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ABSTRACT 

 
Despite the recent advances in technology, the reported variation in actual versus planned cost 

illustrates that 9 out of 10 transportation projects exceed budget.   Failure to maintain budget 

can be traced to human error i.e. unrealistic targets and strategic misrepresentation. 

 

This thesis introduces a methodology new to Iceland entitled “Reference Class Forecasting 

Method” (RCFM), which predicts the outcome of a planned action based on actual outcomes 

in a reference class where actions are similar to those being forecast. 

 

This project focusses on the building of a prototype futuristic model for the Icelandic Road 

Administration (ICERA) and the feasibility of introducing RCFM into the organisation. 

 

This research is based on a comparable transportation project in the UK, where RCFM was 

used; in this project cost data from earlier ICERA projects was collected.  Two reference 

classes were built for (i) roads and (ii) bridges.  Lastly, statistical distribution was found for 

each class in order to provide a realistic estimate of the shortfall/overspend. 

 

The conclusion indicated in the short-term that the foresight model based on the RCFM was 

not suitable for ICERA.  Indeed, the current method used by ICERA was shown to be 

sufficiently accurate.  This method evaluates the unit costs against the moving average, and a 

higher unit price should offer ICERA adequate protection.  It should be noted, that a 

shortfall/overspend is not a consequence of a higher than expected unit price rather, additional 

volume or scope not clearly defined at the beginning.  However, the last of timeliness of 

ICERA´s current method suggested that longer term the RCFM would be more suitable. 

 

Key Words:  Project Management, Optimism Bias, Shortfall/Overspend, Risk 

Management, Reference Class Forecasting Method 
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ÚTDRÁTTUR 

Titill verkefnis: Spáaðferð byggð á tilvísunarklösum notuð í íslenskum samgönguverkefnum 

Þrátt fyrir þá hröðu tækniþróun sem orðið hefur á síðastliðnum áratugum eru enn mikil frávik 

milli raunkostnaðar og áætlaðs kostnaðar og hafa ýmsar rannsóknir bent til þess að 9 af 

hverjum 10 samgönguverkefnum stríða við framúrkeyrslu í kostnaði. Þetta má rekja til 

mannlegra þátta eins og ofurbjartsýni, vanmat á áhættu og ofmat á eigin verðleikum. 

Markmiðið með þessu verkefni er að kynna aðferð til að gera forspár sem byggir á 

tilvísunarklösum. Aðferðin sniðgengur mannlega þætti í áætlunnargerðinni og hefur aldrei 

verið reynd á Íslandi áður. Verkefnið snérist um að smíða frumgerð af forspárlíkani fyrir 

Vegagerðina þar sem notast var við þessa aðferðafræði og leitast var við að svara þeirri 

rannsóknaspurningu hvort Vegagerðin gæti hugsanlega innleitt þessa aðferðafræði í sinn 

rekstur. 

Stuðst var við sambærilegt verkefni þar sem þessi aðferðafræði er reynd í breskum 

samgönguverkefnum. Byrjað var á því að safna gögnum um kostnað af fyrri verkefnum 

Vegagerðarinnar, eftir það voru tveir tilvísunarklasar byggðir, einn vegatilvísunarklasi og einn 

brúartilvísunarklasi, að lokum var tölfræðileg dreifing hvers tilvísunarklasa fundinn svo hægt 

var að finna hversu miklum aðföngum þyrfti að bæta við áætlunina til þess að vera með 

tilteknar líkur á framúrkeyrslu.  

Niðurstaðan varð sú að forspárlíkan byggt á tilvísunarklösum hentar Vegagerðinni ekki að 

öllu óbreyttu þar sem aðferðin sem þeir notast við í dag virðist vera ásættanlega nákvæm. Sú 

aðferð byggir á að meta einingakostnað með hreyfðu meðaltali. Hærri einingaverð eiga því að 

verja þá fyrir áhættunni á framúrkeyrslu. Framúrkeyrsla á kostnaði verður sjaldnast vegna 

hærri einingaverða en búist var við heldur vegna meira magns eða viðbóta sem ekki voru 

skilgreind í byrjun. Þar sem aðferð Vegagerðarinnar er einnig lengi að bregðast við 

breytingum var niðurstaðan sú að til lengri tíma litið myndi forspárlíkan byggt á 

tilvísunarklösum henta Vegagerðinni betur en sú aðferð sem er við líði hjá þeim í dag. 

Lykilhugtök: Verkefnastjórnun, Ofurbjartsýni, Framúrkeyrsla á kostnaði, Áhættumat, 

Forspárlíkan byggt á tilvísunarklösum 
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1. INTRODUCTION 

Chapter 1 is divided into six parts to: 

(i)  introduce the background research for the project;  

(ii) overview the purpose of the project and its potential benefits for the Icelandic  

            Road Administration (ICERA) and the Community as a whole;   

(iii)  appropriately position this research within the project of which it is a part  

            i.e. “Improvement of the Public Project Life Cycle” (IPPL);  

(iv)  formally state the aim, objectives and research question;  

(v)  explain the research methodology, is the method qualitative or quantitative  

            and how this is applied to the research project and  

(vi)  state the limitations of the research. 

1.1. BACKGROUND 

It is well recognised that public projects suffer from shortfall/overspend, late schedule and 

uncontrollable scope changes.   The true scale of the problem is not fully known, and despite 

recent advances in technology, the same work methods remain in use; a fool-proof way of 

avoiding the issues has not been found and there is little evidence of improvement in project 

planning.   

If we take the example of a study conducted in 2002 by Flyvbjerg, Holm and Buhl, “Under-

estimating Costs in Public Works Projects”, where 258 projects were reviewed, 9 out of 10 

projects suffered from  an overspend reaching as high as 28% of budget (Flyvbjerg, Holm, & 

Buhl, 2002). 

Iceland is no exception to overspend.  In a study of 70 projects carried out by Fridgeirsson in 

2009, overspend was identified in more than two-thirds (Fridgeirsson, 2009). 

The reason for these under-estimations cannot be traced to technical explanations, for 

example: project uncertainly, unreliable data or inappropriate forecast models. 

If the under-performance was attributable to these issues, an improvement in accuracy could, 

over time, be expected as planners learned from their experiences.  However, since no real 

improvement has been observed, the conclusion is one of human error; either planners tend to 

be extremely optimistic or they intentionally over-estimate the benefits and under-estimate the 

costs in order to secure project- approval and funding (Flyvberg, “Over budget, over time and 

over and over again”, 2011). 

In the spring of 2009, the Ministry of Finance was approached to participate in a project with 

the work title “Improvement of the Public Project Life Cycle” (IPPL). IPPL is an extensive 

project that was designed to tackle all elements in the public project life cycle in order to 

improve it.  

The aim of the project was to investigate if there was a gap between existing procedures and 

best practice, in order to understand what had to be done to effect an improvement.  
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IPPL is broken down to 5 deliverables: (i) Conception, (ii) Feasibility, (iii) Design,  

(iv) Negotiation and (v) Construction. Under each deliverable there are several work 

packages. Each work package can, for example, be a thesis, a research project or other 

academic work that has the objective of improving the public project lifecycle.  

 

The Work Breakdown Structure (WBS) of this project can be seen in figure 1. When a new 

project is finished, it is added directly into the project charter. Ultimately, there will be an 

organisational and conceptual framework for public projects. 

 

 
Figure 1: The WBS for the project "Improvement of the Public Project Lifecycle” 

1.2. STATEMENT OF THE PROBLEM 

1.2.1. OVERVIEW OF THE RESEARCH PROJECT 

This research centres on the building of a prototype foresight model which directors of the 

Icelandic Road Administration (ICERA) can use to evaluate the risk of cost overspend on 

Icelandic transportation projects. The foresight model evaluates how much optimism bias 

uplift has to be added to a reference class of similar projects in order to have a certain risk of 

cost overrun/overspend.  

 

ICERA is a public institution whose role is to efficiently and effectively develop and maintain 

the road system. ICERA always has to keep in mind the needs of the community, safety of 

pedestrians and the environment. ICERA has 297 employees.(About us: ICERA) 

(http:/www.vegagerdin.is/um-vegagerdina). 
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The perceived benefits of this research, for ICERA and the community are as follows 

 The foresight model will result in more realistic planning because human frailties have 

been eliminated from the forecast. 

 The foresight model will be the basis of a model that ICERA can develop further to 

increase the efficiency of its operation. ICERA has a defined role, to efficiently and 

effectively maintain the road system; this is a tool which can help the organisation to 

do that. 

 By using the foresight model, ICERA will be empowered to test its primary cost plans, 

in order to clearly identify risk and uncertainty associated with a specific type of 

project. This is important, since ICERA has the ability to choose the level of risk it is 

willing to take and, as a result, use its financial resources to best effect.  

 ICERA will be the first Icelandic institution to use this approach to project planning 

i.e. developing a foresight model based on historical data. 

 The foresight model can be developed in order to be useful to other public and private 

bodies. 

1.2.2. POSITION OF THIS RESEARCH IN THE IPPL PROJECT 

This research covers the second phase of the project, that is, ‘feasibility’ and the third phase, 

‘design’ as seen in figure 2. The project is primarily a feature of the design phase; the reason 

for including it in the feasibility phase is outlined below:  

This research is all about finding a specific uplift that has to be added to the primary cost plan 

of a project in order to have a certain risk of cost overrun/overspend.  

 

When a primary cost plan is made about a project, the decision to go ahead with the build has 

already been made and the next step is to design and plan how to finance the project.  

 

The feasibility phase was included because, if it becomes apparent in the design phase that the 

project is simply too expensive after the optimism bias uplift has been added to the primary 

cost plan, then the project could be considered unfeasible. 
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Figure 2: The position of this research in the WBS of the IPPL project 

1.3. RESEARCH AIM 

The aim of this research is to improve the public project lifecycle in Iceland by introducing an 

approach named Reference Class Forecasting Method (RCFM) into the Icelandic planning 

environment. This method is reputed to make forecasts more accurate and realistic. 

1.4. RESEARCH OBJECTIVE 

The objectives of this research are to: 

 Introduce the RCFM into ICERA’s operation. 

 Build a prototype foresight model for ICERA using this method. 

 Examine the accuracy of ICERA’s primary cost plans and suggest how it might be 

possible to make them more accurate if needed. 

 Provide recommendation about what has to be done to make it easier for other public 

institutions in Iceland to instil this method. 

1.5. RESEARCH QUESTION 

The question this research aims to answer is: 

“Is it relevant for the Icelandic Road Administration (ICERA) to use Reference Class 

Forecasting in project planning?” 
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1.6. RESEARCH METHODOLOGY 

1.6.1. QUALITATIVE VERSUS QUANTITATIVE METHOD AND WHICH METHOD 

APPLIES TO THIS PROJECT 

When conducting research, it is important to determine the method applied i.e. qualitative or 

quantitative. 

A researcher who uses qualitative methods, attempts to understand and interpret social inter-

actions. The goal of qualitative research, is to develop an understanding of a social problem 

from multiple perspectives. In this approach the researcher generates a new hypothesis and 

theory from the data collected. The focus is wide i.e. it examines the breadth and depth of 

phenomena and studies behaviour in a natural environment. A smaller dataset is collected for 

qualitative research than for quantitative research and the data is not randomly selected. The 

data collected is based on responses, interviews, participant observations, field notes and 

reflections. When analysing the data the researcher identifies patterns, features and themes 

and subjectivity is expected. The result of the research is a particular or specialised finding 

that is not as generalised as in the quantitative research. 

A researcher who uses quantitative method is testing a hypothesis, by looking at cause and 

effect to make predictions. The goal of quantitative research is to determine whether the 

predicted generalisation of a theory holds true by testing it with the data collected. The focus 

is narrow, i.e. it tests a specific hypothesis and studies behaviour under controlled conditions. 

