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1 Introduction

Since its development in the mid-19t% century, cost-benefit analysis (CBA) has become the
predominant tool of analysis to compare investment alternatives (Pearce, 1998). Initially
prominent in the assessment of hydrological and military investments, in many European
and other high-income countries, CBA has become the tool of choice in transportation
projects. CBA stems for the idea that a project (or policy) is worth pursuing if the overall
benefit exceeds the overall costs, even if the people who benefit are different from the
people who pay (Pearce, 1998). CBA is particularly used for public projects; where, the

costs are bore by the taxpayers and the benefits accrued to the members of society

CBA has not been used systematically for transportation projects in Ontario and Canada.
The lack of prominence of the CBA process in transportation in Ontario is reflected in the
rate at which the standards are updated; while the transportation authorities in the United
Kingdom, New Zealand, and the European Commission have issued transport-specific CBA
guides as recently as 2014, Transport Canada’s latest guide dates from 1994. In the 32
years since Canada’s last update, best-practice CBA has broadened to include many new
social and environmental impacts, as well more sophisticated evaluations of economic

impacts.

This document provides a brief of summary of CBA in the recent literature. The first section
discusses how CBA is carried out in analysis transportation projects. The second section will
focuses on challenges associated with CBA in the literature. The third sections discuss
alternatives to CBA. This document is meant to serve as an high level summary for more

detailed research on CBA please refer to the referenced papers.

2 Cost-Benefit Analysis

A cost benefit analysis relies on estimation the costs of building and operating the proposed
project as well as the envisioned benefits. The assessed costs and benefits are compared to

get a Benefit-Cost Ratio (BCR). Projects are generally seen as viable with a minimum BCR of



1 with the benefits equalling the costs (Browne & Ryan, 2011). Efforts are made to quantify
all costs and benefits into a monetary value and to understand the year in which they are
most likely to occur. A discount factor then allows the collapsing of all costs and benefits

predicted over the life of a project to a net present value (NPV) (Van Wee, 2007).

CBA as a financial decision-making tool is described in many economic textbooks. Analyses
differ for the most part in which cost and benefits are taken into account, how they are
quantified, the time period considered and the discount factors applied. While the details of
CBA from place to place and project to project often vary significantly, the basic principles

of CBA, however, remain the same across countries

CBA analysis is promoted as particularly effective in evaluating alternative designs or
approaches for the same purpose; CBA allows for comparison of often quite different
projects (e.g. rail vs. highway) using standardized procedures. The ‘do nothing’ scenario
must also be considered an option, and evaluated, as it often establishes the benchmark for

minimum NPV.

The time frame a project is evaluated over is a key choice in the of CBA process.
Recommendations for the length of appraisal period are of a minimum of 20-30 years (Van
Wee, 2007) while the UK Department for Transport suggests 60 years, other than in the
case of a finite project with a lifespan less than that (United Kingdom Department for
Transport, 2014). Most CBAs include an assessment of the residual value of the

infrastructure at the end of the appraisal period (Olsson, @kland, & Halvorsen, 2012).

For the appraisal period selected, costs and benefits (from here on referred to collectively
as ‘impacts’) are typically expressed in increments or annualized to facilitate conversion to
a present value. For almost every project, this includes an estimation of internal impacts
including, but not limited to: capital costs of the project over the period of construction,
operation and maintenance costs, and the accrued revenue (fares, toll revenue, etc.)
expected. Since these impacts are integral to any CBA, many resources exist which describes
them and their integration into a CBA. See, amongst others: Litman Transportation Cost and

Benefit Analysis (2009), Transport Canada (1994), the previously noted UK Department for



Transport (2014), and non-transport specific the CBA guides issued by the Treasuries of
New Zealand (2015) and Canada (2007).

National authorities also issue suggested discount rates. These are used to express future
costs and benefits at the current value of money. The present value of costs (PVC) is then
subtracted from the present value of benefits (PVB) to determine the NPV that can be used
to compare options, as can the benefit-cost ratio (BCR), which is PVB/PVC.

2.1 Impacts considered in Transportation CBA

In theory a CBA captures all the costs and benefits of the project it is assessing. In practice,
what can be practically predicted and/or assessed and the approach taken to choosing the
time line of the analysis limit the scope of CBAs. Table 1, below, compares the impacts
considered by four authorities: (1) the Ontario transport agency Metrolinx, (2) Canada’s
National Guidelines (3) The UK national guideline and (4), the European Commission guide
on CBA transport section. The four provide an overview of the variability within CBA. The

UK’s guide is widely seen as best practice.



