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Abstract 
 The design, planning and implementation of large-scale infrastructure, 
particularly about transportation projects has proven to be an inherently 
difficult task due to several factors. The often-incorrect information provided 
for predicted costs and benefits has a significant impact on the economic 
feasibility of a project. This paper aims at examining the evidence and flow on 
effect of cost overruns and underperforming benefits in large-scale 
transportation projects. The causation for these elements will be analysed as 
well as methods aimed at alleviating these impacts to advance the overall 
delivery of projects of this nature. 
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Cost Overruns and Benefit Shortfalls in Transportation Projects  
 It is acknowledged that there has been little research about the actual 
costs and benefits of large-scale transportation infrastructure that has had such 
vast amounts of money spent on it in the modern age. A study carried out in 
2002 examined transportation infrastructure projects spread over 20 countries 
adding up to a combined total of US$90 billion between the years of 1928-
1998 (Flyvbjerg et al., 2002). It found that in roughly a third of cases (28%) 
the actual construction costs were higher than forecast and that 90% of projects 
had experienced cost overruns. The common theme running between the 
projects (258 in total) was that the associated costs were often underestimated. 
In a somewhat troubling finding, it was registered that there was no 
improvement in the overall accuracy of cost estimation during the 70-year 
period. The authors of the study concluded that the decision-making process 
employed in large-scale transportation infrastructure is disingenuous in a high 
number of projects (Flyvbjerg et al., 2002).  
 Within this study, it was noted that it was not just construction costs 
that are incorrectly forecasted. With most transportation projects within the 
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study, the feasibility of the project draws heavily on the benefits associated 
with customer demand and utilisation forecasts. Forecasts of this nature are 
the basis for the environmental and socio-economic assessment of large-scale 
transportation infrastructure (Flyvbjerg, 2007; Huo et al., 2018; Love et al., 
2016). Noteworthy examples of large-scale transportation infrastructure 
projects with significant cost overruns and a noticeable benefit deficit include 
the Channel Tunnel linking the United Kingdom with mainland Europe (via 
France). It came in over budget 80% for construction costs despite the private 
owner informing investors that 10% for overruns would be a sufficient 
contingency for construction costs. Another infamous example for cost 
overruns is the Denver International Airport that came in close to 200% over 
budget (US$1.7 billion quoted – US$5.1 billion actual cost) in combination 
with passenger traffic only being 55% of the forecasted use, in its first calendar 
year of operation (Flyvbjerg, 1996).   
 
The Effect of Inaccuracy in Forecasting 
 It is evident in the current economic climate that the inaccuracy of 
forecasts that culminate in such significant cost overruns and benefit deficits 
pose stakeholders, investors and key decision makers with some problems 
when assessing the viability of a new project (Flyvbjerg et al., 2002; Wang et 
al., 2018). In a practical sense, it is known that cost overruns are generally tied 
to delays in work, as the securing of surplus funds is often a lengthy process 
and may be exacerbated by the need to renegotiate and gain re-approval for 
the project. Because many projects of such a large scale are debt financed with 
extensive construction periods, they are particularly susceptible to impacts 
from delays, which compound into further debt through interest payments and 
an extension of the remuneration period. In conjunction with large cost 
overruns and benefit, deficits are the tendency it must undermine elements of 
the project such as policy, planning, implementation of policy and general 
operations.  This is due to projects that require a constant process of re-
approval cause a significant amount of ‘noise’ or debate, leading to an increase 
in pressure amongst the stakeholders tied to the project.   
 These factors accumulate as the project increases in size; cost overruns 
and benefit deficit accrue in real terms, meaning they carry more consequence.  
Some of these large-scale infrastructure projects place such a burden on their 
national economies that cost overruns and benefit deficits from an individual 
project may have a negative impact on national budgets or even place the 
finances of the country in a volatile or unstable state.  An example of this was 
the sufferance of the credit rating of Greece after the benefit deficit of the 2004 
Athens Olympics struck its economy. The desire to avoid financial stress on 
both a national and regional scale has been at the forefront of reforming 
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planning techniques in relation to large-scale infrastructure projects 
(Flyvbjerg, 2007).   