A larger dataset is collected for quantitative research than for qualitative research and the data 

is randomly selected. It is based on precise measurements using structured and valid data 

collection tools. When analysing the data the researcher identifies statistical relationships and 

objectivity is critical. The result of the research is generalised findings that can be applied to 

other populations. (Johnson B, 2008), (Lichtman, 2006). 

The method used in this research is quantitative because the focus is not to generate a new 

hypothesis or theory but to check whether an Icelandic public company, in this case the 

Icelandic Road Administration (ICERA), can use a method, that already exists and has been 

used in other countries, to improve its forecasting accuracy. The data was randomly selected 

and all data collected was based on real numbers from past projects. When analysing the data 

to determine the optimism bias uplift and the statistical distribution of the data in each 

reference class, objectivity was critical. The result of this research is a generalised finding that 

can be applied to other companies and facilities. 

1.6.2. RESEARCH METHODOLOGY 

The research methodology used in this research is based on a method called RCFM, which 

was originally developed to compensate for a cognitive bias; it was discovered by Kahneman 

and Tversky in their work on planning and decision-making under uncertainty, which won 

Daniel Kahneman the Nobel prize in Economic Sciences in 2002 (Flyvbjerg, Curbing 
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optimism bias and strategic misrepresentation in planning: Reference Class Forecasting in 

practice, 2008).  

 

The first example of this method in practice was accomplished in 2004 by Flyvbjerg and 

Cowi and applied to British transportation projects (Flyvbjerg, Procedures for dealing with 

optimism bias in transport planning, 2004). Instead of taking the inside view of focusing only 

on the project in planning as with most traditional forecasting methods, RCFM takes the 

outside view which ignores the project in planning and instead examines past experiences on 

past similar projects (Lovallo & Kahneman, 2003). 

To use RCFM to build a foresight model the following steps have to be taken: 

1. Data Gathering: The first step is to gather data regarding both forecasted and actual 

cost from previous projects undertaken and completed by ICERA. 

 

2. Building Reference Classes: Secondly, group together similar projects in a reference 

class. It is important that each reference class is statistically correctly compiled, is 

wide enough to be significant and tight enough to be able to describe similar projects. 

The key is that the projects within each of the reference classes show with statistical 

tests, benchmarking, and other analyses, that the risk of cost overrun within each class 

may be treated as statistically similar 

 

3. Find the probability distribution for each reference class: The next step is to find 

the probability distribution of cost overrun for each reference class. 

 

4. Find the required optimism bias uplift for each reference class: Finally the last 

step is, on the basis of the probability distribution of cost overrun, to find the required 

optimism bias uplift for each reference class. 

When ICERA undertakes a new project the cost is forecast as usual. This plan is compared 

with a reference class of similar projects. The comparison between the plan and appropriate 

reference class reveals that additional resources are needed in the plan to have a certain 

probability of exceeding the cost frame of the project. 

1.7. LIMITATIONS 

The limitations of this research project are as outlined below: 

 The foresight model will only be a prototype. This means that it will not cover all the 

project types ICERA could possibly face. The prototype will contain only two 

reference classes. 

 

 The foresight model will be about public transportation projects, it will not cover all 

public projects. 
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 The RCFM this research is not concerned with evaluating single, unpredictable factors 

or events. It is about how the new project under evaluation is being compared to other 

equivalent projects 

 

 This research had no access to the original cost estimation undertaken by the select 

committee. The research therefore only goes by the ICERA’s primary cost plan, which 

gives no answer on the proportion of additional funding needed to cover the original 

cost estimate, which would certainly have been interesting to see. 

 

1.8. STRUCTURE OF THE THESIS 

The structure of this thesis is as set out below:  

 In chapter 2 the theoretical framework of the studies this thesis applies will be 

introduced. 

 

 In chapter 3 the research methodology applied will be reviewed and explained. 

 

 In chapter 4 the results of the RCFM will be presented 

 

 In chapter 5 the results will be discussed. What was done well, what could have been 

done differently and what is the next step? 

 

 Finally, chapter 6 aims to answer the research question as well as provide a conclusion 

of this research project. 

A more detailed structure will be provided at the beginning of each chapter. 
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2. LITERATURE REVIEW 

In this chapter the theoretical framework of the studies this thesis applies will be introduced. 

How forecasts are today and the reason for inaccuracy in terms of technical, psychological 

and political explanations are reviewed in chapter 2.1. In chapter 2.2. the difference between 

the inside and outside view is introduced. The RCFM is introduced in chapter 2.3, where 

theoretical and methodological foundations of the method are described as well as how 

Flyvbjerg first used RFCM in practice. Lastly, chapter 2.4., briefly reviews the literature 

reviewed during this research. 

2.1. FORECASTS TODAY 

When we reflect on the relatively recent and enormous strides in technology, whereby the 

time and effort taken to resolve issues by brain power alone has been significantly reduced by 

computer programming, it should follow that development forecasts have become more 

accurate.  In reality, forecast of cost, demand, time and resources has remained largely 

inaccurate with evidence of little or no improvement.  The same work methodology is 

followed despite research illustrating overspend in 9 out of 10 transportation projects. 

(Flyvberg, From Nobel Prize to Project Management – Getting Risks Right”, 2006)  

If we look at illustrations of past public mega-projects, evidence of poor planning is readily 

noticeable. For example, The Boston Big Dig Tunnel in the USA had a overspend of 275%; 

overspend on the Channel Tunnel between the UK and France reached 80% and the 

Héðinsfjarðargöng Tunnel, between the communities of Olafsfjördur to Siglufjördur  in 

Iceland was over budget by 17%  (Upplýsingar og útgáfa, fréttir: Vegagerdin, 2011) etc.  

 

Studies carried out by Flyvbjerg show that transportation projects, public buildings, power 

plants, dams, water projects, sports stadiums, oil and gas extraction projects, information 

technology systems, aerospace projects and weapons systems, wherever located in the world, 

follow a general pattern of cost under-estimation and overrun. (Flyvbjerg, Design by 

Deception: The politics of megaproject approval, 2005). 

Today traditional forecasting methods are primarily of two kinds: (Stevenson, 2002) 

1. Forecasts based on judgment and opinion 

2. Forecasts based on time series. 
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2.1.1. FORECASTS BASED ON JUDGEMENT AND OPINION 

On occasion forecasters and experts use techniques based on judgement and opinion to 

establish a forecast.  This methodology is engaged when there is insufficient data or limited 

time to collect data, for example: 

Delphi method: Planners complete a series of questionnaires, each of which is developed 

from the previous one, to obtain a forecast. (Stevenson, 2002) 

Brainstorming: This is a structured procedure for helping a group to generate ideas. 

Brainstorming can be used to create a list of possible decisions or future outcomes. A 

brainstorm meeting should be short in order to suspend evaluation. (Armstrong, 2002) 

Other methods include prediction markets, resource allocation methods etc. but a further 

discussion about these methods will not be provided here.  

2.1.2. FORECASTS BASED ON TIME SERIES 

A time series is a time-ordered sequence of observations taken at regular intervals over a 

period of time. The assumption is made about forecasts based on time series that future values 

of the series can be estimated from past values. When plotting a time series one or more 

patterns might come into view for example: 

 Trend: A long-term upward or downward movement in the data;  

 

 Seasonality: Short-term regular movements in the data related to time of day or 

calendar; 

 

 Cycles: Wavelike movement in the data that lasts for more than one year; 

 

 Irregular variations: Something that is caused by unusual circumstances, not a 

typical behaviour; 

 

 Random variations: All other behaviour of the data in the time series 

Various types of forecasting method based on time series do exist and the choice of method is 

made depending on the pattern of the data for example: 

Naive Methods: This method bases the forecast solely on a single previous value of the time 

series.  This means that the last data point in the series becomes the forecast for the next 

period. This method can be used with stable time series,i.e. time series that have variation 

around an average. The advantages of this method are that it is low cost, quick and easy to 

prepare and straight forward to understand. The key dis-advantage is that it does not provide 

for accurate forecasting. 

Techniques for averaging: Averaging forecast techniques generate forecasts that reflect the 

average value over the last several periods. These techniques work best when the time series 
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tends to have variation around an average, but they can also handle step changes or gradual 

changes in the time series. There are three techniques for averaging: 

 Moving average: The method averages a number of recent actual values and updates 

as new values becomes available. The advantage of this method is that it is easy to 

compute and understand but the disadvantage is that all values in the average are 

weighted equally so, if changes occur in the time series, the forecast can be slow to 

react, especially if the average is based on many values. 

 Weighted moving average: This method is similar to the moving average method 

except that more recent values in the time series are given more weight (all values are 

weighed) in computing a forecast. The advantage of this method is that it is more 

reflective of the most recent values than the moving average method, which makes the 

forecast quicker to respond to changes. The main disadvantage is that it is difficult to 

find out the weights. 

 Exponential smoothing: This method is a weighted averaging method based on a 

previous forecast plus a percentage of the forecast error. This method is very often 

used because it is easy to calculate and the weighting scheme can easily be altered by 

changing the percentage of the forecast error. 

Techniques for trend: These techniques are used when there are notable trend patterns in the 

data. There are two techniques for trend: 

 Technique that uses the linear trend equation: This technique uses the linear trend 

equation yt = a + bt to develop a forecast, where yt is the forecast for period t, a is the 

value of yt at t = 0 and b is the slope of the line. 

 Trend adjusted exponential smoothing: Technique that uses variation of exponential 

smoothing in time series that exhibits trend. 

Techniques for seasonality: These techniques are used when there is notable seasonality in 

the data. There are two techniques for seasonality: 

 Additive method: In this method the seasonality is expressed as quantity and is added 

or subtracted from the time series average in order to incorporate seasonality. 

 Multiplicative method: In this method the seasonality is expressed as a percentage of 

the average which the value of the series is multiplied with to incorporate seasonality. 

Techniques for cycles: When cycle patterns occur in the time series data, it is very 

challenging to perform a forecast because the turning points are difficult to identify. Here a 

short moving average or a naive approach can be used, but is inaccurate. The most commonly 

used approach is explanatory i.e. search for another variable that relates to, and leads, the 

variable of interest. (Stevenson, 2002) 

 

 



Reference Class Forecasting Method used in Icelandic transportation infrastructure projects 

11 
 

2.1.3. EXPLAINING INACCURACY 

There  is no one simple explanation for under-performance in cost forecasting but, at the most 

basic level it, can be grouped into three categories:  (Flyvbjerg, Over budget, over time, over 

and over again, 2011), (Flyvbjerg, From Nobel Prize to Project Management: Getting risks 

right, 2006). 

1. Technical explanations 

2. Psychological explanations 

3. Political explanations 

TECHNICAL EXPLANATIONS 

Technical explanations explain inaccuracy in terms of project uncertainty, unreliable or out-

dated data and the use of inappropriate forecasting models. These are often typical 

explanations, used by management, for under-performance against forecast.  

In times past, 10 years ago and longer, such explanations were more appropriate because data 

on project performance was generally of low quality due to small samples and less advanced 

technology Today such explanations simply do not fit. 

If under-performance were truly caused by technical explanations, firstly, it would be 

expected that the distribution of inaccuracy were normally distributed with mean value near 

zero; unfortunately the distribution of inaccuracy is very biased with mean value very far 

from zero. Secondly, one would expect an improvement in accuracy over time, since planners 

would learn to recognise and address the sources of the errors. 

Data and models are improving, but evidence shows that this has not led to enhanced 

performance in terms of lower overspend indicates that something other than poor data and 

models are the key to the under-performance. Psychological and political explanations offer a 

better reasoning for the lack of improvement in this field.  

