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Abstract - The scope of this paper is to present a newly developed decision support model to assess transport infrastructure projects: CBA-DK. The model makes use of conventional cost-benefit analysis resulting in aggregated single point estimates and quantitative risk analysis using Monte Carlo simulation resulting in interval results. The embedded uncertainties within traditional CBA such as ex-ante based investment costs and travel time savings are of particular

concern. The methodological approach has been to apply suitable probability distribution functions on the uncertain parameters, thus resulting in feasibility risk assessment moving

from point to interval results. Decision support as illustrated in this paper aims to provide assistance in the development and ultimately the choice of action while accounting for the

uncertainties surrounding transport appraisal schemes. The modelling framework is illustrated by the use of a case study appraising airport and runway alternatives in the capital of Greenland – Nuuk. This study has been conducted in corporation with the Home Rule Authorities of Greenland.

I. INTRODUCTION

The main challenge when assessing large-scale transport infrastructure projects is to find a rational and trustworthy method to compare the advantages and disadvantages of the project, and to distinguish between the alternative characteristics of the project. Traditionally, Danish transport investment decisions are based on conventional cost-benefit analysis (CBA) converting the virtual impacts into monetary units such as pollutants, accidents, time savings etc. The virtues (pros) of a project are set against the deficiencies (cons) of the project leading to a set of investment criteria that can be exploited. However, these deterministic single point output criteria are based upon “best guess” estimates of each input variable to the model. Thus, the CBA depicts more of a modal
 value of the transport assessment scheme than the actual value.

Traditionally, these modal values are assessed by sensitivities performed on each individual impact to determine how much the output might vary before the project is either accepted or rejected. This is typically achieved by selecting various combinations for each input variable, for example running the model with a worst and best case scenario. These combinations of possible values around the best guess are commonly known as “what if” scenarios. However, the assessment of transport projects increasingly requires a greater understanding of the complexity of alternatives. Hence, the number of “what if” scenario combinations increases rapidly. Secondly, recent research exploits the concept of Optimism Bias to reflect the tendency for a project’s costs and demand forecasts to be respectively under and overestimated. The Optimism Bias is defined as the percentage difference between ex-ante estimates of the appraisal and ex-post values from the final outturn of the projects [1, 2]. These levels of uncertainty can be applied in ex-ante based project appraisal studies, but they are currently disregarded in transport appraisal schemes in Denmark. 

This paper applies quantitative risk analysis (QRA) with Monte Carlo simulation which is embedded in the process
. This is similar to the sensitivity analysis as it generates a number of possible scenarios. This procedure effectively accounts for the two input uncertainties of “what if” scenarios and Optimism Bias. The simulation procedure goes one step further than this, as it effectively accounts for every possible value each input variable could take and weighs each scenario by the probability of occurrence. Consequently, instead of receiving single point results, the decision-makers receive interval results in terms of an output probability distribution. An advantage of this methodology is the possibility of incorporating expert opinions in terms of the probability distributions, which in turn can help depict the occurrence in the decision process of an uncertain variable 
due to the QRA.

The paper investigates whether the feasibility risk assessment (FRA) adopted for evaluation of transport infrastructure projects can provide useful decision support (namely by moving from single point estimates (CBA) to interval results (QRA)). By combining these two methodologies, a decision support model (DSM) has been developed – the CBA-DK model [3] that conceptualizes the idea of feasibility risk assessment. The remainder of this paper is structured as follows: After this introduction, the decision support model of CBA-DK is presented together with a case description. The model is made up by the three conceptualized modules of CBA, QRA and FRA, and each is described in their respective sub-sections. A fourth sub-section depicts the Optimism Bias approach embedded within the deterministic calculations. Finally, a conclusion and perspective are presented.

II. THE CBA-DK DECISION SUPPORT MODEL

The Danish Ministry of Transport issued in 2003 guidelines on how to perform socio-economic analysis (SEA) in the transportation sector [4]. This Manual supports a consistent and transparent approach to performing SEA in the situation where monetary quantifiable impacts can be allocated. This Manual has been the main reason for building a flexible and

up-to-date decision support model (DSM) for assessing transport infrastructure projects.

