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Abstract 

In developing countries, the construction industry has been one of the hardest hit by the COVID-19 pandemic. The impact of the pandemic has created a whole new set of risks, causing workforce-related issues, supply chain disruptions, and legal and contractual implications. This research aims to identify and quantitatively analyse COVID-19 emerging risks in the construction industry of Iraq. A mixed method approach was used for data collection and analysis, including a focus group session to identify COVID-19 emerging risks, a survey to rate the identified risks, and the development of a fuzzy-based risk assessment model to analyse the level of riskiness of the identified risks. Results indicate that the most critical COVID-19 risks are (1) contract suspension, (2) contractor bankruptcy, (3) materials price escalation, (4) construction contract claims, (5) inappropriate risk allocation, (6) non-compliance with social distancing guidelines, (7) skills shortage, and (8) poor site and virtual communication. This paper contributes to the body of knowledge by providing academics and industry practitioners with a more comprehensive understanding of the risks arising from the COVID-19 pandemic. Moreover, this paper presents a novel model for analysing risks related to extreme conditions, such as the COVID-19 pandemic and future pandemics.
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1. Introduction 
The construction industry plays a vital role in the development and growth of economies around the world. It not only generates significant employment and income, but also drives demand for a wide range of goods and services, such as steel, cement, and machinery, which in turn supports other sectors of the economy (Sierra 2021). One of the key characteristics of the construction industry is its size and scale. It is a global industry, with a presence in virtually every country and region of the world. The construction industry employs approximately 7% of the total world's workforce and accounts for 13% of the global GDP (Gross Domestic Product) (Deloitte 2017). These figures are expected to continue growing in the coming years, with estimates suggesting that annual construction-related expenditures could reach $15 trillion worldwide by 2025 (Shahbazi 2019). The construction industry also plays a vital role in meeting the needs of a growing and urbanizing global population. With the world's population expected to reach nearly 10 billion by 2050 (United Nations 2019), there will be a need for significant investment in new housing, commercial, and infrastructure projects to support this growth.
       The coronavirus, or COVID-19, is a highly infectious respiratory disease caused by the SARS-COV-2 virus (Pamidimukkala and Kermanshachi 2021). The COVID-19 pandemic has had a profound impact on the global economy, leading to widespread disruptions and declines in various industries. Like many other industries, the construction sector has been affected by the COVID-19 pandemic in a number of ways. The construction industry has experienced a significant reduction in employment opportunities (Alsharef et al. 2021), an increase in material prices (King et al. 2021), delays in contractor payments (Agyekum et al. 2021), disruptions in supply chains (Khalfan and Ismail 2020), a decline in demand for construction-related projects (King et al. 2021), and an increase in construction disputes (Salami et al. 2021). These impacts have had a significant impact on the industry and have presented challenges for construction companies and workers. 
        In light of the above, the COVID-19 pandemic has had a detrimental effect on the construction industry worldwide. However, the construction markets in developing countries are more susceptible to the effects of the pandemic and its emerging risks due to the following reasons:
a) Compared to developed countries, the developing world appears to be facing higher—mortality rates (Gill and Schellekens 2021). The high number of positive COVID-19 cases and deaths that have occurred in developing countries as a result of poor health systems, lack of public health awareness, and non-compliance with global guidelines of wearing facemasks, hand sanitizing, and social distancing have resulted in a significant shortage of skilled construction workers (Amoah and Simpeh 2021; Chigara and Moyo 2021). 
b) Unlike other 21st century outbreaks (e.g., SARS1,  MERS2, or H1N1pdm09), the COVID-19 pandemic is unprecedented in terms of its impact on the construction industry worldwide and in particular on developing countries (Casady and Baxter 2020). In fact, the adverse impact of the COVID-19 pandemic on construction projects in developing countries was reported by several studies to have similar characteristics and behaviors leading to changes in laws, business closures, suspension and termination of construction contracts, and associated challenges experienced by construction stakeholders (Agyekum et al. 2021; Olatunde et al. 2021). Moreover, the effect of the pandemic on developing countries caused significant challenges to the labor market that outweighed the effects of the Great Recession (OECD 2020). Among the challenges workers face are not receiving their due wages from their employers, losing their jobs, being unable to access new employment opportunities, and not having adequate social protection (Walter 2020).
c) The construction industry in developing countries may be hindered by a lack of resources and preparedness to operate projects during the COVID-19 pandemic. This lack of readiness may result in increased delays and disruptions within the sector. Furthermore, these countries may be more susceptible to economic consequences of the pandemic, which could potentially result in reduced demand for construction projects and further financial losses for the industry.
To this end, the direct and indirect impact of the pandemic has created a whole new set of risks and uncertainties, causing supply chain disruptions, workforce-related issues, and contractual, legal and operational implications (Assaad and El-adaway 2021). All these factors are interconnected and have created a chain of delays, cost overrun and loss of productivity (Sierra 2021). As a result, it is imperative to assess the level of impact of COVID-19 emerging risks on the construction industry in general and on developing countries in specific. Only a few studies have examined the impact of COVID-19 on the construction industry (see e.g., Khalfan and Ismail 2020; Agyekum et al. 2021; Alsharef  et al. 2021; Rehman et al. 2021; Sierra 2021; Amoah and Simpeh 2021; Chigara and Moyo 2021; Olukolajo et al. 2021; Nguyen et al. 2021 ; Kukoyi et al. 2021; Olanrewaju et al. 2022; Elnaggar and Elhegazy 2022 and others). None of the previous efforts have identified and quantitatively analysed the significant risks arising from the COVID-19 pandemic. To this end, this study aims to fill this gap in the literature by providing a comprehensive analysis of the emerging risks faced by the construction industry in developing countries during the pandemic by surveying construction practitioners working in Iraq. The associated objectives are to (1) identify and categorize the risk factors arising from the COVID-19 pandemic, and (2) quantify their level of riskiness using fuzzy sets theory.
          This study provides construction practitioners and academic scholars with a comprehensive understanding of the key risks that affect the successful implementation and delivery of construction projects during the COVID-19 pandemic. It is expected that with this understanding, decision-makers will be able to identify and implement appropriate risk response strategies, thereby improving the performance of risk management practices in developing countries.
          The reminder of the paper is organized as follows. Section 2 presents an overview of the identified knowledge gap and the Iraqi construction industry. Section 3 describes the research methodology employed. Section 4 presents the results and analysis. Section 5 discusses the key COVID-19 risks identified. Finally, in Section 6, the research conclusions, implications, and limitations are outlined.
2. Background 

