endogenous Model (Risk Impact Output   vs   Outturn Construction unit cost) 

 

 

 

Figure 10-37: Endogenous Model (Risk Cost Output   vs   Outturn Construction unit cost) 
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The risk impact VS risk cost relationship is shown in Figure 10-38.  The simulation data is 

very close to the best-fit line exhibiting positive linear relationship (R
2
 =0.69).  This is 

suggesting that the risk cost can be predicted from the risk impact with a high degree of 

accuracy. 

 

 

Figure 10-38: Endogenous Model (Risk Impact Output   vs   Risk cost Output) 

 

Figures 10-39 to 10-41 show the probability density and cumulative overlay graphs for the 
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words with a probability of 95% the risk impact will not fall below 0.025.   
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Figure 10-39: Endogenous Model - Risk Impact Output - Probability Density /Cumulative Overlay 

 

The maximum risk impact will be 0.776, but this value is the upper limit and will not be 

reached unless all or most of risks take place.  

The risk cost simulation results are presented in Figure10-40. The risk cost output data fit into 

Pearson5 theoretical distribution with a right-hand skewness. This graph shows that the 

minimum and maximum risk cost will be 17 SR and 892 SR per unit respectively. This 

suggests that with a probability of 95% the risk cost will not fall below 17 SR and it will not 

exceed 892 SR per unit. In other words, there is only 5% probability that the risk cost will fall 

below or exceed these two values.  The outturn unit cost simulation results adjusted to risk 

impact are shown in Figure 10-41. The results fit Log logistic theoretical probability 

distribution.  
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Figure 10-40: Endogenous Model - Risk Cost Output - Probability Density /Cumulative Overlay 

 

 

 

Figure 10-41: Endogenous Model - Outturn Construction Unit Cost - Probability Density /Cumulative Overlay 
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The distribution is positively skewed which reflects the intensity of the risk impact.   With a 

5% probability, the outturn cost will not fall below 363 SR and will not exceed 2408 SR.  

That means with a probability of 90% the outturn cost unit will be between these two limits. 

10.6 Verification and Validation of the Results 

The base models generate stochastic risk impact, risk cost and outturn costs aiming at 

presenting more information about these three quantities for enhancing construction budget 

estimates.  Thus, simulation validation is crucial to prove that the generated results can aid 

the development of the construction budget based on risk scenarios.   

The challenge for validating the results stem from the fact that each PPP project may exhibits 

unique random behaviour. Thus, this may result in both of the simulated results and the actual 

project outcomes being considerably different. More importantly, there is no empirical data 

available for risk costing (this type of information is considered highly sensitive commercial 

information) or risk impact events. 

Verification deals with the notion that the developed conceptual models in the current chapter 

represent accurately the intended solution in line with the research hypothesis.  Validation is 

the process of determining how each of the developed proposed models is an accurate 

representation of the real world from the perspective of the intended user of the model. In the 

context of this research, it is intended to use the developed models in preliminary assessments 

for setting an appropriate risk cost in the risk matrix.  The research follows the method 

proposed by Sargent (2013) for the validation and verification of developed models. Sargent 

(2013) proposed that simulation models should be checked for conceptual validity, model 

verification, operational validity, and data validity as explained in the following sub-sections.  

 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

297 
Saleh Alzahrani 

10.6.1 Conceptual Validity 

Sargent (2013) definesconceptualvalidityas“determiningthatthetheoriesandassumptions

underlying the conceptual model are consistent with those in the system theories and that the 

modelrepresentationofthesystemis‘reasonable’fortheintendedpurposeofthesimulation

model”.Thus,thisvalidationprocessisconcernedwithhowphysicalriskeventsand impact 

information generate a behaviour that is conceptualised in this research. As outlined in 

methodology chapter, this research aims at mapping risk events in order to evaluate their 

impact on risk cost and outturn unit cost. All of the proposed models' structure, logic, and 

mathematical and causal relationships are derived based on the collected data. The structures 

of risk impact events were developed and checked using statistical methods, mainly multi-

linear regression and correlation. P values are used to check whether the risk events 

contribute to the overall model output. The significance of each risk impact event was also 

checked statistically at p< 0.5. The causal relationships between risk impact events were 

checked using correlation and dendrograms to develop feedback loops. The structure of 

feedback loops for risk impact events interactions was checked using VENSIM software 

tools. This software has the ability to display a list of all feedback loops passing through a 

variable.  It is also important to point out that statistical methods are used to fit distributions 

to every risk impact event in the models. Anderson-Darling statistics test is used to select the 

best fitting distribution. Several structured walkthroughs were carried in excel to checked the 

model equations do not violate physical laws, such as return a zero value. The process of data 

input is also checked to confirm that the variables that were indented to be treated as random, 

i.e., not to occur in every simulation run, are observed. The level of impact of each risk 

impact event in each equation is traced through each model to confirm the logic is correct and 

level of return risk impact is proportional to the coefficient of each risk impact event.  
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10.6.2 Model Verification 

The purpose of verification process is to ensure that all the inputs (risk impact events) in the 

proposed models are consistent with the mathematical equations and observed data.  The unit 

errors and associated parameters are verified by the author via VENSIM software. If there 

was an error, the software will report the inconsistency and the simulation will stop.  In each 

model, the variable assessment test is used to estimate whether the values of a risk impact 

event were reasonable. Multiple regression analysis was used to model and quantify the risk 

interdependencies (cause-effect interrelationships) among risk impact events. Cost overrun 

was used as a proxy for the riskiness of projects (see Chapter 10). Several tools exist in the 

SPSS package to assess the validity of developed models. These include residuals versus 

variables plot histogram of residuals, normal plot of residuals, residuals versus fits, and 

residuals. These tests proved that the multiple-regression models are valid and that the 

regression assumptions are met.  

 

10.6.3 Operational Validity 

The models proposed in this research are not intended for accurate forecasting. They are 

intended to provide amble (stochastic) information on risk impact events and cost risks for 

decision makers to evaluate the construction budget of PPP projects in Saudi Arabia. Sargent 

(2013) definedmodel operational validity as “determining whether the simulation model's 

output behaviour has the accuracy required for the model's intended purpose over the 

domain of the model's intended applicability”.Fromthisdefinitionperspective,onecanargue

that models behaviour in the context of this research, risk impact events, risk cost and outturn 

probability distributions all provide the user with the intended information. That is to say, a 

range of risk cost values based on a range of risk impact events scenarios.  
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10.6.4 Data Validity 

Although Sargent (2013) claimthatdatavalidityis“often not considered to be part of model 

validation”,theauthorused the questionnaire survey to collect data on the risk impact events. 

The impact of each risk event is assessed by practitioners. Several techniques were employed 

to analyse the collected data. Also statistical analyses were carried out to test and confirm the 

reliability of the collected data (see Chapter 7). Cases of missing or incomplete data were 

removed from the data set. The author carried out tests (scatter plots) to detect outlier values. 

But there were no outliers that needed to be corrected. The test result showed that all of the 

data categories are reliable at Cronbach's Alpha > 0.5. To improve the statistical significance 

of the developed models, the author divided the data into two sets; exogenous and 

endogenous.  

10.6.5 Stress Condition Validity 

The purpose in this section is to check whether the developed conceptual models respond 

appropriately to extreme values of the risk impact events. The purpose behind this is to make 

sure that the models are robust even in extreme conditions. That is to say, the output from the 

models is in line with the research assumptions and the actual practice. Several experiments 

were carried out to check the impact of risk events on risk costs. The minimum and 

maximum units of each risk impact events were set to check their contribution to the overall 

risk cost profile. It was clear how the risk cost changes as the impact of the risk event 

changes from the base value.  According to the pattern shown in Figure 10-42, it seems that 

the models are able to cope with extreme input values and produce reasonable results. Also it 

can be seen from this figure extreme values are limited and the majority of the results (in red) 

are centred on the mean impact.   
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Figure 10-42: Risk cost output  vs  RP45 

 

10.6.6 Sensitivity Validity 

Sensitivity analysis was carried out in order to observe how the conceptual models perform 

when numerical values, i.e., risk impact values, change and how the model results behave.  

Monte Carlo simulation was used for multivariate sensitivity analysis by simultaneously 

changing the assumptions of all exogenous and endogenous risk impact events along their 

bounded random distribution. The results of the sensitivity analysis were check using 

Tornado graphs. For example, Figures 10-43 to 10-46 display the relative ranking of some of 

the endogenous risk impact events input effects on risk impact and risk cost. As can be seen 

in these figures, the risk impact events that have larger coefficients in the conceptual models 

(see Table 10-6) have considerable influence on risk costs and contribute more to the risk 

profile of the project. Both relative magnitude and direction of influence (positive or 

negative) for each risk impact event on risk cost values between 10% and 100% confidence 

bounds. This confirms that the developed conceptual models are sensitive to changes in the 

input parameters. 
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Figure 10-43: Risk cost Output - Endogenous Risks Model 

 

 

Figure 10-44: Risks Impact Output - Endogenous Risks Model 
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Figure 10-45: Outturn Cost Unit Output - Endogenous Risks Model 

 

10.7 Summary 

This chapter outlined the results from the developed dynamic conceptual models. The first 

section presented the results of the multiple regressions analysis models that were used to 

predict the value of a proxy variable (dependent variable) based on the value of risk factors 

(independent variables). The association between construction risk events accounted for 

approximately 87% of the variance of the proxy variable, whereas association between 

market risk events can only explain approximately 25% of the proxy variable. The variation 

in project finance risk events, political risk events, relationship risk events, project selection 

risk events and legal risk events account over 50% of the construction cost overrun. 

The second section reported on the statistical results from the integrated models. Further 

division of data into two sets (endogenous model consist of 16 risk impact events, while 
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integrated exogenous model consist of 12 risk impact events) produced better association 

results. Both of the models nearly explained 90% of the variation in the two data sets.  

The third section reported on the simulation results from the sub-models. The results showed 

that there is a mixed range of moderate and strong positive relationship between the impact of 

each risk event and risk costs and outturn construction unit cost. In this sense, the results of 

the sub-models were inconclusive. However, there is a clear pattern of association between 

the risk impact events and output quantities. That is to say, output values change positively 

depending on the magnitude of the risk impact events.  

The fourth section analysed the simulation results from the endogenous and exogenous 

models.  The simulation results from the two models formed right-hand skewed distributions, 

suggesting good representation of real world risk scenarios.  These distributions normally 

indicate that the risk is present and its effect can be dramatic.  

The fifth section of this chapter reported on the processes and methods used to verify and 

validate the results of this research. The validation results showed the developed models are 

sensitive to the impact and robust even with extreme input values. 
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11.1 Introduction 

This chapter presents a discussion over the main areas reported throughout this thesis.  The 

first section presents a discussion of the research findings on risk impact events. The second 

section focuses on risk allocation based on the level of risk price. The third part discusses the 

findings from the dynamic simulation for risk cost and outturn cost. Through this chapter 

implications of findings are discussed with respect theory and practice 

 

11.2 Risk Factors Affecting Construction Risk Cost in PPP Projects 

Numerous surveys and research studies have been carried out with the aim of identifying the 

important factors affecting construction cost as illustrated in Chapter 3.   The construction 

market conditions differ from country to another (J. Wang & Yuan, 2011). Therefore, to 

identify the impact of risk events of on the risk cost during the construction stage on the PPP 

project in Saudi Arabia, further investigation was required. 

The risk factors should be classified and listed for better risk allocation. This research 

classifies the risk factors into two main categories namely: first category is called exogenous 

risks which consist of: (political risks, legal risks, economic risks, natural risks and market 

risks), and second category called endogenous risks that consist of: (project selection risks, 

project finance risks, construction risks and relationship risks). This classification of the risk 

events makes it easily to decision makers for risk allocation. 

 

11.3 Impact of Risk Events 

A proper risk allocation is an important matter in contractual agreement in the PPP projects. 

To carry out this allocation in an effective manner   impact of the risk events estimated.  First 

step for is to identify the risk events that may evolve during project construction. Second step 

is to classify the risk events to give clear picture for the decision maker on the intensity and 
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severity of risks.  In this research, the risk events are classified into main categories. These 

are then further divided into nine sub-categories of risk events that may impact risk cost and 

outturn unit cost during the construction stage of the PPP projects in KSA. The findings from 

the flied work on the impact of exogenous risk events and impact of endogenous risk events 

are discussed in the next sections.  

11.3.1 Impact of Exogenous Risk Events 

Exogenous risk events subgroup consist of political, legal, economic, natural and market risk 

events. This research found that 7 risk events from exogenous risk events have a high degree 

of impact risk cost and he outturn unit cost of PPP projects  in KSA (see table 11-1). It was 

found that RP2- Delay in project approvals and permits, and RP3- Poor public decision 

making process, as the most political risk events that might impact outturn unit cost.. This 

finding is supported  by  (Ibrahim et al., 2006; Ke, Wang, Chan, et al., 2010; Bing Li, A. 

Akintoye, et al., 2005; L. Y. Shen et al., 2006) who stated that these risk factors  might have 

an influence of outturn unit cost. 

In the legal risk sub-category,  this work findings are similar to  (Bing Li, A. Akintoye, et al., 

2005; Xu et al., 2009; Yuan et al., 2008); X. Zhang (2005) who identified that RP12- 

Corruption and lack of respect for law is one of the most vital risk events that affect 

construction unit cost. One presumes this practice is mainly valid in developing nation.  The 

research found that RP21- Force majeure, RP22- Environment, RP24- Geotechnical 

condition, - that are classified under natural risks sub-category – are the most likely risk 

events that have an incremental impact of construction unit cost and risk cost.  Similar finds 

are reported by s (Ibrahim et al., 2006; Ke, Wang, Chan, et al., 2010; Bing Li, A. Akintoye, et 

al., 2005; Xu et al., 2009). Ng and Loosemore (2007) and Victoria (2001) stated that RP27-

Fluctuation of material cost as one most risk event that has an impact on the unit cost.  This 

finding is confirmed by this work in the sense that that only this risk event from the market 
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risk sub-category found to have a high influence on the risk cost and outturn unit cost of the 

PPP projects in KSA.  

Table 11-1: The mean average rating and standard deviation (SD) for Impact of risk factors 

Category 
Risk 

Factor 

Overall Public Sector Private Sector 

Mean S.D R Mean S.D R Mean S.D R 

Political Risks 
RP2 .2880 .1781 20 .2785 .1766 20 .3001 .1822 19 

RP3 .3057 .1869 15 .2945 .1958 16 .3199 .1772 13 

Legal Risks RP12 .3292 .1661 9 .3340 .1726 7 .3231 .1602 12 

Natural Risks 

RP21 .3048 .2233 16 .2742 .2160 21 .3434 .2299 8 

RP22 .2991 .2087 17 .2705 .2101 22 .3352 .2046 10 

RP24 .3574 .2109 4 .3332 .1976 9 .3881 .2263 3 

Market Risks RP27 .3374 .1740 8 .3271 .1802 12 .3506 .1680 7 

 

 

11.3.2 Impact of Endogenous Risk Events 

Endogenous risk events consist of project selection, project finance, construction, and 

relationship risk events. This research found that 14 risk events from endogenous risk events 

are deemed to have the most impact on the outturn unit cost in PPP projects (see table 12-2). 

There were three risk factors found by this research under project finance risks sub-category 

that mostly impacted risk cost and outturn unit cost. These findings are  supported Hodge and 

Greve (2007) who explained that RP34- Inaccurate estimates positively affect the final 

construction unit cost. Similar to this (Ke, Wang, Chan, et al., 2010; Bing Li, A. Akintoye, et 

al., 2005; X. Zhang, 2005) identified that RP35- High finance cost, has an impact on the 

construction unit cost. Boeing Singh and Kalidindi (2006) reinforce the finding that RP37- 

Delay in payment of annuity has an influence on the construction unit cost in PPP projects. 

Several previous investigations reported on the construction risk factors that affect the 

construction unit cost in the PPP projects. There were some similarities in the finding. For 

example,  Bing Li, A. Akintoye, et al. (2005) and Ibrahim et al. (2006) stated that RP48-Poor 

quality of workmanship, and RP49-Default of sub-contractors or suppliers are as an 
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important risk factors that affect the construction unit cost. L.-Y. Shen et al. (2006) and 

Victoria (2001) indicated that RP52-Late design change, is one of the most risk event that 

affect construction cost.  This work has established that the outturn construction unit cost is 

influenced by RP45- Construction time delay, RP46-Material availability, RP47-Labour 

availability, RP51-Design deficiency, and RP54-Contractual risk,. This finding concurs with 

the results reported by   (Ibrahim et al., 2006; Ke, Wang, Chan, et al., 2010; Bing Li, A. 

Akintoye, et al., 2005; Yuan et al., 2008).   