SEA, as interpreted in Denmark, is based upon conventional cost-benefit analysis (CBA), in which deterministic single point evaluation criteria are calculated. Uncertainties can only be handled by sensitivity tests in terms of worst and best case scenarios. The proposed modelling scheme of CBA-DK combines a deterministic calculation (CBA-module) with a stochastic calculation (QRA-module). In this way, the model supports the SEA proposed in the Manual, but combines this with an additional stage covering the embedded uncertainties.

The model is developed on a Microsoft Excel platform forming the basis of the CBA, and the QRA is carried out with an add-in software from Palisade named @RISK implementing a Monte Carlo simulation (MCS) [3, 5]. 
A. The Greenlandic case study Transport to and from Greenland is both expensive and difficult. However, new infrastructure plans proposed by the Home Rule authority and municipalities within Greenland are now trying to address these problems. This case study investigates the possibility of moving the major international airport from Kangerlussuaq to the Greenland’s capital, Nuuk. Three case alternatives are presented, with two upgrade scenarios for the existing runway, namely from 1199 m (Do Nothing) to either 1799m (Option 1) or 2200m (Option 2), and a closure of the existing airport in Nuuk and construction of a brand new airport in the south with a 3000m runway (Option 3) [6]. 
The major impacts to consider when modelling air transport are the travel time savings (TTS) split into in-flight time, waiting time, changing/connection time and hidden waiting time. The production costs include the aircraft, the fuel, maintenance and other operating costs, air traffic control and landing costs, and the costs., and these factors together ultimately determine the airline carriers’ profit or loss.  Thirdly, there is the ticket revenue for the airline carriers and the user benefits for the passengers resulting from the provision of the service. As the airlines carry more passengers, this results in increased revenues and a higher turnover, which in turn leads to an improved service and more travellers. The passengers experience a lower ticket price, as a consequence of more competition, a more frequent service and a direct connection to Nuuk. Finally, there is the abandonment of the airport in Kangerlussuaq and this change results in a substantial benefit from reductions in direct operating and maintenance costs, and the freeing up of resources.

B. The CBA-Module

The deterministic module produces a set of decision variables in which decision-makers can have a preliminary view of the project. Three sets of criteria are calculated, namely the net present value (NPV), the internal rate of return (IRR) and the benefit-cost ratio (BCR). The implementation of an overall socio-economic analysis in Greenland only considers trips made by business and resident travellers, with all tourist related trips being omitted. The argument here is that the monetary cost and/or benefits stemming from tourists accrue to their respective countries and not Greenland. Hence, the travel time savings and the user benefits are only appraised for business and resident trips. Although the user benefits from tourists may not contribute directly to the services being run, there would be a transfer payment to the operators for the costs of running the service.  In addition, the tourists may bring substantial benefits to the local economy through hotel business and tourist related activities.  The multiplier effects are substantial, provided that the money remains in the local economy [8]. This is one limitation of the CBA approach, namely that it is primarily concerned with estimating the transport costs and benefits, as reflected in the users, the airlines and airport operators, and the government, rather than the wider impacts on the local economy and the environment.  The tourism effects are treated within the multi-criteria analysis (MCA) where effects such as regional planning and accessibility are addressed [7, 8].
A run of CBA-DK produces a result sheet like the one shown in Figure 1. The net changes are evaluated over a 50 year period and discounted into present values by a discount ratio of 6% 
[9]. It is important to distinguish between the three groups implied in the evaluation namely, the users, the operators and the authorities. The following analysis focuses mainly on the users where most of the benefits accrue and the authorities (in this case consisting of the Home Rule and the Danish Government) where the construction costs are   present [6]. By comparing the decision criteria from different runs on different alternatives a prioritization can be made. 
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Figure 1. Report from a fixed model run in CBA-DK on Option 2 [3, 6]

The report from Figure 1 depicts a calculation of the Nuuk 2200m scenario (Option 2). Two other similar reports are calculated ultimately resulting in the following set of decision criteria, shown in Table 1.