2.1   Previous studies and knowledge gap Identification 
[bookmark: _Hlk122969626]In most previous studies, scholars have attempted to understand the impact of COVID-19 pandemic on the construction industry by identifying the industry dimensions that are prone to risks. These dimensions include contractual/legal implications, supply chain operations, construction financial market, and the health and safety of the construction workforce. For instance, Alsharef et al. (2021) identified material delivery delays, shortages of materials, permitting delays, lower productivity rates, cash flow issues, project suspensions, price escalations, and potential conflicts and disputes as major risks facing the U.S. construction industry. Khalfan and Ismail (2020) found that construction companies in Bahrain experienced project delays, salary payment challenges, the need to adopt new modes of work, shortages of supplies and materials, the shift to online platforms, financial difficulties, absent employees, reduced efficiency, restricted site access, and a lack of new projects due to the pandemic. In addition, Sierra (2021) reported that contractors in the UK construction industry faced challenges with the instability of the supply chain and subcontractors, uncertainty surrounding the evolution of the pandemic, and workforce availability and legal exposures. Rehman et al. (2021) found that material and equipment shortages, travel restrictions, delayed permits and work approvals, and health and safety concerns were the main causes of schedule delays and cost overruns in the UAE construction industry. Stiles et al. (2020) emphasized the importance of integrating COVID-19 safety measures into the UK construction industry's risk management system. Agyekum et al. (2021) identified cost increases for construction materials, payment delays, and a decrease in work progression rate as major challenges for the Ghanaian construction industry. Another example is the work of Amoah and Simpeh (2021) who identified non-compliance with social distancing rules, reliance on public transportation, shared tools and equipment, and a lack of personal protective equipment as challenges to implementing COVID-19 safety measures in South Africa's construction sites. A further study, conducted by Chigara and Moyo (2021) who surveyed the Zimbabwean construction professionals to assess the factors affecting optimal health and safety during the pandemic. Olukolajo et al. (2021) surveyed construction site workers in Nigeria to evaluate compliance with COVID-19 protocols. Nguyen et al. (2021) investigated the impact of the pandemic on construction activities in Vietnam. Kukoyi et al. (2021) surveyed construction organizations in Nigeria to assess the risk control systems and challenges of implementing safety measures on construction sites. Furthermore, Olanrewaju et al. (2022) used a questionnaire survey and structural equation modeling to model the environmental, economic, and social impacts of the pandemic on the construction industries in Nigeria, Ghana, and South Africa. Finally, Elnaggar and Elhegazy (2022) evaluated the cost impact of the pandemic on the Egyptian construction industry, considering factors such as manpower, plant and machinery, and materials. While previous research has provided great of knowledge about the impact of the COVID-19 pandemic on the construction industry globally, there remains a gap in the literature regarding the identification and analysis of significant COVID-19 emerging risks for the construction industry in developing countries. Thus, this study addresses the knowledge gap by considering the context of the Iraqi construction industry.

2.2    The construction industry of Iraq
The construction industry in Iraq is a crucial contributor to the country's development, infrastructure, and economy. The construction industry in Iraq plays a critical role in the development and modernization of the country's infrastructure, including the construction of roads, bridges, airports, and other transportation systems, which have been necessary due to the significant damage to infrastructure during the Iraq War and previous sanctions (World Bank 2018). It is also an essential contributor to addressing the housing shortage in Iraq and providing safe and adequate housing for the population. In addition, the construction industry can contribute to the social and cultural development of Iraq by building schools, hospitals, cultural centers, and other facilities that enhance the quality of life for the population. 
        Furthermore, the construction industry in Iraq is significant in terms of its economic impact. The sector provides employment for a large number of people and generates significant revenue for the country. According to the Iraq Labour Force Survey (ILFS) the construction industry in Iraq employs 16.3% of the Iraqi workforce, making it the main branch of economic activity in Iraq (ILFS 2021). In addition, the construction of new infrastructure and buildings can have a positive impact on the overall economic development of the country by improving connectivity and increasing the efficiency of transportation and communication systems. This can lead to increased economic activity and growth, as businesses and individuals are able to more easily access markets, resources, and opportunities.
In this research, the focus was made on Iraq for the following reasons:
a) Iraq is a major economic power in the West Asia and North Africa regions, due to its position as the fifth largest oil producer in the world and the second largest in Organisation of the Petroleum Exporting Countries (OPEC) (Al-Mhdawi et al. 2022); 
b) Iraq's government is heavily investing in its infrastructure and has taken legislative measures to attract foreign contractors to perform work within the country;
c) The Iraqi output value of the construction industry is anticipated to present an annual growth rate at a compound  rate of annual growth of 15.75% during (2019-2023) (Market Research Iraq 2021). The industry is consequently expected to rise from a value of US$9.2 billion in 2018 to US$19.2 billion in 2023 (Research and Marker 2021). Between 2003 and 2014, more than US$220 billion was spent on construction and reconstruction efforts following the armed conflict in 2003.
Despite the economic position of the country and the increased number of construction and reconstruction efforts, the construction industry in Iraq has always been plagued with risks and weak outcomes (Al-Mhdawi et al. 2020). This is due to the following: 
a) Iraqi contracting companies find a big number of challenges to mitigate risks in an environment characterized by poor suppliers, unskilled workforce, logistics difficulties, poor risk management practices (Al-Mhdawi 2020; Al-Mhdawi et al. 2020), and a lack of expertise in using modern technologies for managing construction projects (Bekr 2015). Moreover, the industry suffers from poor safety management practices (Buniya et al. 2020). The accident rate in the Iraqi construction industry in 2018 was 38% of overall industrial accidents (Buniya et al. 2021), which made it one of the most hazardous industries in Iraq.
b) The lack of clarity regarding construction regulations and standards, leading to the utilization of substandard materials and poor construction practices
c) The absence of a proper legal framework in the construction industry in Iraq has made it difficult to resolve disputes and protect the rights of contractors and other stakeholders in a number of ways. For example, there may be no clear guidelines or regulations in place to govern the construction process, leading to misunderstandings and conflicts between contractors, clients, and other stakeholders. Additionally, the lack of a legal framework may make it difficult to enforce contracts or hold parties accountable for their actions, leading to delays and increased costs. This can also create a level of uncertainty and risk for companies operating in the construction industry, which may discourage investment and hinder the development and growth of the industry.
d) The volatile security and political conditions posed an enormous challenge to Iraqi civilians, the Iraqi economy, and construction and reconstruction efforts (Matsunaga 2019). For instance, poor security profile in Iraq, limited private sector engagement, including foreign direct investment, leading to many projects being selected opportunistically.
e) [bookmark: _Hlk122732800]Iraq’s current economic context is characterized by extreme dependence on oil production. However, the fluctuation of oil prices in the global market has a direct impact on industries in Iraq. For instance, the collapse of oil prices in 2020 caused significant economic challenges, particularly to the construction industry.  In April 2020, the oil prices had fallen by 70% compared to the start of the year, which severely impacted Iraq’s government revenues. As reported in the latest issue of the Iraq Economic Monitor published by the World Bank (World Bank 2020), the Iraqi government revenues fell by 47.5% in the first 8 months of 2020. Declining oil prices in the global market caused a direct effect on the stability of the construction industry in Iraq (Abdulhussein and Shibaani 2016).
In addition to these challenges, the impact of the COVID-19 pandemic on Iraq has increased the level of challenges. In fact, a considerable number of Iraqi construction companies are suffering losses and encountering challenges resulting from both direct and indirect effects of the COVID-19 pandemic, which negatively affects their short-term and long-term sustainable development (OECD 2020). Further, according to preliminary statistics provided by the International Organization for Migration, the COVID-19 impact has resulted in a 52% reduction in employment and a 68% reduction in production in the construction sector in Iraq (IOM 2020). 
           To this end, Iraq's construction industry represents the unique nature of the impact of the COVID-19 pandemic and its emerging risks on the construction industry across a variety of developing countries experiencing similar challenges and sharing similar characteristics pre and during the COVID-19 pandemic.  

