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a b s t r a c t

Cost-benefit analysis (CBA) is widely used in public decision making on infrastructure
investments. However, the demand forecasts, cost estimates, benefit valuations and effect
assessments that are conducted as part of CBAs are all subject to various degrees of uncer-
tainty. The question is to what extent CBAs, given such uncertainties, are still useful as a
way to prioritize between infrastructure investments, or put differently, how robust the
policy conclusions of CBA are with respect to uncertainties. Using simulations based on real
data on national infrastructure plans in Sweden and Norway, we study how investment
selection and total realized benefits change when decisions are based on CBA assessments
subject to several different types of uncertainty. Our results indicate that realized benefits
and investment selection are surprisingly insensitive to all studied types of uncertainty,
even for high levels of uncertainty. The two types of uncertainty that affect results the most
are uncertainties about investment cost and transport demand. Provided that decisions are
based on CBA outcomes, reducing uncertainty is still worthwhile, however, because of the
huge sums at stake. Even moderate reductions of uncertainties about unit values, invest-
ment costs, future demand and project effects may increase the realized benefits infras-
tructure investment plans by tens or hundreds of million euros. We conclude that,
despite the many types of uncertainties, CBA is able to fairly consistently separate the
wheat from the chaff and hence contribute to substantially improved infrastructure
decisions.

� 2016 Elsevier Ltd. All rights reserved.

1. Introduction

In public decision making, for example regarding infrastructure investments, CBA is frequently used to systematically
compare costs and benefits of various projects. Such analyses are based on forecasts of likely future scenarios, with and
without the project in question. These forecasts are obviously subject to uncertainties, and so are the valuations of costs
and benefits of the respective projects. Such fundamental uncertainties have led many researchers and policy makers to
question the usefulness of CBA as a basis for public decision making (see e.g. Mouter et al., 2013). For example, Flyvbjerg
(2009) criticizes CBA as a selection criterion based on the lack of precision in forecasts of investment costs and transport
demand. He argues that the errors in forecasting are of such magnitude that CBAs will ‘‘with a high degree of certainty
be strongly misleading,” concluding with the words, ‘‘Garbage in, garbage out” (p. 348).
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But will this intuitively persuasive argument hold up in reality? In the present study we aim to answer this question by
investigating how robust the policy recommendations of CBAs of infrastructure investments are with respect to several kinds
of uncertainty. We use a simulation-based approach based on real data to explore how uncertainties affect selection of
investments under a given budget, and how they hence affect the total achieved net benefits of the resulting investment
portfolio. This is compared with both the ideal selection (under no uncertainty) and a random selection of investments from
the list of candidates. The latter comparison represents a choice situation where decisions are made without any consider-
ation of CBA results. In fact, previous research has found that politicians’ investment selections are virtually indistinguish-
able from random selection from the list of investment candidates, and that the transport administrations’ compilations of
investment candidates (which are done before CBAs are made) indicate that it is very difficult, even for professionals, to
assess cost-efficiency of investments without CBA results (Eliasson et al., 2015; Eliasson and Lundberg, 2012).

We study the sensitivity of selection and realized total benefits with respect to uncertainties in forecasts of investment
costs, transport demand, assessment of effects, and valuations of benefits (travel time savings, freight benefits, traffic safety,
and CO2 emissions). We study both systematic and random errors. Data on infrastructure investment CBAs from Sweden and
Norway are used to perform the analyses.

Each investment candidate is assumed to have true values of benefits and costs, but the decision maker can only estimate
benefits and costs subject to forecasting/measurement errors (which can be systematic or random). The decision maker
selects the investments estimated to yield the highest total benefit subject to a budget constraint. This actual selection, based
on the estimated costs and benefits, is then compared with the ideal selection, i.e., the one which would actually yield the
highest net benefits and which the decision maker would have selected in the absence of the forecasting/measurement
errors. We compare actual and ideal selections in terms of both the number of investments that are different and the differ-
ence in realized benefits, i.e., the loss in net benefits caused by the uncertainty in benefits and costs.

The analysis consists of two parts. In the first, we examine systematic uncertainty in benefit valuations, i.e., the true val-
uation of a specific benefit are over- or underestimated for all investments. In the second part, in addition to unit value
uncertainty we examine random forecasting errors, i.e., when benefits and costs of each project are estimated subject to
errors that differ across projects and that may be different for different types of benefits. We use Monte Carlo simulation
for this task, with error distributions of investment costs and travel demand based on Flyvbjerg et al.’s studies (2002,
2005), in order to test whether Flyvbjerg’s claim ‘‘garbage in, garbage out” holds in practice. We also study how fast the qual-
ity of CBA recommendations deteriorates as the level of total uncertainty increases. This is similar to an analysis by Eliasson
and Fosgerau (2013), but in the present study the representation of uncertainty is more detailed.

Sensitivity of CBA ranking to uncertainty has previously been studied by Börjesson et al. (2014) and Holz-Rau and
Scheiner (2011). In both cases it was concluded that CBA ranking is fairly robust against the examined uncertainties. These
studies only looked at how the ranking was changed, not at the losses in terms of total net benefits that these changes
resulted in, which we do in the present study. We show that this methodological difference is important, as the loss in total
net benefits is typically significantly more robust against some types of uncertainty. The present study extends the results in
Börjesson et al. (2014) and Eliasson and Fosgerau (2013) in several ways; three different datasets are used and compared;
investments are selected under a given budget constraint, rather than selecting a fixed number of projects; uncertainty inter-
vals and probability distributions are based on empirical findings; and more types of uncertainty are explored and compared.

The assumption of a fixed investment can of course be questioned. One could argue that the estimated net benefits of
potential projects should influence the total size of the investment budget. This may be reasonable in theory, but there is
little evidence that it is indeed the case. From this perspective, it seems most realistic to look at ranking and selection deci-
sions under a given budget rather than decisions about the total investment budget.

It can also be noted that the CBA methodology is based on the notion of a social welfare function (SWF), which is inher-
ently normative in nature, and hence open for debate.2 Although we examine valuation uncertainty in this study, we do not
examine changes of the SFW in terms of differentiating the weight placed on different groups of individuals.3

Of course, our conclusions are also conditional on the essential assumption that the CBA is an accurate representation of
social welfare. As always, the choice of any particular social welfare function is a normative assumption open for debate.
Moreover, we do not study the problems that arise if certain costs or benefits are completely left out of the CBA (damage
on the natural environment may be an example).

2 On the most fundamental level, the concept of Hicks-Kaldor efficiency provides the basic justification of CBA methodology. This means that society is
willing to accept projects that make some citizens worse off if it in principle is possible to rearrange compensation so that no one is worse off than before, while
some citizens are better off.

3 In Swedish CBA practice the SWF is as following: life and health of are assumed equally worth across individuals, the benefit of travel time reductions is
assumed equally worth across individuals and the value of cost reductions and changes of changes in monetary travel costs are valued equal across individuals.
In economic theory it is well-known that relatively poorer individuals benefit more from cost decreases than rich individuals do, which seem to call for
distributional weights for monetary transactions between individuals. However, Harberger (1978) argued not to use distributional weights in the CBA of a
specific project if it is possible to find a more efficient redistribution mechanism outside the project, for example through the general taxation and
redistribution system. One could of course still argue that it inconsistent that the same ratio between VoT and monetary transactions are assumed across
individuals although this ratio probably differs between individuals in reality. That is, if one consistently follows Harberger’s argument in order to ensure
efficiency, one could indeed argue that VoT should be differentiated. The effect of this is not investigated in the present study. For a more thorough introduction
to welfare calculations and CBA in general, see Boadway (2006).
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