TABLE 1: OVERVIEW OF THE RESULTS FROM THE THREE ALTERNATIVES [6, 9]


Option 1

Option 2

Option 3
Nuuk 1799m 
Nuuk 2200m
 Nuuk 3000m

Investment 
-831 Mkr

 -1,059 Mkr. 
-2,532 Mkr

NPV 

1,249.8 Mkr
 1,705.8 Mkr
 -410.0 Mkr

IRR 

14.1% 

13.84%

5.23%

BCR 

2.46

 2.52 

0.83

These point estimates indicates that Option 3 (Nuuk 3000m) performs worst with a negative NPV. The other two Options are performing almost identically with relatively high performances. The choice between Options 1 and 2 can be debated by policy-makers. One major aspect, however, is that Option 2 is almost 30% more expensive than Option 1. The following section develops the method to cope with the uncertainty involved in making calculations on ex-ante based construction costs.

C. Optimism Bias

Construction costs for large public procurements tend to be underestimated, which means that appraisals seem to be over optimistic with regard to estimates concerning the project’s costs, benefits and duration. Mis-interpretation of ex-ante based costs, deliberate or otherwise, results in budget overruns called Optimism Bias [1]. The Department for

Transport in UK (DfT) commissioned a study in 2004 that was aimed at providing empirical evidence with respect to Optimism Bias. By the use of Reference Class Forecasting a set of up-lift estimates as concerns a number of different transport type projects were determined [2, 10]. 
A substantial amount of reference class projects have been determined, for example in [11] examining budget overruns and demand forecasts for several road, rail and fixed link projects. The pattern of results showed that rail projects endured cost underestimations with an average of 45%, road projects with an average of 20% and fixed links with an average of 34% [ibid. pp. 15-16]. Making use of this type of reference data, a table of uplifts was produced to cope with the Optimism Bias within transport infrastructure projects [2]. An adapted list of budget uplifts is given in Table 2, within the percentiles of 50% and 80% risk aversion levels. 
TABLE 2: BUDGET EXPENDITURE UPLIFTS IN CONSTANT PRICES [2]
Uplifts 

50% 
80%
Average
Road 

15% 
32%
20%
Rail 

40% 
57%
45%
Fixed Links 
23% 
55%
34%
Table 2 presents the general set of reference classes as concerns road, rail and fixed links. The two percentiles of 50 and 80% illustrate the associated risk aversion towards decision-makers or stakeholders. For instance, if decision-makers allow a 50% threshold of budget overruns for a road project, the estimated cost should be increased by 15%. Recalculating the three case alternatives from Nuuk incorporating the Optimism Bias the following sets of criteria are determined (Table 3). It has been assumed that the empirical results from rail projects can be transferred directly to airport infrastructure projects.  In the original database, there was not a separate section on airport infrastructure projects, and by taking rail as the exemplar here may be over emphasising the problem as the worse case.
TABLE 3: RESULTING CRITERIA WHEN APPLYING OPTIMISM BIAS


Option 1

Option 2

Option 3
Nuuk 1799 
Nuuk 2200 
Nuuk 3000

Investment, 40% 
-1,163.4 Mkr
 -1,482.6 Mkr 
3,544.8 Mkr

Investment, 57%
 -1,304.7 Mkr 
-1,662.6 Mkr 
3,975.2 Mkr

BCR, 40% 
1.74 

1.79 

0.60

BCR, 57%
 1.54 

1.59

 0.53

The set of “alternative” investment costs produces decision criteria in which the uncertainty of cost overruns is embedded. Decision makers are presented with a more cautious set of values on which to make their decisions, with the investment costs being substantially increased and the benefits remaining the same.  Although the overall BCRs are lowered, the relative positions of the 3 Options remain unchanged.  The only possibility of change is where one Option has a substantially higher or lower risk attached to it. Performing a set of sensitivity tests as shown in Table 3 copes with some of the uncertainties within transport infrastructure assessment. However, the problem of the number of “what if” scenarios remain, as there are situations where combinations of one or more uncertain impacts produce a large number of scenarios. Probability distributions with Monte Carlo simulation are one means by which the complexity of combinations of uncertain impacts can be included. This method uses combinatorial evaluations to perform uncertainty analysis on TTS and construction costs. The simulation approach differs to the Optimism Bias that is heavily dependent on detailed empirical analyses to determine the values to be used