3. Research methodology
[bookmark: _Hlk66380569]A mixed method approach was adopted in this research for data collection and analysis as presented in Figure 1. This research employs a combination of deductive and inductive reasoning during the investigation process, creating a continuous cycle of reasoning from observations to theories and back to observations. This research depends heavily on the deductive approach, which focuses on the connection between theory and research. The deductive approach involves examining certain theories in order to apply them to specific issues that may result in improved practices (Collis and Hussey 2014). It was used to determine the effects of COVID-19 risks on the construction industry in Iraq. Additionally, the inductive approach, which involves discovering patterns through observations and creating hypotheses (Bernard, 2011), was utilized to comprehend the nature of the issue being studied by providing a concise focus point on the context of the study regarding COVID-19 risks for construction projects in Iraq.
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Figure 1. Adopted research methodology
The following subsections provide details regarding each phase.
Phase One: COVID-19 risks identificaon and classificiaon  
Risk identificiaon 
[bookmark: _Hlk75339937][bookmark: _Hlk76642211]Few studies have examined the impact of the COVID-19 pandemic and its emerging risks on the construction industry. The current literature, however, is insufficient to identify the significant COVID-19 risks. To this end, a focus group session with several construction experts in Iraq was carried out to identify the COVID-19 emerging risks. Focus groups denote a type of group interview that takes advantage of communication between research participants for data generation. The method aims to seek data from a select few individuals as opposed to a sample that statistically denotes a larger population (Nyumba et al. 2018). Even though group interviews are typically utilized as a fast and efficacious approach to gathering information from many people simultaneously, focus groups incorporate the use of group interaction (Brewer et al. 2012). Notably, the reason behind creating a group involving research participants is that the group must be able to accommodate a reasonable discussion without making it so large that it prevents the participation of certain members (Creswell and Creswell 2017). As such, detailed viewpoints of all informants could be utilized with the appropriate number of participants in a given group. To this end, we selected this method of data collection due to the limited amount of international and local (Iraq context) research on COVID-19 risks in the construction field. In addition, this method can be utilized to explore and uncover a deeper understanding of phenomena or scenarios (Breen 2006). Focus groups usually require small groups of participants, of about 6 to 12 people per group (Harthi 2015). In this research, one focus group session was conducted with 11 experts working in the Iraqi construction industry in order to: (1) identify and classify a list of COVID-19 emerging risks for the construction industry; (2) investigate the need to capture new analysis criteria when analysing construction risks during extreme conditions; (3) identify the decision components for each analysis criterion; and (4) validate the COVID-19 risk assessment model’s outputs and highlight their importance. For the selection of participants, we adopted a judgmental or authoritative sampling method where participants were selected based on their extensive experience with the topic under investigation (Creswell and Creswell 2017).  Understanding the impact of the pandemic and its emerging risks on construction projects is a difficult matter. Therefore, it is critical that specialists from various professional levels and backgrounds participate in the focus group session. Thus, we approached project managers, main contractors, and architects. Another criterion for selection is that the participants must have extensive expertise in the construction industry in Iraq. Table 1 presents the profiles of the participants. The focus group participants were contacted and invited to participate through social media, email, and phone. During the focus group session, the authors read the consent form (which had been approved by the University of Southampton) to the participants and obtained their consent to participate. The participants were also asked for their consent to have the session recorded. Following the participants' agreement to have the session recorded, the focus group session took place, lasting for two hours. Upon completion, transcripts were translated from the local language (Arabic) to English. During the session, the key COVID-19 risks were discussed in-depth. Thereafter, a comprehensive and validated list of COVID19 risks and their classification was developed. Ultimately, the focus group outputs were analysed manually using the content assessment method. In content assessment, the main facets and valid inferences from verbal, written or communication messages, are examined either quantitatively or qualitatively are determined (Krippendorff 2013). During this process, key factors were highlighted and sorted in a coherent fashion. The focus group sessions were recorded, those records were reviewed again, and further decisive factors being identified. 

      Table 1. Profiles of Focus Group Participants
	Number
of Group Participants
	Construction Role
	Range of Experience 
	Education Level

	
	