Three risk factors (RP58- Inadequate experience in PPP, and RP61- Inadequate distribution of 

responsibility and risk) from relationship risks sub-category were deemed by the respondents 

as the most risk factors that might affect risk cost and outturn unit cost. Similar results were 

reported by (Bing Li, A. Akintoye, et al., 2005; X. Zhang, 2005). Ibrahim et al. (2006) and L. 

Y. Shen et al. (2006) supported by the finding of this research that RP62- Inadequate 

negotiation period prior to initiation is might influence the construction unit cost in the PPP 

projects. 

Table 11-2: The mean average rating and standard deviation (SD) for Impact of risk factors 

Category 
Risk 

Factor 

Overall Public Sector Private Sector 

Mean S.D R Mean S.D R Mean S.D R 

Project Finance 
Risks 

RP34 .4822 .1896 1 .4618 .1766 1 .5081 .2050 1 

RP35 .3252 .1770 11 .3024 .1670 15 .3540 .1878 5 

RP37 .3211 .1528 12 .3245 .1456 13 .3168 .1639 14 

Construction 
Risks 

RP45 .4638 .1847 2 .4575 .1719 2 .4718 .2025 2 

RP46 .2815 .1981 22 .3334 .2038 8 .2158 .1723 40 

RP47 .3391 .1920 7 .3577 .1960 4 .3155 .1873 15 

RP48 .3420 .1819 6 .3470 .1875 6 .3358 .1774 9 

RP49 .3422 .2091 5 .3320 .1861 10 .3551 .2377 4 

RP51 .3148 .2012 13 .3521 .2060 5 .2676 .1879 27 

RP52 .3802 .1990 3 .4034 .2026 3 .3509 .1938 6 

RP54 .3134 .2036 14 .3171 .1881 14 .3086 .2249 16 

Relationship Risks 

RP58 .2900 .1442 19 .2797 .1438 18 .3031 .1461 18 

RP61 .2914 .1715 18 .2806 .1675 17 .3051 .1784 17 

RP62 .3273 .1747 10 .3291 .1631 11 .3249 .1912 11 
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11.4 Risk allocation based on risk price   

Numerous surveys have been carried out to investigate risk allocation in PPP projects. The 

majority, if not all, of these investigations were aimed at finding who is able to manage the 

risk events effectively.  Cooper et al. (2005) and (Ke, Wang, Chan, et al., 2010) support the 

theory that the risk likelihood is reduced when the risk event managed and control by party in 

a great position to control the event consequences.  But, there is no total agreement between 

researches on how risk events are allocated. This might be attributed to the fact each study is 

carried out in different country which are subject to unique procurement laws and regulations 

(J. Wang & Yuan, 2011). But in general there was a consensus on the principles of risk 

allocation.  Overall risks commercial risks are allocated to the private sector and public 

sectors assume most of the risks that are related to the bureaucratic aspects of the project. 

Risks that are too difficult to be managed by only one party are normally best shared between 

public and private sector. The risk allocation in this research differs from the previous studies 

in the sense that the respondents were asked to allocated the risk based the level of the risk 

price.  However, the findings from this research are compared with the findings from 

previous studies.  

11.4.1 Risks allocated to the public sector 

Table 11-3 shows that majority of respondents has allocated majority of political risk events 

to the public sector based on the risk price. Only one risk factor from legal sub-category 

RP15-Rate of return restrictions is allocated solely to the public sector. Also in project 

finance sub-category risk event RP42-Lack of government guarantees is only one risk factor 

that allocated to the public sector when the risk price is deemed to be very low or low. This 

research supports VDTF (2001) view that RP1- Change in law, should be allocated to the 

public sector. Whereas other researcher (Lam et al., 2007; Bing Li, A. Akintoye, et al., 2005; 

NTSA, 2004; Victoria, 2001; Shou Qing Wang et al., 2000) found that this risk factor should 

be shared between public and private sectors. Lam et al. (2007) and Victoria (2001) stated 
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that RP2- Delay in project approvals and permits, should be allocated to the private sector, 

while Ng and Loosemore (2007) see that this risk factor should be allocated to both parties. 

This research from level of risk price prospective see this risk event should be allocated to the 

public sector.  

This research support previous research done by (Bing Li, A. Akintoye, et al., 2005; NTSA, 

2004) that stated RP8-Strong political opposition /hostility suggested to be allocated to the 

public sector. 

Lam et al. (2007) and (Bing Li, A. Akintoye, et al., 2005) proposes from a management of 

point of view that RP5-Unstable government should be allocated to the public sector, 

similarly respondents in this study indicated that from the point of view risk price this risk 

factor should allocated to the public sector. Regarding the risk event  RP31- Land acquisition, 

to be allocated to the public sector when risk price medium or high, this research finding is 

similar to the finding by (Lam et al., 2007) and (Bing Li, A. Akintoye, et al., 2005). However,  

others  (Ng & Loosemore, 2007) and (Victoria, 2001) stated that this risk factor should be 

allocated to the private sector.  

Table 11-3: Allocation of risk factors to public sector 

Risk Factors 

Risk sub-

category 

Risk 

price 

level  

RP1 Change in law Political VL / L 

RP2 Delay in project approvals and permits Political L / M 

RP3 Poor public decision making process Political L / M 

RP4 Government intervention 
Political VL / L / 

M 

RP5 Unstable government Political VL / L 

RP6 Government reliability Political VL / L 

RP7 Inconsistencies in government policies Political L / M 

RP8 Strong political opposition /hostility Political VL / L 

RP9 Expropriation/nationalization of assets Political VL / L 

RP15 Rate of return restrictions 
Legal VL / L / 

M 

RP28 Public opposition to projects Project Selection VL / L 

RP30 Level of demand for the project Project Selection VL / L 
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RP31 Land acquisition Project Selection M / H 

RP42 Lack of government guarantees Project Finance VL / L 

 

11.4.2 Risks allocated to the private sector 

The majority respondents, as illustrated in table 11-4, allocated all economic risks, majority 

of project finance and construction risks to the private sector. Only one risk factor from 

political sub-category RP10- Inability of concessionaire is allocated solely to the private 

sector when the risk price is deemed very low or low. Also in the market risk sub-category 

the risk event RP27- Fluctuation of material cost by public/private is the only risk factor that 

allocated to the private sector according to risk cost scenarios. Ng and Loosemore (2007) and 

S. Q. Wang et al. (2000) noted that RP17- Interest rate volatility, should be share between 

public sector and private sector.  Nonetheless, the finding from this work supports (Bing Li, 

A. Akintoye, et al., 2005; NTSA, 2004) finding that this risk factor is best managed by the 

private sector.  Similarly, NTSA (2004), Ng and Loosemore (2007) and S. Q. Wang et al. 

(2000) stated that RP18- Inflation rate volatility is best to be controlled by public and private 

sectors, whereas this research finding that support the view it should be allocated to the 

private sector (Li et al., 2005).  Likewise RP33- Availability of finance risk event is preferred 

to be allocated to the private sector when risk price is very low, low or medium. this similar 

to findings on risk allocation based on management of point of view (Bing Li, A. Akintoye, 

et al., 2005) and (Victoria, 2001).  This research based on risk cost supports the view of  

(Bing Li, A. Akintoye, et al., 2005) that RP52- Late design change, should be allocated to the 

private sector, although other researchers such as (Ng & Loosemore, 2007), (NTSA, 2004) 

and (Victoria, 2001) see that this risk factor should be allocated to the public sector.   

This research finds that RP46-Material availability, and RP47- labour availability risk event 

should be allocated to the private sector when the risk price is low, medium or high. This is  

similar to other findings from (Lam et al., 2007; Bing Li, A. Akintoye, et al., 2005) (S. Q. 
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Wang et al., 2000).  This research is in concordance with previous research (S. Q. Wang et 

al., 2000), (Bing Li, A. Akintoye, et al., 2005), (Victoria, 2001) and (NTSA, 2004) that 

RP53- Construction technology risk event  is better to be allocated to the private sector when 

the risk cost is very low, low or medium. Also  this find study that RP35- High finance cost, 

should be responsible by the private sector as previous studies stated (Bing Li, A. Akintoye, et al., 

2005; S. Q. Wang et al., 2000).  

Table 11-4: Allocation of risk factors to private sector 

Risk Factors 
Risk sub-

category 

Risk price 

level 

RP10 Inability of concessionaire Political VL / L 

RP17 Interest rate volatility Economic VL / L 

RP18 Inflation rate volatility Economic L / M 

RP19 Foreign exchange and convertibility Economic L / M 

RP20 Poor financial market Economic VL / L 

RP27 
Fluctuation of material cost by 

public/private 

Market 
L / M 

RP29 Uncompetitive tender Project Selection L 

RP33 Availability of finance Project Finance VL / L / M 

RP34 Inaccurate estimates Project Finance M / H 

RP35 High finance cost Project Finance L / M / H 

RP36 High bidding costs Project Finance L / M / H 

RP37 Delay in payment of annuity Project Finance VL / L 

RP38 Financial attraction of project to investors Project Finance VL / L 

RP39 Lack of creditworthiness Project Finance VL / L / M 

RP40 Delay in financial closure Project Finance VL / L / M 

RP41 Inability to service debt Project Finance VL / L / M 

RP43 Financer unwilling to take high risk Project Finance VL/ L / M 

RP45 Construction time delay Construction VL / L / M 

RP46 Material availability Construction VL/L/M/H 

RP47 labour availability Construction L / M / H 

RP48 Poor quality of workmanship Construction L / M / H 

RP49 Default of sub-contractors or suppliers Construction VL / L / M 

RP50 Design & construction complexity Construction VL / L / M 

RP51 Design deficiency Construction VL / L / M 

RP52 Late design change Construction L / M / H 

RP53 Construction technology risk Construction VL / L / M 

RP55 Contractor failure  Construction L 

RP56 Quality risk  Construction VL / L 
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11.4.3 Risks shared 

As illustrated in table 11-5 the majority of the respondents allocated the relationship risks and 

all the relationship risks are allocated to be shared between public and private sectors. A 

majority of legal risks and majority of market risks are assessed to be share control and 

managed by both sectors. Only one risk factor from project selection risks sub-category 

RP32- Competition and RP54- Contractual risks are deemed for sharing between both parties 

when risk price is very low or low, and low or medium respectively.  Lam et al. (2007) stated 

that RP24- Geotechnical condition should be allocated to the public sector, while Ng and 

Loosemore (2007) and Bing Li, A. Akintoye, et al. (2005) found that  this risk factor should 

be allocated to the private sector. However, based on risk cost impact the respondents in this 

study thought that this risk factor is to be shared.   This research supports S. Q. Wang et al. 

(2000) view that RP54- Contractual risk should be managed by public and private sectors. 

This is contrariwise to the Lam et al. (2007) view that contractual risk should be allocated to 

the public sector. It is very interesting to note that researcher such as (Ng & Loosemore, 

2007; Victoria, 2001; S. Q. Wang et al., 2000)  see that RP25-Tariff change should be 

managed by private sector, while this research found that this risk should be managed by both 

public and private sector. This research corresponded with the findings by (Ng & Loosemore, 

2007; NTSA, 2004; Victoria, 2001; S. Q. Wang et al., 2000) that RP21- Force majeure 

should be allocated to both sectors. There exists conflicting view on the weather risk events. 

According to (NTSA, 2004; Wang et al., 2000) this risk event should be born the public 

sector, whereas Lam et al., 2007 argued it should be shared between public and private 

sectors. But (Li et al., 2005) stated that this risk factor should be allocated to the private 

sector.  This study disagrees with the later view, reaffirm that that when the risk cost is low or 

medium. Then these event consequences should be shared.  
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Table 11-5: Allocation of risk factors to be shared between both sectors 

Risk Factor 
Risk sub-

category 

Risk price 

level 

RP11 Change in tax regulation Legal L / M 

RP12 Corruption and lack of respect for law Legal L / H 

RP13 Legislation change Legal L / M 

RP14 Import / Export restrictions Legal VL / L / M 

RP16 Industrial regulatory change Legal L / M 

RP21 Force majeure Natural L / M 

RP22 Environment Natural VL / L / M 

RP23 Weather Natural L / M 

RP24 Geotechnical condition  Natural M / H / VH 

RP25 Tariff change  Market VL / L / M 

RP26 Market demand  Market L / M 

RP32 Competition risk Project Selection VL / L 

RP54 Contractual risk Construction L / M 

RP57 Different working method between partners Relationship L / M 

RP58 Inadequate experience in PPP Relationship L / M 

RP59 Lack of commitment from public/private sector Relationship VL / L / M 

RP60 Organisation and coordination risk Relationship L / M 

RP61 Inadequate distribution of responsibility and risk Relationship L / M 

RP62 Inadequate negotiation period prior to initiation Relationship L / M 

RP63 Conflict between project's participants Relationship L / M 

RP64 Workers strike Relationship VL / L 

RP65 Cultural differences between main stakeholders Relationship VL / L 

  

 

11.5 Risk events impact modelling  

In chapters 3 and 4 the author demonstrated the importance of risk events impact on risk cost 

and unit cost estimation in PPP projects in KSA. It was identified that the association 

between risk events, risk cost and to some extend outturn costs is not investigated in KSA. 

Thus, there has been a lack of investigation that has demonstrated how risk events impact on 

risk costs and risk allocation.  Information on these vital aspects of PPP contracts is 

imperative to enable decision makers to base their risk cost decisions on scenarios that are 

appropriate to the context of the project in question. Current risk cost and risk events 

estimation practices relies on the assumption that decision makers possess adequate 
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knowledge to conduct qualitative and qualitative estimation of risk impact events and risk 

cost.  But this is not always the case. Along these lines the author provides a framework that 

combine qualitative and quantitative analysis in order to improve the risk decision making 

process in KSA PPP procurement.  The association between risk cost and risk allocation was 

also a gap. From the estimation of the risk events impact side, it was identified that there not 

publications. Thus, along these lines, the author recognised a number of relevant research 

gaps including: 

• Lack of research linking between risk cost and risk events impact  

• Systematic elicitation of expert knowledge to build association between risk events 

• Specification and classification of a comprehensive set risk events 

• Explanations of the impact of risk events on risk cost and risk allocation in PPP 

projects  

• Elucidation on risk allocation based on the level or risk cost  

• Selecting suitable modelling methods for risk events impact estimation 

Based on literature review the author systematically identified risk events impact on PPP 

projects and classified them based on several theoretical basses. The classification tend to be 

either on based on the theme of risk, the sources of risk and the project environment (i.e., 

internal or external).  Project specific risk events are influenced by various aspects such as the 

effectiveness of the project organisation, relationship between the project stakeholders, etc. 

On the other hand, for external risk events stems from economic parameters such as demand, 

rates, etc.  An in-depth literature review enabled to define a list of risk impact events that 

originate from exogenous and endogenous project environment.  However, the association 

between these risk events and risk cost were not identified in the literature.  In Chapter 10, 

the author presented models for these associations. Multiple regression methods were 

suggested to be the typical approach in literature for modelling the association between risk 
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events.  To capture the variation and stochastic nature of each risk events probability 

distributions are constructed for the significant risk events.  The proposed approach enables 

to replace single points risk impact estimates with probability distributions of possible values 

based on the selected best fit probability distributions.    

It is pointed by Law (1998) to assess the validity of distributions one can use a simple 

heuristic technique by plotting a histogram of the data and visually inspect the variance, 

kurtosis, and skewness of the data over the range. However, best fitted probability 

distributions for each of the risk events impact were generated and ranked by the best fit 

software. The 'goodness-of-the-fit' of the generated distributions was assessed qualitatively 

and quantitatively based on Anderson-Darling test and visual inspection of the histograms, 

cumulative curves and P-P plots. The best fitted probability distributions generated and top 

ranked were found to be the Gamma, Weibull and beta distributions.  This is reassuring in the 

sense that Gamma is the parent of the exponential distribution which is used in wide range of 

risk applications including loan default, insurance claims and risk factors (Zografos & 

Balakrishnan, 2009). Also Weibull theoretical probability distribution is widely used to 

model variations and failure of system components (EasyFit, 2004).   More supportive of the 

results is to find several risk events, such as Rp13 and Rp51, fitted to Beta distribution. It is 

well documented that Beta probability distributions are used to model risks in projects and 

cost models to estimate the likelihood of meeting specific targets (Johnson, 1997). 

Exponential probability distribution was found to be the theoretical best fit for Rp1 right-

skewed distribution.  It is reported that this type of distributions are suitable for natural 

disaster risk analysis Hölmstrom (1979).  It is somehow surprising to find the Uniform 

distribution was found as the best fit distribution for Rp24 and Rp52.  One expected these 

two risk events to be represented by a positively skewed distribution with a long right tail in 

their curve pattern. The risk events impact of Rp34 and Rp37 were find to best fit a normal 
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distribution. This type of distribution normally uses a mean and standard deviation as its 

arguments for sampling risk out comes. Probably risk events do not lend to be perfectly 

symmetrical about the mean.  