 
What Causes Cost Overruns and Benefit Deficits? 
 Errant decision-making on large-scale transportation infrastructure 
projects is recognised as having three main categories. The industry standard 
would be to facilitate improvement in this process, but for this process to 
occur, the causes for the inaccuracy of the forecasts must be assessed further. 
The categories divided into psychological, technical and political-economic 
(Dudley & Banister, 2018).   
 In assessing the impact that technical explanations have had on cost 
overruns and benefit deficits in relation to decision-making, it is evident that 
technical issues arise when utilising flawed forecasting techniques. 
Contributing factors such as insufficient data or when the forecasters are not 
experienced in the area being examined also play a significant part (Flyvbjerg 
et al., 2002).   
 Optimism Bias or psychological explanations account for the majority 
of cost overruns and benefit deficits. In defining optimism bias, it is recognised 
as being the disposition for humans to be overly optimistic when predicting or 
forecasting the outcomes of future actions. Because of this, the decision-
making process is often based on an inaccurate forecast (underestimated costs 
and overestimated benefits) instead of on the balance of the expected gains, 
losses and probabilities. As a consequence of this those in charge of the large-
scale transportation infrastructure projects approves projects that are almost 
certain not to be delivered on time, on a budget or deliver the benefits 
prescribed (Dudley & Banister, 2018; Flyvbjerg et al., 2005).   
 The political-economic aspect of the problem identifies the planners 
and promoters as intentionally overemphasising the benefits while 
underestimating costs when predicting the outcomes of large-scale 
transportation infrastructure projects. Actors in the political-economic realm 
do this to ensure that their projects gain the necessary approval and funding 
needed (Dudley & Banister, 2018).    
 A study into the way in which these three categories interact found that 
despite their being the presence of technical errors within the forecasting of 
issues it did not account for the empirical data gathered (Flyvbjerg & COWI, 
2004). The researchers pointed instead to the interplay between the 
psychological and political-economic categories, as the data was nearly 
always presented in the same way, with an underestimation of costs and an 
overestimation of benefits. This pointed to the issue of being an inbuilt 
mechanism of bias within the decision-making process and not simply 
unexplainable inaccuracy (Szafranko, 2017; Wachs, 1989). This is supported 
by the notion that if the inexperience of forecasters or flawed forecasting 
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techniques were the main causes, then an increase in the accuracy of forecasts 
could be expected as more experience was accrued, and the process of refining 
techniques and models was undertaken.   
 Flyvbjerg agreed that the psychological aspect accounted for optimism 
bias while the political-economic impact accounts for the elements of strategic 
misrepresentation encountered.  This combination of these elements can 
effectively explain why large-scale transportation infrastructure project costs 
are consistently higher than forecast while actual benefits are considerably 
lower (Flyvbjerg, 2007; Flyvbjerg et al., 2018).   
 
Accounting for Optimism Bias in the Decision-Making Process 
 It is well recognised that projects or proposals of an optimistic nature 
are generally approved, while proposals of a pessimistic nature are often 
suppressed or aborted.  From an individual sense optimism bias within each 
employee can be reinforced and bound together by the prospects of a project.  
Ultimately this validation from within an organisation causes both individuals 
and organisations to make imperfect decisions on large-scale transportation 
infrastructure projects based almost solely on optimism (Love et al., 2016; 
Wachs, 1990). This process results more often than not in underestimated 
costs and inflated benefits to the project (Flyvbjerg, 2016).  In reviewing when 
optimism bias was most easily identified it was noted that it was during the 
appraisal stage that included the business case. It was found to decrease as the 
project progresses as mitigation strategies and other risk management 
techniques are utilised.  While some within the industry label these distortions, 
made almost explicitly for political reasons a lie, it is rarely deemed as such 
(Flyvberg et al., 2002). 
