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Abstract 

 

This dissertation has examined if cognitive biases have had an impact on the accuracy and 

reliability of cost estimates and forecasts produced for road transport projects in Ireland. The 

bias which is believed to have the most effect on cost forecasts is that of overconfidence and 

is generally referred to as optimism bias. This overconfidence may lead to risk and other 

project costs being underestimated. The focus of this research is on the construction cost 

forecasts for road transport projects which have been delivered by the National Roads 

Authority (NRA) in Ireland. A review of the literature associated with cost overruns and 

optimism bias has been undertaken. This review has shown that overconfidence by project 

managers can be mitigated and offset by several means using relevant historical data from 

completed projects. The dissertation has analysed both quantitative and qualitative data to 

determine if cost forecasts and budgets are exceeded at the completion stage and has 

examined the causal factors for these cost increases. A new detailed coding framework has 

been developed to analyse and assess cost management issues and the causal factors 

associated with additional or increased costs. The results of the quantitative analysis have 

not indicated any evidence of systematic cost overruns. The risk contingencies applied have 

been found to be appropriate to these types of projects. Most of the risks which materialised 

during the construction stage were known and could be assessed using statistical probability. 

The qualitative data and analysis give an insight into the ‘actuality’ of project delivery and 

describe the many reasons why costs can change over the full lifecycle of a road transport 

project.  
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Chapter 1 Introduction 

1.1 Introduction 

This dissertation will examine if cognitive biases have an impact on the accuracy and 

reliability of cost estimates and forecasts produced for road transport projects in Ireland. The 

bias which is believed to have the most effect on cost forecasts is that of overconfidence and 

is generally referred to as optimism bias. Human beings tend to think that events will always 

turn out as planned, and that the outcome of a project or decision will tend to be a best-case 

scenario. Unfortunately, this is not always the case, and as a result, many decisions are made 

from a limited viewpoint. This overconfidence may lead to risk and other project costs being 

underestimated, and benefits being overestimated. For infrastructure projects which are 

funded by government, this can lead to situations where investment decisions are 

undermined when the true extent of costs become known. A large increase in project costs 

can reduce the Benefit-Cost ratio to less than one. The main focus of this research will be on 

the construction cost forecasts for road transport projects which have been delivered by the 

National Roads Authority (NRA) in Ireland. The dissertation will analyse both quantitative 

and qualitative data to determine if cost forecasts and budgets are exceeded at the completion 

stage, and to determine the likely causal factors for these cost increases. A new detailed 

coding framework has been developed to analyse and assess cost management issues.  

Cost overruns on transport infrastructure projects occur on a regular basis worldwide. The 

costs of design and construction of major public infrastructure projects have been a topic of 

debate and examination for researchers and industry practitioners over the last twenty years. 

There has always been a tendency for the media to focus on the negative aspects of 

infrastructure projects, especially where there are large cost overruns and long delays in 

completion. In the United Kingdom (UK), there has been much review and analysis 

surrounding the current Crossrail project, where the final cost has yet to be determined. It is 

estimated that an additional £2.8 billion will be required to cover the cost increases which 

have arisen on this project together with remaining risks (UK National Audit Office, 2019). 

In addition, the full opening date of this new rail line service is not expected until May 2023 

(originally 9 December 2018). The cost increases on the Edinburgh Tram Line in Scotland 

led to the establishment of a formal public inquiry, of which, the final report has not been 

published yet. This project was first proposed in 2000, with construction started in 2008. At 

the final business case stage, the cost of the project was estimated at £498 million, but the 

final outturn cost was £776 million, and the scheme was delivered three years late (Flyvbjerg 

and Budzier, 2018). Similar issues have arisen on transport infrastructure projects in 
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Australia. In a recent examination of transport projects planned or built between 2001 and 

2016, Terrill and Danks (2016) found that the total outturn cost was about AUS$28 billion 

more than expected. The study investigated 836 projects which were valued at AUS$20 

million or more. Similar findings have been reported globally and are discussed further in 

the literature review. 

Transportation projects can also fail to deliver on their benefits, in terms of usage and other 

wider economic benefits. By their nature, these types of projects can have long planning and 

delivery periods, often of ten years or more, and the scope of the project can change over 

this period. There has been much written about how public infrastructure projects should be 

planned, costed, appraised, and delivered, and there is an abundance of guidance documents 

available in all jurisdictions. So why are there still concerns about the outcome of these 

projects? In 2018, the UK House of Commons initiated an inquiry into its government’s 

management of major projects. The reason for this inquiry was the concern which had 

emerged with both delay and cost overruns on landmark projects such as Crossrail, the High 

Speed 2 rail project, and other projects across many different departments. The work of this 

committee was curtailed due to a general election, and an interim report was issued in 2019 

(UK House of Commons, 2019). Some of the findings of this inquiry will be discussed in 

section 1.5 of this dissertation, as they are of relevance to this research topic. The 

construction industry is different to other manufacturing industries. The product – a section 

of new road or rail network – is built in an open environment, sometimes in challenging 

conditions, with varying degrees of complexity and technology. It is not the same as 

manufacturing products in a factory-controlled situation.                     

A series of road projects which were constructed in Ireland during the 1990s had cost 

overruns when compared to their original budget estimates. The Comptroller and Auditor 

General (C&AG) highlighted this in their report on the development of the national road 

network, completed in 1999 (C&AG, 1999). This report examined the first investment 

programme managed by the National Roads Authority (NRA). The NRA (now known as 

Transport Infrastructure Ireland (TII)) was established in 1994 to oversee the provision of a 

safe and efficient network of national roads. In the assessment of the government’s 

investment programme for the period 1994 to 1999 carried out by the C&AG, the estimated 

cost of the national road projects increased from IR£790 million to IR£971 million. The 

C&AG attributed these cost increases to poor quality cost estimation, scope changes by the 

client at the design stage, and some inflation. It was believed at this time that many of the 

issues associated with these cost overruns were associated with the form of contracts used, 
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and with variations and changes made to the initial contracts by local authorities and other 

state agencies. In the period from the 1980s to 2000 the form of contract most commonly 

used in the public sector was referred to as a ‘remeasure contract’ whereby the actual 

quantum of work was remeasured and valued at the end of the construction works. This often 

led to situations where the final value of the works exceeded the tender originally submitted 

for the work. In 2004, the Public Accounts Committee completed its own review of the 

national roads’ improvement programme. The C&AG had completed a further audit of 

national road expenditure and estimated that the final outturn cost of contracts was about 

42% higher than the tenders originally accepted (Public Accounts Committee, 2004). These 

‘remeasure contracts’ were based on a design which was produced by the client (the local 

authority or their technical consultants) and resulted in the client retaining most of the 

contract risks. 

There was much discussion amongst politicians and in the media about the need for ‘fixed-

price’ contracts in order to achieve cost certainty in the final outturn. There is still a 

misunderstanding about the concept of ‘fixed-price’ contracts. In reality, ‘fixed-price’ 

contracts are not achievable. Contractors can only provide a guaranteed price for specified 

works, with allowances for risk contingency based on their expert knowledge and 

experience. They cannot price for uncertainty or unplanned events, and these are normally 

dealt with under the contracts as compensation events. The Department of Finance (DoF) 

carried out a review of these problems in the mid-2000s, and as part of a systematic change 

to all public contracts, introduced in 2006 a new suite of ‘lump sum’ contract documents and 

procedures for use on all public sector projects. This was referred to as the Capital Works 

Management Framework (CWMF), and this is still the current model of project 

implementation in Ireland. This framework provides standard forms of contract, which are 

to be used for all public sector construction works, together with detailed guidance 

documents on project management and cost estimation. In 2011 the responsibility for public 

expenditure, including capital expenditure was transferred to the Department of Public 

Expenditure and Reform (DPER). DPER continued with this reform initiative and a Public 

Spending Code (PSC) was formally published in 2013 to provide guidance on the evaluation, 

management, and control of all expenditure on public sector contracts. The most recent 

revision to the PSC was published in 2019 (DPER, 2019). The PSC emphasises the 

importance of assessing risk and uncertainty in the appraisal process and provides some 

advice on forecasting costs. Section 1.2 provides a brief overview of the PSC. 
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This introduction has highlighted some factors which influence cost estimates and outturns 

– the form of contract used, risk transfer, and cost certainty – and these issues will be 

discussed further in later sections of this thesis. An overview of the thesis is presented in 

Figure 1.1 and the structure is described in section 1.6.   

Figure 1.1  Overview of the Thesis 

 

 

Source: Author’s own description 

 

1.2 The Public Spending Code (PSC) 

The Public Spending Code (PSC) provides guidance to all public sector bodies in Ireland on 

the planning, evaluation, and management of public investment. This document builds on 

previous guidance provided by the Department of Finance (DoF), with an overall objective 

of delivering the maximum value for money from public investment. It is similar in some 

ways to the ‘Green Book’ published by HM Treasury in that it it focused on the proper 

appraisal of investment projects, which are assessed on business case methodology. In 

common with other national jurisdictions, the PSC employs a ‘Gateway’ system to evaluate 
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projects at critical milestones. Prior to its introduction in 2013, all national road projects 

were evaluated against the DoF’s Capital Appraisal Guidelines, which were published in 

1994, and updated in 2005 (DoF, 2005). The PSC applies to the full project lifecycle, from 

inception to close-out. It also defines the roles of the key stakeholders involved in the 

delivery of public projects. The two principal agents are the Sponsoring Agency which 

manages projects directly, and the Approving Authority (previously known as the 

Sanctioning Authority) which is ultimately responsible for the project. In the case of national 

road projects, the local authority acts as the Sponsoring Agency, and the NRA/TII acts as 

the Approving Authority. In addition, Government approval is required for all projects which 

have an estimated cost of €100 million or more. 

The PSC recognises the influence of cognitive biases and the impact they can have on cost 

forecasts and risk assessment. The guidelines note how optimism bias can lead to 

overestimation of infrastructure usage, and underestimation of costs and programme for 

delivery. Recommendations are made in the guidelines to mitigate against these effects by 

using techniques such as Reference Class Forecasting, peer reviews, and cost benchmarking. 

Some of these techniques will be discussed in further detail in Chapter 2 of this dissertation. 

There is also reference to the management of risk and uncertainty, and the need to use 

appropriate risk assessment tools including quantified risk assessment, and sensitivity 

analysis. The Capital Works Management Framework (CWMF) remains as the pillar for the 

implementation phase of projects. The PSC is intended to be a high-level guidance document 

and sits at the top of the hierarchy. Each government department is required to produce their 

own sector-specific procedures. In the case of transport projects, the Department of 

Transport (DoT) has published its own Common Appraisal Framework (DoT, 2016), and 

the NRA/TII has its own Project Appraisal Guidelines (TII, 2016). 

               

1.3 The Delivery of Road Transport Infrastructure in Ireland 

The NRA was established by the government on the 23rd December 1993 to oversee the 

development and maintenance of the national road network, and operational functions 

commenced on the 1st January 1994. At this time the national road network comprised 

mainly of single carriageway roads, most of which passed through towns and villages along 

the routes. In 1996 the national road network comprised a total length of 5,404 km of road, 

of which 91% was two-lane single carriageway road. Approximately 6% of the network was 

dual carriageway, and only 3% was motorway. The NRA was given the specific objective 
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to develop a safe and efficient network of national roads. This objective encompasses the 

planning, construction, and maintenance of the national road network. However, under the 

1993 Roads Act, the Authority is obliged as far as possible to arrange for this work to be 

carried out by local authorities. The local authorities, who are the Sponsoring Agencies for 

national road projects, are responsible for the planning and design of road projects, they 

implement any statutory orders required for compulsory purchase of land and property, and 

act as the Contracting Authority during the construction stage. The local authorities normally 

employ specialist consultants to prepare designs and environmental impact assessments for 

new road improvement schemes, and to assist with the preparation of tender documents and 

other technical reports. They also prepare the business cases which are necessary for the 

gateway approvals. Under the PSC structure, the Authority acts as Approving Authority. The 

Authority oversees all aspects of the development of new road schemes and enforces a 

gateway approval system to manage all stages of a project’s delivery. It has published 

various guidelines and other associated technical documents and standards which the local 

authorities must adhere to. In the case of Public Private Partnership (PPP) schemes, the 

NRA/TII acts as the Contracting Authority. In 2015, the NRA merged with the Railway 

Procurement Agency, and the organisation was renamed as Transport Infrastructure Ireland 

(TII). 

There are multiple actors involved in the delivery of road projects, each having specific 

functions and roles. The key roles are summarised in Table 1.1. Most of the technical 

advisers and design specialists are engaged by the local authority, and report directly to them. 

The Authority has also established a number of road project offices, which provide direct 

support to the local authorities in a project management capacity. These national road offices 

are responsible for the day-to-day management of road projects. Steering committees are 

established for each major project, and the Authority assigns its own staff to sit on these 

committees, and to have a direct reporting relationship with the project office and local 

authority. Each project is delivered by the local authority in accordance with TII’s Project 

Management Guidelines (TII, 2020). These actors can have different objectives, and these 

need to be managed by the NRA/TII to ensure that the project outcomes are successful. The 

Project Management Guidelines form part of the three key technical guidance documents 

published by the NRA/TII, which also includes the Project Appraisal Guidelines (TII, 2016) 

and the Cost Management Manual (NRA, 2010). The Cost Management Manual has been 

revised recently (TII, 2020), but the 2010 version was in effect for the road projects subject 

to this research. 
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This group of diverse actors is sometimes referred to as a ‘Temporary Multiorganisation’ 

(TMO). This organisational structure is established for each individual project, and the team 

which is brought together can influence the outcome of a project. This will be discussed 

further in section 2.4. 

 

Table 1.1  Actors involved in the delivery of National Road Infrastructure 

Actor Role and Key Functions 

NRA/TII Approving Authority; oversees the development of road schemes; 

implements a gateway approval procedure for each project stage; 

approves cost estimates and forecasts, provides funding to the 

local authorities, publishes, and maintains the main guidelines 

and standards for road development. The NRA/TII has ultimate 

responsibility for each project.  

Local Authority Sponsoring Authority; promotes and develops road schemes in 

accordance with TII’s Project Management Guidelines; prepares 

the business cases, cost estimates and other reports; publishes 

Statutory Orders and Environmental Impact Reports; implements 

Compulsory Purchase Orders for land and property; procures 

specialist consultants and technical advisers; procures the 

Contractor and administers the contract for the construction stage 

(as Contracting Authority).   

National Road Project 

Offices 

Regional and other project offices which provide project 

management support to the local authorities; responsible for the 

day-to-day management of projects. 

Specialist Consultants 

and other advisers to 

local authorities 

Engineering consultants who provide design, cost estimation, and 

contract administration/supervision services to the local 

authorities, Environmental consultants, Archaeologists, Land and 

Property valuation companies. In addition, some specialist 

advisers will report to the engineering consultants.  

Contractors Contracting companies who construct the road schemes and 

procure designs in the case of Design-Build contracts.  

Other Third Parties Utility companies and private service providers who may need to 

divert or alter existing services prior to the commencement of 

construction and during construction. Other key parties who issue 

permits and approvals for aspects of the works e.g., Irish Rail, 

Office of Public Works (inland drainage), Inland Fisheries, etc. 

Communities and the 

Public 

The land and property owners who are directly impacted by new 

road schemes through compulsory purchase; communities living 

adjacent to new road schemes who may be subject to temporary 

disruption and disturbance during the construction period.  

An Bord Pleanála Responsible for the assessment and approval of specific road 

schemes (including environmental impact statements where 

required) under the Roads Act. 

Source: Author. 
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1.4 Why do cost overruns occur on transport projects? 

Cost overruns are due to unplanned additional costs which occur on transport infrastructure 

projects, and which, when totalled, exceed the budget cost approved by the government or 

overseeing authority. This can lead to programme and funding issues for the government 

and their departments. Funding may need to be taken from other budgets, leading to 

curtailment of other programmes or projects. The consequences of any cost overruns can be 

serious. In the case of the London Crossrail project, the UK Government has provided loans 

to the value of over £2 billion to the Greater London Authority and Transport for London 

(UK National Audit Office, 2019). There are many factors which contribute to these cost 

overruns, and these factors will be examined in greater detail in Chapter 2 and Chapter 3 of 

this dissertation. One of the main reasons for these cost overruns proposed by researchers is 

that of optimism bias (or over-confidence) on the part of project planners and managers. 

These human cognitive biases can lead to the situation where managers and decision makers 

believe that their projects will always turn out as planned. This is not always the case, and 

unforeseen events can result in delays and extra costs. Other researchers have suggested that 

cost overruns arise from a failure to assign risk adequately at project level. 

The evidence from the literature suggests that cost overruns are common and occur in almost 

every jurisdiction. Table 1.2 indicates some of the studies which have been completed, and 

the scale of the overruns for road projects. These studies have been cited in the literature and 

will be discussed further in Chapter 2 of this dissertation. The difficulty with these studies 

is that methodologies differ, and different baselines are used to determine the size of the cost 

overrun (e.g. the cost forecast at the decision to build, or when the tender is awarded), and 

whether the total project cost is being used or just the estimate of construction cost. However, 

it is clear that cost overruns are occurring. The figures indicate that the scale of the cost 

overruns is greater when the estimate at the decision to build is used as the baseline. This 

would reflect the fact that the design may not be fully complete at this stage, or that the scope 

of the project is not defined in sufficient detail to enable an accurate cost estimate to be 

calculated. The studies do not provide much information on the completeness of the design 

at the decision to build point, nor background on the cost estimation methodology, or risk 

assessment. It can be seen from this table that some of the mean cost overruns are less than 

10%. This scale of additional cost would generally be accommodated within most risk 

contingencies and would not be considered in the industry to be unusual. There is also a 

suggestion in recent literature that budgets are being increased to anticipate cost escalation.     
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Table 1.2  Cost Overrun Studies for Roads 

No. of 

projects  

Mean Cost 

Overrun % 
Baseline Source / Country Author 

106 5 Contract award Utah State Department of 

Transportation, USA 

Thurgood et al. 

(1990) 

433 5 Contract award Washington State 

Department of 

Transportation, USA 

Hinze et al. 

(1991) 

167 20 Decision to 

build 

Various Flyvbjerg et al. 

(2002) 

50 24 to 26 Decision to 

build 

UK Mott Macdonald 

(2002) 

659 5 Contract award Indiana State Department 

of Transportation, USA 

Bordat et al. 

(2004) 

620 8 Final estimate 

(Detailed 

design) 

Norwegian Public Roads 

Administration, Norway 

Odeck (2004) 

184 <10 on 

average 

Decision to 

build 

UK UK National 

Audit Office 

(2007) 

37 19 Decision to 

build 

The Netherlands Cantarelli et al. 

(2012) 

36 19 Decision to 

build 

Slovenia Makovsek 

(2014) 

869 24 Decision to 

build 

Various Flyvbjerg 

(2016) 

42 

23 

1, 

39 

Final Cost, 

Transport Plan 

Norway Welde and 

Odeck (2017) 

70 13 Contract award Hong Kong Love et al. 

(2019) 

1083 -1.3, 

11, 

-18 

Planning, 

Execution, 

Completion. 

 

Italy Cavalieri et al. 

(2019) 

Source: As indicated in the table.  

 

It is possible to mitigate against these events through risk assessment, and by adding risk 

contingencies and other uplifts to the base cost estimate for each project or investment 

decision. The assessment and determination of any risk contingency sum or base cost uplift 

requires careful consideration. If the cost contingencies are set too low, the budget approved 

may be exceeded, and if the contingencies are set too high, they may distort or impair the 

economic appraisal and cost benefit analysis. Project outcomes are often described in terms 

of best-case scenarios, worst case scenarios, and acceptable, both in terms of cost and time 

for delivery. These scenarios are illustrated in Table 1.3. Worst case scenarios are damaging 

for public bodies in terms of budgetary control, and reputation and credibility. 
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Table 1.3  Project Outcome Scenarios 

Type of Project 

Outcome 

Outturn  Comment 

Best Case Outturn cost is less than the 

risk adjusted total cost forecast, 

and the project is delivered 

ahead of programme 

Very little or no risks 

materialise  

Acceptable  Outturn cost is very close to or 

equal to the risk adjusted cost 

forecast, and the project is 

delivered on programme or 

with a short delay   

Some known risks have 

materialised but were 

allowed for in the risk 

contingency 

Worst Case Outturn cost exceeds the risk 

adjusted cost forecast and the 

project is delivered well behind 

programme 

Both known and unknown 

risks have materialised 

causing both additional cost 

and significant delay  

 Source: Author 

 

1.5 Why is this research important?  

The reforms introduced by the DoF and DPER in recent years have brought a measure of 

standardisation and control to the planning and delivery of major infrastructure projects. 

There is greater accountability now across the whole project lifecycle, and the gateway 

system of approval defines appropriate decision points to reassess the costs and benefits 

associated with each project. The NRA has implemented a staged approach to its 

management and oversight of road projects since the publication of the first version of the 

Project Management Guidelines in 2000 (NRA, 2000). These control procedures have 

undoubtedly brought improvements, and lessons will continue to be learnt. Nevertheless, 

delivering public infrastructure projects will remain challenging. Cost overruns on transport 

infrastructure projects are a global phenomenon. The construction industry is known to be 

high risk, with most contractors operating on low profit margins in a highly competitive 

environment. The large capital expenditure is a challenge for both public authorities and 

contractors; project lifecycles can be long, with delivery programmes changing in response 

to the economic environment and government budgetary constraints. Public sector projects 

are more prone to change and are often subject to much political and public scrutiny. Political 

pressures can lead to changes in the scope and definition of projects, and the planning and 

consent procedures are more difficult now than in the past.    

Over the last twenty years or so, there has been suggestions in the literature and amongst 

industry participants that some of the problems associated with cost overruns are not related 

to technical or construction issues but are caused primarily by cognitive biases. Put simply, 
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this is the tendency for project planners and managers to believe that all aspects of the project 

will turn out as planned. Often, risk contingencies are set too low, and only allow for known 

risks to occur. Known risks are those risks which are occurring on a frequent basis on 

repetitive projects and can be dealt with by a quantified risk assessment. However, even this 

task is prone to bias, and project managers may underestimate the probability of the risk, or 

the consequence on cost and programme. Biases will inevitably affect all stages of the project 

lifecycle, from planning, through the design process, and during the construction stage, but 

they can be managed. Measures can be put in place to offset these biases. Accepting that 

biases influence our decision making is the first step. This allows us to mitigate against 

optimism bias by developing cost contingencies and uplifts. Getting cost forecasts more 

accurate and reliable is only part of the solution. If all of the risk contingencies are spent in 

delivering a transport project, is this still a successful outcome? Each project budget should 

allow for this possibility but if risks can be removed or mitigated, the outturn cost can be 

controlled. Managing risk and preparing for the possibility of unplanned events is critical 

and becomes more so as project complexity increases. In order to reduce the occurrence and 

scale of cost overruns it is necessary to address the following key concerns: 

• Ensuring that cost estimates and forecasts use state of the art methodologies, 

• Allowing for the possibility of both known and unknown risks (and unplanned 

events) occurring, 

• Having experienced staff, systems, and procedures in place to react and respond 

to these unplanned events when they occur, 

• Having effective feedback systems to enable learning and knowledge retention. 

 

Kahneman (2011) distinguishes between ‘thinking’ and ‘knowing’. We can think about 

future events and the outcome of projects, but we only know the actual outcome when it has 

occurred. Past experience on transport projects, including detailed analysis of the project 

outcomes – what worked well, and what did not – will assist us in dealing with project 

complexity and uncertainty on future projects. Much of the academic research on cost 

overruns is focused on the statistical analysis of data, and in determining the magnitude of 

the overruns. While this research is necessary, it does not always provide the reader with a 

clear understanding of why these additional costs occurred, or how we can learn from 

completed projects. This dissertation will examine both data on cost overruns and the 

underlying causal factors and will attempt to relate these causes back to cognitive biases, 
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and the management of risk and uncertainty. The ‘Lessons Learnt’ review of a project can 

provide important information on outcome, and this needs to feed back into an organisation’s 

skillset. The NRA/TII has access to these data in the form of post project reviews, closeout 

reports, and lessons learnt registers. 

The recent examinations and inquiries into the delivery of major infrastructure projects in 

the UK have shown that even with detailed guidance and procedures, there are still concerns 

and issues surrounding public sector projects. The UK House of Commons inquiry into the 

management of major projects provided an opportunity for industry stakeholders and experts 

to make submissions and recommendations to the committee (UK House of Commons, 

2019). Twenty-eight written submissions were made, and there were five days given over to 

oral evidence. The interim report published by the committee noted that the public sector 

organisations involved in the delivery of major projects needed to improve their capability 

and skills base. Having the right people with the right experience is an essential requirement 

for the planning and construction of transport projects, and this theme will be explored 

further in Chapter 2 and Chapter 3 of this research. The committee also noted that even with 

extensive appraisal in the planning stage of projects, cost overruns were still prevalent. This 

suggests a discord between expectation and performance, and the committee proposed that 

this was due to project complexity and uncertainty. They also recorded the difficulties of 

public sector procurement which promotes cost minimisation and aggressive transfer of risk 

to contractors and suppliers. These factors are important when considering the reasons for 

additional costs and they will be analysed in this dissertation.                                       

This dissertation will build upon the existing academic and professional research on the 

subject of construction cost overruns on public transport infrastructure projects, by 

examining current approaches to cost estimation; the factors which can give rise to additional 

costs; and proposals for mitigation. The research will relate the theory to actual practices and 

outcomes on road projects which have been delivered by the NRA/TII. This body of research 

will be of value to TII, the DoT and DPER, and all public sector organisations engaged in 

the delivery of public infrastructure.     

 

1.6 The Structure of this Dissertation  

This dissertation will critically examine the issue of additional costs on major road 

infrastructure projects in Ireland and will assess whether these costs are caused by optimum 

bias. The literature associated with cost overruns on transport projects suggest that they may 
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be caused by optimism bias or overconfidence. While the emphasis is on road projects, some 

reference will be made in the literature review to rail transport projects in order to identify 

any similarities or contrasts. These project types share similar characteristics in terms of 

being linear repetitive projects, but differences emerge as the complexity increases and the 

environment changes from rural to urban. The dissertation will look at how and why 

additional costs arise on major projects, and the methods currently being adopted to mitigate 

against their impact. If contingency costs can be determined at the appropriate stages of a 

project to allow for the possibility of additional costs, then realistic and accurate budget 

forecasts can be prepared by the project managers and adopted by government. The overall 

objective is to ensure that the project budgets agreed with government are then only exceeded 

under exceptional circumstances. The key research question of this dissertation is: 

• Are cost overruns occurring on national road projects, and, if they are, are they being 

caused in the main by cognitive biases? 

This research question will be answered using a series of steps outlined in Figure 1.2. 

Figure 1.2  Research Approach 

  

Source: Author 

Chapter 2 will examine the main body of literature which has guided this research. The 

literature which has been referenced is a mixture of academic research, and other relevant 

publications and guidance documents which have been produced by government bodies, 

agencies, and industry practitioners. It is important that a balance is achieved between those 

Determine if cost overruns have 
occurred on national road projects?

If they have occurred, are the cost 
overruns systematic or random?

Use Quantitative Analysis

What are the main causal factors?

Use Qualitative Analysis
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who are directly involved in the delivery of transport infrastructure projects, and the external 

researchers who have an interest in a particular aspect of the industry. The chapter is divided 

into eight sections as described herein. After a short introduction (section 2.1) to this review, 

the first topic discussed is that of cognitive biases, and their influence on forecasting and 

decision-making (section 2.2). The leading writers on this subject are Daniel Kahneman and 

Amos Tversky who pioneered the early work on intuitive prediction and the impact of 

optimism bias. Their research laid the foundations for one of the principal methods for 

mitigating against this bias – the use of a reference class of past completed projects or 

decisions. Kahneman later applied his theories on biases to executive decision making and 

risk and won the Nobel Prize in economics in 2002. His work with Dan Lovallo on the 

‘Outside View’ is important in understanding why project managers make the wrong 

assumptions about risk and uncertainty, both of which are critical on infrastructure projects. 

This section leads naturally to the seminal research work undertaken by Bent Flyvbjerg and 

his colleagues on optimism bias (section 2.3). Flyvbjerg has carried out extensive research 

on the cost outcomes of transport projects on a global scale. He has become a leading 

advocate of the ‘Outside View’ and the use of reference class forecasting, and he provides 

expert advice and reporting to governments and agencies. Flyvbjerg argues throughout his 

research work that optimism bias is one of the primary causes of cost overruns, and that 

project cost estimates are almost always too low. He has also argued that cost estimates are 

often kept low by project planners for political and strategic reasons, which he has referred 

to as ‘strategic misrepresentation’. This proposal is difficult to prove based on outturn data 

alone, and for this reason, will not be analysed in this dissertation. Section 2.4 will examine 

the opposing view proposed by Peter Love and other researchers who recommend a more 

traditional approach to cost estimation and forecasting. They recommend a project specific 

approach which is centred around getting the design and contract documents correct, and 

analysing risk for each individual project. The following section, 2.5, discusses the way in 

which the United Kingdom (UK) government and its agencies deals with bias and risk. The 

UK government has published much guidance and documentation on this subject, yet while 

improvements have been made on its cost estimation procedures, overruns are still occurring. 

Section 2.6 will examine the experience in Australia which has also seen cost overruns 

occurring in both road and rail projects. The main reference for this review is the recent 

study undertaken by Terrill and Danks (2016), but reference will also be made to the work 

done by Peter Love and his associates. The final review of Chapter 2, section 2.7, will deal 

with the issue of risk and uncertainty. The evidence from the research is that this is a critical 
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problem on construction projects in general and is seen to contribute to many of the issues 

giving rise to additional costs. Cognitive biases are directly associated with people’s 

perception of risk and uncertainty, and Kahneman has stressed our tendency to be 

overconfident in predicting project outcomes. The final section of this chapter, section 2.8, 

will discuss the findings from the literature review which are relevant to this research, and 

present some pointers for the data analysis.                                        

Chapter 3 will present the proposed methodology and research methods which will be used. 

The research element of this dissertation will be focused on road projects, based on data 

sourced from the NRA/TII. All of the data presented will be anonymous, i.e. any references 

to project names, local authorities, or contractors will be removed. The first section of this 

Chapter, 3.1, will provide a short introduction to cost estimation, and will give an example 

of the type of adjustments and uplifts which can be added to the initial cost estimate to 

produce a risk adjusted forecast. Section 3.2 describes how the cost estimation function has 

developed in the NRA/TII, and the principles used to determine base cost estimates and risk 

contingencies. The methodology to be adopted for this research is summarised in section 

3.3. A two-stage analysis process will be used. Stage one will involve the statistical analysis 

of a sample of road projects delivered by the NRA/TII over the last twenty years. The 

estimated costs of these projects will be compared against their actual outturn costs, for both 

the total project budget, and the risk adjusted construction cost. This will give a measure of 

how successful the cost estimation procedures are, and whether they have improved over 

time. In addition, a comparison will be made between the outturn construction cost and the 

tender accepted by the Contracting Authority to see the scale of additional costs arising at 

the construction stage. The second stage of analysis will examine a smaller sample of road 

projects in greater detail to determine the cause of the additional costs.  

The following section, 3.4, provides background to the issue of project complexity. The 

complexity of a project has been seen to have a direct impact on the likelihood of additional 

costs occurring. Most green-field road projects are not hugely complex, and the number of 

interfaces with external third parties is limited. By virtue of their linear form and repetitive 

construction processes, this can make it easier to produce more reliable cost forecasts for 

road projects when compared to Crossrail or other major tunnel projects. The final section, 

3.5, will describe the methodology for the second stage qualitative analysis. 
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Chapter 4 presents the results of the quantitative analysis on the main sample of projects and 

describes the findings from the research. The data output is illustrated through a series of 

figures showing the various cost comparisons and unit costs. Initial conclusions are drawn 

from the spread of cost overruns and underspends, and there is some discussion of tender 

prices and risk pricing. Chapter 5 deals with the qualitative analysis of a smaller sample of 

road projects. The data are examined using the framework developed in section 3.5. The cost 

estimates and outturns for six projects are reviewed and there is a discussion on the 

identification and quantification of risks for each project. Additional costs are identified and 

are linked back to various causal factors.  

 

Chapter 6 will present the conclusions and recommendations emerging from this research 

and will highlight areas for further research. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



17 
 

Chapter 2 Literature Review and Conceptual Framework 

2.1 Introduction 

There is a considerable body of academic and professional research on the topic of cost 

overruns on transport infrastructure projects. Much of the literature examines samples of 

projects either globally or in a single country which are complete and attempts to determine 

and analyse the extent of additional costs which have arisen and the reasons for these cost 

increases. The evidence is that cost overruns are common in the transport construction 

industry with some projects attracting significant media attention such as the English 

Channel Tunnel project and the Boston Arterial Road known as the ‘Big Dig’. For the 

purpose of this dissertation, the scope of the literature review has been narrowed to focus on 

the specific areas of optimism bias and overconfidence, and how these biases can affect 

decisions about future events, and people’s perceptions about risk and uncertainty. One of 

the foremost researchers and authors in this area is Bent Flyvbjerg, who has studied this area 

for over twenty years. His work has been influenced to a great degree by the earlier research 

undertaken by Daniel Kahneman and Amos Tversky on cognitive biases. This early work by 

them was later applied to the area of decision making in business, but many of their findings 

are relevant to all industries. This review will also examine the arguments made against the 

influence of biases, and in particular the work of Peter Love, Dominic Ahiaga-Dagbui and 

others who promote a more traditional project-specific analysis of cost overruns. Specific 

examples and experiences are also examined for both the United Kingdom and Australia. 

Finally, there will be a discussion about the difficulties associated with managing risk and 

uncertainty. The first part of this literature review will examine the key work done on 

cognitive biases by Kahneman and Tversky (1979).  

 

2.2 Cognitive Biases 

Cognition is generally defined to be our perception or understanding of data, an event or 

situation. It is the act or faculty of knowing. Kahneman has suggested however, that there is 

a difference between thinking and knowing (Kahneman, 2011). The difficulty of determining 

accurate cost estimates for infrastructure projects is in predicting the outcome of future 

events and risks. While specific design detail is available at various stages of a project’s 

development, many assumptions are made in interpreting design data, construction methods 

and schedules, and risks. Cost estimates involve forecasts of future events, and this leads to 

a degree of uncertainty in their accuracy and reliability. Kahneman and Tversky (1979) 

examined the problems associated with making forecasts based on intuition and educated 
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guesswork. They found in their research that errors of judgement were systematic and were 

not random. This led them to conclude that the errors were actually caused by biases, and 

not human error or confusion. They coined the expression the ‘planning fallacy’ to describe 

the tendency of project managers and forecasters to be overconfident about the accuracy of 

their estimates. In simple terms, they underestimated costs and overestimated the benefits of 

the projects under consideration. Kahneman and Tversky proposed that the reason for this 

bias was that managers tended to analyse only the data for the particular project under 

consideration and ignored the other distributional data available to them from outcomes of 

similar projects. The use of singular data from one project was referred to as an internal 

approach. Conversely, the use of distributional data was described by them as the ‘external 

approach’. This distributional data is sourced from a reference class of similar completed 

projects or decisions and can be used to offset the effects of human cognitive biases. 

They also observed that detailed knowledge or intense involvement in a specific project can 

lead managers to lose sight of distributional data. This is often referred to today as ‘tunnel 

vision’. Project managers and planners are often the champions of their projects, and this 

can lead to some lack of objectivity. While the use of distributional data cannot guarantee 

the accuracy of forecasts, Kahneman and Tversky believed that it would offer some 

protection against unrealistic forecasts. The historical data on transport projects which are 

complete can provide a range of real outcomes, from best case to worse case scenarios, upon 

which current judgements can be made. Their 1979 research paper on prediction is critically 

important due to their use of the reference class to overcome forecasting errors, and for the 

methodology proposed by them to produce regressive predictions i.e. forecasts which fall 

between the class average and the best prediction for the project under consideration. When 

forecasting costs, they suggested using the percentage cost overrun rather than trying to 

predict costs in absolute terms, as absolute costs are unique to each project. Kahneman and 

Lovallo (1993) developed these ideas further in the areas of decision making and risk. They 

noted how managers treated problems as unique, and when making decisions, are susceptible 

to unjustified optimism and unreasonable risk aversion. They also observed that people have 

narrow decision frames and tend to consider decision problems one at a time. However, 

whilst decision makers are normally cautious, they often expose themselves to large risk by 

making ‘bold forecasts’. Kahneman and Lovallo developed the concepts of ‘inside’ and 

‘outside’ views.  

The ‘inside view’ only examines the case or project at hand and attempts to predict progress 

and programme to completion from the current trends. The ‘outside view’ ignores the 
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specific detail of the current project and focusses on the outcomes and statistics of a group 

or class of similar projects which are complete. Kahneman and Lovallo noted that the 

‘outside view’ is statistical and comparative, and as such, would be more likely to produce 

realistic estimates of cost and programme duration. In general, they were of the view that 

less favourable scenarios were more likely than optimistic scenarios, because so many things 

can go wrong on projects. They concluded that the ‘inside view’ was dominant in intuitive 

forecasting, which tended to ignore any available statistical knowledge about the project or 

decision under consideration. It was also observed by them that people are reluctant to face 

the facts when things start to go wrong and will often continue with projects even when they 

realise there is a chance of failure or lengthy delays. This trait is relevant when planning 

large and complex infrastructure projects which can often take a long time to develop. 

Suspending or terminating a project where the costs are increasing significantly, or where 

other major problems emerge is a difficult decision for local authorities, especially if there 

is public and political support for a project. While there may be sunk costs which are not 

retrievable, these costs are usually small when compared to the major capital expenditure 

which will occur once construction contracts are executed. Kahneman and Lovallo also 

noted how managers can exaggerate their control over events, and commonly underestimate 

the likelihood of hazards or risks.  