11.6 Association between risk events impact   

The regression analysis technique is considered to be an acceptable adequate technique for 

representing the association between dependent and independent variables based on observed 

behaviour represented by statistically measured relationships (X.-H. Jin, 2009). Thus, 

Multiple regression analysis techniques were applied to develop regression models that are 

able to estimate the impact of the classified risk events using the cost overrun as the 

independent ( or proxy for the riskiness of the construction stage) variable.  Initially nine 

models were developed and experimented with (see table 11-6). The dependent and 

independent risk events involved in the developing and running of the regression analysis for 

modelling the risk impact levels are reported in chapter 10.  

Table 11-6: Sub-models regression statistics 

Model R R Square 
Adjusted R 

Square 

Std. Error 

of the 

Estimate 

Change Statistics 

R Square 

Change 

F 

Change 
df1 df2 

Sig. F 

Change 

Political Risks Sub-Model .674
a
 .454 .359 .1593471 .454 4.746 10 57 .000 

Legal Risks Sub-Model .537
a
 .289 .219 .1758891 .289 4.123 6 61 .002 

Economic Risks Sub-Model .399a .159 .106 .1881795 .159 2.976 4 63 .026 

Natural Risks  Sub-Model .485a .235 .186 .1794948 .235 4.832 4 63 .002 

Market Risks  Sub-Model .250a .063 .019 .1971141 .063 1.423 3 64 .244 

Project Selection Risks Sub-Model .595
a
 .354 .302 .1662236 .354 6.800 5 62 .000 

Project Finance Risks Sub-Model .731
a
 .534 .442 .1485916 .534 5.830 11 56 .000 

Construction Risks Sub-Model .873
a
 .762 .710 .1071802 .762 14.658 12 55 .000 
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Relationship Risks Sub-Model .622
a
 .387 .292 .1673919 .387 4.074 9 58 .000 

Endogenous model .962 .902 0.888 .0621433 2.653 39.741 16 51 .000 

Exogenous model .943 .889 0.822 .0732241 2.653 36.642 12 55 .000 

 

The results from this exercise are presented and discussed in chapter 10:The‘ANOVA’tests

showed that a 'Significance' value of the F-statistic (Sig. < 0.05) which means that the 

developed regression models are significant at (99%) confidence level. There are two sub-

models out of nine that have F-statistic (Sig. > 0.01) which are economic and market sub-

models. This signifies that the selected risk events have contributed significantly in 

estimating the level of cost overrun as a proxy for the riskiness of the project. Thus, these 

results suggested the developed models were acceptable. However, while the 'ANOVA' tests 

wereuseful testofthedevelopedmodels’abilitytoexplainthevariationthatmayexists in

the risk events data, it does not directly address the strength of the association between risk 

events and the proxy variable. Thus, the strength of the association is measured using the 

coefficient of determination (R
2
).  Results shown  that most of the eight out of nine models 

showed  poor association between the risk events and the chosen proxy variables. Only the 

construction stage model captured around 70% of the variation in the data set. Thus, this may 

suggests that these models are inadequate for modelling the impact of risks in the study data 

set.  However, violating the R
2
 assumption is not critical to cause a stop and rejection to the 

developed regression model. Despite this drawback further experiments were conducted with 

the generated association models to produce probability distributions for the risk events 

impact.  

To overcome the above significance problems, the data set was divided into two sets, 

exogenous and endogenous. The rationale for this division is provided in chapter 6.  The 

exogenous and endogenous multi regression association between risk impact and the proxy 
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variable showed a strong linear relationship.   The two derived association equations 

represent at least 90% of the variation of the collected data. However, it is imperative to 

consider that there are many risk events that were not considered in the scope of this work 

which will have an impact upon end results from these equations if generalised to other 

contexts.  The 'Standard Error of the risk events impact estimate' illustrated in the table 8.1 is 

a further measure of the strength of the two model fits. The 'Standard Error measures the 

dispersion of the dependent proxy variable (cost overrun) estimate around its mean.  It is 

reported that that the 'Standard Error' value of the dependent variable should not exceed 

(10%) of its mean value, (Gupta, 2000).  The results of the developed models fall within this 

limit. The reliability of regression models results hinges on diagnostic checking the 

significance of the model input variables otherwise it will led to unreliable estimation and 

thus unreliable interpretation of regression results.  The 'Significance' values of all the 

estimated coefficients of the independent risk events impact  used in the two models  have  

(Sig. < 0.01), hence it is assumed that these estimates are statistically significant and true 

with a (99%) level of confidence. This confirms that the classification of risk events into 

exogenous and endogenous is appropriate. Also the selected risk events in each model are fit 

contributors to the development of the regression association in the two models. The 

coefficients of the risk events impact indicate how the dependent proxy variable (i.e., cost 

overrun) variable is affected by the performance of any particular event impact.  The 

following table 11-7 shows risk events impact that found to decrease and increase the 

likelihood of risk impact. 
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Table 11-7: likelihood of risk impact events 

Decreasing Increasing 

RP3 RP4 

RP5 RP11 

RP7 RP24 

RP12 RP26 

RP19 RP29 

RP20 RP36 

RP25 RP37 

RP28 RP45 

RP33 RP50 

RP35 RP56 

RP40 RP63 

RP51  

RP53  

RP59  

RP61  

RP64  

11.7 Dynamic risk impact and risk cost simulation  

The application of  dynamic systems with stochastic modelling technique based on Monte 

Carlo simulation was also selected to simulate the risk events impact and risk because it 

allows to certain extent the mimication of real- world systems , especially   when then 

interaction between the system components  is mathematically complex or too difficult to 

model.  Simulation techniques allow the automatic analysis of the effect of varying risk 

events impact on risk cost and outturn unit cost rather than a single average or a most likely 

outcome scenario. Furthermore, Monte Carlo simulation was suggested to be the typical 

method in literature for assessing stochastically the impact of events   of risk events and risk 

cost (Emblemsvag, 2003; Nemuth, 2008). 

The results obtained from the conducted stochastic modelling based on the application of 

Monte Carlo simulation techniques are discussed in details in (Chapter 10) and the selected 

best-fitted probability distributions for the simulated risk events impact and risk outturn cost 

unit outputs were tested and validated using several statistical techniques. 
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The study has investigated and simulated the relationships between risk events impact and the 

risk costs.  Table 11.8 shows the correlation between risk impacts and the simulated risk 

costs.  In the exogenous risk model there seems to be a strong linear relationship (R
2
 =99) 

between risk impact and risk cost. However, it seems that most of the risk versus impact 

results is tightly clustered in the low region.  While in the endogenous model the impact VS 

risk cost results only explain 70% (R
2
 =0.69) of the variation in the simulated data can be 

explained by a simple linear relationship.   

Table 11-8: Correlation Coefficient for sub-models & integrated models 

 correlation coefficient Impact of Risk Risk Cost 
Outturn Unit 

Cost 

Risks Sub-Models 

Risk 

Impact 

VS 

Risk Cost 

Risk 

Impact 

VS 

Outturn 

Cost 

Risk Cost 

VS 

Outturn Cost 

mean Std. mean Std. mean Std. 

Political Risks Sub-Model 0.89 0.53 0.84 0.42687 0.17675 454.81 212.58 1520.1 360.21 

Legal  Risks Sub-Model 0.60 0.27 0.93 0.66012 0.10743 694.01 176.29 1746.5 362.63 

Economic Risks Sub-

Model 
0.67 0.24 0.87 0.48049 0.09658 500.56 137.71 1545.6 320.99 

Natural Risks Sub-Model 0.80 0.46 0.89 0.51791 0.13102 554.17 183.7 1619.9 357.71 

Market Risks Sub-Model 0.58 0.27 0.94 0.47377 0.06077 504.17 124.59 1566.2 325.25 

Project Selection Risks 

Sub-Model 
0.82 0.39 0.84 0.42025 0.12519 445.51 160.36 1506.8 328.75 

Project Finance Risks Sub-

Model 
0.89 0.47 0.81 0.41429 0.1634 431.44 187.77 1479.0 318.88 

Construction Risks Sub-

Model 
0.96 0.71 0.86 0.31587 0.25425 328.87 272.87 1372.3 364.25 

Relationship Risks Sub-

Model 
0.84 0.52 0.89 0.30051 0.1616 313.67 182.62 1363.5 311.81 

Exogenous Risks Model 0.99 0.97 0.98 0.3197 0.665 310.68 633.83 1283.05 645.55 

Endogenous Risks Model 0.80 0.38 0.80 0.315 0.236 

 

308.85 

 

291.55 

 

1282.75 

 

626.08 
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The research has also investigated the relationship between the impact of risk events 

generated from the sub- models and the outturn construction unit cost.  The correlation 

between risk events impact and risk cost and the outturn cost are shown in table 11.8. The 

table shows that the impact of construction risks and risk cost demonstrated a most highly 

positive strongly relationship. However, the maximum and minimum outturn prices that are 

obtained from the simulation vary dependent on the type of risk event being simulated. It is 

not a surprise to see that the construction risk events impact has the most influence of outturn 

cost.  The top limit   is about 2800 SR per unit, which is an over 100% increase on the outturn 

cost unit. This supports most of the literature such as Daniel Baloi and Price (2003) that 

stated the construction risk events have the most impact on outturn unit cost.  

In the endogenous model the relationship between risk impact and outturn  appears to show 

that when the risk impact increases there does not seen to be any discernible change in the 

value of outturn construction unit cost (see figure 10-36 chapter 10). This suggests that the 

outturn unit cost change or vary randomly within a relatively large range with a tendency to 

both increase and decrease from the mean. Thus, use Spearman rank correlation is used test 

the association between risk events impact and outturn unit cost. This was necessary because 

the scatter plot   that the two measurements may not conform to the non-normality condition. 

The test shows that the relationship   between the risk events impact and outturn cost is 

significant at the 0.01 level (Spearman's r=-0.380, P=0.00). Although the relationship is 

significant, it seems that the risk cost due to endogenous risk events is not a good predictor of 

outturn unit cost.   While in the exogenous model the impact VS outturn results also fit a 

strong linear relationship. That is to say, risk event impacts are a good predictor of the outturn 

unit cost.  

The research has also investigated the association that may exist between risk cost and 

outturn unit cost based on the generated simulation results. Table 11-8 shows the association 
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data based on the correlation coefficient. As can be seen in table, a high (all R values are 

above 80%) positive association between the risk cost the outturn construction unit cost in 

every category of the risk events impact.  This result is expected in the sense that if risk cost 

increases then the outturn unit cost should increase. But one might expect that all R values 

should be towards above 95%.  The moderate values of R for some of the relationship could 

be attributed to the fact the selected models (i.e., regression models) for representing the 

association between the risk events impact are not able to fully represented the variation in 

the original data set.    

The output plot of risk cost VS outturn  unit cost from the endogenous model showed a 

considerable resulted  above the mean value of the outturn unit cost (see figure 10-37 chapter 

10).  Only around 56% of the variation can be explained by a positive linear relationship 

between these two quantities. This may suggests generalisation (i.e., predicting outturn unit 

cost risk cost) from this result might be inaccurate. This result is completely the opposite of 

the simulation results generate from exogenous risk model.  In the exogenous model the risk 

cost VS outturn results also fit a strong linear relationship suggesting risk cost is an excellent 

predictor for the outturn unit cost.  

Chapter 11 illustrated the results of the simulation and the Goodness-of-fit outcomes for the 

selected output distributions.  In the exogenous-model the output distributions curve show a 

high degree of right-hand skewness. That is to say that extreme risks impact can be very high 

and have the most dramatic impact on risk costs and outturn cost unit is possible.   

The statistics generated for the top ranked best fitted distributions for the exogenous and 

endogenous simulated data results include, function parameters arguments, fitting 

representation, and other general statistics are illustrated in tables 11-9.  Table (11-10) 

indicate that the fitted 'exponential and log logistic distributions were ranked first   by 

'Anderson-Darling' fitting test in the exogenous model. But in the endogenous model a 
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mixture of distribution were ranked first.  It is interesting to note that in both models the 

outturn cost is fitted to Log Logistic distribution. Similar findings were reported by Kirkham 

(2003). It is interesting to note that the risk cost due to endogenous risk events is fitted to the 

Pearson5 distribution (often named the Inverse Gamma). It is understood that this type of 

disruptions is to model time delays where there is almost certainty of some minimum delay 

and the maximum delay is unbounded. This may suggest the risk cost from the endogenous 

risk events have unbounded upper limited.    Probably that is why these types of distributions 

are seldom properly used in risk analysis. It is very interesting to point out that both risk 

impact and risk costs in the exogenous model are represented by exponential distribution. It is 

reported that this distribution is the simplest parametrical distributions used in quantitative 

risk analysis. For example, Burnecki, Misiorek, and Weron (2010) reported that exponential 

distribution is used in developing models of insurance risks. 

Figures (11-1 – 11-6) shows the theoretical probability density function of the fitted 

distributions in the exogenous both risk impact and risk cost distribution fits exponential  

theoretical distribution. Whereas the adjusted (to risk impact) outturn unit cost simulation 

fitted to log logistic theoretical probability distribution.  In the endogenous-model both risk 

impact and risk cost curves show a high degree of right-hand skewness.  While the risk 

impact distribution fitted an exponential theoretical distribution, the risk cost fitted into Beta 

General theoretical distribution.  The outturn unit cost simulation results from the 

endogenous-model. Figures (11-6 – 11-12) illustrates the produced (P-P) graphs which 

demonstrate a plot of the P-values of the simulated data distribution against the P-values of 

the fitted theoretical distributions. It appears that the risk impact, risk cost and outturn cost 

fitted distributions from the endogenous model are a better than in the exogenous model. 
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Table 11-9: Exogenous & Endogenous Models Outputs Distribution Fit characteristics 

  
  

Exogenous Risks Mode Endogenous Risks Model 

Risk Impact Risk Cost Outturn Cost Risk Impact Risk Cost Outturn Cost 

 Dist. Fit Exponential Exponential loglogistic BetaGeneral Pearson5 loglogistic 

Mean 0.3119 303.06 1,271.27 0.326 313.65 1,291.83 

Mode 0.000303 0.308 1,125.54 0.0366 165.67 1,194.64 

Median 0.2163 210.16 1,200.43 0.2749 256.94 1,247.70 

Std Dev 0.3116 302.75 352.9 0.2429 283.36 632.5 

Skewness 2 2 6.1237 0.798 1.6912 0.7104 

Kurtosis 9 9 N/A 2.9635 9.1746 5.4917 

 

Table 11-10: Exogenous & Endogenous Models Outputs Distribution Fit 

Model  Distribution  Anderson-
Darling  
Test 

Kolmogorov 
Smirnov test  

Chi-Square 
Test 

 

Statistic  
 

rank Statistic  rank statistic rank 

E
x

o
g

e
n

o
u

s 
 M

o
d

e
l 

Risk 
impact 

Exponential 11.63 
 

1 0.0603 1 211.85 
 

1 

Risk cost Exponential 10.79 1 0.0533 1 101.09 1 

Outturn 
cost 

loglogistic 2.17 1 0.0416 4 62.66 3 

E
n

d
o

g
e

n
o

u
s 

 M
o

d
e

l 

Risk 
impact 

BetaGeneral 0.59 1 0.0243 1 27.85 1 

Risk cost Pearson5 or Inverse 
Gamma 

7.66 1 0.06 1 162.73 1 

Outturn 
cost 

loglogistic 0.2765 1 0.01 2 21.53 1 
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Figure 11-1: Fit Comparison for Risk Impact Risk - Exogenous Mode 

 

 

 

Figure 11-2: Fit Comparison for Risk cost - Exogenous Model 
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Figure 11-3: Fit Comparison for Outturn unit cost - Exogenous Model 

 

 

 

Figure 11-4: Fit Comparison for Risk cost Output - Endogenous Model 
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Figure 11-5: Fit Comparison for Risk Impact Risk Output - Endogenous Model 

 

 

Figure 11-6: Fit Comparison for Actual Construction price - Endogenous Model 
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Figure 11-7: P-P Plot of Risk Impact Risk - Exogenous Model 

 

 

 

Figure 11-8: P-P Plot of Risk cost - Exogenous Model 
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Figure 11-9: P-P Plot of Outturn unit cost - Exogenous Model 

 

 

 

Figure 11-10: P-P Plot of Risk cost Output - Endogenous Model 
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Figure 11-11: P-P Plot of Risk Impact Risk Output - Endogenous Model 

 

 

Figure 11-12: P-P Plot of Outturn Unit Cost - Endogenous Model 
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Sensitivity analysis was conducted to investigate the sensitivity of each output (dependent) 

variable to the input distributions (independent variables) included the exogenous and 

endogenous models. In the endogenous model, RP26, RP11, and RP25 found to have the 

most on the output.  There magnitude of impact that each varies from (0.386 to 0.462).   In 

the exogenous model RP56, RP35 and RP50 have found to have the most influence on the 

output results. Somehow it is expected that project delay risk event will have the most 

impact. This is because other risk events will converge delay to project event leading to cost 

overrun, as demonstrated in the causal diagrams (see chapter 10) 

The results from these probability distributions afford the analyst with a great deal of data 

about the risk impact, risk and outturn costs when modelling the stochastic inputs into PPP 

projects costing exercises.  The use of empirical data in this research lends credibility to the 

supposition that the risk events impact distributions are suitable for estimating risk cost and 

outturn costs.  This is especially beneficial in the analysis of PPP construction contracts costs 

where empirical data to compute or estimate the parameters of the distribution may not be 

existing. Expert judgement may be used to form expected evaluate of the parameters of the 

distribution, based upon the a previous supposition that the extracted distributions best 

represents the risk events and risk costs in KSA PPP projects.  Commonly, the research 

finding affords a framework for the modelling of risk events impact and risk cost in KSA PPP 

projects. 