(Flyvbjerg, From Nobel Prize to Project Management: Getting risks right, 2006) 

(Flyvbjerg, Over budget, over time, over and over again, 2011) 

PSYCHOLOGICAL EXPLANATIONS 

Psychological explanations describe inaccuracy in terms of optimism bias. Optimism bias is 

defined as “the demonstrated systematic tendency for appraisers to be over-optimistic about 

key project parameters”. (HM Treasury, 2003). In other words, optimism bias is when 

planners fall into the trap that psychologists call the planning fallacy. Planning fallacy is when 

“managers make decisions based on delusional optimism rather than on a rational weighting 

of gain, losses, and probabilities. They over-estimate benefits and under-estimate cost. They 

spin scenarios of success whilst overlooking the potential for mistake and miscalculations. As 

a result, managers pursue initiatives that are unlikely to come in on budget or on time – or to 

ever deliver the expected returns.” (Lovallo & Kahneman, 2003). 
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It has been demonstrated that, generally, people are over optimistic most of the time. Research 

has shown that when people are asked to evaluate their own talents, it is very common to 

think they are above average. For example, in a survey of one million students, 70% said they 

were above average in leadership ability, while only 2% rated themselves below average; 

60% rated themselves above average when they were asked about their athletic ability, but 

only 6% rated themselves below average. A significant 60% believed themselves to be at the 

top of their class regarding their ability to get along with others, while 25% considered 

themselves to be in the top 1%. Statistically this is impossible (Lovallo & Kahneman, 2003) 

Another common tendency is for people to blame negative outcomes on external factors but 

take credit for the positive ones. One study, for example, shows that managers tend to blame 

outside factors such as weather or inflation if the outcome is unfavourable but in contrast a 

favourable outcome was due to factors under their control, such as corporate strategy. 

Managers also have the tendency to think they are in control of everything and results are 

determined purely by their action and the action of the organisation, not by external factors. 

(Lovallo & Kahneman, 2003). 

Two additional prejudices that further magnify optimism are anchoring and competitor 

neglect. Anchoring on a plan is when a forecast is based on a plan drawn up by the person or 

team proposing the project. This can have serious pitfalls, because the plan is designed to 

favour the project by high-lighting the positives. A forecast based on this plan will therefore 

automatically become extremely optimistic. In an experiment that reveals the power of 

anchoring, people were asked two questions. Firstly, what were the last four digits in their 

social security number and secondly if they thought the number of doctors in Manhattan was 

greater or smaller than the four-digit number. Subsequently, they were asked what the actual 

number of doctors in Manhattan was. The correlation between the social security number and 

the estimated number of doctors were significantly positive.  

Competitor neglect is when planners focus solely on their own company capabilities when 

making forecasts, but ignore the abilities of their competitors. The pitfall here is again to 

under-estimate the potential for negative events. (Lovallo & Kahneman, 2003). 

Of course optimism is not such a bad thing that planners should try to wipe it out of 

themselves and their organisation. Often, optimism creates enthusiasm and motivates 

employees to reach the company’s goal. However, financial exposure makes it important to 

ensure a forecast is realistic. The key is to be aware of the optimism bias and eliminate it 

through methodology. When making the first decision about a project, whether to go ahead or 

not, it is strongly recommended to take the outside view rather than the inside view (See more 

about outside and inside view in chapter 2.3.) as the former is much more likely to produce an 

accurate forecast. (Lovallo & Kahneman, 2003). 

If optimism bias were the only reason for inaccuracy in forecasts, it would be expected that 

planners would have learned to recognise the pattern and forecasts would have improved over 

time. In some cases, optimism bias is the main reason for inaccuracy, for example when the 

forecast is made by a new, inexperienced forecaster, but it seems to be unlikely that a whole 

profession of forecast experts would make the same mistakes time after time. They would of 
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course learn from their previous mistakes which would result in an improvement. Optimism 

bias may be a part of the explanation for inaccuracy in forecasts but cannot be the whole 

explanation. (Flyvbjerg, Over budget, over time, over and over again, 2011) 

POLITICAL EXPLANATIONS 

Political explanations explain inaccuracy in terms of strategic misrepresentation. Strategic 

misrepresentation occurs when forecasters and managers deliberately and strategically over-

estimate the benefits and under-estimate the costs in order to increase the probability for 

project approval and funding. (Flyvbjerg, From Nobel Prize to Project Management: Getting 

risks right, 2006).  

Planners have a tool box full of methods and models to analyse and plan new projects. 

Planning however is not just black and white. Society is a fish bowl of politics where people 

with different interests are grouped together.  

Planners may see themselves in two different roles that are in contradiction with each other. 

On one hand, planners are scientists who analyse data provide the best solution for the 

problem. Conversely, planners are advocates who use data, models and methods to prove that 

a certain outcome is the best choice in a given situation. In the AICP Code of Ethics one can 

see the conflict. The code says, for example, both that planners must exercise independent 

professional judgment but also accept the decision of the client concerning the objectives and 

nature of the professional service. Planners, politicians and managers have the ability to 

choose how they decide to interpret the outcome of a forecast and how they present it to 

others. To give examples: (Wachs, 1989) 

 Often planners must assume values for some parameters in their model. It is very 

common that the arguments for this choice of parameters are not mentioned and the 

parameters are not mentioned at all. 

 

 It is common to see forecasted values presented as a single number, without 

confidence interval. A single number does not tell the whole story. A sales forecast of 

100.000 having a 90% confidence band of 5.000 is very different from having 90% 

confidence band of 40.000. 

 

 Sometimes planners base their research on unreliable data or even falsify data sets. For 

example, assuming that old data is still valid even if there is evidence to the contrary 

or simply making-up data because actual numbers do not exist. 

Strategic misrepresentation is said to be the result of having to support decisions with facts 

and figures in order to be convincing and the result of too much political and organisational 

pressure. Groups and individuals are always in competition because it is impossible to fund all 

projects. So, in order to increase the likelihood that a project is chosen, people interpret and 

present the forecasted results as the most favourable even though facts are altered or 

something is left unsaid that is, in fact, very important for the success of the project. On 
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occasion, one could get the feeling that clients simply prevail on another planner to make the 

forecast if a previous result is not “good” enough. (Flyvbjerg, Over budget, over time, over 

and over again, 2011) 

Studies from Flyvbjerg and Cowi and Wachs each support the view that in situations where 

there is high political or organisational pressure, forecasters intentionally use the following 

formula in order to secure approval and funding for their projects: (Flyvbjerg, Over budget, 

over time, over and over again, 2011) 

Underestimated Cost + Overestimated Benefits = Project Approval (1) 

The result is that “it is not the best projects that get implemented, but the projects that are 

artificially and misleadingly made to look best on paper”. (Flyvbjerg, Over budget, over time, 

over and over again, 2011). 

2.2. INSIDE VIEW VERSUS OUTSIDE VIEW 

The difference between taking the inside and outside view is best described with a short 

example:  

In a project to develop a curriculum for a new subject area for high schools in Israel, 

every member of the planning team was asked to write down how long they thought 

this project would take to initiate, develop and conclude. The estimates ranged from 

18-30 months. One member of the team, who was expert in curriculum development, 

was then asked to recall as many similar projects and tell the other team members how 

long time these past projects had taken. The answer was that about 40% of similar 

projects that the curriculum expert could think of had never been completed, and the 

time in the other 60% ranged from 7-10 years. He was then asked if he believed that 

the present team was more skilled in curriculum development than the earlier ones had 

been. The answer to that question was “no”. Despite this, the team decided to proceed 

with the same timeframe; 8 years later the project was completed but the resulting 

curriculum was rarely used. 

In this example two forecasts were made which gave very different results. The inside view, 

what is typically done, focusing on the present project only, considering its objective, 

resources needed, factors that can go wrong and attempting to find a way to prevent things 

going wrong the resulting forecasts were extremely optimistic. The outside view completely 

ignored the present project but instead examined past experiences on past similar projects. 

The resulting forecast was much more accurate. 

Research has shown that when people are asked simple questions which require them to take 

the outside view, their answer becomes much more objective and reliable. As mentioned in 

chapter 2.1.3. – Psychological explanations, when asked about their own abilities, people tend 

to think they are above average. When students were asked about their future grades, 84% 

expected to perform better than their fellow students. When the students were first asked 

about their entrance scores in comparison with their fellow students and then asked about 
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their future grades, 64% expected to perform better than their fellow students, this is still 

optimistic but much more realistic. The outside view bypasses cognitive and political biases 

such as optimism and strategic misrepresentation and cuts directly to the outcomes. The 

outside view is also known as Reference Class Forecasting. (Lovallo & Kahneman, 2003) 

 

2.3. REFERENCE CLASS FORECASTING 

2.3.1. REFERENCE CLASS FORECASTING – THE METHOD 

Reference Class Forecasting is a method for systematically taking an outside view when 

planning projects, by basing forecasts on actual performance of comparable projects rather 

than focusing only on the project in progress. Originally, Reference Class Forecasting was 

developed to compensate for a cognitive bias that Kahneman and Tversky discovered in their 

work on planning and decision-making under uncertainty, which won Daniel Kahneman the 

Nobel Prize in Economics in 2002. In short, this work demonstrated that human judgment is 

generally very optimistic and over-confident with a tendency to under-estimate cost, 

completion times, and risk of planned actions while over-estimating benefits.  

The American Planning Association (APA) has recommended that planners shall not only 

rely on the inside view forecast technique, but instead use Reference Class Forecasting in 

addition to traditional methods as a way to improve accuracy. “The Green Book” by HM 

Treasury also recommends that estimates of project cost, benefits and duration shall be based 

on data from past projects or similar projects elsewhere. (Flyvbjerg, Curbing optimism bias 

and strategic misrepresentation in planning: Reference Class Forecasting in practice, 2008). 

HM Treasury has encouraged all private and public companies and departments to collect data 

on cost development to be used in future estimates of optimism, but in the meantime, to use 

the best available data. (Flyvbjerg, Procedures for dealing with optimism bias in transport 

planning, 2004). 

Reference class forecasting requires the following three steps should be taken for each 

individual project. (Flyvbjerg, Over budget, over time, over and over again, 2011): 

Step 1: Identification of a relevant reference class of past projects 

It is important that the class is broad enough to be statistically meaningful but 

narrow enough to be truly comparable with the specific project. 

Step 2: Establishing a probability distribution for the selected reference  

                        class 

This requires access to credible data on cost overrun for a sufficient number of 

projects within the reference class to make a statistically meaningful 

conclusion. (Normally at least 10). 

Step 3: Compare the specific project with the reference class distribution 

  Then the most likely outcome for the specific project is established. 
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Step 1:  

 

To identify a relevant reference class of past projects, the main issue is how the classification 

should be done. The reference classes cannot be too narrow i.e. the transport schemes cannot 

be divided into too many categories because then it could be difficult to establish valid 

optimism bias “uplift” as each category is too small. Similarly the reference classes cannot be 

too wide, because then some projects within each reference class are not comparable 

(Flyvbjerg, Procedures for dealing with optimism bias in transport planning, 2004). The key is 

that the projects within each of the reference classes show with statistical tests, benchmarking, 

and other analyses, that the risk of cost overrun within each class may be treated as 

statistically similar (Flyvbjerg, From Nobel Prize to Project Management: Getting risks right, 

2006). What Flyvbjerg means with “uplifts” is how much proportion of additional funding is 

needed to be 50% sure that the project does not exceed the plan. 

 

Step 2: 

 

Once the reference classes have been built, an accurate probability distribution for overspend 

has to be found for each class. Cost overruns in percentiles are defined according to equation 

(2), where I = Cost Overrun in %, Ta = Actual Cost of a project and Tf = Forecasted Cost of a 

project. Actual cost is defined as real, accounted costs determined at the time of completing a 

project and forecast cost are defined as the cost at the time the decision is made to build a 

project. (Flyvbjerg, Measuring inaccuracy in travel demand forecasting: methodological 

considerations regarding ramp up and sampling, 2005). 

