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Policymakers are continually facing new challenges that are exacerbated by the lack of dedicated analysis of how macroeconomic changes affect particular industries. One of the most current examples of this is the effect that Brexit will have on the British construction industry. This paper addresses the issue by deploying a new risk-based approach that utilizes the triangulation concept across risk impact, risk manageability, and the combination of those two factors. The novelty of this framework lies in the use of Fuzzy Theory to appraise the effect of a significant phenomenon when confronted with the absence of quantitative data. The research methodology adopts Fuzzy Sets Theory to assess the effect of Brexit upon the Human Resources, Currency, Trade, Funding, and Sovereignty areas of the industry to illustrate their vulnerability to time, cost, and reputation impacts. This novel approach overcomes biases by adopting Fuzzy set theory in assessing risks, and by focusing on the manageability of these risks in their external and internal environments, as opposed to the likelihood of risk occurrence. The research indicatively concluded that the areas most susceptible to Brexit are Human Resources and Currency, followed by Trade.
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INTRODUCTION

2018 marks the 10th anniversary of the most significant economic turmoil since the Great Depression. According to the Royal Institute of International Affairs (2018), the process of responding to the 2008 crisis (and the changes to the governance of the eurozone financial system in particular) took almost a decade to implement before there were signs of reliable recovery across the US and Europe.

Labeled the “Eurosceptic State” for the past couple of decades (Balch and Balabanova, 2017), the United Kingdom decided in favor of withdrawing from the European Union in the intensely publicized June 2016 referendum (Besch and Black, 2016). Following the vote, Prime Minister David Cameron resigned, while Scotland publicly confirmed the possibility of the United Kingdom (UK) breaking up, since both Scotland and Northern Ireland voted to “Remain” (Shaw, 2017).

The European Union (EU) is a political and economic coalition of 28 European countries, with roots in organizations constructed during the 1950s to further the aim of using economic integration to promote peaceful relationships between continental states (Craig and De Búrca, 2011; Kroll and Leuffen, 2016). The most important project of the EU has been the establishment of the European Economic Area (EEA), or “Single Market,” which is founded on the “four freedoms” of goods, labor, capital, and services (Doherty, 2016).

The current literature provides studies (research papers, industry studies, governmental analyses) regarding the effect of Brexit upon various themes, such as: Britain's economy (Ebell and Warren, 2016; HM Treasury, 2016a; KPMG, 2017), free movement of people/immigration (Doherty, 2016; Portes, 2016), workers' rights (Ford, 2016), the rationale behind voting patterns (Hobolt, 2016; Matti and Zhou, 2017), trade (Dhingra et al., 2016) etc. By analyzing the stock price indices for the day following the referendum, Ramiah et al. (2017) concluded that the construction and materials sector had a below-average performance and was one of the sectors that immediately experienced increased threats.

Due to the complexity of Brexit, and despite the fact that the construction industry is very susceptible to its effect (PWC, 2016; Rhodes and Wilson, 2016; Cambridge Econometrics, 2018); only a few industry papers such as: Arcadis (2016a), Gateley Plc (2016), and Shepherd and Wedderburn (2016) have explored the event's potential consequences for it.

This paper establishes an integrated risk-based approach to address this issue, and provides decision makers with a suitable means of understanding the change wrought by such a significant phenomenon in a complex, time-dependent and dynamic environment.

The definition of “construction industry” in this paper includes: (i) architecture and engineering; (ii) building construction; (iii) civil engineering; (iv) specialized services (e.g., facade engineering); (v) materials and components; (vi) plant and equipment (Lowe, 2011). The analysis will assume both that the European Union remains stable, that the UK stays unified, that the global financial market remains sound, and that a negotiated settlement is reached regarding frictionless trade across the Irish border.



RESEARCH METHODOLOGY: RISK-BASED APPROACH ON BREXIT

The choice of research methodology is informed by the approach that best addresses the research question (Bryman, 2016). Risk analysis is widely used in public policy to “objectively” inform decisions. However, there is a natural impediment associated with obtaining “accurate” risk values. This is driven by the fact that risk analysis, including the techniques used, entail subjectivity. With risk, there is uncertainty and need for judgement, and hence risk analysis retains considerable scope for inaccuracy and bias (Howarth, 2007; Koradecka et al., 2010; Boholm and Corvellec, 2011). Conducting a risk analysis to inform decisions associated with the outcomes of Brexit is no different, because the results obtained by pro-Brexit analysts are unlikely to be the same as those obtained by anti-Brexit analysts, despite both having access to the same information.

The problem is coupled to the lack of historic and forecast numerical data relating to the potential effect of Brexit. The research methodology will therefore use Fuzzy Sets Theory to qualitatively analyse the risk posed by Brexit to the construction industry in the UK.

Fuzzy Sets Theory has been widely used in addressing uncertainty in qualitative and quantitative risk analysis (Ross, 2010; Yang et al., 2011; Tongyuan et al., 2018). Due to its ability to accommodate the scarcity of numerical data, its ability to incorporate evolving data, and its comparative simplicity, the qualitative approach has been selected for this research (Coppola, 2010; Rausand, 2011). Qualitative research encompasses various distinct traditional methods (Panas and Pantouvakis, 2010), but as the researcher acts as the data collection instrument, this type of research is subject to extensive criticism regarding its rigor (Merriam, 2009).

To overcome these methodological pitfalls, this paper proposed a new risk-based framework that utilizes the triangulation concept. Triangulation refers to the use of either methods, investigator, theory, or data-source triangulation in qualitative research to embrace the quality and credibility of a qualitative analysis (Patton, 2001).

Data-source triangulation strategies were used to form the “experts' opinion,” using the criterion that an expert had successfully published their work in a peer-reviewed research paper, industry study and/or governmental analysis. The number of experts consulted was therefore guided by the ~200 critically-reviewed pieces of literature this paper used.

The method used in this paper involved reporting published expert views on Brexit's potential threats and opportunities, qualitatively assessing these risks, and then presenting their impact and level of manageability as fuzzy numbers. Because the available literature naturally adopts either a pro- or anti-Brexit stance, this paper categorized its data sources accordingly and assessed threats using the opinion of anti-Brexit commentators only. Similarly, opportunities were assessed by pro-Brexit commentators only, to ensure strong representation of relevant views. Finally, to overcome biases all assessments were maintained as fuzzy parameters. This approach was also adopted when assessing impacts against their level of manageability.

This novel framework triangulates the qualitative assessment of risk impact, risk manageability, and the combination of those two parameters. It also objectively separates risks into threats and opportunities to overcome potential overlaps in impact and manageability assessments. In order to develop an inclusive understanding of the uncertain effect of Brexit, this approach deploys fuzzy logic analysis to qualitatively represent these parameters as fuzzy numbers (Zadeh, 1975; Ross, 2010; Yang et al., 2011; Tongyuan et al., 2018).

The combined effect of the threats and opportunities is then presented in a fuzzy effect risk matrix as a plausible range of outcomes rather than as a single subjective view. Risk matrices have been in use since 1978 to determine the level of risk as a means of informing decision-making priorities (Peace, 2017). They have been widely used when the risk attributes are unknown or cannot be accurately measured (Cox and Huber, 2008).