	
	Dip
	BSc
	MSc
	PhD

	3
	Contractors
	17-21
	0
	2
	0
	0

	6
	Project managers
	14-23
	0
	2
	1
	1

	2
	Architects
	9-15
	1
	1
	0
	0



Risk classification  
Risk classification is a crucial aspect of identifying risks in construction projects, as it helps to create a structured and comprehensive process for identifying and combining various risk factors. This can enhance the overall effectiveness and quality of risk identification processes and assist the project team in organizing the many potential risks that may arise during the project. Pre-COVID-19, risks in construction projects were often classified into categories based on factors such as their level of control, technicality, and impact (see e.g., Pejiman 2012; Renuka et al. 2014; El Khalek et al. 2016, and others). The plethora of existing pre-COVID-19 risk classifications indicate that (1) there is no standard method for classification of risk; (2) current classification themes do not cover all types of risk; (3) current classification themes do not take into account the source of risks and their level of exposure. In light of the limitations mentioned above, the lack of previous research on emerging risks associated with COVID-19, and the unique nature of these risks, the authors developed and validated a classification of risks based on their unique source during the focus group meeting with Iraqi construction experts.
           It is noteworthy that, while studies on risk classification prior to the COVID-19 pandemic were not directly applicable, they were still useful in understanding the relevance of each risk under a specific theme, which helped to improve the quality of the adopted source-based COVID-19 risk classification.
Phase two: development of a multi-criteria risk assessment model 
[bookmark: _Hlk76642152]Risk matrices are described by Cox (2008) as a method for estimating the degree of risk by taking into account the probability of the risk occurrence and its consequences. Risk matrices' popularity is attributed to their visual appearance, simplicity, and ease of use, which are said to facilitate the decision-making process. The use of risk matrices is also recommended by a number of international standards (see, e.g., ISO 31000:2009 and NIST800-30: 2012 and others) and are widely used among scholars in different engineering and construction sectors to analyse project risks (see, e.g., Qazi et al. 2021; Kassem et al. 2019 and others). 
         To this end, experts who participated in the focus group session were also asked to: (1) evaluate the effectiveness of using the risk matrices; (2) investigate the need to capture new assessment criterion when analysing construction risks during extreme conditions such as COVID-19 pandemic; (3) identify the decision components for each assessment criterion; and (4) establish the conditional statements between the components of each assessment criterion and between the assessment criteria.
[bookmark: _Hlk86656492]          Ultimately, a new risk assessment criterion/dimension was added to the probability and impact (PI) matrix. The new criterion is called the organization’s Readiness Level (RL). The new dimension measures the organization RL in terms of the availability of resources and expertise. In this research, the components of the RL assessment criteria are (1) available expertise (AE), this includes assessor's level of technical experience in design, construction and project management, their contractual, legal, and financial experience, and their health and safety; (2) the company’s level of contingencies (CLC). The components of the risk probability of occurrence depend on (1) organization LR; (2) political and security factors (PSF); and (3) out of control factors (OCF) (e.g., adverse weather conditions, pandemics, etc.). Finally, the components of the risk impact are (1) impact on project cost (IPC); (2) impact on project time (IPT); and impact on project quality (IPQ). 
          In contrast to the PI model, the proposed risk assessment model is called the Risk Probability, Impact, and Readiness (R-PIR) model. Equation 1 defines the relationship between the assessment criteria.
                                                                               R= RL* LP*LI                                                                              (1)
Where R=risk; RL= readiness level; PL= probability level; and IL= impact level.
Phase three: COVID-19 risk rating
The identified risks and assessment criteria derived from the focus group session were used to develop the survey. Data collection efforts are discussed in detail in the following subsections:
Survey development 
[bookmark: _Hlk94899136][bookmark: _Hlk95967896]Upon identifying the COVID-19 risks affecting construction projects, we administrated a survey to construction experts in Iraq to quantify the characteristics of each COVID-19 risk. The developed survey allowed the respondents to rate each of the COVID-19 risks in terms of the components of the assessment criteria, i.e., AE and CLC (for the organization level of readiness), PSF and OCF (for the probability of risk occurrence), and IPC, IPT, and IPC (for risk impact on project set objectives)
[bookmark: _Hlk95968017]         In this research, we adopted a five-point Likert's quintet scale (1: very low (V.L)) to (5: very high (V.H)) for the assessment of the assessment criteria. Moreover, the survey included questions related to the respondents' (1) construction role, (2) working construction sector, (3) years of construction experience, and (4) educational qualifications. 
Survey administration  
The developed survey was sent to the targeted Iraqi construction experts, including project managers, architects, contractors, and safety engineers. The respondents targeted in this research were construction professionals (1) working in the Iraqi construction industry; (2) members of various professional bodies in Iraq; (3) have at least five years of experience in the construction industry. To this end, we administrated the survey to 450 construction experts, 213 of whom actually returned the survey. Of the 213 responses, 19 were not completed. As such, the study only considered 194 responses for further analysis, reflecting a response rate of 64.67%. The results and analysis section provides a more detailed discussion on the respondents' profiles. 
Phase four: analysis and validation of the COVID-19 pandemic risks 
[bookmark: _Hlk86657108]           In the construction industry, experts input form an important role in the risk management process, from risk planning, identification, assessment to risk response and monitoring and controlling. Despite automated techniques that aid in the speedy processing of large amounts of data, the entire process is carried out by experts. Their perspectives, engineering expertise, and experience provide a wealth of information for the entire risk management process. However, in many situations, the data on which the decision-making process is based might be incomplete and/or unreliable. The importance of Fuzzy Sets Theory (FST) comes when decision-makers have to make decisions with uncertain, ambiguous, vagueness data. FST is a mathematical approach introduced by Zadeh (1965) to deal with information or data that is too complex or ill-defined to be processed in a conventional algorithm. The key advantage of fuzzy sets in comparison with the classical set theory is its capability to capture the vagueness of concepts (Gunduz et al. 2015) due to uncertainty and human subjectivity (Al-Mhdawi 2020). One of the essential advantages of using fuzzy logic when analysing risks is that the whole process leads to creating a control system that can reduce risks efficiently and effectively. Furthermore, fuzzy logic applications for risk assessment can minimize the subjectivity to an acceptable level. This happens when using qualitative data as an input; subjectivity creates relations and dependencies between inputs data and risk assessment in which it can be better controlled. In the context of this research, the high levels of uncertainties associated with the COVID-19 pandemic impact adversely the effectiveness of the decision-making process. Accordingly, we used FST to analyse COVID-risks due to its ability to provide a robust mathematical framework for capturing uncertainties related to (1) poorly defined data; (2) lack of information; and/or (3) conflicting of experts’ opinions.
           In this research, we used four fuzzy controllers. The first controller estimates the organization level of readiness depending on its components i.e., AE and CLC. The second controller estimates the level of COVID-19 risks probability of occurrence depending on RL, PSF and OCF. The third controller estimates the level of impact of COVID-19 risks depending on IPC, IPT and IPQ. Finally, the fourth controller (the main controller) estimates the overall level of riskiness of each COVID-19 risk factor depending on the main assessment criteria i.e., RL, PL, and I.L
[bookmark: _Hlk95384173][bookmark: _Hlk95384129]           In each controller, the risk assessment criteria and their components were fuzzified using a set of membership functions. The fuzzy inputs were evaluated in the fuzzy inference engine to determine the estimated level of each assessment criteria and the overall level of riskiness of each COVID-19 risk, using a well-defined rule base consisting of conditional statements and fuzzy logic operations. After that, the fuzzy conclusion was defuzzified to obtain a fuzzy risk number (F-RN). The Fuzzy Linguistic assessment model was developed using MATLAB® (Version 2019b). The architecture of the proposed COVID-19 risk assessment model depends on three modules i.e., fuzzy system Input/output interference module and knowledge base module. The main processes associated with the model developed are fuzzification, fuzzy inference system, and defuzzification. The authors, given the length limitations of the paper, focused only on highlighting the key aspects of each process as follows: 
1. For fuzzification, Input and output variables were represented using triangular membership functions. We used triangular membership functions due to its simplicity, effectiveness in capturing subjective and imprecise information, ease of defining the input range, and ease of performing arithmetic calculations.
2. For fuzzy inference system, Mamdani’s fuzzy inference system (MFIS) was used to assess the output variable. We used MFIS due to its (1) widespread usage in the literature, (2) intuitive nature, and (3) suitability for subjective inputs.
3. For defuzzification process, we used the centroid of area method, which is a widely used method of defuzzification to reflect the viewpoint of the experts. 
A five-point Likert scale is used to define the inputs and outputs of the assessment model. (Low (V.L) to Very High (V.H)). To this end, five membership functions were established for the assessment components, criteria, and output variables as presented in Figure 2.
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                           Figure 2. Functions for all linguistic variables (i.e., for inputs and outputs)
To develop IF-THEN rules, interviews were conducted with experts who had experience using fuzzy sets theory in the construction industry and a strong engineering background in managing projects under extreme conditions. The minimum requirement for fuzzy IF-THEN panel sample size to achieve consensus among experts is four, as recommended by Al-Mhdawi et al. (2022). Accordingly, we conducted five interviews with Iraqi construction managers and one risk management professor to develop a list of fuzzy IF-THEN statements for measuring the risk level of emerging COVID-19 risks.
To achieve consensus among experts, four rounds were necessary. Table 2 presents the profiles of the fuzzy panel.
      Table 2. Profiles of fuzzy experts
	Number of Participants in the Fuzzy Panel
	Construction Role
	Range of Experience
	Education Level