There is also a tendency for those directly involved in projects to develop vested interests in 

ensuring that their projects are approved and proceed. This can lead project promoters to 

calculate overly optimistic benefits, and benefit-cost ratios, particularly when multiple 

projects are competing for limited funds. However, Kahneman and Lovallo noted that 

projects which were forecast to have the highest returns are often the ones which fail to 

deliver on their expectations. Overcoming the ‘inside view’ requires deliberate effort, as 

most people are strongly biased in favour of the ‘inside view’. This can be difficult in the 

case of complex infrastructure projects, which tend to appear as unique. While some 

elements of these projects may involve new construction designs or challenges, very few 

projects are entirely novel and unique. Lovallo and Kahneman (2003) returned to this theme 

again in the context of business decisions and their rationale. They argued that the frequency 

of poor business outcomes was an unavoidable result of managers taking rational risks in 

uncertain situations. Was this an example of reasonable risk taking by managers or 

delusional optimism? They noted again the tendency of individuals to exaggerate their own 

talents, and the tendency to misread the causes of certain events. In this regard, managers 

tended to attribute any negative outcomes to external events rather than to any fault of their 
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own. Decision makers tend to overplay the degree of control they have over events, and 

ignore to a large degree the role of luck or chance. They also ignore or downplay the 

possibility of random or uncontrollable occurrences or events. This is particularly significant 

for complex infrastructure projects which are prone to myriad problems which cannot be 

foreseen at the outset. 

Lovallo and Kahneman (2003) presented a series of five steps to overcome these cognitive 

biases, which were based on the earlier work on intuitive prediction by Kahneman and 

Tversky (1979). These steps formed the basis of a Reference Class Forecast (RCF). The 

Reference Class Forecast involves the examination of cost outcomes (usually the percentage 

cost overrun) of a portfolio of similar completed projects to the one under consideration, and 

then using this data to determine the most likely cost uplift for the specific project being 

examined. This can be done by predicting the current project’s position in the distribution of 

cost outcomes. More usually, a probability distribution of the cost overruns is generated, 

from which a percentage uplift is chosen for a given confidence level. 

This procedure is an ‘outside view’ and removes any subjective assessment of project data. 

They noted that the adjustment for this optimism bias can often be large, particularly in 

uncertain situations where the predicted values are not reliable. The scale of some of the 

adjustments which are applied in the UK will be discussed in section 2.5. The methodology 

described by Lovallo and Kahneman, and Kahneman and Tversky, set out the principles for 

developing reliable cost forecasts based on historical data.  

 

2.3 Optimism Bias in Transport Infrastructure Projects 

The concepts proposed by Kahneman and his colleagues on cognitive biases were adopted 

and developed for transport infrastructure projects by Bent Flyvbjerg. Flyvbjerg and his 

associates argue that the main cause of cost overruns on transport projects is human cognitive 

bias. In a seminal paper published in 2002 for the American Planning Association, Flyvbjerg 

and his colleagues examined a sample of 258 transport projects of varying size and 

complexity and found that in almost all cases the cost estimates used as the basis for the 

decision to build were systematically low and misleading (Flyvbjerg et al., 2002). Road 

projects were estimated to have overruns of approximately 20%, with rail projects estimated 

to be about 45%. The sample of projects reviewed in this study were drawn from around 

twenty countries, and ranged in value from $1.5 million to $8.5 billion, and were constructed 

in the period from 1927 to 1998. Most of the projects in the sample were drawn from Europe 
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(70%). They proposed that the original cost estimates which were prepared for the projects 

were low because of human bias, and not routine error. No detail was provided on the 

methodology used to produce the original cost estimates or whether risk contingencies were 

included.        

Flyvbjerg et al. (2002) proposed that this cognitive bias took the form of both optimism bias 

and strategic misrepresentation. Optimism bias is the tendency for project planners and 

managers to under-estimate costs and over-estimate the benefits of large construction 

projects. This is the fundamental argument made by Flyvbjerg, that human bias will always 

lead to the under-estimation of project costs at the key decision stages, and which inevitably 

results in higher costs at completion. He also argues that politicians and project promoters 

may use this bias to push projects through the approvals process based on unrealistically low 

costs and budgets, either knowingly or not. He refers to this as strategic misrepresentation. 

The timing of the decision to build is normally when a government receives and approves 

the full or final business case, although ‘green light’ approvals or announcements can often 

be made earlier in the project lifecycle. Business cases and the associated economic 

evaluations can be undermined if the outturn costs prove to be excessively high, so it is 

critical that cost forecasts are as accurate as possible and include an appropriate assessment 

of risk. Flyvbjerg proposed that these biases can be removed or mitigated through the use of 

Reference Class Forecasting (RCF) and other similar methods (Flyvbjerg, 2006, 2011). This 

is the ‘outside view’ as described by Lovallo and Kahneman, and Flyvbjerg argues that this 

method will provide the most accurate cost estimate forecasts for project appraisal and 

approval (Flyvbjerg, 2006, Flyvbjerg et al., 2018). 

One of the main advantages of Flyvbjerg’s approach to cost estimation is that it is completely 

objective. His analysis is based on the statistics derived from the data, which indicated that 

the change in the outturn costs were positive (an increase when compared to the cost 

estimate) and were distributed to the right side of the mean. Also, by using the decision to 

build as the reference point, and comparing total costs, Flyvbjerg’s analysis allows 

consideration of changes in cost over a longer period of the project lifecycle. Other research 

studies have focused on the construction phase only, using the tender cost as the baseline, 

which may present a limited view of any cost changes. For this reason, making comparisons 

between research studies can be difficult. However, for the purpose of this dissertation, the 

actual value of the cost overruns in itself is not critical. It is the reasons behind the cost 

increases that are the primary focus.       
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Flyvbjerg et al. (2002) suggest that this cost underestimation can be attributed to four main 

factors – technical, economic, psychological, and political-institutional. These factors were 

further developed by Flyvbjerg and COWI (2004) and are summarised in Table 2.1 below.   

 

Table 2.1  Factors which can influence Cost Underestimation  

Factor Comments 

Technical Errors due to inadequate data, mistakes, 

imperfect forecasting methods; scope 

changes; management issues  

Economic Self-interest of stakeholders (construction 

companies and consultants); competition 

for funds 

Psychological Attraction of building large landmark 

projects; tendency for humans to be overly 

confident of outcomes (optimism bias) 

Political-institutional Interest and power; Low project costs can 

assist in getting schemes started  

Source: Derived by the author from Flyvbjerg et al. (2002); Flyvbjerg and COWI (2004) 

 

These explanations for cost overruns were examined again by Cantarelli et al. (2010). They 

suggest that there is frequent misinformation about costs on large-scale transportation 

infrastructure projects. They attempted to link each of the factors with appropriate theories. 

For example, technical explanations were linked to forecasting theory, planning theory, and 

decision-making theory. However, their research was not conclusive, and they recommended 

searching for other theories which might give a better understanding of cost overruns.  

 Flyvbjerg has consistently downplayed the relevance of technical factors on the basis of the 

statistical data. He has argued that if errors are random i.e. caused by mistakes and human 

error, then this would be reflected in the distribution of the cost overruns and underspends. 

In effect, the data distribution would be centred around zero (Flyvbjerg et al., 2018). 

Flyvbjerg et al. (2018) are of the view that psychological (optimism bias) and political biases 

are still the main causes of cost overruns. They argue that the primary problem is one of cost 

underestimation at the key decision-making stages. However, it can also be argued that if 

factors such as project complexity, and the management of risk and uncertainty are common 

characteristics of transport projects, then they can be seen to have a significant influence on 

cost overruns. This theme will be discussed further in sections 2.7 and 3.4 of this dissertation. 

If risk and uncertainty is not allowed for in the cost forecasts, then this is a failing of the cost 

estimation function, not a bias.    
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The impact of optimism bias on cost estimates was recognised by the UK HM Treasury in 

2003, and they advised their departments to investigate this at sectoral level. The UK 

Department for Transport commissioned Flyvbjerg and Danish consultants COWI to 

develop a methodology for dealing with optimism bias. In this report Flyvbjerg and COWI 

(2004) established cost uplifts for various transport project types. This was acknowledged to 

be the first real case of RCF being used to develop cost estimates for transport projects, and 

its adoption in the UK has given it considerable credibility. This will be discussed further in 

section 2.5.  

Flyvbjerg has continued to develop this research over the last twenty years and has become 

an acknowledged expert in the use of Reference Class Forecasting (RCF). The original 

dataset of 258 projects has been expanded to over 2,000 (Flyvbjerg, 2016; Flyvbjerg et al., 

2018), allowing detailed analysis of many different types and sizes of transport projects and 

other types of infrastructure projects such as dams. The larger sample size has shown results 

comparable to his original work completed in 2002, with average cost overruns for road 

projects at 24%, and 40% for rail. He has argued strongly that the use of RCF can provide 

reliable and accurate cost forecasts at the decision to build stage, with sufficient cost 

contingency to avoid later overruns at the project completion stage. Flyvberg’s RCF 

methodology is not concerned with identifying the specific causes of any additional costs at 

the project level. He is interested in the fact that historic outturn costs on many projects have 

confirmed that additional costs do occur on a regular basis. As such, they must be allowed 

for in the cost estimates, and RCF is one method of doing this. The real strength of RCF is 

that it accounts for both the known and unknown events which can occur (and have occurred) 

on large and complex infrastructure projects, but it is a broad measure of risk and uncertainty. 

Other researchers have recommended a project-specific risk analysis or ‘inside view’ and 

this will be discussed in the next section.       

 

2.4 The Conventional Approach to Cost Estimation and Overruns 

The more traditional approach taken by many researchers, including Peter Love and Dominic 

Ahiaga-Dagbui, is that these overruns are caused primarily by scope changes by the client, 

and errors arising from project complexity and ordinary human error associated with the 

design or cost estimation process. They are less concerned with cognitive biases but with the 

actual detail of the project under consideration. This is the ‘inside view’ as described by 

Kahneman and Lovallo (1993). They argue that project designers and cost estimators must 

rely on the facts about a project and its associated risks when determining costs and budgets. 
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While they acknowledge that much research has been undertaken into the topic of cost 

overruns, they are critical of the methods used. They advocate the use of systemic and 

probabilistic approaches to understand the nature and causes of cost overruns (Ahiaga-

Dagbui et al., 2017; Love et al., 2016). There is evidence from industry practitioners which 

would support this approach. HKA Global, who are specialists in contractual disputes and 

claims, have carried out a study of the commissions they worked on (HKA Global, 2018). 

They examined the causes of disputes among 257 commissions which they provided advice 

on. The estimated capital value of these projects was US$400 billion. HKA identified 3,043 

causes of contractual claims and disputes, which they categorised into seven groups. The top 

three groups related to the Contractor (20%), the Design (17%), and poor Skills (16%). The 

design issues were due to late availability of information, errors, quality, and incomplete and 

ambiguous documents. Behavioural issues contributed to 12% of the causes, including an 

adversarial culture, lack of communication, and overconfidence. While this study is directed 

at the construction phase of projects, it provides real examples of the factors which have 

given rise to additional costs. It also illustrates the need to distinguish between due diligence 

and skill, and overconfidence. Due diligence and skill are a basic requirement for all 

professionals involved in the delivery of infrastructure projects, whilst overconfidence is a 

fault of human behaviour.      

In a recent study of the cost performance of transport projects in Hong Kong, Love et al. 

(2019) found that 47% of the projects were delivered for less than the approved budget. This 

research was based on the examination of 85 projects with an overall budget estimate of 

HK$115 billion (approximately US$14 billion). Of these 85 projects, 63 had an ‘approved 

budget’ from the government at the design stage. Risk contingencies were added to the base 

cost estimates at pre-tender stage. These contingencies included for design changes during 

construction, cost fluctuations, project coordination, undergound works, and site conditions. 

The mean risk allowance for these projects was 21%. Comparisons were made between the 

budget estimates at the approval stage, pre-tender estimates, the estimates at the contract 

award, and at completion. The cost performance of the projects was determined using the 

initial contract sum at award stage. Based on data from 70 of the projects, the authors 

concluded that the mean cost increase was approximately 13%. There were cost increases 

and decreases on these contracts. Cost decreases occurred where works were omitted from 

the projects by means of variation orders. Love et al. found no significant differences 

between cost performance and project type, or project size (based on the monetary value).  
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Because almost half of the projects reviewed were delivered within budget, the authors 

concluded that optimism bias was not a critical factor for the cost performance. The cost 

overruns were not systematic. The authors argued that there were difficulties in assessing 

uncertainty which were not being addressed. While risk assessment was carried out for these 

projects, the assessment was confined to those known risks where data existed, and which 

could be controlled. The management of unknown risk and uncertainty will be examined 

further in section 2.7 of this dissertation. In an effort to improve the accuracy of cost 

estimates, Love et al recommended the use of quantitative risk assessment (with a Monte 

Carlo simulation) and examining the actual distributions of cost increases and cost decreases 

for past projects.   

In an examination of Dutch transport infrastructure projects, Cantarelli et al. (2012) 

examined the relationship between cost performance and project type (road, rail, or fixed 

link), project size (based on the estimated cost), and the length of the implementation phase. 

Using the decision to build as the baseline, they found mean cost overruns of 11% for rail 

projects, 19% for roads, and 22% for fixed links (bridges and tunnels). They concluded that 

road projects were particularly vulnerable to cost overruns, but that project size did not 

significantly influence the overruns. This finding regarding project size was also noted by 

Love et. al (2019) and suggests that the monetary value of a project may not relate directly 

to complexity or uncertainty. The cost of a project may be high simply because of its length 

and not due to any inherent technical difficulty or complexity. Cantarelli et al. also found 

that the length of the implementation phase has an impact on the scale of the cost overruns, 

and the longer the phase, the higher the cost overrun will be. They also noted that the pre-

construction phase had the highest influence on cost overruns. Similar findings have been 

made by Welde and Odeck (2017). This is likely due to the lack of design detail which exists 

at the planning stage of projects. The authors noted that this was likely due to the lengthy 

consultation processes which are now required to gain public acceptance and planning 

consent for transport projects in the Netherlands. This issue is also more prevalent in Ireland 

now, and in most developed nations, and can lead to a long development phase for transport 

projects.           

Love et al. (2015) contend that it is necessary to understand why and how cost overruns 

occur on projects in order to reduce their impact. They emphasise the complexity associated 

with large transport projects, and the dynamics which exist during the planning and design, 

procurement, and construction phases which can have a significant influence on cost 

outturns. This issue of project complexity is a recurring theme on large projects and 
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megaprojects and will be discussed further in Chapter 3 of this dissertation. Love et al. note 

the differences in the quantum of cost overruns which have been reported in various studies 

(as illustrated in Table 1.2), some of which are related to the timing of the base cost estimate 

used for decision making. They argue that the cost estimate at the decision to build may be 

based on documentation, which is not fully detailed or complete, and suggest the use of the 

estimate at contract award. They suggest that the estimate at contract award can provide 

governments with a realistic reference point upon which to measure additional costs. While 

this may provide an accurate baseline in terms of the tender estimate, it may not reflect the 

real cost of the project. The competitive nature of public procurement, together with other 

issues associated with risk transfer, has led contractors to adopt bidding strategies which can 

undermine the relevance of tender prices. This argument will be examined further in the final 

part of this section, based on recent research by the International Transport Forum. In 

addition, the receipt of tenders for a public transport project will normally occur after the 

final business case has been completed, and the decision to build confirmed. The only 

decision the Contracting Authority can make at that stage is whether to accept a tender or 

not, and to assess the impact on the agreed project budget. Suspending or terminating a 

project at the tender stage is difficult for public authorities, as they are often committed to 

the project at this stage. Retendering the project can be considered but this may not change 

the lower tender bids.              

Love et al. (2015) stress the need to examine both the external and internal view when 

examining the causes of cost overruns. Their internal view is primarily focussed on technical 

issues such as the delivery strategy and risk allocation, effect of optimism bias on the specific 

project, scope changes during design, planning issues, errors, and omissions in the 

documents, change orders during construction, and overall project governance. The delivery 

strategy adopted by the client, and the type of contract form used, can have a major influence 

on outcome. Each transport project is a unique endeavour. The management team which is 

tasked with the delivery of transport projects can have a direct impact on its success, both in 

terms of programme and cost. On major projects, firms come together to form a “temporary 

multiorganization (TMO)” which often has different goals and objectives (Cherns and 

Bryant, 1984). This TMO is illustrated in Table 1.1, which outlined the various actors and 

stakeholders involved in the delivery of national road projects. Each person on the project 

team contributes different beliefs, attitudes, and expectations which will determine the 

effectiveness and success of the project outcome. This can be seen in the HKA Global study 

(2018) by reference to their findings on behavioural impacts. Love et al (2015) note that this 
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process is different on every project and can be difficult to reproduce. Project managers who 

have a positive attitude towards problems will evaluate and deal with issues more 

constructively. Kahneman (2011) also expressed similar sentiments about the positive 

impact of optimists. He observed how optimists play a larger than normal role in shaping 

people’s lives, and that they tend to be the individuals who make decisions, take actions, and 

seek challenges. He also notes how optimism can contribute to good implementation and 

resilience in the face of unplanned events and setbacks. A strong and effective leadership 

team, with a robust project governance framework and a focus on teamwork is essential to 

avoid cost overruns (Love et al., 2015).         

It is common that as project complexity increases, so does the likelihood that cost overruns 

will occur. By their nature, these types of projects can comprise of many different elements 

and deliverables with critical interdependencies. Examples are large metro rail projects with 

significant underground works such as tunnels, stations, electrical and mechanical works, 

track laying, services, etc., all of which might be dealt with as separate main contracts or 

sub-contracts. Problems are often exacerbated when contracts are running concurrently, with 

multiple interdependencies associated with programme and delivery (Love et al., 2015). 

Love et al. (2017) have documented problems associated with rail infrastructure projects in 

Australia, noting that many large urban rail projects had experienced significant cost 

overruns. This study of 16 rail projects found that the cost overruns were mainly associated 

with scope changes during construction. This would correlate with Flyvbjerg’s findings that 

cost overruns are high for rail projects. 

Love and Ahiaga-Dagbui (2018) have been critical of Flyvbjerg’s methodology to deal with 

cost overruns. They have raised concerns regarding the quality and reliability of the cost 

information in the data sets used by Flyvbjerg and his associates, particularly the older data 

sets. These original data sets are drawn from different countries and over a long time period, 

which may make comparisons difficult. They also argue that construction methods, 

standards, procurement methods, legal and environmental requirements, and forms of 

contract differ across different markets and jurisdictions which makes comparative studies 

more difficult. They point to the evidence that cost overruns are still occurring on transport 

projects and stress the need for a more detailed examination of the causes of cost 

underestimation using empirical evidence. In their opinion, it is better to develop cost 

contingencies using empirical distributions of historic cost overruns based on facts and 

evidence rather than generalised uplifts. They advocate the use of better methodologies for 

cost estimation and project execution. Love et al. (2015) use the example of the Edinburgh 
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Tram Project to illustrate this argument. The base cost estimate for this project was £255 

million. The recommended Department for Transport uplift for optimism bias was an 

additional 57%, giving a revised cost estimate of £400 million (£255 x 1.57) (Flyvbjerg, 

2008). In the final business case, the cost was revised again to £498 million, and the project 

was finally completed with an outturn cost of £776 million (Flyvbjerg and Budzier, 2018). 

This example demonstrates the difficulties in getting cost uplifts to be reliable.  

One of the critical concerns raised by Love and Ahiaga-Dagbui (2018) is the need to ensure 

that all of the design detail and documentation is complete and accurate prior to tender and 

construction. However, this is not always the case due to external institutional and political 

pressures. Inaccurate tender and construction documents will certainly lead to additional 

costs and claims during the construction stage. Evidence of this is shown in the HKA Global 

study (2018). They also argue that the use of RCF will lead to inflated cost estimates. This 

risk has been acknowledged by Flyvbjerg and COWI (2004), and they presented various 

options for Sanctioning and Overseeing Authorities to manage any cost contingencies which 

are allowed for in the estimates. One of the dangers which can arise from the addition of 

various contingencies to the base cost estimate is that it becomes an anchor. Contractors and 

other agencies tasked with project delivery can view the risk adjusted cost estimate as the 

real cost of the project. Put simply, a contractor may assume that any adjustment uplift 

becomes a sum which can be paid through the contract. Kahneman (2011) describes this 

phenomenon as an ‘anchoring effect’. Ahiaga-Dagbui (2019) argues that the use of reference 

class uplifts to remove cognitive biases raises the importance of cost predictability rather 

that cost effectiveness. He suggests that cost predictability can be guaranteed by simply 

inflating the budget. While this may be correct, the use of very high cost estimates may 

undermine the economic evaluation for a project and jeopardise the approval of the final 

business case. Ahiaga-Dagbui advocates the use of robust project risk quantification, and 

empirically based cost estimation. He attributes the sources of cost overruns to project 

complexity, management of risk and uncertainty, poor scope definition, risk transfer to 

contractors, and the dynamic interrelationships between all of these factors. This dynamic 

cannot be simply captured within a single causal factor such as optimism bias.  

Recent research completed by the International Transport Forum (ITF, 2015) has also 

questioned the significance of optimism bias as the main cause of cost overruns. They argue 

that the accuracy of cost forecasts is influenced by historic market developments and contract 

bidder behaviour. Research carried out by ITF staff on highway projects constructed in 

Slovenia concluded that the behaviour of tender bidders will give rise to cost overruns 



29 
 

(Makovsek, 2014). Makovsek examined the cost performance of a sample of 36 projects 

completed in the period from 1995 to 2007 and found that there was a mean cost overrun of 

19%. The cost estimates for the projects were based on historical unit price databases which 

were developed from previously awarded contracts. A contingency sum is then added to 

allow for unplanned events and risk. Makovsek argued that the historic unit prices did not 

reflect the real cost of the construction projects, and that the contractors tendered low prices 

with the expectation of being compensated later during the construction stage with additional 

payments. In this case, the problem is not cognitive biases exerted by the project planners, 

but the actual cost estimation methodology. This is a difficulty which is experienced by all 

cost estimators, i.e. where is the best and most reliable source of unit price data? While it is 

possible to construct unit prices using labour, plant, and materials inputs, this method 

requires considerable knowledge of the construction process and skilled estimation staff. 

Makovsek suggested that the optimum solution to this cost estimation problem was to use 

reference class forecasting.  

Other research completed by Eliasson and Fosgerau (2013) has suggested that the project 

selection process is in itself biased. This stems from the fact that less costly projects are more 

likely to be selected by decision makers who are examining a group of similar projects for 

investment. In a situation where the same confidence or uncertainty applies to each project 

cost estimate, the projects which appear to be cheaper, and may as a result have a better 

benefit-cost ratio, are likely to be chosen. They argue that the uncertainty associated with 

cost predictions will inevitably lead to a cost overrun on the cheapest project, and that ‘low’ 

cost estimates are not necessarily deliberate on the part of project promoters. 

The ITF (2015) believes that state of the art cost estimation procedures can overcome some 

of these problems. This needs to be coupled with the use of different forms of contract, and 

tender award mechanisms (such as average tender award rather than lowest tender).                     

 

2.5 The United Kingdom (UK) approach to dealing with Optimism Bias in Transport 

Projects  

The influence of optimism bias on project cost estimation and appraisal was recognised by 

HM Treasury as far back as 2003, when it published specific guidelines for dealing with the 

appraisal and evaluation of public sector investment, known as the Green Book. The current 

version of the Green Book highlights the issues associated with the uncertainty of costs, 

benefits, and delivery programmes for projects, and recommends the application of specific 

adjustments for these factors (HM Treasury, 2018). Its objective is to provide a more reliable 
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estimate of the key input factors used for the appraisal and economic evaluation of its 

investment decisions. The Green Book provides generic optimism bias adjustments to 

increase the value of costs but envisages that each government department or agency would 

develop their own risk management procedures. The percentage uplifts given in the Green 

Book are to be used in the absence of more robust sector specific evidence. For new road 

projects, the adjustment percentage ranged from a lower bound of 3% to an upper bound of 

44% for capital expenditure costs. These uplifts would apply to ‘standard’ routine projects. 

In the case of infrastructure projects, additional guidance is cross-referenced, including the 

guidance prepared by the UK Department for Transport (UK DfT). One of the key principles 

adopted in the Green Book is that the optimism bias adjustment can be reduced as more 

accurate estimates of cost and risks are produced. The difficulty with this is that the 

assessment of risk can be subjective.   

The guidance document published by the UK DfT and referenced in the Green Book was 

the report completed by Flyvbjerg and COWI (2004). The report was commissioned by the 

UK DfT to provide sector specific guidance for schemes under their direct and indirect 

responsibility. This report provided empirically based optimism bias uplifts based on a 

reference class of similar projects which were complete. In the case of road projects, the 

lower bound uplift was estimated at 15%, and the upper bound at 32%. The percentages were 

based on a probability distribution of cost overruns for a sample of road projects, with the 

upper bound 32% figure having a confidence level of 80% i.e. 80% of the projects in the 

sample had a maximum cost overrun of 32%. This is illustrated in Figure 2.1 below, which 

has been taken from the report.  

Figure 2.1 Probability Distribution for Road Projects (sample size = 172) 

 

Source: Flyvbjerg and COWI (2004) 



31 
 

Further guidance is provided in the DfT’s Transport Analysis Guidance which details 

specific guidance for the preparation of scheme cost estimates and their appraisal (UK DfT, 

2017). The scheme cost estimate, which is the total cost of the project, is made up of three 

main elements: 

 

• The Base Cost Estimate (BCE) which includes an allowance for Inflation (I); 

• A Risk Adjustment, normally determined from a quantified risk assessment 

(QRA); and  

• An Optimism Bias Adjustment (OBA) which is a percentage uplift applied to the 

risk adjusted base cost estimate. 

 

The scheme cost estimate (SCE) can be expressed as: 

SCE = BCE + I + QRA + OBA, where the OBA = % Uplift * (BCE+I+QRA) 

 

This guidance document uses a combination of optimism bias uplifts from the Green Book, 

and Flyvbjerg and COWI’s 2004 guidance, to give three different percentage uplifts 

depending on the stage of development of the project. In the case of road schemes, the uplifts 

are indicated in Table 2.2 as follows: 

 

Table 2.2  Optimism Bias Uplifts for Road Schemes in the UK  

Stage of 

Project 

Description of Stage OBA (% Uplift) 

1 Consideration of options (Strategic 

Business Case) 

44%  (Green Book upper bound) 

2 Statutory Orders and Consents 

(Outline Business Case) 

15%  (Flyvbjerg and COWI) 

3 Construction Preparation, Tender 

(Full Business Case) 

3%   (Green Book lower bound) 

Source: Derived by the Author from UK DfT Transport Analysis Guidance (2017)  

 

The DfT guidelines follows the philosophy outlined in the Green Book regarding the 

reduction of the uplift to match the stage of development of the project. This allows for the 

smallest uplift at stage three, when a fully detailed business case is available, and the 

quantified risk assessment is more certain. This however presents a difficulty in that the 
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determination of the risk adjustments may be subjective and based on a human assessment 

of risk and design certainty. In effect this is bringing an element of bias back into the cost 

estimate. Flyvbjerg and COWI (2004) advised caution when adjusting any uplift downward 

and recommended that any such adjustments should only be made when backed up by 

reliable empirical evidence. As the bias uplift can reduce to 3%, project managers need to 

have a greater confidence in the quantified risk assessment. It is now almost twenty years 

since HM Treasury identified optimism bias as a clear problem for public sector investment 

projects. Whilst specific procedures have been implemented at departmental level, issues 

still remain. Despite the abundance of guidance material and control procedures, it is still 

not clear to some independent observers if the accuracy of cost estimates has actually 

improved (Institute for Government, 2017). The UK National Audit Office (2013) has found 

that many major projects still fail to deliver the anticipated benefits within the original time 

and cost expectations. The audit office believed that this was due in no small part to what it 

described as endemic over-optimism. Their report examined a number of contributory 

factors to this bias, some of which are similar to those originally proposed by Flyvbjerg and 

COWI (2004). These factors are summarised in Table 2.3. 

Table 2.3  Factors that contribute to over-optimism in the UK 

Factor Description 

Complexity Incomplete understanding of the project 

challenges; lack of skills and experience 

Evidence base Weaknesses in the quality and relevance of 

data and modelling techniques 

Cognitive biases Tendency to be over-optimistic 

Independent challenge and accountability Failures of governance; approving projects 

despite flaws 

Stakeholders Failure to address the impact of those 

outside the project team 

Source: Derived by the Author from UK National Audit Office (2013) 

 

There are a number of factors here which are regularly cited in the research, including project 

complexity, biases, and skills and experience. This list of factors reinforces the difficulty of 

cost forecasting and budgeting, especially on the more complex multi-faceted projects such 

as Crossrail and the Edinburgh Tram project. These contributory factors will be examined 

in more detail in Chapter 3 of this dissertation. On the roads side, there has been progress in 

mitigating these biases. In their post opening project evaluation report, Highways England 

(2015) examined the outcomes of 81 major schemes completed in the period from 2002 to 

2012. They estimated that half of these schemes had outturn costs within 15% of the business 
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case costs, and that the accuracy of cost estimations has been improving since 2004. 

However, to give context to these findings, it should be noted that 60% of these schemes 

cost less than £50 million. It does indicate that improvements can be made in the case of 

repetitive projects which are delivered by the same overseeing authority. This learning 

experience can occur when encountering similar problems on a regular basis, and it can be 

exploited by management to advantage (Kahneman and Lovallo, 1993).               

     

2.6 The Experience in Australia  

The construction of the Sydney Opera House has been referenced by Flyvbjerg as one of the 

classic cost overrun projects, with an indicative overrun of about 1,400% (Flyvbjerg, 2014). 

Landmark projects such as the Opera House are hugely complex and risky. Cost overruns 

have also occurred on transport infrastructure projects, both road and rail. The Grattan 

Institute, which is an independent think-tank focused on public policy in Australia, has 

carried out research on infrastructure projects completed in the period from 2001 to 2016 

(Terrill and Danks, 2016). The authors examined the cost outcomes of 836 projects valued 

at AUS$20 million or more. Terrill and Danks estimated that approximately half of these 

projects were delivered on budget, but when cost overruns did occur, they were large. 

Approximately 17% of the projects had cost overruns greater than 50%. This gives rise to 

an asymmetric distribution of cost overruns, skewed to the right. They noted the need to 

focus on the mean value of cost overruns, and not the median value. This fact is also central 

to Flyvbjerg et al.’s (2018) arguments. A sample of these projects which did have significant 

additional costs is illustrated in Table 2.4. 

 

Table 2.4 Cost Overruns on Transport Projects in Australia (AUS$) 

Project Initial Cost Estimate Final Cost Estimate 

Forrest Highway (Peel 

section) 

$136 million (2001) $688 million (2010) 

Alstonville Bypass $36 million (2002) $94 million (2011) 

Hunter Expressway $335 million (2002) $1678 million (2014) 

Ipswich Motorway upgrade $594 million (2003) $1750 million (2012) 

   

Source: Derived by the Author from Terrill and Danks, (2016). 
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A sub-set of 51 projects from the total sample, with cost estimates above AUS$100 million 

were examined to determine the impact of scope changes on the additional costs. It was 

estimated that only 11% of the cost overruns were attributable to scope changes (additions 

to project functionality e.g. additional length of road). Terrill and Danks found that 

premature announcements of the project costs were a major factor of the overruns, as these 

early estimates of cost were found to be overly optimistic. This evidence was supported by 

the fact that almost two thirds of all cost overruns occurred before the construction stage, 

and about one third during construction. This supports the fact that as the project scope and 

design develop, and more accurate information becomes available, the cost estimates 

generally increase. As noted in section 2.4, similar findings were made by Welde and Odeck 

(2017) in their analysis of road projects in Norway. They found that the main cost increases 

occurred before the formal decision to build was made. Terrill and Danks advocated the need 

for more transparency in the evaluation and appraisal of projects at the planning stage, and 

that the government should not be able to commit to expenditure without this rigorous 

evaluation. They also concluded that large complex projects were more likely to experience 

cost overruns. They recommended that these high-risk projects with estimated costs of 

AUS$1 billion or more (usually referred to as megaprojects) should have standalone 

legislation. The authors also believed that the type of contract used to deliver the project 

affected the risk of cost overrun.  

They further recommended that the method of risk assessment needed to be more 

comprehensive and should be based on actual Australian data on outturn costs of completed 

projects. This view is similar to that promoted by Kahneman and Tversky (1979), and by 

Flyvbjerg (2006). Terrill and Danks stressed the need for the assessment of both known and 

unforeseen (or unknown) risks, and that the best way to assess these unknown risks was from 

past data. This is the core philosophy of RCF, and while it can be successful on repetitive 

projects, it can become more difficult to apply on those complex projects which have unique 

features. The topic of uncertainty will be discussed in more detail in section 2.7 of this 

dissertation, as it compounds the difficulty of producing accurate cost forecasts.  

Similar cost overruns were also identified in the rail sector. In a study of rail infrastructure 

projects in Australia, Love et al. (2017) found average cost overruns of 23% in a sample of 

16 projects which were constructed between 2001 and 2014. This study utilised data from 

one single contractor who had constructed all of these projects and used a case study 

approach. Ten of these projects were procured using lump sum contracts with the design 

executed by the client and priced by the contractor. Three projects used Cost-Plus contracts, 
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two were Design-Build, and one used an Alliance contract. The baseline for the additional 

costs was measured against the original contract value. The authors concluded that 99% of 

these cost increases were due to scope changes. Love et al. noted the common difficulty that 

contract, and design documents are often not complete at the time of tender and contain 

errors and omissions which lead to these scope changes and variations. This finding was 

evident in previous research undertaken by Love et al. (2012) and was discussed earlier in 

section 2.4 of this dissertation. Love et al. (2017) concluded that the methods for calculating 

budget estimates did not reflect the complexity and interdependency of the risks which 

emerged on rail projects. They recommended that specific contingencies be developed for 

construction risk based on probability assessments, that greater involvement of contractors 

should be availed of to advise on buildability and cost estimation, and that collaborative 

procurement methods such as Alliance Contracts should be used more frequently. 

The authors argued that the contingency amounts need to be sufficient to allow for scope 

change during planning and design, and inaccuracies with the cost estimation process. They 

suggested a contingency of about 35 to 60% would be required at the initial budget estimate 

stage. This range is higher than the upper bound of 44% recommended in the UK Green 

Book and is likely due to the specific project data used by Love et al (2017). The adoption 

of cost contingencies is different across each state in Australia. The Queensland Department 

of Transport and Main Roads (2015) uses a high contingency uplift in order to achieve a 

90% confidence factor (P90) of the initial budget estimate not being exceeded (upper bound 

approaching 70% at initial stage). It envisages three cost scenarios which can materialise on 

transport projects – ideal, acceptable, and unacceptable- not unlike those presented earlier in 

Table 1.3.  

Terrill and Danks (2016) note that there are over fifty sets of guidelines associated with risk 

management of infrastructure projects in Australia. They observe that risk management 

involves three principal activities: the identification and mitigation of avoidable risks, the 

measurement of the remaining risks, and finally, ongoing risk monitoring. The authors note 

that this guidance is not consistent both within and across the different levels of government. 

They found that the guidance on risk identification and mitigation is generally of a high 

standard. However, the guidance on the measurement of risk was found to be poor. It is 

important that risk assessment is both reliable and comprehensive i.e. it is objective, and 

includes known and unknown risks. Ongoing risk management requires time and resources 

to make it effective and relevant. This can be difficult during the construction stage, when a 
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significant portion of the project team’s time is taken up monitoring work activities and 

dealing with the day-to-day responsibilities.  

 

2.7 Managing Uncertainty in Transport Infrastructure Projects 

One of the major difficulties in developing cost forecasts for transport infrastructure projects 

is how to price risk and uncertainty. This difficulty is shared both by the client and the 

contractor who will undertake the work. However, their objectives are different. The client 

or public authority wants to establish risk contingency estimates which will facilitate good 

budgeting and financial management. These cost estimates and forecasts are developed by 

the client over the planning and design stages, and are finalised prior to the contract 

procurement stage. They are views of the future which may or may not materialise. On the 

contractors’ side, they need to allow for the possibility that risks and unplanned events might 

occur which they will need to deal with, and which may have to be included in their tender 

price depending on the terms of the contract. If they price all risk items correctly and tender 

a high bid, they may not win the contract in a public procurement competition. If they price 

risk too low, or not at all, and win the tender competition they will need to recover these 

costs somehow from the contract. Inevitably, additional costs do arise in construction 

contracts, and this will be discussed further in Chapter 3 of this dissertation. Contract final 

accounts are almost always higher than the tenders accepted. The key variables in this 

process are the form of contract used by the public authority, the risk transfer between the 

authority and the contractor, and the quality of information provided to the contractor during 

the procurement phase. During the tender process, contractors have a relatively short time 

period to price the works, and to assess their risk. These variables can have a major impact 

on the outturn cost of any infrastructure project. How the client and contractor deal with 

unplanned events (uncertainty) and risk can determine the scale of any additional costs. 

While a risk item can be attributed to a task, for example, a particular design risk, 

understanding uncertainty is not as clear.  

The application of project management theory has attempted to tackle issues associated with 

uncertainty. Risk and uncertainty are often considered to be the same, but this is not always 

so (Zheng and Carvalho, 2016). Zheng and Carvalho suggest that uncertainties can be 

managed by focusing on the cause (the source) of the uncertainty, or its effect. They describe 

a degree of uncertainty, which can range from predictable to total ignorance (chaos). Each 

different degree of uncertainty requires a different management approach. Sanderson (2012) 

presents some interesting distinctions between risk and uncertainty. In considering the nature 
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of future events, risk and uncertainty can be categorised based on the ability and confidence 

of the decision-maker to predict or forecast the outcome. One risk category is associated 

with statistical probability. This is where objective probabilities are assigned to a range of 

future events based on statistical data from past events (the reference class forecast as 

developed by Kahneman and Tversky). These objective probabilities can be deemed to be 

broadly accurate, and will depend on how similar the projects are within the reference class. 

