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Risk response incorporating risk preferences in international construction 

projects 

Abstract 

Purpose –The objective of this research is to develop a decision method that can 

generate appropriate risk response strategies for international construction project 

managers (PMs) and allow these strategies to reflect their different risk preferences. 

Design/methodology/approach –The optimal model approach is adopted. A 

credibility-based fuzzy chance constrained programming (CFCCP) model is developed, 

which simultaneously minimizes the expected losses of risk events and total costs of 

risk response. To solve this multi-objective model, a fuzzy interactive solution method 

is used. Moreover, the model performance is demonstrated by a real international 

industrial plant project. In addition, a sensitivity analysis of the model is conducted. 

Findings –The result of the sensitivity analysis indicates that PMs with a greater risk 

aversion can lead to a higher mitigation ratio of expected losses of risk events and a 

higher total cost of risk response. 

Practical implications –This research provides contractors with an effective decision-

making model to develop a project risk response plan, and it will assist contractors to 

minimize risk losses and enhance the project performance in the international 

construction market.  

Originality/value – Previous studies overlook the risk preference, which is an 

important behavioral factor influencing decisions in risk response strategy selection. 
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This research proposed a novel risk response strategy selection decision method that 

considers different attitudes towards risk among decision makers.   

Keywords International construction projects, Risk response strategies, Risk 

preference, Fuzzy chance constrained programming, Credibility theory 

Paper type Research paper 

1. Introduction 

Participating in global construction projects provides organizations with huge 

opportunities to develop new and different future business markets and improve their 

competitive advantage (Deng et al., 2014; Han and Diekmann, 2001). However, 

international construction projects involve not only typical risks at home, but also 

complex and diverse risks peculiar to international transactions, which result in an 

increased probability of overrun and failure (Han et al., 2005; Liu et al., 2016; Zhao et 

al., 2015). Hence, effective project risk management (PRM) is essential for 

organizations to survive and gain profits in overseas markets. PRM can be defined as a 

process that includes planning, identification, qualitative and quantitative analysis, 

response, monitoring, and control (Hwang et al., 2014; PMI, 2013). Specifically, risk 

response refers to developing and implementing strategies to reduce the probability 

and/or mitigate the impact of those identified risks, and an appropriate risk response 

plan can help organizations minimize risk losses when executing projects in global 

markets.  

In order to support the project management team to select desirable risk response 

strategies, previous studies have developed a risk response strategies portfolio for 
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international construction projects in a specific country (Ling and Hoang, 2010), 

formulated risk response decision models (Nik et al., 2011), and identified factors 

affecting the implementation of risk response strategies (Aaltonen and Sivonen, 2009). 

Deciding if investing in implementing risk response strategies is a classic risk-based 

decision, which is a highly subjectivity form of human behavior (Wang and Yuan, 2011). 

Risk preference has been found to play a central role in decision-making under 

uncertainty in international construction projects (Chen et al., 2015; Han et al., 2005). 

However, most existing risk response studies fail to consider this significant human 

element in analyzing project risk response decision-making issues (Zhang and Fan, 

2014), and few have developed decision-making models for selecting optimal risk 

response strategies that reflect the PMs’ different attitudes to risk (Zhang, 2016).  

The objective of this research is to develop a decision-making method based on a 

quantitative model to generate appropriate risk response strategies that reflect the risk 

preferences of international construction PMs. In this method, a credibility-based fuzzy 

chance constrained programming (CFCCP) model is formulated. It enables PMs with 

different risk preferences to consider both the expected losses of risk events and total 

cost of risk response simultaneously when they select risk response strategies. It also 

reduces the uncertainties in model parameters derived from vague and imprecise input 

data (i.e., assessed risks) in practical construction projects. According to Engineering 

News-Record (ENR), international construction projects comprise ten categories: 

general building, manufacturing, power, water supply, sewer and waste, industrial, 

petroleum, transportation, hazardous waste, and telecommunications (ENR, 2019). 
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Considering the importance of the international construction market related to industrial 

projects and a high degree of risks involved in these kinds of projects, the proposed 

model is applied using a case from an industrial plant project implemented by a Chinese 

international contractor. A sensitivity analysis of the model is conducted to investigate 

the influence of risk preferences on decisions in the selection of risk response strategies. 

2. Literature review 

2.1 Characteristics of international construction projects 

International construction projects are significantly different to domestic projects. 

Firstly, international construction involves more diverse risks (Lee et al., 2016; 

Viswanathan Satish and Jha Kumar, 2020; Zhao and Singhaputtangkul, 2016). Several 

studies have focused on identifying, assessing, and mitigating risks unique to 

international projects. For example, Deng et al. (2018) identified and categorized the 

critical variables contributing to political risk management in international projects; Liu 

et al. (2015) focused on national culture risk management for international projects; and 

Ling and Loon Lim (2007) identified the financial and economic risks foreign firms 

face when they undertake projects in China, and assessed their severity and frequency 

while also recommending measures for their mitigation. Secondly, unlike domestic 

projects, international projects involve participants from different cultures and 

backgrounds who must work together in an unfamiliar environment (Javernick-Will and 

Scott, 2010). Firms involved in overseas projects face the challenge of more 

institutional differences with regard to norms, regulations, and culture traditions in 

overseas markets than in their own counties. Lei et al. (2017) focused on technical 
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standard differences, with their research confirming that contractors perceive greater 

difficulties in implementing international projects due to differences between foreign 

and domestic standards. Thirdly, project management decisions are more difficult and 

complex for international projects due to uncertainties in the global market (Han and 

Diekmann, 2001). In order to identify the mechanism driving risk-based decision 

behaviors in international projects, Han et al. (2005) investigated effects of risk attitude 

on such project management decisions as bidding decisions for international projects.   