 

  
       

  
  (2) 

 

 

In order to ensure comparability, it is important that the definition of forecasted and actual 

cost is identical for all projects. The distribution for each reference class is used to establish 

the optimism bias uplifts in step 3. (Flyvbjerg, Procedures for dealing with optimism bias in 

transport planning, 2004).  

 

In this step, the sampling and collection of data is of great importance. Data should be a 

random sample from a larger population and reflect it accurately. It is very difficult to know 

for sure whether the sample is representative of the population. There are several explanations 

one should always consider: (Flyvbjerg, Procedures for dealing with optimism bias in 

transport planning, 2004) 

 

1. It may be argued that projects that are well managed regarding data availability and 

also well managed in terms of other factors which result in better-than-average 

performance.  

2. It should be considered that managers of projects that have large overspend are not 

interested in making the cost data available, while strong project managers are very 
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interested to making the cost data public. This leads to under-representation of “bad” 

projects, but over-representation of “good” projects in the sample. 

3. Even when managers have made cost data available, they may have decided to give 

out data that presents their projects as favourably as possible. Often there are several 

forecasts of costs and several calculations of actual cost to choose from. There might 

therefore be temptation for managers to choose the combination of forecasted cost and 

actual cost that make their projects look best on paper. 

4. There might be difference in the representation of different sub-samples i.e. in a 

reference class that is supposed to be comparable to both bridges and tunnels, 85% of 

the projects in the reference class might be bridges and only 15% tunnels. 

 

Step 3: 

 

Once a probability distribution for cost overrun has been found for each reference class, it is 

possible to find out the required optimism bias “uplift”. Required uplifts are established as a 

function of the level of risk one is willing to take. Lower level of acceptable risk results in a 

higher required uplift. (Flyvbjerg, Procedures for dealing with optimism bias in transport 

planning, 2004). 

 

To see how the optimism bias up-lifts work let’s look at figure 2. If the project being 

examined is an average project (risk analysis is average) then it should be expected that on 

average the final cost will exceed the forecasted cost by the average budget increase e.g. if in 

a single reference class the average cost overrun is say 10%, then to have a 50% chance of 

being under forecasted cost but also a 50% chance of being over forecasted cost, 10% up-lift 

should be added to the project being compared to the reference class. If it is not acceptable to 

have a 50% chance of cost overrun then the uplift needs to be higher than the average budget 

increase. If the chance of cost overrun is below a given threshold (x%) then figure 3 shows an 

example of the necessary uplift. (Flyvbjerg, Procedures for dealing with optimism bias in 

transport planning, 2004) 
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Figure 3: Definition of Optimism Bias Up-lifts within a certain class of projects 

But how should the risk be decided? The 50% percentile should only be used in instances 

were one is willing to take a high degree of risk that cost overrun will occur and in situations 

where investors are funding a large number of projects and cost savings on one project that 

may be used to cover the costs of overruns in other projects. The upper percentiles (80%-

90%) should be used when a high degree of certainty is wanted that overspend will not occur, 

for instance in stand-alone projects with limited access to additional funds. Other percentiles 

may be used to reflect additional degrees of willingness to accept risk. (Flyvbjerg, Procedures 

for dealing with optimism bias in transport planning, 2004) 

When a project consists of two or more different project segments i.e. the same project 

contains both a road and a bridge for example, it can be considered as a combined project and 

should be divided into two parts. The appropriate uplift should then be applied to each part 

independently. To get the total budget increase for the whole project these two parts are 

summed up. (Flyvbjerg, Procedures for dealing with optimism bias in transport planning, 

2004) 

If risk analysis reveals that a certain project is above risk, a higher unit cost may be set on 

each element when building the primary cost plan in order to be able to compare this project 

with a reference class of similar projects (Flyvbjerg, Procedures for dealing with optimism 

bias in transport planning, 2004). 

2.3.2. REFERENCE CLASS FORECASTING IN PRACTICE 

The first instance of Reference Class Forecasting in practice was carried out in 2004 by 

Flyvbjerg and Cowi in association with HM Treasury and the UK Department of Transport. 

The method was used on large transportation projects in the UK. It revealed that in a database 

of 260 transport infrastructure projects, the major difference in overspend was between the 

categories roads, rail and fixed links i.e. statistical tests showed that projects within each of 
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the three groups could be considered as equal with respect to the risk of cost overruns. Types 

of projects in each category can be seen in table 1 (Flyvbjerg, Procedures for dealing with 

optimism bias in transport planning, 2004). 

Category Types of projects Source of optimism bias uplifts 

Roads Highways Reference class of British road 

Trunk roads Projects 

Local roads   

Bicycle facilities   

Pedestrian facilities   

Park and ride   

Bus lane schemes   

Guided buses on 

wheels   

Rail Metro Reference class of international 

Light rail and British rail projects 

Guided buses on tracks   

Conventional rail   

High speed rail   

Fixed links Bridges Reference class of international 

Tunnels and British bridge and tunnel 

  Projects 

Table 1: Fyvbjerg: Categorisation of transport schemes 

In Flyvbjerg’s database of past projects all available data was considered to be a part of the 

sample.  

 

Cost data was collected from different sources, i.e. annual project accounts, questionnaires, 

interviews and other studies. Forecasted cost was identified to be the forecasted cost at the 

time approval was given for the projects. If this was not available the closest estimate was 

used; typically a later estimate resulted in bias in the measurement of cost overrun.  

 

Data on 353 projects was available but 85 were rejected due to unsatisfactory data quality. 

Flyvbjerg decided to use only past projects from Europe and North America, numbering 252, 

of which there were 172 road projects, 46 rail projects and 34 fixed link projects. Information 

regarding the extent to which contingencies were taken into account in initial forecasts was 

not available. 

 

As a result, Flyvbjerg got the following probability distributions for the road reference class 

(Figure 4) and the fixed link reference class (Figure 5): 
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Figure 4: Flyvbjerg: Probability Distribution of cost overrun for roads, N = 172 

 

Figure 5: Flyvbjerg: Probability Distribution of cost overrun for fixed links, N = 34 

Figure 4 illustrates the share of projects with a given maximum cost overrun in relation to the 

percentage of cost overrun for roads and figure 5 for fixed links. In figure 4 for instance, 40% 

of projects have a maximum cost overrun of 10%, 80% of projects have a maximum overrun 

of 32 % etc. Likewise, in figure 5, 40% of projects have a maximum cost overrun of 16%, 

80% of projects have a maximum overrun of 55% etc. (Flyvbjerg, Procedures for dealing with 

optimism bias in transport planning, 2004). 

 

On the basis of the probability distribution shown in figures 4 and 5, required uplifts for roads 

and fixed links were as shown in figures 6 and 7. 
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Figure 6: Flyvbjerg: Required uplift as a function of the maximum acceptable level of risk for cost overrun, roads 

 

Figure 7: Flyvbjerg: Required uplift as a function of the maximum acceptable level of risk for cost overrun, fixed links  

With a willingness to accept 50% risk for cost overrun, the required uplift would be 15% for 

roads but 23% for fixed links. In both cases the lower the acceptable risk for overspend, the 

higher the uplift. 

 

Table 2 summarises the results from figures 6 and 7. 
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Category Types of projects Applicable optimism bias uplifts 

50% 60% 70% 80% 90% 

Roads Highways 

15% 24% 27% 32% 45% 

Trunk roads 

Local roads 

Bicycle facilities 

Pedestrian facilities 

Park and ride 

Bus lane schemes 

Guided buses on 

wheels 

Fixed 

links 
Bridges 

23% 26% 34% 55% 83% Tunnels 

  

Table 2: Flyvbjerg: Required uplift for selected percentiles 

2.3.3. HOW THE RCFM RELEATES TO RISK MANAGEMENT 

In traditional forecasting methods scenario planning is often used to determine risk. Planners 

try to imagine and foresee all factors that could go wrong and their probability, in order to 

determine the “most likely” scenario which is then assumed to be the outcome. In large and 

complex projects, it is likely that the planners have not fully considered all the possible 

sequences of events that might delay the project. Even if each outcome may only have a small 

chance of occurring, in combination they may actually be far more likely to happen than the 

so called most likely scenario. As a result, scenario planning can seriously under-estimate the 

probability of things going wrong i.e. underestimate the risk in projects. (Lovallo & 

Kahneman, 2003).  

When using the RCFM it is possible to clearly see the risk and, as a consequence, evaluate 

and choose the risk one is willing to take. The risk is determined by looking at past projects so 

when using the RCFM it is not possible to have biases, only imperfect data. 

2.4. CONCLUSION 

Today traditional forecasting methods are either based on judgment and opinion or on time 

series. Forecasting method based on time series are more accurate than forecasting method 

based on judgment and opinion but neither of these approaches includes risk analysis, i.e. the 

risk of the forecast in not known. The risk analysis is completed only by considering the 

project itself, by identifying all factors that can go wrong and the probability, without 

considering other similar past projects. This often leads to serious under-estimation of risk. 

There are three explanations for under-estimation of cost and risk and over-estimation of 

benefits. 

It is clear that the technical explanations are not considered a valid reason for cost overrun. 

Psychological explanation in terms of optimism bias and political explanation in terms of 



Reference Class Forecasting Method used in Icelandic transportation infrastructure projects 

23 
 

strategic misrepresentation is considered more realistic; the difference between these two 

explanations is that optimism bias is not intentional but strategic misrepresentation is. 

Explanations in terms of optimism bias are of high value where political and organisational 

pressure are low but hold less power in situations where political pressure is high. Conversely, 

explanations in terms of strategic misrepresentation are of high value where political and 

organisational pressure are high but hold less power in situations where political pressure is 

low. By this it is clear that one is strong where the other is weak and vice versa, but both 

explanations are necessary to understand the reasons for bias in project management. 

(Flyvbjerg, Over budget, over time, over and over again, 2011). 

In order to neutralise forecasting and make it more accurate, it is recommended that instead of 

taking the inside view, like most traditional forecasting methods, to take the outside view i.e. 

use RCFM as when using this method it is not possible to have bias only imperfect data. 

RCFM comes as an addition to traditional forecasting methods and displaces traditional risk 

analysis by showing clearly which optimism bias should be chosen to have a certain risk of 

overspend. 

Although RCFM seems to be very straight forward and easy to understand in theory, the 

challenge is to secure reliable data that leads to dependable forecasts. 
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3. RESEARCH METHODOLOGY 

3.1. INTRODUCTION 

In this chapter the methodology applied in this research will be reviewed i.e. how RCFM is 

used to build a prototype foresight model for ICERA. As stated in chapter 1.5. the method 

used in this research is quantitative.  

Chapter 3.2. details how the data was collected and further information about the database, 

how it was decided to group into reference classes and the reasons for rejecting data from the 

sample. Key statistics and the probability distribution will be found for each reference class as 

well as the optimism bias uplift. Chapter 3.3. is a brief conclusion to chapter 3. 

3.2. RESEARCH DESIGN 

3.2.1. SAMPLING AND DATA COLLECTION 

The database used in this project was obtained from ICERA. ICERA had in its possession five 

years of historical cost data about projects completed in the period 2007 to 2011. All projects 

for which data on cost development was available were selected to be in the sample. 

The database contained 80 projects, 11 of which had been finished 2007, 24 of which had 

been finished 2008, 22 of which had been finished 2009, 15 of which had been finished 2010 

and 8 of which had been finished 2011. As each project can be complicated and consist of 

different project segments, i.e. one project can consist of bridges, roads and tunnels, some 

projects had to be divided up. For that reason the database contained 110 projects (project 

segments) at whole, 14 of which had been finished 2007, 39 of which had been finished 2008, 

23 of which had been finished 2009, 23 of which had been finished 2010 and 11 of which had 

been finished 2011. 