Uncertainty is categorised as being associated with subjective probability or socially 

constructed. In the case of subjective probability, there is insufficient data available to assign 

objective probabilities, or where past events are seen as unique and cannot be grouped into 

a suitable reference class. Where the future is completely unknown, and cannot be predicted 

in the present, it becomes socially constructed. This is also known as the condition of 

‘unknown unknowns’ (Taleb, 2007). These distinctions are illustrated in Table 2.5. 

 

Table 2.5  Views on the Nature of the Future 

Assumptions about decision-maker views on the nature of the future  

Risk Category 1: a priori 

probability 

The decision-maker’s view is that they are able to assign objective 

probabilities to a known range of future events on the basis of 

mathematically ‘known chances’.  

Risk Category 2: 

statistical probability 

The decision-maker’s view is that they are able to assign objective 

probabilities to a known range of future events on the basis of 

empirical/statistical data about such events in the past.  

Uncertainty Category 1: 

subjective probability 

The decision-maker’s view is that they face a known range of 

possible future events, but lack the data necessary to assign 

objective probabilities to each. Instead they use expectations 

grounded in historical practice to estimate the subjective 

probability of future events i.e. scenario planning. 

Uncertainty Category 2: 

socialised 

The decision-maker’s view is that they face a situation in which 

the nature and range of future events is unknown, not simply hard 

to understand because of a lack of relevant data. The future is 

inherently unknowable, because it is socially constructed and may 

bear little or no relation to the past or the present. 

Source: Sanderson (2012) 

 

Sanderson examined the performance of large complex projects and suggested some 

explanations for underperformance. These explanations ranged from strategic rent-seeking 

behaviour, poorly developed governance, to diverse and competing project cultures and 

rationalities. Where there was evidence of poor or misaligned governance, the decision-

maker’s view of the future was associated with the first uncertainty category – subjective 

probability. The solutions proposed to improve project performance were centred around the 
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early introduction of procedures to enhance ex-post governability. In the case of projects 

with diverse and competing cultures, the decision-maker’s view of the future was associated 

with the second category of uncertainty – socially constructed. The solutions in this case are 

based on the early introduction of shared cultures with governance systems that promote 

collaborative and coordinated behaviour. Adversarial behaviour on complex infrastructure 

projects can lead to difficult working environments which are not supportive of a culture 

which seeks to solve problems and find solutions.              

Love et al. (2015) argued the importance of the project management team, their individual 

and collective experiences, and their ability to react to and deal with unplanned events. This 

is particularly so at the implementation stage. On complex transport projects, decisions need 

to be made quickly and solutions to problems found. If not, contractors may need to stand 

down resources or halt certain construction activities which will have a knock-on effect on 

programme and cost. There is an increasing acknowledgement that all projects are different, 

and as such, require different management approaches. Sanderson (2012) described an 

approach to project management based on the actuality of projects based on the lived and 

real experience of the project actors who are explicitly at the centre stage of delivery.   

Howell et al. (2010) suggest a different approach to project management based on a 

contingency framework. This framework identified a number of influencing factors or 

themes including uncertainty, complexity, team empowerment, criticality (how much is at 

stake), and urgency (programme and time constraints). Howell et al. reduced these themes 

to two main factors – uncertainty (the likelihood of an unexpected event) and consequences 

(what is the resultant cost or impact). Like Love et al. (2015), they emphasise the fact that 

the team empowerment can have a major influence on consequences. Team empowerment 

rests on communication, skill, experience, and authority, and will dictate how the project 

team understands and responds to unexpected events. The form of response can be ‘plan-

driven’ (a project plan based on a sequence of steps to achieve goals); ‘problem structured’ 

(cause and effect relationships); or based on an ‘emergent model’ (iterative process based 

on partial implementation).              

The measurement of risk and uncertainty poses many challenges for project managers. 

Whilst probabilities can be assigned to risk, this becomes more difficult or impossible in the 

case of uncertainty. The quantitative assessment of risk can never accurately predict the 

future outcome of a project, but it will give an indication or range of possible cost outcomes 

(Hubbard, 2009). Hubbard argues that the true randomness and objectiveness of a probability 

are all untestable and irrelevant in the real world. In a sense, we use probability as an 
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expression of our uncertainty. He is an advocate of quantitative methods of analysis, and 

believes that these methods are useful even when there is much complexity, unknown 

unknowns, and an apparent lack of data.   

Risk definition and transfer by the client also has a significant impact on the control of 

additional costs. The International Transport Forum (ITF) has carried out extensive research 

in the area of risk management and uncertainty. In a major study completed in 2018, the ITF 

examined the impact of risk and uncertainty in contracts (International Transport Forum, 

2018). While the focus of this study was on private sector investment through Public Private 

Partnerships, many of their findings are relevant to more traditional public sector contracts. 

These ‘traditional’ contracts are for the construction of the asset only, and do not allow the 

contractor to generate any additional revenue post construction i.e. the contract finishes 

when the project is built and complete. The ITF recommend that governments and their 

agencies must invest more at the planning and design stages in order to provide more reliable 

information to contractors. They also believe that contract design and the transfer of risk 

affects the outcome of projects. If contractors do not have enough information about the risks 

on a project, they may underestimate the cost and expose themselves subsequently to 

commercial losses. These challenges can only be addressed on the client or public authority 

side. Of key consideration here is who should, and is best positioned, to bear the cost of 

project risk and uncertainty. The ITF suggest that if the government retains the risk and cost 

of uncertainty, then they will only pay for those risks and unplanned events that actually 

occur. This in turn would allow the contractors to price the actual cost of the works only. 

The ITF also believe that uncertainty affects competition, and that by reducing uncertainty, 

new entrants may enter the market, which will in turn support greater competition. Based on 

their own research within the European Union market, the ITF concluded that competition 

for major infrastructure projects was insufficient, and that there were few new entrants 

(International Transport Forum, 2018).  

This is an area which is often not given sufficient attention on the client side. Getting cost 

forecasts accurate and reliable is only one part of the delivery process. Additional costs on 

construction contracts are likely to continue if contractors cannot or will not price risk and 

uncertainty. This situation can be exacerbated in a competitive tender process, where lowest 

price is the award criterion. It results in the client having to apply and maintain contingency 

costs for these eventualities in their cost forecasts. 
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2.8 Discussion and Conclusions 

Both Flyvbjerg and Love/Ahiaga-Dagbui agree that cost overruns are widely prevalent in 

transport infrastructure projects. Each has presented evidence from various road and rail 

transport projects which show that outturn costs have exceeded the budget estimates which 

were approved. Both have recommended methodologies or approaches to offset these 

additional costs by applying uplift factors and/or other adjustments to the base cost estimates. 

However, they differ in their approach to determining the scale of the contingency allowance 

needed to be factored into the budget estimates to allow for these additional costs. By 

focussing on project outcomes, Flyvbjerg’s approach takes an ‘outside view’ on worse case 

scenarios, and effectively allows for all biases and failures to be included for in budget 

forecasts, regardless of cause. In addition, by examining the total project costs at completion, 

his approach allows for the risk and uncertainty across the project lifecycle from inception 

to completion, and across all cost headings. Love, Ahiaga-Dagbui, and their associates, 

analyse cost overruns and additions based on specific project data, such as tender and 

construction costs and could be perceived to be the more limited ‘inside view’ which may 

not take into account the unforeseeable events which occur on large complex projects. Their 

analysis tries to identify causal factors, and to link these causes to consequences. For 

Fyyvbjerg, the specific causes of cost overruns are not absolutely required for the analysis, 

only the outcome. The seminal work done by Kahneman and Tversky on cognitive biases 

shows that one of the best ways to predict the future outcome of projects is to look back at 

projects completed in the past. 

The UK Treasury office and the UK National Audit Office have both acknowledged that 

cognitive biases have had an adverse impact on cost estimation on their public sector 

investment projects and have advocated the application of suitable cost uplifts for use during 

the appraisal and approval stages. It is clear that measures are required to mitigate against 

these biases. If not, budgets and forecasts will continue to be exceeded. Each government 

and its agencies need to decide on appropriate measures, which may include RCF or QRA, 

or other suitable risk assessment tools. The use of these tools also requires a data set of 

relevant cost information which is kept up-to-date. A strong ‘lessons learnt’ culture is 

fundamental to understanding the causes and events which lead to additional costs, and this 

process must feed back into the cost estimation function. However, cognitive biases are not 

the only issues. There are other key themes which have a significant influence on cost 

forecasts, which are illustrated in Figure 2.2. These themes can be interdependent. For 

example, cognitive biases can affect our assessment of risk (the assignment of probability 
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and cost impact) and how we react to uncertainty (our ability to react to, and deal with 

unplanned events). 

 

Figure 2.2  Themes which impact on the Cost Estimation function  

                    

Source: Author 

 

There are solutions to address these issues. Most organisations which are delivering 

infrastructure projects on a regular basis should develop a dedicated cost estimation function, 

with skills and expertise in this field. It is also critical to develop and maintain databases of 

projects which are complete, with the full range of cost estimates from inception to 

construction. Cost estimates and forecasts need to be managed over the full project lifecycle 

and may need to be revised as required. There is also a requirement for strong governance 

mechanisms and accountability, with gateway approvals at key milestone stages. The 

governance mechanisms chosen will need to reflect the complexity of the project, and the 

number of stakeholders involved. This process will inevitably become easier where the 

infrastructure projects are repetitive (e.g. roads projects), and where there is retention of 

senior management staff. Risk transfer between the public and private sector needs to be 

considered, and whilst this is fixed for most standard public sector contracts through the 

CWMF, may require special one-off contracts for unique and complex projects. Each project 

will require a dedicated management team who have direct experience in the delivery of the 

project type and have the behavioural and communication skills to facilitate the optimum 
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outcome. The processes and themes which need to be addressed during the implementation 

phase are illustrated in Figure 2.3. 

 

Figure 2.3  Themes which impact Implementation  

 

Source: Author 

 

Major transport projects can be complex with a high degree of risk both for the governments 

who fund the projects, and the contractors who build them. While governments and agencies 

set aspirational objectives for public sector projects and the long-term economic and social 

benefits which they bring, contractors see them as opportunities for revenue generation and 

profit. The larger and more complex the project, the greater is the risk that the outturn cost 

will not be as planned. The literature review has indicated a range of contributing factors 

which can give rise to additional costs on transport projects or lead to programme delays. 

While cognitive biases are evident, there are also other factors at play which have been 

identified. It is possible to mitigate against risk, but there may be aspects of uncertainty 

which may not be entirely within the control or influence of the project manager. Examples 

of other factors which can lead to cost overruns including contractor opportunism whereby 

contractors exploit errors or inconsistencies in tender and other contract documents to gain 

commercial advantage. Lack of relevant and comprehensive governance procedures and 

control mechanisms can lead to additional costs being generated through unnecessary or 

non-essential changes to project specifications. The most common factors which contribute 
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to additional costs on transport infrastructure projects are summarised in Table 2.6. These 

factors are based on the literature reviewed. 

Despite the abundance of guidelines and procedural documents on cost estimation and risk 

management, issues still remain. The UK DfT and the Infrastructure and Projects Authority 

identified some key lessons which they have learnt from recent transport projects (UK DfT, 

2019). They recommended that cost forecasts should be developed using RCF and should 

include the adjustment for optimism bias. They recognise that cost estimates will not be 

reliable until such time as the design is sufficiently advanced and suggested that a range of 

cost estimates should be provided at the early design stages. This point concerning the 

adequacy of the design documentation was also made by Love et al. (2015, 2017). The DfT 

report also highlighted concerns regarding the delivery stage of transport projects, and the 

openness and transparency of reports which emanate from the project team. Behavioural 

traits associated with the project team often conceals actual data on cost projections and 

programme. They also noted the benefit of identifying possible scope changes which could 

be made to reduce the cost of projects, should tenders be higher than expected, or signs 

emerge of cost increases during the early stage of construction.           

They also noted the tendency to conceal bad news, and to avoid the escalation of issues to 

senior management. These views echo the sentiments expressed by Love et al. (2015) on the 

‘temporary multiorganisations’ which are created to deliver transport infrastructure projects. 

These project team and individual dynamics are often overlooked in risk analysis, but they 

can have an impact on the cost outcome of any project.  

What is evident from the literature review is that the effect of cognitive bias is wider than 

one might appreciate. It permeates through all stages of a project’s lifecycle and interacts 

with other behavioural traits. In combination with risk assessment, uncertainty, and project 

complexity, the challenges of producing accurate and reliable cost forecasts become 

apparent.  

The next chapter describes the cost estimation and management procedures which have been 

developed by the NRA. The methodology to analyse the cost estimates and outturns for a 

sample of road projects is presented. This methodology is based on both quantitative and 

qualitative analysis. The qualitative analysis is based on a framework which examines each 

project under a number of variables and includes a coding system for tracking and 

evaluation.         
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Table 2.6  Contributing Factors to Additional Costs and/or Cost Overruns  

Type of Factor Area of Concern  Impact of Factor 

Cognitive Biases 

(Optimism Bias) 

(Overconfidence) 

Inaccurate cost estimates and forecasts 

(usually an underestimation of cost), 

Benefits (usually an overestimate of 

benefits), 

Cost Benefit Analysis may not be reliable,  

Project Appraisal may be over-optimistic, 

Funding Decision may be flawed, 

Wider impacts on other factors below. 

 

Objective is to determine an 

accurate and robust initial cost 

estimate/forecast which allows 

for risks and underpins the 

capital investment decision at 

government level.  

Technical Adequacy of the Design (project brief and 

specification), 

Assessment of key design risks, 

Unknown risks and uncertainty 

(particularly on large complex projects), 

Accuracy of Cost Estimation and Forecast, 

Choice of Contract Form and risk transfer, 

Supervision and Administration of the 

Contract, 

Competent and experienced staff,  

Due skill, care and diligence. 

Poor quality Design and 

contract documents will 

inevitably lead to variations, 

contractual claims, delays, and 

additional costs. 

 

Discovery of unknown risks 

and unplanned events can lead 

to serious commercial issues.  

Planning & 

Consents 

Planning conditions imposed on the 

project, 

Legal challenges, 

Environmental risks, 

Public Consultations, 

Programme delays. 

Will the project receive 

planning consent and public 

acceptability? 

Political / 

Community 

Premature announcements, 

Funding commitments, 

National Development Plans, 

Project scope changes for political reasons, 

Community pressures and interests, 

Government approval of projects.  

When should a project be 

suspended or terminated if 

costs escalate? 

 

Prioritisation of projects by 

government cabinet. 

Governance and 

Accountability 

Approval and acceptance of cost estimates, 

Control of costs and changes over the 

project life cycle, 

Project management and control of risk, 

Lessons Learnt and Continuous 

Improvement, 

Competent and experienced staff on the 

Client side. 

Where does ultimate 

responsibility lie for project 

costs and programme? 

 

Implications of cost overruns.   

 

Openness and transparency, 

publication of all key reports. 

Source: Derived by the Author from Flyvbjerg and COWI (2004); International Transport 

Forum (2018); Kahneman and Tversky (1979); Love et al. (2015).  
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Chapter 3 Proposed Methodology and Research Methods 

3.1 Introduction 

The literature review completed in Chapter 2 examined the main problems associated with 

cognitive biases and over-confidence, and the influence they can have on cost forecasts and 

decision-making. The evidence from various studies has shown that over-confidence is one 

of the contributing factors which can lead to cost overruns on transport infrastructure 

projects. However, there are other contributing factors at play, and these have been 

summarised in Table 2.6. This chapter will set out the methodology used to analyse these 

causal factors on a sample of completed road projects. In particular, a detailed framework 

and coding system has been developed to systematically identify and track a range of these 

causal factors.  

This dissertation will examine the cost estimation and forecasting procedures developed by 

the NRA/TII associated with the planning and delivery of road transport projects in Ireland. 

The cost estimates for a sample of road projects are examined against the outturns to 

determine if any evidence exists of optimism biases or overconfidence, and if so, whether 

these biases have led to cost overruns or schedule delays to delivery. The emphasis of this 

research will be on the development of the construction cost estimates, but there will also be 

an examination of the total scheme budgets (all cost headings associated with the project) 

against the total outturn costs. This will be discussed further in section 3.2 which will 

examine the development of the base construction cost estimate and the assignment of risk. 

Evidence of optimism bias (or overconfidence) might include unrealistic budgets and 

schedule programmes, inappropriate risk transfer, or making assumptions about future 

events without proper consideration and risk assessment. As discussed earlier, cost overruns 

are caused by the occurrence of additional costs which have not been factored into the 

client’s approved budget estimate and forecast, or where the base cost estimate is too low. 

Cost overruns can lead to knock-on programme issues and the need to source additional 

funds from the exchequer and can also lead to reputational and credibility issues for the 

sanctioning authority. Even if the original cost estimates are accurate and have sufficient 

uplift to cater for any additional costs, the fact that these costs are arising may be an 

indication of inherent problems with the form of contracts used, non-essential or late scope 

changes by the client, or a lack of diligence and care in the preparation of the design and 

associated tender documents. An approved cost estimate or budget does not necessarily give 

the local authority the right to spend the budget in its entirety.    
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The determination of a base construction cost estimate for any transport project is dependent 

on the quality of the data available to the estimators, and the skill and judgement used in 

assessing the reliability of the data. At the early stages of development of a project, all-

inclusive unit rates may often be used to give an initial indication of likely cost. These unit 

rates are usually based on historic outturn costs of similar projects which have been 

constructed, generally expressed at a rate per kilometre (km) of road. However, as the 

planning and design work proceeds, it is more desirable to generate a base cost estimate from 

a schedule or bill of quantities derived from the design. The base construction cost estimate 

excludes risk and other contingencies. The principle here is that the base cost estimate will 

become more accurate as the project scope and design is advanced. In theory when the design 

is fully complete, it should be possible to produce an accurate estimate of the base cost of 

the road project from a detailed bill of quantities. The estimate can be calculated using 

historic unit prices taken from tenders or other industry databases and research. The unit 

prices for various categories of construction work are developed using databases built up 

over time.  The base cost estimate is then usually adjusted by various means to allocate risk 

and to develop a cost forecast which covers the full project lifecycle. While this sounds 

simple, these adjustments need to be made in a structured fashion and based on agreed 

procedures set down by the sanctioning authority (for road projects this is the NRA/TII).  

In addition, an estimate of general inflation (for non-construction cost headings) will 

normally be determined over the life of the project, and either applied to the cost estimate in 

total, or applied annually. The price variation for the construction stage will depend on the 

form of contract used, and this will be discussed in more detail in Chapter 4. Some of the 

more common cost adjustments which can be applied are indicated in Table 3.1. 
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Table 3.1  Adjustments to the Base Cost Estimate (BCE) 

Type of Adjustment Comments 

Simple % uplift to the base cost estimate Generally used at the early project stages 

where the project scope is not well defined; 

broad measure usually having a lower and 

upper bound to reflect the stage of 

development of the project. Can also be 

applied to tender sums using historical outturn 

costs.       

Quantitative Risk Assessment (QRA) Rigorous assessment of all known and 

expected risks using a Monte Carlo simulation; 

provides a probability-based risk adjustment; it 

is a subjective assessment of the risk 

probability and cost outcome.     

Optimism Bias Adjustment % uplift adjustment for optimism bias only; 

applied after a QRA is completed. 

Reference Class Forecast (RCF) % uplift generally applied to the base cost 

estimate (total scheme cost or construction 

cost) based on the outturn costs of a class of 

similar projects; it is an objective assessment 

of known and unknown risks.   

 Source: Author 

 

The objective of good cost forecasting and estimating is to ensure that the estimates produced 

at any stage of a project lifecycle are as accurate and reliable as possible, and that they 

underpin the investment decisions taken by government. Risks need to be identified and 

quantified, and cost contingencies determined to allow for the occurrence of both known and 

unknown risk events. It is not sufficient or appropriate to artificially inflate cost estimates, 

as this may undermine the economic and cost-benefit evaluations supporting the business 

cases and may also take funding allocations away from other projects. The management of 

project estimates and costs is a dynamic process. Once a project budget is established and 

formally approved the budget needs to be monitored and controlled over the full project 

lifecycle. In this chapter the development of cost management procedures in the NRA is 

outlines before presenting the methodology for this research. The next section of this chapter 

(Section 3.2) will review the cost management procedures used in the NRA and will describe 

how it sets budget estimates and forecasts. It is necessary to understand these procedures 

before any analysis is carried out on outturns and possible cognitive biases. Section 3.3 will 

describe the methodology used, which is based on a quantitative and qualitative assessment 

of the data. Section 3.4 will examine the impact of complexity on project implementation 

and how it can affect the outturn cost. The final section, 3.5, will describe the detailed 
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framework and coding system developed for the qualitative analysis. An overview of the 

research methodology described in this chapter is indicated in Figure 3.1. 

 

Figure 3.1  Overview of the Research Methodology        

 

Source: Author. 

 

3.2 Cost Estimation and Forecasting in the NRA/TII  

The establishment of the NRA in 1994 coincided with the onset of major government and 

European funding for the construction of new roads. During the period from 1994 to 1999, 

approximately €1.5 billion (1994 prices) was spent on the national road network. The 

Authority came under criticism from the Comptroller and Auditor General (C&AG) 

following its value for money review which was completed in 1999 (C&AG, 1999). The 

C&AG noted that the cost of the roads programme had increased from €1 billion (1994 

prices) to €1.2 billion by mid-1998. While there was an element of inflation during this 

period, the cost increases were attributed to poor quality cost estimates, and major changes 

in project scope and quality. At this time, the NRA did not have a dedicated cost management 

unit, and the guidelines on cost estimation which were issued to local authorities allowed for 

large margins of error.   

There was further review and criticism by the government Public Accounts Committee in 

2004 following a further special report by the Comptroller and Auditor General (C&AG, 
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2004). At this time, the NRA had estimated that the cost of the road improvement works for 

the 2000 to 2006 National Development Plan would cost in the region of €7 billion. 

However, during 2002 these estimates were revised to €15.8 billion (Public Accounts 

Committee, 2004). The reasons identified for this cost increase were changes in project scope 

(20%), inflation (40%), systematic failure to cost certain elements of projects (16%), and a 

lack of realistic cost estimates for large projects such as the Dublin Port tunnel and the M50 

South Eastern motorway. The Public Accounts Committee proceedings highlighted the cost 

increases on several national road projects completed between the period 2000 to 2003. Data 

on tender costs and construction outturns for this sample of road projects is presented and 

analysed in Table 3.2. The total scheme costs include for all aspects of the project, including 

planning and design costs, land and property costs, archaeology, and construction and 

supervision costs. 

 

Table 3.2  Sample of Road Projects completed between 2000 and 2003 

Project

Construction 

Tender €

Construction 

Outturn €

Uplift on 

tender 

Total Scheme 

Budget €
Scheme 

Outturn Cost €

Cost 

overrun

Year 

Completed

Type of 

contract

A 75,341,223 97,248,541 29% 100,330,000 134,238,800 34% 2000 Re-measure

B 15,068,110 23,934,218 59% 17,039,884 32,672,506 92% 2000 Re-measure

C 44,565,102 59,794,188 34% 49,500,000 85,298,239 72% 2001 Re-measure

D 18,127,556 31,793,001 75% 21,590,000 42,910,258 99% 2001 Re-measure

E 13,502,930 21,156,012 57% 21,590,000 31,514,721 46% 2001 Re-measure

F 4,222,000 4,301,000 2% 6,477,000 5,953,915 -8% 2001 Re-measure

G 9,113,273 12,287,250 35% 22,225,000 14,685,646 -34% 2001 Re-measure

H 14,928,353 20,341,911 36% 14,110,000 28,243,866 100% 2001 Re-measure

I 10,991,000 20,074,250 83% 10,370,000 26,190,250 153% 2001 Re-measure

J 15,153,325 21,138,684 39% 14,224,000 26,185,111 84% 2002 Re-measure

K 16,608,791 25,037,791 51% 16,002,000 31,855,000 99% 2002 Re-measure

L 4,891,000 6,700,000 37% 6,800,000 8,425,000 24% 2002 Re-measure

M 81,733,700 109,472,700 34% 85,725,000 143,555,000 67% 2002 Re-measure

N 150,367,867 199,813,793 33% 112,500,000 244,021,593 117% 2003 Re-measure

Average 43% 67%

O 13,482,485 13,995,938 4% 14,033,000 20,492,763 46% 2000 Design Build

P 19,769,175 21,838,178 10% 19,431,000 28,638,178 47% 2001 Design Build

Q 25,298,048 30,463,934 20% 10,668,000 43,500,000 308% 2002 Design Build

R 24,069,902 27,869,902 16% 19,553,667 36,044,381 84% 2002 Design Build

Average 13% 121%

 

 Source: Public Accounts Committee (2004), Author’s own calculations.  

 

Some trends can be identified from this data. It can be seen that there is a high level of 

additional costs associated with ‘Re-measure’ construction contracts (an average uplift of 

43% above tender prices) when compared to the ‘Design-Build’ construction contracts 

which were fully introduced by the NRA in 2000 (an average uplift of 13%). The ‘Re-

measure’ contracts were based on a design and schedule of quantities which was completed 
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by the Employer (the local authority and their technical advisers), which means that this risk 

is retained by the client. As previously indicated in the literature review, this form of contract 

often leads to additional costs post tender, due to errors and inconsistencies in the documents 

priced by the contractor. The quantities are estimated by the technical advisers based on their 

design, and these quantities often change during the construction stage, particularly those 

quantities associated with works below ground level e.g. earthworks volumes. The ‘Design-

Build’ form of contract transfers the responsibility and risk for the design and measurement 

to the contractor. All projects, bar two, indicated a cost overrun for the total scheme cost, 

which would suggest more widespread problems in the overall cost estimation procedures. 

All of the scheme estimates for these projects were prepared prior to 2000 and the 

establishment of the NRA’s cost estimation unit. The scale of these cost increases is 

illustrated in Figure 3.2. Project Q is an outlier and is likely due to an inherent problem with 

the original scheme budget and the project scope. For this reason, it has been omitted from 

the figure. 

 

Figure 3.2  Cost Increases for Road Projects completed between 2000 and 2003  

 

Source: Public Accounts Committee (2004), Author’s own calculations. 

 

Following the review by the C&AG in 1999, the Authority established a cost estimation 

function in 2000 with specialist staff and developed standardised procedures for generating 
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adoption of contingency uplifts for each different type of construction contract and road type, 

and the gradual introduction of quantitative risk assessment procedures. These procedures 

were formalised in 2007 with the introduction of the NRA Cost Management Manual. This 

manual was released as a consultation version in 2007, and later published in 2010 (National 

Roads Authority, 2010). The manual provided detailed guidance on cost estimation and risk 

management and was used by local authorities and their consultants for the preparation of 

cost forecasts for national road projects. The NRA also maintained a database of historical 

costs and unit rates to assist with the preparation of cost estimates and forecasts and 

developed basic cost estimation spreadsheets to be used by the local authorities. Uplifts in 

the region of 20% were being applied to the base construction cost estimate. In tandem with 

this focus on construction costs, the NRA developed new functional units to deal with land 

and property valuations, and with archaeology which had become a major risk item on road 

schemes. This period of change in the NRA coincided with the introduction by the 

government in 2006 of the new forms of contract for public works, under the Capital Works 

Management Framework (CWMF). The new forms of contract were ‘lump-sum’ fixed price 

contracts and attempted to bring more cost certainty to outturn costs. These contracts 

introduced a schedule of compensation events for which a contractor would be entitled to 

additional costs, or time, and they removed the need to calculate price variation (construction 

cost inflation) unless there were exceptional circumstances. However as will be discussed in 

later chapters, the pricing of risk by contractors is not certain, and in reality, the final outturn 

construction costs on road projects are almost always higher than the original tenders.        

The objectives contained in the NRA’s Cost Management Manual were simple and direct. It 

seeks to ensure that cost estimates and budgets are realistic, and that they are focused on 

outturn costs with appropriate allowances for risk and uncertainty. Detailed cost estimates 

are produced for each major project under seven distinct cost headings, and risk 

contingencies are added to give a target cost budget. The base cost estimate (BCE) is the 

estimate of the project cost excluding inflation and risk contingencies. The BCE consists of 

the estimated costs for the seven headings – planning and design, land and property, 

archaeology, advance works, main contract construction, main contract supervision and 

administration, and residual network costs. The target cost (TC) is the base cost estimate 

adjusted for project risk and then inflation (where appropriate). In practice, the BCE and the 

risk contingencies are developed by the Sponsoring Agency (the local authority) with input 

from the NRA/TII and are then submitted for review and approval by the NRA/TII at key 

phases. This TC is then adjusted further to allow for exceptional and programme level risks 
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to give the total scheme budget (TSB). The TSB is approved by the NRA/TII’s senior 

management and the Chief Executive.  

The cost estimates are developed over the full project life cycle, and the process is indicated 

in Table 3.3. The project phases match those used in the 2010 version of the Cost 

Management Manual. The emphasis of this table is on the development of the construction 

cost estimates which is the focus of this dissertation. The risk contingencies are developed 

from a quantitative risk assessment (QRA), but in the case of projects which pre-dated the 

2007 Cost Management Manual, historical uplift contingencies were used. Risk 

contingencies are calculated for each cost heading, with the exception of the residual 

network. This QRA is calculated using a standard Monte Carlo Simulation, and risks are 

quantified and assigned based on probability confidence levels. The confidence levels 

normally applied by the NRA/TII are the P50 level for the TC, and the P80 level for the 

TSB. These costs forecasts can be summarised as follows: 

 

TC = BCE + QRA (at P50) + I, where I = estimate of inflation over the project lifecycle 

TSB = BCE + QRA (at P80) + I + Programme Risk 

These cost estimates are used to underpin the appraisal and cost-benefit analysis for each 

project, and to support the business case. 
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Table 3.3  Cost Management Overview (NRA/TII) 

Project Phase Cost Forecast Output Comment 

0: Scope & Pre-

Appraisal * 

 * (New Phase introduced by TII in 

2019)  

1: Concept & 

Feasibility 

Feasibility Working Cost High level estimate based on route 

length and road type. Limited design 

information. 

2: Route / Option 

Selection 

Option Comparison Estimates  Estimate based on route length and/or 

high-level schedule of cut and fill 

volumes, total pavement area, total 

bridge deck areas.   

3: Design & 

Environmental 

Evaluation (EIA) 

Target Cost 1 (TC1), Total 

Scheme Budget (TSB) 

Unit cost estimate based on a detailed 

schedule of works with Qualitative 

Risk Assessment  

4: EIA & Statutory 

Procedures 

Update Target Cost 1 & TSB  Unit cost estimate with Quantified 

Risk Assessment (QRA). The TSB1 

is formally approved by the NRA.  

5: Enabling and 

Procurement 

(tender and award) 

Target Cost 2 & adjusted TSB (if 

necessary) 

Update QRA (if necessary) 

6: Construction Target Cost 3 (TC3 based on 

tender accepted) & adjusted TSB 

Update QRA (if necessary). The 

TSB3 is formally approved by the 

NRA.  

7: Close Out and 

Review 

Construction Contract Final 

Account & Scheme Outturn Cost 

 

Source: Derived by the Author from the NRA Cost Management Manual (2007, 2010) 

 

It can be seen from this table that the level of detail and accuracy associated with the cost 

estimate increases in line with the design development and the risk assessment. The objective 

of this approach is to avail of all of the distributional cost data which is available. Ideally the 

TSB which is set at the end of the design process and environmental assessment (Phase 3/4) 

should not change unless there are exceptional cost increases. At this stage in the project 

lifecycle, the project scope and design is known and can be priced accurately. The QRA can 

deal adequately with the known risks but may not account for the possibility of unknown 

(new) risks and uncertainty. Known risks in this context are those risks that would be 

generally expected to occur on most road projects, and which the project team would be 

aware of. This approach which has been taken by the NRA/TII is more closely aligned with 

an ‘inside view’, based on a detailed cost and risk assessment of the specific project under 

consideration. Under these procedures, the cognitive biases are addressed by the QRA. The 

disadvantage of QRA is that it is subjective. The probability of a risk event occurring, and 

the cost impact of the risk is determined by the project promoters (usually by the technical 
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consultants employed by the local authority and the project team), and these variables can 

be influenced by the normal human biases including optimism. It is also only an assessment 

of known risks and will not allow for unplanned ‘unknown’ events and uncertainty. An 

indicative cost forecasting process is illustrated in Figure 3.3 below. The objective and 

challenge for the project team and the NRA/TII is to determine an accurate total scheme 

budget which can allow for both known and unknown future costs.  

The process of risk management continues throughout the project lifecycle, and detailed 

guidelines are provided by the NRA/TII in the Cost Management Manual. The process is 

meant to be dynamic, iterative, and responsive to change. The risk register is continuously 

updated and is maintained during the construction stage. 

 

Figure 3.3 Cost Forecasting Process (Illustrative)  

 

Source: Author. 

 

While it is suggested that quantified risk assessment and the ‘inside view’ will only allow 

for known risks, it is likely for any given road project that not all of these known risks will 

occur. As such, the overall risk contingency which is assigned can compensate for some 

unknown risks should they occur. The risk contingency to be applied to the base construction 

cost estimate should be appropriate to reflect the project complexity but should not be so 
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high as to make the budget unrealistic and the project unviable. Reference Class Forecasting 

(RCF) has not been used to date on the road projects analysed in this dissertation, but it has 

been introduced by TII in 2020 for new road and light rail projects. A consultation document 

has been produced for the use of RCF for national roads (TII, no date). It is intended that a 

QRA and RCF be undertaken for each road project, and expert judgement is then used to 

determine if the highest uplift is applied to the cost forecast.       

The development of formal cost estimation and forecasting procedures in the NRA/TII has 

led to significant improvements in cost forecasts and the management of project budgets. 

These improvements will be analysed and discussed in Chapters 4 and 5.     

 

3.3 Proposed Methodology and Analysis  

For the research element of this dissertation, it is proposed to examine a sample of road 

transport projects delivered by the NRA/TII over the last twenty years or so. The projects 

which will be examined are major and minor projects with varying degrees of complexity 

and scope. In its Project Management Guidelines, TII defines a major project as one which 

has a total cost estimate in excess of €20 million, with minor projects having a value up to 

€20 million (TII, 2020). The NRA has used these thresholds to define the approvals process 

and to specify the deliverables for each phase of the project lifecycle. Some of the projects 

sampled for review will have a total scheme budget in the order of 100 million euro or more, 

which tends to be the definition of a major project by international scale (Flyvbjerg, 2011). 

While this scale of cost is not necessarily indicative of complexity, it will provide a range of 

road projects with both design and construction challenges. The research will involve a two-

stage process involving both quantitative and qualitative analysis. The first stage will be 

based on a statistical analysis of a sample of forty-four road projects. The NRA/TII has 

delivered over a 100 road improvement schemes (involving new road construction) since its 

inception, and this data set will provide a sufficient representative range from which to create 

a sample. The sample will include both major and minor projects, and a mix of road types 

(motorway/dual carriageway, and single carriageway roads). An initial review was 

completed to determine the effectiveness of the cost forecasts, and the size of any additional 

cost increases (or underspends) which materialised for both the construction element (main 

construction contract), and the total scheme budget. Comparisons are made for the following 

cost elements – 
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• Construction Outturn Cost (CO) vs Risk Adjusted Construction Cost Estimate (the 

target construction cost (TCC)) 

• Construction Outturn Cost vs Tender Cost (the tender sum accepted for the project 

(TS)) 

• Total Scheme Outturn Cost (SO) vs Total Scheme Budget (TSB) 

Calculations will be determined to measure the percentage differences between the estimated 

and outturn costs as follows –  

% Uplift on TCC = (CO – TCC) / TCC 

% Uplift on TS = (CO – TS) / TS 

TSB – SO (arithmetic difference to determine if the TSB is exceeded)  

The uplifts can be positive (cost overrun) or negative (cost saving or underspend)   

  

The outturn costs are sourced from the NRA/TII’s payments system and are inclusive of 

VAT (Value Added Tax), and the estimates and forecast costs are taken from a number of 

sources including scheme budget sheets, business cases, and other design reports. From this 

initial quantitative review, some high-level trends will be identified about the adequacy of 

the risk contingencies assigned and the difficulties associated with using tender prices for 

cost estimation. The comparisons will be made using real costs as the purpose of this test is 

to determine the spread of cost overruns and cost savings. If there is a large predominance 

of cost overruns it is likely that the risk contingencies being allocated are not adequate, which 

might suggest overconfidence and optimum bias on behalf of the project planners. These 

risk contingencies ultimately determine the reliability of the cost forecasts against overruns. 

While this quantitative analysis will identify trends, it is not possible from the numbers alone 

to relate any cost overruns back to the typology of causal factors identified from the literature 

review. For this reason, a smaller sample of six projects has been identified for a more 

detailed qualitative examination. This is the second stage analysis. The schemes included in 

this sub-set will also be selected based on the quality and range of the data available. This 

second stage review will look at the development of the project budgets, the planning and 

design process, the statutory consent process, the form of contracts used, the risk assessment 

and quantification, the programme for construction, client variations and scope changes, and 

any contractor claims and additional costs. This type of information will be sourced from 

data held by the NRA/TII in the project deliverables submitted by the local authorities at 
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each project phase, including design reports, business cases, risk registers, archaeological 

reports, close-out reports, post-project reviews, and lessons learnt reports (if available). A 

framework for this detailed project review is presented in section 3.5.   

The largest proportion of cost for a road project is normally the construction stage element. 

Typically, this can amount to at least half of the total scheme budget. This is when the main 

capital cost is expended, and when the majority of project risks can materialise. The key 

factors which can give rise to additional cost at this stage are indicated in Table 3.4. This 

table draws on the factors identified in the literature review, and on the author’s direct 

experience from NRA/TII road projects. 