2.2 The role of risk preferences in decision-making and its determinants   

Risk preferences have been studied widely and are found to have a significant impact 

on decisions and behaviors (Fiegenbaum and Shoham, 2002; Jindal, 2014). For 

example, Jindal (2014) uncovered the influence of risk preferences on decisions 

associated with purchasing extended warranties, and Ohmura and Matsuo (2016) 

determined the impact of risk preferences on decisions relating to the design of the 

distribution channel contract. In the construction project management field, previous 

studies have focused on examining the influence of risk preferences on such decisions 

as selecting the project (Chen et al., 2015; Han et al., 2005) and choosing a bid price 

(Awwad, 2015; Liu et al., 2018). Different decision makers respond differently to the 

same uncertain situation as a result of their different attitudes towards risk (Hillson and 

Murray-Webster, 2007). Diverse theories and research have focused on risk-based 

decision-making and identified a large number of factors determining various risk 

preferences (Cyert and March, 1963; Kahneman and Tversky, 1982; March, 1994; 

Wang and Yuan, 2011). For example, according to prospect theory (PT), whether the 
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decision maker makes risk-seeking or risk-averse decisions is influenced by such 

elements as reference points, loss aversion, and decision weights (Hoskisson et al., 2017; 

Kahneman et al., 1991; Kahneman and Tversky, 1982). According to the behavioral 

theory of the firm (BTOF), greater risk preferences result from underperformance 

relative to aspirations and the amount of organizational slack resources (Cyert and 

March, 1963; Hoskisson et al., 2017). Moreover, previous studies also that found 

managerial risk preferences are shaped by an organization’s experience, values (Wang 

and Yuan, 2011), and risk culture (Harwood et al., 2009). International construction 

PMs may have different risk preferences due to their experiences, their organizations’ 

different aspirations and risk culture, and make different risk response strategy selection 

decisions even for the same international construction project.  

2.3 Selection of risk response strategies 

Representative approaches of early efforts to generate risk response strategies include 

the matrix-based approach and the activities-based approach. The matrix-based 

approach can be regarded as building a two-dimensional diagram based on a matrix 

representing different characteristics of risks to generate zones of risk response 

strategies (Elkjaer and Felding, 1999). The activities-based approach relates risks to 

work activities, and a risk response list can be developed and directly connected to a 

risk list based on actual activities (Chapman, 1979). Moreover, when considering 

project activity as variation on prototype activities, risk response strategies can be 

generated by converting the risk analysis for prototype activities into the analysis for 

actual activities (Klein et al., 1994). However, these approaches do not explicitly 
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address the effect and total cost of risk response strategies, which are regarded as key 

criteria to be considered in risk response decisions.  

An important advanced approach is the trade-off, which determines risk response 

strategies by considering trade-offs between several criteria. For example, Kujawski 

(2002) developed a model to generate risk response strategies based on balancing 

overall project cost and the probability of success. However, the final plan in the trade-

off approach is qualitative and depends on the experts’ experiences.  

Some approaches have been developed to produce more accurate, quantitative risk 

response plans, including the optimal model (Ben-David and Raz, 2001; Zhang and Fan, 

2014; Zuo and Zhang, 2018), multi-criteria evaluation (Samadi et al., 2014), case-based 

reasoning (CBR) approaches (Fan et al., 2015), and the scenarios development (Miller 

and Waller, 2003). The optimal model approach supports decision-making in risk 

response strategy selection by developing a mathematical model, and the optimal 

solution can thus be found by solving the model. This approach has attracted the 

attention of many researchers in recent years. Table I presents the previous studies using 

the optimal model approach to selecting risk response strategies. In contrast, the multi-

criteria evaluation approach suggests that ideal risk response strategies can be 

formulated using the multi-criteria evaluation tool (e.g., fuzzy technique for order 

preference by similarity to the ideal solution) that is based on evaluation criteria and in 

conformity with experts’ judgments prioritizing risk responses (Samadi et al., 2014). 

The CBR approach, on the other hand, can generate project response strategies by 

analyzing and reusing information and knowledge from previous similar cases (Fan et 
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al., 2015). The scenarios development could support managers to identify uncertainties 

and formulate strategies to respond to these uncertainties by creating stories and images 

about the future. The scenarios development is a qualitative analysis approach. Some 

researchers provided guidelines to construct an integrated risk management and 

response framework by combining the scenarios development and such quantitative 

methods as real options (Favato and Vecchiato, 2017; Miller and Waller, 2003).  

<Insert Table I> 

As can be seen in the existing studies, a variety of approaches have been devoted 

to generating project risk response strategies. However, most previous studies of risk 

responses fail to conduct a behavior analysis, and assume all PMs have the same risk 

preference level. For example, Zhang (2016) considers the level of risk aversion, but 

assumes decision makers all to be equally risk-averse. However, they may also exhibit 

other kinds of risk preferences in making risky decisions (Han et al., 2005; Liu et al., 

2018). Moreover, most previous decision models also overlook uncertainties in 

decision-making, with their risk event parameters represented by crisp numbers based 

on the experiences and judgements of experts. Such crisp numbers are usually not as 

precise as they appear to be. 