D. The QRA-Module

Even though a key advantage of using CBA is the transparency, this may also be considered a weakness. The method relies on single result values, where all the considerations and calculations are reduced to just a single aggregated value. To the general public this methodology is a “black box” approach [12]. Clearly, a practical measurement problem exists in the quantification of “non-market” impacts, such as accidents saved, air pollution and other externalities. Thus, the uncertainty embedded within the different pricing strategies is problematic. To set a price mark on an accident, the time saved in a vehicle or the emission of one tonne of CO2 is highly uncertain [13]. 
Consequently, two sets of uncertainties are identified in the assessment of transport infrastructure projects: Firstly, the underlying model uncertainties embedded within any traffic or impact model and secondly, the uncertainties in any CBA pricing strategy. By adding to the conventional CBA through the adoption of a quantitative risk analysis (QRA), the probabilities of occurrence of particular risk factors can be incorporated, and decision-makers and analysts can make use of their expertise, denoted here as their level of knowledge. 
The technique used is Monte Carlo simulation (MCS) which involves a random sampling method concerning each different probability distribution selected for the actual model set-up [14]. The selection of the most appropriate probability distribution has been a major task of the research where several distributions have been tested in terms of their suitability [3]. A common mistake within QRA is to apply unsuitable or inadequate probability distributions. Thus, a separation of actual data fit and “expert opinion” is necessary [15, p. 273]. This distinction has lead to the conceptual interpretation in terms of level of knowledge (LoK) on the uncertain variables. If the uncertain variables are well defined in literature or by data, parametric distributions should be applied e.g. Normal, Gamma or Beta (high level of knowledge). On the other hand, if the variables rely on experts to judge the uncertainty, then non-parametric distributions should be assigned, such as Beta-PERT, triangular or uniform (low level of knowledge) [ibid.]. The following short section only describes findings and applications of the two impact categories of travel time savings and construction costs.

E. Assigning Probability Distributions

The available data on transport infrastructure projects is extremely sparse, and often subject to copyright and other limitations. The following two sub-sections make use of graphical represented data from one reasonably sized database on large scale transport projects [11]. Even here, the level of detail is relatively low due to the fact that interpolations of column outputs have to be performed. The cases used are all taken from rail, road or fixed link projects, which mean that air transport demands and construction costs are not explicitly treated.

1) User benefits due to lower airfares

As a consequence to the new airport investment that relocates the central hub to the capital Nuuk, passengers will experience lower airfares through more direct routing and increased competition, and travel time savings. Currently, passengers must transfer in Kangerlussuaq to alternate routes creating higher ticket prices and longer travel times. The TTS has been calculated by traffic and demand models
 [16]. The decision support model suggested applies probability distributions on the overall TTS effect. Thus, some may argue whether or not the
 same type of uncertainty is carried through from the inaccuracies within traffic demand, as illustrated in Fig 2, and the overall travel time savings effect. Attempts are made in separating so-called epistemic and ontological uncertainties commonly referred to as the “lack of knowledge” and the “inherent randomness of the system” [15, 17]. However, due to modelling deficiencies
 this set of separation procedures are not applied in this case study.