 

Table 3.4  Typology of Factors contributing to Additional Costs during 

Construction  

Factor Consideration and Impact 

Change in Design Standards  Design Standards may change over the project lifecycle 

giving rise to changes in scope 

Environmental Issues Permits and Approvals; Conservation Areas & protected 

Habitats may require special construction methods and 

mitigation measures  

Geotechnical issues Design risk: This risk is normally transferred to the 

Contractor in Design-Build form of contracts  

Archaeology Discovery of archaeological sites and artefacts; can be 

mitigated through advance testing and resolution 

Market pressures Depends on the economic cycle and level of competition 

amongst Contractors; can influence bidder behaviour at 

the procurement stage (and subsequent opportunistic 

behaviour during construction) 

Overconfidence  Assuming that the outcome will be as planned; minimal or 

no risk assignment 

Inclement weather 

conditions 

Can give rise to delays and disruption to the programme 

Community and Public Interface with local communities; disruption and 

nuisance; extensive traffic management 

The form of Contract and 

tender documents 

Omissions, errors, risk transfer 

Client/Contractor 

relationship 

Adversarial or Partnering; Shared risks; Transferred risks 

Technology Use of new technology can be challenging and uncertain 

Source: Derived by the author from Flyvbjerg and COWI (2004), International Transport 

Forum (2018) 
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All cost additions in the six sample projects will be examined against this typology and the 

qualitative framework to determine if there are any links to cognitive biases 

(overconfidence) or to the more traditional project specific and technical factors.  

The detailed research questions proposed for this analysis are: 

 

 

 

 

 

 

 

 

 

 

In answering these questions, it is necessary to determine and examine the evidence for the 

expected causal factors illustrated in Table 3.4 such as, project scope changes or additions, 

risk transfer and assessment (pricing), project complexity and uncertainty, and the possible 

influence of bias and overconfidence. These causal factors have been assigned into cost 

groups within the framework coding system and are presented in section 3.5.  

Road schemes which are constructed on green-field rural sites are not generally perceived to 

be highly complex projects, unless they have features such as long tunnel sections or 

landmark bridges. The challenge on these projects is often the weather, and the nature of the 

materials which are encountered and used in their construction, particularly that of 

earthworks where in-situ materials are reused to form embankments and other fill areas. It 

is acknowledged in the literature that the degree of complexity associated with a road project 

will increase the cost of construction and may also increase the possibility of additional costs 

occurring. Assigning a degree of complexity to an individual road project is a useful attribute 

and important in assessing risk and the reliability of any cost estimates. This issue will be 

examined in more detail in the next section.  

1. Is there evidence of cognitive bias (overconfidence) in the cost estimates and 

forecasts prepared for national road projects, and has this bias led to cost 

overruns on these projects?  

2. What is the nature of additional costs that have arisen during the implementation 

and construction stage of road projects? What are the main causal factors for 

these additional costs? 

3. Has the NRA/TII been able to mitigate against any cost overruns through robust 

cost estimation procedures and risk assessment (the ‘inside view’)? What 

conclusions can be drawn from this against the relevant literature? Would 

reference class forecasting have provided better cost forecasts, and mitigated 

against any unplanned risk and uncertainty? 
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3.4 The Impact of Project Complexity  

The complexity of a transport project has been shown to have a major effect on cost. This is 

evident on large projects such as Crossrail, and the Channel Tunnel. The greater the project 

complexity, the more likely that additional costs will occur. This can be due to a deficient 

design or where the design is not fully complete at the tender stage, elements of the project 

which are not costed correctly, or difficulties which arise at the construction stage. Road 

transport projects are linear projects with a degree of repetition for both the design process 

and the construction methods. In general, the main construction stage for road projects in 

Ireland is procured by means of a single contract, with either no or limited interdependence 

on other concurrent contracts. Many of the major road schemes developed in Ireland over 

the last twenty-five years are rural by nature, in green-field sites, and have a relatively minor 

impact on existing communities and services. Where there is a conflict with existing services 

(e.g. gas transmission lines, high voltage electricity supply networks), advance contacts are 

regularly used to divert the services in advance of the main construction contract. Risks are 

thus mitigated or removed entirely before the main construction works commence. 

Tunnelling works are not common but have given rise to cost overruns in past projects such 

as the Dublin Port Tunnel. Environmental issues and public concerns have become more 

common, and road schemes have been delayed on legal and environmental challenges. The 

N6 Galway City Outer Bypass for example commenced planning in 2000 and was approved 

subsequently by An Bord Pleanála, but after many years of environmental challenges was 

rejected by the European Court of Justice in 2013 (O’Brien and Pope, 2020). Archaeology, 

and the preservation of known and potential artefacts, has also become a significant risk, and 

has led to delays and additional costs on recent road projects, including the M50 South 

Eastern Motorway (O’Rourke, 2004), and the M3 motorway close to the Hill of Tara. 

Kahnemann’s research on cognitive biases has shown that there is a good degree of learning 

and improvement on repetitive projects, and with that, improvements in cost and benefit 

forecasts. The major motorway and dual carriageway projects developed in Ireland over the 

last twenty years have many similar features which would instil learning and improvement 

in cost performance – linear sections of road in a generally rural environment with standard 

layout junctions. The standard features of road projects should also make cost estimation 

easier, particularly with regard to the base cost estimate. Flyvbjerg (2011) has suggested that 

major projects (defined on an international scale to be projects with cost estimates of a 

hundred million dollars/euros or more) have shared characteristics, such as – 

• They are inherently risky with long planning and delivery timescales; 
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• They involve multiple stakeholders and actors, often with conflicting interests; 

• Technology and designs are often non-standard; 

• The project scope can change over time.  

Many of the major road projects constructed in Ireland over the last twenty years would fall 

into this cost category, and some are contained in the main sample detailed in Appendix 1. 

For this sample, 21 of the projects have a Total Scheme Budget in excess of €100 million. 

While every project is ‘inherently risky’, the risk factor will be greater on projects with 

unique features and novel design and construction technology. Baccarini (1996) associates 

complexity with projects having varied but interrelated parts. The degree of complexity 

depends on the number of elements and the interdependency between these elements. These 

interdependencies are critical when a number of sub-contracts within a major project are 

running concurrently, and when one contract cannot commence until another is complete. 

Williams (1999) also highlights the risks associated with projects which have a multiplicity 

of stakeholders, and the significance of activities running in parallel and concurrently. He 

notes that the effect on the project of many changes is more than the sum of the effects of 

each individual change.  

Major road projects in Ireland can often take up to ten years to deliver from project inception 

to completion. The nature of project risk used to be predominantly construction, but in recent 

years compliance with environmental legislation has introduced new factors. Special areas 

of conservation (SAC) and natural habitats can make both the planning and design, and 

construction more challenging. In general, the design of Irish road projects tends to be of a 

standard and uniform nature, with the exception of tunnel projects, and those projects with 

large one-off bridge structures. However, additional costs are still occurring on a regular 

basis during construction when compared to the original contract sums (the value of the 

tenders accepted at the award stage). This can be seen in Figure 3.1 and will be discussed in 

greater detail in Chapter 4.        

Much of Flyvbjerg’s later research has focussed on large transport projects, which he refers 

to as megaprojects (Flyvbjerg, 2014). These types of projects, which have cost estimates in 

excess of a billion euros or dollars are not frequent in Ireland. One example of a megaproject 

constructed recently in Ireland is the M50 Upgrade Scheme. This scheme, located on the 

busiest motorway in Ireland, was a complex road project involving the addition of new 

carriageway lanes, new junction improvements, extensive traffic management, and the 

removal of an existing toll plaza. The risk on this project was minimised by breaking the 
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scheme into three separate construction contracts. Megaprojects often exhibit unique 

characteristics and features and can extend the boundaries of existing construction 

technology. Classic examples of megaprojects are the Channel Tunnel between France and 

the United Kingdom, and Boston’s Central Arterial Road (known as the Big Dig), both of 

which had major cost overruns. Flyvbjerg has noted that these megaprojects are becoming 

more common as the demand for more transport infrastructure grows. Politicians and the 

public often see these types of projects as landmark achievements, signifying a nation’s 

ability and technological progress. Megaprojects share the same characteristics as major 

projects in terms of risk and other features indicated above, but there can be more exposure 

to extreme events with serious consequences for cost outturns and delivery programmes. 

Megaprojects are a unique reference class, and if present in any study of cognitive bias and 

cost overruns, can distort the analysis and calculations, and any conclusions derived. There 

is the added difficulty that their unique characteristics may make any reference class small.    

None of the road projects in the main sample of forty-four are megaprojects, but many are 

major projects. For the purpose of the detailed stage two qualitative analysis, it will be useful 

to define a degree of complexity and a level of uncertainty for each project. Three levels are 

proposed for national road projects as indicated in Table 3.5.  

Table 3.5 Levels of Complexity and Uncertainty for Road Projects 

Variable Degree 

or Level 

Description 

Complexity Low A standard new-build road project with no unique features in a 

rural environment; maximum of 2 new grade separated junctions. 

 Medium A standard new-build road project which traverses through known 

difficult ground conditions, or with some known environmental 

and archaeological constraints, in a rural environment; 3 to 5 new 

grade separated junctions; an urban road project or upgrade with 

some limited traffic management and known service diversions.  

 High A road project with a unique bridge or tunnel element; an urban 

road project or upgrade with extensive traffic management and 

many existing services; a road project with significant 

environmental or archaeological constraints of national 

importance. 

Uncertainty Low Risk can be determined and assigned using historical percentage 

uplifts or a project-specific quantified risk assessment (statistical 

probability). 

 Medium Risk is determined based on a subjective assessment of future 

events based on past experience of broadly similar projects. 

 High Project with unique elements (bridge or tunnel) not constructed 

previously in Ireland; use of novel technology or processes; or no 

previous experience of this type of project. 

Source: Author 
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The table can be developed further to allow for more layers of complexity and would be 

suitable when analysing a larger set of projects on any future research. Further divisions of 

complexity can be added to take into consideration more diverse transport projects which 

would have additional characteristics such as –  

• The need for multiple contracts with some or many interdependencies, 

• Critical path delivery connected across different contracts, 

• Multiple disciplines involved in the delivery of the project including civil, 

electrical and power systems, mechanical systems, computer and information 

technology systems integration, 

• Supply chain management and dependencies, 

• Large underground structures (rail or metro stations) and tunnelling works. 

 

These additional layers of complexity are not required for the six sample projects, but it 

indicates how the coding system can be developed for rail and metro transport projects.    

 

3.5 Framework for a Detailed Analysis of selected Road Projects 

The first stage of this research (the quantitative analysis) determines if additional 

construction costs are occurring on national road projects and whether they are contributing 

to cost overruns when compared to the budget estimates. The numerical analysis also 

indicates if the total scheme budgets (all cost elements) have been exceeded at completion. 

However, the statistics alone do not provide any real understanding of the reasons for these 

additional costs or the adequacy of the budget estimates and risk contingencies. The critical 

assumption associated with optimism bias is that project costs and risks are underestimated.  

The objective of the qualitative analysis is to examine how the project teams have developed 

the cost estimates and assigned and managed risk. It is proposed therefore to examine in 

greater detail a subset of six road projects where there are additional costs, and to review all 

of the reports available to the NRA/TII to determine the causal factors for these additional 

costs and examine if these factors can be attributed to cognitive biases or overconfidence on 

behalf of the project planners. A standard framework has been developed for this review and 

is used to analyse these reports and to group the data in a standard format. The various project 

reports available in the NRA/TII are closeout reports, post project reviews, lessons learnt 

registers, final business cases, the estimated costs and associated budget sheets at different 
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project stages, and risk management reports. These reports and key project deliverables are 

summarised in Table 3.6. 

Table 3.6  Key Project Deliverables 

Project Phase Deliverable  

2 Route or Option Selection  Route Selection Report, Preliminary Business Case or 

Cost-Benefit Analysis  

3 Preliminary Design & 

Environmental Evaluation 

Design Report, Environmental Impact Assessment Report 

or Statement, Part 8 Planning Report 

4 Statutory Process Planning Authority Decision and associated conditions 

5 Contract Procurement and 

Award 

Contract Documents, Tender Award Recommendation, 

Final Business Case or Cost-Benefit Analysis 

7 Closeout Project Closeout Report, Post Project Review, Lessons 

Learned 

 Source: Derived by the Author from the NRA Project Management Guidelines (2010) and 

Project Appraisal Guidelines  

 

The framework is indicated in Table 3.7.  Each review item identifies the key questions to 

be answered, together with the data collected for each individual project.  A data sheet is 

prepared for each project, from which trends and recurring factors can be identified. The 

data is coded to manage and present the results in summary format, and to allow for a more 

extensive analysis. A sample of 6 projects was selected to demonstrate the application of the 

detailed coding and value of investigating the sources of cost overruns. The data have been 

collated in simple table and spreadsheet formats, but the structure and coding system 

established can be expanded into a more rigorous database format for larger samples. The 

data variables describe the key features for a road project and allow an examination of the 

project lifecycle from scheme inception to road opening. The data includes the dates of 

project commencement, planning consent, start of construction and road opening, road type, 

and the nature of the project (either new-build or an upgrade). Information is collected for 

each project on cost estimates, environmental sites, archaeology, conflicts with existing 

services, interfaces with other third parties, risk identification and assessment, form of 

construction contract, and variations and other costs applicable at the construction stage.         
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Table 3.7 Framework for the Detailed Review and Analysis of Road Projects 

No. Data Item Objective of the Review and Data Output   

1 When was this project commenced 

(scope, concept, and feasibility stage), 

and when was the project opened to 

traffic? 

 

Projects with very long lifecycles are 

likely to have or require regular cost 

reviews and budget changes.  

To determine the average length of the project 

lifecycle; to identify periods of delay or 

suspension.  

 

Data variables and coding: 

1.1 Length of project lifecycle in years (PLC):  

<11 years, 11-20 years, >20 years 

1.2 Periods where project phases were delayed 

or lay dormant (Delays)   

2 Was the project and programme for 

delivery identified in any published 

plans? 

 

Governments can set unrealistic delivery 

expectations for projects in published 

plans. 

 

NDP = National Development Plan 

NRNS = National Road Needs Study 

M/DC = motorway or dual carriageway 

road 

SC = single carriageway road  

  

How critical was the delivery of this project? 

Was this initial programme overly optimistic?  

 

Data variables and coding: 

2.1 Was the project identified for delivery in a 

National Development Plan? Was a completion 

date specified?  

2.2 Did the plan identify any specific project 

characteristics – road type, etc.  

2.3 Project Type – New Build, Upgrade, 

Junction Improvement  

3 Were cost estimates determined at the 

key project phases in accordance with the 

NRA/TII Cost Management guidelines? 

 

 

 

Cost Estimate at Phase: 

 

RSR = Route Selection Report (Phase 2) 

PDR = Preliminary Design Report 

(Phase 3) 

TA = Tender Award (Phase 5)    

Were the cost estimates developed in 

accordance with the procedures relevant at the 

time, and were they approved by the NRA/TII? 

Were any changes made to the cost estimates 

over the project lifecycle, and what was the 

reason for any changes? 

 

Data variables and coding: 

3.1 When was the initial cost estimate 

produced? 

3.2 What cost guidelines were in effect? 

3.3 Was the cost forecast formally approved? 

3.4 Were any changes made to the total scheme 

budget (TSB) over the lifecycle? 

3.5 What was the % change in the TSB cost 

estimate?  

4 Were any significant changes made at the 

Phase 3 (Design) and Phase 4 (Statutory 

Processes) stages which would likely 

change the project scope and budget?  

Did any new information or data emerge during 

the design stage which led to scope changes? 

 

Data variables: 

4.1 Did the length of the route change? 

4.2 Were any new junctions or other major 

features added to the project?   
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No. Data Item Objective of the Review and Data Output   

5 Were there any specific environmental 

issues (including archaeology/heritage) 

or risks associated with the project which 

would impact on the cost forecast?  

 

To determine the impact on design and 

construction costs. 

 

Data variables and coding: 

5.1 Did the project impact on a Special Area of 

Conservation (SAC), protected Habitat, or 

other sensitive area? Number of sites and 

designation (European, National & Regional, 

Local or None) 

5.2 Was there known archaeology in the area 

which would impact on cost and programme? 

Number of sites and significance, proximity to 

National Monuments, scale of budget estimate 

for archaeology (<€6m; €6 to €10m; >€10m) 

  

6 Interface with third party stakeholders 

and any specific Public Concerns. 

Was the impact on all third-party utility 

services identified and dealt with? Were there 

any public concerns with the project which 

required special attention and mitigation? 

 

Data variables and coding: 

6.1 Were all service diversions or alterations 

determined and costed? Number of key service 

conflicts – ESB and BG transmission lines, 

local authority trunk watermains   

6.2 Were advance contracts enabled to mitigate 

or remove these risks? Scale of the budget 

estimate for advance contracts. 

6.3 Noise mitigation measures, etc. 

7 Was there a Quantified Risk Assessment 

(QRA) carried out for the project? 

 

 

 

 

Risks and Costs categorised into groups 

as per Table 3.8   

What type of risk assessment was completed 

for this project? What were the main risks 

identified for the project? Were risk cost 

contingencies determined and assigned? 

 

Data variables and coding: 

7.1 Was risk assigned by a general % Uplift, or 

by a QRA? 

7.2 Were the top project risks identified?   

8 Any there any specific complex issues 

identified for this project? What is the 

level of uncertainty regarding future 

events and the project outcome? 

 

Project complexity can be associated 

with unique characteristics such as 

landmark bridge structures or tunnels, or 

difficult construction sequencing 

. 

High, Medium, or Low complexity 

Level of Uncertainty – Low, Medium, or 

High 

Assigned as per Table 3.5 

 

To determine if the complexity of the project 

has given rise to additional risks or uncertainty.  

 

Data variables and coding: 

8.1 Were there any unique or innovative 

features on the project? Large bridges, tunnel 

works, extensive traffic management (Project 

Complexity) 

8.2 Level of Uncertainty 

8.3 Were any elements of the project to be 

delivered by parties other than the main 

contractor?  

8.4 Were there any space constraints on the 

project (urban or suburban projects, 

construction sequencing and phasing)?    
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No. Data Item Objective of the Review and Data Output   

9  Was there a project appraisal completed 

at the relevant project phases? 

 

CBA = Cost-Benefit Analysis 

BC = Full Business Case with CBA 

Was the Business Case prepared in accordance 

with the relevant guidelines? 

 

Data variables and coding: 

9.1 Was a Business Case prepared for the 

project? 

9.2 Was the Business Case revised and updated 

to reflect any changes in the cost estimates and 

forecasts? 

10 Were there any conditions imposed on 

the project as part of the approval and 

consent from An Bord Pleanála which 

would have cost implications? 

Determine if any of the planning or 

environmental conditions imposed on the 

project as part of the consent would have a cost 

implication. 

 

 

Data variables: 

10.1 Did the planning consent require any 

additions or modifications to the project which 

would have a cost impact?  

11 Were there any legal challenges to the 

project approval?   

Data variables and coding: 

11.1 Was the project delivery interrupted by 

judicial reviews or other legal challenges? (Yes 

/ No)  

11.2 Was there any impact on project 

programme or cost? 

11.3 Did this challenge give rise to any changes 

in project scope? 

12 What form of contract was used for the 

construction phase? 

 

DB-F = Design-Build (modified FIDIC) 

DB-PWC = Design-Build (Public Works 

Contract) 

ED-PWC = Employer Design (Public 

Works Contract)  

Identify the main risk transfer mechanisms 

contained in the contract. 

 

Data variables and coding: 

12.1 What form of contract was used for the 

construction stage – i.e. Employer Design, 

Design-Build, Early Contractor Involvement, 

PPP,etc. 

12.2 What were the main risks retained by the 

Employer? 

12.3 Did the project require any form of dispute 

resolution (conciliation or arbitration)? Yes / 

No     

13 Did the contracting authority issue any 

variation orders during the construction 

stage? 

Identify the scope of the variations and the 

scale of the additional costs involved. 

 

Data variables and coding: 

13.1 What was the scale of the changes made 

by the Employer during the construction stage 

- % of the original tender sum? 

13.2 What other costs arose during the 

construction stage - % of the original tender 

sum? 
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No. Data Item Objective of the Review and Data Output   

14 Did any ‘known’ risks emerge during the 

construction stage? 

Data variables and coding: 

14.1 Did any known risks emerge during the 

construction stage? Yes / No 

14.2 What known risks emerged during the 

construction stage? Identify risk or cost 

category using Table 3.8 

15 Did any ‘unknown’ risks or unplanned 

events occur during the construction 

stage? 

Data variables and coding: 

 

15.1 Did any ‘unknown’ risks or unplanned 

events occur during the construction stage? Yes 

/ No  

 

15.2 What unknown events occurred during the 

construction stage? 

15.3 What was the impact of these events on 

cost and programme? 

  

16 Were there any Programme delays at the 

construction stage?  

Data variables and coding: 

 

16.1 Contract Programme (months) 

16.2 Was the project completed Early, Late, or 

On-time? 

16.3 Time period in months (Ahead of 

programme, Behind programme) 

17 Total Scheme Budget (TSB) outcome 

(all cost headings) 

Data variables and coding: 

 

17.1 Did the total outturn cost exceed the TSB? 

Yes or No 

18 General Comments Provide further detail on any of the data items 

 

19 Type of risks and additional costs which 

arose during the construction stage and 

project lifecycle 

Data variables and coding: 

 

19.1 Assign costs as per Table 3.8 

20 Not Used  

Source: Author  

 

 

This framework provides the basis for the qualitative analysis of each sample project. The 

analysis takes the form of mini case studies with the output for each of the six sample projects 

summarised in Appendix 3. The data are abstracted from the various reports held by the 

NRA/TII. Expert judgement is used where necessary, based on the author’s direct experience 

of the construction industry (over 35 years), and in particular, over twenty years’ experience 

of delivering road transport projects. The project risks and sources of additional costs have 

been assigned to discrete categories which are indicated in Table 3.8. The table was 

developed using the typology of causal factors identified in the literature review (Table 3.4) 
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together with the data abstracted from the individual project reports. These cost groups are 

coded so that they can be used to follow the sequence of risk identification, risk occurrence, 

and any cost impacts.  

 

Table 3.8 Sources of Risk / Additional Construction Costs – Risk/Cost Groups 

Group 

ID 

Description 

1 Scope Changes made by the Client/Employer over the Project Lifecycle 

1a Changes made during the planning and design stages (design standards, 

regulations, government policy, etc.) 

1b Changes made during construction (to correct errors & omissions, revised 

standards, changes to the works requirements, additional works, etc) 

2 Known Risks which occurred 

2a Unforeseen or difficult ground conditions (including earthworks) 

2b Archaeological finds or increased scope of archaeology 

2c Environmental constraints and risks 

2d New technology or systems 

2e Prolonged Inclement Weather 

2f Access to the site denied or prevented by third parties, trespass, or protest or 

not made available by the Employer 

2g Changes to or additional Accommodation Works 

2h Consents & Approvals from third parties; changes in the requirements of 

third parties 

2i Alterations and Diversions of Services & Utilities 

2j Surface Water or Drainage issues 

2k Additional Traffic Management Measures 

3 Issues associated with Project Complexity 

3a Urban environment (site constraints, live traffic management)  

3b Landmark Structures, Tunnels  

3c Multiple and interdependent contracts 

3d Public or Community interface 

4 Issues associated with Project Uncertainty and unplanned events 

5 Other Costs (exceptionally high price inflation, market or supply chain 

issues, changes in legislation, etc.) 

6 Dispute Resolution 

7 Programme and Delay 

Source: Author 

  

The sub-headings in this table are non-exhaustive and are presented to give an indication of 

typical risks which occur regularly on road transport projects. These risks and issues have 

been identified in the project reports and have occurred on projects which have been 

overseen by the author. Some of these risks can be mitigated or removed through advance 

works contracts (for example through advance service diversions) and this will be examined 

in Chapter 5. For other risk items, contingency sums must be provided to ensure that the 
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budget estimates are robust. It can be argued that it is not possible to take an optimistic or a 

pessimistic view about an unplanned event, as we cannot predict their occurrence. However, 

we cannot ignore the possibility that they may occur. If project planners and managers fail 

to take into account the potential for cost increases due to project risk, complexity, and 

uncertainty, then this is likely due to a lack of experience and knowledge rather than 

overconfidence. These items need to be accounted for in the cost forecasting function, 

preferably by individual contingencies for each cost heading. If this is not done, then this 

will lead to an underestimation of cost. There will always be events and circumstances which 

are outside of the control of the project team. Lovallo and Kahneman noted how we 

exaggerate the degree of control we have over events and projects, and we tend to ignore the 

effect of luck and chance.  

The adequacy of the risk assessment and contingencies applied to the sample of national 

road projects will be tested in Chapter 4. If the distribution of cost overruns is found to be 

predominant, then it may lead to a conclusion that there is some systematic failure in the 

estimation process. The qualitative analysis in Chapter 5 will provide greater insight into the 

full project lifecycle and will examine the range of data variables outlined in Table 3.7 which 

impact on both cost estimation and outturn. Attempting to measure the direct presence of 

optimism bias in any business or professional field is difficult, and such research tends to 

occur in the field of psychology where human tests can be run. For transportation 

infrastructure projects, it tends to be implied from the statistical analysis of the numerical 

data, and this is clearly evident from the literature review. However, while the statistics may 

provide evidence for cost overruns, they do not tell the full story. Estimating the full costs 

of projects which have long lifecycles is difficult. This is particularly so for public 

infrastructure where funding is dependent on government policy and the state of the 

exchequer balance. This current research will bring additional insight to the statistical data 

by examining real issues and risks pertaining to national road projects in Ireland.  

The framework facilitates a standard methodology for the analysis of a large sample of road 

projects and enables the causal factors contributing to additional costs to be identified and 

tracked. This can be used to highlight the main risks which are re-occurring on road projects 

and will provide cost data which can be used in the quantitative analysis of risk on future 

projects. The output from this analysis also provides an ‘outside view’ of road projects as it 

contains a wide range of distributional data. The methodology supports the ‘Lessons Learnt’ 

feedback loop thus assisting local authority project managers and TII in making informed 

decisions on future road projects. This process is illustrated in Figure 3.4. 
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Figure 3.4 Research Methodology - Process Flowchart 

 

Source: Author. 

 

The next chapter describes the sample of road projects used for the research and presents the 

results and findings from the quantitative analysis.         
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Chapter 4 Quantitative Analysis of National Road Projects 

4.1 Introduction: The Sample of Road Projects used for the Stage 1 Review 

A sample of forty-four road projects was selected for the stage 1 quantitative review. This 

sample was drawn from all of the national road projects developed between the period from 

1999 to 2017. All of the projects are capital investment schemes involving land acquisition 

and planning consent procedures. This sample would represent about 35% of the substantial 

and meaningful schemes developed by the NRA during this time. This period saw the 

establishment of the NRA’s Cost Management Function in 2000 which introduced a formal 

system of cost estimation procedures. The first version of the NRA’s Project Management 

Guidelines was also published in 2000. Chapter 3 has provided some detail on road projects 

which were delivered in the period from 1994 to 2003, and which were subject to scrutiny 

by the Comptroller and Auditor General and the Public Accounts Committee. These projects 

were implemented during the formative years of the NRA. The objective of these road 

projects was to bypass existing towns and communities which were experiencing traffic 

congestion, and this strategy was to continue until the end of 1999.  

During the period from 2000 to the end of 2010, the NRA embarked upon a major 

programme of motorway development initiated under the National Development Plan (2000 

– 2006). This was a major change in government policy which was to have consequences 

for the cost of this investment plan, and this is discussed further in Chapter 5. The planning 

and construction of the new motorway network between Dublin and the cities of Cork, 

Limerick, Galway, and Waterford were all completed within this eleven-year period, 

transforming the national road network in Ireland. All of the major cities were now 

connected by motorway.  

When the National Road Needs Study was commenced in the late 1990s, the road network 

was predominantly comprised of single carriageway roads most of which still passed through 

towns and villages. This study examined the condition and traffic capacity of the national 

road network and was completed in 1998 (NRA, 1998). In 1996 the length of the network 

was approximately 5,400km, of which 5,155km consisted of single carriageway road. There 

was approximately 70 km of motorway constructed and open. The first motorway 

constructed in Ireland was the M7 Naas Bypass which was built in 1983. Planning and design 

for the new interurban motorway network commenced in 2000 under the National 

Development Plan (2000 to 2006). The main period of construction for this motorway 

network commenced in 2005 and was complete by the end of 2010. By the end of 2015 this 

network of single carriageway roads was replaced by a new system of motorways linking 
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the cities of Dublin, Cork, Limerick, Galway and Waterford. The change in the national road 

network from 1996 to the end of 2015 is indicated in Table 4.1 and Figure 4.1. Maps of the 

network for the years 2000, 2005 and 2016 are contained in Appendix 4. These maps 

illustrate the development and construction of the new motorway network during this period.  

 

Table 4.1  National Motorway Network (1996 – 2015) 

Year SC DC M

1996 5155 175 70

2005 4860 308 247

2010 4189 324 900

2015 4096 294 916   

 Source: Derived by the Author from NRA/TII data  

SC = Single Carriageway, DC = Dual Carriageway (includes ‘two plus one’ road type)  

M = Motorway 
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Figure 4.1  National Road Network Lengths 1996 to 2015 

 

Source: Derived by the Author from NRA/TII data 

 

The sample of road projects consists of dual carriageway/motorway and single carriageway 

road types, with a total length of about 655km of road. This represents about 12% of the total 

length of the national road network (approximately 5,350km). Of this 655km of road, the 

dual carriageway/motorway length is 467km which is about 40% of the total motorway 

network. Most of this new motorway network was developed and constructed under two 

national development plans, the second of which ran from 2007 to 2013. There was a 

significant reduction in the scale of the government’s capital investment programme 

following the global economic recession in 2009. The value of public sector construction 

output was approximately €7.54 billion in 2008 but fell to about €4.75 billion by 2010 

(Office of Government Procurement, 2014). This fall in infrastructure investment led to 

strong competition in the industry with significant downward pressure on tender prices. The 

total budget estimate for this sample of road projects was €6.4bn approximately, and the 

total expenditure paid by the NRA to the local authorities was €5.7bn representing a cost 

saving. The sample is representative of the work undertaken by the NRA/TII’s capital 

programme section and provides a good source of data for this research. The summary details 

of this sample are indicated in Table 4.2. 
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Table 4.2  Summary Details of the Main Sample of Road Projects 

Type of Scheme Sample 

size 

Total 

Length 

(km) 

Comment 

Dual 

carriageway/motorway 

20 467 New build road projects generally in a 

rural environment 

Single carriageway   19 158 New build road projects generally in a 

rural environment 

Upgrade schemes  3 30 Upgrade of an existing dual 

carriageway or motorway to three 

lanes in each direction and junction 

improvements 

Junction improvements  2 - Upgrade to existing junctions 

  Source: Derived by the Author from NRA/TII data  

 

Public Private Partnership (PPP) projects are excluded from the sample as the tender 

mechanism and financial model is different. It is not possible to compare costs for these 

projects with the more traditional contract forms.  

The main expenditure data collected for each road project is:  

1. the construction outturn cost (main contract),  

2. the risk adjusted construction cost estimate (the Target Construction Cost),   

3. the contract tender sum accepted by the local authority at award stage,   

4. the Total Scheme Budget (TSB) formally approved by the NRA/TII, and  

5. the scheme outturn cost.  

All of the cost information data presented in this analysis is inclusive of Value Added Tax 

(VAT) to match the payments made by the NRA/TII. The total scheme budgets for the 

sample of projects ranged in size from a minimum of €9.7m to a maximum of €467m, with 

the mean at €146m. The construction outturn cost is the total expenditure made by the 

local authority during the Phase 6 stage and includes the final account sum agreed between 

the local authority (the contracting authority) and the contractor together with any other costs 

associated with the construction of the project, including payments to the contractor from 

dispute resolution. The Target Construction Cost (TCC) is the risk adjusted construction 

cost estimate formally approved by the NRA/TII at the Phase 5 post-tender stage. This cost 

estimate is based on the tender sum, which is being accepted by the local authority, and 

adjusted in accordance with the individual project risk assessment. This methodology is in 

accordance with the NRA’s Cost Management Manual (2010). It is perceived that at this 

point, the project is well-defined and specified, and that costs and risks can be assigned with 
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a reasonable degree of confidence. In the case that the Phase 3 or 4 Target Construction 

Cost approved by the NRA/TII is less, then this figure is used for comparison purposes. This 

lower cost estimate has been used for three projects (26, 27, and 43). This provides a 

conservative cost comparison between the cost estimate and the outturn.  

In most of the contracts in this sample, inflation is allowed for in the tender sum by the 

contractor. Price variation on the tender lump sum is only paid for in exceptional cases, when 

there is evidence of hyper-inflation or the contract duration is long. This will be discussed 

in more detail later in this chapter. An adjustment for general inflation over the project 

lifecycle is allowed for within the Total Scheme Budget (TSB). This TSB is the total cost 

of the project under all of the seven cost headings identified in Chapter 3.  

The Phase 5 post tender cost estimates are generally deemed to be robust on the basis that 

the full scope of the project is now determined and specified, and that cost contingencies 

have been provided for all of the known risks. However, this cost estimate is based on the 

tender sum submitted by the contractor and accepted by the local authority and assumes that 

the contractor has adequately priced all of the risks transferred by the employer. This issue 

will be discussed further later in this chapter, and in Chapter 5. 

 

4.2 Quantitative Analysis and Findings 

This section of the research will examine the robustness and reliability of the cost estimates 

and forecasts produced for this sample of national road projects. The raw data for each 

project has been collated in a standard format and comparisons have been made between 

cost estimates and the actual outturns (as described in section 3.3). The key data for this 

sample are contained in Appendix 1. Cost comparisons have been calculated by the author 

for the following elements: 

 

1. Construction Outturn Cost vs Risk Adjusted Construction Cost Estimate (Target 

Construction Cost (TCC)) 

2. Construction Outturn Cost vs Tender Cost at Award (the tender sum) 

3. Total Scheme Outturn Cost vs Total Scheme Budget (TSB) 

The costs are presented in real prices as the budget estimates are formally approved by the 

NRA/TII at the Phase 5 contract award stage. In the case of comparisons 1 and 2, the 

difference in cost is expressed as a percentage uplift on the TCC and the tender sum. Where 
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the outturn cost is higher, the uplift is positive, and where the outturn cost is lower, the uplift 

is negative (an underspend or cost saving). The results of these two comparisons are shown 

in Figure 4.2. The comparison for the TCC indicates a spread of cost overruns and 

underspends. Out of the sample of 44 projects, 24 of the projects have exceeded their TCC. 

In the case of the other 20 projects the outturn construction cost was less than the TCC. The 

mean uplift is +3% (Standard Deviation 13.7%). For the tender cost-comparisons it can be 

seen from this figure that all construction outturns exceed the tendered sum. This is not 

unusual as it can be expected that some variations will be instructed by the Employer. 

However, some of the uplifts are high, and the mean uplift on the initial tender costs is +25%.   

Project number 40 has very high uplifts on both the tender cost and the TCC, but there are 

reasons for this. This project is also the focus of the qualitative analysis, and these uplifts 

will be examined in greater detail in the next chapter. If this project is excluded from the 

calculations, the mean uplift on the TCC reduces to +2%, and the mean uplift on the tender 

costs reduces to +22%. 

Figure 4.2 Outturn Construction Cost comparisons  

 

Source: NRA/TII data, Author’s own calculations. 

 

The spread of percentage uplifts on the TCC would indicate that there is no particular bias 
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cases, the risk contingency added to the base cost estimate is adequate, and in other cases, it 

is not. The uplifts have been grouped into bands of ten percentage points (e.g. 0 to 10%) and 

the number of projects falling within each uplift band have been collated. This analysis is 

indicated in Figure 4.3. As can be seen from this figure, 30 projects from the sample have 

an uplift within the range from -10% to +10%. A similar balance can be seen in the range 

from -20% to +20%. This figure provides an indication that the spread of cost underspends 

and overspends is relatively even. 

 

Figure 4.3 Distribution of Cost Overruns and Underspends against the TCC 

 

Source: NRA/TII data, Author’s own calculations. 

 

 

In order to examine the outturn costs and estimates in more detail, the sample has been 
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type is generally uniform with a constant cross- section for the mainline length and standard 

grade separated junctions. All of these road schemes were completed in the period from 2005 
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schemes have been delivered using the Design-Build form of contract. Of these projects, 11 

were based on the FIDIC (Federation Internationale des Ingenieurs-Conseils) contract, 5 on 

the government’s Public Works Contracts introduced in 2007, and 3 were based on the UK 

New Engineering Contract (NEC). These Design-Build contracts are lump sum fixed price 

contracts, with provision for additional payments to the contractor for specific compensation 

events. Project 26 was a remeasure contract designed by the Employer.  

Unit costs per kilometre have been calculated for both the actual construction outturn costs 

and the target construction costs using the length of the mainline carriageway as the basis 

for assessment. While these unit costs are an approximation, they provide a useful basis for 

comparison. For an initial examination the unit costs for the construction outturn in real 

prices are indicated in Figure 4.4. The unit costs are plotted based on the year of completion 

for each project. As can be seen from this figure the unit costs are randomly distributed with 

a mean value of €5.68m per kilometre. There is a gradual increase in the unit costs between 

2005 and 2008, after which there is a gradual decline. This is consistent with the economic 

crisis which commenced at the end of 2008 and the subsequent fall in construction output in 

Ireland.    

The unit costs have been rebased to the 2010 price base year using the Harmonised Index of 

Consumer Prices (HICP), and a comparison is made between the construction outturn cost 

for each project and the target construction cost (the risk adjusted construction cost estimate, 

TCC). The indices were taken from the Eurostat database. This index was used because the 

contracts are fixed price. There was a slight downward adjustment in the indices in the years 

2009 and 2010 following the global economic crisis. This comparison is shown in Figure 

4.5. As can be seen in the figure, there is a good consistency between the risk adjusted 

construction cost and the actual outturn. The mean construction outturn cost is €5.63m per 

km, with the mean Target Construction Cost (TCC) at €5.62m per km.       
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Figure 4.4 Construction Outturn Costs per km, Real Prices (Dual 

Carriageways/Motorways) 

 

Source: NRA/TII data, Author’s own calculations. 