Table 11-11 show the best distribution fit for the sub-models outputs. As illustrated in table 

that most of the sub-models output are fitted to Weibull theoretical probability distribution. It 

is known these types of distributions are used to model variations.   Weibull probability 

distributions are also found to be the best distribution to model probability of failure of 

system components (EasyFit, 2004). It is noticeable that most of the distributions of these risk 

events are right or positively skewed that is extremely important in estimating risk cost.  
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Beta distributions ranked as second best distribution fit for the sub-model outputs. Johnson 

(1997) stated that beta probability distributions are used to model risks in projects and cost 

models to estimate the likelihood of meeting specific targets. 

 Triangle probability distribution was found third best distribution fit for the outputs. It is 

flexible in its shape; it is used extensively by risk analysts. 

Table 11-11: Sub-Model Outputs Distribution Fit 

Sub-Models 
Impact of 

Risk Output 

Risk Cost 

Output 

Outturn Unit 

Cost Output 

Political Risks Sub-model Weibull Weibull Triangle 

Legal Risks Sub-model Normal Gamma Beta 

Economic Risks Sub-model Triangle Weibull Triangle 

Natural Risks Sub-model Beta Beta Beta 

Market Risks Sub-model Triangle Weibull Beta 

Project Selection Risks Sub-model Triangle Weibull Beta 

Project Finance Risks Sub-model Normal Log Logistic Weibull 

Construction Risks Sub-model Weibull Weibull Weibull 

Relationship Risks Sub-model Weibull Weibull Weibull 

 

11.8 Summary 

This study has described a few dimensions of PPP project risk that practitioners may 

use for pricing risks associated with PPP projects. As different project participants viewed 

risk differently, the comparisons and differences in their assessments of the risk factors could 

provide insight on how to tackle and price the risks. By developing a more comprehensive list 

of risk factors, the research provide a basis of more comprehensive investigation that can be 

used in PPP project risk assessment guidelines.  

This research aimed to provide a systematic and qualitative approach to predicting the risk 

cost and risk allocation in relation to level of risk price in PPP projects implemented in KSA. 
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In the absence of among researchers on a suitable modelling technique for predicting risk cost 

in PPP projects. The application of system dynamic model and the application of stochastic 

modelling using simulation analysis techniques and regression analysis techniques were 

considered and examined for the present research study. 

System dynamics were applied and found to be suitable to develop risk pricing models that 

are able to predict the risk in the |PPP projects. The developed models were tested and 

validated and found to be reliable in their predictions of the estimated risk cost. The 

developed risk pricing models have the potential for immediate application in the PPP 

projects. 

The following chapter presents the conclusion of the present study and suggests approaches 

for improvements to overcome these limitations. The chapter also proposes some possible 

recommendations for further future work related to the current research study. 
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12.1 Introduction 

Although, there are a significant amount of research and literatures in this area, but 

most of the literatures did not focus on the impact of risk on risk cost. Most of the research 

undertaken did not really practically find the relationship between the impact of risk factors 

and the risk cost. Despite all these research, on the risks on PPP projects still suffers 

significant failures, in terms of inaccurate risk pricing that might lead to improper risk 

allocation. 

The risk classification in PPP projects adopted in this research make up the research 

added new contribution the field. Classifying the risk events into categories and sub-

categories make this research easier and improved in term of pricing risk and risk allocation 

for public and private sectors to follow through and understand the risk factors in PPP 

project. 

In this research, the main focus is on the impact of risk on the risk cost and the outturn 

construction unit cost of the PPP project.  Pricing risk model lead to proper risk cost for the 

events. Risk allocation between public sector or private sector or sharing the risk between 

them will be highly influenced by the level of risk price that have been examined in this 

research. This research will give a beneficiary to the public and the private sectors involved 

in PPP projects. 

 

12.2 Summary 
The use of PPP procurement method is increasing and so the knowledge associated 

with its processes. The PPP infrastructure projects are very complex with a huge risks and 

uncertainties over the project life cycle. More risks examination lead to increase the 

possibility of proper risk allocation to party best able to manage them and control them. 

Every PPP project faces a significant amount of uncertainty that is usually manifested as 

possible risk materialization. Generally, the success of a PPP project is usually connected 
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with the involved risks which mean project risks should be successfully mitigated in order to 

execute the PPP project within budget and time. Risks can be identified and tackled in 

different stages of a PPP project, but it is crucial to identify risk events as early as possible 

and tackle them promptly due to the cost associated with exposed risks might be massive. It 

is hard to tackle all risk events at the same time. In order to successfully tackle risk events 

that arise on a PPP project, it is essential to divide risks into categories. Through the risk 

classification into categories, the relevancy and priority of the risk factors can easily be 

identified and addressed for the purpose of risk pricing and risk allocation. These issues lead 

to the first two research questions: What are the generic risk events inherent in the PPP 

projects? And how the risk events in PPP projects are classified? 

To address these two questions an in-depth literature review is carried out tom 

identify the generic PPP project risk events impact.  In total 68 risk events were identified 

from the current empirical studies and official publications, which included journal articles, 

conference papers and research reports.  These are then categorised into two main classes, 

exogenous and endogenous.  Each of the classes if further divided into five sub-categories.  

Several sources were used to check that the division of the risks into groups   is reliability and 

applicability to most of the PPP projects in KSA. 

As explained in the previous chapters, many risk factors contributed the risk cost of a 

PPP project. Some of risk factors may be more important than the others; the project success 

commonly depends on the mixture of all risk events, risk allocation used to manage the risks.

It was affirmed during the literature review that current research on PPP usually does not 

tackle interdependently dynamic and non-linear risk interactions.  This issue leads to the third 

research question: How can the risk interdependencies and interactions be modelled over the 

construction stage of PPP contracts? Thus, this study needed explore and model the 

interrelationships of risk impact events. To tackle this question the study explored and 
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modelled the risk interdependencies and interactions using literature surveys and statistical 

methods in SPSS are also used aid the process.  This has led to the development causal loop 

diagrams that addressed interdependencies and interactions between risk events impacts. 

These interactions are then implemented as quantitative stock-flow diagrams, using equations 

from the regression analysis, modelling to address dynamic risk interactions for risk events 

impact estimation. 

As has been demonstrated in the existing literature VFM is a core objective of the 

PPP projects. Among other aspects (such as whole life costs) VFM concept requires risk cost 

estimation.  In fact the whole PPP arrangement paradigm is based on risks transfer and 

allocation to the party who is the most capable of managing them in a cost effective manner. 

This calls for the optimization of risk allocation between the contracting parties in order to 

attain the best VFM required by the public sector. To so the risk events impact and risk cost 

have to be estimated. This issue leads to the fourth, fifth and sixth, research questions, 

respectively, How might the risk events impact interrelationships in PPP project construction 

stage be modelled and quantified?  How can the probability distribution for risk events 

impact be estimated? How can the probability distribution of risk cost and outturn unit cost 

be estimated? To address these issues the study needed to: 

• Infer mathematic equations for risk events impact interrelationships, .  

• estimate probability distribution of each exogenous  and endogenous risk 

impact events 

• mathematic equations to simulate  risk cost and outturn unit cost 

To address the fourth question the investigation measured and quantified risk effects 

using results from a questionnaire survey and expert judgment. Experts were asked to judge 

qualitatively the risk events impact effect on scale from 1 to 25 based a standardised two-

dimension matrix to reduce ambiguity and inconsistency that may arise from the judgement.  
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Statistical analysis were conducted on the data collected to ensure that data reliable and valid. 

The forth question is also dealt with by   multiple-regression analysis. The multiple-

regression models were used to represent the equations of risk interrelationships addressed in 

the causal loop diagrams and stock-flow diagrams for estimation the effect of each risk events 

impact category.  Nine equations were developed for the sub models and two equations for 

exogenous and endogenous integrated models.  The R2 and p values statistics were used to 

validate if the model could explain variability and would fit the survey data well and 

represent risk interrelationships in KSA PPP projects. To address the fifth research question 

the study derived the probability distribution of the expected risk events impact effect by 

probability fitting using commercial software. The probability plot, P-P plot with Anderson-

Darling statistic was used to determine whether the survey data would follow the specified 

theoretical distribution to ensure data validity for the probability distribution of the expected 

risk event impact effects.  To address the sixth research question the author combined 

equations form question four and   Monte Carlo simulation into a system Dynamics 

modelling environment to estimate risk events impact effect, risk cost and outturn cost unit in 

PPP projects in KSA.  The outputs from these are used to create probability distributions to 

aid the process of risk costing and allocation. 

The results of the analysis discussed throughout this research, showed significant 

agreement among the practitioners for some factors, but there were also some disagreements. 

This shows that even in which practitioners are belong to whatever to public or private sector 

can have different opinions of determine impact of risk on risk cost and risk allocation. In a 

way, risk handling should not just be the responsibilities of only public sector or private 

sector, but all parties involved. This means that every sector involved should identify and 

define risks connected with their problem area, and risks should also be identified and 

allocated to party best able to manage the risk.  
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This research approach was motivated in part by the need to improve risk pricing and 

risk allocation by both sectors. The approach presented here focuses on impact of risk events 

on risk cost and outturn construction unit cost in PPP projects. The extensive listing of risks 

in literatures demonstrates the potential of organizing risks and risk factors in substantial 

detail using a model that practitioners from both sectors can understand readily.  

12.3 Generalizability, applicability and implications of findings 

The developed risk interaction and risk cost generic modelling framework is allocable 

at the early stages of preparing business case and bidding for PPP projects.  The public sector 

may benefits from using the prosed methodology in formulating the business case to finance 

the projects via the PPP route. The models can be used to assist in value for money analysis.  

It is well understood that the PPP structure is designed to transfer project risks from the 

public to the private. The value for money will hinge on the level and cost of risk transferred 

to the private. Thus, the proposed methodology provides applicability opportunities for this 

research in order to assist the public sector estimating the value of risk costs in the risks 

register. Also the proposed generic framework provides applicability opportunities for the 

private sectors and funding bodies to assess risk impacts and risk costs before the bidding 

process. This will allow them to optimise their bids and developed put in place mitigating 

strategies. Although, the PPP project procurement environment was the source of 

information, whilst commonalities across similar building and infrastructure projects exists, 

this will provide applicability opportunities for this research in other procurement routes as 

well.  To do so some adjustments or additions to the risk impact events may potentially be 

required. However, the steps provided in the risk events impact modelling and the simulation 

framework can be applied without major modifications.  

By using a pre-defined gradually process as recommended in modelling and the 

simulation frameworks can be supported to adopt standardised procedures for risk events 
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impact and risk cost modelling and estimation. This may value in enhancing learning through 

projects as changes can be identified and documented in databases in a systematic manner for 

future use. This will provide an opportunity for both public and private sector to expand the 

risk events impact cost drivers, relationships between risk impact and risk, and risk mitigation 

strategies.  Additional to that, it is value stating the capability of the developed framework to 

help decision making through agile computations of the values arise from the simulation, 

although increasing the confidence on the results regarding the degree of uncertainty. 

Consequently, the decision makers are capable to denote confidence limits and thresholds 

when estimating risk cost and risk events impacts. 

12.4 Influence of human factors on risk pricing 
Many previous researches discussed the attitude to risk events. It was found that the 

evaluation of risk event is frequently dependent on the individual’s attitude towards any 

specific risk event. For example, Boussabaine (2013) stated that the difference in risk 

observation is attributed to some factors that are related in general to the behaviour of 

individuals and human judgement. Several studies investigated human judgement under 

uncertainty. This has led to the emergence of numerous theories explaining the rationale 

behind the difference in individuals’ risk observation. These theories were summarised as

cognitive, anthropological and psychometric (Tessier, 2012). There are a number of bias-

influencing causes, such as familiarity, hindsight, cognitive dissonance, availability, 

anchoring, dread, confirmation, and controllability and so on. Many guidelines are available 

about managing the impact of universal biases, but there is no specified guideline suitable for 

every situation (Boussabaine, 2013).  

13 The egocentricity of the risk price estimators might also play an important role in bias 

formation. This is due to the fact that estimators might overestimate their ability to 

accuratelycostrisksbetterthanothers.Throughexperts’groupmeetingsduringtherisk

pricing process, the risk events probability and impact is estimated by both assessments 
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of quantitative and qualitative methods. In the process of risk pricing estimation, human 

judgement plays a vital role in terms of available or non-available historical data of risk 

events. The assumption is still available for future impact of risk events and its cost due 

to possibility of historical data of risk events that might occur.  Similarly, the survey 

respondents in this study have used their subjective judgements and previous experiences 

to estimate the impact of risk events. Thus, the results of the survey might be 

contaminated by bias of individual participant historical experiences. However, one might 

expect that the large number of participants mitigate this effect. 

13.1 Research Contributions 

This research affords an increased understanding into modelling risk events effect interaction 

and estimating risk costs within the context of developing business case and preparing bids in 

in PPP projects in KSA.  The focus is distributed across risk events identification, 

classification, linking risk events impact effect and risk cost. Furthermore a novel approach to 

capture the dynamism in risk cost through Monte Carlo simulation was developed that 

contributes to the risk effects and risk cost estimation literature.  To conclude, the research 

has contributed to formalising the considerations that are related to risk event impact effect 

on risk cost estimation, which commonly involve subjectivity. Based on the formulated 

research questions, the key research contributions of this research are summarised in the 

following areas: 

1. Previous research investigating risk allocation from management point of view. This 

research has investigated the risk allocation from level of risk price point of view. 

2. As stated in chapter 4, many researchers stated that the risk events of a PPP project 

are interdependent. Also in this chapter stated that a large-scale construction project is 

complex. They also involve interdependent risks, highly dynamic and uncertainties. 

Over time in a complex project, the risk commonly interrelate each other with 
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nonlinear relationships. The researcher developed causal loop diagrams to address the 

cause-effect interrelationship between risk factors discussed in Chapter 4.  

3. The researcher also conducted the multiple-regression analysis to quantify the 

functional risk interrelationships in the PPP project, and developed a SD model to 

assess the risk interaction impacts on the risk cost and the outturn construction unit 

cost. The goal of the research was to develop a generic model to assist public and 

private sectors in assessing risk effects, risk cost and outturn unit cost.     

13.2 Limitations of the research 

No model can claim to be perfect. As such, the final risk cost model presented in this study 

would have limitations, some of which are pointed out as follows: 

 During the analysis of the elicited data, all types of projects (building, pipelines, 

dams, etc.) were considered together. No analysis was made on the bases of individual 

types; 

 In its present state, the final system is not flexible enough to enable the user to choose 

the risk event. However, the pre-selected risk events were extracted from extensive 

literature review and therefore it would be useful for many users; 

 Confidentially of available data related to the project cost in KSA. 

 Difficulty of gathering precise information of risk cost in KSA PPP projects. 

 The developed models are based on specific-population data. The data was collected 

from the PPP in KSA. 

 Consider mapping the impact of risk events in each sub-category separately. This way 

any unforeseen interaction between risk events in PPP project in different sub-

categories will be observed.  Therefore, further investigation for the interaction 

between risk events in different sub-categories will give a clear picture for the risk 

analysis to be more accurate.  
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13.3 Recommendations for further research 

This thesis has identified a number of areas that would benefit from further research. 

The risk cost model developed in this research could be enhanced in many ways including the 

following: 

1. Considering the impact of different project types. This will require collecting more 

data on individual project types. The data collected for the present study is not enough 

to analyse the differences between bidding on different types of projects. 

2. Investigating the applicability of the proposed model on other construction industries 

and making the necessary modifications. 

3. Considering the impact of new uncertainties. 

4. Despite the explicit knowledge representation of the final model, users need to study 

the rules base to find justifications for the model's recommendations. The model can 

be considerably enhanced by a direct explanation facility. 