 Underestimated costs + Overestimated benefits = Funding (Flyvbjerg, 
2009, p.353) 
 This simple equation is found to be true when discussing 
misrepresentation, or intentional optimism bias appears not only like an inbuilt 
industry mechanism but a certain aspect of developing large-scale 
transportation infrastructure projects. 
 
Methods for Liming the Impact of Optimism Bias 
 In his research on the subject, Flyvbjerg has suggested that the 
combination of optimism bias (psychological) and strategic misrepresentation 
(political-economic) of cost overruns and benefit deficits have merit. In a real-
world setting, it is often challenging to differentiate between what is an 
unintentional delusion (optimism bias) and intentional deception 
(misrepresentation) (Flyvbjerg, 2009, 2016, 2018). In a retrospective light, the 
detection of political-economic pressure increases the likelihood of strategic 
misrepresentation. In the same light if there is a lack of political-economic 
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pressure then the likelihood of optimism bias being the cause for unforeseen 
cost overruns and benefit deficits increases.  This leads many analysts to 
believe that the two types of explanation optimism bias (psychological) and 
misrepresentation (political-economic) accompany each other and more often 
than not may exist within an individual project. 
 The development of a more efficient method for forecasting is the most 
known way in which the decision-making process for large-scale 
transportation infrastructure projects. Reference class forecasting aimed at 
mitigating or reducing the cause of optimism bias was developed by Lovallo 
and Kahneman (2003). It is intended to counteract the type of unintentional 
cognitive bias found in the majority of human forecasting. 
 Reference class-forecasting forces the project planners to take an 
exogenous view of the project. This forces the planners to take into account 
projects of a similar nature that have been previously completed, essentially 
comparing it against a database of previously completed projects.  This allows 
for the real term costs and benefits incurred against the previous project plans 
against which the current project plan is to be in direct comparison.   
 The most advantageous element of reference class forecasting is that it 
circumvents the psychological impact of human bias (optimism bias) as well 
as limiting the impact of strategic misrepresentation. This method removes 
from the forecast the uncertainty of specific events that might impact on the 
project, but rather allows for the project to be compared directly with the 
outcomes from the database of previously completed projects. This eases the 
pressure on the project planner’s as they are no longer required to speculate 
on the possibility of uncertain events. Thus, the circumvention of human bias 
is facilitated (Flyvbjerg, 2006; Huo et al., 2018; Love et al., 2016). While this 
exogenous view of forecasting may not allow for the prediction of scenarios 
outside of the reference class, for the majority of large-scale transportation 
infrastructure projects, it will inevitably prove more efficient for forecasting 
real term costs and benefits (Flyvbjerg & COWI, 2004; Szafranko, 2017).   
 Instances of reference class forecasting being utilised are headlined by 
the British Department of Transport including it in their publication of 
‘Procedures for Dealing with Optimism Bias Transport Planning’ (Flyvbjerg 
& COWI, 2004). This publication provides a recognised format for the 
reference class method as an essential element of project appraisal for all 
large-scale transportation infrastructure projects.  It forces project planners to 
facilitate with the appraisers in order to generate precise, empirically driven 
amendments to the forecasts provided for a project projected costs and benefits 
as well as construction period. All these adjustments are to be based on 
previously completed projects of a similar nature, with exceptions to be made 
to allow for the specific unique features of the project. In strengthening the 
case for the use of reference class forecasting, the American Planning 
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Association (APA) has given the method formal endorsement, advocating that 
project planners utilise the method and not to rely on standard forecasting 
methods when forecasting for a large-scale transportation infrastructure 
project (APA, 2005).   
 To counteract the non-accountability of both the public and private 
sector several processes have been put forward. These processes include 
forcing forecasters and promoters to carry the full risk attached to their 
forecasts essentially. To safeguard transparency in this process the forecasts 
provided should be further analysed by a board of independent industry 
professionals. 
 Within the large-scale transportation infrastructure, project 
construction industry practices have arisen that have had a definite amount of 
success in forecasting more accurate costs and benefits. The principal method 
involves structuring of contracts such that forecasters and their organisations 
hold sole or shared financial responsibility any overrun of costs and for the 
deficit of benefits if they should so arise. This facilitates a better alignment of 
shared incentives and project vision (Flyvbjerg et al., 2008, 2016, 2018).   