Prior investigations of inaccuracies within traffic demand forecasts have shown huge variation between ex-ante and ex-post results. By comparing 27 rail projects the inaccuracy for traffic demand forecasts was on average 39% lower than predicted with a standard deviation of 52% [11, p. 26]. The approximated range of demand forecast bias is set between -92% and 144% (Figure 2). Figure 2 illustrates that overestimation of demand forecast occurs in 85% of the cases. Furthermore, nearly one third of the projects lie within -70% and -30% of overestimations. The data derived from this review of large infrastructure projects [11] is made from rough calculations. However, it gives an idea on which probability distribution to fit to the data set. It should be noted, that CBA-DK automatically defines the number of bars in the histogram to describe the data fit. Currently, it is not possible to alter the range or number of bars in the modelling scheme. 
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Figure 2. Inaccuracy of traffic forecasts from 27 different rail projects (adapted from [11]).
The CBA-DK is able to produce a fitted distribution as illustrated in Figure 2 [5, pp. 171-192]. Even though the distribution is clearly skewed to the right, most emphasis must be placed on the central probability mass. David Vose and David Kelton both propose the use of a beta-PERT distribution for cases with a relatively high degree of skewness (Personal communications at the 2nd European Palisade User Conference (2007), London, UK and the
40th Winter Simulation Conference (2007), Washington DC respectively). The Program Evaluation and Review Technique (PERT) distribution is derived from the Beta distribution which mathematically is fairly simple and furthermore covers a huge variety of types of skewness [18]. From Figure 2 it is clear that the data fit from a PERT distribution is valid. This type of distribution requires 
min and max limit in addition to the modal value, which acts as input from the CBA. This distribution, given the extra emphasis on the mode, makes it ideal for modelling expert opinions for a variable [15].




2) Construction costs

Transport infrastructure assessment needs to make a thorough investigation of the construction cost of the project, so that reliable estimates can be made of the total investment costs. The determination of construction costs ex-ante tend to be underestimated, and these can be explained by technical problems, delays, and increases in labour and material costs.

Other common explanations of general underestimations are the dynamic way an infrastructure project is developed over time. In the analysis, one normally tends only to consider the traditional impacts of building a new road. However, during the project, it is common that new and better choices are made, for instance to address environmental concerns such as noise or the most suitable alignment for the road. These costs cannot be taken into consideration in advance, and can only be added at a later stage. The decision-makers also tend to change their preferences during the construction of the project, and this is particularly apparent in large-scale projects. 
The mega project data base [11] illustrates that extensive underestimation of future costs sometimes amounts up to 100% or more. Such budget overruns are clearly not to be encourages, and so “better” construction cost estimations are needed in order to make decision support analysis more robust. Figure 3 presents data collected before and after completion of all together 58 rail projects. Almost 88% of the probability mass lies above zero which means that only 12% of the rail projects have been below the preliminary budget. 
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Figure 3. Inaccuracy of construction cost estimates from 58 various rail projects (adapted from [11]). 

Another Danish study has elaborated on the various features of risks and uncertainties by applying the “successive principle” in ex-ante based construction costs. This principle is based on group decision-making allowing for extreme measures in finding respectively lower and upper thresholds. The “successive principle” is then transformed into a triple estimation approach in which a mean is derived [18, p. 125]. This approach, as in the PERT distribution (Figure 2), places more emphasis on the mode values, as compared with traditional worst/best case scenarios. It permits a smoother curve to be determined. 
In order to describe the uncertainty in terms of probabilities, the approach depicted above makes use of an Erlang distribution. The data from the mega studies report [11] are combined with the Erlang distribution found in Lichtenberg [18], and the CBA-DK performs 
a fit of the data. From Figure 3 the fitted Erlang distribution is determined with a relatively high shape parameter, k = 23. A k value of 1 relates to the exponential distribution whereas a k value of 5 relates to a lognormal distribution and higher values, e.g. k > 20 resembles the normal distribution. The k parameter is often referred to as the skewness parameter in which lower values corresponds to a higher degree of skewness and vice versa. The second parameter, = 0.075, denotes the scale parameter commonly known as in which the shift of the distribution is defined [18].

F. Feasibility Risk Assessment (FRA)

The quantitative risk analysis (QRA)-module of CBA-DK enables the analyst to enhance the deterministic results from the cost-benefit analysis (CBA)-module into probabilistic outputs. The main scope of this module has been to incorporate risk and uncertainty within transport appraisal in a straightforward and comprehensive manner. Currently, the BCR is treated as the uncertain output parameter subjected to Monte Carlo simulation. The default settings are 2000 iterations by the use of the Latin Hypercube sampling method [15, p. 59]. Currently, the travel time savings and construction costs are implemented in the analysis in which a PERT and Erlang distribution is applied. The limits and distribution functions are schematically illustrated in Table 4.