The use of triangulation strategies in qualitative research is a well-established method of ensuring validity through the convergence of data/methods to understand a phenomena and its aftermath (Carter et al., 2014).

The research methodology, shown in Figure 1, detailed in the following subsections, will have the following steps:

1- Using existing literature, establish what areas of the construction business are most susceptible to Brexit. Then identify the threats and opportunities belonging to these areas;

2- Deploy fuzzy risk analysis to determine how substantial are the identified risks by assessing their impact and manageability;

3- Adapt a risk matrix to illustrate the fuzzy effect of Brexit across the identified areas of the construction industry;

4- Undertake sensitivity analyses using various Brexit scenarios to test the robustness of the results against changes in the risk assessment.


[image: Figure 1]
FIGURE 1. Research methodology.



Risk Identification: Areas and Their Corresponding Risks

In the construction field, when the state of knowledge is inadequate, Fellows and Liu (2015) considered qualitative methods to be a suitable methodology for locating the research parameters and context, and of providing insights into previous work (Blaxter et al., 2001).

To overcome biases in the cross-section elements of the data sample, a triangulated sampling of published datasets over a prolonged period has been used as a collection method (Barbour, 2001; Creswell, 2007). This has been achieved by acknowledging the diverse views present in over 200 critically-reviewed research papers, industry studies and governmental reports. Accordingly, this paper identifies the following set of construction business areas as being the most vulnerable to the possible effects of Brexit:

• Human Resources: concerns relating to the construction industry workforce, from a lack of available skills to qualification and salary matters (Sweet and Smith, 2017);

• Trade: involves EU and international trade and how Brexit could alter barriers and impact UK trade flows (Royal Institution of Chartered Surveyors, 2016);

• Currency: refers to Sterling fluctuations and their implications for the market (Reeves et al., 2016);

• Sovereignty: considers the legislative and administrative aspect of the event and the UK's power to influence it (Shepherd and Wedderburn, 2016);

• Funding: concentrates on EU funding aimed at the industry (Berger, 2016).

The threats and opportunities identification is based on the area identification, as they represent the principal categories of risks posed by Brexit. The risk identification will focus on each area individually and will be accompanied by relevant literature, which will support the rating process undertaken in the risk analysis.


Human Resources

Two months prior to the referendum, the construction industry experienced a decrease in activity, and 56% of firms reported skills shortages (Blackburn, 2016). The proportion of EU nationals working in the UK construction industry was around 8% in 2017 (Rolfe and Hudson-Sharp, 2016; Royal Institution of Chartered Surveyors, 2017). However, the percentage is not uniform throughout the country, with EU nationals accounting for 27% of London's total figure (Greater London Authority, 2017). This becomes important to the British construction field when considering the skills crisis that has been a problem for the past couple of decades (Dainty et al., 2004).

The skills shortage originates mainly from an old workforce, a lack of appeal to youngsters (Sweet and Smith, 2017), high false self-employment (Behling and Harvey, 2015), and low levels of training (CIOB, 2015). Sweet and Smith (2017) highlighted that 68% of current employees in the construction sector are aged 45–56 years, and so are preparing to retire in the coming years. Moreover, the industry struggles to attract new entrants, especially women, due to its bad reputation of being a “dirty profession” (Department for Business Innovation and Skills, 2016). Major contractors win tenders and pass the work to subcontractors that inevitably carry the burden of labor training without being able to afford it. Consequently, 40% of the sector is self-employed and only 57% of companies offer training (Department for Business Innovation Skills, 2013). In 2015, the number of first-year trainees in the entire industry was 14,900, in comparison to 45,000 trainees in 2005 (Sweet and Smith, 2017).

In the past 2 years the government has announced a series of infrastructure projects worth over £500 billion (including HS2, Hinkley Point C, Thames Tideway Tunnel) (All Party Parliamentary Group, 2017), while the housing sector needs to construct around 110,000 houses each year to meet the projected demand. This will require more than 400,000 employees each year to keep up with current infrastructure and housing necessities. In other words, the industry must recruit one person every 77 s, omitting any potential impact of Brexit (Arcadis, 2017).

Shepherd and Wedderburn (2016) argued that EU nationals will choose other EU countries to work in, as the UK would become a less welcoming place due to difficult visa applications and a Sterling Pound with lower value. Balfour Beatty made clear that in 2016, it only recruited 0.2% of employees from non-EU countries because the points-based sponsor license system imposes high costs and administrative complexity, and is too time consuming (Sweet and Smith, 2017). Nevertheless, Brexit could act as an incentive for the government to establish a new needs-based immigration system designed to fill all skills deficiencies in the industry (Ramiah et al., 2017).

Key industry players, such as Rogers Stirk Harbor and Partners, Barratt Developments and Crossrail, have declared that 40% of their professionals are non-British EU citizens (Mellors-Bourne et al., 2017), and that leaving the EU will therefore pose a real problem for their operations. Similarly, the Royal Institute of British Architects (RIBA) stressed that 25% of the UK's registered architects come from the EU (All Party Parliamentary Group, 2017), while Canary Wharf Group announced that a couple of buildings in the Canary Wharf project will be slowed down as a measure of protection against the effects of Brexit (Brexit Slows Wharf Construction, 2016). EU labor is also essential for small businesses, because of their substantial need of less skilled tradesmen such as bricklayers and carpenters (Farah, 2016). Reports showed that skill shortages caused an increase of around 6% in average wages in 2015 (Shepherd and Wedderburn, 2016).

On a positive note, certain opportunities such as Off-site Production (OSP), equipment investment, and lean construction techniques could counterbalance these threats by increasing productivity and lessening the labor need (Nadim and Goulding, 2010; Arcadis, 2016a,b). A growth in work productivity could decrease, to a certain extent, the number of personnel required (Mackenzie et al., 2000). Both lean techniques and Building Information Modeling (BIM) could increase efficiency, reducing the labor need and lessening the skill-shortage pressure. They are known to reduce waste in terms of materials, resources and cost (Eadie et al., 2013), to increase productivity and quality (Mossman, 2009; Poirier et al., 2015), and to decrease costs and completion times (Mossman, 2009).

Furthermore, Brexit is expected to diminish housing demand by reducing the number of immigrants coming into the UK, consequently attenuating the skill-shortage issue (Dunton, 2016). This, however, is expected to lower domestic demand levels (Berger, 2016). Despite having one of the highest fertility rates in Europe (McDonald and Moyle, 2010; Eurostat, 2017), the UK has since 1990 experienced an increased number of births by women not born in the UK, reaching 28.2% in 2016 (ONS, 2017a). Notwithstanding this, the UK's population is estimated to grow despite lower immigration levels in the next 10 years (ONS, 2017b). The complete identification outcome for this area has been compiled in Table 1, along with the corresponding literary references.


Table 1. Threats and opportunities under each area-withdrawal agreement.
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Trade

The European Union contains the European Economic Area (Single Market), of which the Customs Union is a key pillar. The Customs Union guarantees tariff-free trade between all members and dictates a common external tariff with outside states, forbidding members from signing bilateral trade agreements with non-EU countries (Malhotra, 2016). A state can be in the Customs Union (e.g., Turkey) or the EEA (e.g., Norway) without being an EU member (Bloom, 2017).