Table 1.

Impact Metrolinx Transport UK Department European

Canada for Transport Commission

Investment Cost
o&M

Travel Time Savings &
Revenue

Vehicle Costs

Safety

Greenhouse Gases
Local Pollution (incl.
Air Quality)

Noise

Water Environment D

Biodiversity

o O o o

Congestion
Accessibility
Security D
Punctuality/Reliability
Service Frequency D
Comfort/Quality
Affordability D
Option value

Indirect Tax Revenue
Property/Land Value D
Land Use
Landscape

Historic Environment D

’

Note: A * “indicates an impact which the report/guideline states should be included in monetized form, while a ‘D

indicates an impact whose inclusion in an analysis is only discussed in the report/guideline, but is not monetized.

CBA processes consistently value travel-time savings and increases in safety. Increasingly,
greenhouse gas savings air quality and noise effects are incorporated in CBAs. However,
beyond these, the inclusion of different kinds of benefits, especially social and
environmental benefits is inconsistent (Quinet, 2004). The impacts included in the CBA, the
time period chosen and the factors used are critical to the outcomes of a CBA. Research has

shown that the same projects evaluated using CBA guidelines from different countries can



lead to divergent outcomes that would change the evaluation decision from build to no

build and vice versa (Gwee, Currie, & Stanley, 2011; Olsson et al,, 2012).

2.2 Cost

The quantification of costs associated with a transport project is straighter forward to
calculate than the benefits. They consist, in the first instance, of the capital costs and costs
associated with operation and maintenance. Inputs to costs general come from easily
available data or outputs of standard models (Iacono & Levinson, 2013). However, as many
newspaper readers would recognize transport infrastructure projects, especially large ones,
regularly cost more than initially predicted. A famous study of transit project costs found
that cost over runs of 50-100% were common (Skamris Holm & Flyvbjerg, 1997). The
Toronto York Spadina Subway Extension, currently under construction in Toronto, was
originally budgeted at 2.6 billion Dollars and is now expected to cost closer to 3.2 billion, a

23% increase (CBC News, 2016).

As one half of the cost-benefit analysis the regular overruns of cost projects can significantly
impact the CBA and NPV calculations. To account for the possibility of cost overruns CBA

analysis can include a risk multiplier and an optimism bias factor (Metrolinx, 2015).

2.3 Benefits

The benefits calculated for a transportation project can be broken into two categories, (1)
the direct or internal benefits associated with the users of the transportation infrastructure
and (2) the secondary or external impacts that accrue to non-users. The main direct benefits

are travel time-savings and increases in safety.

In monetary terms the largest benefit calculated in CBA analysis usually derives from
assessed travel time-savings. This is the projected total amount of person hours that will no
longer need to be used for travel and could be redirected to other activities like work. The
monetary benefit associated with travel time-savings is dependent of the value of time
(VOT) for individual people and/or society at large. Extensive literature exists on the

theory behind establishing specific VOT values (Borjesson, Fosgerau, & Algers, 2012; Habib



& Weiss, 2014; Lam & Small, 2001; Nelson, 1978; Ojeda-Cabral, Batley, & Hess, 2016;
Rashedi, Hasnine, Mahmoud, & Habib, 2016; Schuler & Coulter, 1978). VOT will vary with
the type of user and the type of travel (Gunn, 2001). To account for individual variation, it is
standard practice to use an average VOT for work travel and a separate for non-work travel
(United Kingdom Department for Transport, 2014). The VOT used in CBA varies from
country to country, with, for instance, the Netherlands assigning a value three time higher
than Australian. Generally, VOT ranges from 30 to 50% the average hourly wage rate (Gwee
etal, 2011). A growing issue with VOT assessments is the questions of how productive time
is while traveling. For instance, a passenger on a train could work or read (Laird, Nash, &
Mackie, 2014; Olsson et al., 2012). However, when dealing with productivity adjustments in
valuing time savings there is a risk of valuing the time of transit and train travellers less
than drivers (who must pay attention to the road) which would bias assessments of projects

to favour saving drivers time at the expense of users of other modes.