The 110 projects in the database consisted of the following types of projects as seen in table 3. 
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Types of Projects 
Number of projects in 

database 

Roads 70 

     Roads 65 

     Pavement on roads 1 

     Surface dressing on roads 1 

     Temporary roads 2 

     Road beside underpass 1 

Entrance Ramps 3 

Traffic Roundabout 7 

Intersections  3 

     Ground work and road constructions 2 

     Surface finish 1 

Bridges 10 

Underpasses 7 

     Regular underpasses 3 

     Steel bow underpasses 3 

     Moulded bearing walls 1 

Gutter 1 

Waterside Protection 1 

Road lightenings and electrical installations 1 

Fences 1 

Conduits and wiring systems 3 

Ditches 1 

Production of poles 1 

Utilities 1 

Table 3: Types of projects in the database 

Roads can be main roads, connecting roads or regional roads. The 65 road projects are both 

roads installed from scratch and re-construction of existing roads. Re-construction of existing 

roads is virtually the same as installing roads from scratch. (Gudmundsson, 2012). The 10 

bridges in the database are probably not all of the same kind. The kind of bridge however 

should not be an issue because the risk of cost overrun for all bridges can be treated as 

statistically similar. The reason for this assumption is that in all bridge projects the volume is 

well defined and additions are generally negligible. (Gudmundsson, 2012) 
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The following information was available in the database: 

 Primary cost plan both from ICERA and from the contractor who was awarded the 

project. 

o The primary cost plan from ICERA is defined as the forecasted cost at the time 

of decision to build a project. The plan is based on volumes and unit prices. 

Unit prices are obtained with a moving average time series method. The 

average of the unit price of all contractors for 3-4 years is calculated to be the 

new unit price (Gudmundsson, 2012). 

o The primary cost plan from the contractor is defined as the forecasted cost at 

the time when the contract is awarded to the contractor after the tender offer. 

The plan is based on volumes and unit prices. (Gudmundsson, 2012) 

 Secondary cost plan both from ICERA and from the contractor 

o The secondary cost plan of a project is defined as ‘the overall plan of a 

project’. Here all additions that came into view at later stage of a project have 

been added to the primary cost plan. This is the last cost plan before the 

project is finished. (Gudmundsson, 2012) 

 Actual cost of the project 

o Actual cost of a project is defined as real, accounted cost determined at point 

of completion and is the amount the contractor is paid. (Gudmundsson, 2012) 

 

The actual cost was divided into two categories in order to see how large the actual cost was 

because of the volume forecasted in the beginning of the project and how large the actual cost 

was because of additions. This information is however not completely trustworthy, as 

examples have shown that items that should have been recorded as an addition in some 

instances were recorded as forecasted volume and vice versa. (Gunnarsson & Gudmundsson, 

2012) 

 

At last, all information regarding cost for the same project has the same rate i.e. if it takes two 

years to complete a project the primary cost plan and the actual cost has the same rate, which 

is comparable. (Gunnarsson & Gudmundsson, 2012) 

3.2.2. BUILDING REFERENCE CLASS FORECASTING MODEL 

In order to build the Reference Class Forecasting Model the steps introduced in chapter 2.3. 

were taken into consideration. 

Step 1: Identification of a relevant reference class for ICERA’s past  

                        projects; 

Step 2: Establishing a probability distribution for all reference classes; 

Step 3:  Finding the optimism bias uplift. 
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STEP 1 – IDENTIFICATION OF REFERENCE CLASSES OF PAST PROJECTS 

After reviewing which kind of transportation projects were included in the database, it was 

decided to make two reference classes similar to those classified by the UK transportation 

projects.  

The first suggestion was to have one reference class containing roads and all matters road 

related such as pavement and surface dressing on roads, temporary roads, entrance ramps, 

traffic roundabouts and intersections and one reference class containing bridges, underpasses 

and gutters. Note that tunnels would be suggested in reference class 2 but the database did not 

contain any tunnel projects. This classification was agreed as the database was small, 

containing data on few project types and the time for the project was limited. The first 

suggestion of classification into reference classes is summarised in table 4. 

Category Types of projects Source of optimism bias uplifts 

Roads Main roads Reference class of Icelandic road 

projects Connecting roads 

Region roads 

Pavement on roads 

Surface dressing on 

roads 

Temporary roads 

Road beside underpass 

Entrance ramps 

Traffic roundabouts 

Intersections 

Fixed 

Links 
Bridges Reference class of Icelandic 

Bridge and underpass projects Underpasses 

Gutters 

Table 4: Classification of transport schemes – First Suggestion  

After discussing this classification idea with the directors of ICERA, it materialised that, it is 

almost impossible to say if traffic roundabouts, entrance ramps and intersections can be 

categorised in the same group as roads in general, i.e. the risk of cost overrun can be treated as 

statistically similar. It depends on the nature of the project. Traffic roundabouts are for 

example very specialised due to little volume and a specialised finish. Conversely, pavements 

and surface dressings on roads cannot be categorised with roads due as the risk of cost 

overrun is not comparable. The risk involved when putting pavement or surface dressing on 

roads is much less then when installing roads from scratch or re-constructing existing roads. 

This is because the risk involves the underlay filling, not the surface. For Reference class 2 – 

Fixed links it was considered likely that both underpasses and gutters could be categorised in 

the same group as bridges because the volume is usually well defined even though the project 

segment is very different for i.e. underpasses. (Gudmundsson, 2012) 
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After this new finding it was decided to classify the transport schemes as shown in table 5. 

 

Category Types of projects Source of optimism bias uplifts 

Roads Main roads Reference class of  Icelandic 

road projects Connecting roads 

Region roads 

Temporary roads 

Road beside underpass 

Fixed 

Links 
Bridges Reference class of Icelandic 

bridge and underpass projects Underpasses 

Gutters 

Table 5: Classification of transport schemes – Second suggestion 

STEP 2 – ESTABLISHING A PROBABILITY DISTRIBUTION FOR EACH REFERENCE 

CLASS 

The next step was to select data from the database described in chapter 3.2.1. into relevant 

reference class defined in step 1. The classification performed in step 1 showed that 68 

projects from the database could belong to Reference Class 1 – Roads, 17 projects could 

belong to Reference Class 2 – Fixed links and 25 projects were inapplicable i.e. did not fit to 

any reference class. When the database was examined further it became apparent that only 65 

projects could belong to Reference Class 1 – Roads and only 11 projects could belong to 

Reference Class 2 – Fixed links i.e. only 76 of 110 projects were useful. Projects were 

rejected for following reasons: 

 Project did not fit to any reference class  

o Example: Pavement on roads, surface dressings on roads, entrance ramps, 

traffic roundabouts, intersections, waterside protection, road lightings and 

electrical installations, fences, conduits and wiring systems, ditches, 

production of poles and utilities. 

 Project had never been finished. 

 Project did not have the right actual cost. 

 The project did not have a primary cost plan. 

 The same project did appear twice in the database. 

How is it possible to know if a project was never finished or if there was simply a huge over-

estimation of cost? Whether projects were rejected due to non-completion, if the actual cost 

were zero i.e. no one had ever been paid for the job, or if the actual cost were far under (50%-

100%) the secondary cost plan. 

As mentioned in chapter 3.2.1., a number of projects within the database had to be divided up 

because they consisted of many different project segments. Projects were rejected as a result 

of incorrect actual cost if all costs were recorded under one segment where the value exceeded 

that permissible but fell below the actual cost for the remaining segments in the project. 
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In Reference Class 1, temporary roads and roads alongside an underpass were excluded. The 

temporary roads were excluded, firstly because of wrong actual cost and secondly as there 

were only two temporary roads in the database it was decided to exclude the other temporary 

road. The road beside the underpass was excluded due to wrong actual cost as well. Even if 

the data had been sufficient for temporary roads and a road alongside an underpass, it had 

probably still been excluded due to the small number of each type. 

In Reference Class 2, gutters were excluded as well as all steel bow underpasses. The 

database only contained one gutter and the cost overrun was considered too high (384%). All 

the steel bow underpasses belonged to the same project where all additional costs had been 

allocated to only one project segment i.e. the actual cost was not right. 

The classification into reference classes after reviewing the data is summarised in table 6.  

Category Types of projects Source of optimism bias uplifts 

Roads Main roads Reference class of 65 Icelandic 

road projects Connecting roads 

Region roads 

Fixed 

Links 
Bridges Reference class of 11 Icelandic 

bridge and underpass projects Underpasses 

Table 6: Classification of transport schemes – Third suggestion 

Once all data had been classified either in Reference Class 1 – Roads, Reference Class 2 – 

Fixed links or considered inapplicable it was possible to calculate the cost overrun for each 

project and draw a  probability distribution for each reference class.  

In order to find the probability distribution for each reference class the following steps was 

taken: 

1. Equation (2) introduced in chapter 2.3.1.was used to calculate the cost overrun for 

each project in the reference class.  

a. The primary cost plan was used as the forecasted cost of the project. 

2. For all possible cost overruns, the frequency of project having a given cost overrun or 

higher was counted. 

3. The number of projects with a given maximum cost overrun was determined. 

4. Draw the probability distribution. 

a. Cost overrun on the x-axis and the share of projects with a given maximum 

cost overrun on the y-axis. 

Since the database contained both the primary cost plan of ICERA and the primary cost plan 

of the contractor who was awarded the project, it was decided to find the uplift for both. The 

distribution for each reference class both for ICERA and for the contractor can be seen in 

figure 7-10 in chapter 4.1.  

Table 9 in Appendix 1 shows the frequency of each cost overrun as well as the share of 

projects with a given maximum cost overrun for Reference Class 1 for ICERA.  
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Table 10 in Appendix 1 shows the level of contractor overspend.  

Tables 11 and 12 in Appendix 1 indicate the overspend for Reference Class 2, table 11 for 

ICERA and table 12 for the contractor. 

Various key statistics about each reference class are summarised in tables 7 and 8. 

Reference Class 1 - Roads 

  ICERA Contractors 

N = 65 65 

Average Overrun = 6% 27% 

Standard Deviation = 0,237 0,213 

Variance = 0,056 0,045 

Maximum Overrun = 118% 97% 

Minimum Overrun = -36% -7% 

Table 7: Key statistics about Reference Class 1 – Roads 

Reference Class 2 - Fixed Links 

  ICERA Contractors 

N = 11 11 

Average Overrun = 7% 19% 

Standard Deviation = 0,207 0,199 

Variance = 0,043 0,04 

Maximum Overrun = 34% 63% 

Minimum Overrun = -24% 1% 

Table 8: Key statistics about Reference Class 2 - Fixed Links 

In ICERA’s road reference class, the project with the second highest overspend has a cost 

overrun of 53%, but the project that has the highest overspend has a cost overrun of 118%. If 

this project, with the highest cost overrun, had been left out of the reference class the 

difference between the maximum and minimum overspend would have decreased 

substantially. However, it was decided to include this project in the reference class as there 

was nothing to indicate that the data on this project was unreliable. Projects were only 

excluded from the reference class if there was an implication that the data was defective. 

STEP 3 – FINDING THE OPTIMISM BIAS UPLIFT 

On the basis of the probability distribution for each reference class, both for ICERA and 

contractors found in step 2, required uplifts could be calculated. In order to calculate the 

required optimism bias uplift the following steps were taken: 

 

1. The acceptable risk of cost overrun to be from 0%-50% was defined 

2. Projects indicating a lower than anticipated spend or an overrun were counted. 
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3. A percentage from 50%-100% was defined 

4. By using the function percentile in Microsoft Excel, calculate the cost overrun 

whereby 50%-100% of the sample are less than budget(and 50%-0% of the sample 

are over budget) 

5. Find the required uplift for each percentile defined in step 1. 

6. Draw the required optimism bias uplift. 

To find the required uplift in step 5 for each percentile defined in step 1, the number 

calculated in step 4 is used. The cost overrun that 100% of the sample is less than and 0% 

over applies to the uplift that is necessary to add to have 0% probability of cost overrun. The 

cost overrun that 80% of the sample is less than and 20% over applies to the uplift that is 

necessary to add to have 20% probability of cost overrun etc. 