The Leave side underlined that leaving the EU would allow the UK to be independent and to trade as it pleased with the entire world (Marshall, 2016). However, this implies renegotiating new agreements with over 50 countries outside the EU, commencing negotiations with 67 other nations (HM Treasury, 2016b), setting customs regulations between Northern Ireland and Ireland, and increased difficulties when exporting from the UK to the EU (Malhotra, 2016). Besides the time-consuming nature of the exit negotiation, the UK lacks sufficient negotiators to construct international trade agreements quickly (Ghemawat, 2017) and has a Gross Domestic Product roughly a fifth of the remaining EU (HM Treasury, 2016b), weakening its bargaining position in the world. Although Liam Fox, the UK Trade Secretary, has visited 55 countries as of January 2017, the UK is discussing potential agreements with only 12 (Trommer, 2017).

Negotiations for an EU-USA agreement are currently underway (Mugarura, 2016), which would directly benefit the UK because the USA is its largest non-EU trade partner (HM Treasury, 2016b). Michael Froman, the US Trade Representative until 2017, suggested that the EU is a bigger economic power, and implicitly has more influence regarding world trade, than the UK would be on its own (Mugarura, 2016). Likewise, the Commonwealth governments advised Britain to retain EU membership (Marshall, 2016).

Studies have shown that being a member of the EU has reduced trading costs for the UK (HM Treasury, 2016b) and, without considering the effects of Brexit, the British building materials market is set to grow in value between 2015 and 2020 (Market Line, 2016). Even though it sources key materials domestically, the British construction industry imports some resources from the EU, which in 2014 accounted for 62% of the total figure (Department for Business Innovation and Skills, 2016). The construction industry by nature does not export, and only a very small percentage of British companies are involved in European projects (Berger, 2016). Accordingly, exports refer to the manufacture of construction products. Exports to the EU accounted for 59% of the total, with more than half of the UK's steel going to the EU (HM Treasury, 2016b). However, the most recent figures show that the UK has a trade deficit with the EU by importing twice as much as it exports (Department for Business Innovation and Skills, 2016). Although it is the 4th largest steel exporter in the world, British electricity prices are 1.5–2 times higher than those in France or Germany, making it difficult for the UK to be competitive. Should the currency weaken, import costs would increase and UK steel-makers may experience a demand boost at both national and international levels (Price, 2017).

Over time, British companies such as Tarmac, Blue Circle or Rugby Cement have been acquired by foreigners Lafarge and Cemex (Market Line, 2016), respectively. Brexit offers the UK the opportunity to decrease its trade deficit by supporting domestic manufacturing and exports (Startup and Wood, 2017). Although the top three products imported (electric wires, sawn wood, lamps, and fittings) do not involve basic construction materials, potential tariffs on imports could increase the cost of some production processes (Royal Institution of Chartered Surveyors, 2016). Peter Rogers, the co-founder of Lipton Rogers Developments, agreed that leaving the EU would affect the British construction industry due to its heavy reliance upon the EU for labor, materials, and trade in the Common Market (Farah, 2016).

All things considered, Brexit supporters are confident that the United Kingdom will secure a bespoke agreement with the European Union, for the sole reason that European economies, especially Belgium, Ireland, and the Netherlands (Centre for European Policy Studies, 2017), will want to avoid losing the EU's largest export market. However, the EU could provide harsh conditions of withdrawal to prevent a precedent being set (Besch and Black, 2016). The complete identification outcome for this area has been compiled in Table 1, along with the corresponding literary references.



Currency

The immediate effects of the referendum have been the loss of the UK's AAA credit rating, altered exchange rates and consequently inflation, plus the possibility of an as-yet-undetermined “divorce bill” for leaving the EU (Watts, 2017). In light of these changes, Aviva Investors and M and G Investments suspended their trading operations due to investors pulling out of the commercial property market. Large companies in the housebuilding sector like Barratt Developments, Redrow and Taylor Wimpey suffered falls in their share prices too (Macadam, 2016). Currency exchange fluctuations can affect the market share and stock price of a company, disturbing its competitive advantage (Kolhatkar and Dutta, 2013).

The 2016 devaluation of Sterling caused the biggest materials cost inflation since 2011 (Reina and Rubin, 2016). Yet, the following month, the Pound rose higher than the Euro after David Davis, UK Brexit secretary, admitted the possibility of the UK paying for access to the Single Market (Cunningham, 2016). The construction purchasing managers' indices (PMIs), which indicate the economic health of the construction sector (Kollewe, 2011), had decreased under the acceptable limit (50) prior to the referendum (HM Treasury, 2016a), proving that the uncertainty surrounding Brexit had caused a contraction of the sector. However, the sector recovered in early 2017 and is currently experiencing slow growth in activity, indicating that Brexit-related uncertainty is deferring demand (Markit/CIPS, 2018).

Depreciation of the British Pound causes price increases in imports which can force companies to raise their prices to avoid lower profit margins (Mohamed et al., 2013; Reeves et al., 2016). This presents the risk of commercial impact for companies like Saint Gobain (Farah, 2016). Although a cheaper pound improves the competitiveness of exports, it does not automatically guarantee economic growth because exporters can choose to increase their prices in order to increase their profits, so the volumes exported do not change (PWC, 2017). Alternatively, exporters can choose to sell more at the depreciated price (Reeves et al., 2016). On the other hand, a weaker currency could improve competitiveness between British firms (Reina and Rubin, 2016).

Political uncertainty can also greatly discourage investment (Frick, 2016; HM Treasury, 2016b; Centre for European Policy Studies, 2017). In 2015, the UK was the 3rd most successful country in the world regarding inflows of foreign direct investments (FDI), which generally contributed to British infrastructure (UK Trade and Investment, 2018). Unfortunately, no literature could provide the exact share of EU FDI attributable to the construction industry. A study by the London School of Economics revealed that an EU exit would lower total FDI inflows by 2.2% (HM Treasury, 2016b). On the other hand, Britain offers advantages like language, light regulation and stable capital markets, so Brexit may not necessarily decrease FDI (Royal Institution of Chartered Surveyors, 2016).

Deloitte, Bank of England and the Confederation of British Industry have attested that investment has been diminishing both before and after the referendum, especially in the private commercial and industrial sectors (Blackburn, 2016; Macadam, 2016). London is the champion of commercial property investment in Europe, but in light of recent events, 66% of real estate professionals answering a KPMG survey believed that Brexit will lessen investment rates (Mugarura, 2016). However, it has also been argued that the fall in Sterling following the referendum was helping to preserve business investment in the short-term (because it makes investing in Sterling cheaper for foreign firms), but that this effect would wear off over time (Startup and Wood, 2017).

Political uncertainty can decrease demand, especially in areas such as commercial, premium residential, industrial developments, and repair and maintenance (Arcadis, 2016b). Miguel Jurado, chairman at FCC Construcción S.A., stated that although the referendum provoked a decline in demand, the government's support for major infrastructure projects helped to counteract this effect (Reina and Rubin, 2016). The identification outcome for this area has been compiled in Table 1, along with the corresponding literary references.