	
	
	
	BSc
	MSc
	PhD

	5
	Project managers
	15-24
	3
	1
	0

	1
	Risk management academic
	21
	0
	0
	1



[bookmark: _Hlk95384110]At the end, 350 rules were developed for the model. 25 rules for RL estimation, and 125 rules for COVID-19 PL, IL and riskiness level estimation, respectively. Figure 3 present examples of the developed rules for RL, LP, L.I and COVID-19 riskiness level, respectively.  Upon completion of the analysis, the results were validated with participants in a follow-up focus group session. We chose this validation method, due to the lack of supporting literature regarding the impact of each COVID-19 emerging risk on construction projects.  It is important to mention that the participants in the focus group sessions did not participate in the survey. 


[image: Table
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Figure 3. Examples of the developed model's IF-THEN rules
4. Results and analysis 
4.1   Identified and Classification COVID-19 Risks
Using a focus group session with 11 construction practitioners in Iraq, we identified 46 COVID-19 emerging risks. The identified risks were classified into five themes based on the source of risks, as illustrated in Table 3.
[bookmark: _Hlk95968310]
                                                           Table 3. Identified COVID-19 risks
	Classification
	Covid-19 risks

	Contractual/Legal Implications
	C01. Lack of clarity in the contract language

	
	C02. Claims arising under a construction contract

	
	C03. Change of law

	
	C04. Inappropriate risk allocation

	
	C05. Contract suspension

	
	C06. Contract termination

	Construction Financial Market
	C07. Increase in insurance rates

	
	C08. Increase in tax rate

	
	C09. Fluctuations in exchange rates for currency

	
	C10. Escalation in prices of materials

	
	C11. Escalation in prices of equipment

	
	C12. Reduction in wages for labor

	
	C13. Lack of financial flexibility for local government

	
	C14. Bankruptcy of contractors

	
	C15. Delays in payments

	
	C16. Bankruptcy of suppliers

	Supply Chain Operations
	C17. Scarcity of manpower

	
	C18. Lack of construction contractors

	
	C19. Skills shortage

	
	C20. Machine failure

	
	C21. Damage to materials due to prolonged storage and poor storage on construction sites

	
	C22. Shortage of construction materials

	
	C23. Delays in material delivery

	
	C24. Cargo theft

	
	C25. Monopolization of construction materials

	Health and Safety of the Construction Workforce
	C26. Non-compliance with social distancing guidelines

	
	C27. Increased subsidy rates

	
	C28. Psychological stress

	
	C29. Poorly ventilated spaces

	
	C30. Delays caused by workforce self-isolating

	
	C31. Virus spreading due to poor hygiene and lack of sanitizing stations

	
	C32. Virus spreading in the commonly used or high traffic construction area

	
	C33. Lack of cleanliness and sterilization of commonly used surfaces, tools, and workstations by  
         construction workers

	
	C34. Contracting or spreading the virus when traveling to work

	
	C35. Contracting or spreading the virus in changing showers, and toilets facilities

	
	C36. Contracting or spreading the virus during site meetings and training

	
	C37. Lack of face masks or coverings

	
	C38. Re-using face masks or covering

	Organizational Implications
	C39. Delays caused by confusion arising out of the status or effect of government guidance

	
	C40. Delayed due to Municipalities' prolonged procedures and routine

	
	C41. Delayed work inspection and approval

	
	C42. Poor site and virtual communication

	
	C43. Restricted site access

	
	C44. Delayed contractor mobilization to the site

	
	C45. Delay of work progress and reporting

	
	C46. Delayed design submission


4.2    Profile of Survey Respondents   
[bookmark: _Hlk81121040]Working Sector. As mentioned before, a total of 194 survey responses from construction experts in Iraq were considered for analysis. The latter is equivalent to a response rate of 64.67%, which is considered high compared to previous relevant studies (see e.g., Yates 2014; Tabish and Jha 2018 and others). The distribution of respondents between the public and private sectors was as follows: public (state) sector, 69%; and private sector 31%. 
Construction Role. The survey respondents had different construction roles in the Iraqi construction industry, including consultants (13%), contractors (44%), project managers (32%), safety engineers (11%). With such a variety of respondents' construction roles, the views and opinions of experts captured the impact of COVID-19 pandemic risks on the Iraqi construction industry.
Range of Experience. The majority of survey respondents (approximately 69%) had experience in the Iraqi construction industry of more than 15 years. The distribution of the respondents’ range of experience was as follows: 1-5 years, 3%; 6-15 years; 28%; 16-25 years, 38%; and over 25 years; 31%.  Ultimately, with such a diverse variety of experience, the collected responses can be considered a good representative of the Iraqi construction industry. 
Educational Qualifications. The survey respondents held different educational qualifications, including diplomas (8%), bachelor’s degree (72%), master’s degree (15%), and doctorate degree (5%).
Figures 4 to 7 provide detailed information about the respondents' profile in terms of construction role, experience, and education qualification in the Iraqi construction industry.