 

 

Figure 4.5 Comparison of Outturn Costs with the Target Construction Costs 

(DC/M) 

 

Source: NRA/TII data, Author’s own calculations. 
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It is useful also to look at the distribution of construction outturn costs in terms of their 

frequency. The unit costs have been grouped together in bands of €1million increments and 

are shown in Figure 4.6. This figure illustrates that the mean TCC of €5.62m per km provides 

a reasonable contingency for any additional costs without the need for excessive budgets. It 

also allows for a balance of underspends and overspends. For this sample, 9 projects had a 

construction outturn cost which exceeded €6m per km.  

Figure 4.6 Distribution of Construction Outturn Costs per km (2010 Prices, 

DC/M) 

 

Source: NRA/TII data, Author’s own calculations. 

 

A similar analysis has been made on the sub-sample of single carriageway (SC) road types. 

This sub-sample consists of 19 projects completed between 2005 and 2017. Of these 

projects, 4 were completed in 2006, 3 in 2005 and 2007, 2 in 2012 and 2017, and one in 

2009, 2010, 2013, 2014 and 2016. The projects were implemented under different forms of 

contract. Eleven were Design-Build contracts, and the other eight were Employer-Design 

contracts, three of which were executed under the new Public Works lump sum contracts. 

Five of these Employer-Design contracts were ‘remeasure’ i.e. the quantities were measured 

at the end of the contract. The unit costs per kilometre for each project was calculated using 

the mainline length of the road as the benchmark. The construction outturn costs per 

kilometre in real prices are shown in Figure 4.7. The unit costs are generally of a random 

nature, with the mean construction outturn cost per kilometre at €2.94m. The corresponding 

target construction cost per kilometre was estimated at €2.92m. The costs show a peak 
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around 2006 and 2007 with a gradual reduction in costs between 2007 and 2017. The unit 

costs were rebased to the 2010 price year using the HICP, and a comparison was made 

between the outturn costs and the target construction costs. This comparison is shown in 

Figure 4.8. The figure illustrates that there is a good correlation between the outturn costs 

and the estimated costs, with the target construction costs being exceeded on nine projects 

from the sample. The mean construction outturn cost per kilometre in 2010 prices was 

€2.95m, with the target construction cost estimated at €2.94m. This indicates that the level 

of risk contingency assigned is adequate and is not excessively high or low. This is true for 

all of the forms of contract used.           

 

Figure 4.7 Construction Outturn Costs per km, Real Prices (Single Carriageways) 

 

Source: NRA/TII data, Author’s own calculations. 
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Figure 4.8 Comparison of Outturn Costs with the Target Construction Costs (SC) 

 

Source: NRA/TII data, Author’s own calculations. 

 

The construction outturn costs per kilometre in 2010 prices have been grouped in bands of 

€1 million increments, and the frequency of outturn is shown in Figure 4.9. This figure shows 

that there is an even distribution of unit costs around the mean target construction cost 

(€2.94m), with nine projects having an outturn unit cost less than this.  

Figure 4.9 Distribution of Construction Outturn Costs per km (2010 Prices, SC) 

 

Source: NRA/TII data, Author’s own calculations. 
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It is more difficult to draw any trends for the road upgrade and junction improvement 

projects due to the limited sample size. In the case of the three upgrade projects, the target 

construction cost was exceeded on two of the projects (when compared to the construction 

outturn), but one of these projects had exceptional reasons for this which will be discussed 

in the next chapter. On the other project, the target construction cost was exceeded by 7%. 

For the two junction improvement projects the target construction cost was exceeded for 

both schemes (by 7% and 32%). Both upgrade and junction improvement projects can 

exhibit higher degrees of complexity over more linear and repetitive new-build road projects. 

They are usually constructed under live traffic conditions with extensive traffic management 

and public interface. This will be discussed further in Chapter 5 where specific project 

examples are reviewed in more detail.  

The total scheme budgets which include all of the seven cost headings for each project allows 

for an additional contingency sum for programme risk and overall general inflation. A 

comparison has been made between the total scheme budget (TSB) which was formally 

approved by the NRA/TII with the scheme outturn cost. This comparison is shown in Figure 

4.10. For the full sample of forty-four road projects, the TSB was only exceeded in seven 

cases (16% of the sample). Five of these projects were single carriageway roads, one was 

dual carriageway/motorway, and one was an upgrade project. All seven budgets were set at 

the Phase 5 stage prior to contract award. The overrun on the total budget may reflect the 

fact that the scale of the overall budget for single carriageway roads is less than dual 

carriageways, and that the corresponding contingencies for risk which are being applied are 

also less. However, this comparison provides further evidence that the cost management 

procedures (and the project cost forecasts) which have been implemented by the NRA/TII 

are robust. 
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Figure 4.10  Comparison of TSB and Total Outturn Cost  

  

Source: NRA/TII data, Author’s own calculations 
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Figure 4.11 indicates the same comparison for dual carriageway / motorway and single 
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Figure 4.11  Comparison of TSB and Total Outturn Cost (per km, DC and SC) 
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4.3 Research Question 1 and Initial Conclusions 

The first research question posed in this dissertation is – 

1. Is there any evidence of cognitive bias (overconfidence) in the cost estimates and 

forecasts prepared for national road projects, and has this bias led to cost overruns 

on these projects? 

 

The evidence from this quantitative analysis of a sample of national road projects would not 

indicate a bias towards the under-estimation of construction costs or the total scheme 

budgets. The procedures introduced by the NRA to manage and control the cost estimation 

function are working well. Procedures and guidelines have been established to standardise 

the estimation of construction costs for the Base Cost Estimate (BCE), and for the addition 

of uplift contingency costs or percentages to ensure that adequate provision is made for risk 

and some level of uncertainty. The data in the various figures in this chapter have shown a 

reasonable balance of underspends and overspends, with no consistent bias for either. The 
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target construction cost estimates which are being developed by the local authorities and the 

NRA/TII are balanced responses to risk and are not excessively conservative. As discussed 

in Chapter 2, it is relatively easy to generate very high-cost estimates in order to ensure that 

they are not exceeded, but this would undermine and reduce the economic evaluations which 

are produced for the project appraisal CBA or business case. The project appraisal which is 

completed for each road project provides a check against overinflated cost estimates. This 

will be discussed in more detail in the next chapter. 

In tandem with the Cost Management Manual, the NRA’s Project Management Guidelines 

have established distinct project phases to control the development of the project and the 

estimation of costs over the project lifecycle. The use of stage gates and decision gates is 

acknowledged to be best practice for most road administrations and offers opportunities for 

the Approving or Sanctioning Authority to suspend, or control the pace of project delivery, 

and to change a project’s scope if budgets are being exceeded. At the Phase 5 contract award 

stage, the scope and design of each road project is at a level whereby the contractor can 

provide a reasonable and accurate estimate of cost for the project. The tender sum which is 

accepted for each road project is adopted as the Base Cost Estimate (BCE), and is adjusted 

for risk based on historical uplifts from the NRA’s data set or by a project specific Quantified 

Risk Assessment (QRA). The arguments as to the choice of the BCE at contract award needs 

further examination in light of the literature review, most notable the work done by the 

International Transport Forum on risk pricing. As discussed in Chapter 2, while the 

contractor is seen as the party best positioned to price the project and the associated risk, this 

is being done in a highly competitive market.  

This problem can be exacerbated in times of economic recession as occurred in 2008. In the 

period after 2008 tender prices were subject to downward pressure despite the fact that labour 

and material prices continued to increase in line with inflation. Figure 4.12 illustrates this by 

comparing the general Construction Cost Index (CCI) for labour and materials with the 

Tender Price Index during the period from 2005 to 2016. The Tender Price Index tracks 

competitiveness in the marketplace and includes the impact of labour and material prices. 

There is a distinct divergence between the two indices from 2008. The figure also shows the 

Harmonised Index of Consumer Prices (HICP) over the same period. It can be seen that there 

is good correlation between the CCI and the HICP. Tender prices fell from 2007 until 2011 

after which there was a gradual increase. These external market forces would apply to all 

contractors in the domestic construction industry and should be seen across all tender bids 

for any individual project. The NRA and the local authorities have taken a cautious view on 
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low tenders. Any downward pressure on tender prices can be compensated for in the risk 

contingencies to be applied, and in the case of the NRA/TII road projects, the quantitative 

analysis suggests that this is working. Construction cost inflation levelled out from 2008, 

and only increased by about 3% between the period from 2008 to 2016. 

Figure 4.12  Construction Cost Index and Tender Price Index (2005 to 2016) 

  

Source: Society of Chartered Surveyors of Ireland data, Author’s own calculations. 
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compounded the problem. These are risks which need not rest with the local authority and 

the NRA. 

These types of issues were identified by the C&AG in their review of the first major 

investment programme managed by the NRA in the period from 1994 to 1999 (C&AG, 

1999). They referred to deficiencies in cost estimation and changes in project scope leading 

to cost increases and overruns. It was noted that the unit outturn cost per kilometre for road 

projects varied over a considerable range, and in the case of motorway standard projects 

ranged from €4m to €7.7m per kilometre. Single carriageway roads were estimated to cost 

between €1.27m and €4.4m per kilometre. The estimated scheme costs published by the 

NRA (1998) at that time were €5.7m per km for motorways and €1.8m for standard single 

carriageway roads (1996 prices).  These costs included all of the capital costs and are in real 

prices. The C&AG report noted the difficulty in establishing standard unit costs due to the 

variability in these ranges. The unit total outturn costs for the current sample of projects 

analysed here range from €5.4m to €11.2m for dual carriageway/motorway roads to €1.2m 

to €9.0m for single carriageway roads (all real prices). While there is still a strong variability 

in the unit costs, the evidence has shown that the construction cost estimates, and total 

scheme budgets produced by the local authorities and the NRA are robust. This variability 

in the unit costs for both the construction cost and the total scheme cost shows the difficulty 

in establishing projects costs at the early planning stages.   

The subsequent report completed by the Public Accounts Committee in 2004 (Public 

Accounts Committee, 2004) noted the difficulties associated with the ‘Remeasure’ contracts 

with average uplifts on the original tender costs of 42%. This was illustrated in Table 11 

within section 3.2. Approximately 14% of these increases were associated with price 

variation. Of the 14 road projects examined in this 2004 report, the total scheme budget was 

exceeded in the cases of 12 projects. From 2000 on, the NRA had moved away from the 

conventional ‘Remeasure’ contract to Design-Build contracts, which were lump-sum and 

fixed price for a specified duration. This major change which was introduced at the same 

time as the new cost management unit brought about immediate benefits. As can be seen 

from the analysis in this section, the average uplift on the tender sums for the 44 sample 

projects was reduced to 25%. The new cost management unit set about collating a database 

of completed road projects, and generated ranges of standard contingency uplifts, and 

databases of unit rates. Cost estimation procedures were standardised, and spreadsheets were 

developed to assist the local authorities and their technical advisers with this task. This work 

evolved over the period from 2000 to 2006, culminating in the release of the NRA’s first 
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version of the Cost Management Manual in 2007. This Cost Management Manual also 

strengthened the procedures for assessing and quantifying risk including the introduction of 

formal quantified risk assessment using probability analysis. 

 

Concluding Remarks  

This chapter has examined the performance of the NRA/TII’s cost estimation procedures for 

a sample of 44 road projects. The purpose of this review was to determine if cost overruns 

on budget estimates were systematic, and if so, if this was caused by overconfidence. The 

evidence from this numerical analysis does not support this contention. The cost estimates 

for this sample of projects were adequate with a relatively even balance of overruns and 

underspends. The level of risk contingency being applied to the base construction cost 

estimates is satisfactory, and estimates are not being excessively increased. This can 

continue to be monitored by the NRA/TII and adjusted as required. In the case of dual 

carriageway / motorway roads for example, a construction outturn cost estimate of €7m per 

km (at 2010 prices) could be used for all new projects (the mean outturn cost was €5.63m). 

This was only exceeded on two of the twenty projects from the sample. This unit cost 

estimate could be used at the early planning stages when the design is not complete or as a 

reference class estimate at later project stages. However, this adjustment would need to be 

considered in terms of the increased budget allocation which would be required and how this 

might impact on the capital programme. 

It is evident from the analysis that the project risk contingencies are being used. In order to 

understand what risks and associated costs are occurring, it is necessary to examine 

individual projects in greater detail, and this will be done in the next chapter. This point has 

been made in the academic literature by Peter Love and Daniel Ahiaga-Dagbui and there is 

merit in their arguments. It is only by understanding the causal factors that corrective action 

can be taken. Providing a cost contingency for risk does not solve or alleviate the underlying 

problem. In his review of the United Kingdom construction industry, Latham stated that ‘No 

construction project is risk free. Risk can be managed, minimised, shared, transferred or 

accepted. It cannot be ignored’ (Latham, 1994: p.14). If risks were being ignored on road 

projects, this would indicate a level of overconfidence or bias on behalf of the project 

managers. In the next chapter, a number of sample projects will be examined in detail 

including how risks were identified and managed. Chapter 5 will also look at the additional 

costs which have occurred and the factors contributing to these costs.                       
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Chapter 5 Qualitative Analysis of National Road Projects 

5.1 Introduction: The Sample of Road Projects used for the Stage 2 Review 

A sample of six road projects was selected for the detailed qualitative analysis. These 

projects are mini case studies which have been examined using the framework developed in 

Chapter 3 and presented in Table 3.7. The size of this sample was chosen based on what 

could be achieved by the author in the timeframe for completion of the dissertation. Five of 

these road schemes are dual carriageway/motorway type, and one is a single carriageway 

road. The total scheme budgets for this sample ranged from a minimum value of €59m to a 

maximum value of €423m (Real Prices). These are the final budgets which were established 

at the contract award stage (Phase 5). Four of the projects were new build, generally in a 

rural environment. The other two projects were upgrades to existing dual carriageway or 

motorway schemes, generally involving the addition of new lanes (one new lane in each 

direction), and improvements to the existing road junctions. These upgrade projects were in 

an urban environment and the construction works were carried out whilst maintaining the 

existing live traffic flows. This sample of projects is representative of the capital investment 

programme funded by the NRA/TII over the last twenty years. The type of environment in 

which the road was built has a direct influence on the degree of complexity associated with 

the project, and the potential for additional risks and costs. The degree of complexity and 

level of uncertainty has been assigned to each project using the criteria outlined in Table 3.5 

of Chapter 3. New build projects on a green-field rural site have been assigned as having 

low complexity. The reasons for these assignments will be discussed further in this Chapter. 

A summary of key data for this sample of projects is contained in Table 5.1. 

 

Table 5.1 Summary Data for the Qualitative Sample of Road Projects 

Project 

ID 

Road Type Mainline 

length 

(km) 

Construction 

Type 

Degree of 

Complexity 

Level of 

Uncertainty 

5 Motorway 19 New Build Low Low 

8 Motorway 38 New Build Medium Low 

17 Single Carriageway 14 New Build Low Low 

22 Motorway 17 New Build Low Low 

27 Dual Carriageway 7 Upgrade High Low 

40 Motorway 8 Upgrade High Medium 

 Source: Derived by the Author from NRA/TII data  

 

The data variables generated for each project using the qualitative analysis framework have 

been coded to assist with the review process and the output of the analysis is presented in 
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Appendix 2. All of the output data for each project are included in Appendix 3. These data 

have been collected from the various project deliverables and reports held by the NRA/TII 

and identified in Table 3.6. 

 

5.2 Qualitative Analysis and Findings  

The objective of this chapter is to document the development of the cost estimates and 

budgets for each of the projects contained in this sample and to compare these estimates 

against the actual outturns. As before this comparison is done on the basis of real prices. The 

purpose of this analysis is to examine trends and identify causal factors for any cost overruns. 

While this sample size is relatively small, the application of the framework methodology 

and coding will demonstrate how this system can be utilised for an expanded dataset.  It is 

beneficial to examine the cost management process in the context of four main headings: 

(a) Policy and Lifecycle issues 

(b) The Base Construction Cost Estimate and Risk Management 

(c) Cost Management for each sample project 

(d) Main Findings of this Analysis 

Each of these headings is examined in turn. 

(a) Policy and Lifecycle issues 

The policy context is important as it can have a significant impact on the scope and 

programme for delivery of road transport projects. Policy documents create aspirations in 

the political and public domain and can give rise to overly optimistic schedules and early 

announcement of costs and budgets. This has been discussed in detail in Chapter 2. It is 

normal for most governments to publish investment plans at regular intervals, usually every 

five years or so. The Irish government began publishing national development plans around 

1988 primarily linked to Operational Programmes which were required to justify European 

Union funding. Subsequent national development plans were published in 1994, 2000, 2007, 

2014, 2018 and 2021 (which is the current National Development Plan effective from 2021 

to 2030). These documents and plans are written and published in advance of any real project 

design and the investment costs, if provided, are usually based on high-level unit costs. The 

plans normally set specific objectives for transport policy including roads and will prioritise 

certain national routes or geographical regions for investment. This can impact on individual 

projects by extending or accelerating delivery schedules. Government departments and their 

agencies will make submissions to the cabinet for consideration and inclusion in these plans.     
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Following its establishment in 1994, the NRA completed a major review of the national 

roads network and published the findings in the National Road Needs Study (NRA, 1998). 

The study was produced by external consultants and determined the improvement needs for 

the full national road network and envisaged that these improvements would be delivered 

over the period from 2000 to 2019. However, of key importance was the fact that the 

improvements were primarily focussed on the elimination of bottlenecks at towns and cities 

combined with the upgrade of the existing and adjoining road sections. Short town bypasses 

were recommended rather than entirely new routes. In addition, the study recommended a 

level of service objective of ‘D’ which was equivalent to an average inter-urban speed of 80 

km/hr. The total cost estimated at this time was IR£6.14 billion (€7.8 billion at 1996 prices). 

This cost estimate was based on unit costs per km based on a sample of projects which had 

been completed by 1996. 

These key policy objectives were revised by the government under the National 

Development Plan (NDP) published in 2000. This plan set a higher level of service objective 

of ‘C’ for the major inter-urban routes (equivalent to an average inter-urban speed of 105 

km/hr on motorways) and required that the selection of these routes would be undertaken for 

substantial sections of the network rather than bypasses of congested towns. This major 

change in scope by the government required a change in design standard for these inter-

urban routes and led to the development of the new motorway network to Cork, Limerick, 

Galway, and Waterford. As a result of this policy change, the cost estimates presented in the 

National Road Needs Study (NRNS) for these routes were effectively redundant and were 

revised by the NRA subsequently. This change in cost estimates was the focus of the 

Comptroller & Auditor General’s second study on the Authority published in 2004 (C&AG, 

2004) and discussed in Chapter 3. The impact of this change in scope was significant. In the 

case of the new M9 motorway between Kilcullen and Waterford, the C&AG estimated that 

the additional cost of the new motorway was €455m when compared with the original 

schemes recommended in the Road Needs Study. These increases in overall cost were 

directly related to a major change in scope, and not due to the accuracy of the cost estimates 

prepared by the NRA. This policy change had a direct impact on Projects 5 and 8 in this sub-

sample, and other projects contained in the main sample. In the case of Project 5, the Road 

Needs Study recommended a single carriageway town bypass with adjoining improvements 

to a dual carriageway standard. The estimated cost of these improvements in 1996 was about 

€82m (approximately €114m at 2007 prices), but the total scheme budget for the revised 

project was €210.5m (2007 cost estimate).  
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The length of the project lifecycle will also have an impact on the cost estimation process. 

The lifecycle is measured here from the project initiation (Phase 1) to the date of the scheme 

opening to traffic (Phase 6). As noted in Chapter 2 the lifecycle for transport infrastructure 

projects tends to be longer than private sector commercial development. The need for 

detailed environmental assessment, extensive public consultation, the need to deal with third 

party objections and submissions, and a formal planning process means that the planning 

and preliminary design period can typically be up to four years or more. Even with no delays 

between the project phases, the project lifecycle for large schemes tends to be in the order 

of ten years. Five of the projects in this sample had no delays between phases and the average 

total lifecycle was 9.3 years. The other project had a lifecycle of 14.3 years (Project 17). 

This project had been identified in the National Road Needs Study for delivery between 2010 

and 2014 and was not prioritised in the 2000 to 2006 National Development Plan. Because 

of these lengthy periods, the cost estimates need to be fixed at a specific price year for 

reporting purposes, or allowances for general inflation need to be added. In the case of road 

projects, allowances for general inflation are added in the total scheme budget as the majority 

of construction contracts delivered since 2000 were fixed price. The data associated with 

policy and project lifecycle for the 6 projects are summarised in Table 5.2. 

Table 5.2 Policy and Lifecycle Data 

Project ID 5 8 17 22 27 40 

Lifecycle (years) 9.5 10.7 14.3 7.5 9.5 9.2 

Year Commenced 2000 2000 2000 1999 2000 2000 

Planning Consent 2005 2004 2006 2002 2005 2005 

Road Opening 2009 2010 2014 2006 2009 2009 

Policy Plan NDP NDP NRNS NRNS NDP NDP 

Road Type M M SC M DC M 

Source: Derived by the Author from NRA/TII data    

 

The adjustment to the total scheme budget for programme risk also allows for the impact of 

the lifecycle on the budget. Changes and revisions to design standards over the lifecycle may 

also require that variations are made at the construction stage, and this will be examined later 

in this chapter. The lifecycle period has lengthened somewhat since the establishment of the 

NRA. In their first review of the NRA in 1999, the Comptroller &Auditor General observed 

that the lifecycle period was generally between five and eight years (C&AG, 1999). The 
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planning process is more complicated now with more onerous requirements on the local 

authority for environmental compliance and more detailed assessment of impact and 

mitigation. While it can be difficult to accurately predict policy and lifecycle impact, the 

NRA has always been aware of these risks, and they are identified in the Cost Management 

Manual. The NRA/TII provide specific project advice on both inflation and programme risk 

and the cost adjustments to be made to the total scheme budget to cater for these items.  

 

(b) The Base Construction Cost Estimate and Risk Management  

At the Phase 2 Route or Option selection stage, cost estimates are developed for comparison 

purposes for each option under consideration. At this stage it would be normal to have 

identified the main project elements for each option under consideration, for example the 

overall earthworks volume, the total area of road pavement, and the total area of bridge 

structures. This level of detail would facilitate a reasonable construction cost estimate for 

each route option. While these estimates are reviewed by the NRA/TII they are not formally 

adopted until the Phase 3 Preliminary Design is completed on the route chosen. At this stage 

the scope of each project is defined to a level of accuracy sufficient to compile a schedule of 

quantities (the Bill of Quantities) which can be priced using the NRA’s database of unit rates. 

It is a requirement now that this estimate of total cost at the Phase 3 stage is signed off 

formally by TII (the TSB1 cost estimate), but this requirement was not in place for all of the 

sample projects. The base construction cost estimate (BCE) produced from the preliminary 

design is then adjusted for risk (an uplift is applied) to give the target construction cost 

(TCC1). The risk adjustment for the sample projects was agreed with the NRA. The Phase 

3 cost estimates for the six sample projects are indicated in Table 5.3. All of these estimates 

with the exception of Project 17 were produced in advance of the first version of the NRA’s 

Cost Management Manual (2007 Consultation Version), and the risk adjustments were made 

on the basis of historical outturns rather than a project specific quantified risk assessment. 

The risk adjustment is a percentage uplift to the base construction cost estimate and ranged 

from 11% to 25%. In the case of project 22 it was not possible to verify if a risk adjustment 

was applied, but from the reports reviewed, it would appear not.  
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Table 5.3 Phase 3 Preliminary Design Stage Cost Estimates (Real Prices) 

Project 

ID 

TCC1  Risk Adjustment 

(RA) 

Basis of RA TSB1  Date of 

TSB1 

5 €108.68m 25% % Uplift €187.2m 2005 

8 €227m 9% - €244m 2003 

17 €55m 11% % Uplift €96.4m 2008 

22 €108.5m 0 - €126m 2000 

27 €64.0m 25% % Uplift €73.5m 2005 

40 €200.6m 15% % Uplift €244.2m 2004 

 Source: Derived by the Author from NRA/TII data  

             

The Preliminary Design Report for each road project contained details of the key technical 

risks and issues which needed to be managed during the development and implementation 

of the projects. The known technical risks for road projects include ground conditions, 

conflict with existing services, and for urban schemes, traffic management. All of these 

projects were implemented under the Design-Build form of contract, so the risk associated 

with ground conditions was transferred to the contractors. Environmental concerns and risks 

are identified in the statutory Environmental Impact Statements (where required) or 

environmental impact reports. For this sample of projects, a statutory Environmental Impact 

Statement (EIS) was required for five of the projects. An environmental impact report was 

produced for project 17. These environmental statements and reports identified the main 

concerns relating to the environment, archaeology, and community impact and provided 

measures to mitigate these risks. The data variables relating to environment and archaeology 

are summarised in Table 5.4. 

Table 5.4  Environmental and Archaeological data 

Project ID 5 8 17 22 27 40

Environmental Sites: designation Local

National & 

Regional Local N/A N/A N/A

Nature of Site Grassland Grassland, bog Grassland

Crops, 

grassland Urban Urban

Archaeology Test Trenching Yes Yes Yes Yes Yes Yes

Arch. Sites Identified No Yes No Yes No No

Arch. Budget or Cost €3m €15m €0.8m €7.2m €0.02m Incl.

Consent Period (Months) 6.1 7.4 10.6 11.2 7.3 7.3   

Source: Derived by the Author from NRA/TII data 
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No major sites of environmental importance were identified for these six projects. Such sites 

would include Special Areas of Conservation (SAC) or protected habitats. This category of 

risk applies mainly to new-build projects on green-field sites. A bog area of national and 

regional interest was identified for project 8, but the main consequence of this was technical 

rather than environmental. Similarly, for archaeology there were no sites identified of 

national significance, but the resolution and recording of sites and artefacts is labour 

intensive and time consuming. The NRA has built up considerable experience in archaeology 

and has built up a small team of in-house specialists to advise and manage this area. While 

potential sites can be identified from desk-top research and field inspections, the extent of 

the archaeological finds can only be determined by actual excavations and digs. Following 

extensive difficulties experienced with archaeology on early projects such as the M50 South 

Eastern Motorway, the NRA has stipulated that all project sites are investigated by test 

trenching along the full length of each road scheme (O’ Rourke, 2004). All sites of 

significance are then fully excavated, and artefacts are recorded in-situ or removed if 

necessary. As the work involved is intrusive it can only be completed after planning and land 

acquisition consent is approved (through compulsory purchase orders executed by the local 

authorities). Test trenching was completed in advance of the main construction contracts for 

projects 5, 8, 17, and 22. More limited test trenching was carried out in the case of projects 

27 and 40 which were upgrade schemes. The costs associated with these investigations and 

resolution ranged from less than €1.0m to €15m, but the risks for the construction contracts 

were reduced significantly. The costs for archaeology are included under a dedicated cost 

heading within the total scheme budget, but in the case of project 40 were absorbed into the 

design costs. 

In some cases, the extent of resolution and recording turned out to be more extensive than 

originally anticipated from the test trenching. In the case of projects 8 and 22, the period for 

resolution of archaeology ran into the main construction stage and required management and 

collaboration during the main contract. This overlap can cause some delay and disruption to 

the main contract giving rise to additional costs to the contractor. However, this delay was 

mitigated on each contract. The procedures adopted by the NRA for minimising the risks 

associated with archaeology are working well, and the expertise and knowledge gained by 

having in-house staff resources is significant. A measure of environmental risk can be 

inferred from the consent period indicated in Table 5.4. This is the time period in months 

from the date of publication of the statutory orders to the date of approval from An Bord 
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Pleanála. This period ranges from 6 to 11 months with the average being 8 months. This 

period is not excessive and there were no legal challenges to the approvals.   

The other main risk identified at the preliminary design stage is the impact of the road 

scheme on existing utilities and services. The services which are located overground are 

easily identifiable. These services include high voltage electricity supply cables and 

telecommunication cables. Underground services are normally identified from maps and 

records held by the statutory authorities and other private and public service providers. In 

general, important trunk and transmission services such as national gas transmission 

pipelines and major watermains and foul sewers will have reliable records, but this is not 

always the case for other services. Where there is a conflict of location with a proposed road 

scheme, major services will be diverted by means of advance contracts. Conflict with 

existing services was identified on all six projects in the sample, and diversions were 

completed in advance for five of the projects. The main utility conflicts is indicated in Table 

5.5. 

Table 5.5  Utility Conflicts 

Project ID 5 8 17 22 27 40

Main Utility/Service conflicts 

Electric cables, 

gas line Electric cables Electric cables

Electric cables, 

gas line, 

telecom Local services Multiple

Advance Contracts €2.6m €4.7m €1.25m €3.9m €0.2m €28m  

Source: Derived by the Author from NRA/TII data 

 

The scope of these service diversions is agreed between the local authority and the relevant 

statutory authority or utility provider, and cost estimates are developed and agreed. The 

works are normally executed by the statutory authority or by specialist contractors normally 

appointed by them. These costs are allocated to each project in a cost heading for advance 

contracts and other works. The objective is to remove these diversions and associated risk 

from the main construction contract as the works are of a specialist nature. Some risk always 

remains as records are not always reliable or kept up to date. These are known risks and can 

be dealt with by means of cost contingencies. 

The top risks identified at the design stage for this sample of road projects were: 

• Scope changes or variations during the construction contract (1b, 3 projects) 

• Archaeological finds or increased scope of archaeology (2b, 2 projects) 
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• Prolonged inclement weather (impact on earthworks, 2e, 1 project) 

• Site access issues (2f, 2 projects) 

• Changes to or additional Accommodation Works for landowners (2g, 2 

projects) 

• Consents and Approvals from third parties or changes in their requirements (2h, 

2 projects) 

• Alterations and diversions of services and utilities (2i, 6 projects) 

• Surface water and drainage issues (2j, 2 projects) 

• Site constraints and live traffic management (3a, urban environment, 2 projects) 

• Public or community interface (3d, 2 projects) 

• Interface with adjoining schemes (3c, 1 project) 

• Delay to the programme for completion (7, 1 project) 

• Traffic management measures (2k, 2 projects) 

The risks have been coded using the groups identified in Table 3.8 and are summarised here 

in Table 5.6. These principal risks were identified in the design reports and risk registers 

which existed prior to the commencement of construction. 

Table 5.6  Project Risks at the Design Stage 

Project ID 5 8 17 22 27 40 

Risk Group 1b, 2f, 2g, 

2h, 2i, 3c, 7 

2b, 2h, 2i 1b, 2e, 2g, 

2i, 2j 

2b, 2i 1b, 2f, 2i, 2j, 

2k, 3a, 3d 

2i, 2k, 3a, 3d 

Source: Derived by the Author from NRA/TII data 

 

The most common risk identified was the conflict with existing services and utilities. These 

risks are common on road projects and would be known to the project managers and teams. 

The interface with third parties needs to be managed proactively by the local authority and 

the NRA/TII. The design and physical works required for service diversions is done by 

means of purchase orders or requisitions from the local authority rather than formal 

contracts. While the service provider endeavours to complete the work in a timely manner, 

this cannot be guaranteed. This requires good working relationships between the local 

authority, TII and the statutory authority. Difficulties arise when unidentified services are 

discovered, or where there are delays in gaining approvals from the third parties or time slots 

for the interruption of the services. For this reason, the completion of these diversions in 

advance of the main construction contracts is preferable. Unforeseen ground conditions (risk 
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group 2a) is common on all road projects, but this risk was transferred to the contractors 

under the Design-Build form of contract. The coding system allows these risks to be tracked 

through the construction stage and this is discussed in later sections of this chapter. This 

coding system is a high-level tool to identify the key risks which are associated with road 

projects. In the case of each project, a detailed risk and claims register is maintained by the 

site project team. The coding system in Table 3.8 can be expanded to include further groups 

and sub-divisions for use on a larger sample of road projects. 

 

(c) Cost Management for each sample project 

Some changes in the cost estimates may arise from conditions imposed by An Bord Pleanála 

as part of the planning consent or in the further development of the design. For this sample 

of projects, these modifications were of a minor nature and would not have had a large cost 

impact. Some of these planning conditions related to noise amelioration at sensitive receptors 

and additional lengths of footpaths and cycleways. At the Phase 5 contract award stage, the 

base cost estimate is revised to reflect the tender sum which is being accepted by the local 

authority (the contracting authority) and the risk contingency is checked and adjusted if 

necessary. The risk contingency which is applied at this stage will take cognisance of the 

form of contract being used (and associated risk transfer to the contractor) and the updated 

risk register. A new target construction cost and total scheme budget is prepared and is 

formally approved by the NRA/TII. All six projects were implemented using a Design-Build 

form of contract (five of which were a modified version of the FIDIC contract, and the sixth 

was the new Public Works Contract), with the design risk transferred to the main contractor. 

This design risk includes the estimation of the quantities of materials for each project. The 

contracts are fixed price with a cost review only in exceptional cases of hyperinflation. Table 

5.3 compares the target construction cost (TCC) and total scheme budget (TSB) at the Phase 

3 and Phase 5 stages with the outturn costs.           
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Table 5.7       Cost Management from Phase 3 to Phase 5 (Contract Award) and Outturn  

Project 

ID 
TCC1 

(Phase 3)  

TSB1 

(Phase 3)  

TCC3 

(Phase 5) 

TSB3 

(Phase 5) 

Date 

of 

TSB3 

Year 

of 

Open 

Outturn 

Construction 

Cost 

Total 

Scheme 

Outturn 

5 €108.68m €187.2m €106.39m €210.46m 2007 2009 €114m €177.2m 

8 €227m €244m €240m €423.55m 2006 2010 €238m €354m 

17 €55m €96.4m €29.5m €58.61m 2012 2014 €33.1m €51.2m 

22 €108.5m €126m €115.3m €213.3m 2006 2006 €106.5m €170.2m 

27 €64.0m €73.5m €66.0m €88.4m 2007 2009 €61.2m €68.5m 

40 €200.6m €244.2m €162m €244.2m 2005 2009 €261m €326m 

 Source: Derived by the Author from NRA/TII data  

             

With the exception of project 40, the cost estimates have proved robust. The costs associated 

with this project will be discussed in more detail later in this section. In the case of the other 

five projects the total scheme budget was not exceeded. The target construction cost 

estimates were exceeded for projects 5 and 17, but only by small margins (7% and 12% 

respectively). For projects 17 and 40 it can also be seen that the target construction cost at 

Phase 5 has been reduced by a large margin, which suggests that the tenders were very 

competitive. While the risk of a low tender rests with the contractor, it can create an 

environment where claims for additional payments are made. Overall, the figures in this 

table indicate that the risk contingencies being applied by the local authorities and the 

NRA/TII are at an appropriate level and are commensurate with the level of risk expected 

for these projects. In addition, the requirement for an economic evaluation (cost-benefit 

analysis) to be carried out at the key decision-making phases ensures that the budget 

estimates are not artificially inflated. This criticism has been made by some commentators 

that ensuring that cost estimates are not exceeded might become an objective in itself 

(Ahiaga-Dagbui, 2019). A cost-benefit analysis provides a ‘reality’ check against this budget 

creep. If the project budget is set too high by adding very large risk contingencies, it is likely 

that the net present value of the project would reduce significantly or become negative. All 

six of these projects were subject to rigorous economic evaluation in accordance with the 

NRA/TII’s Project Management and Appraisal Guidelines. These evaluations are normally 

completed at the Phase 2 Route/Option selection stage, the Phase 3 Preliminary Design stage, 

the Phase 5 tender and contract award stage, and the Phase 7 Closeout stage where the 

economic evaluation is updated to reflect the actual outturn costs. A summary of these results 

is indicated in Table 5.8. All of the sample projects had a Benefit to Cost ratio in excess of 

1.0.    
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Table 5.8 Economic Evaluations of the sample projects  

Project ID Cost Benefit Analysis Results 

5 Phase 2 Route Selection; Phase 3 

Preliminary Design 

Net Present Value of €29m and 

Benefit/Cost ratio of 1.2 (Phase 3)   

8 Phase 2 Route Selection; Phase 3 

Preliminary Design; Phase 7 Closeout 

Net Present Value of €386m and 

Benefit/Cost ratio of 1.9 (Phase 7) 

17 Phase 3 Preliminary Design; Phase 5 

Pre-tender; Phase 7 Closeout 

Net Present Value of €91m and 

Benefit/Cost ratio of 2.8 (Phase 7) 

22 Phase 3 Preliminary Design; Phase 5 

Pre-tender; Phase 7 Closeout 

Net Present Value of €143m and 

Benefit/Cost ratio of 1.9 (Phase 7) 

27 Phase 3 Preliminary Design Net Present Value of €130m and 

Benefit/Cost ratio of 2.8  

40 Phase 3 Preliminary Design Benefit/Cost ratio of 6.3 (Urban 

traffic model) 

Source: Derived by the Author from NRA/TII data  

 

The risk of client changes during the construction stage is well known and has been discussed 

in the literature review. These changes are often made to add additional works to the contract, 

to make cost savings where certain works may not be required or to correct errors and 

omissions in the contract documentation. In some cases, design standards may have been 

updated or revised since the time of tender, and there may be valid safety or engineering 

value reasons for making these changes during construction. Scope changes (or Variation 

Orders) were implemented on all six of these projects. The value of these variations ranged 

from less than 1% to 44% (expressed as a percentage of the original tender sum) as indicated 

in Table 5.9. The high value of 44% applied to project 40 but there were specific 

circumstances for this. Two major scope changes were made by the local authority and 

approved by the NRA at the start of this project. During the course of the design the 

contractor proposed some enhancements to one of the junctions which would improve the 

long-term performance of the junction. The contractor’s tender sum was competitive, and 

the scope changes were accepted by the client and the NRA as there appeared to be sufficient 

contingency in the total scheme budget at the time of these decisions. These enhancements 

had been considered by the local authority during the earlier preliminary design stage but 

were not included in the scheme definition due to the impact on the overall budget. If this 

project is ignored the mean increase in cost for variations on the remaining five projects was 

4.6%. In general, the overall level and value of scope changes made during the construction 

stage was low. 
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Table 5.9 Range of Additional Costs on the Sample Projects 

Project ID 5 8 17 22 27 40 

Client Variations +6% +0.3% +2.3% +1.6% +13.3% +44% 

Other Payments +27% +25% +19.2% +12.4% +13% +97% 

Other Cost 

Savings 

-6% -6% -0.5% - -10.7% -16% 

Uplift on Tender 

Sum 

+27% +19.3% +21% +14% +15.6% +125% 

 Source: Derived by the Author from NRA/TII data  

 

On project 5, 14 construction variations were issued by the local authority. Of these, one 

variation was in excess of €3m with all the other variations being less than €0.5m. In the 

case of project 27, 39 construction variations were issued all of which were less than €0.3m. 