Sovereignty

Small and medium-sized enterprises (SMEs) in the UK have raised concerns regarding unjustified EU regulatory burdens (“red-tape”) (Doherty, 2016) that minimize their success on the market by favoring firms with previous experience on similar projects (Shepherd and Wedderburn, 2016). Although the UK's construction industry is mainly regulated by EU law (Guimarães, 2010), Scottish procurement regulations for example exceed EU requirements, so an exit will not necessarily produce a substantial change (Shepherd and Wedderburn, 2016).

European directives mainly govern procurement, environment (European Urban Waste Water Treatment Directive, Waste Framework Directive) and health and safety law (CDM Regulations, 2007), but they are deeply embedded into national legislation (CMS Cameron McKenna LLP, 2016). To be changed, these regulations must be repealed and replaced by new British legislation (Shepherd and Wedderburn, 2016). There is a high likelihood of retaining many EU regulations due to similarities with domestic law, or due to the beneficial changes they have brought (CMS Cameron McKenna LLP, 2016; Malhotra, 2016). The EU Timber Regulation (EUTR), even though it was not fully welcomed initially, has become an example of a positive EU regulation that has gained appreciation in the past 5 years and it is now considered to be a necessary measure for the industry (Environment European Commission, 2018).

Alternatively, the UK could adjust its national law and reduce the red-tape burden (Gateley Plc, 2016). These alterations could include specific provisions to support the manufacturing and construction sector, such as stipulating the preference for using British firms (Reina and Rubin, 2016), a practice which is currently banned by the EU (Gateley Plc, 2016; Royal Institution of Chartered Surveyors, 2016). This poses the risk of reducing effective competition in the market (CMS Cameron McKenna LLP, 2016). However, Łazowski (2016) argued that if the UK opts for an exit, it would have to identify all EU regulations and their domestic supporting acts, and keep, repeal or replace them with national provisions, while carrying the costs of this onerous exercise. Nevertheless, the UK would require a battalion of administrators and law specialists.

The EU positively affected the unregulated tendering procedures in the UK by providing a framework that prevents corruption and bribery (Royal Institution of Chartered Surveyors, 2016). Also, the EU introduced the value-added tax (VAT), which contributes heavily to the UK's finances (Daly, 2016). Importantly, however, Royal Institution of Chartered Surveyors (2016) stated that a decrease to 5% VAT for the construction industry would have created 95,000 jobs and provided a benefit of £15.1bn to the UK economy between 2015 and 2020.

In case an agreement is reached, the UK might be forced to accept enhanced regulations in exchange for benefits such as Single Market access, and it may also have to comply with regulations which it cannot influence after its membership expires (Malhotra, 2016). The EU Construction Products Regulation 305/2011 governs the trade of construction products within the EU. Whilst the regulation will cease to apply to the UK after the withdrawal, all products exported to the EU must comply with the regulation, meaning that the UK will need to follow laws which it cannot negotiate or influence (HM Treasury, 2016a; Shepherd and Wedderburn, 2016). Moreover, if the UK leaves the Single Market and Customs Union, imports and exports of goods and services will require more paperwork (Hunt and Wheeler, 2018). The complete identification outcome for this area has been compiled in Table 1, along with the corresponding literary references.



Funding

The European Investment Bank and the European Investment Fund are among the principal sources of funds for the UK's infrastructure and SMEs, backing 25% of infrastructure projects (i.e., circa €29bn) in the last 5 years (Berger, 2016) and creating many apprenticeships in the industry (European Investment Fund, 2016). Additionally, the EU also has the power to attract investment from other sources (Brexit Infrastructure Group, 2017). Although the UK could lose this funding, it continues to be attractive to international capital such as Saudi- and Dubai-based funds (Royal Institution of Chartered Surveyors, 2016). In addition, the UK could use the financial savings of not being an EU member to set up a national development fund to replace the European funds (Dunton, 2016). At the opposite pole, Watts (2017) declares that the UK has a hole in its budget that will make it challenging for the government to replace the funding provided by the EU. Furthermore, the UK may have to pay the EU an exit fee lately estimated to be around £38bn (Full Fact Organisation, 2019) or £91-£113bn by some other estimates (Roberts, 2017).

In addition, Brexit poses the risk of losing EU funding aimed at universities and research laboratories (Dunton, 2016). Britain is world-renowned for its prestigious higher education system which attracts a high number of EU researchers every year (Galbraith, 2017). One of the threats posed by Brexit is the termination of relationships with European universities. This is especially important since the UK shows signs of reluctance to increase the number of visas granted to international students.

In 2016, Theresa May visited India in an attempt to increase trade. When the host Prime Minister demanded relaxed visa conditions for Indian students in the UK, May subtly rejected the proposal and emphasized the efficiency of the current immigration system (Ghemawat, 2017). This position might bring a loss in diplomatic links for Britain, as international and European students are compelled to study elsewhere (Watts, 2017). The identification outcome for this area has been compiled in Table 1, along with the corresponding literary references.




Fuzzy Risk Analysis

In 1965, L.A. Zadeh published an article discussing fuzzy sets, and proposed the “fuzzy sets theory” to deal with uncertainties that are not random in nature. The basic idea is to replace the binary notion of “belonging” and “not belonging” to a given membership with a degree of belonging to it, and describing the transition between fuzzy information (Zadeh, 1975). The membership function μA(x1) specifies the degree to which any element x1 in the set A1 = {x1, x2, x3, x4, x5} belongs to the fuzzy set A, shown in Equation (1).

[image: image]

Fuzzy set theory has been used in several studies to aggregate the differences and subjectivity among expert opinions to overcome possible ambiguities (Zadeh, 1975; Ross, 2010; Yang et al., 2011; Tongyuan et al., 2018).

In accordance with the research methodology, and owing to the lack of numerical data supporting the previously identified risks, the linguistic variables of risk manageability and impact are firstly obtained and then described by fuzzy numbers (Zadeh, 1975; Ross, 2010; Yang et al., 2011; Tongyuan et al., 2018). The fuzzy level of manageability and impact of each risk is then informed by the significance afforded to their manageability and impact in existing literature from different fields.

The focus on the manageability of risks within their external and internal environments is a sound means of ensuring control and resilience when predicting the future (Taleb, 2008). Keizera et al. (2002) stated that it is not the likelihood and impact that are the best measures to determine the magnitude of risk, but rather the firm's ability to influence risk factors. The impact of risks is calculated by considering the intensity of potential cost and programme changes, and the reputational damage/influence incurred if the risk were to materialize (Aven and Vinnem, 2007).


Obtaining Linguistic Terms for Risk Manageability and Impact (M and I) Based on Expert Judgment

The purpose of this step is to determine the manageability and impact level of a risk considering the linguistic terms expressed by the experts in the literature. Risk industry standards and experts were consulted to determine how many levels of language were needed to describe these linguistic variables (Hillson and Simon, 2007; Cox, 2008; ISO 31000, 2009; Ball and Watt, 2013). To allow comparison and minimize bias in the assessment, this research uses seven levels to reflect uncertainty in expert opinion. This is accomplished by presenting the term “Low” as the range containing “very low,” “low,” and “relatively low”; whilst the term “High” is reflected in the range containing “relatively high,” “high,” and “very high.” “Medium” is presented as one level, because its upper and lower limits are covered by the “relatively low” and “relatively high” levels, respectively.