                                                
        Figure 4. Participants’ working sector                                            Figure 5. Participants’ construction role                                     
                                                                       
      Figure 6. Participants’ years of experience                                          Figure 7. Participants’ educational 
                                                                                                                                     qualifications                                             

4.3   COVID-19 risk assessment under the fuzzy environment
As mentioned in Phase Four of the research methodology, the architecture of the proposed risk assessment model consisted of four fuzzy controllers. The inputs for the first controller were AE, CLC, and RL and the output variable was RL. For the second controller, the input variables were RL, OCF and PSF and the output variable was PL. For the third controller, the input variables were IPC, IPT, and IPQ and the output variable was IL. Lastly, for the fourth controller, the input variables were RL, PL, and IL and the output variable was the riskiness level for COVID-19 risks. The fuzzy controllers were designed using the IF-THEN rules presented in Figure 3. In addition, Figure 8 illustrates the architecture of the proposed risk assessment model.  The correlation between fuzzy controllers' inputs and output variables was presented as three-dimensional mapping via Fuzzy logic Surface Viewer. The graphical display of dependencies for each controller included two inputs and one output, as shown in Figures 9 to 12.  For instance, Figure 12 illustrates the riskiness surface for the developed model. COVID-19 riskiness on construction projects increases as color intensity increases.
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Figure 8. The proposed risk assessment model.
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              Figure 9. Probability Level Surface                                             Figure 10.  Impact level Surface
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    Figure11. Readiness Level Surface                                      Figure 12. COVID-19 risks Riskiness Level Surface

4.4   COVID-19 Risk Assessment 
Upon developing the proposed model, we used the mean values of AE, CLC, PSF, OCF, IPC, IPT, and IPQ as inputs (crisp values) to the model as presented in columns 2 to 8 in Table 4 below. The mean values of inputs were (1) fuzzified using triangular membership functions (2) processed conditionally using IF-THEN rules as presented in Figure 3; (3) controlled using a Mamdani-type inference system, and defuzzified using the center of area method. Ultimately, the riskiness level of each COVID-19 risk factor which is represented by F-RN and its rank was generated for all the risk factors as presented in columns 9 and 10 in Table 4.
Table 4.  Risk level of each COVID-19 risk factor
	[bookmark: _Hlk95968452]Risk ID
	Probability Level
(Mean values)
	Impact Level
(Mean values)
	Readiness Level (Mean values)
	Fuzzy Risk Number (F-RN) 
	Rank

	
	 PSF
	OCF
	IPC
	IPT
	IPQ
	AE
	CLC
	
	

	
	
	
	
	
	
	
	
	
	

	C01
	0.42
	0.56
	0.64
	0.33
	0.29
	0.23
	0.16
	[bookmark: _Hlk95386685]0.6617
	9

	C02 
	0.85
	0.65
	0.53
	0.41
	0.74
	0.30
	0.26
	[bookmark: _Hlk95386574]0.7350
	4

	C03
	0.72
	0.63
	0.23
	0.52
	0.16
	0.28
	0.31
	[bookmark: _Hlk95386779]0.5302
	38

	C04
	0.71
	0.59
	0.48
	0.67
	0.69
	0.16
	0.13
	0.6966
	5

	C05
	0.62
	0.81
	0.78
	0.94
	0.63
	0.22
	0.25
	0.8104
	1

	C06
	0.63
	0.76
	0.38
	0.95
	0.32
	0.34
	0.27
	[bookmark: _Hlk95386737]0.5983
	25

	C07
	0.73
	0.89
	0.68
	0.39
	0.56
	0.47
	0.32
	0.6346
	16

	C08
	0.46
	0.69
	0.72
	0.41
	0.62
	0.26
	0.32
	0.6471
	13

	C09
	0.64
	0.72
	0.24
	0.46
	0.14
	0.18
	0.15
	0.6353
	17

	C10
	0.48
	0.68
	0.78
	0.84
	0.55
	0.39
	0.22
	0.7520
	3

	C11
	0.74
	0.48
	0.35
	0.69
	0.26
	0.20
	0.25
	0.6587
	10

	C12
	0.63
	0.57
	0.72
	0.69
	0.62
	0.39
	0.48
	0.6165
	22

	[bookmark: _Hlk95390724]C13
	0.69
	0.58
	0.34
	0.51
	0.39
	0.37
	0.41
	0.5223
	40