Considering the advantages of the optimal model approach in terms of its 

capability of formulating precise and quantitative risk response solutions (Zhang, 2016; 

Zuo and Zhang, 2018), a multi-objective optimization model is proposed to solve the 

risk-response selection problem. This generates effective risk response strategy sets 
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with different risk preference coefficients. Moreover, it reflects the uncertainty 

encountered in decision-making based on fuzzy set theory (FST). 

3. Research design  

3.1 Problem description 

The question addressed in this research is how to generate appropriate risk response 

strategies for PMs and allow these strategies to reflect their different risk preferences. 

The answer proposed here is in the form of an optimization model. Prior to formulating 

the model, the decision-making process of risk response in practice is described as 

follows.  

In a typical risk management process, the project manager (PM) and his or her 

team firstly develop a risk management objective and define the context (ISO, 2009). 

During this phase, the PM’s team should also realize the importance of risk preferences, 

and cultivate a culture that emphasizes all operations during the risk management 

process consistent with risk preferences (COSO, 2016). Then, they identify risk events 

and assess their associated expected losses. Once the risks are identified and assessed, 

the PM needs to make a risk response decision.  

Decision-making involves several steps, the first of which is to define problems 

(Guo, 2008). The specific problem in the risk response decision is to determine what 

strategies should be selected and implemented to mitigate the risk events’ expected 

losses. After having defined the problem, the second step is to establish the decision 

criteria (Guo, 2008). To ensure both the effects and costs of the risk response strategies 

are considered, a rational PM should select a set of risk response strategies that 
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minimize expected losses with as little risk response cost as possible. However, the 

mitigation of expected losses can lead to a higher risk response cost in risk management 

practice. Therefore, the criteria in this decision can be regarded as a trade-off between 

the objective of minimizing the expected losses of risk events and the objective of 

minimizing the cost of the risk response while complying with the constraints involved 

in implementation. 

The next step is to generate alternatives (Mann, 1989). During this step, a set of 

candidate risk response strategies are developed by the PM’s team based on experience 

and the characteristics of the current project. Meanwhile, the cost of each risk strategy 

is evaluated, and expected losses incurred by the risk events after the implementation 

of these strategies are assessed. Then, the selection of risk response strategies is 

optimized. In other words, all candidate strategies are assessed against decision criteria, 

and the strategies that satisfy all criteria are selected as the most appropriate. The PM 

then develops and implements the risk response plan.  

This decision-making process of risk response strategy selection is illustrated in 

Fig. 1. 

<Insert Fig. 1> 

3.2 Concept definition 

The definitions of the two important concepts are as follows: 

Risk event: This is defined as an uncertain condition that can affect objectives (ISO, 

2009). Risk events are analyzed in terms of their probability of occurrence and (negative) 
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impact. Moreover, considering the research context, the risk events analyzed here refer 

to both the risks encountered in domestic projects (i.e., technical and contractual risks) 

and those specific to international transactions, such as political and economic risks.  

Risk response strategies: risk response strategies are actions applied to mitigate 

the expected losses of risk events. The Project Management Institute’s Project 

Management Body of Knowledge (PMI, 2013) lists four risk response strategies of 

avoidance (eliminating the risk entirely), transfer (shifting the risk to a third party, 

together with the ownership of risk response), mitigation (reducing the probability and 

the impact of the risk), and acceptance strategies (retaining the risk and not taking 

further actions unless it occurs). The risk response strategies considered here include 

mitigation and transfer strategies. These two kinds of strategies aim to neither eliminate 

nor retain risk events, but to reduce the expected losses of risk events. Moreover, risk 

response strategies in the international context could involve such matters as purchasing 

political insurance, collecting a stable settlement currency, etc. 

4. A model for risk response strategies selection 

4.1 A fuzzy chance constrained programming model based on credibility 

The sets, indices, parameters, and variables for formulating this decision-making 

model are described in Table II. In PRM, risk assessment is performed at the planning 

stage. During this stage, the information is often incomplete and limited, which makes 

the assessment of the probability and impact of risk events imprecise. FST, as 

formulated by Zadeh (1965), is an appropriate method to represent this kind of 
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uncertainty. Fuzzy techniques have attracted much attention recently in the domain of 

project management research (Dikmen et al., 2007; Zhao et al., 2016). In this research, 

FST is also used to represent risks and the cost of risk response strategies. 

A credibility-based fuzzy chance constrained multi-objective programming 

(CFCCMOP) model is formulated. The CFCCP model is a form of fuzzy programming 

that relies on strong mathematical concepts, including the expected value of a fuzzy 

variable and a credibility measure (Liu and Liu, 2002). Moreover, it can help decision 

makers obtain the final solution while satisfying predefined confidence levels. This kind 

of model has already been applied to optimize different kinds of multi-criteria decision-

making in project management, such as project selection (Wibowo and Kochendoerfer, 

2011) and project time-cost trade-off analysis (El-Kholy, 2015).  

Loss reduction and cost control are also regarded as key criteria for risk response 

decisions in previous studies (Ben-David and Raz, 2001; Wu et al., 2019). The proposed 

model therefore intends to determine decisions by which expected losses are 

significantly reduced with as little cost as possible. Thus, its objective functions are to 

(i) minimize the expected losses of risk events, and (ii) minimize the cost of risk 

responses. 

<Insert Table II> 

Making a risk response strategies selection decision is complicated in practice 

(Zhang and Fan, 2014) , and it is necessary to make several assumptions before the 

formulation of the model. The assumptions in this research are that: (i) all risk events 

can be quantified, and can be measured by their probability and impact; (ii) risk events 
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happen independently; (iii) the impacts of risk events are negative; and (iv) the level of 

reduction of the expected losses of risk events will be eventually be decided according 

to level of the risk response budget.  