In addition to travel time-savings, increases in safety are universally incorporated into CBA.
The benefits of increased safety are calculated from the avoided costs of having to deal with
an accident (emergency services, repair, disruption) and/or a monetary value assigned to
injury and loss of life. Similar to VOT assessment, the value of avoiding injury or death vary
from country to country. For example, the US assigns 66 times more value to avoiding a
major accident than Singapore (Gwee et al, 2011). Assessed benefit of increased safety is
sometime calculated from people’s stated willingness to pay to avoid an accident (Jakob,

Craig, & Fisher, 2006)..

In addition to the direct effects of new transportation infrastructure discussed above there
are myriad secondary impacts associated with transportation projects. These secondary
benefits can include, green house gas reduction, environmental air quality impacts, noise
reduction, land use influences, agglomeration benefits. How these are assessed for inclusion
in CBA is an evolving process. Different CBAs in different places often include different
secondary impacts (Gwee et al., 2011).

The methodology for monetizing secondary impacts can be difficult to establish, though
many process have been put forward. For example, for local air pollution, a physical relation
is established between particulates in the air and adverse health effects that are then priced

based on the cost of medical services (Quinet, 2004). With noise, a common approach is to



use the hedonic price method, or revealed price method that indirectly estimates the cost of
noise by comparing the differences in price of noise-related goods (e.g. housing) in areas
with different noise levels (Pearce, 1998). For green house gas impacts a monetary value is
often calculated from the local cost of GHG emissions and an assumed GHG impacts of each

passenger kilometer travelled for different modes (Metrolinx, 2015).

3 The Challenges and Shortcomings of CBA

While CBA is widespread the literature identifies a number of problems with its use. These
include:

1) Difficulty in assessing environmental and social impacts

2) Difficulty is assessing meso and macro economic impacts

3) Reliance on models of future travel behaviour

4) Timing of CBA in the planning process.

3.1 Environmental and Social Impacts

With conventional approaches to CBA there are concerns that the impacts on different users
or non-user group are poorly understood and that some impacts are not well quantified
(Iacono & Levinson, 2013). Early CBAs largely avoided assessing environmental and social
impacts and focused on the direct costs (construction) and savings (travel time) associated
with transportation projects (Pearce, 1998). More recently CBA has been expanded to
encompass a wider range of impacts. Nonetheless, criticism continues of the use of CBA for
monetizing things like environmental impacts and social impacts (Beukers, Bertolini, & Te

Brommelstroet, 2012).

In dealing with environmental impacts, CBAs often monetize the value of nature using
people’s willingness to pay to protect it. This ignores the intrinsic value of nature and the
impact of nature on society rather than on an individual. Many also criticize the

monetization process saying that it debases the environment (Pearce, 1998).



Further a review of the modelled impacts of external factors (like the environment) finds
wide discrepancies in the way they are priced (Quinet, 2004). Quinet finds that
standardization of the methods used to include external factors like the environment is

needed.

The inclusion of social impacts lags behind environmental impacts. Though the social equity
impacts of transport infrastructure (who the “winners” and “looser” are) can be very
important to how people view and value a project. One of the challenges in including social
impacts in CBA is that they often overlap with economic and environmental impacts. Air
quality and emissions effect people and the natural world, the relocation of jobs associated
with new infrastructure has economic as well as social value; and in CBA analysis each
impact must be included only once to avoid double counting. There is currently minimal
established methodology for the monetization of social impacts necessary for CBA. Further,
CBA is a blunt tool designed to compared the total benefit against the total cost and is badly
structured for assessing the distribution of costs and benefits within society (Geurs, Boon, &

Van Wee, 2009).

3.2 Meso and Macro Economic Impacts

CBA generally focuses on local impacts, but transportation infrastructure projects,
particularly large expensive projects, also have regional impacts (Ilacono & Levinson, 2013).
Being a micro economic tool CBA is not well suited to mega projects which are expected to
have transformational and macroeconomic impacts (Mackie, Worsley, & Eliasson, 2014)

Since most CBA assumes relatively fixed land use, it is liable to underestimate wider
economic benefits. Further, many CBAs struggle to account for agglomeration impacts and

associated increases in productivity (Laird et al., 2014).

3.3 Reliance on models

Economic assessments of transportation infrastructure schemes are very dependent on
predictions of ridership and changes in travel behaviour. These are usually based on
models and are often wrong (Flyvbjerg, Skamris Holm, & Buhl, 2005; Naess, 2006).
Transport modelling and forecasting is a major risk factor in economic assessment of
transport infrastructure. Comparing first year ridership to first year travel forecasts
Flyvbjerg at al. found that ex-ante transport infrastructure usage predictions were often

wrong. Rail passenger forecasts overestimating range from 66% to 169% (95% confidence



interval) and that forecasts have not become more accurate with time. Similar to the
challenge with inaccuracy in cost forecasting, and over estimation of ridership/road usage
would lead to a inaccurate benefit calculation based on assumed - but unrealized -

accumulated time savings.