	C14
	0.58
	0.73
	0.69
	0.78
	0.53
	0.21
	0.23
	0.8098
	2

	C15
	0.54
	0.76
	0.46
	0.71
	0.34
	0.35
	0.43
	0.6020
	24

	C16
	0.17
	0.75
	0.64
	0.47
	0.24
	0.30
	0.43
	0.4751
	42

	C17
	0.47
	0.63
	0.18
	0.75
	0.53
	0.32
	0.54
	0.5631
	34

	C18
	0.11
	0.45
	0.59
	0.74
	0.24
	0.36
	0.23
	0.5507
	36

	C19
	0.44
	0.63
	0.36
	0.74
	0.38
	0.26
	0.22
	0.6681
	7

	C20
	0.12
	0.74
	0.15
	0.58
	0.40
	0.54
	0.36
	0.3912
	46

	C21
	0.52
	0.63
	0.42
	0.72
	0.84
	0.47
	0.44
	0.5938
	27

	C22
	0.58
	0.68
	0.46
	0.51
	0.42
	0.34
	0.27
	0.5263
	39

	C23
	0.61
	0.74
	0.38
	0.85
	0.28
	0.23
	0.30
	0.6038
	23

	C24
	0.55
	0.47
	0.78
	0.73
	0.15
	0.42
	0.38
	0.5651
	33

	C25
	0.43
	0.58
	0.52
	0.66
	0.28
	0.42
	0.25
	0.5598
	35

	C26
	0.49
	0.68
	0.37
	0.63
	0.51
	0.14
	0.21
	0.6755
	6

	C27
	0.68
	0.33
	0.37
	0.62
	0.21
	0.13
	0.18
	0.6504
	11

	C28
	0.58
	0.76
	0.61
	0.30
	0.32
	0.43
	0.39
	0.5918
	29

	· C29
	0.21
	0.17
	0.47
	0.56
	0.33
	0.29
	0.32
	0.5817
	31

	C30
	0.18
	0.39
	0.33
	0.78
	0.15
	0.32
	0.28
	0.5183
	41

	C31
	0.13
	0.32
	0.24
	0.54
	0.19
	0.26
	0.23
	0.6439
	14

	C32
	0.11
	0.43
	0.56
	0.62
	0.14
	0.39
	0.35
	0.4017
	45

	C33
	0.15
	0.24
	0.43
	0.58
	0.16
	0.27
	0.21
	0.6279
	19

	C34
	0.12
	0.54
	0.48
	0.65
	0.33
	0.14
	0.10
	0.6433
	15

	C35
	0.24
	0.58
	0.36
	0.58
	0.20
	0.28
	0.41
	0.4680
	43

	[bookmark: _Hlk95399129]C36
	0.22
	0.47
	0.59
	0.64
	0.24
	0.33
	0.26
	0.5506
	37

	C37
	0.33
	0.41
	0.45
	0.72
	0.37
	0.35
	0.48
	0.6218
	20

	C38
	0.30
	0.29
	0.53
	0.68
	0.31
	0.42
	0.34
	0.5822
	30

	C39
	0.34
	0.81
	0.38
	0.58
	0.14
	0.22
	0.19
	0.6319
	18

	C40
	0.53
	0.43
	0.22
	0.51
	0.17
	0.13
	0.24
	0.6489
	12

	C41
	0.42
	0.57
	0.35
	0.44
	0.26
	0.21
	0.28
	0.6172
	21

	C42
	0.13
	0.84
	0.67
	0.64
	0.44
	0.24
	0.29
	0.6677
	8

	C43
	0.61
	0.76
	0.56
	0.21
	0.48
	0.40
	0.55
	0.4561
	44

	C44
	0.49
	0.76
	0.31
	0.57
	0.39
	0.25
	0.36
	0.5927
	28

	[bookmark: _Hlk95401027]C45
	0.56
	0.49
	0.41
	0.53
	0.20
	0.34
	0.18
	0.5654
	32

	C46
	0.42
	0.58
	0.32
	0.49
	0.13
	0.29
	0.26
	0.5951
	26



5. Discussion of research findings 
This section discusses the top eight risks arising from the COVID-19 pandemic in the construction industry depending on the findings of the developed assessment model. As mentioned in Phase Four of the research methodology, findings were further discussed with the focus group session’s experts to highlight their significance.  
Contract Suspension     
Contract suspension (C05) refers to temporary cessation of performance. In the context of Iraq, there are no specific construction regulations regarding health pandemics in the ICC and ICCCEW. In fact, a construction contract may be suspended under certain circumstances such as adverse weather conditions, national holidays, civil wars, military operations, radiation hazards, and revolutions. (ICCCEW 1981). 
The following quotes reflect the impression of many of the focus group session participants:
The suspension of contractual obligations by any party affected by the COVID-19 pandemic was treated as an unexpected event that is beyond the parties' reasonable control, which allowed for work stoppages and time extensions [...]. For loss and expense, a contractor who suspends a contract under ICC and ICCCEW is not entitled to financial compensation from the owner, and the contractor must bear the entire cost and risk. 
This explains the results of this research, in which C05 was found to be one of the main risks facing the construction industry in Iraq (ranked first).
Contractor Bankruptcy  
In the construction industry, there is typically a delay between the time the work is performed and the time that the payment is received. The majority of contracts provide for stage payments in arrears, resulting in the supply chain having substantial work in progress until the payments are received. Businesses may suffer from cash flow issues as a result of a lag in monetary recovery, because they are required to wait up to 90 days or more for their invoices to be paid. To this end, late payments by the client, and supply chain distribution due to extreme conditions and are the most significant causes of contractor’s insolvency, which may ultimately lead to bankruptcy for the contracting company. As a result of the emergency financial crisis resulting from the COVID-19 pandemic, construction companies have been unable to find sufficient workforce, materials, and equipment to continue their progress based on the planned activities and the project finish date (Assaad and El-adaway 2021) which potentially led and continues to lead many contracting companies to file for bankruptcy (Strickland 2020). In the context of Iraq, for example, the Iraqi Contract Conditions for Civil Engineering Works (ICCCEW 1987) stated that during crises contractors are only entitled to time extensions without providing cost reimbursements which may also contribute to contracting companies’ bankruptcy.  Further, one of the focus group participants, who is a contractor in the private sector, highlighted the adverse impact of contractor bankruptcy (C14) in Iraq during COVID-19 pandemic on the construction market:  
The most bankruptcies during the COVID-19 era in Iraq were recorded for small and new contracting companies. This led to a scarcity of small construction companies, resulting in a void in the market that cannot be filled by large contractors […]. I believe the government should revise their policy and plan during periods of extreme conditions to provide financial support to small and new construction companies. 
This explains the results of this research, in which C14 was found to be one of the main risks facing the Iraqi construction industry during the COVID-19 pandemic (ranked second).
Materials Prices Escalation 
Materials price escalation (C10) refers to a persistent rise in the prices of the materials used in construction.  C10 is caused by a variety of factors, including inflation, supply and demand, politics, macroeconomics, and extreme conditions.  
Construction materials typically increase in price each year due to inflation (a problem that contractors faced even prior to the pandemic). Inflation associated with the pandemic, however, has been very different and has played a significant role in the increase of construction costs. Iraq's construction industry heavily relies on foreign construction materials. As COVID-19 is a global pandemic, international factories that manufacture construction materials have experienced production delays. Thus, the supply of construction materials in Iraq dramatically decreased, and what was left became much more expensive. 
The following quotes reflect the impression of many of the focus group session participants:
The Iraqi supply chain was disrupted by the volatile global market, creating an increase in material costs largely linked to copper, aluminum, and other products, pushing prices out of reach across most industries. 
This explains the results of this research, in which C10 was found to be one of the main risks facing the Iraqi construction industry during the COVID-19 pandemic (ranked third).
Construction Contract Claims
C02 refers to the extent of integration of special construction terms into the contractual conditions to address health-related pandemics. Globally, the COVID-19 pandemic continues to affect construction projects, leading to an increase in construction claims. Compared to developed countries, where vaccine roll-out is faster, contractors in developing countries anticipate that Covid-19 will continue to affect their projects and that the recovery of the industry will take longer than it does in developed countries (Olatunde et al. 2021). 
One of the focus group session participants, who is an experienced project manager, had this to say:
Iraq has introduced economic support measures in the majority of its major markets. However, no economic support has been provided to Iraq's construction sector […]. Despite the fact that contracting companies are covered by insurance schemes in most countries, the insurance mechanism for contracting companies in Iraq is inadequate, resulting in many claims […]. Even though some claims arising from delays related to Covid have been settled, we are still lacking clarity from courts and arbitral institutions regarding how these disputes will be resolved.
This explains the results of this research, in which C02 was identified as one of the major risks facing the construction industry in Iraq (ranked fourth).