5. Risk cost model should be improved by supporting the model by decision support 

system for the best risk allocation for each risk event in each individual project. 
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Appendix A: Frequency for risk factors 

 

As can be seen in Table 20, the average weighted mean for the risk factors varies from 0.119 to 0.482, with the overall mean of 0.2466. The 

severity indices range from 11 % to 46 %.  The top 16 ranked risk factors that were scored by the respondents in the range of high effect on 

construction unit price. The highest ranked factor was (RP34-inaccurate estimate) with a mean of 0.4822 and severity indices of 46.1 %.  
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Table 0-1: Frequency for risk factors (section 1) 
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RP1 16 12 2 4 8 3 0 1 5 0 0 0 0 0 0 7 2 2 4 0 1 0 1 0 0 0.1904 0.1807

RP2 0 6 0 3 10 5 0 3 13 0 3 3 0 0 1 1 5 7 0 4 0 0 4 0 0 0.288 0.1781

RP3 1 7 0 5 3 5 0 6 11 0 0 4 0 1 3 0 6 3 0 7 1 4 0 0 1 0.3057 0.1869

RP4 5 9 1 9 9 10 0 3 6 0 0 3 0 0 0 4 3 5 0 1 0 0 0 0 0 0.1946 0.15

RP5 19 15 0 3 10 1 2 0 1 0 1 1 0 0 3 4 3 0 4 0 0 0 0 0 1 0.1725 0.1752

RP6 17 14 0 8 7 1 0 2 2 0 0 2 0 0 0 1 2 1 0 4 0 3 0 3 1 0.1989 0.2134

RP7 6 3 6 5 10 5 1 3 4 1 4 3 2 0 2 1 1 7 0 1 0 0 0 0 3 0.2393 0.1843

RP8 24 16 4 3 7 1 0 0 3 0 2 5 0 0 1 0 0 2 0 0 0 0 0 0 0 0.1191 0.117

RP9 23 12 3 2 7 2 2 2 2 0 2 5 0 1 3 0 0 0 0 1 0 1 0 0 0 0.1431 0.1372

RP10 8 11 4 4 16 7 1 2 2 0 0 7 0 0 0 0 0 4 0 2 0 0 0 0 0 0.1632 0.1404

RP11 2 7 4 1 16 7 6 8 6 2 1 1 0 0 1 0 1 1 0 1 0 1 0 0 2 0.1975 0.1488

RP12 0 0 0 2 5 5 2 8 12 0 3 7 1 3 3 0 2 1 0 8 0 4 0 0 2 0.3292 0.1661

RP13 1 3 1 0 6 7 2 6 15 0 5 0 0 5 3 2 6 1 0 2 1 0 0 0 0 0.2714 0.1323

RP14 8 5 9 0 22 3 0 0 10 0 2 2 0 1 1 1 0 0 3 1 0 0 0 0 0 0.1686 0.1367

RP15 3 2 9 4 20 4 2 4 8 0 0 6 0 0 1 2 0 2 1 0 0 0 0 0 0 0.1797 0.1221

RP16 3 4 3 2 16 7 2 8 13 0 4 1 0 0 1 0 1 0 0 1 2 0 0 0 0 0.1934 0.1213

RP17 1 3 4 4 17 8 0 5 9 0 1 3 0 0 1 1 1 0 0 4 3 0 0 0 3 0.234 0.1826

RP18 1 3 1 0 12 8 0 5 10 1 5 5 2 0 1 0 6 0 0 4 4 0 0 0 0 0.2666 0.1554

RP19 4 1 8 3 19 6 0 7 11 0 2 0 2 3 0 1 1 0 0 0 0 0 0 0 0 0.1737 0.1037

RP20 12 12 7 3 14 0 0 5 3 0 1 2 2 1 3 1 0 1 0 0 0 1 0 0 0 0.1544 0.1337

RP21 1 6 2 5 12 6 1 1 4 0 0 0 0 0 0 9 1 2 3 5 0 1 6 0 3 0.3048 0.2233

RP22 1 7 0 6 10 5 2 3 3 0 0 2 0 3 3 5 1 0 2 5 3 4 1 0 2 0.2991 0.2087

RP23 3 8 2 5 7 4 1 7 9 0 0 2 0 3 3 2 0 3 0 5 0 3 0 0 1 0.2559 0.183

RP24 1 0 2 3 5 8 0 5 9 1 1 2 0 0 2 3 0 4 2 10 0 0 2 5 3 0.3574 0.2109

RP25 2 6 4 4 17 3 5 3 13 0 0 3 0 0 0 2 0 4 0 1 0 0 0 1 0 0.1986 0.1398

RP26 6 7 10 1 19 3 0 3 9 0 1 3 0 0 1 0 1 1 0 1 0 2 0 0 0 0.1693 0.1375

RP27 0 0 2 0 5 5 0 9 17 1 0 3 0 0 0 3 3 4 2 8 0 2 2 2 0 0.3374 0.174

RP28 25 10 1 1 6 2 0 2 4 0 3 1 0 1 2 2 3 0 5 0 0 0 0 0 0 0.172 0.1677

RP29 9 4 3 0 17 7 1 3 12 0 4 2 0 0 2 0 2 1 0 1 0 0 0 0 0 0.1801 0.1227

RP30 7 1 6 1 25 5 1 4 6 2 1 2 2 1 0 1 1 1 0 0 1 0 0 0 0 0.1706 0.12

RP31 3 0 0 2 18 2 0 4 12 1 3 3 4 4 1 0 1 1 0 8 0 1 0 0 0 0.2673 0.1613

RP32 4 6 5 2 21 3 0 9 7 1 3 1 0 1 1 2 0 0 1 1 0 0 0 0 0 0.176 0.1192

RP33 5 4 3 3 13 3 0 7 4 0 4 4 0 0 3 1 0 3 1 4 0 1 2 0 3 0.2642 0.1998

RP34 1 2 0 1 2 1 0 0 4 2 1 3 2 0 3 2 2 2 0 20 0 6 1 3 10 0.4822 0.1896

RP35 0 1 1 2 5 9 1 3 10 0 4 5 0 2 6 1 4 1 2 5 1 1 0 2 2 0.3252 0.177

RP36 2 0 1 2 9 12 0 3 12 0 2 7 0 0 5 0 5 2 0 5 0 1 0 0 0 0.2672 0.1529

RP37 2 1 1 1 5 0 3 4 14 1 6 6 2 1 8 0 0 4 0 4 0 4 1 0 0 0.3211 0.1528

RP38 2 8 1 2 23 4 1 0 13 1 3 7 1 2 0 0 0 0 0 0 0 0 0 0 0 0.1777 0.1027

RP39 3 3 7 2 17 0 6 13 6 0 0 6 0 0 0 0 0 0 0 0 0 1 0 3 1 0.2064 0.1552

RP40 2 0 18 0 20 2 1 6 7 1 1 2 2 1 2 0 2 0 0 1 0 0 0 0 0 0.1771 0.1175

RP41 5 2 13 0 16 1 5 14 5 0 0 2 0 0 1 0 2 0 0 0 0 2 0 0 0 0.1765 0.1206

RP42 12 13 8 0 17 0 1 6 5 0 0 2 0 0 0 0 0 1 0 2 0 0 0 1 0 0.1431 0.1325

RP43 0 2 6 1 16 2 1 4 13 1 3 2 3 5 0 0 0 3 0 2 0 4 0 0 0 0.2527 0.1588

RP45 0 0 0 0 3 0 3 5 7 0 2 4 1 0 4 0 0 3 0 16 0 7 2 3 8 0.4638 0.1847

RP46 4 4 1 0 14 3 1 5 13 1 0 1 2 0 2 0 1 3 0 4 0 7 0 0 2 0.2815 0.1981

RP47 2 2 3 0 4 3 1 3 19 0 1 4 0 0 3 0 2 3 0 8 2 4 0 2 2 0.3391 0.192

RP48 2 0 3 0 4 3 0 7 16 0 2 3 0 4 5 0 0 2 0 7 0 8 0 0 2 0.342 0.1819

RP49 0 1 3 1 10 5 1 6 8 0 0 5 0 0 3 0 3 2 0 8 0 6 0 2 4 0.3422 0.2091

RP50 0 1 3 1 16 8 0 2 11 0 1 2 0 0 4 2 3 1 2 4 3 4 0 0 0 0.2818 0.183

RP51 1 3 3 1 10 4 0 8 9 0 3 1 0 0 3 0 2 2 0 8 2 5 0 2 1 0.3148 0.2012

RP52 0 0 1 0 8 3 0 7 10 0 3 5 0 0 4 0 1 3 0 9 0 5 3 1 5 0.3802 0.199

RP53 1 0 9 0 16 4 6 5 10 0 1 3 0 0 6 0 2 1 0 1 1 2 0 0 0 0.2275 0.1449

RP54 4 2 3 1 4 10 0 3 10 0 0 7 0 0 2 1 2 0 0 11 0 5 0 1 2 0.3134 0.2036

RP55 0 0 5 0 20 8 0 3 10 0 3 2 0 2 0 0 1 4 0 5 0 1 0 0 4 0.2638 0.1915

RP56 0 0 6 0 26 11 0 2 11 0 2 1 0 2 1 0 2 0 0 3 0 0 0 1 0 0.1964 0.1367

RP57 1 1 8 0 20 4 1 4 13 0 2 3 0 0 2 0 0 5 0 3 0 0 1 0 0 0.2229 0.1519

RP58 0 0 1 0 10 5 1 5 18 2 3 6 2 0 0 1 2 4 0 8 0 0 0 0 0 0.29 0.1442

RP59 0 0 4 0 21 8 0 8 8 3 1 2 3 1 3 0 2 1 0 1 0 2 0 0 0 0.2245 0.1367

RP60 0 0 3 0 21 5 2 9 11 0 1 4 0 0 1 1 0 1 2 6 0 0 0 0 1 0.2437 0.1592

RP61 2 2 1 0 7 4 4 9 17 0 1 3 0 1 2 0 2 0 0 9 0 2 0 0 2 0.2914 0.1715

RP62 0 0 1 0 7 5 3 4 15 1 4 7 2 0 1 0 2 2 0 9 0 0 0 1 4 0.3273 0.1747

RP63 2 3 1 1 9 5 1 11 19 1 4 0 0 0 1 0 4 2 0 2 0 0 1 0 1 0.2464 0.1418

RP64 17 8 1 2 20 1 3 4 6 0 0 2 0 0 0 0 1 1 0 2 0 0 0 0 0 0.1416 0.1215

RP65 7 6 5 2 19 7 0 3 9 0 0 0 0 0 2 1 2 1 0 1 0 1 2 0 0 0.1807 0.1526

Frequency (Risk likelihood & Risk impact)

M
ea

n

St
d.

 

De
vi

at
io

n
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Appendix B: Reliability test for all sub-categories 

 

Political risk sub-category 

 

Reliability Statistics 

Cronbach's Alpha N of Items 

.762 10 

 

 
 

  

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP1 1.824431 0.83 0.129 0.784

RP2 1.726837 0.715 0.526 0.728

RP3 1.709149 0.74 0.404 0.746

RP4 1.820272 0.771 0.422 0.743

RP5 1.842382 0.741 0.443 0.74

RP6 1.816019 0.623 0.7 0.694

RP7 1.775607 0.697 0.567 0.721

RP8 1.895765 0.803 0.423 0.746

RP9 1.871741 0.813 0.294 0.758

RP10 1.851685 0.791 0.376 0.749

Item-Total Statistics



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

358 
Saleh Alzahrani 

Legal risk sub-category 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.412 6 

 

 
 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.542 4 

 

 

 

 

  

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP11 1.1423 0.137 0.153 0.397

RP12 1.010569 0.139 0.075 0.459

RP13 1.068337 0.138 0.202 0.365

RP14 1.171151 0.139 0.179 0.379

RP15 1.160074 0.123 0.443 0.228

RP16 1.146378 0.143 0.202 0.367

Item-Total Statistics

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP13 0.541682 0.084 0.12 0.639

RP14 0.644497 0.067 0.362 0.439

RP15 0.633419 0.063 0.536 0.289

RP16 0.619724 0.074 0.342 0.459

Item-Total Statistics
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Economic risk sub-category 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.542 4 

 

 
 

 

 

 

 

Natural risk sub-category 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.842 4 

 

 

 

 

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP17 0.594663 0.06 0.575 0.184

RP18 0.562091 0.086 0.387 0.415

RP19 0.655009 0.125 0.119 0.599

RP20 0.674319 0.105 0.258 0.524

Item-Total Statistics

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP21 0.912418 0.255 0.709 0.785

RP22 0.918116 0.258 0.767 0.758

RP23 0.961247 0.299 0.662 0.808

RP24 0.859757 0.288 0.582 0.84

Item-Total Statistics
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Market risk sub-category 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.638 3 

 

 
 

 

 

Project Selection risk sub-category 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.680 5 

 

 
 

 

 

 

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP25 0.506754 0.068 0.439 0.555

RP26 0.536054 0.062 0.565 0.394

RP27 0.367926 0.058 0.37 0.68

Item-Total Statistics

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP28 0.794051 0.121 0.554 0.568

RP29 0.785912 0.16 0.395 0.646

RP30 0.795363 0.157 0.451 0.625

RP31 0.698701 0.14 0.4 0.65

RP32 0.790007 0.162 0.399 0.645

Item-Total Statistics
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Project Finance risk sub-category 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.641 11 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP33 2.529321 0.436 0.552 0.551

RP34 2.311318 0.557 0.101 0.665

RP35 2.468388 0.494 0.387 0.598

RP36 2.526381 0.547 0.229 0.631

RP37 2.472441 0.609 -0.043 0.68

RP38 2.615822 0.556 0.359 0.613

RP39 2.587126 0.485 0.522 0.571

RP40 2.61636 0.573 0.195 0.634

RP41 2.61701 0.532 0.426 0.599

RP42 2.650415 0.551 0.27 0.623

RP43 2.5408 0.515 0.358 0.605

Item-Total Statistics
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Construction risk sub-category 

 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.904 12 

 

Item-Total Statistics 

  

Scale 
Mean if 

Item 
Deleted 

Scale 
Variance 

if Item 
Deleted 

Corrected 
Item-Total 
Correlation 

Cronbach's 
Alpha if 

Item 
Deleted 

RP45 3.282759 2.111 0.564 0.9 

RP46 3.465047 2.103 0.531 0.902 

RP47 3.407521 2.032 0.692 0.893 

RP48 3.404543 2.04 0.72 0.892 

RP49 3.404425 1.995 0.693 0.893 

RP50 3.464778 2.055 0.685 0.894 

RP51 3.4318 1.994 0.727 0.891 

RP52 3.36635 2.041 0.645 0.896 

RP53 3.519046 2.218 0.484 0.903 

RP54 3.433218 1.97 0.763 0.889 

RP55 3.482818 2.114 0.533 0.901 

RP56 3.550184 2.222 0.509 0.902 
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Relationship risk sub-category 

Reliability Statistics 

Cronbach's 

Alpha N of Items 

.745 9 

 

 

 

 

 

 

 

 

  

Scale 

Mean if 

Item 

Deleted

Scale 

Variance if 

Item 

Deleted

Corrected 

Item-Total 

Correlatio

n

Cronbach'

s Alpha if 

Item 

Deleted

RP57 1.945449 0.478 0.518 0.706

RP58 1.878341 0.548 0.192 0.757

RP59 1.943884 0.484 0.563 0.701

RP60 1.924674 0.48 0.475 0.713

RP61 1.876929 0.446 0.587 0.691

RP62 1.841096 0.525 0.215 0.761

RP63 1.921982 0.478 0.57 0.699

RP64 2.026781 0.484 0.655 0.692

RP65 1.987688 0.552 0.154 0.764

Item-Total Statistics



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

364 
Saleh Alzahrani 

Appendix B: Ranking impact of risk factor on risk cost by both sectors 

 