The CFCCMOP model can be constructed as followed: 

 

  (1) 

  (2) 

  (3) 

  (4) 

where  is the predefined confidence level for fuzzy objectives and 

fuzzy constraints.  represents the credibility of the event in  (Liu 

and Iwamura, 1998). Hence, the feasible  can be obtained when the constraints are 

satisfied, and two objectives can be minimized at a credibility that is no less than . 

The confidence levels  reflect the decision makers’ risk preferences (Chen and Zhou, 

2010; Noyan, 2010). Equation (2) could be an example for interpreting confidence 

levels representing the risk preference levels of PMs. According to equation (2), a larger 

 represents a higher total cost of risk response. A PM with a larger confidence level 

  has a greater risk aversion. He or she would approve a higher budget for 

implementing risk response strategies to achieve an acceptable reduction in risk loss. 

In this research, risk preferences can be classified into three categories of risk-seeking, 

risk-neutral, and risk-averse. Here, a confidence level of 0 represents a risk-seeking 
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decision maker, a confidence level of 1 represents a risk-averse decision maker, and a 

confidence level of 0.5 represents a risk-neutral decision maker.  

In the model, objective function (1) minimizes the quantitative expected losses of 

risk events. Objective function (2) minimizes the total cost of risk response. 

in objective function (2) guarantees that the cost of every risk response strategy cannot 

be counted more than once. Constraint (3) ensures that at most one response strategy 

can be implemented to deal with one risk event. In this research, a risk response strategy 

includes a set of actions to deal with a risk event and, if a response strategy is 

implemented to deal with a risk event, no other response strategies are applied to this 

particular risk event at the same time. Constraint (4) denotes the decision variables.  

4.2 Credibility measure 

The definition and proposition of the credibility measure are given as follows:  

Definition 1. Let  be a fuzzy variable with a membership function , and let  

be a real number. Meanwhile, let  represent the possibility measure for 

the event  , and  . Let   represent the 

necessity measure for the event  , and  . The 

credibility measure for the event  can be defined as (Liu and Liu, 2002): 

 (5) 

Theorem 1. Let  be a trapezoidal fuzzy variable determined by four crisp numbers 

as  , where  , with confidence level  . 

Then (Zhu and Zhang (2009)) 

  (6) 

  (7) 
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  (8) 

  (9) 

The equations (6) and (7) can be applied to convert the CFCCMOP model (P1) 

into its equivalent crisp ones as follows: 

 

   

  

 (10) 

    (11) 

   

 

   

 (12) 

  (13)     

 

In the above model (P2), confidence levels are assumed to be no higher than 0.5 

(i.e., ), and in the model (P3), confidence levels are assumed to be greater 

than 0.5 (i.e., ). 

This author accepted manuscript is deposited under a Creative Commons Attribution Non-commercial 4.0 International (CC BY-NC) licence. 
This means that anyone may distribute, adapt, and build upon the work for non-commercial purposes, subject to full attribution.  

If you wish to use this manuscript for commercial purposes, please contact permissions@emerald.com.



 

16 
 

5. Solution technique  

The model formulated here is a multi-objective integer linear programming (MOILP) 

model. Of the different kinds of methods used to solve multi-objective models, the 

fuzzy interactive method is regarded as one of the most efficient because of its 

advantage in finding the optimization solution by measuring and adjusting the 

satisfaction degree of each objective function based on the decision makers’ preferences 

(relative importance) for each objective (Mehlawat and Gupta, 2015; Pishvaee et al., 

2012). A fuzzy interactive method, which uses an aggregation function proposed by 

Torabi and Hassini (2008), is applied to convert the original MOILP model into its 

equivalent single objective one in this research. The use of this aggregation function 

can find a highly efficient solution by overcoming the limitations of previous fuzzy 

methods. The steps of this method are as follows: 

Step 1: Determine the confidence levels for each fuzzy objective function, and 

convert these fuzzy objective functions into their equivalent crisp ones using equations 

(6) and (7). 

Step 2: Determine the -positive ideal solution ( ) and -negative ideal 

solution ( ) for each objective function (Pishvaee et al., 2012). The  

and the corresponding objective function values (i.e., (  ,  ), (  , 

 )) of the first and the second objective function can be obtained by solving their 

respective single equivalent crisp model. The objective function values corresponding 

to the  of each objective function can be obtained by 

  (14) 
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Step 3: Specify a linear membership function for each objective function as 

follows (Pishvaee et al., 2012): 

  (15) 

  (16) 

where   represents the satisfaction degree of the ith objective 

function. 

Step 4: Convert the MOILP model into its equivalent single objective one using 

the aggregation function, the resulting model being 

 max  (17) 

s.t.  (18) 

  (19) 

 (20) 

 (21) 

where  denotes the feasible region of the equivalent crisp model (P2 or P3). 

In addition,   indicates the minimum satisfaction degree of the two objective 

functions, meaning that . Furthermore,  denotes decision 

makers’ preference (relative importance) for the lth objective function, and  

represents the compensation coefficient. The parameter  allows adjustments to be 

made between the minimum satisfaction degree and the weighted sum of the 

satisfaction degrees ( ) (see Torabi and Hassini (2008) for more details). 
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Step 5: Specify the relative importance of each fuzzy objective function ( ) and 

the value of the compensation coefficient ( ) for solving the single objective integer 

linear programming model. If the decision maker is satisfied with this current solution, 

then the process can stop and it can be selected as the optimization solution. Otherwise, 

seek a new efficient solution by altering values of parameters  and  and go back 

to step 4. 