To draw the required optimism bias uplift the required optimism bias uplift is drawn as a 

function of the acceptable level of risk. 

Figures 11-14 in chapter 4.2., show the required optimism bias uplift that needs to be added to 

the primary cost plan of ICERA and the contractors both for road projects and fixed link 

projects. Table 13 in Appendix 2 shows the required uplift for the risk of cost overrun from 

0%-50% for Reference Class 1 and table 14 in Appendix 2 the same thing for Reference Class 

2. 

When a new project is scheduled a primary cost plan is performed as normal. With a primary 

cost plan it is necessary to choose acceptable risk. Then it is possible to add an appropriate 

uplift to the primary cost plan. 

As mentioned in step 3 of chapter 2.3.1. the 50% percentile should only be used in instances 

where it is accepted there is a high degree of risk that cost overrun will occur and in situations 

where investors are funding a large number of projects and cost savings on one project may 

be used to cover the costs of overruns in other projects; 80-90% should be used when it is 

agreed with a high degree of certainty that overspend will not occur in that particular project. 

3.3. CONCLUSION 

After reviewing the three steps in RCFM, it can be seen that the method itself is not 

complicated. The main challenge is how to select an accurate reference class and be assured 

that the data in each reference class is significant and truly reflects the population. What is 

meant by significant data is, for example, that primary cost is recorded at the same time point 

for all projects the actual cost is recorded correctly etc. As noted above, the prototype of a 

foresight model for ICERA was undertaken in terms of the research carried out by Flyvbjerg 

for transportation projects in the UK. 
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4. RESULTS  

In this chapter the results from the foresight model built in chapter 3 will be introduced. 

Chapter 4.1.will discuss the distribution of cost overrun i.e. what proportion of projects have a 

maximum cost overrun of x%. This is introduced for both reference classes both for ICERA 

and contractors. In chapter 4.2., the required optimism bias uplift as a function of the 

maximum acceptable level of risk will be introduced for both reference classes both for 

ICERA and contractors. 

4.1. THE DISTRIBUTION OF COST OVERRUN 

Figure 8-11 shows the distribution of cost overrun for each reference class both for ICERA 

and for the contractor.  

 

Figure 8: Probability distribution of cost overrun for reference class 1 - roads, N=65 (ICERA) 

Figure 8 shows the distribution of cost overrun for ICERAs primary cost plan regarding road 

projects. For instance, 40% of projects have a maximum cost overrun of 0% and 80% of 

projects a maximum overrun of 19% etc. 
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Figure 9: Probability distribution of cost overrun for reference class 1 – roads, N=65 (Contractor) 

Figure 9 shows the distribution of cost overrun for the contractors primary cost plan regarding 

road projects. For instance, 40% of projects have a maximum cost overrun of 17-18% and 

80% of projects a maximum overrun of 43-44% etc. 

 

Figure 10: Probability distribution of cost overrun for reference class 2 - Fixed links, N=11 (ICERA) 

Figure 10 shows the distribution of cost overrun for ICERAs primary cost plan regarding 

fixed links projects. For instance, 40% of projects have a maximum cost overrun of (-3)-(-2) 

% and 80% of projects a maximum overrun of 28-29% etc. 
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Finally, figure 11 shows the distribution of cost overrun for the contractors primary cost plan 

regarding fixed links projects. For instance, 40% of projects have a maximum cost overrun of 

10-11% and 80% of projects a maximum overrun of 26-27% etc. 

 

Figure 11: Probability distribution of cost overrun for reference class 2 - Fixed links, N=11 (Contractor) 

4.2. THE OPTIMISM BIAS UPLIFT 

Figures 12 to 15 show the required optimism bias uplift as a function of the maximum 

acceptable level of risk. Figure 12 and 13 apply to Reference Class 1 – Roads and show the 

required uplift that should be added both to ICERAs and the contractors cost plan. 

 

Figure 12: Required uplift as function of the maximum acceptable level of risk for cost overrun, roads, ICERA 
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Figure 13: Required uplift as function of the maximum acceptable level of risk for cost overrun, roads, Contractors  

Figures 12 and 13 show that if  it had been decided the risk of cost overrun for a road project 

should be less than 50% (having 50% chance to be on budget), it would be necessary to use an 

uplift of 5% on ICERAs primary cost plan but an uplift of 23% on the contractors primary 

cost plan. If it had been decided that the risk of cost overrun should be less than 20% (having 

80% chance to be on budget) then an uplift of 20% should be added to ICERAs primary cost 

plan but 44% should be added to the contractors primary cost plan. 

Figures 14 and 15 apply to Reference Class 2 – Fixed Links and show the required uplift that 

should be added both to ICERAs and the contractors cost plan. 

 

Figure 14: Uplift as function of the maximum acceptable level of risk for cost overrun, fixed links, ICERA 
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Figure 15: Uplift as function of the maximum acceptable level of risk for cost overrun, fixed links, Contractors 

Figures 14 and 15 show that if it had been decided the risk of cost overrun for a fixed link 

project should be less than 50% (having 50% chance to be on budget), it would not be 

necessary to add an uplift on ICERA’s primary cost plan but an uplift of 13% would be 

required on the contractor’s primary cost plan. If it had been decided that the risk of cost 

overrun should be less than 20% (having 80% chance to be on budget) then an uplift of 29% 

should be added to ICERA’s primary cost plan but 27% should be added to the contractors 

primary cost plan. 

Tables 7 and 8 summarize the required optimism bias uplift for selected percentiles for each 

reference class. Table 9 for ICERA and table 10 for contractors. 

Category Types of projects Applicable optimism bias uplifts 

50% 60% 70% 80% 90% 

Roads Main roads 

5% 10% 12% 20% 29% Connecting roads 

Region roads 

Fixed 

Links 
Bridges 

0% 16% 22% 29% 32% 
Underpasses 

Table 9: Required uplifts for selected percentiles – ICERA 
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Category Types of projects Applicable optimism bias uplifts 

50% 60% 70% 80% 90% 

Roads Main roads 

23% 27% 30% 44% 58% Connecting roads 

Region roads 

Fixed 

Links 
Bridges 

13% 13% 16% 27% 48% 
Underpasses 

Table 10: Required uplifts for selected percentiles - Contractors 
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5. DISCUSSION 

At this point we consider the results presented in chapter 4.  Chapter 5.1., discusses the 

distribution of cost overrun as well as the required optimism bias uplift for each reference 

class i.e. the difference between the probability distribution and required optimism bias uplift 

on the one hand between ICERA and the contractors in this project and on the other between 

this project and comparable reference classes in Flyvbjerg’s project regarding transportation 

projects in the UK. Lastly, in chapter 5.2., other speculations such as data registration and 

classification into reference classes will be discussed and recommendations made about how 

this should be done differently in the future. 

5.1. THE DISTRIBUTION OF COST OVERRUN AND THE OPTIMISM BIAS  

       UPLIFT 

In this chapter the difference between ICERA and contractors regarding cost overrun and 

optimism bias uplift will be discussed as well as the difference regarding cost overrun 

between this research and Flyvbjerg’s project about transportation projects in the UK. Initially 

the discussion will cover Reference Class 1 – Roads and thereafter Reference Class 2 – Fixed 

Links. 

Reference Class 1 – Roads 

In Reference Class 1 the shape of the distribution of overspend, is similar for ICERA and the 

contractors. In all cases however the optimism bias uplift that has to be added to the 

contractors primary cost plan is higher than the optimism bias uplift that has to be added to 

ICERA’s primary cost plan. This indicates that ICERA in general makes more realistic cost 

plans for road projects than contractors. The reason for this difference is probably attributable 

to the following: 

 Contractors are in competition with each other to win projects, so it is in their best 

interest to have the bid as low as possible to increase the likelihood that their tender 

offer is accepted. 

 The contractors primary cost plan is the cost plan of the contractor who was awarded 

the project. Generally, the contractor who is awarded the project has one of the lowest 

tender offers. 

 ICERA prepares a cost plan for all road projects that are executed while each 

contractor only undertakes a cost plan regarding road projects they choose to tender 

for. For that reason ICERA has much more experience when preparing a cost plan for 

a road project and has a good overview of all road projects that it has executed. 

 Both ICERA and contractors base their primary cost plan on unit prices. Contractors 

base their primary cost plan on unit prices they know they can achieve with the 

quantity discount included. ICERA bases its primary cost plan on unit prices obtained 

by taking the average unit price from all contractors for a 3-4 years period. In this way 

ICERA evens out fluctuations and in most cases bases its primary cost plan on a 

higher unit price than the contractor with the lowest bid.  
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If Reference Class 1 is compared to the road reference class in Flyvbjerg’s project about 

transportation projects in the UK discussed in chapter 2.3.2, it can be seen that the shape of 

the distribution of cost overrun for the reference class in Flyvbjerg’s project is similar to the 

distribution of cost overrun that is obtained both for ICERA and for contractors in this project. 

When comparing table 2 against tables 9 and 10 it can be seen that the optimism bias uplift in 

Flyvbjerg’s project is higher than the optimism bias uplift required for ICERA’s primary cost 

plan but lower than the optimism bias uplift required for contractors primary cost plan. It can 

also be seen that approximately 60% of ICERA’s primary cost plan suffers from overspend, 

95% of the contractor primary cost plan suffers from cost overrun and about 80% of British 

road projects suffers from cost overrun. Accordingly, it would seem ICERA creates more 

accurate forecasts than their colleagues in the British road construction company. This could 

be attributed to the following: 

 The primary cost plan that Flyvbjerg uses in his project about transportation projects 

in the UK could possibly be done earlier in the process than the primary cost plan 

done by ICERA. 

 ICERA has included uncertainty in its primary cost plan by basing it on higher unit 

prices. In Flyvbjerg’s project, the forecasted cost is most likely based on a plan that 

has not included uncertainty.  

 Flyvbjerg’s database is much larger than the database used in this research. The road 

reference class in Flyvbjerg’s project includes both more diverse and more projects 

(172 projects versus 65 projects).  

 The projects in the database used by this research, as mentioned previously, cover a 

five year period from 2007-2011. However, the number of projects from each year 

differs widely. If only considering whole projects the database contained 11 projects 

that had been finished in 2007, 24 in 2008, 22 in 2009, 15 in 2010 and 8 which had 

been finished in 11. Either there are differences between years regarding the number 

of finished projects, or the database does not contain all projects in this five year 

period. 

 There is a possibility that projects finished over a long period of time have received a 

new work number and for that reason, the overspend is not apparent. 

 ICERA simply completes more accurate cost plans than their colleagues in Britain. 

The reason that the optimism bias uplift is lower in Flyvbjerg’s project than the optimism bias 

uplift required for the contractors primary cost plan is probably because of following: 

 In this project the primary cost plan of the contractor is only based on the cost plan 

made by the contractor who was awarded the project which is probably on the lower 

side.  

Reference Class 2 – Fixed Links 

In Reference Class 2 the shape of the distribution of cost overrun is different for ICERA and 

for contractors. It depends on the risk of cost overrun chosen whether a higher uplift is added 

to ICERA’s primary cost plan or the contractors primary cost plan. If the probability to stay 
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within budget is chosen to be 50% or 90%, then higher optimism bias uplift is needed for 

ICERAs primary cost plan. However, if the probability to stay within budget is chosen to be 

from 60%-80% a higher optimism bias uplift is needed for contractors cost plan. The reason 

could be that Reference Class 2 contains very few projects and because of that the admission 

qualification was not as strict as in Reference Class 1. Seven of the eleven projects in 

Reference Class 2 did not have a precise actual cost due to the fact that all actual costs 

including additions were added to only one project segment. It is therefore not possible to 

look at this reference class as a significant comparison of all fixed link projects. 