On project 40, 52 minor construction variations were issued, the majority of which were less 

than €50,000. Five significant variations were issued in excess of €1m, with three others less 

than €1m. These examples illustrate the difficulties which are encountered on the more 

complex urban projects. Table 5.10 summarises these variations by project type. There was 

limited information on construction variations for the other 3 sample projects, and these have 

been excluded for this reason. 

 

Table 5.10 Summary Data for Construction Variations (CVs) 

Project 

ID 

Road Type No. of 

CVs 

Construction 

Type 

Value of 

CVs 

Degree of 

Complexity 

5 Motorway 14 New Build 1 > €3m 

14 < €0.5m 

Low 

27 Dual Carriageway 39 Upgrade 39 < €0.3m High 

40 Motorway 60 Upgrade 3 > €3m 

3 > €1m 

2 > €0.3m 

10 > €50,000 

42 < €50,000 

  

High 

 Source: Derived by the Author from NRA/TII data  

 

However other costs have arisen on all six projects which were more significant. These 

additional costs related to various compensation events which are described in the contracts 

where the contractor is entitled to payment, and other events for which the contractor 

believed that there was an entitlement to payment. This included the costs for additional 

service diversions, delays to the works caused by archaeological resolution, or delays caused 
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by third parties in issuing consents and approvals. In some cases, these additional costs are 

determined by the local authority’s Engineer (the Employer’s Representative) and agreed 

with the contractor. In other cases, the costs, or the reasons for them cannot be agreed 

between the parties, and some form of dispute resolution is required. The assignment of risk 

between the client (the local authority) and the contractor can often be prone to 

interpretation. This is a difficult issue, but it is well known on transport infrastructure 

projects and has been discussed in the literature review (Kennedy et al., 2018; International 

Transport Forum, 2018). In addition, the pricing of risk (or not pricing risk) by contractors 

in a competitive tendering environment can lead to subsequent opportunistic behaviour. Four 

of the six sample projects were subject to some form of dispute resolution. A summary of 

the additional costs which have arisen on the sample projects is also shown in Table 5.9. It 

can be seen that the additional payments made to the contractor range from 12% up to 97% 

(expressed as a percentage of the original tender sum). The maximum figure of 97% related 

to project 40. This project had a high degree of complexity, significant scope changes and a 

very competitive tender sum (this can be seen from the reduction in the risk adjusted 

construction cost estimate from €200.6m at Phase 3 to €162m at Phase 5). These uplifts are 

on the original tender sums and would be offset by the risk contingencies which were 

applied. For project 40, if the two major scope changes are excluded, the uplift on the Phase 

3 target construction cost reduces to +6%, and +34% on the Phase 5 target construction cost. 

This would suggest that the Phase 3 target construction cost should have been retained as 

the client estimate of construction outturn.          

The risks which occurred on these projects during construction, and which gave rise to 

additional costs are similar to those identified during the preliminary design stage. The 

frequency of occurrence of these risks, and the additional costs group is indicated in Table 

5.11. These are the risk and cost groups identified in Table 3.8. 
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Table 5.11  Frequency of Risks & Additional Costs 

Group 

ID 

Risk / Additional Cost Group Frequency of Occurrence 

in the sample 

1b Scope changes made by the Client during 

construction 

6 

2f Access to the Site denied or prevented 4 

6 Dispute Resolution 4 

2i Diversions of services and utilities 4 

2h Consents and Approvals from third parties, 

changes in their requirements 

4 

2g Changes to or additional accommodation 

works 

2 

2b Increased scope of Archaeology 2 

2c Environmental constraints / risks 2 

2k Additional Traffic Management 2 

2a Unforeseen ground conditions 1 

2j Drainage issues 1 

3a, 3d Public or Community interface, Live traffic 1 

5 Other Costs – changes in legislation 1 

Source: Derived by the Author from NRA/TII data  

 

The list of risk and cost items in Table 5.11 is not unexpected. Construction variations (1b) 

are common on all road projects and are allowed for by means of risk contingency. While 

variations might not be quantified as a top risk, they are allowed for in the % uplift for all of 

the projects. As can be seen from Table 5.9, these client variations can amount to 13% of the 

original tender sum (excluding project 40). The possession of the site is important to the 

contractor as it allows him to programme the works in order to achieve the specified 

completion date. However, constraints on site access can be imposed by the client (the local 

authority) or other third parties to complete archaeology or when issuing approvals or 

permits. The evidence from the sample projects suggests that the recovery of costs is more 

critical to the contractors than time as few extensions of time for completion were required. 

Only one project (Project 8) was delivered late, and this was primarily due to design and 

technical issues caused by the contractor. Even with the long delay on this project the final 

uplift on the original tender sum was +19% (as indicated in Table 5.9). The contractor is not 

automatically entitled to additional costs for delay, and this is dealt with in the form of 

contract. Table 5.12 indicates the construction programme delivery for the sample projects 

together with the risks and additional costs which occurred. The construction programme is 

the time for completion specified by the client. It can be seen from this table that the 

programmes set by the local authorities are reasonable and not overly optimistic. The table 

also includes the main risks identified at the Phase 3 design stage.  The coding system allows 
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the risks and costs to be tracked and provides vital data and relevant information for the 

‘Lessons Learnt’ feedback loop. The risks and costs identified are discussed further in 

section 5.3.   

 

Table 5.12 Construction Stage Programme and Risk Outcomes by Project 

Project ID 5 8 17 22 27 40 

Programme 

(months) 

24 30 27 27 24 33 

Completion Early Late Early Early Early On-time 

No. of 

months  

-1.5 +16 -4 -3 -2 0 

Risks and 

additional 

cost groups 

1b, 2c, 2f, 

2h, 2i, 2k, 

5, 6 

1b, 2a, 2b, 

2c, 2f, 2h, 

6 

1b, 2f, 6 1b, 2b, 2g, 

2h, 2i, 2j 

1b, 2f, 2h, 

2i, 3a 

1b, 2g, 2i, 

2k, 3d, 6 

Design 

Stage risks 

(Table 5.6) 

1b, 2f, 2g, 

2h, 2i, 3c, 

7  

2b, 2h, 2i 1b, 2e, 2g, 

2i, 2j 

2b, 2i 1b, 2f, 2i, 

2j, 2k, 3a, 

3d 

2i, 2k, 3a, 

3d 

Source: Derived by the Author from NRA/TII data  

 

The impact of uncertainty and project complexity has been discussed in sections 2.7 and 3.4. 

Levels of complexity and uncertainty have been assigned to the sample projects in 

accordance with Table 3.5. The data on which these assignments are made are included in 

the project summary sheets contained in Appendix 3. In general, the new-build rural projects 

have a low degree of complexity while the urban upgrade projects have a high degree of 

complexity. The level of uncertainty associated with these road projects has been assigned 

as low for five of the projects, with one project assigned medium. This assignment of low 

uncertainty was made on the basis that most of the risks on road projects are ‘known’ (i.e. 

have occurred before on completed projects), and that the majority of risks can be measured 

using statistical probability. These assignments are indicated in Table 5.13. The % uplift on 

the original tender sum has been included as a metric. Given the small number of projects in 

the sample it is difficult to draw specific conclusions. Because these road projects are 

delivered through a single main contract, the critical path interdependencies and concurrent 

risks are limited. The experience on project 40 would suggest that as the level of uncertainty 

increases to medium or higher, the chance of larger (and more costly) scope changes also 

increases.         
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Table 5.13  Levels of Complexity and Uncertainty for the sample projects 

Project ID 5 8 17 22 27 40 

Type New build New build New build New build Upgrade Upgrade 

Complexity Low Medium Low Low High High 

Uncertainty Low Low Low Low Low Medium 

Uplift on 

Tender Sum 

+27% +19.3% +21% +14% +15.6% +125% 

Source: Derived by the Author from NRA/TII data 

 

 

(d) Main Findings of this Analysis 

The qualitative analysis of these six sample projects has been completed using the 

framework developed in Chapter 3 and shown in Table 3.7. The coding system developed 

in conjunction with this table has provided a uniform structure by which different projects 

can be compared and trends identified. This systematic approach to project and cost 

management analysis can be developed further by TII to form a database tool to manage all 

of the important historical data associated with each project, and to inform future 

assessments of risk and cost contingencies. While this sample of six projects is small, the 

research output has shown that the NRA/TII has developed robust procedures for cost 

management and risk allocation. These procedures are founded on a number of pillars 

including the following: 

• The base construction cost estimate for each project was based on the Preliminary 

Design Report which is completed at the Phase 3 stage. This report includes a set of 

project drawings which are developed in sufficient detail to allow a schedule of 

quantities to be produced which can then be priced using the TII database of unit 

rates. 

• A risk contingency was added to the base construction cost estimate to allow for 

known risks. For projects developed prior to the release of the NRA’s Cost 

Management Manual in 2007, these contingencies were informed by historical 

outturn costs.  

• These known risks were then mitigated or removed through specific investigations 

and testing, followed up by advance contracts where appropriate and feasible. 

Typically, these advance contracts were set up to alter or divert key existing services, 

or to document and resolve known archaeological sites. 
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This type of risk management is made easier by the fact that many road schemes are linear 

repetitive projects often carried out in a rural environment. While it is suggested by the 

author that road projects have a low degree of complexity and limited uncertainty, these risks 

still need to be managed and allowed for in the cost estimates. The body of project data 

which has been gathered by the NRA/TII over the last twenty years is being used effectively 

to guide cost estimation, and to create a strong feedback loop of lessons learnt and experience 

gained. This feedback loop from previous projects helps to remove subjectivity and bias 

from the assignment and quantification of risk. The reports produced by the local authorities 

at project close-out contain valuable data for future projects, but processes need to be put in 

place to make sure that this data are used effectively and are not left unused on file. The 

framework and coding system proposed here is a first step in the development of a larger 

database to manage and disseminate this information to the project teams.   

 

5.3 Research Question 2 and Initial Conclusions 

The second research question posed in this dissertation is – 

2. What type of additional costs have arisen during the implementation and 

construction stage   of road projects? What are the main causal factors for these 

additional costs? 

The additional costs which have arisen on these six road projects can be grouped into the 

following categories: 

a) Costs which have arisen from government policy, specifically the requirement to 

develop the major inter-urban routes as high quality dual carriageway / motorway 

roads with the additional requirement that the routes be developed over substantial 

lengths rather than being town bypasses. These revised costs would have been 

identified during the Phase 2 Route Selection stage and absorbed into the new cost 

estimates during the Phase 3 Preliminary Design stage, but the increase in cost led to 

a longer delivery time than was envisaged in the National Development Plan 2000 to 

2006. 

b) Scope definition between project initiation and the conclusion of the Phase 3 

Preliminary Design stage. The accuracy of the cost estimates is weakest during the 

early Phase 1 Feasibility and Phase 2 Route Selection stages, and as a consequence, 

the risk contingencies need to be high.  
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c) Costs associated with the conditions in the planning consents issued by An Bord 

Pleanála. These modifications were not significant.      

d) Scope changes made by the client local authorities during the construction stage and 

issued as variation orders to the contractors. 

e) Compensation events which were defined and allowed for in the contracts developed 

by the NRA, and on later schemes the Public Works Contracts developed by the 

government under the Capital Works Management Framework. 

f) Claims made by the contractors for additional payments for works which they 

believed were not included for under the contract or where they believed that the risk 

should not have been allocated to them. Some of the claims may have been 

opportunistic in order to recover costs for risk not priced by the contractors in their 

tenders.    

While government plans outline programmes of investment across multiple departments, 

they tend not to be specific on the exact detail of specific projects. The objectives which 

were set out in the 2000 to 2006 National Development Plan for the major inter-urban routes 

led to higher scheme costs than envisaged in the NRA’s National Road Needs Study (NRNS) 

completed two years previously. These changes were made in the absence of updated cost 

estimates and programmes for delivery. There was criticism by some economic 

commentators during this period on the basis and economic rationale for this change in scope 

made by the government (FitzGerald et al., 2003; Barrett. 2006). The cost estimates for these 

routes were subsequently updated and revised by the NRA. 

The planning and development of each road project over its lifecycle leads to challenges in 

the cost estimation process. Even when reliable historical unit costs per kilometre are 

available, the first real indication of the length of a new road project is not known until the 

end of the Phase 2 Route Selection stage. At this Phase 2 stage of project development the 

number and type of junctions may not be known or fully defined. These difficulties are not 

associated with any cognitive biases or overconfidence by the project planners but are 

directly related to the level of definition of the project scope at these early planning stages. 

The first real reliable estimate of cost can only be made at the end of the Phase 3 Preliminary 

Design stage when the scope of the project is sufficiently defined. If cost estimates are 

necessary in the early planning stages, high risk contingencies need to be applied. These 

issues were discussed in the literature review in Chapter 2, and examples were given of how 

this issue is addressed in the UK Treasury document ‘Green Book’. The risks associated 

with early or ‘premature’ cost estimates has been highlighted by many researchers and 
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discussed in Chapter 2 (Terrill and Danks, 2016; Welde and Odeck, 2017). Early cost 

estimates need to be qualified and set in context by project managers. Projects which start 

the Phase 1 stage as short town bypasses can evolve into larger schemes as the adjoining 

road network is developed. As an example, project 17 was envisaged in the NRNS as a short 

town bypass approximately 5km long with an estimated cost of €7.6m in 1996 

(approximately €11m at 2012 prices) and later developed into a longer 14km off-line route 

with a total scheme budget of €59m (at 2012 price base). 

In general, there were few modifications required to these sample projects which were 

directly related to the planning consents. This would indicate that the preparations and 

documents associated with these planning applications were well developed, and that the 

mitigation measures proposed to offset environmental concerns or impacts were appropriate. 

There were no legal challenges mounted against the planning consents for these six projects. 

This meant that there was no delay in advancing the projects through the Phase 5 tender 

stage, and on to the award of the construction contracts and Phase 6 Implementation.  

Scope changes were made by the client (the local authority) on all six projects during the 

construction stage. This is to be expected on all construction projects including road projects. 

Some of these variations are due to changes in design standards which have occurred 

between the tender date and the construction phase, some are due to errors and omissions in 

the contract documents, or where the local authority has authorised additional works. Many 

construction variations are minor, often relating to ‘buildability’ issues raised by the 

contractor. Some examples of more significant variations from the sample projects include: 

• Additional traffic management requirements (cost range from €0.3m to €0.5m) 

• Additional requirements imposed by relevant Third Parties (cost range from €0.3m 

to €0.5m) 

• Provision of a temporary footbridge (cost range from €0.4m to €0.5m)  

With the exception of project 40, the value of these scope changes was small ranging from 

less than 1% (of the original tender sum) to 13%.  There were specific reasons for the two 

major scope changes which were made on project 40, and which brought significant 

additional benefits to the scheme at the operational stage. The difficulty associated with the 

scale of these scope changes on project 40 is that the overall risk contingency was used early 

during the construction phase, leaving no cost float for any other risks or events which 

materialised. The other additional payments made during the construction stage on the six 

projects are higher, ranging from a minimum of 12% (of the original tender sum) to a 
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maximum of 97%. If project 40 is excluded the mean would be 19%. These payments were 

for compensation events which were allowed for under the contracts, and for other claims 

for payment which were made by the contractors. In some cases, these claims were valued 

and settled by the local authorities (as determined by their technical advisers), but in other 

cases, required some form of dispute resolution. Four of the sample projects required some 

form of dispute resolution to assess and settle these additional costs. 

This presents a difficulty in terms of estimating budget costs. While it would be unrealistic 

to add 97% to every base cost estimate, uplifts in the region of 20% are very common (as 

can be seen from this sample), and this scale of uplift contingency has been applied on many 

national road projects. This scale of uplift would have been applied in the early cost 

estimation spreadsheets developed by the NRA after the cost management function was set 

up. The most pragmatic solution to this issue is to ensure that the lessons learnt from all of 

the road projects completed feeds back into the risk assessment and quantification. The costs 

associated with real risks and events which have actually occurred need to feed back into the 

quantified risk assessments for current projects so as to avoid subjective assumptions by the 

project managers. Having a database of historical uplifts on completed projects similar to 

the Table 5.9 coding output can provide a ‘reality’ check on any individual project risk 

assumptions. The ‘Lessons Learnt’ feedback loop is now an integral part of the NRA/TII’s 

Project Management Guidelines. 

The evidence from this qualitative assessment supports the author’s view that the risks on 

road transport projects developed by the NRA are generally predictable with a low level of 

uncertainty. Most of the risks associated with the six sample projects are known to the project 

managers, regardless of whether they have occurred or not, and can be allowed for in the 

cost estimates by means of contingencies. In this regard there is always a probability of 

discovering additional underground services or more archaeological finds, but the number 

of actual unplanned (and unknown) events associated with this sample was low. On project 

8 one of the companies involved in the construction consortium went out of business during 

the global economic crisis precipitated in 2008/2009. Similarly, on project 22 the specialist 

archaeological service provider got into financial difficulty and was unable to complete the 

initial investigation works which led to the works being completed during the main 

construction contract.  

All six of the sample projects were implemented using the Design-Build form of contract, 

five using the FIDIC form and one using the government Public Works Contract form. In 

theory this form of contract transfers the full design and cost estimation risk to the contractor 
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but does allow for additional payments to be made for certain compensation events. For 

example, under the NRA FIDIC form of contract, the contractor was entitled to 50% of the 

additional costs associated with delays due to archaeological finds and sites, and where 

delays are caused by utility companies in diverting services. Again, these are the ‘known’ 

risks for which contingency costs can be allocated for in the budgets, and which have been 

allowed for on these sample projects. However, other payments are being made for risks and 

events which the contractors believe to be additional and not included for in their tender 

sums. Four of the projects required some form of dispute resolution to settle these matters. 

This could suggest that the information provided to the contractor during the tender process 

was not clear and unambiguous, or contained errors and omissions. It may also suggest that 

contractors may not be able to price all risks in a competitive procurement environment and 

resolve to seek these costs through claims. Project 40 indicates how large these additional 

costs can become (+97% of the original tender sum). 

The issue for the NRA/TII is the use of the tender sum as the base construction cost estimate 

at the Phase 5 contract award stage. If the contractor has not priced all of the risk transferred 

to him, then the Phase 5 base cost estimate adopted may be too low. This use of the tender 

sum is specified in the NRA/TII’s Cost Management Manual. Risk pricing by contractors is 

well documented in the literature and has been discussed in Chapter 2 of this dissertation. 

The factors of relevance here include the length of the tender period and the quality and 

accuracy of the documents provided to the contractor. If the tender sum continues to be used 

as the base construction cost estimate, then the local authority and the NRA/TII need to 

ensure that the contractors have adequate time to price the works, and that errors in the 

documents are minimised. It is almost impossible to remove all error from contract 

documentation, but the documents must be prepared with sufficient diligence and care to 

ensure that this risk is minimised. The competitive nature of the procurement process and 

external market forces also need to be considered as these factors can lead to low tender bids 

and subsequent opportunistic behaviour by contractors. This has been demonstrated in 

Chapter 4, Figure 4.11.  

One of the recurring difficulties for both the NRA/TII and the contractors is the risk 

associated with third party approvals and consents. This was noted as an issue on three of 

the six sample projects (Table 5.11). On any given road project, the local authorities and the 

contractor will have to consult and interface with many third parties including the Office of 

Public Works (for arterial drainage and surface water catchment design), National Parks and 

Wildlife Services (for ecology), Fisheries Departments (for watercourses which support fish 
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species), National Monuments Section of the Department of Local Government and Heritage 

(for archaeology) and the many statutory undertakers and utility companies who provide 

public and private services. Where there are new bridges to be constructed over existing 

railway lines, there will be extensive consultation and approval required from Irish Rail. The 

qualitative data gathered in this chapter has provided examples of this interface requirement. 

These risks are heightened when they overlap with the main construction contract, and there 

is a requirement for the contractor to seek these consents and approvals. Some of these bodies 

have their own standards and approval procedures which must be complied with, all of which 

needs to be programmed within the period for completion for the main contract. These issues 

which are non-technical risks can be difficult for contractors whose expertise lies in 

construction. They can also be difficult to price as noted by Kennedy et al. (2018). Dealing 

with third parties requires relationship building, and this is an area which the NRA/TII has 

invested in since the early 2000s. One of the first areas which the NRA identified as a major 

third-party risk was archaeology following discoveries at Carrickmines during the 

construction of the M50 South Eastern Motorway (O’ Rourke, 2004).  

The contractor was unable to complete this motorway due to repeated legal challenges 

surrounding the excavations at Carrickmines Castle. The excavations at this site went on for 

a period of two and a half years and a cost of €10m. Following the difficulties at this site the 

NRA decided to carry out test trenching of the entire route of all subsequent road schemes. 

This test trenching enabled sites of potential archaeological significance to be identified, 

with the possibility that any sites discovered could be recorded and resolved in advance of 

the main construction contract. The NRA has employed its own specialist archaeologists to 

work directly with National Monuments Service to develop procedures and codes of practice 

for archaeological investigations on road schemes. This initiative has delivered benefits in 

terms of more accurate cost estimates for the archaeological investigations, and better 

management of problems when artefacts or human remains are found on site. The budgets 

and outturn costs for archaeology are large. For the sample projects, they range from a 

minimum of less than €1m to a maximum of €15m (refer to Table 5.4), but the costs 

associated with lengthy delays to the construction contracts would be more significant. This 

is specific evidence of proactive risk management and mitigation by the NRA and the local 

authorities to control costs.             

Whilst contractor claims for additional payment have arisen on these sample projects, the 

proactive management of risk by the site teams has enabled the projects to be completed on 

time. As indicated in Table 5.12, four of the projects were opened to public traffic ahead of 
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schedule, one was on schedule, and one project was delivered late. Whilst a contractor may 

be entitled to an extension of time for certain compensation events, there is no financial 

incentive to remain on site for prolonged delay. There were technical difficulties experienced 

on project 8 which took a long time to resolve, and which resulted in a delay of sixteen 

months. Delivering projects on time is beneficial to both the client and the contractor. It 

minimises the risk of delay costs and subsequent additional claims from the contractor and 

allows the local authority to remove its supervisory and contract administration staff from 

the site in a timely manner. The cost of the local authority’s contract supervision and 

administration team is significant and is included in the total scheme budget for each project. 

On the large dual carriageway/motorway projects the site staff can be required for periods 

of up to three years, with additional contract administration staff working from an office 

base. These costs can run into millions of euro. On project 8 where there was a long delay 

in achieving completion, the cost of the contract supervision increased from approximately 

€7m to almost €14m. It is normal for the local authority to provide a risk contingency to the 

contract supervision cost heading to allow for the possibility of programme delay and 

additional contract administration costs, but it can be difficult to estimate this accurately.  

The qualitative analysis completed on these six sample projects has shown that road transport 

schemes lend themselves to a structured project management approach. Evidence of this 

structured approach can be seen in the NRA/TII’s Cost Management Manual and Project 

Management Guidelines whereby each road project is planned and delivered in a sequential 

manner with pre-defined phases. There is a repetitive nature to this process which can 

facilitate a good learning experience, and TII has used this to advantage. Complacency does 

not appear to be an issue and the project managers and designers appear to be following all 

of the NRA/TII guidelines and procedures with due diligence. However, as the road network 

is now mature, new projects are likely to involve more upgrades to existing roads and 

junctions rather than green-field sites. This will involve more difficult planning and 

construction challenges. This may also require a different approach to project management, 

moving away from a very structured approach with normative procedures to one which is 

more adaptive and responsive (Williams, 2005; Sanderson, 2012). The project team can have 

a distinct influence on the delivery and outcome of any project, and this has been discussed 

in the literature review. The NRA/TII is dependent on the Temporary Multiorganisation 

(TMO) which is brought together to deliver a road project. The evidence from this qualitative 

analysis suggests that the system is working reasonably well. TII continues to update and 

revise its guidelines and procedures in the light of emerging data, international trends, and 
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government policy. Its three core documents consisting of the Project Management 

Guidelines, the Cost Management Manual, and the Project Appraisal Guidelines have all 

been revised recently. 

The coding framework developed in Chapter 3 can be expanded to include additional data 

variables including relevant spatial data. It is easy to identify the existing national 

archaeological monuments from the state records. The smaller underground sites are more 

dispersed and difficult to anticipate with undertaking the test trenching. There may be a 

benefit in recording the exact location and grid co-ordinates of any underground features 

which are found from the test trenching investigations and mapping these locations. This 

exercise might reveal some additional patterns of settlement or other evidence of 

archaeology for future road projects.           

It is clear from this analysis that the NRA/TII has developed and enabled a robust 

methodology for the estimation and management of scheme costs. There is a clear and 

transparent assignment of risk contingencies in the budgets, and the budget sheets are 

formally approved by TII at the key project phases (Phase 3 Preliminary Design and Phase 

5 contract award). Project risks are proactively managed and there is a good track record of 

delivery within agreed schedules. There is no strong evidence that biases are distorting the 

cost estimates either upwards (over-estimation) or downwards (under-estimation).  
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Chapter 6 Conclusions and Recommendations 

6.1 Answers to the three Research Questions 

The primary purpose of this research was to examine if cognitive biases, and in particular 

overconfidence, was a factor in the determination of cost estimates produced and adopted 

for national road projects, and whether any such overconfidence has led to an 

underestimation of costs and subsequent overruns. This concluding Chapter summarises the 

findings of the quantitative and qualitative analysis completed for this thesis and discusses 

the main findings and conclusions. A number of recommendations are made, both general 

and specifically for Transport Infrastructure Ireland. The thesis has made a valuable 

contribution to the knowledge base through the application of the coding framework, and 

the detailed qualitative analysis provides insight into the ‘actuality’ of project delivery. It is 

evident from the literature review and this thesis that cost estimates must consider the data 

and knowledge from similar projects which are complete. The ‘inside view’ and the ‘outside 

view’ have their place in cost estimation, and by using both, project cost estimates can be 

compared and benchmarked.      

The three main research questions which formed the basis of this dissertation are presented 

here again together with the summary findings: 

1. Is there any evidence of cognitive bias (overconfidence) in the cost estimates and 

forecasts prepared for national road projects, and has this bias led to cost overruns 

on these projects? 

2. What type of additional costs have arisen during the implementation and construction 

stage of road projects? What are the main causal factors for these additional costs? 

3. Has the NRA/TII been able to mitigate against any cost overruns through robust cost 

estimation procedures and risk assessment (the ‘inside view’)? What conclusions can 

be drawn from this against the relevant literature? Would reference class forecasting 

have provided better cost forecasts, and mitigated against any unplanned risk and 

uncertainty? 

 

1. Evidence of Cognitive Bias (overconfidence): The evidence presented in this work 

would indicate that cognitive bias and overconfidence have not had any significant 

impact on the cost estimates which have been produced for national road projects. The 

cost comparisons made in Chapter 4 have revealed an even distribution of cost 

underspends and overruns with no systematic bias towards either. The quantitative and 
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qualitative analysis described in Chapters 4 and 5 have shown that these cost estimates 

were developed in line with the NRA/TII’s cost management guidelines. The risk 

assessments were generally commensurate with the complexity and uncertainty 

expected. It was noted in Chapter 4 that there was a wide variance in the unit cost outturns 

which illustrates the difficulty of making accurate cost predictions. The base construction 

cost estimate for each road project is only finalised at the Phase 3 Preliminary Design 

stage when the scope, design and detail of the project are specified to a level that is 

sufficient for an accurate assessment of cost. The total scheme budget for each project, 

which contains the full breakdown of cost for the seven individual cost headings, is also 

adjusted for general inflation and programme risk over the full lifecycle. These total 

scheme budgets are formally reviewed by the NRA/TII at Phases 3 and 5 (the contract 

award stage) and are signed off by senior staff including the Chief Executive. 

This systematic approach to cost estimation provides strong governance and 

accountability and a record of the cost estimates at each key phase of the project 

development. This type of ‘gateway’ control system is now used internationally and is 

regarded to be in line with best industry practice. 

There is some suggestion in recent studies that administrations are avoiding cost 

escalation by increasing budgets (Cavalieri et al, 2019; Olsson et al, 2019). Ahiaga-

Dagbui (2019) highlighted concerns regarding this issue of increasing budgets just to 

ensure cost predictability, and it is important that this does not become an objective of 

cost management. While this might be seen as a natural reaction to adverse public and 

media criticism over cost overruns, it will distort unit costs and make benchmark 

comparisons difficult. Contingencies can be added to budgets up to a point, but if these 

projects are subject to economic appraisal, the benefit to cost ratios may be reduced so 

as to make the projects not viable. As a Sanctioning Authority the NRA has ensured that 

all road projects are appraised in accordance with departmental guidelines, and this 

responsibility has been reinforced in the Public Spending Code. Evidence of this 

economic appraisal has been provided in Chapter 5 in respect of the six sample projects.   

  

2. Nature of the additional costs: The second research question seeks to describe the type 

of additional costs which arise on road transport projects and the reasons why they occur. 

In Chapter 5 it was noted how the costs of a project evolve through the lifecycle. Over a 

typical ten-year lifecycle, changes may arise due to government policy, changes in travel 



117 
 

demand, or changes in TII’s standards. In this regard, the National Development Plan 

launched in 2000 brought about a shift in policy in road development from a ‘town 

bypass’ strategy to an end-to-end new motorway network. In terms of the planning 

consent, none of the six sample projects were refused by An Bord Pleanála, and the 

conditions imposed as part of the consents did not give rise to significant additional costs. 

This landscape is changing, and it has been acknowledged in the literature review that 

the planning process has become more complicated over the last twenty years with more 

environmental concerns and legal challenges.  

Table 5.11 indicated the type of risks and additional costs which materialised on the 

sample of six projects at the construction stage. These included scope changes made by 

the client, difficulties with access to the site for the contractor, difficulties in gaining 

consents and approvals from third parties, and increased scope of work associated with 

services and archaeology. In most cases these additional costs were offset by risk 

contingencies allowed for in the project cost estimates. These risks are generally known 

to the NRA and the local authority project managers. 

3. The ‘Inside View’: In response to the third research question, the evidence from the 

quantitative and qualitative research has shown that the NRA has been able to mitigate 

against cost overruns through its project-specific cost management procedures. This 

would indicate that the ‘inside view’ can work for routine and repetitive road projects. 

While the risk contingency assignments are specific to each road project, the ‘Lessons 

Learnt’ loop and experience from completed projects provides a level of benchmarking. 

The risk assessment process is working well, and the construction outturn costs are 

indicating an even spread of underspends and overspends. This shows that the risk 

contingencies being applied are not overestimated. Checks and balances are made by 

means of cost-benefit analyses at each of the key project phases. These risk contingencies 

were informed through analysis of historical outturns or project specific quantified risk 

assessments. The risk assessments use the knowledge gained from previous experience 

and lessons learnt so they are broader than the strict ‘inside view’ which only considers 

the project under review. The addition of programme risk and inflation risk to the total 

scheme budgets provide extra contingency to cater for changes which can occur over the 

long project lifecycle. The quantitative analysis showed that the total scheme budget was 

only exceeded for seven projects (16%) out of the full sample of forty-four projects. It is 

not clear from the analysis undertaken if Reference Class Forecasting would make the 
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cost predictions more reliable, but it would provide an additional check on the overall 

level of contingency to be applied.   

 

Context:  

The main conclusions which can be drawn from the literature review are twofold. Firstly, 

cost estimates and forecasts need to be based on factual information which takes full 

cognisance of projects which have been completed. This should offset the issues associated 

with cost under-estimation at the early planning stages. Secondly, risk and uncertainty need 

to be factored into the cost estimates to allow for the possibility of things going wrong. The 

cost management principles and procedures developed by the NRA/TII have addressed both 

of these issues. TII has also examined the use of Reference Class Forecasting and has 

recently amended its cost management manual to include this methodology (TII, 2020). It is 

now a requirement that local authorities carry out both a quantified risk assessment and a 

risk assessment based on uplifts generated from a reference class of road projects. The 

reference class data will include for any unplanned events and unknown risks which have 

occurred within the reference sample. While the sample projects reviewed in this current 

research have exhibited low complexity and uncertainty, this is likely to change in the future. 

TII now has a developed road network of national primary roads which connect all of the 

major cities on the island of Ireland. However, any future upgrades or enhancements to this 

network which may be required will be planned and constructed in more challenging 

conditions with greater environmental, legal, and technical risks. There is no doubt that the 

use of Reference Class Forecasting will be of benefit on large complex public transport 

projects such as Metrolink and future developments of the light rail system in urban areas. 

For these types of projects there will be more uncertainty.  

 

6.2 Conclusion and Recommendations 

This dissertation set out to examine if the cost estimates and forecasts produced for national 

road projects in Ireland were impacted by cognitive biases leading to cost overruns on these 

projects. A quantitative and qualitative assessment of a sample of national road projects 

delivered by the NRA/TII over the last twenty years has been completed. This has been 

achieved using an extensive and detailed coding framework for assessing completed 

projects. The evidence from this research would not indicate any strong influence of 

overconfidence on behalf of the project managers in their estimation of costs, and no 
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deliberate attempt to underestimate costs. The tables and figures presented in Chapters 4 and 

5 would support this conclusion. The level of project risk assigned and quantified is 

satisfactory and achieves a good balance between cost underspends and overruns.  

The estimation and forecasting of costs for road transport projects by the NRA/TII is part of 

an overarching management process which continues over the full lifecycle of each project. 

This process includes several steps for each project, all of which are inter-related including:  

• The calculation of the Base Cost Estimate for the main construction element; 

• The calculation of the cost estimates for the other six cost headings; 

• The analysis of risk and the allocation of cost contingencies for this risk; 

• The determination of programme risk and overall inflation over the full lifecycle; 

• The determination of the total scheme budget; 

• The management and mitigation of risk items, and the response to them if they occur; 

• The capture of all outturn costs and ‘Lessons Learnt’ at the Phase 7 project closeout 

stage so as to inform the cost estimation of future road projects. 

These steps have been successfully managed by the project teams, the local authorities, and 

the NRA/TII. Internal processes can be controlled, but external influences are more difficult 

to manage. The management of costs depends on many actors and stakeholders including 

the local authorities and their technical advisers who plan and design the individual schemes, 

the staff within the NRA/TII who support and oversee the development of these projects 

over the full lifecycle, external stakeholders who issue permits and approvals, and the 

contractors who build (and under certain forms of contract – design) these projects. The 

concept of the Temporary Multiorganisation which was discussed in Chapter 2 of this 

dissertation, is critical to the successful delivery of these schemes. Good project management 

is integral to cost management, particularly in the case of complex schemes which tend to 

have greater uncertainty. Project teams need to be responsive and to be able to react to events 

and circumstances as they occur. This can be seen in the qualitative research where 

archaeological finds and unforeseen services need to be dealt with efficiently at the 

construction stage to avoid excessive delay and additional cost. 

The Public Works Contracts which were launched by the government in 2007 have brought 

a degree of clarity and objectivity to risk transfer between the contracting authority (the local 

authority) and the contractor. The risks associated with the contract are clearly identified 

including their ownership. The contractors can see the risks which are to be priced by them, 

and their entitlement in terms of time and payment if these risks actually occur. However, 
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on the Design-Build form of contract, which is commonly used on major road projects, some 

risks remain with the contractor which are difficult for them to price in a competitive 

procurement market. This is the case for both the Public Works Contract and the FIDIC 

contract used by the NRA. For example, while the contractor is entitled to delay costs which 

are caused by the utility companies associated with the diversion of services, they must 

arrange and pay for any alterations of services or supplies, even if the services were 

unforeseen. In some cases, contractors will dispute this type of risk transfer, and will make 

claims for additional payment, often resulting in dispute resolution. Interpretation of risk 

transfer remains an issue and this is illustrated in the qualitative analysis where four of the 

sample projects required dispute resolution. 

The Office of Government Procurement (OGP) carried out a review of the new Public Works 

Contract in 2014. The introduction of these new contract forms by the government in 2007 

was made to tackle the cost overruns prevalent in the industry. The review concluded that 

construction risk was not being priced in many tenders (Office of Government Procurement, 

2014). During the period from 2006, it was noted in the review that tender prices actually 

dropped by about 30%. This divergence in tender prices from general inflation was discussed 

in Chapter 4 and shows the influence of external market forces. This period also coincided 

with the global economic recession which commenced in 2008/2009. Capital investment in 

new road projects was severely curtailed during this time which led to increased competition 

for the work which was available. The difficulty for the local authority and the NRA/TII is 

whether the tender price being accepted at the contract award stage actually reflects the real 

cost of the works, including all of the risk transferred. This needs to be assessed either 

through a specific risk item in the risk register, or by means of an additional uplift on the 

base construction cost estimate (the tender accepted). This risk is known and needs to be 

accounted for in the cost estimation process. 