The process of the proposed approach to obtain optimal risk response solutions is 

illustrated in Fig. 2. 

<Insert Fig. 2> 

6. Case study  

In this section, an actual industrial plant project, which was implemented by a Chinese 

international contractor, is applied to illustrate the solution process of the proposed 

model using the fuzzy interactive approach. The industrial plant projects are concerned 

with building or modifying factories that produce or process chemicals, food, etc. (van 

der Velde and van Donk, 2002). These kinds of projects have unique characteristics, 

which include two separate but interdependent sub-projects. The former sub-project 

refers to the production process aspects, which involve a series of specialties related to 

industrial equipment and machinery. The latter sub-project refers to the construction 

aspects (Sun and Zhang, 2011; van der Velde and van Donk, 2002). Industrial plant 

projects are often regarded as complex and large-scaled, and involve a high degree of 

risks. Moreover, the market that is related to industrial projects is one of the most 

important business areas for international construction enterprises based on the 
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statistics of ENR (ENR, 2018, 2019). Therefore, the industrial plant project is 

appropriate to be used to illustrate the applicability of the proposed model. Firstly, key 

risk events in international construction projects were identified from previous research 

(Dikmen et al., 2007; Ling and Hoang, 2010; Liu et al., 2016; Subramanyan et al., 2012). 

Then, questionnaires were sent to the project management team members to obtain data 

concerning the risk events, their probabilities, and impact on the case project, with 

respondents comprising a project manager and four experts with sufficient knowledge 

and experience of international construction project risk management. Among them, 

one has experiences of around 15 years, and others have experiences of around 10 years. 

The number of experts is also comparable to previous studies devoted to developing 

risk management methods in international projects such as Bu-Qammaz et al. (2009), 

Liu et al. (2017), and Dandage et al. (2019). A total of 28 risk events that appertain 

specially to this project were identified as listed in Table III. The team members were 

asked to evaluate the probabilities and impacts involved and represent them initially 

with crisp numbers on a five-point scale (1-5). The crisp numbers were then converted 

into fuzzy numbers as shown in Table IV. In this case study, the fuzzy variable 

  is defined as:  ,  ,  , 

, where  equals to the crisp number of the initial assessed probability 

or impact, and  represents the degree of uncertainty and is analyzed and determined 

by the project management team.   

<Insert Table III> 

<Insert Table IV> 
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To deal with the risk events, 23 feasible response strategies were developed based 

on the knowledge of the project management team and previous related studies (Fang 

et al., 2013; Ling and Hoang, 2010; Loo et al., 2013), as shown in Table V. The cost of 

each risk response strategy was also evaluated and denoted by a trapezoidal fuzzy 

number as indicated in Table V.  

<Insert Table V> 

The effects of the risk response strategies were measured by the project 

management team. These are listed in Table VI, where “M” means that a response 

strategy can affect the magnitude of the impact of risk events, “P” means that the 

implementation of a response strategy can reduce the probability of risk events, and the 

probabilities and impacts of risk events after the implementation of the risk response 

strategies are represented by trapezoidal fuzzy variables. 

<Insert Table VI> 

The Lingo 11.0 software is applied to solve the model. The equivalent crisp model 

(P2) is solved with confidence levels equal to 0 to obtain the solution that corresponds 

with the risk-seeking project manager, and solved with confidence levels equal to 0.5 

to generate the solution corresponding to the risk-neutral PM. Additionally, the 

equivalent crisp model (P3) with  is solved, and the final solution of risk-averse 

PMs is obtained. These solutions are shown in Table VII for different weights ( ) of 

each objective function (see the second column of Table VII). It should be noted that 

the compensation coefficient ( ) in each numerical test is set to 0.3. Moreover, the 
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number of decision variables in each model solved is 28, which is the same as the 

number of risk events. 

The results listed in Table VII can be used by PMs with different risk preferences 

to select the optimal trade-off between the two objectives. For example, PMs could use 

these results to select unique optimal solutions for different risk response budgets. If a 

risk-seeking PM has a risk response budget that is no more than $300,000, the solution 

with the first objective function’s importance weight ( ) equaling 0.4 can be selected,  

as shown in Table VII. Then, the expected losses of risk events could be reduced to 

169.20, and the PM may invest an actual cost of $300,000. This model’s solution is 

 ,  ,  ,  ,  ,  ,  ,  , 

, ,  and other variables equal to 1, suggesting that the PM 

can choose the optimal set of risk response strategies { , , , , , , 

 ,  ,  ,  ,  ,  }. If the risk response budget is increased from 

$300,000 to $350,000, then the PM could select the solution with  equaling 0.7, as 

indicated in Table VII. Conversely, these generated results can also be used by PMs to 

identify the least cost of implementing risk response strategies to achieve an acceptable 

level of risk loss.  

<Insert Table VII> 

6.1 Sensitivity analysis 

Sensitivity analysis is conducted to explore the effect of the confidence levels (risk 

preference coefficients) on the mitigation ratio of expected losses of risk events after 

implementing the risk response strategies and total cost of risk response. Fig. 3 shows 
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the sensitivity of the second objective function values (i.e., total risk response cost) 

and the mitigation ratio of expected losses to confidence levels when  is equal to 

0.5. The mitigation ratio of expected losses is determined by , where  

represents the expected losses of the risk events minimization objective function value, 

and  represents the expected losses before the implementation of the risk response 

strategies. 