This description is based on Saaty's approach (Saaty and Ozdemir, 2003), who contended that the common capacity of human judgment is seven plus/minus two lots.

Accordingly, the linguistic terms, representing the manageability level, were scaled as: “very low manageability” (VLM), “low manageability” (LM), “relative low manageability” (RLM), “reasonable manageability” (RM), “reasonably high manageability” (RHM), “high manageability” (HM), and “very high manageability” (VHM).

The same was applicable for impact, where its fuzziness is described by “very low impact” (VLI), “low impact” (LI), “relative low impact” (RLI), “reasonable impact” (RI), “reasonably high impact” (RHI), “high impact” (HI), and “very high impact” (VHI).

As expert opinion is subject to bias, the research method balanced its inputs by considering the views of anti-Brexit commentators only in relation to the negative impact (threats) Brexit might have on the construction industry. The same logic was applied to pro-Brexit commentators in relation to the positive impact (opportunities) Brexit could have.

Take, for example, the Human Resources Area; at the risk identification stage, Gateley Plc (2016) argued that the existing skills-shortage crisis will worsen post-Brexit. This threat will have a high impact on the industry, as projects will suffer delays and damaged stakeholder confidence in delivery to time and budget. This threat will then have a high impact on time and relatively high impact on reputation, as the latter is a secondary impact to the former, as shown in Table 2.


Table 2. Impact and manageability—human resources area—withdrawal agreement.

[image: Table 2]

Separately, the assessment method looked at the manageability Britain will have over these risks from the perspective of the same experts, as reported in ~200 pieces of critically-reviewed literature. Looking at the same threat of a structural skills shortage caused by Brexit, the level of manageability is low as there is an already existing shortage which will be intensified by restricting freedom of movement (Gateley Plc, 2016). Because some literature like Ramiah et al. (2017) argues that this shortage will be overcome by a new immigration system, this method treats potential changes to mitigate the effect of Brexit as opportunities. Hence, this opportunity is assessed with a high level of manageability as it is within the UK's power to put such a system in place, as shown in Table 2.

Table 2 presents the impact and manageability level of each threat and opportunity for the Human Resources Area using the linguistic terms expressed by experts.



Converting Linguistic Variables of M and I for Each Risk Into Corresponding Fuzzy Numbers

Yang et al. (2011), recommended the use of fuzzy reasoning as a function based on the fuzzy numbers for the transition of linguistic variables to mathematical language. There are many applications of fuzzy set theory to deal with uncertainties and inaccuracy in expert judgments in linguistic terms such as: triangular and trapezoidal fuzzy membership functions amongst others (Zadeh, 1975; Ross, 2010; Yang et al., 2011; Ferdous et al., 2013; Lavasani et al., 2015). This paper will use trapezoidal fuzzy number to define the mapping relation between experts' linguistic variables and the fuzzy function. This is in line with previous risk assessment studies (Zheng et al., 2012; Ramzali et al., 2015; Tongyuan et al., 2018).

The trapezoidal fuzzy number is presented as a quadruple (a, b, c, d) where aandd are the lower and upper bounds, and b andc are the lower and upper modal values, as shown in Equation (2)

[image: image]

Equation (3) below presents the manageability trapezoidal fuzzy number for threats

[image: image]

Equation (4) shows the corresponding functions for threat manageability levels as a trapezoidal fuzzy number (see Figure 2: Fuzzy Trapezoidal Number for the Level of Manageability for Threats).

[image: image]

This rating process for manageability is defined by considering which party can influence the risk. Risks that can be fully influenced by Britain are classified as belonging to the internal environment with a very/high manageability level. Conversely, those risks that cannot be influenced by Britain are defined as part of the external environment, with a very/low level of manageability. Additionally, when Britain can influence a risk within its risk appetite/tolerance, this is deemed to be a case of reasonably low/high manageability. Take again the risk of a structural skills shortage arising from the loss of EU skills, which has a low level of manageability (LM). LM is the sixth level of Equation (4), which means the manageability of this threat is presented by the trapezoidal fuzzy number (0.7, 0.75, 0.85, 0.9), as shown in Table 3. Values that are lower than 0.7 or higher than 0.9 have no membership of this function, while values in the range 0.7–0.75 and 0.85–0.9 possess a varying degree of membership. Values between 0.75 and 0.85 possess full membership of the LM fuzzy-set (see Equation 2).


[image: Figure 2]
FIGURE 2. Fuzzy trapezoidal number for the level of manageability for threats.



Table 3. Fuzzy impact and manageability- human resources area—withdrawal agreement.

[image: Table 3]

By assigning membership across multiple ranges (Equation 4), analysts can counteract subjectivity when assessing uncertain events as fuzzy trapezoidal numbers.

Notably, LM as a trapezoidal fuzzy-set intersects with both “very low manageability” (VLM), and “relative low manageability” (RLM) fuzzy-sets, as shown in Equation (4). As a result, the conversion of the manageability level into a corresponding fuzzy number (as a set) carries a very low margin of bias.

Equation (5) below presents the impact trapezoidal fuzzy number for threats.

[image: image]

Equation (6) shows the corresponding functions for threat impact level as a trapezoidal fuzzy number. This is where the threat impact considers the intensity of cost increases, programme changes, and reputational damage incurred due to that particular threat. Take the same example around the structural skills shortage arising from the loss of access to EU skills, which has a reasonably high reputational impact (RHI) (Gateley Plc, 2016). RHI is the fifth level of Equation (6), which means the reputational impact of this threat is presented by the trapezoidal fuzzy number (0.5, 0.55, 0.75, 0.8), as shown in Table 3. Values lower than 0.5 or higher than 0.8 have no membership of this function, while values in the range 0.5–0.55 and 0.75–0.8 possess a varying degree of membership. Values between 0.55 and 0.75 possess full membership of the RHI fuzzy-set (see Equation 2).

As a trapezoidal fuzzy number, the RHI set intersects with both “reasonable impact” (RI) and “high impact” (HI) fuzzy-set numbers (see Equation 6). Accordingly, using this research methodology, the conversion of the impact level into corresponding fuzzy number carries a very low level of error.

[image: image]

Equation (7) below presents the impact trapezoidal fuzzy number for opportunities.

[image: image]

To ensure that the equal weighting of threats as well as opportunities is represented, the linguistic variables of risk impact for opportunities are presented by negative fuzzy numbers, as opportunities potentially reduce cost, time, and reputational damage.