Mean S.D R Mean S.D R Mean S.D R

RP1 0.1904 0.1807 45 0.1686 0.1656 54 0.2181 0.1975 39

RP2 0.288 0.1781 20 0.2785 0.1766 20 0.3001 0.1822 19

RP3 0.3057 0.1869 15 0.2945 0.1958 16 0.3199 0.1772 13

RP4 0.1946 0.15 43 0.1816 0.1447 44 0.2111 0.1573 42

RP5 0.1725 0.1752 54 0.1638 0.1649 56 0.1835 0.1898 48

RP6 0.1989 0.2134 39 0.1769 0.1915 49 0.2267 0.2387 37

RP7 0.2393 0.1843 33 0.2266 0.1826 31 0.2553 0.1884 31

RP8 0.1191 0.117 64 0.1231 0.1309 63 0.114 0.0986 64

RP9 0.1431 0.1372 61 0.1214 0.1236 64 0.1707 0.1503 56

RP10 0.1632 0.1404 59 0.1482 0.1213 60 0.1822 0.1615 50

RP11 0.1975 0.1488 41 0.208 0.1551 38 0.1842 0.1419 47

RP12 0.3292 0.1661 9 0.334 0.1726 7 0.3231 0.1602 12

RP13 0.2714 0.1323 23 0.2603 0.1361 25 0.2855 0.1282 22

RP14 0.1686 0.1367 58 0.1715 0.1513 51 0.1649 0.118 59

RP15 0.1797 0.1221 48 0.1709 0.1228 52 0.1908 0.1225 45

RP16 0.1934 0.1213 44 0.1962 0.1114 39 0.1898 0.1347 46

RP17 0.234 0.1826 34 0.2199 0.1731 36 0.2519 0.1954 33

RP18 0.2666 0.1554 26 0.2537 0.1514 26 0.283 0.1614 24

RP19 0.1737 0.1037 53 0.1786 0.1019 47 0.1674 0.1073 57

RP20 0.1544 0.1337 60 0.1593 0.1459 59 0.1481 0.1186 61

RP21 0.3048 0.2233 16 0.2742 0.216 21 0.3434 0.2299 8

RP22 0.2991 0.2087 17 0.2705 0.2101 22 0.3352 0.2046 10

RP23 0.2559 0.183 29 0.2395 0.1897 30 0.2767 0.1751 26

RP24 0.3574 0.2109 4 0.3332 0.1976 9 0.3881 0.2263 3

RP25 0.1986 0.1398 40 0.1874 0.14 42 0.2128 0.1407 41

RP26 0.1693 0.1375 57 0.1623 0.13 57 0.1782 0.1483 52

RP27 0.3374 0.174 8 0.3271 0.1802 12 0.3506 0.168 7

RP28 0.172 0.1677 55 0.1695 0.1635 53 0.175 0.1757 55

RP29 0.1801 0.1227 47 0.1617 0.1054 58 0.2034 0.1401 44

RP30 0.1706 0.12 56 0.1661 0.113 55 0.1764 0.1301 54

RP31 0.2673 0.1613 24 0.2457 0.1413 28 0.2947 0.1822 20

RP32 0.176 0.1192 52 0.1901 0.1311 40 0.1581 0.1014 60

RP33 0.2642 0.1998 27 0.2502 0.1856 27 0.282 0.2183 25

RP34 0.4822 0.1896 1 0.4618 0.1766 1 0.5081 0.205 1

RP35 0.3252 0.177 11 0.3024 0.167 15 0.354 0.1878 5

RP36 0.2672 0.1529 25 0.2692 0.1632 23 0.2646 0.1416 30

RP37 0.3211 0.1528 12 0.3245 0.1456 13 0.3168 0.1639 14

RP38 0.1777 0.1027 49 0.1773 0.1023 48 0.1782 0.1048 53

RP39 0.2064 0.1552 38 0.1814 0.1192 45 0.2382 0.1887 35

RP40 0.1771 0.1175 50 0.1867 0.1277 43 0.1651 0.1039 58

RP41 0.1765 0.1206 51 0.1723 0.1209 50 0.1818 0.1221 51

RP42 0.1431 0.1325 62 0.1401 0.136 62 0.147 0.1302 62

RP43 0.2527 0.1588 30 0.2207 0.1436 35 0.2933 0.1701 21

RP45 0.4638 0.1847 2 0.4575 0.1719 2 0.4718 0.2025 2

RP46 0.2815 0.1981 22 0.3334 0.2038 8 0.2158 0.1723 40

RP47 0.3391 0.192 7 0.3577 0.196 4 0.3155 0.1873 15

RP48 0.342 0.1819 6 0.347 0.1875 6 0.3358 0.1774 9

RP49 0.3422 0.2091 5 0.332 0.1861 10 0.3551 0.2377 4

RP50 0.2818 0.183 21 0.2794 0.1762 19 0.2849 0.1944 23

RP51 0.3148 0.2012 13 0.3521 0.206 5 0.2676 0.1879 27

RP52 0.3802 0.199 3 0.4034 0.2026 3 0.3509 0.1938 6

RP53 0.2275 0.1449 35 0.2265 0.134 32 0.2288 0.1601 36

RP54 0.3134 0.2036 14 0.3171 0.1881 14 0.3086 0.2249 16

RP55 0.2638 0.1915 28 0.2623 0.178 24 0.2656 0.2106 28

RP56 0.1964 0.1367 42 0.1899 0.134 41 0.2046 0.1419 43

RP57 0.2229 0.1519 37 0.2104 0.1444 37 0.2387 0.162 34

RP58 0.29 0.1442 19 0.2797 0.1438 18 0.3031 0.1461 18

RP59 0.2245 0.1367 36 0.2262 0.1385 34 0.2223 0.1368 38

RP60 0.2437 0.1592 32 0.2264 0.1383 33 0.2655 0.1824 29

RP61 0.2914 0.1715 18 0.2806 0.1675 17 0.3051 0.1784 17

RP62 0.3273 0.1747 10 0.3291 0.1631 11 0.3249 0.1912 11

RP63 0.2464 0.1418 31 0.2414 0.131 29 0.2527 0.1565 32

RP64 0.1416 0.1215 63 0.1465 0.1181 61 0.1353 0.1273 63

RP65 0.1807 0.1526 46 0.1787 0.1618 46 0.1832 0.1429 49

Overall Public Private
Risk Factor
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Appendix C: Risk Allocation Heating Map 

Map of risk allocation to level of risk price (section 2) 

Table 0-2: Heat map for risk allocation & of all risk factors 

 

 RF  RF

VH 2 0 0 VH 0 0 0

H 3 0 6 H 4 3 1

M 5 0 3 M 10 2 8

L 22 3 5 L 20 5 6

VL 16 3 0 VL 6 1 2

Public Private Share Public Private Share

VH 1 0 0 VH 0 0 0

H 8 4 1 H 3 0 0

M 15 10 4 M 10 3 1

L 14 3 4 L 26 8 2

VL 4 0 0 VL 10 4 1

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 1 1 0 H 2 0 0

M 2 1 0 M 3 4 0

L 19 3 4 L 24 9 0

VL 25 3 9 VL 23 3 0

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 5 1 1 H 0 2 0

M 14 6 2 M 3 6 1

L 21 9 3 L 19 7 1

VL 6 0 0 VL 23 6 0

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 4 0 H 0 1 3

M 1 8 1 M 1 0 4

L 19 5 1 L 8 23 6

VL 25 4 0 VL 4 18 0

Public Private Share Public Private Share

VH 0 0 0 VH 1 3 6

H 1 0 8 H 1 8 11

M 2 1 15 M 1 7 7

L 6 10 16 L 4 2 12

VL 3 3 3 VL 3 0 2

Public Private Share Public Private Share

RPA11 RPA12

RPA5 RPA6

RPA7 RPA8

RPA9 RPA10

Risk Heat Map  Risk Heat Map  

RPA1 RPA2

RPA3 RPA4
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 RF  RF

VH 0 0 0 VH 0 0 0

H 6 3 0 H 1 0 0

M 8 3 9 M 2 0 10

L 10 10 12 L 8 7 23

VL 4 2 1 VL 5 3 9

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 4 0 H 0 0 4

M 0 11 7 M 2 3 16

L 11 6 8 L 12 9 11

VL 9 5 7 VL 8 0 3

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 1 6 0 H 0 1 1

M 0 8 4 M 1 11 6

L 6 16 10 L 4 23 11

VL 6 10 1 VL 3 6 1

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 1 0 H 0 0 0

M 0 8 8 M 1 2 4

L 5 23 9 L 1 17 14

VL 3 7 4 VL 2 20 7

Public Private Share Public Private Share

VH 0 1 0 VH 1 0 0

H 1 0 5 H 0 0 2

M 5 2 12 M 2 2 16

L 9 1 21 L 9 0 21

VL 5 0 6 VL 4 0 11

Public Private Share Public Private Share

VH 0 0 0 VH 0 4 7

H 0 0 0 H 0 5 9

M 4 3 11 M 4 8 9

L 7 6 18 L 2 6 5

VL 4 8 7 VL 0 7 2

Public Private Share Public Private Share

RPA21 RPA22

RPA23 RPA24

Risk Heat Map  Risk Heat Map  

RPA13 RPA14

RPA15 RPA16

RPA17 RPA18

RPA19 RPA20
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 RF  RF

VH 0 0 0 VH 0 0 0

H 0 0 0 H 0 0 0

M 1 3 10 M 2 2 6

L 3 10 22 L 4 11 21

VL 2 4 13 VL 0 11 11

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

RPA27 H 1 5 6 RPA28 H 2 0 0

M 2 11 6 M 0 0 7

L 1 17 11 L 20 3 8

VL 0 7 1 VL 23 3 2

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 0 1 H 1 0 0

M 1 6 5 M 7 0 2

L 10 18 7 L 17 10 4

VL 6 6 8 VL 11 12 4

Public Private Share Public Private Share

VH 3 0 0 VH 0 0 0

H 13 1 0 H 1 0 0

M 22 2 7 M 1 1 4

L 7 3 4 L 6 9 19

VL 0 1 5 VL 5 8 14

Public Private Share Public Private Share

VH 0 0 0 VH 0 9 0

H 0 1 1 H 0 17 0

M 0 11 5 M 0 18 4

L 2 27 8 L 1 10 3

VL 1 11 1 VL 2 4 0

Public Private Share Public Private Share

VH 0 2 0 VH 0 1 0

H 0 9 1 H 0 6 0

M 1 18 4 M 3 18 1

L 2 23 5 L 4 22 5

VL 0 1 2 VL 3 1 4

Public Private Share Public Private Share

Risk Heat Map  Risk Heat Map  

RPA35 RPA36

RPA25 RPA26

RPA31 RPA32

RPA33 RPA34

RPA29 RPA30
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 RF  RF

VH 0 0 0 VH 0 0 0

H 6 0 0 H 0 0 4

M 10 5 3 M 1 2 8

L 10 19 2 L 3 25 12

VL 3 9 1 VL 1 11 1

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 1 1 0 H 0 1 0

M 3 6 2 M 1 5 0

L 2 31 2 L 5 33 0

VL 1 18 1 VL 1 22 0

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 0 1 H 0 2 0

M 1 4 2 M 1 2 3

L 4 29 2 L 24 6 7

VL 2 22 1 VL 14 7 2

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 4 0 H 1 4 0

M 1 10 0 M 1 10 0

L 2 28 7 L 0 28 7

VL 1 10 5 VL 2 10 5

Public Private Share Public Private Share

VH 0 2 0 VH 0 2 0

H 0 8 1 H 0 12 1

M 0 19 3 M 0 21 5

L 2 20 3 L 1 13 6

VL 1 8 1 VL 2 3 2

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 10 1 H 0 4 0

M 1 20 0 M 1 15 2

L 4 18 2 L 4 28 1

VL 2 9 1 VL 3 10 0

Public Private Share Public Private Share

Risk Heat Map  Risk Heat Map  

RPA48 RPA49

RPA37 RPA38

RPA39 RPA40

RPA43 RPA45

RPA46 RPA47

RPA41 RPA42
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 RF  RF

VH 0 0 1 VH 0 0 0

H 0 2 2 H 0 2 1

M 0 13 5 M 0 13 9

L 1 25 4 L 2 20 9

VL 2 13 0 VL 1 11 0

Public Private Share Public Private Share

VH 0 0 1 VH 1 0 0

H 2 10 2 H 0 1 1

M 4 15 7 M 1 12 2

L 2 12 7 L 1 23 7

VL 2 3 1 VL 1 10 8

Public Private Share Public Private Share

VH 0 0 4 VH 0 0 0

H 0 5 6 H 2 0 0

M 1 10 13 M 3 6 9

L 3 10 8 L 1 22 14

VL 0 6 2 VL 1 7 3

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 0 4 H 0 0 3

M 1 7 10 M 0 2 15

L 1 21 9 L 4 10 16

VL 1 10 4 VL 1 11 6

Public Private Share Public Private Share

VH 0 2 0 VH 0 0 1

H 0 2 5 H 0 0 1

M 0 4 11 M 0 4 14

L 5 14 17 L 3 10 21

VL 2 6 0 VL 1 3 10

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 1

H 0 0 0 H 0 0 4

M 0 7 12 M 0 3 26

L 1 13 21 L 3 7 17

VL 2 1 11 VL 1 0 6

Public Private Share Public Private Share

Risk Heat Map  Risk Heat Map  

RPA50 RPA51

RPA52 RPA53

RPA58 RPA59

RPA60 RPA61

RPA54 RPA55

RPA56 RPA57
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 RF  RF

VH 0 0 3 VH 0 0 0

H 0 0 6 H 0 1 3

M 0 4 20 M 0 8 16

L 1 6 24 L 2 12 16

VL 2 0 2 VL 2 3 5

Public Private Share Public Private Share

VH 0 0 0 VH 0 0 0

H 0 0 0 H 1 0 1

M 0 5 1 M 2 2 7

L 1 10 17 L 4 11 11

VL 2 10 22 VL 1 15 13

Public Private Share Public Private Share

Risk Heat Map  Risk Heat Map  

RPA62 RPA63

RPA64 RPA65
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Appendix D: Probability distributions for risk events 

 

Table 0-3: Political risk factors descriptive statistics and best distribution fit  
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Table 0-4: Legal risk factors descriptive statistics and best distribution fit 

 

Table 0-5: Economic risk factors descriptive statistics and best distribution fit 
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Table 0-6: Natural risk factors descriptive statistics and best distribution fit  

 Risk 

Factors 
Mean Min Max Std. Deviation Distribution Fit 

Distribution Fit 

Graph 

1 

𝑹𝒑𝟐𝟒 
.357422 .0442 .7119 .2109038 

UNIFORM 
 

2 

𝑹𝒑𝟐𝟏 
.304762 .0442 .7119 .2232689 

BETA 
 

3 
𝑹𝒑𝟐𝟐 

.299063 .0442 .7119 .2086624 
BETA 

 
4 

𝑹𝒑𝟐𝟑 
.255932 .0442 .7119 .1829971 

WEIBULL 
 

 

 

Table 0-7: Market Risk Factors Descriptive Statistics and Best Distribution Fit  

 Risk 

Factors 
Mean Min Max Std. Deviation Distribution Fit 

Distribution Fit 

Graph 

1 

𝑹𝒑𝟐𝟕 .337441 .0858 .6735 .1740322 WEIBULL 
 

2 

𝑹𝒑𝟐𝟓 .198613 .0442 .6735 .1398056 GAMMA 

 
3 

𝑹𝒑𝟐𝟔 .169313 .0442 .6108 .1374856 GAMMA 

 

 

Table 0-8: Project selection Risk Factors Descriptive Statistics and Best Distribution Fit  

 Risk 

Factors 
Mean Min Max Std. Deviation Distribution Fit 

Distribution Fit 

Graph 

1 
𝑹𝒑𝟑𝟏 .267307 .0442 .6108 .1612516 WEIBULL 

 
2 

𝑹𝒑𝟐𝟗 .180097 .0442 .5590 .1226973 GAMMA 
 

3 
𝑹𝒑𝟑𝟐 .176001 .0442 .5590 .1191671 GAMMA 

 
4 

𝑹𝒑𝟐𝟖 .171957 .0442 .5583 .1677384 EXPONENTIAL 
 

5 
𝑹𝒑𝟑𝟎 .170646 .0442 .5775 .1200412 GAMMA 
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Table 0-9: Project finance risk factors descriptive statistics and best distribution fit  

 Risk 

Factors Mean Min Max Std. Deviation Distribution Fit 
Distribution Fit 

Graph 

1 
𝑹𝒑𝟑𝟒 .482221 .0442 .7119 .1896152 NORMAL 

 
2 

𝑹𝒑𝟑𝟓 .325150 .0675 .7119 .1770082 WEIBULL 
 

3 
𝑹𝒑𝟑𝟕 .321097 .0442 .6351 .1528039 NORMAL 

 
4 

𝑹𝒑𝟑𝟔 .267156 .0442 .6108 .1529269 TRIANGUL 
 

5 
𝑹𝒑𝟑𝟑 .264218 .0442 .7119 .1997605 GAMMA 

 

 

Table 0-10: Construction risk factors descriptive statistics and best distribution fit 

 
Risk Factors Mean Min Max Std. Deviation Distribution Fit 

Distribution Fit 

Graph 

1 𝑹𝒑𝟒𝟓 .463831 .1080 .7119 .1847332 WEIBULL 

 

2 𝑹𝒑𝟓𝟐 .380240 .0858 .7119 .1990425 UNIFORM 

 