If Reference Class 2 is compared to the fixed links reference class in Flyvbjerg’s project, it 

can be seen that he proposed a much higher uplift for projects in this category which further 

supports the theory that Reference Class 2 is incorrect. Flyvbjerg could for example only find 

4 British projects for this reference class, the remainder are international which shows how 

difficult it is to collect reliable data for this kind of project.  

5.2. OTHER SPECULATIONS 

As discussed in chapter 5.1, Reference Class 2 – Fixed Links are impractical due to the small 

number of projects within the reference class as well as inaccurate data on actual cost. Below 

there is a discussion about what ICERA should do differently regarding data registration in 

order for both reference classes, that this project concludes work, are reflective of the 

population. Subsequently, there will be a short discussion about other possibilities of 

classification into reference classes. 

5.2.1. DATA REGISTRATION 

The reasons that projects in the database were unsuitable are listed in Chapter 3.3.2, step 2. Of 

the 110 projects in the database, 36 were unsuitable due to a lack of information. A number of 

these 36 projects were traffic roundabouts and projects that were not used because they did 

not fit into any reference class assumed by this model. Of the projects that did fit into either 

reference classes assumed by this model, 19 of them were unsuitable due to a lack of 

information, 6 others had fitted into Reference Class 1 – Roads and the remainder (13) had 

fitted into Reference Class 2 – Fixed Links.  

If all recorded data had been useable, Reference Class 2 could have included  

17 projects instead of only 11. Indeed, Reference Class 2 should only have included 4 projects 

because 7 of the 11 projects included, mainly bridges, were ‘unreal’ due to insufficient 

information.  However, the decision was taken to use them due to the shortage of projects 

fitting into the reference class. If Reference Class 2 had included 17 projects it would have 

provided a better indication of the level of uplift required on comparable projects in order to 

have a specific risk of overspend. 

To address this problem the data registration has to be systematic, i.e. a standardised 

definition of what should be registered for each project segment, what should be registered as 

actual cost because of volume and what should be registered as actual cost because of 

additions. It is not feasible to register all actual cost due to additions on the same project 
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segment, because we need the right actual cost for each project segment. Figure 16 in 

Appendix 3 shows an example template that could be used to register data for each project 

segment. The importance of registering all project information as soon as it is received, to 

avoid losing data or risk corruption, cannot be under-estimated. 

5.2.2. OTHER CLASSIFICATION POSSIBILITIES 

In order to employ the same reference classes as Flyvbjerg for transportation projects in the 

UK, the database must be bigger. Reference Class 1 – Roads contains sufficient projects to be 

significant but fewer project types than Flyvbjerg’s road reference class. Reference Class 2 – 

Fixed Links is unduly small. Bearing in mind that Flyvbjerg could only find 4 British fixed 

link projects to use in his fixed links reference class, the other 30 fixed links projects in the 

reference class were international, it is necessary to either collect data about international 

fixed links projects or revise the classification.  

At the start beginning of this semester, the idea was discussed to build one reference class for 

each main project segment, on the basis that each road project and each bridge project 

consists of the same project segments. The reasoning behind this idea being that the risk 

within each project segment is very variable. For example, in road projects the main risk 

exists in the road filling and cuts while other project segments are relatively secure. Bridge 

projects are however generally very homogeneous and the main risk exists in the type of river 

bottom because that influences the complexity of digging the bridge foundation.  

In ICERA’s database there exists data on primary cost planning and the actual cost for each 

main project segment, accordingly, it would be very interesting to attempt this type of 

classification. Then, an optimism bias uplift would be added to each main project segment 

and summarized in order to find the total optimism bias uplift for the project at stake. 
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6. CONCLUSION 

In order to answer the research question “Is it relevant for ICERA to use Reference Class 

Forecasting Method in project planning?” the first idea was to test the foresight model on 

projects from ICERA that had been finished in 2012. Since it is more important for ICERA to 

stay within budget on a yearly basis than to have each particular project to be exactly on 

budget, the idea was to add the 50% percentile optimism bias uplift to all road projects 

finished in 2012 to see if the average cost overrun would be closer to zero. However, it was 

observed that almost all projects finished in 2012 had not yet been registered, which also 

suggests that project registration should be improved. It was possible to gather information on 

two projects completed in 2012; however this was insufficient to secure a reliable conclusion.  

Total costs are key to help determine cost savings that can be used to reduce project 

overspend. It is our objective to secure a yearly overspend averaging zero, this means no one 

project alone tells the full story. 

There is no recommendation for ICERA to adopt the RCFM as their current methodology 

works equally as well.  Projects run over a five year period record an average overspend of 

6%, which I consider a great success. 

ICERA receives definite financial resource on an annual basis and is keen to avoid both an 

under-estimation and over-estimation of cost.  In the latter case, fewer projects can be planned 

which is not something it wants.  The ideal position is to have an average overspend as close 

to zero as possible.  To accomplish this ICERA could add a 5% optimism bias uplift to all its 

primary cost plans for road projects, but it is questionable if the effort is worthwhile for such 

small reward. 

The recommendation that ICERA adopts RCFM is made based on the fact that the current 

methodology to obtain unit costs is called the moving average method (see Chapter 2.1.2).  

An important disadvantage of this method is in the event of sudden increase on unit pricing, 

the forecast can be slow to react, particularly if the average is based on many values.  

Following review, the average cost overrun in 2007 was 6%, 2% in 2008, 15% in 2009, 4% in 

2010 and (2%) in 2011.  The sudden collapse in the cost overrun in 2009 could possibly be 

traced to the economic collapse of 2008.  The cost overrun increased because the unit prices 

rose but the moving average did not identify the change quickly enough. 

An overrun in cost is not a consequence of a higher than expected unit price. An overrun in 

cost occurs either because the forecast contains less volume than needed or some additions are 

added to the project afterwards. Because of this, in my opinion,  it is more logical to use the 

RCFM than the moving average method when making a primary cost plan regarding 

transportation projects because the latter can be dangerous if the unit price suddenly increases 

and it does not take account of increased volume or additions. By using the Reference 

Forecasting Method we are able to identify a certain pattern in the data regarding under-

estimation of volumes and additions and secure an estimate of the risk.  

In order to introduce the RCFM, the first step for ICERA would be to define new unit prices. 

There are two possibilities. The first is, for example, to base the unit price of a certain project 
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on the actual unit prices in last project. Another possibility would be to simply use the same 

unit prices as the contractor that is awarded the project. 

If the first possibility was chosen, to base the unit price on the actual unit price in the last 

project, ICERA could re-calculate all its primary cost plans where data is available with the 

appropriate unit price i.e. the actual unit price of last project, in order to obtain the appropriate 

optimism bias uplift. All projects would then be planned according to last project actual unit 

cost and this new optimism bias uplift added to that plan.  

If the second possibility was chosen, to use the same unit price as the contractor who is 

awarded the project, ICERA’s primary cost plan would be identical to the contractor’s cost 

plan, so it would be possible to use the optimism bias uplift which was found in this project 

for contractors. The only difference between the two plans would be the unit price, the 

volume is identical.  

Whilst examining earlier projects, it was observed that the  unit price is identical, each time, 

to the unit price the contractor submitted in the primary cost plan, it is the volume that 

changes, or if additions are added to the project. If ICERA chose this possibility, it would not 

have to consider unit prices, only volume numbers. When a contractor has been selected, all 

that remains for ICERA to do is to add an appropriate optimism bias uplift to the plan. If 

ICERA uses the price from the contractor, changes in price do not matter as the bias works on 

percentile instead of value as with the moving average method.  That means that the RCFM is 

always up to date, even if there is an economic collapse. 

In conclusion it is my opinion that longer term the RCFM is a superior forecasting method 

and more logical than that used by ICERA today. However, considerable change is required if 

RCFM is to be introduced into ICERA’s operation.  ICERA must evaluate the benefit of 

making the change as at present their existing methodology works well enough. 

In order to make it easier for public institutions, including ICERA, to introduce the Reference 

Class Forecasting Method, I would recommend an early start to build a central database where 

all public projects are registered in a uniform manner.  Indeed, the consistent collection of 

data is the main obstacle in the take up of this methodology by any institution.  As detailed in 

chapter 2.3.1, HM Treasury has encouraged all private and public bodies to collect data on 

cost development to be used in future estimates of optimism, but in the meantime, to use the 

best available data.  The same action should be encouraged in Iceland in order to make 

forecasts more accurate and reduce overspend. 

Even though this research project did not succeed in finding a sufficient optimism bias uplift 

for the two reference classes that were proposed in order for ICERA to immediately adopt the 

method, it is still the best estimate of uplifts that currently exists for Icelandic road projects. If 

data is collected appropriately, as suggested above, the RCFM is easy to adopt. For this 

reason I hope the foresight model will be further developed to ensure inaccurate forecasting 

and cost overrun/overspend become part of history. 
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APPENDIX 1 – DISTRIBUTION OF COST OVERRUN 

A.1.1. DISTRIBUTION OF COST OVERRUN FOR REFERENCE CLASS 1 – ROADS 

Distribution of cost overrun - ICERA 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

-36% 1 1 2% 

-35%   1 2% 

-34%   1 2% 

-33%   1 2% 

-32% 1 2 3% 

-31%   2 3% 

-30%   2 3% 

-29% 1 3 5% 

-28% 2 5 8% 

-27%   5 8% 

-26%   5 8% 

-25%   5 8% 

-24%   5 8% 

-23% 1 6 9% 

-22%   6 9% 

-21%   6 9% 

-20%   6 9% 

-19% 1 7 11% 

-18%   7 11% 

-17%   7 11% 

-16% 2 9 14% 

-15%   9 14% 

-14% 1 10 15% 

-13% 1 11 17% 

-12% 2 13 20% 

-11% 1 14 22% 

-10% 3 17 26% 

-9% 2 19 29% 

-8% 1 20 31% 

-7% 1 21 32% 

-6%   21 32% 

-5% 2 23 35% 

-4%   23 35% 

-3%   23 35% 

-2% 1 24 37% 

-1% 2 26 40% 
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Distribution of cost overrun - ICERA 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

0%   26 40% 

1%   26 40% 

2% 1 27 42% 

3% 4 31 48% 

4% 1 32 49% 

5% 1 33 51% 

6% 1 34 52% 

7% 1 35 54% 

8% 2 37 57% 

9% 1 38 58% 

10% 2 40 62% 

11% 3 43 66% 

12% 5 48 74% 

13% 1 49 75% 

14% 1 50 77% 

15%   50 77% 

16% 1 51 78% 

17%   51 78% 

18%   51 78% 

19% 1 52 80% 

20%   52 80% 

21% 1 53 82% 

22%   53 82% 

23% 1 54 83% 

24% 2 56 86% 

25% 2 58 89% 

26%   58 89% 

27%   58 89% 

28%   58 89% 

29%   58 89% 

30%   58 89% 

31% 1 59 91% 

32%   59 91% 

33%   59 91% 

34%   59 91% 

35% 1 60 92% 

36% 1 61 94% 

37%   61 94% 

38% 1 62 95% 

39%   62 95% 
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Distribution of cost overrun - ICERA 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

40%   62 95% 

41%   62 95% 

42%   62 95% 

43%   62 95% 

44%   62 95% 

45%   62 95% 

46%   62 95% 

47%   62 95% 

48%   62 95% 

49%   62 95% 

50%   62 95% 

51%   62 95% 

52% 1 63 97% 

53% 1 64 98% 

54%   64 98% 

55%   64 98% 

56%   64 98% 

57%   64 98% 

58%   64 98% 

59%   64 98% 

60%   64 98% 

61%   64 98% 

62%   64 98% 

63%   64 98% 

64%   64 98% 

65%   64 98% 

66%   64 98% 

67%   64 98% 

68%   64 98% 

69%   64 98% 

70%   64 98% 

71%   64 98% 

72%   64 98% 

73%   64 98% 

74%   64 98% 

75%   64 98% 

76%   64 98% 

77%   64 98% 

78%   64 98% 

79%   64 98% 
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Distribution of cost overrun - ICERA 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

80%   64 98% 

81%   64 98% 

82%   64 98% 

83%   64 98% 

84%   64 98% 

85%   64 98% 

86%   64 98% 

87%   64 98% 

88%   64 98% 

89%   64 98% 

90%   64 98% 

91%   64 98% 

92%   64 98% 

93%   64 98% 

94%   64 98% 

95%   64 98% 

96%   64 98% 

97%   64 98% 

98%   64 98% 

99%   64 98% 

100%   64 98% 

101%   64 98% 

102%   64 98% 

103%   64 98% 

104%   64 98% 

105%   64 98% 

106%   64 98% 

107%   64 98% 

108%   64 98% 

109%   64 98% 

110%   64 98% 

111%   64 98% 

112%   64 98% 

113%   64 98% 

114%   64 98% 

115%   64 98% 

116%   64 98% 

117%   64 98% 

118% 1 65 100% 

Table 11: Distribution of cost overrun for Reference Class 1 - Roads (ICERA) 
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Distribution of cost overrun - Contractor 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. 