Equation (8) shows the corresponding functions for opportunity impact levels as a trapezoidal fuzzy number. Take again the opportunity for the UK to initiate a new migration system that is both skills- and need-based. Ramiah et al. (2017) states that although some time will be needed to implement the new migration system, having the system in place working will positively impact the construction industry in reducing the time required to get skills into areas of shortage. This opportunity will therefore have a reasonable positive impact (RI-O) on construction project delays due to skills shortages. RI-O is the fourth level of Equation (8), which means the time impact of this opportunity is presented by the trapezoidal fuzzy number (−0.6, −0.55, −0.45, −0.4), as shown in Table 3. Values lower than (−0.4) or higher than (−0.6) have no membership of this function, while values in the range (−0.6)–(−0.55) and (−0.45)–(−0.4) possess a varying degree of membership. Values between (−0.55) and (−0.45) possess full membership of the RI-O fuzzy-set (see Equation 2).

As the trapezoidal fuzzy number for impact could be presented by seven different levels to reflect the uncertainty in the expert assessment, the margin of bias is minimal. Take RI-O as a fuzzy number, for example. Its set intersects with both the “relative low impact” (RLI-O) and “reasonable high impact” (RHI-O) fuzzy-set numbers (see Equation 8), and the error in conversion is deemed marginal.
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Equation (9) below presents the manageability trapezoidal fuzzy number for opportunities.

[image: image]

Similarly, to ensure the equal weight for threats as well as opportunities is represented, the linguistic variables of risk manageability as opportunities are presented in a reverse order to the threats' fuzzy numbers. This is driven by the fact that a threat with a low level of manageability will be counterbalanced by an opportunity with a high level of manageability.

Equation (10) shows the corresponding functions for opportunity manageability levels as a trapezoidal fuzzy number. Take again the new skills- and need-based immigration system opportunity, which has a high level of manageability (HM-O) (Ramiah et al., 2017). HM-O is the sixth level of Equation (10), which means the time manageability level of this opportunity is presented by the trapezoidal fuzzy number (0.7, 0.75, 0.85, 0.9), as shown in Table 3. As discussed previously in Equation (2), values lower than 0.7 or higher than 0.9 have no membership of this function, while values in the range 0.7–0.75 and 0.85–0.9 possess a varying degree of membership. Values between 0.75 and 0.85 possess full membership of the HM-O fuzzy-set.

Equation 10 specifies seven levels to represent the level of manageability for each opportunity. This is to minimize the margin of error. When converting HM to a fuzzy-set number for example, it intersects with both “reasonably high manageability” (RHM) and “very high manageability” (VHM) fuzzy-set numbers, lowering the level of subjectivity in representing the experts' opinion.

[image: image]

In this way, a corresponding fuzzy number for each linguistic term, from threat/opportunity manageability to threat/opportunity impact could be represented, as shown in Table 3 for Area Human Resources.



Converting M and I Fuzzy Numbers Into Fuzzy Risk Effect Product for Each Risk

The fuzzy multiplication method presented in Equations (11) and (12) below will be used to obtain the risk effect product for each threat (Equation 12) and opportunity (Equation 13), respectively.
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In this way, a corresponding fuzzy number for each threat/opportunity could be represented, as shown in Table 4 for Area Human Resources.


Table 4. Human resources- risk effect fuzzy number for withdrawal agreement.

[image: Table 4]



Calculating the Total Fuzzy Risk Effect Product for Each Area

To calculate the total fuzzy risk effect for threats in each Area, Equation (15) is used. Where E is the integrated fuzzy number of the effect of all threats in the Area; (a5i, b5i, c5i, d5i) is the fuzzy number of threat i, and n is the number of threats in that Area.

[image: image]

To calculate the total fuzzy risk effect for opportunities in each Area, Equation (16) is used. Where F is the integrated fuzzy number of the effect of all opportunities in the Area; (a6j, b6j, c6j, d6j) is the fuzzy number of opportunity j, and m is the number of opportunities in that Area.
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Equation (17) is then used to calculate the total fuzzy risk effect [image: image] product, presented in Equation (18), for each Area:
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In this way, the total fuzzy risk effect product for each Area is calculated, as shown in Table 4 for Area Human Resources.




Risk Ranking Matrix

The output of the Fuzzy Risk Analysis, mainly sub-section Calculating the Total Fuzzy Risk Effect Product for Each Area Above, will be presented using an impact-vs.-manageability risk matrix (henceforth Risk Matrix). Risk matrices have been in use since 1978 as a two-dimensional aid to decision-making (Peace, 2017). The United Kingdom and the rest of Europe have recently experienced an increased usage of risk matrices by governmental bodies and professional organizations as a means for presenting data in graphical form in numerous industries (Ball and Watt, 2013). This popularity is driven by the matrix practicality, ease of use and intuitive appeal (Wall, 2011) and the ability to graphically show whether a risk is outside the risk appetite of an organization (ISO 31000, 2009).

This research methodology will present the level of risk in order to inform decision-making priorities using a fuzzy-effect matrix where the outputs of Equation 18 are maintained as fuzzy numbers. This approach has been followed to ensure a sound representation of a plausible range of outcomes rather than a subjective view.

Subsequently, the Risk Matrix will depict the fuzzy-effect of Brexit upon the construction industry on two axes: the horizontal axis indicates the effect scale, while the vertical axis shows the membership function of the fuzzy-effect. The fuzzy-effect will be presented against time, cost and reputation by a Risk Matrix to ensure that a triangulated view of the potential effect of Brexit is fully represented. Each Risk Matrix will present the fuzzy-effect of the five areas together to ease comparison and enable visualization of the level of uncertainty each area is subject to.

Due to the nature of the problem in hand, the fuzzy-effects of the overall threats and opportunities in each area will be obtained; hence the fuzzy-effect of Brexit for an area could be partly positive and partly negative. In project management, the risk matrix is well-established as a 10 × 5 matrix with negative and positive effects (Hillson and Simon, 2007).

Consider for example the Human Resources Area, presented in the Risk Matrix (Figure 3) (Brexit Time Impact on the British Construction Industry- Withdrawal Agreement); the overall fuzzy-effect for this Area on time is presented by the fuzzy set of trapezoidal number (−0.49, −0.1, 0.32, 0.66). This overall effect is driven by the overall effect of risks (opportunities and threats) impacting on this Area. According to this analysis, values lower than (−0.49) or higher than 0.66 have no membership of this function, meaning the maximum effect of the opportunities in this Area is smaller than the maximum effect of the identified threats. The (−0.49) and 0.66 values are by no means quantitative or tangible, but it is nevertheless informative enough to advise decision-makers about the level of uncertainty this area is under, to enable them to prioritize their actions plans accordingly. It therefore rests with the boards of UK construction companies to act upon investing in training, apprenticeship, and automation to harness the potential effect of these opportunities. Construction companies are also accountable for understanding how dependent their businesses are on European workers and how far-down their supply chain this dependency goes.


[image: Figure 3]
FIGURE 3. Brexit time impact on the British construction industry—withdrawal agreement.


The overall fuzzy-effect of this Area presented by the fuzzy set (−0.49, −0.1, 0.32, 0.66) is a plausible representation of the various plausible outcomes Brexit may have on the Human Resources area. It is a reliable graphic representation of the uncertainty surrounding the outcomes of such a colossal event as Brexit.