3.4 Timing

CBA is positioned as a tool to assist in choosing between different transportation schemes.
However, for the best chance at accuracy the CBA needs a detailed and well-developed
scheme. Transportation planning and prioritization of transport projects needs to occur
much earlier, when only rough ideas and schematic designs are available. CBA often comes

too late in the process to really influence choices and planning (Beukers et al., 2012).

4 Alternatives to CBA

The shortcomings of CBA have lead many to propose alternatives or improvements to the
CBA process. The expansion of CBA to include environmental and social factors works to
address the some of the imitation of CBAs focused on direct uses and first order impacts.
However, there continue to be many aspects of transport projects that are hard to quantify
and monetize (for instance place making, promoting of a certain image) and the single
number value provided by the NPV analysis can disguise the uncertainty inherent to ex-ante

evaluations (Macharis & Bernardini, 2015; Salling & Banister, 2010).

Many proposals have been made to improve the CBA process. [anoco and Banister
recommend using changes in land value to assess local user benefits on the micro-economic
scale rather than calculating times savings multiplied by the value of time (lacono &
Levinson, 2013). Flyvbjerg et al recommend reference class forecasting where ridership is
based on the outcomes of past similar projects rather than models (Flyvbjerg et al., 2005).
Below three example variations/alternatives to CBA are discussed. Other evaluation
methods not discussed here include social cost benefit analysis, cost-effectiveness analysis,
regional economic impact study and environmental impact assessment (Brucker, Macharis,

& Verbeke, 2011).



Salling and Banister present an expansion of transition CBA, which incorporates
quantitative risk analysis (QRA), called CBA-DK. Rather than produce one result (that can be
sensitivity tested) CBA-DK uses Monte Carlo simulations to analyze the range of likely
possibilities for all the factors used in the CBA. This allows for a final result showing the
most likely outcome and well as the distribution of other outcomes (i.e. ranges of NPV)
based on the range of inputs. Uncertainly in the CBA system comes from two main places
(1) uncertainly in the base factors used, like the dollar value for VoT and (2) and the
accuracy of the prediction models, CBA-DK shows the range of uncertainty and the most

likely predicted outcomes (Salling & Banister, 2010).

Laird et al 2014, highlight the apparent incongruity between the estimated impact of
transport projects on the economy (the Gross Value Added (GVA)) and the NPV for large
transport infrastructure projects in the UK. For High Speed 2 between London and Leeds
the GVA is calculation at 15 billion GBP per year while the NPV over 60 years is 63.6 billion
GBP, only 4 times the annual GVA. The discrepancy is due to many factors but includes
GVA'’s ability to better capture transformative and land value impacts. Laird et al suggest
that while CBA is still the best way to analyze transport projects GVA has a place in the

assessment of mega projects that are expected to have macro economic impacts.

Deciding on which transport projects to build is inevitable complicated requiring weighing
of many different factors both quantitative and qualitative (environment, social impacts,
economic). And there are often many different possible solutions to given transport
problem. Multi-Criteria Decision Analysis methods can facilitate choosing between options
and maximizing outcomes across metrics. There is a growing shift from CBA to multi-
criteria decision analysis (MCDA) in transport project decision-making in an effort to satisfy
the desire to include other factors in the analysis apart from the economic elements. This
includes social and environmental impacts discusses above but also spatial and political
considerations and the interest of different groups and stakeholders (Macharis &

Bernardini, 2015).

5 Insummary



Cost benefit analysis remains the most common approach to quantitative evaluation of the
net impacts of a transportation project. It has, however, a number of shortcomings. These
include the difficulty in monetizing non-monetary impacts such as impacts to health and the
environment. As an ex-ante evaluation tool CBA by definition is carried out in uncertainty
and is reliant on models and predictions and is very dependant on the factors and inputs
chosen. There is a conflict between the design level needed to carry out a detailed CBA and
the use of CBA in the comparison of alternatives that needs to happen early. A number of
alternatives have been proposed to improve on standard CBA. These include CBA-DK that
highlights the uncertainty inherent to the analysis and MCDA, which allows for assessment

of qualitative as well as quantitative impacts.
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