<Insert Fig. 3> 

As shown in Fig. 3, the analysis results indicate that the PM with a greater risk 

aversion (a greater ) tends to have a higher expected loss mitigation ratio, and a 

higher value of the total cost minimization objective function. Thus, a more risk-averse 

PM pursues lower risk losses, and prefers to invest more in dealing with the risk events 

in risk response strategy selection; in contrast, a more risk-seeking PM is tolerant of 

losses from risk events and prefers to invest less in dealing with such risk events. This 

result also confirms the significant influence of risk preferences on risk-based 

decisions in project management (Awwad, 2015; Chen et al., 2015; Han et al., 2005), 

and it is evident that the proposed model is suitable for generating a set of optimal risk 

response strategies that correspond with the PM’s risk preference level. Moreover, the 

results of the sensitivity analysis indicate that risk response decision behaviors are 

different because of the PMs’ various risk preferences, and the important role played 

by risk preference in the process of project management decision-making should be 

emphasized. Hence, contractors should be clearly aware of their own risk preference 
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levels before making risk-based decisions in the global market, and pay attention to 

such factor as aspirations, values, and risk culture, which determine risk preferences. 

7. Conclusions  

This paper develops a quantitative risk response strategy selection decision method that 

reflects risk preferences in international construction projects. A novel CFCCMOP 

model is formulated and a fuzzy interactive method is applied to obtain its solution. An 

actual international industrial plant project is used to illustrate the applicability of the 

proposed model. The sensitivity analysis of the proposed model highlights the influence 

of risk preferences on risk response decisions, indicating that a more risk-averse PM 

seeks a higher expected loss mitigation ratio and prefers to invest more in risk response.  

The theoretical contributions of the research are (1) in proposing an CFCCP model 

for risk response strategy selection that reflects risk preferences in international 

construction projects, which is an advancement on previous studies overlooking 

differences in risk preferences and assuming all PMs have the same decision-making 

process; and (2) adopting FST to represent risk-related parameters. Most previous risk 

response models used crisp numbers to represent such parameters, but risks cannot be 

evaluated precisely during the decision-making process. This research uses the fuzzy 

technique to handle the uncertainties in risk response decisions.   

The research also has the following practical implications: (1) the current 

international construction market is more dynamic and uncertain than before due to the 

increasing number of major public emergencies and natural hazards, this research 

provides international contractors with an efficient decision-making technique to select 
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optimal risk response strategies and develop an appropriate risk response budget, and it 

will assist contractors to minimize risk losses and enhance the project performance in 

the international market; (2) the results highlight the importance of international 

contractors being aware of their own risk preference levels and the need to be sensitive 

to the factors that determine risk preferences. 

8. Limitations and future research  

This study is limited by assuming that risk can be accurately assessed and measured by 

its probability and impact, while, along with the current external environment 

continuously changing, project management teams encounter an increasing number of 

unexpected events that are difficult to predict and assess. Hence, a decision method that 

can cope with rare and unexpected risk events needs to be used for project risk responses, 

and future studies would benefit from developing an integrated project risk response 

approach that combines the optimization model and methods for coping with situations 

of low predictability. A further assumption is that risk events negatively influence 

project objectives and the positive aspect of risk events is overlooked: hence, future 

studies need to consider the selection of response strategies when the risk impacts are 

positive. The interdependent nature of risk events is also not reflected in the proposed 

model. This is because the focus is on risk preferences and their impact on risk response 

strategy selection decisions. Previous studies associated with interdependent risks have 

used crisp values widely to represent risks (and their dependence strengths) for 

simplicity (Fang et al., 2013; Zhang, 2016). Incorporating risk interdependencies into 

this fuzzy model will therefore significantly increase complexity. Finally, the existence 
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of cognitive bias ensures that decision-making will sometimes deviate from rationality 

in reality. Hence, such factors as the personality and emotional state of PMs that result 

in cognitive bias also need to be considered when developing risk response decision 

methods in the future.  
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Fig. 1. A framework of decision-making process in risk response strategies selection 
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Develop a fuzzy multi-objective 
optimization model
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fuzzy model into its  equivalent crisp ones

Convert the multi-objective model into the single-
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with different risk preference coefficients
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Fig. 2. The process of the proposed approach to obtain optimal risk response solutions 

This author accepted manuscript is deposited under a Creative Commons Attribution Non-commercial 4.0 International (CC BY-NC) licence. 
This means that anyone may distribute, adapt, and build upon the work for non-commercial purposes, subject to full attribution.  

If you wish to use this manuscript for commercial purposes, please contact permissions@emerald.com.



 

36 
 

 
Fig. 3. The sensitivity of total risk response cost and the mitigation ratio of expected losses to  

 when  =0.5 
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Table Ⅰ. Studies on risk response strategies selection with adopting optimal model approach 

Authors Objective functions Constraints 
Advantages of the model or 
main contributions 

Ben-David 
and Raz 
(2001) 

Minimize the sum of the 
expected costs of risks 
and the costs of risk 
response strategies 

None  For the first time 
demonstrate the practicality 
of the optimal model to 
deal with risk response 
strategies selection 

Fang et al. 
(2013) 

Minimize expected 
financial loss 

Budget  Account for risk 
interactions by using design 
structure matrix 

Nik et al. 
(2011) 

Minimize expected time 
loss, cost loss and 
quality loss 

Budget and 
relationships 
among strategies 

Formulating a multi-
objective model with 
considering project key 
success criteria  

Zhang and 
Fan (2014) 

Maximize total risk 
response effects 

Budget, schedule, 
quality and 
relationships 
among strategies  

Integrate project cost, 
schedule, quality and 
making trade-offs among 
them simultaneously 