TABLE 4: BUDGET EXPENDITURE UPLIFTS IN CONSTANT PRICES [2, 3]
Impact

 Distribution 
Lower 
Upper

Travel time savings

Beta-PERT 
-92% 
144%

Construction costs 

Erlang

 -40% 
180%
The resulting outcomes of a fixed run in CBA-DK presents a set of descending accumulated graphs depicting the likelihood of achieving a BCR as shown on the vertical axis or a BCR that exceeds that value. Higher degrees of certainty correspond to a lower BCR and vice versa (Figure 4). The threshold of a BCR = 1.00 denotes the cut-off limit for “feasibility” in which lower values depicts infeasibility in terms of socio-economic viability.
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Figure 4. Resulting accumulated descending graph showing the probability on the y-axis and the BCR on the x-axis

The resulting outcome of a run in CBA-DK results in the three probability curves as illustrated in Figure 4. Empirical results can be seen in Table 5 where the probability mass in the 90% confidence interval between 5 and 95% denotes the new decision support foundation.

TABLE 5: RESULTING CRITERIA WHEN APPLYING QUANTITATIVE RISK ANALYSIS
Alternatives 

Min
 Max
 Mean 
5% 
95%
Std.dev.

Option 1 (Nuuk 1799) 
0.73 
3.49 
1.49 
1.04
 2.08 
0.33

Option 2 (Nuuk 2200) 
0.80 
3.42 
1.53 
1.07 
2.14 
0.33

Option 3 (Nuuk 3000)
 0.24 
1.14 
0.49
 0.36
 0.73
 0.11

From Figure 4 and Table 5 it is clear that the two shorter Nuuk runway scenarios are preferable. However, choosing between the two is open for the decision-makers to debate. It is important to bear in mind that the quantitative risk analysis technique of CBA-DK is a “tool” to assist the decision-makers to arrive at the best possible decision. Ultimately, the risk associated with the analysis is to be interpreted by various decision-makers. The same results given to different individuals may be interpreted differently and lead to different courses of action. Risk averse decision-makers, for instance, would prefer a small spread in possible results with most of the probability associated with desirable results. On the other hand, if you are a “risk taker” then you will accept a greater spread or possible variation in your outcome distribution. 
III. CONCLUSION AND PERSPECTIVES

The CBA-DK model has demonstrated that a combination of conventional cost-benefit analysis and quantitative risk analysis examination can increase the decision-makers opportunities to make informed decisions. The underlying modelling technique of quantitative risk analysis provides comprehensive interval results for the project alternatives, so that single value results can be replaced. 
The two ways of handling uncertainties have been shown to complement each other. The Optimism Bias approach provides uplift estimates with a 50% and 80% threshold, and the quantitative risk analysis has been applied with a Program Evaluation and Review Technique (PERT) and an Erlang distribution to create a mean in which the underlying uncertainty has been addressed.
Modelling feasibility risk by identifying uncertain parameters or variables has proved to be a tool that can assist decision-makers to address risk aversion in an explicit way, and this has been illustrated by descending accumulated probability graphs. Care must be taken in drawing rigorous conclusions, especially when the project alternatives perform closely together. Therefore, the CBA-DK model should be seen as a useful tool that allows consideration of uncertainty in the appraisal of infrastructure projects, but with the limitation that the results are not better than the extent of the validity of the modelling assumptions.

The decision support model will be further developed in future studies. Among others the model is being implemented in a new Asset Management scheme for the Rail Net Denmark optimizing the level of repairs in the overall railway network in Denmark.
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�Explain use of modal – a statistical (not transport) use – the most frequent value


�What processes?


�Again explain this


�Comment here on this value – often very important, and taken as given?


�Note a couple of spelling errors here – tourism and positive at bottom of picutre


�Does Optimism Bias only use costs or can it also include TTS?


�Again we may be open to the accusation that we are not comparing like with like – as we have used the rail data as the context and not air data (because there isn’t any available)?


�Explain these modelling deficiencies 


�Not sure if this is what is meant – there are 3 stages to the process – the mega studies, the distribution and the CBA-DK – or is it only 2?


�Insert Option 1, Option 2 and Option 3 into the key here
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