Cost overrun 

-7% 1 1 2% 

-6%   1 2% 

-5%   1 2% 

-4%   1 2% 

-3%   1 2% 

-2%   1 2% 

-1% 1 2 3% 

0% 1 3 5% 

1%   3 5% 

2%   3 5% 

3%   3 5% 

4%   3 5% 

5% 1 4 6% 

6% 4 8 12% 

7% 2 10 15% 

8% 3 13 20% 

9% 2 15 23% 

10% 1 16 25% 

11% 2 18 28% 

12% 2 20 31% 

13% 2 22 34% 

14%   22 34% 

15%   22 34% 

16% 2 24 37% 

17% 1 25 38% 

18% 3 28 43% 

19% 1 29 45% 

20% 1 30 46% 

21% 1 31 48% 

22% 1 32 49% 

23% 1 33 51% 

24% 2 35 54% 

25% 2 37 57% 

26% 1 38 58% 

27% 2 40 62% 

28% 2 42 65% 

29%   42 65% 

30% 4 46 71% 

31% 1 47 72% 

32%   47 72% 
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Distribution of cost overrun - Contractor 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. 

Cost overrun 

33%   47 72% 

34% 1 48 74% 

35% 1 49 75% 

36%   49 75% 

37% 1 50 77% 

38%   50 77% 

39%   50 77% 

40% 1 51 78% 

41%   51 78% 

42%   51 78% 

43%   51 78% 

44% 2 53 82% 

45%   53 82% 

46%   53 82% 

47% 1 54 83% 

48% 1 55 85% 

49%   55 85% 

50%   55 85% 

51%   55 85% 

52%   55 85% 

53% 2 57 88% 

54%   57 88% 

55%   57 88% 

56% 1 58 89% 

57%   58 89% 

58%   58 89% 

59% 1 59 91% 

60%   59 91% 

61%   59 91% 

62%   59 91% 

63%   59 91% 

64% 2 61 94% 

65%   61 94% 

66%   61 94% 

67% 1 62 95% 

68%   62 95% 

69% 1 63 97% 

70%   63 97% 

71%   63 97% 

72%   63 97% 
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Distribution of cost overrun - Contractor 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. 

Cost overrun 

73%   63 97% 

74%   63 97% 

75%   63 97% 

76%   63 97% 

77%   63 97% 

78%   63 97% 

79%   63 97% 

80%   63 97% 

81%   63 97% 

82% 1 64 98% 

83%   64 98% 

84%   64 98% 

85%   64 98% 

86%   64 98% 

87%   64 98% 

88%   64 98% 

89%   64 98% 

90%   64 98% 

91%   64 98% 

92%   64 98% 

93%   64 98% 

94%   64 98% 

95%   64 98% 

96%   64 98% 

97% 1 65 100% 

Table 12: Distribution of cost overrun for Reference Class 1 - Roads (Contractor) 
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A.1.2. DISTRIBUTION OF COST OVERRUN FOR REFERENCE CLASS 2 – FIXED 

LINKS 

 

Distribution of cost overrun - ICERA 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

-24% 1 1 9% 

-23%   1 9% 

-22%   1 9% 

-21%   1 9% 

-20%   1 9% 

-19%   1 9% 

-18%   1 9% 

-17%   1 9% 

-16%   1 9% 

-15%   1 9% 

-14% 1 2 18% 

-13% 1 3 27% 

-12%   3 27% 

-11%   3 27% 

-10%   3 27% 

-9%   3 27% 

-8%   3 27% 

-7% 1 4 36% 

-6%   4 36% 

-5%   4 36% 

-4%   4 36% 

-3%   4 36% 

-2% 1 5 45% 

-1%   5 45% 

0% 1 6 55% 

1%   6 55% 

2%   6 55% 

3%   6 55% 

4%   6 55% 

5%   6 55% 

6%   6 55% 

7%   6 55% 

8%   6 55% 

9%   6 55% 

10%   6 55% 

11%   6 55% 
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Distribution of cost overrun - ICERA 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

12%   6 55% 

13%   6 55% 

14%   6 55% 

15%   6 55% 

16% 1 7 64% 

17%   7 64% 

18%   7 64% 

19%   7 64% 

20%   7 64% 

21%   7 64% 

22% 1 8 73% 

23%   8 73% 

24%   8 73% 

25%   8 73% 

26%   8 73% 

27%   8 73% 

28%   8 73% 

29% 1 9 82% 

30%   9 82% 

31%   9 82% 

32% 1 10 91% 

33%   10 91% 

34% 1 11 100% 

Table 13: Distribution of cost overrun for Reference Class 2 - Fixed Links (ICERA) 
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Distribution of cost overrun - Contractor 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

1% 2 2 18% 

2%   2 18% 

3%   2 18% 

4%   2 18% 

5%   2 18% 

6% 1 3 27% 

7% 1 4 36% 

8%   4 36% 

9%   4 36% 

10%   4 36% 

11% 1 5 45% 

12%   5 45% 

13% 2 7 64% 

14%   7 64% 

15%   7 64% 

16% 1 8 73% 

17%   8 73% 

18%   8 73% 

19%   8 73% 

20%   8 73% 

21%   8 73% 

22%   8 73% 

23%   8 73% 

24%   8 73% 

25%   8 73% 

26%   8 73% 

27% 1 9 82% 

28%   9 82% 

29%   9 82% 

30%   9 82% 

31%   9 82% 

32%   9 82% 

33%   9 82% 

34%   9 82% 

35%   9 82% 

36%   9 82% 

37%   9 82% 

38%   9 82% 

39%   9 82% 
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Distribution of cost overrun - Contractor 

Cost overrun vs. 

Budget Frequency n = 

Share of projects 

with given max. Cost 

overrun 

40%   9 82% 

41%   9 82% 

42%   9 82% 

43%   9 82% 

44%   9 82% 

45%   9 82% 

46%   9 82% 

47%   9 82% 

48% 1 10 91% 

49%   10 91% 

50%   10 91% 

51%   10 91% 

52%   10 91% 

53%   10 91% 

54%   10 91% 

55%   10 91% 

56%   10 91% 

57%   10 91% 

58%   10 91% 

59%   10 91% 

60%   10 91% 

61%   10 91% 

62%   10 91% 

63% 1 11 100% 

Table 14: Distribution of cost overrun for Reference Class 2 - Fixed Links (Contractor) 
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APPENDIX 2 – UPLIFTS 

A.2.1. UPLIFTS FOR REFERENCE CLASS 1 – ROADS 

 

Required Uplift - ICERA   Required Uplift - Contractor 

Acceptable risk of 

cost overrun Uplift   
Acceptable risk of 

cost overrun Uplift 

0% 118%   0% 97% 

1% 76%   1% 87% 

2% 52%   2% 78% 

3% 52%   3% 70% 

4% 44%   4% 68% 

5% 38%   5% 67% 

6% 37%   6% 65% 

7% 36%   7% 64% 

8% 35%   8% 64% 

9% 32%   9% 60% 

10% 29%   10% 58% 

11% 25%   11% 56% 

12% 25%   12% 54% 

13% 25%   13% 53% 

14% 24%   14% 53% 

15% 24%   15% 50% 

16% 24%   16% 48% 

17% 23%   17% 47% 

18% 22%   18% 45% 

19% 20%   19% 44% 

20% 20%   20% 44% 

21% 18%   21% 42% 

22% 16%   22% 39% 

23% 15%   23% 38% 

24% 14%   24% 36% 

25% 13%   25% 35% 

26% 12%   26% 34% 

27% 12%   27% 33% 

28% 12%   28% 31% 

29% 12%   29% 31% 

30% 12%   30% 30% 

31% 12%   31% 30% 

32% 12%   32% 30% 

33% 12%   33% 30% 

34% 11%   34% 30% 

35% 11%   35% 29% 
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Required Uplift - ICERA   Required Uplift - Contractor 

Acceptable risk of 

cost overrun Uplift   

Acceptable risk of 

cost overrun Uplift 

36% 11%   36% 28% 

37% 11%   37% 28% 

38% 10%   38% 27% 

39% 10%   39% 27% 

40% 10%   40% 27% 

41% 10%   41% 27% 

42% 9%   42% 26% 

43% 9%   43% 26% 

44% 8%   44% 25% 

45% 8%   45% 25% 

46% 8%   46% 25% 

47% 7%   47% 24% 

48% 6%   48% 24% 

49% 6%   49% 23% 

50% 5%   50% 23% 

Table 15: Uplifts for Reference Class 1 - Roads 
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A.2.2. UPLIFTS FOR REFERENCE CLASS 2 – FIXED LINKS 

 

Required Uplift - ICERA  Required Uplift - Contractor 

Acceptable risk of 

cost overrun Uplift  

Acceptable risk of 

cost overrun Uplift 

0% 34%  0% 63% 

1% 34%  1% 62% 

2% 34%  2% 60% 

3% 33%  3% 59% 

4% 33%  4% 57% 

5% 33%  5% 56% 

6% 33%  6% 54% 

7% 33%  7% 52% 

8% 32%  8% 51% 

9% 32%  9% 49% 

10% 32%  10% 48% 

11% 32%  11% 46% 

12% 32%  12% 44% 

13% 31%  13% 42% 

14% 31%  14% 39% 

15% 31%  15% 37% 

16% 30%  16% 35% 

17% 30%  17% 33% 

18% 30%  18% 31% 

19% 30%  19% 29% 

20% 29%  20% 27% 

21% 28%  21% 26% 

22% 28%  22% 24% 

23% 27%  23% 23% 

24% 26%  24% 22% 

25% 25%  25% 21% 

26% 25%  26% 20% 

27% 24%  27% 19% 

28% 23%  28% 18% 

29% 22%  29% 17% 

30% 22%  30% 16% 

31% 21%  31% 16% 

32% 21%  32% 15% 

33% 20%  33% 15% 

34% 19%  34% 15% 

35% 19%  35% 15% 

36% 18%  36% 14% 

37% 18%  37% 14% 
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Required Uplift - ICERA  Required Uplift - Contractor 

Acceptable risk of 

cost overrun Uplift  

Acceptable risk of 

cost overrun Uplift 

38% 17%  38% 14% 

39% 17%  39% 13% 

40% 16%  40% 13% 

41% 15%  41% 13% 

42% 13%  42% 13% 

43% 11%  43% 13% 

44% 10%  44% 13% 

45% 8%  45% 13% 

46% 6%  46% 13% 

47% 5%  47% 13% 

48% 3%  48% 13% 

49% 1%  49% 13% 

50% 0%  50% 13% 

Table 16: Uplifts for Reference Class 2 - Fixed Links 
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APPENDIX 3 – SUGGESTED FORM OF DATA REGISTRATION 

 

Figure 16: Proposed form of data registration 