3 𝑹𝒑𝟒𝟗 .342165 .0675 .7119 .2090720 WEIBULL 

 

4 𝑹𝒑𝟒𝟖 .342047 .0442 .7119 .1818591 WEIBULL 

 

5 𝑹𝒑𝟒𝟕 .339069 .0442 .7119 .1919764 WEIBULL 

 

6 𝑹𝒑𝟓𝟏 .314790 .0442 .7119 .2012279 BETA 

 

7 𝑹𝒑𝟓𝟒 .313372 .0442 .7119 .2036198 WEIBULL 

 

8 𝑹𝒑𝟓𝟎 .281812 .0675 .6108 .1830345 WEIBULL 

 

9 𝑹𝒑𝟒𝟔 .281543 .0442 .7119 .1981328 WEIBULL 

 

10 𝑹𝒑𝟓𝟓 .263772 .0858 .7119 .1915407 GAMMA 

 

11 𝑹𝒑𝟓𝟑 .227544 .0442 .6108 .1449236 GAMMA 

 

12 𝑹𝒑𝟓𝟔 .196406 .0858 .6735 .1367043 GAMMA 
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 Table 0-11: Relationship Risk Factors Descriptive Statistics and Best Distribution Fit  

 Risk 

Factors Mean Min Max Std. Deviation Distribution Fit 
Distribution Fit 

Graph 

1 𝑹𝒑𝟔𝟐 .327257 .0858 .7119 .1746878 GAMMA 
 

2 
𝑹𝒑𝟔𝟏 .291424 .0442 .7119 .1715465 GAMMA 

 
3 

𝑹𝒑𝟓𝟖 .290012 .0858 .5590 .1442143 WEIBULL 
 

4 
𝑹𝒑𝟔𝟑 .246371 .0442 .7119 .1417782 GAMMA 

 
5 

𝑹𝒑𝟔𝟎 .243679 .0858 .7119 .1591772 GAMMA 
 

6 
𝑹𝒑𝟓𝟗 .224469 .0858 .6108 .1367259 GAMMA 

 
7 

𝑹𝒑𝟓𝟕 .222904 .0442 .6351 .1518607 GAMMA 
 

8 
𝑹𝒑𝟔𝟓 .180665 .0442 .6351 .1526123 GAMMA 

 
9 

𝑹𝒑𝟔𝟒 .141572 .0442 .5590 .1214588 GAMMA 
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Appendix E: Sub-models coefficients Outputs 
Political risk sub-model coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 (Constant) .558 .053  10.568 .000   

RP1 -.643 .153 -.584 -4.195 .000 .494 2.023 

RP2 -.059 .165 -.053 -.361 .720 .441 2.270 

RP3 .189 .139 .177 1.357 .180 .560 1.784 

RP4 .173 .194 .130 .893 .376 .449 2.225 

RP5 -.160 .186 -.141 -.859 .394 .356 2.811 

RP6 .226 .176 .242 1.284 .204 .269 3.716 

RP7 -.604 .189 -.560 -3.188 .002 .311 3.217 

RP8 .248 .246 .146 1.006 .318 .456 2.195 

RP9 .033 .190 .023 .174 .862 .556 1.798 

RP10 .279 .207 .197 1.345 .184 .447 2.235 

 

Legal risk sub-model coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 (Constant) .397 .075  5.280 .000   

RP11 .029 .167 .022 .175 .862 .744 1.343 

RP12 .383 .143 .320 2.678 .009 .817 1.224 

RP13 -.280 .168 -.186 -1.671 .100 .940 1.064 

RP14 -.530 .193 -.364 -2.752 .008 .667 1.500 

RP15 .270 .227 .165 1.188 .239 .602 1.662 

RP16 .263 .214 .160 1.228 .224 .685 1.460 
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Economic risk sub-model coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 (Constant) .623 .064  9.790 .000   

RP17 .279 .181 .256 1.543 .128 .033 .191 

RP18 -.323 .207 -.252 -1.562 .123 -.050 -.193 

RP19 -.580 .241 -.302 -2.405 .019 -.331 -.290 

RP20 -.252 .195 -.169 -1.296 .200 -.223 -.161 

 

Natural risk sub-model coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 

 

 

(Constant) .364 .046  7.851 .000   

RP21 -.382 .157 -.429 -2.435 .018 .391 2.554 

RP22 .096 .195 .101 .494 .623 .290 3.444 

RP23 -.047 .184 -.043 -.256 .799 .425 2.353 

RP24 .556 .134 .589 4.154 .000 .604 1.656 
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Market risk sub-model coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 

(Constant) .386 .057  6.729 .000   

RP25 .012 .201 .008 .058 .954 .732 1.367 

RP26 -.180 .216 -.125 -.836 .406 .659 1.517 

RP27 .310 .151 .271 2.055 .044 .841 1.189 

 

 

 

 

Project selection risk sub-model coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 

 

(Constant) .587 .051  11.542 .000   

RP28 -.651 .149 -.549 -4.383 .000 .663 1.507 

RP29 -.446 .181 -.275 -2.460 .017 .832 1.201 

RP30 .202 .195 .122 1.038 .303 .755 1.324 

RP31 .049 .138 .039 .352 .726 .836 1.196 

RP32 .114 .190 .068 .601 .550 .802 1.248 
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Project finance risk sub-model coefficients 

Model 

Unstandardized Coefficients 

Standardized 

Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 (Constant) .226 .084  2.674 .010   

RP33 .112 .134 .113 .839 .405 .461 2.171 

RP34 .190 .131 .181 1.454 .152 .538 1.859 

RP35 .160 .159 .142 1.007 .318 .416 2.405 

RP36 .341 .156 .262 2.185 .033 .580 1.724 

RP37 .181 .144 .139 1.252 .216 .677 1.477 

RP38 .089 .312 .046 .286 .776 .321 3.113 

RP39 -.305 .242 -.238 -1.259 .213 .233 4.294 

RP40 -.616 .202 -.364 -3.054 .003 .587 1.705 

RP41 .538 .205 .326 2.627 .011 .541 1.847 

RP42 -.463 .237 -.309 -1.952 .056 .333 3.002 

RP43 .167 .173 .133 .966 .338 .438 2.284 
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Construction risk sub-model coefficients 

Model 
Unstandardized Coefficients 

Standardized 
Coefficients 

t Sig. 

Collinearity Statistics 

B Std. Error Beta Tolerance VIF 

1 (Constant) .079 .044  1.806 .076   

RP45 .849 .105 .788 8.123 .000 .460 2.174 

RP46 -.425 .121 -.424 -3.514 .001 .298 3.357 

RP47 .318 .149 .307 2.138 .037 .210 4.764 

RP48 .016 .131 .015 .123 .902 .302 3.316 

RP49 .039 .135 .041 .289 .774 .217 4.617 

RP50 .012 .143 .011 .082 .935 .249 4.021 

RP51 .092 .122 .093 .749 .457 .283 3.536 

RP52 .210 .113 .210 1.859 .068 .340 2.940 

RP53 -.421 .142 -.306 -2.972 .004 .407 2.455 

RP54 -.042 .116 -.043 -.367 .715 .310 3.227 

RP55 -.246 .100 -.237 -2.474 .016 .472 2.121 

RP56 .231 .171 .159 1.352 .182 .314 3.183 

 

 

 

 

 

 

 

 

 

 

 

 



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

381 
Saleh Alzahrani 

Relationship risk sub-model coefficients 

Model 

Unstandardized Coefficients 
Standardized 
Coefficients 

t Sig. 

Collinearity Statistics 

β Std. Error Beta Tolerance VIF 

1 

 

(Constant) .518 .075  6.889 .000   

RP57 .624 .172 .476 3.621 .001 .610 1.638 

RP58 -.158 .180 -.115 -.878 .384 .617 1.620 

RP59 -.595 .228 -.409 -2.607 .012 .429 2.332 

RP60 -.080 .206 -.064 -.389 .698 .390 2.566 

RP61 .125 .189 .108 .662 .511 .398 2.511 

RP62 -.327 .172 -.287 -1.900 .062 .462 2.166 

RP63 .730 .204 .520 3.572 .001 .499 2.004 

RP64 -.472 .263 -.288 -1.793 .078 .408 2.449 

RP65 -.210 .165 -.161 -1.274 .208 .663 1.509 
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Appendix F: Probability Distribution Fit for Sub-Models Outputs 

 

 

Figure 0-1: Fit Comparison for Political Risks - Impact of Risks Outputs 
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Figure 0-2: Fit Comparison for Legal Risks - Impact of Risks Outputs 
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Figure 0-3: Fit Comparison for Economic Risks - Impact of Risks Outputs 
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Figure 0-4: Fit Comparison for Natural Risks - Impact of Risks Outputs 
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Figure 0-5: Fit Comparison for Market Risks - Impact of Risks Outputs 
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Figure 0-6: Fit Comparison for Project Selection Risks - Impact of Risks Outputs 
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Figure 0-7: Fit Comparison for Project Finance Risks - Impact of Risks Outputs 

 

 

 

 

 

0.146 0.675 

5.0% 
5.1% 

90.0% 
89.4% 

5.0% 
5.5% 

0.0%

16.7%

33.3%

50.0%

66.7%

83.3%

100.0%

0.0

0.5

1.0

1.5

2.0

2.5

3.0

0
.0

0
.1

0
.2

0
.3

0
.4

0
.5

0
.6

0
.7

0
.8

0
.9

1
.0

Fit Comparison for Project Finance Risks 
Impact of Risks Outputs 

Input

Normal



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

389 
Saleh Alzahrani 

 

Figure 0-8: Fit Comparison for Construction Risks - Impact of Risks Outputs 
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Figure 0-9: Fit Comparison for Relationship Risks - Impact of Risks Outputs 
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Figure 0-10: Fit Comparison for Political Risks - Risk Cost Outputs 
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Figure 0-11: Fit Comparison for Legal Risks - Risk Cost Outputs 
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Figure 0-12: Fit Comparison for Economic Risks - Risk Cost Outputs 
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Figure 0-13: Fit Comparison for Natural Risks - Risk Cost Outputs 
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Figure 0-14: Fit Comparison for Market Risks - Risk Cost Outputs 
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Figure 0-15: Fit Comparison for Project Selection Risks - Risk Cost Outputs 
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Figure 0-16: Fit Comparison for Project Finance Risks - Risk Cost Outputs 
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Figure 0-17: Fit Comparison for Construction Risks - Risk Cost Outputs 
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Figure 0-18: Fit Comparison for Relationship Risks - Risk Cost Outputs 
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Figure 0-19: Fit Comparison for Political Risks - Outturn Construction Unit Cost Outputs 
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Figure 0-20: Fit Comparison for Legal Risks - Outturn Construction Unit Cost Outputs 
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Figure 0-21: Fit Comparison for Economic Risks - Outturn Construction Unit Cost Outputs 
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Figure 0-22: Fit Comparison for Natural Risks - Outturn Construction Unit Cost Outputs 

 

 

 

1,065 2,212 

5.0% 
4.6% 

90.0% 
89.6% 

5.0% 
5.8% 

0.0%

16.7%

33.3%

50.0%

66.7%

83.3%

100.0%

0.0000

0.0002

0.0004

0.0006

0.0008

0.0010

0.0012

8
0
0

1
0
0
0

1
2
0
0

1
4
0
0

1
6
0
0

1
8
0
0

2
0
0
0

2
2
0
0

2
4
0
0

2
6
0
0

Fit Comparison for Natural Risks 
Outturn Construction Unit Cost Outputs 

Input

BetaGeneral



 Dynamic Simulation of the Impact of Risk Events and Risk Cost in KSA PPP Projects   

404 
Saleh Alzahrani 

 

Figure 0-23: Fit Comparison for Market Risks - Outturn Construction Unit Cost Outputs 
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Figure 0-24: Fit Comparison for Project Selection Risks - Outturn Construction Unit Cost Outputs 
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Figure 0-25: Fit Comparison for Project Finance Risks - Outturn Construction Unit Cost Outputs 
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Figure 0-26: Fit Comparison for Construction Risks - Outturn Construction Unit Cost Outputs 
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Figure 0-27: Fit Comparison for Relationship Risks - Outturn Construction Unit Cost Outputs 
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Appendix G: Descriptive Statistics for Risk sub-Models Output 

Risk Cost 

Statistic 
Political 

risk Sub-

model 

Legal 

risks 

Sub-

model 

Econom

ic risk 

Sub-

model 

Natural 

risk 

Sub-

model 

Market 

risk 

Sub-

model 

Project 

Selectio

n risk 

Sub-

model 

Project 

Finance 

Risk 

Sub-

model 

Constru

ction 

Risk 

Sub-

model 

Relation

ship 

Risk 

Sub-

model 

Sample Size 300 300 300 300 300 300 300 300 300 

Range 1021.4 962.26 710.39 923.4 640.81 782.62 1269.8 1460.2 1045.1 

Mean 454.81 694.01 500.56 554.17 504.17 445.51 431.44 328.87 313.67 

Variance 45190.0 31079.0 18965.0 33744.0 15522.0 25715.0 35256.0 74459.0 33349.0 

Std. Deviation 212.58 176.29 137.71 183.7 124.59 160.36 187.77 272.87 182.62 

Coef. of Variation 0.4674 0.25402 0.27511 0.33148 0.24711 0.35994 0.43521 0.82973 0.5822 

Std. Error 12.273 10.178 7.9508 10.606 7.193 9.2582 10.841 15.754 10.543 

Skewness 0.39215 0.42406 0.49587 0.22818 0.4966 0.41547 0.64127 1.2739 0.82717 

Excess Kurtosis -0.07255 0.06766 -0.17195 -0.53088 0.03771 -0.28523 1.546 1.5503 1.1195 

Minimum 4.337 293.21 244.23 164.19 266.71 127.14 4.0133 1.9116 1.2932 

Maximum 1025.7 1255.5 954.63 1087.6 907.52 909.75 1273.8 1462.1 1046.4 
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Impact of Construction Risks 

Statistic 

Political 

risk Sub-

model 

Legal 

risks 

Sub-

model 

Econom

ic risk 

Sub-

model 

Natural 

risk 

Sub-

model 

Market 

risk 

Sub-

model 

Project 

Selectio

n risk 

Sub-

model 

Project 

Finance 

Risk 

Sub-

model 

Constru

ction 

Risk 

Sub-

model 

Relation

ship 

Risk 

Sub-

model 

Sample Size 300 300 300 300 300 300 300 300 300 

Range 1.0123 0.59192 0.4633 0.61164 0.27465 0.56768 0.92932 1.3301 0.89773 

Mean 0.42687 0.66012 0.48049 0.51791 0.47377 0.42025 0.41429 0.31587 0.30051 

Variance 0.03124 0.01154 0.00933 0.01717 0.00369 0.01567 0.0267 0.06464 0.02612 

Std. Deviation 0.17675 0.10743 0.09658 0.13102 0.06077 0.12519 0.1634 0.25425 0.1616 

Coef. of Variation 0.41407 0.16274 0.201 0.25297 0.12827 0.29788 0.39441 0.80491 0.53776 

Std. Error 0.0102 0.0062 0.00558 0.00756 0.00351 0.00723 0.00943 0.01468 0.00933 

Skewness 0.05254 -0.10272 0.23639 -0.13915 0.57496 0.02443 0.14225 1.1424 0.44411 

Excess Kurtosis -0.1941 -0.30364 -0.5348 -0.5435 -0.35849 -0.61983 0.29803 1.0083 0.17895 

Minimum 0.00336 0.34582 0.26367 0.18278 0.37381 0.12921 0.00379 0.00218 0.00151 

Maximum 1 0.93774 0.72698 0.79442 0.64846 0.69689 0.93311 1 0.89924 
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Outturn Construction Unit Cost 

Statistic 

Political 

risk Sub-

model 

Legal 

risks 

Sub-

model 

Econom

ic risk 

Sub-

model 

Natural 

risk 

Sub-

model 

Market 

risk 

Sub-

model 

Project 

Selectio

n risk 

Sub-

model 

Project 

Finance 

Risk 

Sub-

model 

Constru

ction 

Risk 

Sub-

model 

Relation

ship 

Risk 

Sub-

model 

Sample Size 300 300 300 300 300 300 300 300 300 

Range 1631.3 1550.5 1340.7 1534.3 1374.2 1408.6 1854.1 2105.8 1598.4 

Mean 1520.1 1746.5 1545.6 1619.9 1566.2 1506.8 1479.0 1372.3 1363.5 

Variance 1.2975E+5 
1.3150E

+5 

1.0303E+

5 

1.2795E+

5 

1.0579E

+5 

1.0808E

+5 

1.0169E

+5 

1.3268E

+5 
97225.0 

Std. Deviation 360.21 362.63 320.99 357.71 325.25 328.75 318.88 364.25 311.81 

Coef. of Variation 0.23697 0.20763 0.20768 0.22082 0.20767 0.21818 0.2156 0.26544 0.22869 

Std. Error 20.797 20.936 18.532 20.652 18.778 18.98 18.411 21.03 18.002 

Skewness 0.24934 0.24486 0.29626 0.10043 0.18155 0.20778 0.40039 0.79126 0.57942 

Excess Kurtosis -0.64018 -0.76767 -0.90044 -0.93483 -0.92466 -0.80448 -0.02579 0.59494 0.04564 

Minimum 783.07 1065.3 964.89 946.9 973.92 893.63 815.3 731.73 765.46 

Maximum 2414.4 2615.8 2305.6 2481.2 2348.2 2302.2 2669.4 2837.6 2363.9 
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Appendix H: Format of Data Collection 

Dear Sirs;                                                                                             

I am a PhD student and doing a research on the impact of risk events on risk cost and outturn 

unit cost at the University of Liverpool in UK, under the supervision of Dr. Halim 

Boussabaine.  My thesis topic is "Dynamic Simulation of the Impact of Risk Events and 

Risk Cost in KSA PPP Projects". 