Getting the base construction cost estimate right is critical for both the client and the 

contractor. This will depend on the quality and the level of detail of the design which has 

been completed by the local authority and their technical advisers. A poorly scoped design 

is likely to give rise to an underestimation of cost at the Phase 3 Preliminary Design stage 

and can also lead to problems at the Phase 5 Tender stage if the tender documents are 

ambiguous or contain errors and omissions. The application of the coding framework in 

Chapter 3 will assist in identifying problems with project designs and the tender 

documentation and will provide input into the ‘Lessons Learnt’ review. These types of issues 

were identified in section 2.4 of the literature review. This problem can only be resolved by 
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due diligence, skill, and attention to detail, and the local authority and the NRA/TII must 

ensure that sufficient time is provided to the designers to perform this task. Similarly, 

sufficient time must be provided to the contractors during the tender stage to allow them to 

price the works and the risks. A low tender price which becomes the base construction cost 

estimate at the Phase 5 stage may inevitably lead to ‘opportunistic behaviour’ by the 

contractor during construction. These factors have been examined in detail by the 

International Transport Forum (2018) and by Kennedy et al. (2018). Some solutions have 

been proposed to assist contractors to price risk such as the client providing their cost 

information and risk registers generated for each project under tender. However, in a 

competitive market, there may be sufficient downward pressure on bids to reduce the benefit 

of this information transfer. In a small construction industry, which is dominated by 

indigenous contractors the ability to win work is heavily influenced by pricing strategy. 

There is a large resource of data held by the NRA/TII. The NRA’s cost estimation function 

developed standard spreadsheet templates to be used by the local authorities for cost 

estimation and risk assignment, together with a database of unit costs. There is ample 

information available for the project managers and the technical advisers to produce accurate 

construction cost estimates. However, the predictability of the outturn construction cost is 

still challenging. It can be seen from Figures 4.4 and 4.7 that there is variability in the outturn 

unit costs for road projects. In the case of dual carriageway and motorway projects (Figure 

4.4) the construction outturn costs per km extend from a minimum of €3.86m to a maximum 

of €7.69m.  The lower figure refers to project 26 which is approximately 5km in length while 

the higher figure refers to project 36 which is 37km long. It is only by examining the specific 

features of each project using the coding framework that this difference in costs can be 

understood and explained. This variability illustrates the difficulty of generating accurate 

cost estimates during the early planning stages and in using these unit costs to benchmark 

estimates. For example, using Figure 4.6, if an outturn unit cost of €8m per km is used to 

estimate motorway construction costs for a programme of schemes, the overall budget 

required may be too high to fund. This rate may provide a high degree of confidence in the 

budget estimates but may restrict the number of schemes which can be progressed.  

The NRA’s cost estimation and management procedures have been examined and assessed 

using the coding framework detailed in Chapter 3. This analysis has documented key data 

variables associated with the sample road projects over the full lifecycle. The sources and 

causal factors for project additional costs have been identified and grouped into specific 

categories so that they can be mapped through the various phases of project development. 
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The figures and tables contained in Chapter 4 and Chapter 5 allow the project specific data 

to be disaggregated and assembled into a broader range of distributional data upon which 

future cost predictions can be checked. In effect, the coding framework expands the ‘inside 

view’ significantly and provides a standard methodology for the analysis of a larger number 

of road and other transport projects.       

The research has also shown that the cost estimation process has been simplified somewhat 

with the development of the fixed-price lump sum contracts. The need to estimate 

construction inflation for the duration of the main contract is now removed for most schemes, 

and the use of the Design-Build form of contract on large road projects has transferred the 

measurement risk to the contractor. These two variables contributed to many of the cost 

overruns on road projects constructed between 1994 and 2003. This was discussed in 

Chapter 3 and was raised as a concern by the C&AG in their reviews. The Design-Build 

form of contract (both FIDIC and the Public Works Contract versions) have been used 

extensively by the NRA/TII since 2000. It has proved successful on the large dual 

carriageway/motorway contracts which now form part of the core inter-urban network of 

national roads, with more risk transfer to the contractor and better outcomes in terms of 

project delivery. The average uplift on Employer-Design contracts examined by the C&AG 

in 2004 was 43% (refer to Table 3.2). For the quantitative sample of 44 projects reviewed in 

this thesis, the mean uplift on the tender sums was approximately 25%, with the majority of 

these projects being Design-Build. This marks a significant improvement in the management 

of project costs. However, the more relevant cost comparison is that between the risk 

adjusted construction cost estimates and the construction outturns. This reveals a mean uplift 

on the estimates of only 3% with a good balance between underspends and overruns. 

The Employer-Design form of contract generally carries more risk for the local authority 

and the NRA/TII. Six of the sample projects were procured using the Engineers Ireland form 

of contract. The percentage uplift on the original tender sum varied from a lower bound of 

+26% to an upper bound of +45% with the mean uplift at +32%. There is strong evidence 

from the sample projects that the Design-Build form of contract should be used on future 

projects unless the schemes are small (generally less than €20m construction cost estimate).     

The qualitative analysis of the six projects reviewed in Chapter 5 has shown that the 

NRA/TII has developed strong procedures to deal with risk. Project risks were identified in 

the early stages of the planning process and measures were implemented to remove, avoid 

or mitigate these risks. The known risks associated with environmental constraints and 

archaeology were identified in the Phase 3 Design and environmental impact assessment 
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reports and mitigated where possible. Budgets and associated contingencies were provided 

for any residual risks which remain with the local authority. Conflicts with existing known 

services were also identified, and advance contracts were put in place by the local authorities 

to divert services where this was feasible. These risk categories are known and occur on 

almost all national road projects and are illustrated in the project summary sheets contained 

in Appendix 3. The evidence presented in Chapter 5 shows how ‘known’ risks have been 

dealt with on road projects. If mitigation measures can be implemented in advance of the 

main construction contract to remove risk, any future uncertainty can be diminished or 

removed.  

The coding system associated with Table 3.7 provides a suitable format for tracking and 

recording project outcomes and could form the foundation for a larger database of historical 

data.  It is critical that TII continues to analyse and monitor project outcomes, both in terms 

of the outturn cost and the occurrence of risks. The framework ensures that a standard 

methodology is used to review completed projects and facilitates the tracking of key 

variables. There is also the advantage that as the number of projects in the database increases, 

projects can be grouped and analysed by road type, contract type, size, degree of complexity, 

etc. The research undertaken in Chapter 5 and summarised in Table 5.9 would suggest that 

an uplift of 20% be applied to the tender sum accepted at the Phase 5 contract award stage. 

This figure is the mean of the 5 sample projects if project 40 is excluded. A larger sample 

would provide a greater degree of confidence. The sample size for the qualitative analysis is 

one of the limitations of this research.  

It was noted in Chapter 2 that road transport schemes are linear repetitive projects with 

broadly similar characteristics. This is particularly so for rural green-field schemes with long 

sections of road pavement of similar cross-section interspersed with major junctions. This 

consistency can facilitate the development and updating of unit rates for various construction 

activities which are used to build the base cost estimate, and in maintaining a ‘Lessons 

Learnt’ database. The ‘Lessons Learnt’ experience provides critical feedback on outturn 

costs and schedule difficulties and is a vital feedback loop for future risk assessment. The 

NRA/TII has emphasised the importance of this information gathering in its Project 

Management Guidelines, and it is a requirement that the local authority produces a ‘Lessons 

Learnt’ report for each project. While it is essential that this information is collected, TII 

must ensure that the data is used and that the knowledge and experience gained is retained 

and dissipated. This can be difficult to achieve in practice without proper management. In 

undertaking new cost forecasts and risk assessments, several similar completed projects 
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should be identified, and the lessons learnt reports for these projects should be reviewed and 

discussed by means of workshops. This will promote a more objective assessment of risk 

and will reinforce to the project managers the likely events which can occur on road transport 

schemes. 

There has been much progress made by the NRA/TII and the government to deal with cost 

overruns on road transport projects. The NRA/TII has strengthened its procedures for cost 

estimation and forecasting using standardised methods and templates. Risk identification 

and management is now an integral part of project planning and development and is a 

requirement for all phases of the project lifecycle. At the same time the government 

continues to develop and adapt its suite of Public Works Contracts to improve risk pricing 

by contractors. This will always be difficult to achieve in a competitive procurement market 

and especially so in a small domestic market. The Irish construction industry is dominated 

by indigenous firms which are privately owned, and which lack the finance to bid in 

international markets. This leads to even greater downward pressure on tender prices. The 

Office of Government Procurement has indicated that it is open to examining the use of 

alternative forms of contract which are currently used internationally, some of which were 

pioneered by the NRA in the early 2000s (Office of Government Procurement, 2014). The 

NRA has utilised the FIDIC form of contract, the ECI contract (Early Contractor 

Involvement, and the UK New Engineering Contract on its Design-Build projects, but none 

have eliminated the problem of low tender bids or contractor claims. 

Building transport infrastructure is always challenging. The ‘Temporary Multiorganisations’ 

which are assembled to construct these projects are composed of many entities and firms, 

some with competing objectives. Developing accurate cost estimates and budget forecasts 

for road projects is not easy given the wide range of factors which can impact on the outturn 

cost. The analysis undertaken for this dissertation provides a better understanding of these 

issues. 

                                              

Recommendations from this Research   

The evidence from the qualitative research would suggest that no new construction stage 

risks are emerging on road transport projects. This is not to undermine the technical 

challenges which exist on any large road project. Most risks described in Chapter 5 are 

known to experienced project managers and can be dealt with through cost contingencies 

and mitigation measures. However, the national road network in Ireland is reaching a mature 
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state with most of the green-field type projects completed. There are likely to be more 

upgrade and junction enhancement schemes required to improve and maintain existing 

national routes. Future road projects will face greater difficulties and challenges at the 

planning and consent stage (Phases 3 and 4) with the need for more detailed environmental 

assessment, and more onerous justification in the light of policy changes which will favour 

public transport investment. This will be particularly important as the government seeks to 

achieve its climate action goals. 

TII is well positioned in terms of its existing cost management procedures. The stage 

delivery process allows TII to monitor and track project cost estimates over the full lifecycle 

from concept to close-out. There are several recommendations for TII. These are – 

1. Ensure that a comprehensive living and evolving database is maintained 

of all projects which are completed. A full range of data variables should 

be collated similar to that identified in the framework in Table 3.7. This 

is essential in understanding the detail and causal factors which give rise 

to additional or increased costs. The range of variables may need to be 

expanded to reflect the changing nature of the road projects as junction 

enhancements and upgrade schemes become more common. These new 

projects should be monitored using the coding framework to identify any 

new influencing factors which impact on the cost outturn. 

2. The ‘Lessons Learnt’ feedback needs to be more than just a report which 

sits on a computer. The feedback loop must be dynamic and live. This can 

only be accomplished if the historical reports are re-examined regularly 

and used to assist with the risk assessment of all new projects. This can 

be accomplished by means of risk workshops. The project team should 

select at least two similar projects which have been completed and use 

the ‘Lessons Learnt’ reports and associated cost outturns to inform the 

risk assessment under review. In addition, new projects should be 

classified using the coding framework so that the probability of risks 

arising again can be determined. Knowledge loss is common in project-

oriented organisations and can lead to the same mistakes being made 

again and again. 

3. Tender prices may not always reflect the real cost of a project, and this 

issue has been discussed in earlier chapters. Contractors are exposed to 

many external factors and influences including the normal economic 
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cycles of growth and recession. TII should monitor tender prices 

continuously against an established Construction Cost Index and the 

HICP to identify trends and divergence. If the Tender Price Index is 

diverging from expected trends, then this will need to be taken into 

account in the revised Phase 5 cost estimate. 

 

On a more general note, this dissertation has examined in detail the type of issues which 

regularly occur on road transport projects in Ireland, and which impact on the cost 

management process. This research has gone behind the statistics to document and explain 

some of the factors which can give rise to additional costs which may not have been included 

in the budget estimates. Producing a base construction cost estimate from a finished road 

design should be relatively straightforward. The principal inputs are the quantities which are 

derived from the design drawings and a database of historical unit rates for each element of 

work. While there is always the risk of human error in these calculations, this can be offset 

by normal quality control processes and internal or third-party checks. The main difficulties 

rest with the assessment of risk, both known and unknown and the ability of the project team 

to react and respond to risks as they emerge. In their seminal paper on forecasting, Kahneman 

and Tversky (1979) noted that the consequences of choices are never certain. Project 

managers must ensure that these choices are based on the best available data from similar 

projects which are complete, and that they learn from previous experience. 

While the media always tend to focus on the outturn costs of public sector infrastructure 

projects, a cost overrun, or a cost saving should not be used as the key determinant of project 

success or failure. It is equally critical that the project meets its objectives and delivers real 

benefits to society and the economy. There has been a move in the United Kingdom to define 

a broader definition of value as evidenced in the Barber report which recommended that 

project outcomes be measured in terms of Public Value rather than monetary costs or 

benefits (Barber, 2017). In general, communication and media releases on project costs 

should emphasise the stage of development of the project and any limitations on the accuracy 

of the cost estimates. Premature announcements of budget forecasts should be avoided 

during the early planning phases and ideally should not be released publicly until the end of 

the Phase 3 Design stage.  

The general recommendations emerging from this research are as follows – 
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1. The identification and location of all existing underground services and 

utilities remains an issue for project designers and contractors. There should 

be an obligation on public and private service providers to maintain 

accurate and up-to-date georeferenced digital records of their assets and 

infrastructure. This information should be in the form of 3-dimensional co-

ordinate data which can be imported into standard computer-aided design 

software and Building Information Modelling (BIM) systems. Ideally this 

information should be stored and managed centrally by a government 

agency or body and made available to all local authorities. This would 

remove or minimise a large part of the risk at the construction stage 

associated with unforeseen services. 

2. The ability of contractors to price risk fully in a competitive procurement 

market will continue to be an issue. The Office of Government Procurement 

(OGP) has attempted to bring more transparency and clarity to risk pricing 

and the introduction of the government Public Works Contracts in 2007 

was a first step in addressing this problem. This is a global issue as 

evidenced by the body of research undertaken by the International 

Transport Forum. There is a suggestion that more co-operative forms of 

contract such as Early Contractor Involvement (ECI) or the use of Alliance 

Contracts may give contractors more scope to identify, price and control 

risk. These forms of contract may be suitable for the very large transport 

projects with estimated costs of €300m or more. The OGP should continue 

to monitor developments internationally on contract procurement and 

should be open to the use of innovative and progressive contract forms. This 

will require consultation with the industry in Ireland. 

 

Recommendations for Further Research 

The impact of project complexity on implementation risks and outturn cost has been stated, 

and a simple classification system has been proposed in Table 3.5 for use on road projects. 

It was acknowledged that rural green-field sites pose less of a challenge and risk to urban 

sites. The majority of projects overseen by the NRA/TII over the last twenty years were 

constructed in a rural green-field environment with low complexity. All of these projects 

were implemented by means of single and individual construction contracts in a single 

discipline (civil works). This type of project cannot be compared with highly complex 



128 
 

projects such as the Channel Tunnel or the Boston Arterial Highway. It has been shown how 

Table 3.5 can be expanded to incorporate a greater diversity and definition of project 

complexity. There is a need to adapt and develop these layers of complexity so that they can 

be applied to a larger sample of multi-disciplinary transport projects including roads, heavy 

rail, light rail, Metro, and large on-off bridge and tunnel schemes. This additional research 

would provide an opportunity to identify specific difficulties and risks associated with 

multiple contracts running concurrently, critical path interdependencies, supply chain 

management, technical challenges using new systems or procedures, and building projects 

in difficult sites and environments. This research would involve a detailed examination of 

case studies in a number of different jurisdictions. The output from this work could comprise 

of a register of known and unknown risks which are related to specific areas of complexity. 

A second area for further research is that of the ‘Temporary Multiorganisation’ which is 

created to deliver public transport projects. These organisations can take many different 

forms from simple project teams to more complicated entities and project boards. All share 

the same critical characteristics of being temporary and being composed of individuals and 

group of specialists from many different organisations and stakeholders. It would be very 

beneficial to have a greater understanding of the type of governance systems which are 

required to manage and control these organisations. Reporting structures need to be clearly 

understood and defined, together with individual responsibility and accountability. This 

body of research would be best accomplished through case study and focussed interviews. 

Key aspects of this research would focus on cost management and reporting structures, the 

management of scope changes (at both design and construction stages), and the ways in 

which these organisations react to and respond to ‘unknown’ risk and uncertainty. There is 

much discussion in the international construction industry on ‘Partnering’ and alliances, but 

what is the best format to achieve this?  

 

6.3 Contribution to the Knowledge Base 

This dissertation has attempted to dissect concepts surrounding cognitive biases 

(overconfidence) and the impact of these biases on cost estimation. These biases materialise 

when project managers try to predict the future outcome of projects, but they are often 

subconscious. The literature review has shown how these biases can be offset by allowing 

for risk, uncertainty, and complexity through cost contingencies. It is evident from the 

quantitative research in Chapter 4 that the NRA/TII has been successful in managing cost 
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estimation. In developing the framework for the qualitative research, the ‘actuality’ of a 

small sample of road projects has been examined providing valuable insight into how the 

NRA/TII has overseen the delivery of road projects over their full lifecycle. The framework 

and variables developed in Chapter 3 will provide a foundation for a more rigorous analysis 

of a larger sample of road projects. In addition, a simple hierarchy of project complexity has 

been proposed to differentiate various types of road projects. The model presented in Table 

3.5 can be expanded further by using more levels and additional variables to cover a broader 

range of transport projects. An understanding of the degree of complexity allows the project 

manager to look at specific characteristics of each road or transport project and how these 

might affect costs. 

The literature on cost overruns tends to focus on a statistical analysis of the data with the 

emphasis on quantifying the extent of the overruns. While this type of data can illustrate 

trends, it can be difficult to make specific comparisons across jurisdictions. Different road 

standards apply internationally which will give rise to different unit costs, and the 

information provided in the articles on risk assessment is sparse and uneven. Various cost 

comparisons are made between the final outturn costs and the estimates at the planning stage, 

the design stage, and the tender and award stage. Some of the literature focuses on the 

construction costs only, with no reference to the total outturn costs. There was also debate 

on the timing of the cost estimates and forecasts, and the relevance of early planning 

estimates and estimates at the ‘decision to build’ point where governments approve a project 

for funding. What is clear is that the accuracy of any cost forecast is dependent on the stage 

of development of the design and associated risk assessment.  

The research undertaken for this dissertation extends the breadth and relevance of the 

numerical analysis through the application of the coding framework. The findings from the 

qualitative research bridge the gap between the numbers and the causal factors, but also 

provides an insider’s view of the ‘actuality’ of project delivery. It can be seen from the 

sample road projects that there are good reasons for this cost variability. The design and 

construction of road transport projects affects many stakeholders including the general 

public, landowners directly impacted by the schemes, utility companies who have assets 

located within the road reservation, and other public bodies who are responsible for 

archaeological monuments and the protection of environmentally sensitive areas. All these 

stakeholders can influence the outturn cost for a road project, and the evidence of this is 

demonstrated in Chapter 5. The coding framework provides a systematic method for tracking 

and detailing these additional costs and causal factors. It allows the principal risks to be 
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identified and mapped through the project phases and ensures that this corporate knowledge 

and experience is retained. The data highlights the cost implications when these risks and 

events occur during the construction stage, and this data can be used to assist in the risk 

quantification of future road projects.  

The literature presented two different approaches to offsetting cognitive biases. The project 

specific approach or ‘inside’ view involves a detailed analysis of the project under 

consideration taking into account all possible risks. This method has been used 

predominantly by the NRA to develop the cost estimates for road projects. However, this 

‘inside’ view has been expanded by the experience gained by the NRA together with the 

data available on outturn costs over a twenty-year period. It is in effect a modified ‘inside’ 

view and the evidence has shown that it can work for routine and repetitive projects (such as 

roads). The ‘inside’ view will provide a better understanding of the causal factors and risks 

which can increase costs, as the risk assessment will be detailed and specific to each project. 

Known risks will be included in the project risk assessment. The disadvantage of the ‘inside’ 

view is that it may not capture all risks on large complex or novel projects. These are the 

‘unknown’ risks. 

The ‘outside’ view presents an opportunity to capture these ‘unknown’ risks. This is the 

Reference Class methodology developed by Kahneman and Tversky (1979) and described 

in Chapter 2. By using a large sample of outturn costs from similar road projects which are 

complete, it is possible to produce general risk uplifts which reflect a wide range of scenarios 

from best case to worse case. This methodology is suited to complex transport projects with 

unique characteristics which make a quantified risk assessment difficult. The disadvantage 

of the ‘outside’ view is that it provides no clear understanding of why or how additional 

costs may have arisen on the reference projects. The analysis is based on a statistical 

assessment of the outturn costs. While the cost forecast generated for the current project may 

be more generous, the same mistakes may be made as on the reference projects. Using both 

approaches is ideal. The Reference Class Forecast can be used as a benchmark to test the 

validity of the project-specific cost estimate and the higher of the two can be used for 

budgeting purposes. This is the methodology which is now used by TII on current transport 

projects. 

Two points are worth noting from Kahneman and Tversky’s research. They observed that 

the use of distributional data (the ‘outside’ view) does not guarantee the accuracy of the 

forecasts. It does however “provide some protection against completely unrealistic 

predictions” (p. 316). They also believed that the overconfidence effect would not be 
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expected to occur in repetitive situations and where there is feedback on the outcome. Green-

field rural road projects can be seen to meet these criteria, and evidence of this repetitive 

nature has been highlighted in Chapter 5.     

As the national road network matures, the nature of the capital investment programme will 

evolve from new-build projects to more upgrade and junction improvement schemes. The 

coding framework can be used to review these future projects to see if any new influencing 

factors emerge and to determine their impact. The learning experience is continuous and 

dynamic. The research undertaken for this dissertation has added to the knowledge base of 

cost estimation and management for road transport projects. The mini case studies have 

provided more understanding of the nature and causes of additional costs which have 

occurred on road projects and have provided insight into lifecycle and policy impacts and 

key project risks. There is a suggestion in more recent research that authorities are increasing 

their project budgets to avoid or pre-empt cost escalation. This may be a natural reaction to 

adverse criticism in respect of cost overruns. Overestimation of budget costs may delay the 

delivery of a programme of transport projects, as individual schemes may be slowed down 

if it appears that funds are not available. It is preferable to manage this by means of high-

level programme contingencies which can be held and managed by government departments 

rather than the implementing authorities. 

In concluding this dissertation, it is important to recognise that road and other transport 

infrastructure projects cannot be manufactured in a factory with highly controlled inputs and 

outputs. Some elements of work can be manufactured in advance and off-site, but ultimately 

all of these pre-cast assemblages need to be combined and built on a site which is open to 

the weather and other natural constraints. Construction costs can be estimated but they are 

never fixed. Each project manager who is responsible for a scheme needs a level of 

experience and confidence to be able to deliver it, but also needs to assess and comprehend 

the risks involved. Cost estimates and forecasts will be better if there is an appropriate level 

of risk assessment whether this is achieved through an ‘inside’ view (project-specific risk 

assessment) or by an ‘outside’ view (through the use of a suitable reference class). What is 

more important is that all of the data from those projects already completed is examined in 

detail and used to inform the assessment. The coding framework presented in Chapter 3 

provides the means to do this. It is appropriate to conclude with a quote from Kahneman and 

Tversky (1979, p. 323) who stated, “In fact, overconfidence could disappear in the presence 

of a large quantity of reliable data”.             
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Appendix 1 - Project Data (full sample) 
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inc VAT inc VAT inc VAT inc VAT inc VAT inc VAT

ID

Construction 

outturn as per 

NRA

Construction cost 

estimate incl. risk 

(Target Constr. 

Cost, TCC)

% Uplift on 

TCC Tender Sum (€) 

Constructio

n Uplift on 

Tender 

Total Scheme 

Budget (TSB)

Scheme Outturn 

- NRA/TII TSB less  Outturn

Outturn 

Within 

TSB (Y/N)

% Uplift on 

TCC 

(Range)

Road 

Type

Mainline 

Length 

(Km)

Construction 

Outturn Cost 

per km (€ m)

Total 

Outturn 

Cost per km 

(€ m)

Construction 

Completion 

date

TCC per km 

(€ m)

Contract 

Type

1 €128,798,241 €102,000,000 26% €84,953,910 52% €216,490,000 €212,000,000 €4,490,000 Y 20 to 30 DC 19 6.78 11.16 2008 5.37 DB-F

2 €164,678,946 €155,160,000 6% €129,274,963 27% €279,700,000 €247,000,000 €32,700,000 Y 0 to 10 DC 29 5.68 8.52 2008 5.35 DB-F

3 €232,687,429 €262,670,000 -11% €188,057,889 24% €434,350,000 €329,517,657 €104,832,343 Y -10 to -20 DC 40 5.82 8.24 2008 6.57 NEC-TC

4 €72,542,718 €87,920,000 -17% €69,916,000 4% €174,110,000 €118,807,467 €55,302,533 Y -10 to -20 DC 16 4.53 7.43 2009 5.50 DB-PWC

5 €113,608,569 €106,390,000 7% €89,793,538 27% €210,460,000 €177,172,137 €33,287,863 Y 0 to 10 DC 19 5.98 9.32 2009 5.60 DB-F

6 €126,494,113 €138,500,000 -9% €121,445,000 4% €306,840,000 €252,000,000 €54,840,000 y -10 to 0 DC 27 4.68 9.33 2009 5.13 DB-PWC

7 €152,933,209 €159,350,000 -4% €122,578,246 25% €274,050,000 €224,000,000 €50,050,000 y -10 to 0 DC 24 6.37 9.33 2010 6.64 DB-F

8 €237,733,427 €240,000,000 -1% €198,556,900 20% €423,550,000 €353,401,825 €70,148,175 y -10 to 0 DC 38 6.26 9.30 2010 6.32 DB-F

9 €252,490,033 €271,260,000 -7% €246,588,559 2% €466,630,000 €391,000,000 €75,630,000 y -10 to 0 DC 40 6.31 9.78 2010 6.78 DB-PWC

10 €16,924,241 €14,810,000 14% €13,495,519 25% €34,620,000 €32,000,787 €2,619,213 y 10 to 20 SC 6 2.82 5.33 2010 €2.47 DB-F

11 €107,801,757 €96,530,000 12% €91,933,869 17% €207,420,000 €185,668,808 €21,751,192 Y 10 to 20 DC 22 4.90 8.44 2010 4.39 DB-F

12 €205,149,623 €187,280,000 10% €161,020,309 27% €337,590,000 €308,000,000 €29,590,000 Y 0 to 10 DC 34 6.03 9.06 2010 5.51 DB-PWC

13 €10,617,609 €10,800,000 -2% €7,877,967 35% €25,820,000 €18,326,641 €7,493,359 Y -10 to 0 SC 3 3.54 6.11 2012 €3.60 DB-PWC

14 €10,412,712 €9,320,000 12% €8,322,107 25% €22,000,000 €17,535,915 €4,464,085 Y 10 to 20 SC 15 0.69 1.17 2012 €0.62 DB-PWC

15 €39,769,554 €39,330,000 1% €34,211,232 16% €97,030,000 €73,417,541 €23,612,459 Y 0 to 10 SC 14 2.84 5.24 2013 €2.81 DB-PWC

16 €27,245,850 €33,300,000 -18% €26,303,625 4% €60,980,000 €50,817,724 €10,162,276 Y -10 to -20 DC 7 3.89 7.26 2013 4.76 DB-PWC

17 €33,107,950 €29,470,000 12% €27,290,677 21% €58,610,000 €50,893,180 €7,716,820 Y 10 to 20 SC 14 2.36 3.64 2014 €2.11 DB-PWC

18 €46,760,320 €53,160,000 -12% €44,962,069 4% €115,920,000 €97,580,409 €18,339,591 Y -10 to -20 SC 14 3.34 6.97 2009 €3.80 DB-PWC

19 €13,682,786 €12,780,000 7% €11,577,000 18% €25,000,000 €19,248,714 €5,751,286 Y 0 to 10 GSJ 0

20 €37,940,980 €28,690,000 32% €24,686,250 54% €98,000,000 €82,768,385 €15,231,615 Y 30 to 40 GSJ 0

21 €71,672,439 €65,540,000 9% €47,529,876 51% €104,520,000 €105,000,000 -€480,000 N 0 to 10 DC 10 7.17 10.50 2007 6.55 NEC-TC

22 €106,548,129 €115,290,000 -8% €93,445,000 14% €213,260,000 €170,000,000 €43,260,000 Y 0 to -10 DC 17 6.27 10.00 2006 6.78 DB-F

23 €33,238,252 €33,700,000 -1% €28,204,750 18% €49,597,000 €51,000,000 -€1,403,000 N 0 to -10 SC 9 3.69 5.67 2005 €3.74 DB-F

24 €66,873,171 €69,000,000 -3% €56,523,641 18% €115,460,000 €100,000,000 €15,460,000 Y 0 to -10 SC 15 4.46 6.67 2007 €4.60 DB-F

25 €9,988,000 €11,700,000 -15% €7,218,600 38% €28,290,000 €27,000,000 €1,290,000 Y  -10 to -20 SC 3 3.33 9.00 2006 €3.90 EI

26 €19,300,000 €19,100,000 1% €15,269,267 26% €28,613,000 €27,000,000 €1,613,000 Y 0 to 10 DC 5 3.86 5.40 2005 3.82 EI

27 €61,149,630 €64,000,000 -4% €52,917,608 16% €73,500,000 €68,000,000 €5,500,000 Y 0 to -10 Upgrade 7 8.74 9.71 2009 €9.14 DB-F

28 €45,016,000 €47,030,000 -4% €32,607,812 38% €84,490,000 €65,000,000 €19,490,000 Y 0 to -10 DC 11 4.09 5.91 2007 4.28 DB-F

29 €56,069,000 €48,947,000 15% €44,093,017 27% €75,080,000 €82,000,000 -€6,920,000 N 10 to 20 SC 18 3.11 4.56 2007 €2.72 DB-F

30 €155,500,000 €150,000,000 4% €123,434,354 26% €228,260,000 €217,000,000 €11,260,000 Y 0 to 10 DC 28 5.55 7.75 2007 5.36 DB-F

31 €7,500,000 €7,500,000 0% €5,867,958 28% €18,500,000 €23,000,000 -€4,500,000 N 0 to 10 SC 4 1.88 5.75 2005 €1.88 EI

32 €149,480,000 €139,610,000 7% €123,998,750 21% €233,472,000 €232,000,000 €1,472,000 Y 0 to 10 Upgrade 15 9.97 15.47 2006 €9.31 DB-F

33 €14,483,294 €14,850,000 -2% €9,983,920 45% €27,470,000 €26,000,000 €1,470,000 Y 0 to -10 SC 4 3.62 6.50 2006 €3.71 EI

34 €118,291,665 €120,000,000 -1% €106,633,276 11% €195,450,000 €190,000,000 €5,450,000 Y 0 to -10 DC 23 5.14 8.26 2007 5.22 DB-F

35 €55,433,622 €52,510,000 6% €44,123,802 26% €81,262,000 €84,000,000 -€2,738,000 N 0 to 10 SC 11 5.04 7.64 2006 €4.77 DB-F

36 €284,383,023 €264,660,000 7% €281,516,687 1% €453,980,000 €400,396,404 €53,583,596 Y 0 to 10 DC 37 7.69 10.82 2008 7.15 NEC-TC

37 €138,333,641 €132,000,000 5% €119,020,640 16% €204,760,000 €200,000,000 €4,760,000 Y 0 to 10 DC 21 6.59 9.52 2007 6.29 DB-F

38 €25,849,625 €25,750,000 0% €21,974,023 18% €34,050,000 €34,000,000 €50,000 Y 0 to 10 SC 8 3.23 4.25 2006 €3.22 DB-F

39 €14,754,503 €12,777,000 15% €11,599,203 27% €18,029,000 €20,000,000 -€1,971,000 N 10 to 20 SC 4 3.69 5.00 2005 €3.19 EI

40 €261,050,000 €162,000,000 61% €115,776,908 125% €244,200,000 €326,000,000 -€81,800,000 N 60 to 70 Upgrade 8 32.63 40.75 2009 €20.25 DB-F

41 €6,693,559 €7,333,132 -9% €6,333,132 6% €9,716,241 €9,000,000 €716,241 Y 0 to -10 SC 3 2.23 3.00 2016 €2.44 PWC-E

42 €10,648,670 €10,850,000 -2% €8,274,571 29% €19,450,000 €17,330,000 €2,120,000 Y 0 to -10 SC 4 2.66 4.33 2007 €2.71 EI

43 €7,390,938 €7,568,691 -2% €6,663,691 11% €12,325,000 €11,000,000 €1,325,000 Y 0 to -10 SC 4 1.85 2.75 2017 €1.89 PWC-E

44 €7,064,606 €6,459,861 9% €5,617,271 26% €11,481,920 €11,000,000 €481,920 Y 0 to 10 SC 5 1.41 2.20 2017 €1.29 PWC-E

€6,434,386,161 €5,736,883,594 655

Min €9,716,241

Max €466,630,000

Mean €146,236,049
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Appendix 2 - Coding Framework:  Data Summary  
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Summary of Data Output (as Table 3.7)

Project ID

Data Item 5 8 17 22 27 40 Description

1.1 PLC <11 < 11 11 to 20 < 11 <11 <11 Lifecycle yrs

1.2 Delays No No Yes No No No Yes / No

2.1 Plan NDP NDP NRNS NRNS NDP NDP Published plan

2.2 RdType M M SC M DC M Standard

2.3 NewBld New New New New Upgrade Upgrade New / Upgrade 

3rd lanes 3rd lanes Type of upgrade

3.1 InCostE 2002 2001 2003 2000 2004 2004 First cost est

Type RSR RSR RSR RSR PDR PDR Type of est

3.3 FCostE 2007 2006 2012 2006 2007 2006 Final cost est

Type TSB Signed TSB Signed TSB Signed TSB Signed TSB Signed TSB Signed TSB3

PerYrs 5 5 9 6 3 2 Period yrs

5.1 EnvSites Local Nat & Reg Local No No No Designation

5.2 ArchSites No Yes No Yes No No Archaeology

5.3 ArchBdg <€6m > €10m <€6m €6m-€10m Bdgt or Cost

6.1 3rdParty Yes Yes Yes Yes Yes Yes Conflicts

6.2 ServDiv Yes Yes Yes Yes No Yes Advance works

7.1 QRA Yes No Yes No No No Formal QRA

7.1 Other RA % uplift % uplift % uplift Other risk assess

7.2 ProjRisk Yes Yes Yes Yes Yes Yes Top Risks 

7.2 Risk cat

1b, 2f, 2g, 

2h, 2i, 3c, 7 2b, 2h, 2i

1b, 2e, 2g, 

2i, 2j 2b, 2i

1b, 2f, 2i, 

2j, 2k, 3a, 

3d

2i, 2k, 3a, 

3d Table 3.8 Cat

8.1 Complx Low Medium Low Low High High L / M / H

8.2 Uncertny Low Low Low Low Low Medium L / M / H

9.1 BusCase CBA CBA BC CBA CBA CBA CBA / BC

11.1 LegalC No No No No No No Yes / No

12.1 FormCon DB - F DB - F DB - PWC DB - F DB - F DB - F Contract

12.3 DispRes Yes Yes Yes No No Yes Yes / No

13.1 VarOrds Yes Yes Yes Yes Yes Yes Yes / No

% cost 6% < 1% 2% 2% 13% 44% % of tender

13.2 Other costs 27% 25% 19% 12% 13% 97% % of tender

14.1 KnownR Yes Yes Yes Yes Yes Yes Known risks

Category

1b, 2c, 2f, 

2h, 2i, 2k, 

5, 6

1b, 2a, 2b, 

2c, 2f, 2h, 

6 1b, 2f, 6

1b, 2b, 2g, 

2h, 2i, 2j

1b, 2f, 2h, 

2i, 3a

1b, 2g, 2i, 

2k, 3d, 6 Table 3.8 Cat

15.1 UnplanEv No Yes No Yes No No Unplanned events

16.1 Const Progr 24 30 27 27 24 33 No. of months

16.2 Delivery Early Late Early Early Early On-time Schedule

No. mths -1.5 16 -4 -3 -2 0 No. of months

17 TSB exc No No No No No Yes TSB Exceeded

19 Cost Gr

1a, 1b, 2c, 

2f, 2h, 2i, 

2k, 5, 6

1a, 1b, 2a, 

2c, 2b, 2f, 

2g, 6 1b, 2f, 6

1b, 2b, 2g, 

2h, 2i, 2j

1b, 2f, 2h, 

2i, 3a

1b, 2g, 2i, 

2k, 3d, 6

Cost groups as 

per Table 3.8
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Appendix 3 - Project Data Sheets (6 sample projects) 
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Project ID: 5  

No. Data Item Data Output   

1 When was this project commenced 

(scope and concept stage), and when was 

the project opened to traffic? 

 

 

Project Commenced: 2000 

Planning Consent: 2005  

Start of Construction: September 2007  

Scheme Opening:      July 2009 

Project Lifecycle:      9.5 years 

 

No delays in the project phases. 

 

2 Was the programme for delivery of the 

project identified in any published plans? 

 

 

National Development Plan 2000-2006 

Road to be Motorway/Dual Carriageway 

standard 

Scheme was to be completed by 2006 under the 

National Development Plan 

3 Were cost estimates determined at the 

key project phases in accordance with the 

NRA/TII Cost Management guidelines? 

CBA = cost-benefit analysis 

TSB = total scheme budget (all cost 

headings) 

CBA at route selection stage (Phase 2), 2002 

CBA at preliminary design stage (Phase 3), 2005 

 

Risk adjusted construction cost estimate (2005) = 

€108.68m 

TSB (2005) = €187.2m 

Budgets above pre-dated the 2007 Cost 

Management Manual 

 

Risk adjusted construction cost estimate (2007) = 

€106.39m 

TSB (2007) at Phase 5/6 = €210.46m. This 

budget was formally approved by the CEO. 

This budget was 12% higher than the 2005 

estimate and allowed for programme risk and 

general inflation. 

  

4 Were any significant changes made at the 

Phase 3 (Preliminary Design) and Phase 

4 (Statutory Processes) stages which 

would likely change the project scope 

and budget?  

No significant changes. 

   

5 Were there any specific environmental 

issues (including archaeology/heritage) 

or risks associated with the project which 

would impact on the cost forecast?  

 

 

No designated sites for conservation interest – of 

local interest only. Mainly improved grassland. 