Zhang 
(2016) 

Maximize the expected 
utility of the project 
manager  

Budget Analyze the effect of risk 
interdependence on risk 
response  

Zuo and 
Zhang 
(2018) 

Minimize the sum of 
The total risk cost and 
crashing costs 

Time, cost and 
relationships 
among strategies 

Consider both primary risks 
and secondary risks 
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Table Ⅱ. Parameters and variable for this model 
Description  

Sets and indices 

  set of risk response strategies, indexed by   

  set of risk events, indexed by  
Parameters 

  the probability of risk event  

 the magnitude of impact of risk event j 
  the probability of risk event  after implementing strategy   

  the magnitude of impact of risk event  after implementing response  

   the cost of risk response strategy  
Variable 
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Table Ⅲ. Risk event list 

Risk group Category Code Risk event name 

Country 
level 

Macroeconomic risk  Fluctuation in currency exchange rates 
 Inflation 

Host government-related risk  Revolution, war or riots 
Legal risk  Inadequate legal framework 

 Changes in laws or regulations 
Market 
level 

Resource price fluctuation  Labor price fluctuation 
 Material price fluctuation 

Project 
level 

Contract problems 
 

Unclear contract clauses and 
conditions 

 Difficulty in dispute resolution 
 Unclear work scope 

Adverse site conditions  Natural catastrophes 
 Uncertainty in subsurface conditions 
 Lack of infrastructure 

Project specification and standard 
problems 

 Different construction standards 
 Different measurement systems 
 Unclear specifications 

Design problems  Poor design 
Design changes  Change in design 
Lags in cash flow  Delay in clients’ payment 

 Low advance payment 
Incompetency of other project 
participants 

 Default by subcontractors 
 Default by suppliers 
 Delay in approval 

Adverse relationship among 
project participants 

 
Conflicts with project stakeholders 

Client’s incompetency  Uncertain attitude of clients 
 Financial failures of clients 

Contractor’s lack of experience 
 

Inexperience in the host country 
market 

Project complexity  Lack of proper construction techniques 
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Table Ⅳ. The probability and magnitude of impact of risk events  
Risk  
code 

Probability Magnitude of impact 

 (3.45, 3.85, 4.65, 5.05) (2.90, 3.20, 3.80, 4.10) 

 (3.05, 3.40, 4.10, 4.45) (3.30, 3.65, 4.35, 4.70) 

 (2.40, 2.70, 3.30, 3.60) (3.90, 4.20, 4.80, 5.10) 

 (1.60, 1.80, 2.20, 2.40) (3.30, 3.65, 4.35, 4.70) 

 (2.25, 2.50, 3.00, 3.25) (3.40, 3.70, 4.30, 4.60) 

 (2.15, 2.45, 3.05, 3.35) (2.95, 3.35, 4.15, 4.55) 

 (2.80, 3.15, 3.85, 4.20) (2.95, 3.35, 4.15, 4.55) 

 (2.30, 2.65, 3.35, 3.70) (3.30, 3.65, 4.35, 4.70) 

 (3.20, 3.60, 4.40, 4.80) (2.95, 3.35, 4.15, 4.55) 

 (1.45, 1.60, 1.90, 2.05) (3.55, 3.90, 4.60, 4.95) 

 (1.20, 1.35, 1.65, 1.80) (3.30, 3.65, 4.35, 4.70) 

 (1.50, 1.75, 2.25, 2.50) (2.95, 3.35, 4.15, 4.55) 

 (3.45, 3.85, 4.65, 5.05) (3.50, 3.75, 4.25, 4.50) 

 (3.30, 3.65, 4.35, 4.70) (2.90, 3.20, 3.80, 4.10) 

 (3.05, 3.40, 4.10, 4.45) (2.40, 2.70, 3.30, 3.60) 

 (2.25, 2.50, 3.00, 3.25) (2.95, 3.35, 4.15, 4.55) 

 (2.00, 2.25, 2.75, 3.00) (3.30, 3.65, 4.35 ,4.70) 

 (3.45, 3.85, 4.65, 5.05) (3.30, 3.65, 4.35, 4.70) 

 (3.20, 3.60, 4.40, 4.80) (3.20, 3.60, 4.40, 4.80) 

 (1.85, 2.05, 2.45, 2.65) (2.95, 3.35, 4.15, 4.55) 

 (2.25, 2.50, 3.00, 3.25) (3.65, 3.95, 4.55, 4.85) 

 (2.00, 2.25, 2.75, 3.00) (3.55, 3.90, 4.60, 4.95) 

 (3.15, 3.45, 4.05, 4.35) (2.95, 3.35 ,4.15, 4.55) 

 (2.25, 2.50, 3.00, 3.25) (3.05, 3.40, 4.10, 4.45) 

 (2.15, 2.45, 3.05, 3.35) (3.40, 3.70. 4.30, 4.60) 

 (3.05, 3.40, 4.10, 4.45) (3.30, 3.65, 4.35, 4.70) 

 (2.65, 2.95, 3.55, 3.85) (3.20, 3.60, 4.40, 4.80) 

 (1.60, 1.80, 2.20, 2.40) (3.30, 3.65, 4.35, 4.70) 
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Table Ⅴ. Risk response strategies list 
Strategy 
code  

Risk response strategy  Cost (1,000 USD) 

 Adopting a stable settlement currency (59, 67, 83, 91) 

 Including fluctuation clause in the contract (51, 58, 72, 79) 

 Purchasing political insurance (82, 91, 109, 118) 

 Employing local law experts (74, 82, 98, 106) 