Non-compliance with Social Distancing Guidelines 
Complying with social distancing is one of the best practices to reduce the spread of the virus in the construction industry (Assaad and El-adaway 2021). Due to the rapid spread of COVID-19 virus worldwide and the extremely low vaccination rate in the Iraq, the Iraqi central government has placed a great deal of emphasis on social distancing. 
According to the participants in the focus group session, the vast majority of Iraqi construction workers do not adhere to the recommendations of COVID-19 regarding maintaining social distance and wearing personal protective equipment. On the other hand, experts stressed the importance of establishing onsite health and safety management that specializes in COVID-19 testing and implementing social distancing procedures, as well as ensuring that proper construction safety measures are in place to control the spread of the COVID-19 virus. 
        This explains the findings of this study, in which C26 was found to be one of the main risk factors affecting construction worker health and safety (ranked sixth).
Skills Shortage
Skills shortage (C19) refers to the state of the workforce at the market or project level. In developing countries, the shortage of skilled workers has posed a significant challenge to the construction industry during the COVID-19 pandemic (Olatunde et al. 2021).  Most of the participants in the focus group indicated that the severe impact of COVID-19 on industries in general, and construction in particular, has contributed to a shortage of skilled workers in Iraq. Additionally, experts have identified several secondary factors that may contribute to this shortage, including (1) an increased retirement rate, (2) work-related injuries, and (3) unstable wages. This explains the results of this research, in which C19 was found to be one of the main risks facing the construction industry in Iraq (ranked seventh).
Poor Site and Virtual Communication
Several studies have identified poor communication practices as one of the major causes of project delays in the construction industry (Ruqaishi and Bashir 2015; Seddeeq 2019; Abdul Nabi and El-adaway 2021). During COVID-19 era, the shift to video conferencing for regular meetings has been one of the most significant changes in the form of communication for industries (Encinas et al. 2021). However, this shift has been countered by many challenges, particularly in the context of developing countries like Iraq. 
One of the focus group session participants, who is an experienced project manager, had this to say:
The inaccessibility of the internet, particularly at remote locations, is one of the primary obstacles to effective communication within project teams. 
Furthermore, one of the focus group session’s participants highlighted the following:  
Digital channels are less interpersonal and more difficult to engage the project team compared to site meetings. 
This explains the results of this study, in which C42 was found to be one of the main risk factors impacting project performance (ranked eighth).
6. Conclusion 
This research proposes a novel risk assessment model for construction projects under extreme conditions by considering the construction industry of Iraq during the COVID-19 pandemic. We : (1) identified and classification the risk factors arising from the COVID-19 pandemic in the construction industry; and (2) quantified their level of riskiness in terms of their probability of occurrence, impact on project set objectives, and organization's level of readiness. First, a focus group session with 11 construction practitioners in Iraq was carried out to identify a list of COVID-19 risks for the construction industry. Second, a multi-criteria risk assessment model based on FST was established depending on experts’ recommendations. Third, a survey was distributed to and answered by 194 construction professionals to quantify the PL, IL and the RL and their components (i.e., PSF, OCF, IPC, IPT, IPQ, AE, and CLC) for each identified risk factor. Finally, the identified COVID-19 risks were analysed using the developed model and validated by experts in a follow up focus group session. Ultimately, we identified a total of 46 risks classification under five themes as illustrated in Table 3.
The results showed that the following eight risks were common factors affecting construction project objectives during COVID-19 era: (1) contract suspension; (2) contractor bankruptcy; (3) materials prices escalation; (4) construction contract claims; (5) inappropriate risk allocation; (6) non-compliance with social distancing guidelines; (7) skills shortage; and (8) poor site and virtual communication.
6.1   Methodological Implications 
Previous research on COVID-19 and the construction industry has employed different tools to capture the negative impact on project objectives like agent-based modeling (Araya 2021), and discrete-event simulation (Afkhamiaghd and Elwakil 2020). This research proposed a new risk assessment model that considered the available expertise, company’s level of contingencies, political and security factors, out of control factors, and the impact on the project, time, cost, and quality. In addition, the proposed model was applied under the fuzzy environment with the aim of formalizing and dealing with human knowledge and uncertainties during decision-making processes (Al-Mhdawi 2020; Muhammad and Madhav 2016).
[bookmark: _Hlk86657623]6.2    Theoretical and Practical Implications 
[bookmark: _Hlk122908895]The results of this study will provide construction decision-makers and academics with a better understanding of the key risks associated with the COVID-19 pandemic. In addition, this paper presents a novel model for analysing extreme conditions’ risks related to COVID-19 pandemic and further pandemics. Ultimately, the outcomes of this research would enhance the risk management effectiveness in the construction industry of developing countries and minimize project losses by capturing the role of organization's level of readiness and considering the components of assessment criteria which are much needed when projects are subjected to high levels of uncertainties during extreme conditions. 
[bookmark: _Hlk80495894]6.3    Research Limitation 
Despite its value, this study has some limitations. First, this research relies on expert judgment through focus group sessions and questionnaire surveys. Other methods, such as project-based case studies, should be considered to complement the results. Second, we identified only 46 risks that were classified under five main construction themes. Other risks emerging from the COVID-19 pandemic should be identified and classified under the study existing themes or under new construction themes. Third, the survey was distributed to construction experts working in three major cities in Iraq: Baghdad, Basra, and Babylon. These cities involve the majority of the construction activities and foreign direct investment. Furthermore, they are considered relatively safe compared to other cities located in the central and southern regions of Iraq. However, cities located in the north of Iraq, such as those in the Kurdistan region, were not included in our survey due to accessibility issues. Finally, not all the stakeholder’s groups were involved in the COVID-19 risk identification and assessment. Other stakeholders such as suppliers and end-users should be invited to conduct follow up studies.
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