The numerical characteristics of the fuzzy ranges in the Risk Matrix allow a simple evaluation firstly of the positive and negative potential effects of Brexit on each area, and secondly of the overall uncertainty range of Brexit's potential effect on the construction industry, as shown in Figure 3 (Brexit Time Impact on the British Construction Industry- Withdrawal Agreement). This representation, while subjective, draws the decision-maker's attention to the area of focus, which in the Human Resources Area is the need to mitigate project delays. Looking at Figure 3 again, the Trade Area seemed to be exposing the construction industry to significant delay as well, and hence business leaders will need to deep-dive into their supply chain tiers to appreciate the amount of domestic materials their business purchases vs. imported European materials. Business leaders also need to form a community through which they encourage manufacturing in accordance with their business needs.



Brexit Sensitivity Analyses

Due to the potential level of subjectivity this analysis may report, sensitivity analyses will be deployed on various Brexit scenarios as a means of testing the robustness of the model outputs (section Fuzzy Risk Analysis) against changes in the inputs (section Risk Identification: Areas and their Corresponding Risks). Sensitivity analysis is a risk assessment tool that evaluates the relationships between model parameters, the uncertainty around them, and their contribution to the uncertainty in the model outputs (Pannell, 1997). Sensitivity analyses are particularly beneficial during the development of a model because they help in identifying uncertain parameters that can have a significant effect on the outputs (O'Connor et al., 2017). Due to the nature of the research, the global sensitivity analysis technique, also known as Sobol's method, will be used to accommodate the inputs' interaction within the whole input arena (Saltelli et al., 2004; Plischke et al., 2013).

As such, the robustness of the Risk Analysis method presented above is tested against three Brexit Scenarios, namely: “Withdrawal Agreement,” “No Deal,” and “Customs Union.” Accordingly, these analyses examine the sensitivity of the results against changes in the overall impact and manageability for each impacted area.

The results of the sensitivity analyses for each of these scenarios against time, cost and reputation impacts are presented in Figures 3–11 below.

For the Withdrawal Agreement scenario, the construction areas most vulnerable to time delay are Human Resources followed by Trade, as shown in Figure 3 (Brexit Time Impact on the British Construction Industry- Withdrawal Agreement); whilst Currency seemed to be more susceptible to cost increases, followed by Human Resources, as shown in Figure 4 (Brexit Cost Impact on the British Construction Industry- Withdrawal Agreement). When it comes to Brexit reputation effect, the Currency area seemed to be the most sensitive, followed by Human Resources, as shown in Figure 5 (Brexit Reputation Impact on the British Construction Industry- Withdrawal Agreement).


[image: Figure 4]
FIGURE 4. Brexit cost impact on the British construction industry—withdrawal agreement.



[image: Figure 5]
FIGURE 5. Brexit reputation impact on the British construction Industry—withdrawal Agreement.


Notwithstanding this, the level of uncertainty associated with both time and reputation impacts seemed to be much higher than what is reported for cost. This is mainly driven by the fact that the Human Resources area is influenced by significant threats and substantial opportunities, whilst the Currency and Trade areas have the lowest level of manageability and insignificant opportunities to counteract.

For the No Deal scenario, the construction areas most vulnerable to time delay are Human Resources followed by Trade, as presented in Figure 6 (Brexit Time Impact on the British Construction Industry- No Deal Scenario); whilst Currency appeared again to be more susceptible to cost increases, followed by Human Resources, as presented in Figure 7 (Brexit Cost Impact on the British Construction Industry- No Deal Scenario). When it comes to Brexit's reputational influence, Currency appeared again to be leading the way, followed by the Human Resources and Trade areas, as shown in Figure 8 (Brexit Reputation Impact on the British Construction Industry- No Deal Scenario). Notwithstanding this, the level of uncertainty associated with both time and reputation is again reported to be much higher than what is reported for cost, but more dominated by the threats' impact this time.


[image: Figure 6]
FIGURE 6. Brexit time impact on the British construction industry—no deal scenario.



[image: Figure 7]
FIGURE 7. Brexit cost impact on the British construction industry—no deal scenario.



[image: Figure 8]
FIGURE 8. Brexit reputation impact on the British construction industry—no deal scenario.


Whilst the construction area most exposed to Brexit seemed to be the same in both the Withdrawal Agreement and the No Deal scenarios, it should be noted that the analyses show that the effect of opportunities for each scenario is far superior for the Withdrawal Agreement than for the No Deal scenario. This is due to the low level of manageability the Currency area enjoys and the insignificant opportunities it has to counteract, and the significant threats both the Human Resources and the Trade areas are influenced by.

For the Customs Union scenario, the Human Resources seemed again to be the area most vulnerable to time delay, followed by Currency, as shown in Figure 9 (Brexit Time Impact on the British Construction Industry- Customs Union Scenario); whilst Currency seemed to be more susceptible to cost increases, followed by Human Resources, as shown in Figure 10 (Brexit Cost Impact on the British Construction Industry- Customs Union Scenario). When it comes to Brexit's reputational effect, both Human Resources and Currency areas seemed to be the most sensitive, as shown in Figure 11 (Brexit Reputation Impact on the British Construction Industry- Customs Union Scenario). From this analysis, it is clear that the Human Resources and Currency areas are the most exposed Construction areas when it comes to Brexit. This is evidently driven by the significant risks influencing the Human Resources area, and the lowest level of manageability the Currency area enjoys over its opportunities.


[image: Figure 9]
FIGURE 9. Brexit time impact on the British construction industry—customs union scenario.



[image: Figure 10]
FIGURE 10. Brexit cost impact on the British construction industry—customs union scenario.



[image: Figure 11]
FIGURE 11. Brexit reputation impact on the British Construction industry—customs union scenario.





DISCUSSION

The Royal Institute of International Affairs (2018) has stated that many studies are currently in the process of retrospectively looking at the impact of the 2008 financial crisis. However, arguably neither the economy nor the global financial market can afford backward-looking models that assess the effect of such phenomena. This paper, therefore, proposes a new risk-based model that provides a forward-looking tangible assessment of a complex, time-dependent and dynamic event to illustrate to decision-makers the areas upon which their policies must focus.

The paper reveals that amongst the five areas analyzed, the Human Resources and Currency areas will suffer the highest effect from Brexit followed by the Trade area. Nevertheless, the UK will enjoy reasonable manageability over this effect.

The effect on Human Resources is primarily driven by the skills shortages that could cause severe financial losses and project delays. Although the EU workforce cannot directly solve the issue of the skills shortage, it mitigates the dearth by providing circa 200,000 employees (Arcadis, 2017). Since the aging population cannot be controlled, the answer lies in reshaping the supply chain culture and increasing the provision of training schemes. These programmes would require several years to feed through, even if the industry could find the necessary candidates to train. A temporary alternative would be to invite foreign companies to build the nation's future projects: for example, Chancellor George Osborne announced in 2013 that the UK would welcome Chinese involvement in Britain's nuclear power plants and high-speed rail sectors (Sweet and Smith, 2017). When dealing with the human resources risks, special attention needs to be given to the fabric of the construction industry. This industry is interlocked by multiple layers of tiers within its supply chain. The nature of this fabric amplifies the complexity associated with understanding the potential impact of Brexit and the level of manageability the UK construction industry can deploy. Construction companies are therefore advised to embrace the parent-child organizational structure as a means of surviving economic shocks like Brexit and/or another financial crisis. In this model, the parent company creates child companies in accordance with the construction industry's needs, and these then act as supplier to its parent or any other construction firm. The size of these child companies needs to be maintained as a single-service supplier to ensure its financial stability, minimize risk of loss to the parent company, and build resilience in the construction industry as a whole. UK construction companies are at a critical stage in rethinking their business models for continuity post-Brexit; they also urgently need to capitalize on all government initiatives in apprentice and talent growth schemes.