 Including a proper risk allocation scheme  (16, 18, 22, 24) 

 Including a clear definition by contract update (8, 9, 11, 12) 

 Updating dispute resolution clauses and acquainting with ADR 
processes 

(45, 50, 60, 65) 

 Carrying out a survey of natural condition in detail (41, 45.5, 54.5, 59) 

 Formulating a proper transportation plan (37, 41, 49, 53) 

 Trying to adopt familiar standards and measurement systems (47, 51, 59, 63) 

 Including clear definitions of specifications  (24, 27, 33, 36) 

 Carrying out an analysis of the design document in detail and 
pointing out design faults to the client 

(30, 32.5, 37.5, 40) 

 Adding flexibility in the contract during negotiation (32, 36, 44, 48) 
 Requesting the client to increase interest paid for delay in 

payment  
(22, 23.5, 26.5, 28) 

 Requesting the client to increase advance payment percentage  (13, 14, 16, 17) 
 Signing a fixed price contract with subcontractors and defining 

the work scope clearly  
(49, 52, 58, 61) 

 Signing a clear supply contract (29, 32, 38, 41) 
 Considering time for approval when formulating the workflow (8, 9, 11, 12) 
 Involving project stakeholders early and cultivating a friendly 

environment  
(14, 14.5, 15.5, 16) 

 Carrying out a survey of the client’s intension in detail  (13, 14, 16, 17) 
 Analyzing the client’s financial situation and requesting the 

client to issue an payment guarantee 
(8, 9, 11, 12) 

 Employing local staffs (87, 96, 114, 123) 
 Training related techniques (79, 87, 103, 111) 
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Table VI. Effects of risk response strategies 

Strategy code The type of effects Risk event Effect value 

 M  (1.30, 1.40, 1.60, 1.70) 

 M  (2.30, 2.55, 3.05, 3.30) 

 M  (2.40, 2.60, 3.00, 3.20) 

 M  (1.55, 1.70, 2.00, 2.15) 

M  (1.40, 1.55, 1.85, 2.00) 

 M  (1.90, 2.15, 2.65, 2.90) 

M  (2.20, 2.40, 2.80, 3.00) 

M  (0.90, 1.05, 1.35, 1.50) 

 P  (1.70, 1.80, 2.00, 2.10) 

P  (1.10, 1.25, 1.55, 1.70) 

 P  (2.40, 2.60, 3.00, 3.20) 

 M  (2.20, 2.50, 3.10, 3.40) 

 M  (1.90, 1.95, 2.05, 2.10) 

 M  (1.60, 1.70, 1.90 ,2.00) 

M  (1.80, 1.90, 2.10, 2.20) 

 P  (1.25, 1.30, 1.40, 1.45) 

 M  (1.35, 1.50, 1.80, 1.95) 

 P  (2.65, 2.95, 3.55, 3.85) 

 P  (1.90, 2.05, 2.35, 2.50) 

M  (2.35, 2.55, 2.95, 3.15) 

 P  (1.75, 1.90, 2.20, 2.35) 

M  (1.65, 1.80, 2.10, 2.25) 

 P  (1.85, 1.95, 2.15, 2.25) 

 P  (1.60, 1.70, 1.90, 2.00) 

 M  (2.20, 2.30, 2.50, 2.60) 

 P  (1.95, 2.00,2.10,2.15) 

 M  (2.95, 3.10, 3.40, 3.55) 

 M  (2.55, 2.65, 2.85, 2.95) 

 M  (1.40, 1.60, 2.00, 2.20) 

 M  (1.55, 1.80, 2.30, 2.55) 
Note: M means that a response strategy can affect the magnitude of impact of risk events; and 
P means that the implementation of a response strategy can reduce the probability of risk event 
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Table VII. Summary results corresponded to PMs with different risk preferences 

Confidence 
levels( ) 

1st objective 
function’ 
importance 
( ) 

Objective function 
values 

Set of risk response strategies 

 (1,000 
USD) 

0(risk-
seeking) 

0.9 152.30 543.00 { , , , , , , , , , , , , , , , , 
, } 

0.8 161.04 391.00 { , , , , , , , , , , , , , } 

0.7 164.65 346.00 { , , , , , , , , , , , } 

0.6 167.53 319.00 { , , , , , , , , , , , } 

0.5 168.29 314.00 { , , , , , , , , , , , , } 

0.4 169.20 300.00 { , , , , , , , , , , , } 

0.3 170.17 287.00 { , , , , , , , , , , } 

0.2 177.47 213.00 { , , , , , , , , ,  
 0.1 195.96 75.00 { , , , ,  

0.5(risk-
neutral) 

0.9 184.95 587.50 { , , , , , , , , , , , , , , , , 
, } 

0.8 194.18 447.50 { , , , , , , , , , , , , , , } 
0.5-0.7 204.40 344.50 { , , , , , , , , , , , , } 
0.3-0.4 205.87 330.50 { , , , , , , , , , , , } 
0.2 216.45 234.00 { , , , , , , , , , } 

 0.1 240.44 82.50 { , , , , , } 

1(risk-
averse) 

0.9 303.58 681.00 { , , , , , , , , , , , , , , , } 
0.8 321.44 527.00 { , , , , , , , , , , , , , } 
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0.7 333.56 436.00 { , , , , , , , , , , , , } 
0.4-0.6 336.02 421.00 { , , , , , , , , , , , , } 
0.2-0.3 348.14 330.00 { , , , , , , , , , , , } 

 0.1 240.44 82.50 { ,  ,  , } 
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