 The second method is coined a Design-Build-Finance-Operate-
Maintain (DBFOM) contract. This contract compels the private sector to take 
full responsibility for the design, building (construction), financing, operation 
and maintenance of the transportation infrastructure on a long-term basis 
(commonly 20-30 years). At the expiration of this contract, the ownership of 
the facility is handed over to the correct government authority. This 
accountability of the contract addresses the majority of the issues that occur 
as a result of forecast inaccuracies (Flyvbjerg et al., 2009).   
 The last method involves a joint venture in risk allocation or a balance 
of risk sharing between the public and private investors. The investment of 
risk capital facilitates this into the project. This is usually accomplished by 
circumventing financing entirely by the public sector but rather through PPP 
arrangements, partnering the project or outsourcing the finances (Flyvberg et 
al., 2009). This compels the project financers (private lenders and 
shareholders) to analyse the prescribed costs and benefits of the large-scale 
transportation infrastructure project, increasing the prospect of exposing 
optimism bias or strategic misrepresentation.   
 This method has received large-scale support from a study completed 
by Mott MacDonald which revealed that conventionally financed projects 
contained a significantly greater level of optimism bias than methods financed 
in a manner above. “The variation between the publicly and privately managed 
projects is recognised as the relocation of project risks to the organisation best 
positioned to attain the best benefit to cost ratio while still maximising quality” 
(2002, p.12).    
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Conclusion 
 The evidence indicating that cost and benefit forecasts utilised in the 
decision making the process for large-scale transportation infrastructure 
projects is overwhelming, with evidence indicating not just forecasts of a 
significantly inaccurate nature, but systematically misleading ones as well. 
This seemingly inbuilt industry mechanism poses a series of issues for those 
involved in the decision-making process as well as the other parties involved 
such as taxpayers, stakeholders and investors as they have to deal with the 
misallocation of assets (resources) placing significantly more pressure upon 
the feasibility of a project.    
 The main proponents for cost overruns and benefit deficits identified 
in Flyvbjerg’s research are optimism bias and strategic misrepresentation. 
Also identified is the ability of these two explanations to coexist within the 
same project, despite this the approaches to mitigating their existence are 
divergent. 
 The prominent approach to mitigating optimism bias in environments 
where it is identified is by adopting more efficient forecasting methods. The 
industry-endorsed method of reference class forecasting, which utilises an 
exogenous view of project planning, has gained traction as the most successful 
method forecasting for large-scale transportation infrastructure projects. Its 
prominence has been garnered by successful integration within Europe and 
has the seal of approval from the American Planning Association as the 
recommended method of forecasting costs and benefits for large-scale 
transportation infrastructure projects. Despite this advance in forecasting 
methods in circumstances where there is a lack of motivation for parties to 
avoid strategic misrepresentation, the impact of the reference class method is 
diminished, save for it being used in conjunction with an increased sense of 
responsibility in mitigating such behaviour.   
 Models for amending this type of behaviour include restructuring 
government grants and placing forecasts provided for the project through an 
independent industry review process. In conjunction with this is the 
realignment of the finance methodology for large-scale transportation 
infrastructure projects. This can essentially be forcing the government as 
adopting the part of safeguarding the interests of the public, while project 
planners and investors carry a greater portion of the risk attached to the project. 
This is generally accomplished by the structuring of the project into a 
partnership or PPP arrangement or by outsourcing the risk to a suitable 
organisation.   
 In summation, it is evident that those in charge of project planning 
(forecasting and promotion) should be charged with the task of carrying the 
accepted risk of their forecasts. This would utilise the burden of an inaccurate 
forecast as a safeguard against optimism bias and strategic misrepresentation. 
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Without this safeguard or methodology in place with all large-scale 
transportation infrastructure projects then issues most often connected with 
optimism bias and strategic misrepresentation will continue to be a mitigating 
factor in the success of large-scale transportation infrastructure projects. 
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