The effect on the Currency area revolves around financial and investment losses and the low manageability level this area has over its risks. Threats with low manageability are highly disruptive because of their impact, especially when combined with the difficulty of finding opportunities to counteract them. A political event of sufficient magnitude can have a macroeconomic effect that shakes the entire global economy (Begg and Mushövel, 2016). The referendum offered a taste of this when the 2016 Sterling devaluation, the lowest fall registered in the past 31 years, wiped 2 trillion dollars' worth of shares off worldwide (Hobolt, 2016). Moreover, The London School of Economics estimated that Brexit would produce a financial loss equivalent to the one suffered in the 2009 global financial crisis (Mugarura, 2016). Currency fluctuation is not a new risk to the construction industry, especially considering the price of materials such as steel, copper and strategic plants. When it comes to colossal events such as Brexit, the potential effect on project cost is significant and the industry is therefore in great danger of collapsing simply because construction firms are not immune to abnormal inflation. Subject to the fabric of this industry and its dependence on a foreign supply chain, the UK construction industry may enjoy considerable manageability over its imported materials subject to the final arrangement between the UK and EU, post-Brexit. For the survival of this industry, sharing abnormal inflation risk with the Treasury is a must; additionally, having some hedging plans in place will be pivotal.

The Trade area appeared to be less vulnerable due to its dependency on the final agreement between UK and EU. The EU is the largest import and export market the UK has: post-Brexit, international trade could become more expensive for the UK, diminishing its general trade levels and further increasing the actual trade deficit. However, with the EU and Japan's Economic Partnership Agreement entering into force on 1 February 2019, strengthening the likelihood of an EU-UK deal. Both the EU and UK could settle trade agreements with other countries, but, these agreements may take a lengthy period of time to finalize, leaving Britain exposed to threats for the intermediate period (HM Treasury, 2016a).

The Funding area's impact is mainly targeted at British infrastructure, because it currently relies on EU funds. Whether the infrastructure sector will still receive funding depends on the final agreement. Brexit will save Britain's financial contribution to the EU (Jensen and Snaith, 2016) which can be used to replace the funding lost, hence this area enjoys reasonable manageability.

The Sovereignty area looks to be less affected due to having the highest manageability. The most striking threat is that a potential settlement might require the UK to comply with EU legislation after its exit, without it having the power to influence these rules. Once the parting nation has left, EU Treaties and law stop being valid and the state in question must fill the gaps with national policies. In Britain's case these policies are often already more stringent, minimizing the disruption this may cause (CMS Cameron McKenna LLP, 2016). On the other hand, Brexit poses the opportunity to decrease red-tape in the construction industry. The UK could also reduce VAT and stimulate the use of British companies or materials.

Three sets of scenario analyses have been instigated to validate the integrity of the results. The outputs of the three sets reported the Human Resources and Currency areas to be the most exposed construction areas when it comes to Brexit. Notwithstanding this, the level of uncertainty associated with both time and reputation effects seemed to be much higher than what is reported for cost.

This was evidently driven by the fact that the Human Resources area is influenced by significant threats and substantial opportunities, whilst the Currency area has the lowest level of manageability and only insignificant opportunities to counteract with. The third significantly exposed area is Trade because, unless a Customs Union Scenario is delivered, this area has very low level of manageability over its threats and insignificant opportunities to counteract them.



CONCLUSIONS

To develop a comprehensive understanding of the potential effect of Brexit, this paper proposed the use of Fuzzy Sets Theory as a new and dynamic risk-based framework that utilizes the triangulation concept across risk impact, risk manageability, and the combination of those two factors.

The paper has identified that the areas of the construction industry most exposed to Brexit are: Human Resources, Currency, Trade, Funding, and Sovereignty. Supported by Brexit scenario analyses, the study then indicatively reports the most susceptible areas to be Human Resources and Currency, followed by Trade. This is due to existing issues in the industry: skills shortages, low training and attractiveness, and false self-employment; whilst the currency-related risks are part of the global financial environment. The Trade area, on the other hand, seems to be heavily interlinked with the final agreement between the UK and EU. The Funding and Sovereignty areas appeared to be the least affected due to their higher level of manageability.

This approach is robust enough to be used as a scenario-based tool when the Brexit negotiations progress in order to accommodate new evidence as it becomes available. The proposed framework could be developed further to address potential interdependencies and understand the portfolio effect of Brexit.

The novelty of this framework lies in the use of Fuzzy Theory to appraise the effect of a significant phenomenon when confronted with an absence of quantitative data. It also lies in its focus on the manageability of risks, as opposed to the likelihood of risk occurrence, as an enabler of the triangulation method. This method is timeless, in that it can be used for other circumstances such as qualitative as well as quantitative models, while the Brexit case study will naturally evolve over time.

The usefulness of this research is driven by its identification of potential scenarios which British policymakers can use to test and develop their policies for mitigating the effect of Brexit on the construction industry. Only by understanding the manageability legacy that it enjoys over this industry can Britain achieve a balanced result from Brexit. This approach is an evident means of addressing biases in human judgment by presenting various forward-looking scenarios, and thus it delivers resilient results.

This paper concludes that Brexit will have short and medium-term effects on the construction industry. Nonetheless, Brexit also poses a set of opportunities that Britain and the industry must seize in order to offset the effect of the political and economic uncertainties, which, paradoxically, are the only certain thing about Brexit.
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Losing access to EU skills will intensify the current skill-shortage:
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developing UK citizens. Government could provide incentives
(e:g., reimbursements) for companies who invest heavily in training
and get long-term results

Nadim and Goulding, 2010; Arcadis,
2016b; Startup and Wood, 2017

Bhandari, 2006; All Party
Parliamentary Group, 2017
Ramiah et al., 2017
Green, 2015

Trade Increase in domestic manufacturing Leaving the Single Market could push firms to purchase domestic ~ Royal Institution of Chartered
materials. Surveyors, 2016
Reducing UK's trade deficit Reducing UK's trade deficit by shifting the economy toward Startup and Wood, 2017
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Currency Investment increase Short-term investment increases due to a weaker pound Startup and Wood, 2017
Export increase due to weakening A weaker currency can enhance competiion between firms Reina and Rubin, 2016
stering
Soversignty Red-tape decrease Decrease in excessive bureauicracy to enhance SMEs Gateley Plc, 2016
performance
UK manufacturing support Increase in government support for UK manufacturing Reina and Rubin, 2016
VAT reduction The British Government could decrease the Value-Added Tax Royal Institution of Chartered
(VAT) rates to encourage purchases and investment Surveyors, 2016
Funding National funding The Government could set up a national fund to replace EU Dunton, 2016
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