Confidentiality is guaranteed in this research. All responses are considered a part of a whole 

which is to define the benefits of risk management in KSA PPP projects. 

I would be very glad if you fill in this format of data collection and then send it to my e-mail, 

or call me to collect it. 

Strict confidence will be implemented in published results and all data about you and your 

organization will remain confidential. 

Please do not hesitate to contact with my supervisor if you have any questions about this 

research, on below address: 

Dr. Halim Boussabaiane 

School of Architecture 

+44 (0)151 794 2619 

 halim@liverpool.ac.uk  

 If you have any further inquiries about any question, please contact me on:  

Saleh Alzahrani 

+447540384840 

+966555040800 

Salehzh@liverpool.ac.uk 

If you are not involved in KSA PPP projects more than 3 years, I will be grateful if you 

pass this file to whoever does. 

 

mailto:halim@liverpool.ac.uk
mailto:Eng.w.a@hotmail.com
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A- GENERAL INFORMATION 
 

Respondent’sposition: 

Public Sector  Private Sector 

 

Job title:  

Estimator Cost engineer 

Project manager Head Department 

General Manager  

 

Experience in year: 

Less than 3 years 11 years – 15 years 

Less than 5 years 16 years – 20 years 
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B- Impact of Risk Factors on Risk Cost 
 Based on your experience, what is the expected effect (1-25) of the following 

events’riskpricesonbelowcategories: 
 

Risk Factors 

Degree 

of Risk 

impact 

on risk 

cost 

(1 – 25) 

Risk Matrix 

1.    Political Risks 

1 Change in law   
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 

 

 

 

 

 

2 Delay in project approvals and permits   

3 Poor public decision making process   

4 Government intervention   

5 Unstable government   

6 Government reliability   

7 Inconsistencies in government policies   

8 Strong political opposition /hostility   

9 Expropriation/nationalization of assets   

10 Inability of concessionaire   

2.    Legal Risks 

11 Change in tax regulation   

12 Corruption and lack of respect for law   

13 Legislation change   

14 Import / Export restrictions   

15 Rate of return restrictions   

16 Industrial regulatory change    

3.    Economic Risks 

17 Interest rate volatility   

18 Inflation rate volatility   

19 Foreign exchange and convertibility   

20 Poor financial market   

4.    Natural Risks 
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21 Force majeure    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

22 Environment   

23 Weather   

24 Geotechnical condition   

5.    Market Risks 

25 Tariff change    

26 Market demand    

27 
Fluctuation of material cost by 

public/private 
  

6.    Projects Selection Risks 

28 Public opposition to projects   

29 Uncompetitive tender   

30 Level of demand for the project   

31 Land acquisition   

32 Competition risk   

7.    Project Finance Risks 

33 Availability of finance   

34 Inaccurate estimates   

35 High finance cost   

36 High bidding costs   

37 Delay in payment of annuity   

38 Financial attraction of project to investors   

39 Lack of creditworthiness   

40 Delay in financial closer   

41 Inability to service debt   

42 Lack of government guarantees   

43 Financer unwilling to take high risk   

8.    Construction Risks 

44 Construction cost overrun   

45 Construction time delay   

46 Material availability   
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47 labour availability    

 

 

 

 

 

 

48 Poor quality of workmanship   

49 Default of sub-contractors or suppliers   

50 Design & construction complexity   

51 Design deficiency   

52 Late design change   

53 Construction technology risk   

54 Contractual risk   

55 Contractor failure    

56 Quality risk    

9.    Relationship Risks 

57 Different working method between partners   

58 Inadequate experience in PPP   

59 Lack of commitment from public/private sector   

60 Organisation and coordination risk   

61 Inadequate distribution of responsibility and risk   

62 Inadequate negotiation period prior to initiation   

63 Conflict between project's participants   

64 Workers strike   

65 Cultural differences between main stakeholders   
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C- Risk Price based on Risk Allocation 

 

Please rate the risk price level and the best risk allocation method 

associated with it on below categories: 

Risk Factors 

Degree 

of Risk 

impact 

on risk 

cost 

(1 -15) 

Risk Matrix 

1.    Political Risks 

1 Change in law    
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

2 Delay in project approvals and permits   

3 Poor public decision making process   

4 Government intervention   

5 Unstable government   

6 Government reliability   

7 Inconsistencies in government policies   

8 Strong political opposition /hostility   

9 Expropriation/nationalization of assets   

10 Inability of concessionaire   

2.    Legal Risks 

11 Change in tax regulation   

12 Corruption and lack of respect for law   

13 Legislation change   

14 Import / Export restrictions   

15 Rate of return restrictions   

16 Industrial regulatory change    

3.    Economic Risks 

17 Interest rate volatility   

18 Inflation rate volatility   

19 Foreign exchange and convertibility   

20 Poor financial market   
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4.    Natural Risks 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

21 Force majeure   

22 Environment   

23 Weather   

24 Geotechnical condition   

5.    Market Risks 

25 Tariff change    

26 Market demand    

27 
Fluctuation of material cost by 

public/private 
  

6.    Projects Selection Risks 

28 Public opposition to projects   

29 Uncompetitive tender   

30 Level of demand for the project   

31 Land acquisition   

32 Competition risk   

7.    Project Finance Risks 

33 Availability of finance   

34 Inaccurate estimates   

35 High finance cost   

36 High bidding costs   

37 Delay in payment of annuity   

38 Financial attraction of project to investors   

39 Lack of creditworthiness   

40 Delay in financial closer   

41 Inability to service debt   

42 Lack of government guarantees   

43 Financer unwilling to take high risk   

8.    Construction Risks 

44 Construction cost overrun   

45 Construction time delay   
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46 Material availability    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  
 

 

 

 

47 labour availability   

48 Poor quality of workmanship   

 

 
  

49 Default of sub-contractors or suppliers   

50 Design & construction complexity   

51 Design deficiency   

52 Late design change   

53 Construction technology risk   

54 Contractual risk   

55 Contractor failure    

56 Quality risk    

9.    Relationship Risks 

57 Different working method between partners   

58 Inadequate experience in PPP   

59 Lack of commitment from public/private sector   

60 Organisation and coordination risk   

61 Inadequate distribution of responsibility and risk   

62 Inadequate negotiation period prior to initiation   

63 Conflict between project's participants   

64 Workers strike   

65 Cultural differences between main stakeholders   
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Appendix I: Mapping Risk Factors into construction cost  

  
Risk Factors in PPP Projects Const. Cost Reference of risk factors 

1 

E
xo

ge
no

us
 R

is
ks

 

P
ol

it
ic

al
 R

is
ks

 

Change in law A, 20, 23, 25,26, 27, 1, 4,  6, 7, 9, 10, 11, 12, 13, 14, 

2 Delay in project approvals and permits  A, 27,  1, 2, 3, 4, 5, 8, 10, 11, 13, 14, 

3 Expropriation / Nationalization of assets   1, 3, 5, 7, 11, 12, 13, 14, 

4 Poor public decision making process A, 22,  30, 4, 5, 6, 7, 11, 

5 Inconsistencies in government policies A, 26, 1, 5, 6, 11, 

6 Strong political opposition A, 30, 1, 3,  5, 8, 11, 

7 Unstable government A, 19, 25, 3, 5, 9, 11, 

8 Government intervention A, 26, 30, 1, 7, 11, 

9 Government reliability   1, 9, 11, 

11 

L
eg

al
 R

is
ks

 

Change in tax regulation  A, 17, 20, 25,26, 1, 3, 4, 5, 7, 11, 

12 Corruption and lack of respect for law A, 17, 19, 25, 26, 1, 5, 6, 7, 9, 11, 

13 Legislation change A,  20, 23, 24, 25,26, 27, 3, 4, 5, 7, 8, 9, 11, 

14 Industrial regulatory change A,  20, 23, 24, 25,26, 27, 3, 5, 8, 11, 14, 

15 Import / Export restrictions  A, 20, 5, 11, 

17 

E
co

no
m

ic
 R

is
ks

 Interest rate volatility A, 17, 19, 23, 25, 27, 1, 3, 4, 5, 6, 7, 10, 11, 13, 

18 Inflation rate volatility A, 17, 21, 24, 25, 26, 1, 3, 4, 5, 6, 7, 11, 13, 

19 Foreign exchange and convertibility A, 17, 19, 25, 1, 5, 6, 7, 11, 12, 13, 

20 Poor financial market 17, 3, 5, 8, 11, 3, 

21 

N
at

ur
al

 R
is

ks
 

Force majeure A,  24, 28, 1, 2, 3, 4, 5, 6, 7, 10, 11, 13, 

22 Environment A, 21, 22, 25, 27, 1, 2, 3, 4, 5, 6, 7, 11, 

23 Weather A, 17, 21, 24, 30, 1, 4, 7, 11, 13, 14, 

24 

M
ar

ke
t R

is
ks

 Tariff change   1, 9, 11, 12, 13, 14, 

25 Market demand   1, 4, 7, 11, 13, 14, 

26 

Fluctuation of material cost by 
public/private 

A, 20, 25, 29, 11, 13, 14, 

27 

E
nd

og
en

ou
s 

R
is

ks
 

P
ro

je
ct

 S
el

ec
ti

on
 

R
is

ks
 

Public/political opposition to projects A,  30, 1, 3, 5, 6, 7, 11, 13, 

28 Uncompetitive tender A, 17, 25, 30, 1, 7, 8, 9, 11, 

29 Level of demand for the project A, 17, 25, 3, 5, 6, 11, 

33 Competition risk A, 18,  1, 5, 11, 

34 

P
ro

je
ct

 
F

in
an

ce
  R

is
ks

 Financial attraction of project to investors   3, 4, 5, 6, 9, 11, 

35 Availability of finance A,  30, 1, 2, 3, 4, 6, 9, 10, 13, 14, 

36 Inaccurate estimates A,  25,   

37 High finance cost A,  24, 1, 3, 5, 9, 11, 
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38 Lack of creditworthiness   1, 5, 7, 9, 11, 

39 High bidding costs A, 17, 25, 30, 5, 9, 11, 

40 Bankruptcy of concessionaire   3, 5, 11, 3, 

41 Delay in financial closure   9, 10, 11, 

42 Inability to service debt   5, 11, 

43 Lack of government guarantees   5, 11, 

44 Delay in payment of annuity 22, 1, 10, 11, 

45 Financiers unwilling to take high risk A,  9, 11, 

46 

C
on

st
ru

ct
io

n 
R

is
k 

Construction cost overrun A, 20, 27, 28, 3, 4, 5, 6, 10, 11, 13, 14, 

47 Construction time delay A, 27, 28, 2, 3, 4, 5, 6, 9, 10, 11, 12, 

48 Material availability A, 17, 19, 20, 25, 29, 30, 1, 3, 5, 6, 7, 11, 12, 13, 14, 

49 labour availability A, 17, 20, 21, 25, 29, 30, 1, 3, 5, 6, 7, 11, 12, 13, 14, 

 

Land acquisition A, 17, 27, 1, 2, 3, 4, 5, 6, 7, 10, 11, 13, 14, 

50 Default of sub-contractors or suppliers A, 17, 24, 2, 3, 5, 11, 3, 

51 Design & construction complexity A, 22, 25, 29, 30,   

52 Design deficiency A, 24, 27, 28, 2, 4, 3, 5, 6, 8, 9, 11, 14, 

53 Geotechnical conditions A, 17, 21, 24, 25, 27, 1, 2, 3, 4, 5, 7, 11, 13, 

54 Late design change A, 21, 3, 4, 5, 11, 13, 14, 

55 Contractor failure / Capability of SPV 30, 2, 4, 6, 8, 9, 11, 13, 

56 Project delay   2, 4, 7, 11, 

57 Completion risk 30, 1, 7, 11, 13, 14, 

58 Consortium inability   1, 6, 9, 11, 

59 Unproven engineering technique   3, 7, 11, 14, 

60 Resettlement and rehabilitation  27, 10, 11, 14, 

61 Quality risk  A, 30, 2, 11, 13, 14, 

62 Poor quality of workmanship A, 21, 24, 25, 30, 3, 4, 5, 11, 

 

Contractual risk A, 17, 1, 2, 3, 4, 5, 6, 7, 8, 11, 14, 

63 Change of scope   10, 11, 

64 Construction technology risk A, 22, 26, 27, 1, 11,16 

65 

R
el

at
io

ns
hi

p 
R

is
k 

Different working method between 
partners 

 A,  22, 3, 4, 5, 8, 9, 11, 

66 Inadequate experience in PPP A, 21, 22, 29, 30, 3, 4, 5, 6, 9, 11, 

67 

Lack of commitment from public/private 
sector 

A, 20, 30, 3, 5, 9, 11, 

68 Organisation and coordination risk A, 20, 22, 3, 4, 5, 7, 11, 

69 Third party tort liability  A,  1, 3, 5, 7, 11, 

70 Inadequate distribution of responsibility A, 22, 30, 3, 5, 9, 11, 
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and risk 

71 

Inadequate negotiation period prior to 
initiation 

A,  24, 30, 4, 5, 11, 

72 Conflict between project's participants A,  30,   

73 Staff crises  A, 17, 20,  25,  27, 30, 3, 5, 11, 4, 

75 

Cultural differences between main 
stakeholders 

A, 17, 20, 5, 11, 

76 Non-involvement of host-community 20, 24, 5, 11, 

77 

O
pe

ra
ti

on
 R

is
k 

Operation cost overrun   1, 2, 3, 5, 6, 7, 10, 11, 13, 

78 Operational revenues below expectation   3, 11, 

79 Low operating productivity   3, 5, 6, 11, 

80 Maintenance costs higher than expected   3, 5, 6, 11, 14, 

81 Maintenance more frequent than expected   3, 11, 

82 Residual value (after concession period)   1, 3, 5, 7, 11, 13, 14, 

83 Operation financial risk   1, 3, 5, 6, 10, 11, 

84 Pricing of product/service risk   4, 5, 7, 11, 

85 Operator default   11, 13, 14, 

86 Quality of operation   2, 11, 13, 14, 

87 Project / Operation change    1, 7, 8, 11, 

88 Supporting facilities risk   1, 11, 13, 

89 Operation technology risk   1, 4, 6, 11, 

90 Waste of material   1, 11, 13, 

 

Abbreviations: 

(A) Author; (1)(Ke, Wang, Chan, et al., 2010);  (2) (M. P. Abednego & S. O. Ogunlana, 2006); (3) (Bing Li, A. Akintoye, 

et al., 2005); (4) (L. Y. Shen et al., 2006);  

(5) (Ibrahim et al., 2006); (6) (Yuan et al., 2008); (7) (Xu et al., 2009); (8) (X.-H. Jin & Zhang, 2011); (9) (X. Zhang, 

2005); (10) (Boeing Singh & Kalidindi, 2006); (11) (Karim & Alkaf, 2011); (12) (Wibowo & Mohamed, 2010); (13) (Ng 

& Loosemore, 2007); (14) (Victoria, 2001); (15) (Bing et al., 2005); (16) (Kreydieh, 1996); (17) (D. Baloi, 2002); (18) 

(De Neufville, Lesage, & Hani, 1977); (19) (Rosenbaum, 1997); (20) (Ashley & Bonner, 1987); (21) (Kaming et al., 

1997); (22) (Dissanayaka & Kumaraswamy, 1999); (23) (UNESCAP, 2008); (24) (M. T. Wang & Chou, 2003); (25) 

(Daniel Baloi & Price, 2003); (26) (Xu et al., 2011); (27) (Victoria, 2001); (28) (Chung, Hensher, & Rose, 2010); (29) 

(Bari et al., 2012); (30) (Iyer & Jha, 2005); (31)(Hastak & Baim, 2001); (32) (Akinci & Fischer, 1998);  

 