Area of bogland (peat) identified. 

 

No known archaeological sites on the route. The 

entire length of the route was examined and 

tested in advance of construction. Budgeted 

expenditure of €3m. 
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No. Data Item Data Output   

6 Interface with third party stakeholders 

and any specific Public Concerns. 

Nine utility companies were consulted after their 

services were identified and documented. Two 

main services were identified; a diversion was 

required for some high voltage underground 

cables, and a gas transmission line was to be 

protected. 

There were two bridge crossings of the main 

interurban railway line, requiring consultation 

with Irish Rail and formal approval from them. 

Budgeted expenditure on advance contracts of 

€2.6m. 

  

7 Was there a Quantified Risk Assessment 

(QRA) carried out for the project? 

 

 

 

(Refer to Table 3.8 for risk groups)   

Yes, a risk workshop was held in 2007 in advance 

of construction. A QRA was completed with 

specialist risk management consultants, and a 

risk contingency of 19% was added to the 

construction base cost estimate (P80 risk 

assignment). 

 

The top risks identified were – delays in 

approvals from Third Parties (2h), delay and 

disruption to the construction works (7), utility 

and service diversions and approvals (2i), and 

unresolved accommodation works for 

landowners (2g). 

  

Other Risks were identified and quantified, 

including for: 

• Access to the Site (2f); 

• Interfaces with other contracts (3c); 

• Errors and omissions in the contract 

documents (1b); 

• Change of scope and employer 

variations (1b). 

 

8 Any there any specific complex issues 

identified for this project? 

 

Project complexity can be associated 

with unique characteristics such as 

landmark bridge structures or tunnels. 

High, Medium or Low complexity 

No unique features in this project. The project is 

a rural scheme with one grade separated junction. 

 

Mainline length: 19km 

Principal structures: 16 (13 bridges) 

 

Low complexity. 

Level of Uncertainty – generally low. Most risks 

could be identified by means of statistical 

probability in the QRA. 
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No. Data Item Data Output   

9  Was there a project appraisal completed 

at the relevant project phases? 

Two CBAs were undertaken, the first in 2002 

(Phase 2 Route Selection), and the second in 

2005 (Phase 3 Preliminary Design). The 2005 

CBA was completed in accordance with the 

relevant NRA guidelines. 

The final total out-turn cost was less than the 

budget used in the 2005 CBA. 

 

10 Were there any conditions imposed on 

the project as part of the approval and 

consent from An Bord Pleanála which 

would have cost implications? 

No. 

  

11 Were there any legal challenges to the 

project approval?   

No legal challenges 

12 What form of contract was used for the 

construction phase? 

The form of contract used was a modified FIDIC 

Design-Build contract. Design risk was 

transferred to the Contractor. 

 

Some claims were resolved by Conciliation 

procedures.    

13 Did the contracting authority issue any 

variation orders during the construction 

stage? 

 

 

 

 

 

 

 

(% values relate to the original tender 

sum) 

14 Variation orders were issued by the client. The 

main variations were: 

• Amendments to signage and road lining 

due to a change in the road classification 

from dual carriageway to motorway. The 

legislation for this change was not 

enacted until 2007 after the award of the 

contract (5); 

• Additional traffic management in respect 

of an adjoining road scheme (2k); 

• Additional requirements from Third 

Parties (2h); 

• Work requirements for a Third Party not 

fully agreed before the contract was 

executed (2h). 

 

Additional cost of variations: +6% 

Other additional payments:    +27% 

Savings on actual works:        -6% 

Uplift on tender:                     +27% 

 

The risk-adjusted construction cost estimate 

(€106.4m at Phase 5 Tender Award) was less 

than the out-turn cost (€114m).  
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No. Data Item Data Output   

14 Did any known risks emerge during the 

construction stage? 

(Table 3.8) 

The following risks were realised: 

• Access to the site prevented by some 

landowners, which caused delay and 

disruption to the works (2f); 

• Additional requirements imposed by 

Third Parties regarding access to the Site 

(2h); 

• Delays in getting approvals from Third 

Parties (2h); 

• Additional costs imposed by Third Parties 

for the alteration and diversion of services 

(2h, 2i); 

• Removal of badger setts (ecology) 

impacted on programme (2c); 

• Ambiguity in the works requirements 

regarding the Design of various road 

pavements, and the number of 

communications ducts to be provided 

(1b). 

 

All of these events are ‘known’ risks common to 

national road projects. 

 

15 Did any unknown risks or unplanned 

events occur during the construction 

stage? 

No ‘unknown’ or abnormal risks emerged.  

It was known that the road classification was 

going to be changed from dual carriageway to 

motorway, but this change required new 

legislation. 

The risk assessment completed in 2007 identified 

most of the risks which materialised. 

  

16 Were there any Programme delays at the 

construction stage? 

No. The project was opened to traffic six weeks 

ahead of schedule. 

 

Contract programme = 24 months   

17 Total Scheme Budget (TSB) outcome (all 

cost headings) 

The final out-turn cost (€177.2m) was less than 

the total scheme budget (€210.5m). 

18 General Comments Some of the additional costs were related to third 

parties, either landowners or utility providers. 

These are common risks on all road projects. It 

can be difficult to conclude all third-party 

agreements in advance of the main contract, but 

these risks can be dealt with by risk assessment.  

There was sufficient contingency in the TSB. 

Overall, the cost estimates and forecasts for this 

project were adequate.   
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No. Data Item Data Output   

19 Type of risks and additional costs which 

arose during the construction stage and 

project lifecycle (Table 3.8) 

1a, 1b, 2c, 2f, 2h, 2k, 5, 6 

20 Not Used  
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Project ID: 8  

No. Data Item Data Output   

1 When was this project commenced 

(scope and concept stage), and when was 

the project opened to traffic? 

 

 

Project Commenced: 2000 

Planning Consent: 2004  

Start of Construction: November 2006  

Scheme Opening:      September 2010 

Project Lifecycle:      10.7 years 

 

No delays in the project phases. 

 

2 Was the programme for delivery of the 

project identified in any published plans? 

 

 

National Development Plan 2000-2006 

Road to be Motorway/Dual Carriageway 

standard 

Scheme was to be completed by 2006 

3 Were cost estimates determined at the 

key project phases in accordance with the 

NRA/TII Cost Management guidelines? 

CBA = cost-benefit analysis 

TSB = total scheme budget (all cost 

headings) 

CBA at route selection stage (Phase 2), 2001 

Estimated construction cost of €220m 

(excluding risk, 2001 prices) 

CBA at preliminary design stage (Phase 3 / 4), 

2003 

Estimated construction cost of €227m 

(excluding risk, 2002 prices) 

TSB (2003) = €244m 

Budgets above pre-dated the 2007 Cost 

Management Manual. 

 

TSB (2006) at Phase 5 = €423.55m. Risk 

adjusted construction cost estimate of €240m. 

Base construction cost estimate reduced to 

€200m. This budget was formally approved by 

the CEO. The TSB was 74% higher than the 

2003 estimate. Changes related to non-

construction cost elements.  

 

4 Were any significant changes made at the 

Phase 3 (Preliminary Design) and Phase 

4 (Statutory Processes) stages which 

would likely change the project scope 

and budget?  

No significant changes. 

   

5 Were there any specific environmental 

issues (including archaeology/heritage) 

or risks associated with the project which 

would impact on the cost forecast?  

 

 

No designated sites for conservation interest. 

Main habitat was improved grassland (80% of 

land area). 

One bog area was of national or regional 

interest.  

 

Some archaeological sites were identified on the 

route during the initial test investigations, 

including one significant site. The one 

significant site which had been identified 
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No. Data Item Data Output   

required extensive on-site resolution and post-

excavation studies. The final out-turn costs for 

archaeology were approximately €15m, 

considerably higher than the original estimated 

cost of some €7.2m.  

 

6 Interface with third party stakeholders 

and any specific Public Concerns. 

Diversions/alterations of electric high voltage 

lines were required. 

  

There were two bridge crossings of the main 

interurban railway line, requiring consultation 

with Irish Rail and formal approval from them. 

  

7 Was there a Quantified Risk Assessment 

(QRA) carried out for the project?  

No. A risk contingency of +20% was added to 

the construction cost estimate as part of the 

development of the TSB in 2006.  

 

A risk workshop was later held in 2007 

following the start of construction on site, with 

the Contractor in attendance. This workshop 

gave all parties involved an opportunity to 

highlight any risks perceived.  

 

Risk categories – 2b, 2h, 2i 

 

8 Any there any specific complex issues 

identified for this project? 

 

Project complexity can be associated 

with unique characteristics such as 

landmark bridge structures or tunnels. 

High, Medium or Low complexity 

The project is a rural scheme with four grade 

separated junctions. There is one large bridge 

structure, approximately 300m long, of simple 

design. Significant soft ground area (bog) which 

required piling. 

 

Mainline length: 38km, including the widening 

of a section of existing national road 

Principal structures: 29 

 

Medium complexity (due to project scale and 

geotechnical issues (soft ground)). 

Level of Uncertainty – generally low. Most risks 

could be identified by means of statistical 

probability in a QRA or a normal risk register 

for national road schemes. 
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No. Data Item Data Output   

9  Was there a project appraisal completed 

at the relevant project phases? 

Two CBAs were undertaken, the first in 2001 

(Phase 2 Route Selection), and the second in 

2003 (Phase 3 Preliminary Design).  

 

10 Were there any conditions imposed on 

the project as part of the approval and 

consent from An Bord Pleanála which 

would have cost implications? 

Minor modifications only. 

No cost impact.  

11 Were there any legal challenges to the 

project approval? 

EIS = Environmental Impact Statement 

CPO = Compulsory Purchase Order   

No legal challenges. The Statutory Consents 

were issued by An Bord Pleanála in 2004 

approving the EIS and the CPO. 

 

7 month period between publication of statutory 

orders and decision.   

12 What form of contract was used for the 

construction phase? 

The form of contract used was a modified 

FIDIC Design-Build contract. Design risk was 

transferred to the Contractor. 

 

Some claims were resolved by Conciliation 

procedures.    

13 Did the contracting authority issue any 

variation orders during the construction 

stage? 

 

 

 

 

 

 

 

(% values relate to the original tender 

sum) 

Minor Variation orders were issued by the 

client.  

 

 

 

Additional cost of variations: +0.3% 

Other additional payments:    +25% 

Savings on actual works:        -6% 

Uplift on tender:                     +19.3% 

 

The risk-adjusted construction cost estimate 

(€240m at Phase 5 Tender Award) was just 

marginally higher than the out-turn construction 

cost (€238m).  
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14 Did any known risks emerge during the 

construction stage? 

(Table 3.8) 

The following risks were realised: 

• Access to the site prevented by some 

landowners, which caused delay and 

disruption to the works (2f); 

• Delays in getting approvals from Third 

Parties (including the local authority), 

and changes in their requirements (2h); 

• Difficulties associated with the ‘Consult 

and Comply’ requirements for Third 

Parties (2h); 

• Difficult ground conditions experienced 

in soft ground and other technical issues 

(2a); 

• Noise impacts on local residents led to 

additional restrictions being imposed on 

the Contractor (2c). 

 

All of these events are ‘known’ risks common 

to national road projects. The technical issues 

associated with the soft ground were not unduly 

complex or involving new technology, but 

would merit a ‘Medium’ complexity ranking 

when combined with the scale of the project. 

15 Did any unknown risks or unplanned 

events occur during the construction 

stage? 

No ‘unknown’ or abnormal risks emerged. 

 

The Contractor experienced financial issues 

during the global economic crisis in 2008/2009, 

and one of the partner companies went out of 

business. This would be associated with an 

‘unplanned event’.  

16 Were there any Programme delays at the 

construction stage? 

Yes. The project was opened to traffic 

approximately 16 months behind schedule. 

 

Contract programme = 30 months   

17 Total Scheme Budget (TSB) outcome 

(all cost headings) 

The final out-turn cost (€353.6m) was less than 

the total scheme budget (€423.6m). 
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No. Data Item Data Output   

18 General Comments Some of the additional costs were related to the 

interface with third parties, including consents 

and approvals by these third parties. A change 

in the documents controlling the approvals 

process led to a longer process than would have 

normally been expected. There were also 

difficulties associated with the possession of the 

site. These are common risks on all road 

projects. It can be difficult to conclude all third-

party agreements in advance of the main 

contract, but these risks can normally be dealt 

with by risk assessment and contingency. 

  

There was sufficient contingency in the TSB.  

 

19 Type of risks and additional costs which 

arose during the construction stage and 

the project lifecycle (Table 3.8) 

1a, 1b, 2a, 2b, 2f, 2h, 6.  

20 Not Used  
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Project ID: 17  

No. Data Item Data Output   

1 When was this project commenced 

(scope and concept stage), and when was 

the project opened to traffic? 

 

 

Project Commenced: 2000 

Planning Consent: 2006  

Start of Construction: November 2012  

Scheme Opening:      September 2014 

Project Lifecycle:      14.3 years 

 

The Route Selection Report was completed in 

2003, but was not approved by the NRA until 

2006. 

 

2 Was the programme for delivery of the 

project identified in any published plans? 

 

 

National Road Needs Study 1998, identified for 

Phase 3 delivery between 2010 to 2014. This 

objective was achieved. 

 

National Development Plan 2007-2013. 

 

3 Were cost estimates determined at the 

key project phases in accordance with the 

NRA/TII Cost Management guidelines? 

CBA = cost-benefit analysis 

TSB = total scheme budget (all cost 

headings) 

CBA at route selection stage (Phase 2, 2003) 

CBA at preliminary design stage (Phase 3), 2007 

 

Risk adjusted Construction Cost Estimate = 

€48.83m (2008) 

TSB (2008) = €96.4m 

 

Post-tender risk adjusted Construction Cost 

Estimate (P80) = €30.02m (2012) 

Risk adjusted Construction Cost Estimate (Phase 

5 Post-tender P50) = €29.5m 

TSB (2012) at Phase 5 = €58.61m.  

 

This budget was formally approved by the CEO. 

This budget was 39% lower than the 2008 cost 

estimate. There was a reduction in the 

construction cost at the Phase 5 contract award 

stage. 

  

4 Were any significant changes made at the 

Phase 3 (Preliminary Design) and Phase 

4 (Statutory Processes) stages which 

would likely change the project scope 

and budget?  

No significant changes. One road junction was 

replaced by a bridge during the Part 8 Planning 

Procedures. There was no requirement for an 

Environmental Impact Assessment as the 

scheme was below the threshold. 

   

5 Were there any specific environmental 

issues (including archaeology/heritage) 

or risks associated with the project which 

would impact on the cost forecast?  

 

 

No designated sites for conservation interest – of 

local interest only.  

 

No known or recorded archaeological sites on 

the route. The entire length of the route was 

examined and tested in advance of construction. 
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No. Data Item Data Output   

The out-turn cost for archaeology was approx. 

€800,000 (budget of €1.8m). 

6 Interface with third party stakeholders 

and any specific Public Concerns. 

Two main service conflicts were identified; a 

diversion was required for some high voltage 

110kv and 38kv electricity cables, and some 

diversions of telecommunication cables at road 

tie-ins and side roads. There were no fibre optic 

cables identified. 

The 110kv line was diverted in 2011. Advance 

works were also completed for tree felling, 

hedgerow removal and fencing. Approx. €1.25m 

was spend on Advance Works out of a budget of 

€2m. 

 

7 Was there a Quantified Risk Assessment 

(QRA) carried out for the project? 

 

 

 

Table 3.8  

Yes, a risk workshop was held in 2012 in 

advance of the tender award and construction. A 

QRA was completed and a risk contingency of 

8% was added to the construction base cost 

estimate (P50 risk assignment). 

 

The top risks identified were – 

• Surface water drainage issues (2j); 

• Service diversions by Utility companies 

(delays, etc.) (2i); 

• Weather event (adverse weather) (2e); 

• Changes to accommodation works (2g); 

• Change of scope and employer 

variations (1b). 

 

8 Any there any specific complex issues 

identified for this project? 

 

Project complexity can be associated 

with unique characteristics such as 

landmark bridge structures or tunnels. 

High, Medium or Low complexity 

No unique features in this project. The project is 

a rural scheme with one grade separated junction. 

The road is a standard single carriageway. 

 

Mainline length: 14km 

Principal structures: 6 (bridges) 

 

Low complexity. 

Level of Uncertainty – generally low. Most risks 

could be identified by means of statistical 

probability in the QRA. 
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9  Was there a project appraisal completed 

at the relevant project phases? 

Three CBAs were undertaken, the first in 2003 

(Phase 2 Route Selection), and the second in 

2007 (Phase 3 Preliminary Design). The 2007 

CBA was completed in accordance with the 

relevant NRA guidelines. 

 

A third Phase 5 CBA was undertaken in 2012 as 

part of a formal Project Appraisal including the 

Final Business Case. This review was carried out 

in accordance with the NRA’s 2011 Project 

Appraisal Guidelines.   

10 Were there any conditions imposed on 

the project as part of the approval and 

consent from An Bord Pleanála which 

would have cost implications? 

No. The Compulsory Purchase Order was 

approved in 2008. 

  

11 Were there any legal challenges to the 

project approval?   

No legal challenges. 

12 What form of contract was used for the 

construction phase? 

The form of contract used was Design-Build 

using the new Public Works Contract. Design 

risk was transferred to the Contractor. 

 

Some claims were resolved by Conciliation 

procedures.    

13 Did the contracting authority issue any 

variation orders during the construction 

stage? 

 

 

 

 

 

 

 

(% values relate to the original tender 

sum) 

17 Variation orders were issued by the client.  

 

Additional cost of variations: +2.3% 

Other additional payments:    +19.2% 

Savings on actual works:        -0.5% 

Uplift on tender:                     +21% 

 

The 2012 risk-adjusted construction cost 

estimate (€29.5m at Phase 5 Tender Award) was 

less than the out-turn cost (€33.1m). This was 

compensated by the TSB.   

 

14 Did any known risks emerge during the 

construction stage? 

(coding refers to Table 3.8) 

The following risks were realised: 

• Ambiguity or error in the contract 

documents (6); 

• Access to areas of the site (2f).  

 

All of these events are ‘known’ risks common to 

national road projects. 
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15 Did any unknown risks or unplanned 

events occur during the construction 

stage? 

No ‘unknown’ or abnormal risks emerged.  

 

16 Were there any Programme delays at the 

construction stage? 

No. The project was opened to traffic four 

months ahead of schedule. 

 

Contract programme = 29 months  

17 Total Scheme Budget (TSB) outcome (all 

cost headings) 

The final out-turn cost (€51.2m) was less than 

the total scheme budget (€58.6m). 

18 General Comments There was sufficient contingency in the TSB. 

Overall, the cost estimates and forecasts for this 

project were adequate.   

19 Type of risks and additional costs which 

arose during the construction stage and 

the project lifecycle (Table 3.8) 

1b, 2f, 6. 

20 Not Used  
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Project ID: 22  

No. Data Item Data Output   

1 When was this project commenced 

(scope and concept stage), and when 

was the project opened to traffic? 

 

 

Project Commenced: 1999 

Planning Consent: 2002  

Start of Construction: May 2004  

Scheme Opening:      May 2006 

Project Lifecycle:      7.5 years 

 

No delays in the project phases. 

 

2 Was the programme for delivery of the 

project identified in any published 

plans? 

 

 

NRA National Road Needs Study 1998 

Scheme identified for priority attention (Backlog 

Category) 

3 Were cost estimates determined at the 

key project phases in accordance with 

the NRA/TII Cost Management 

guidelines? 

CBA = cost-benefit analysis 

TSB = total scheme budget (all cost 

headings) 

CBA at route selection stage (Phase 2), 2000 

CBA at preliminary design stage (Phase 3), 2001 

 

The construction cost estimate was 

approximately €108.5m, and the TSB was 

estimated to be €126m (TSB1, 2000). 

 

It was noted that the total cost estimate was 

increased between Phase 3/4 and Phase 5. This 

increase in cost was due to revised land and 

construction cost estimates. The pre-tender 

construction cost estimate was revised to 

€126.5m, with the total cost estimate increased to 

€193m (TSB2, 2004). There was a large increase 

in the estimate for land acquisition.  

 

Budgets above pre-dated the 2007 Cost 

Management Manual 

 

TSB (2006) at Phase 6 (Construction) = 

€213.26m. The risk adjusted construction cost 

estimate was €115.3m. This budget was formally 

approved by the CEO. 

This budget was 10% higher than the 2004 

estimate and allowed for programme risk and 

inflation. The change in the construction cost 

estimate was not significant. 

  

4 Were any significant changes made at 

the Phase 3 (Preliminary Design) and 

Phase 4 (Statutory Processes) stages 

which would likely change the project 

scope and budget?  

4 km of the scheme were designed as a three-lane 

dual carriageway due to traffic forecasts.  
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5 Were there any specific environmental 

issues (including archaeology/heritage) 

or risks associated with the project 

which would impact on the cost 

forecast?  

 

 

No designated sites for conservation interest. The 

main habitats were crops (56% of land area) and 

improved grassland (34% of land area).   

 

The scheme avoided all known major 

archaeological monuments. The entire length of 

the route was examined and tested in advance of 

construction. Some archaeological sites (about 

10) were identified on the route for resolution. 

However, the scope of works for the resolution 

phase expanded due to the extent of the findings, 

and 20 new sites were revealed during the 

investigations. The total budget estimate for 

archaeology was €7.2m. 

    

6 Interface with third party stakeholders 

and any specific Public Concerns. 

Service diversions were identified during the 

Preliminary Design phase involving high voltage 

electricity lines, and a high-pressure gas 

transmission main. It was envisaged that the gas 

transmission main could be protected in-situ, but 

it was later diverted. Advance works were carried 

out with the statutory authorities to divert/alter 

these services. These costs were paid for directly 

by the local authority to the service providers. 

  

7 Was there a Quantified Risk 

Assessment (QRA) carried out for the 

project?  

No. 

In addition, this project commenced before the 

NRA’s cost estimation unit was established. 

 

8 Any there any specific complex issues 

identified for this project? 

 

Project complexity can be associated 

with unique characteristics such as 

landmark bridge structures or tunnels. 

High, Medium or Low complexity 

No unique features in this project. The project is 

a mainly rural scheme with two grade separated 

junctions. 4 km of the scheme is a three-lane dual 

carriageway. 

 

Mainline length: 17km 

Principal structures: 16 

 

Low complexity (but the interface with existing 

services is noted). 

Level of Uncertainty – generally low.  
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9  Was there a project appraisal completed 

at the relevant project phases? 

Three CBAs were undertaken, the first in 2000 

(Phase 2 Route Selection), the second in 2003 

(Phase 3 Preliminary Design), and the third at 

Phase 5 (Procurement and tender award).  

 

The Phase 5 CBA indicated a Benefit to Cost 

ratio of 1.15. 

  

10 Were there any conditions imposed on 

the project as part of the approval and 

consent from An Bord Pleanála which 

would have cost implications? 

Modifications were made as part of the consent: 

• No removal of hedgerows during the 

summer season, 

• Low noise surfacing specified for a 

length of 1.8km, 

• Additional short length of footpath and 

cycle way. 

These modifications are not significant in terms 

of the construction cost. The hedgerows were 

removed over the winter months by means of an 

advance contract. This removed the risk from the 

main construction contract.  

  

11 Were there any legal challenges to the 

project approval?   

No legal challenges 

12 What form of contract was used for the 

construction phase? 

The form of contract used was a modified FIDIC 

Design-Build contract. Design risk was 

transferred to the Contractor. 

 

 

13 Did the contracting authority issue any 

variation orders during the construction 

stage? 

 

 

 

 

 

 

 

(% values relate to the original tender 

sum) 

Some Variation Orders were issued by the client. 

The main variations were: 

• Additional accommodation works, 

• Drainage works. 

 

Additional cost of variations: +1.6% 

Other additional payments:    +12.4% 

Uplift on tender:                     +14% 

 

The construction cost estimates (€108.5m at 

Phase 3 and €126.5m at Phase 5) were higher 

than the out-turn cost (€106.5m). This would 

indicate that the construction cost estimates were 

reasonable.  
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14 Did any known risks emerge during the 

construction stage? 

(Table 3.8) 

The following risks were realised: 

• Additional service diversions and 

alterations (2i); 

• Additional archaeological sites identified 

(2b); 

• Additional drainage works (2j); 

• Changes in NRA standards for road signs 

and lane markings (1b). 

  

All of these events are ‘known’ risks.  

15 Did any unknown risks or unplanned 

events occur during the construction 

stage? 

The specialist archaeology service provider who 

was appointed to complete the investigations and 

resolution works got into financial difficulty and 

were unable to complete the works. A second 

service provider was appointed to finish this 

work. This meant that some of the resolution 

works continued during the main construction 

programme. 

This event was managed successfully by the 

project team and the contractor. 

16 Were there any Programme delays at the 

construction stage? 

No. The project was opened to traffic 

approximately 2.5 months ahead of schedule. 

 

Contract Programme = 27 months  

17 Total Scheme Budget (TSB) outcome 

(all cost headings) 

The final out-turn cost (€170.2m) was less than 

the total scheme budgets produced in 2004 and 

2006. 

18 General Comments The initial budget estimates for this project were 

completed during the period from 2000 to 2004, 

just when the NRA had established their cost 

management unit to monitor construction costs. 

 

The development of the major national roads 

programme in this period, coupled with a 

growing economy, gave rise to significant 

increases in land prices.    

 

There was sufficient contingency in the TSB. 

Overall, the cost estimates and forecasts for this 

project were adequate.   

19 Type of risks and additional costs which 

arose during the construction stage and 

the project lifecycle (Table 3.8) 

1b, 2b, 2h, 2i, 2j.  

20 Not Used  
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Project ID: 27  

No. Data Item Data Output   

1 When was this project commenced 

(scope and concept stage), and when 

was the project opened to traffic? 

 

 

Project Commenced: 2000 

Planning Consent: 2005 

Start of Construction: September 2007  

Scheme Opening:      July 2009 

Project Lifecycle:      9.5 years 

 

No delays in the project phases. 

 

2 Was the programme for delivery of the 

project identified in any published 

plans? 

 

 

National Development Plan 2000-2006 

On-line improvement and widening of an 

existing national primary road. 

3 Were cost estimates determined at the 

key project phases in accordance with 

the NRA/TII Cost Management 

guidelines? 

CBA = cost-benefit analysis 

TSB = total scheme budget (all cost 

headings) 

CBA at Phase 3 Preliminary Design stage, 2004 

TSB1 Phase 3/4 (2005) = €73.5m 

TCC (risk adjusted construction cost estimate) = 

€64.0m 

 

Budgets above pre-dated the 2007 Cost 

Management Manual 

 

TSB3 Phase 5/6 (2007) = €88.4m. This total 

budget is 20% higher than the 2005 estimate. The 

main increases are non-construction cost 

headings. 

TCC = €66.0m 

  

4 Were any significant changes made at 

the Phase 3 (Design) and Phase 4 

(Statutory Processes) stages which 

would likely change the project scope 

and budget?  

No significant changes.  

Some additional noise barriers required and some 

additional facilities for cyclists. 

  

5 Were there any specific environmental 

issues (including archaeology/heritage) 

or risks associated with the project 

which would impact on the cost 

forecast?  

 

 

Urban developed area consisting of housing 

schemes, retail and commercial units. Sensitive 

receptors for noise. 

  

Archaeological test excavations were undertaken 

in 2006 in advance of the main construction 

works. 

No features of archaeological significance were 

identified.  

6 Interface with third party stakeholders 

and any specific Public Concerns. 

This project was in an urban environment, 

adjacent to residential and commercial 

properties. It was a requirement of the contract to 

maintain live traffic flows during the construction 

of the project. There was limited information 

available on existing services. 
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7 Was there a Quantified Risk 

Assessment (QRA) carried out for the 

project?  

No. A general risk contingency uplift of 21 – 25% 

was applied to the base cost estimate. A process 

of risk management was implemented during the 

construction stage. The main risks identified at 

the start of construction (Phase 6) were – 

• Drainage and attenuation (2j), 

• Third Party protest or trespass (2f), 

• Traffic management (3a), 

• Service diversions (2i), 

• Scope changes (1b). 

  

8 Any there any specific complex issues 

identified for this project? 

 

Project complexity can be associated 

with unique characteristics such as 

landmark bridge structures or tunnels. 

 

High, Medium or Low complexity 

No unique features on this project. The project is 

a sub-urban/urban scheme with one new grade 

separated junction. The existing road passes 

through a commercial and residential area. 

 

Mainline length: 7km 

Extensive traffic management was required to 

construct the scheme, with existing traffic 

volumes in excess of 70,000 vehicles per day. 

 

 

High complexity involving phased construction 

of the works. 

 

Level of Uncertainty: Low, most of the risks are 

‘known risks’. 

 

9  Was there a project appraisal completed 

at the relevant project phases? 

One CBA was undertaken in 2004. 

10 Were there any conditions imposed on 

the project as part of the approval and 

consent from An Bord Pleanála which 

would have cost implications? 

No. 

 

  

11 Were there any legal challenges to the 

project approval?   

No legal challenges to the scheme approval. 

12 What form of contract was used for the 

construction phase? 

The form of contract used was a modified FIDIC 

Design-Build contract. Design risk was 

transferred to the Contractor. 
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13 Did the contracting authority issue any 

variation orders during the construction 

stage? 

(% values relate to the original tender 

sum) 

Variation orders were issued by the client. These 

included modifications to directional signage due 

to an adjacent construction contract, and changes 

to the drainage design following consultations 

with the local authority. 

 

Additional cost of variations: +13.3% 

Other additional payments:    +13% 

Savings on actual works:        -10.7% 

Uplift on tender:                     +16% 

 

The risk-adjusted construction cost estimate at 

Phase 5/6 (€66.0m), and the earlier Phase 3 

estimate (€64.0m) were higher than the out-turn 

construction cost (€61.2m).  

 

 

14 Did any known risks emerge during the 

construction stage? 

The following risks were realised: 

• Additional underground service 

diversions were required which increased 

costs and led to delay and disruption to 

the contract (2i); 

• Access to the Site (2f); 

• Additional requirements from Third 

Parties (Consult and comply requirement, 

2h); 

• Additional requirements for vehicle 

recovery for breakdowns (3a); 

• Client change in scope for junction 

capacity (1b). 

 

All of these events are ‘known’ risks common to 

national road projects in urban areas. The risk of 

discovering underground services was known, 

and the contract allowed for a 50:50 split of these 

additional costs between the contractor and the 

client. 

The junction capacity issue which led to a client 

variation may have been a lapse in design checks 

and oversight.  

15 Did any unknown risks or unplanned 

events occur during the construction 

stage? 

No ‘unknown’ or abnormal risks emerged.  

16 Were there any Programme delays at the 

construction stage? 

No. The project was opened to traffic two months 

ahead of schedule. 

Contract Programme = 24 months  
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17 Total Scheme Budget (TSB) outcome 

(all cost headings) 

The final scheme out-turn cost (€68.5m) was less 

than the final total scheme budget (€88.4m at 

Phase 5) and an earlier total scheme budget 

(€73.5m at Phase 3). 

18 General Comments This was a challenging construction contract 

characterised by live traffic conditions, a myriad 

of existing underground services some of which 

were unforeseen, the need for phased diversions 

of these services. These risks were known, and 

the risk adjusted construction cost estimates were 

sufficient to exceed the out-turn construction 

cost. 

  

19 Type of risks and additional costs which 

arose during the construction stage and 

the project lifecycle (Table 3.8) 

1b, 2f, 2h, 2i, 3a. 

20 Not Used  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



159 
 

Project ID: 40  

No. Data Item Data Output   

1 When was this project commenced 

(scope and concept stage), and when 

was the project opened to traffic? 

 

 

Project Commenced: 2000 

Planning Consent: 2005  

Start of Construction: March 2006  

Scheme Opening:      March 2009 (extension of 

time) 

Project Lifecycle:      9.2 years 

 

No delays in the project phases. 

 

2 Was the programme for delivery of the 

project identified in any published 

plans? 

 

 

National Development Plan 2000-2006. 

 

Dublin Transportation Office – Platform for 

Change Strategy 2006-2016 

 

3 Were cost estimates determined at the 

key project phases in accordance with 

the NRA/TII Cost Management 

guidelines? 

CBA = cost-benefit analysis 

TSB = total scheme budget (all cost 

headings) 

CBA at preliminary design stage (Phase 3), 2004 

 

Pre-tender risk adjusted Construction Cost 

Estimate = €200.6m (2004) 

TSB (2004) = €244m 

 

Phase 5 Post-tender risk adjusted Construction 

Cost Estimate = €162m 

TSB (2005/2006) at Phase 5 (Contract award) = 

€244.2m.  

 

This budget was formally approved by the CEO 

as TSB (2006). 

  

4 Were any significant changes made at 

the Phase 3 (Preliminary Design) and 

Phase 4 (Statutory Processes) stages 

which would likely change the project 

scope and budget?  

No significant changes. Final project scope was 

only defined at the Phase 3 / 4 stage.   

5 Were there any specific environmental 

issues (including archaeology/heritage) 

or risks associated with the project 

which would impact on the cost 

forecast?  

 

 

No designated sites for conservation interest – 

predominantly an urban environment. Provisions 

were made in the design and contract documents 

for significant additional noise mitigation 

measures. 

 

Two archaeological sites were impacted by the 

scheme and were subject to advance testing. No 

further discoveries were made during the 

construction stage. 
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6 Interface with third party stakeholders 

and any specific Public Concerns. 

The project design identified significant 

disruption and alteration to existing utilities and 

services, particularly at the existing road 

junctions.  

The scope of works included the diversion of 

overhead and underground electricity power 

lines, distribution gas mains, watermains and 

foul sewers. 

These diversions were to be carried out by 

advance contracts and also during the main 

construction works. 

An advance contract was carried out to divert a 

gas transmission main pipeline. 

  

7 Was there a Quantified Risk 

Assessment (QRA) carried out for the 

project?  

No, a general contingency uplift of 15% was 

added to the base construction cost estimate at 

pre-tender stage. 

 

At the Phase 5 post-tender stage, the contingency 

uplift was increased to +40%. 

   

8 Any there any specific complex issues 

identified for this project? 

 

Project complexity can be associated 

with unique characteristics such as 

landmark bridge structures or tunnels. 

High, Medium or Low complexity 

The project is an urban scheme consisting of an 

on-line upgrade to an existing motorway with 

major capacity enhancements to 3 junctions. The 

works involved significant traffic management 

with some night-time works, and an interface 

with an existing light rail sytem. 

 

Mainline length: 8km 

Principal structures: 11 (bridges) 

 

High complexity, given the urban nature of the 

site and the interfaces with live traffic (daily 

traffic volumes in the region of 100,000 vehicles 

per day) and the public.  

 

Level of Uncertainty – Medium. Some 

subjective assessment of future events based on 

past experience. Not possible to pre-determine 

all construction risks. 

 

9  Was there a project appraisal completed 

at the relevant project phases? 

A CBA was undertaken in 2004 at the Phase 3 

Preliminary Design stage. 
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10 Were there any conditions imposed on 

the project as part of the approval and 

consent from An Bord Pleanála which 

would have cost implications? 

No.  

Minor modifications were made to the CPO. 

  

11 Were there any legal challenges to the 

project approval?   

No legal challenges. 

12 What form of contract was used for the 

construction phase? 

The form of contract used was a modified FIDIC 

Design-Build contract. Design risk was 

transferred to the Contractor. 

 

Some claims were resolved by Conciliation 

procedures.    

13 Did the contracting authority issue any 

variation orders during the construction 

stage? 

 

 

 

 

 

 

 

(% values relate to the original tender 

sum) 

52 Variation Orders were issued by the client. 

There were also 2 major scope changes were 

made by the Employer which brought significant 

additional benefits to the project.  

 

Additional cost of variations: +44% 

Other additional payments:    +97% 

Savings on actual works:        -16% 

Uplift on tender:                     +125% 

 

If the 2 major scope changes are excluded, the 

uplift on the pre-tender risk adjusted 

construction cost estimate reduces to +6%. 

 

The 2005 risk-adjusted construction cost 

estimate (€200.6m at Phase 5 Pre-Tender) was 

less than the out-turn cost (€261.1m).  

 

14 Did any known risks emerge during the 

construction stage? 

(coding number refers to Table 3.8)  

The following risks were realised: 

• Additional requirements for pedestrians 

and cyclists (both temporary and 

permanent measures) (3d); 

• Significant scope changes by the 

Employer/Client (some due to changes in 

standards) (1b); 

• Additional traffic management 

requirements (2k); 

• Delay associated with Utility diversions 

(2i); 

• Changes/delays to accommodation 

works (2g).  
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15 Did any unknown risks or unplanned 

events occur during the construction 

stage? 

No ‘unknown’ or abnormal risks emerged.  

16 Were there any Programme delays at the 

construction stage? 

No. The original programme was extended due 

to the scope changes made by the 

Employer/Client. 

 

Contract Programme = 33 months  

17 Total Scheme Budget (TSB) outcome 

(all cost headings) 

The final out-turn cost (€326m) was more than 

the 2005 total scheme budget (€244.2m). This 

outcome was reasonable given the overall 

complexity of the project, and the scale of the 

scope changes. 

 

18 General Comments There was contingency in the TSB. Some of this 

contingency was absorbed by the scope changes 

made by the Employer (the local authority). 

These major scope changes could be justified by 

the additional benefits which they brought to the 

scheme for the long-term. 

   

19 Type of risks and additional costs which 

arose during the construction stage and 

the project lifecycle (Table 3.8) 

1b, 2g, 2i, 2k, 3d, 6. 

20 Not Used  
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Appendix 4 - Maps of the National Road Network 
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Map 1  Road Network at 2000 

 

 

 

Source: NRA/TII  
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Map 2  Road Network at 2005 

  (New motorway network in blue) 

 

  

Source: NRA/TII 
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Map 3  National Road Network at 2016  

 
Motorway:  913 km 

Dual:    298 km 

Single:   4,094 km 

 

Source: NRA/TII   
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