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A basic question for the assessment of the fairness of a project financing formula on successive gener-
ations is to determine what is the most appropriate method to group the affected individuals over the
years. The generational approach in the “Intergenerational Redistributive Effects Model” (IREM) deals with
it through the ad-hoc concept of overlapping annual generations. This concept requires establishing the
number of years (or timespan) included in the generation and how to incorporate in it those individuals
living in years that are not the central one. To do so in a way that reflects the sensitivity of society to the
effects of a major transport infrastructure project, specific surveys with a novel approach were designed.
The outputs from the survey carried out in Catalonia show evidence suggesting that discount functions
should tend to decline at a higher rate in the short term than in the long term. Thus, future impacts of
transport investments, both future socio-economic net benefits and financial burdens, should be
considered less important than immediate (present) outcomes in the decision-making process. Further,
there are reasons to consider that discounting is not neutral to reflect the social interest of large-scale
transport projects for the successive generations involved.

© 2017 Elsevier Ltd. All rights reserved.
1. Introduction

Understanding how people perceive, evaluate and undergo the
effects of major investments should be particularly relevant for
decision makers. To a large extent, people's preferences and their
support to investment decisions depend, among other factors, on
their experiences and expectations on the positive and negative
outcomes that may result from investments with capacity to
constraint individuals' future choices (Lewis, 2001; McLachlan &
Gardner, 2004). For example, when dealing with major in-
vestments enhancing mobility in congested areas, the well-known
benefits (travel time savings, environmental positive impacts from
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reduction in pollution, etc.) that are immediately perceived are
frequently more important for individuals that the costs and ben-
efits that are uncertain, delayed or that might occur to others
elsewhere (Gatting & Hendricks, 2007).

The financial structuring of the investments that the society “of
each moment” requires is also of great importance. At the macro-
economic level, disposing of money to pay for the construction of
an infrastructure project will affect public accounts and divert
funds from other potential uses. At the microeconomic level, the
financial structure determines who will end up paying for the in-
vestment. As this structure typically adjourns actual payments
through credit facilities, it affects future cash flows and, as a
consequence, it has intergenerational impacts. These impacts can
be assessed through a model that compares the allocation of net
socioeconomic benefits over time with the flows of obligations (in
terms of payments) arising from the financing formula. The effects
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that are identified using the Intergenerational Redistributive Effects
Model or IREM (Penyalver & Turr�o, 2017) may have strong impacts
on the social welfare of generations to come and should thus be
considered in the decision-making process.

The paper explains the process followed to identify the
perception of the citizens on the effects on the welfare of their
generation and on future ones of major investments in infrastruc-
ture. This perception is essential for the definition of the concept of
“annual generation”, which is critical for the IREM. The paper ex-
plains the issues that led to the development of IREM and the use of
a specific survey to determine some key parameters of the model.
Surveys are essential for gathering data in the applied social sci-
ences (Groves, Mosher, Lepkowski, & Kirgis, 2009). In this case it
was necessary to place the respondent in a forthcoming situation to
obtain her appreciation of the impact of major transport infra-
structure projects on someone living in the future. The work rep-
resents a first step into the incorporation, with a degree of
objectivity, of the redistribution effects of such infrastructure pro-
jects on the multiple generations affected.
2 The IREM model used in the research has been applied essentially to transport
infrastructure projects.

3 The GPI may fund the investment directly through its annual budget or using
bank loans (that will be repaid using budget funds), or may decide to delegate the
management of the project to a public Agency or Company. The GPI may also decide
developing the project by means of a public-private partnership, including a pure
concession. A key issue is how users will pay for the use of the infrastructure.

4 It is a loan where the repayment of the entire principal, sometimes even the
2. The intergenerational effects of major projects

The decision-making process for major infrastructure projects
focuses on selecting those that represent the best use of resources
for society. Feasibility studies are expected to estimate the so-
cioeconomic profitability of a project, which is the key indicator of
its efficiency. This profitability is calculated using classical eco-
nomic models,1 which assume that a single theoretical welfare-
function can adequately represent the preferences of the
different (overlapped) generations bearing the costs and the
benefits of an investment. The balance between these costs and
benefits is referred to the moment of the analysis through dis-
counting. Properly applied, discounting is useful to establish how
much future benefits and costs are worth today (static perspec-
tive). In essence, the future utility of an infrastructure investment
is assumed to be the additional social welfare generated during
the project lifecycle, measured through the economic net present
value (ENPV).

A critical point in the discussion about the assessment of the
long-term effects of certain investments in civil infrastructure
projects, such as nuclear plants, which have obvious impacts on
future generations, is whether the method of discounting and/or
the value of the social discount rate in Cost Benefit Analysis (CBA)
lead to the right conclusions in terms of efficiency for all the
people affected over the project life. Discounting methods of
long-term effects are problematic because some people's values
and preferences are treated differently because they live at
different times (Lee & Ellingwood, 2015). In the discussions on
discounting the concept of intergenerational redistributive ef-
fects is, nonetheless, absent in spite of the clear differential im-
pacts across generations of certain long-run effects (e.g. climate
change) of major investments with long timespans (50, 100 or
more years).

Properly placing the project effects over time is essential for
ENPV calculations. This requires estimating the preferences of
the affected individuals. Preferences may be analysed with
standard methods when framed in relatively short-term time
horizons and within an intragenerational context. Integrated in-
vestment programmes and major infrastructure projects must be
1 Cost-Benefit Analysis (CBA) is the microeconomic model traditionally used to
measure efficiency for major infrastructure projects. The main outcome from CBA is
the Economic Net Present Value (ENPV), which is limited to the costs and benefits
that can be monetised and entails using a suitable social discount rate (SDR).

Please cite this article in press as: Penyalver, D., et al., Intergeneration
Transportation Economics (2017), https://doi.org/10.1016/j.retrec.2017.11.0
placed, however, in an intergenerational context, which ad-
dresses extremely long-term horizons and the impacts on and
preferences of unborn generations (EPA, 2016). The distinction
between both contexts is important to establish whether the
method of discounting is suitable to adequately represent the
impacts of major projects and, if so, which social rate of time
preference should be used in each case (Groom, Hepburn,
Koundouri, & Pearce, 2005). The conflicts between intragenera-
tional and intergenerational effects are often set up under the
perspective of the sustainable use of natural resources. It can be
argued, though, that the redistribution effects across generations
should go beyond this and also consider a fair split of economic
and financial impacts.

The consideration of intergenerational effects on decision
making ein principle through a kind of multicriteria analysise is
more justified when dealing with major infrastructure in-
vestments,2 as they mobilise huge amounts of economic resources,
are prone to complex financial structures, including public-private
partnerships (PPPs), and have very long project cycles. In this type
of investments, the government promoting the investment (GPI)
may use a wide range of management systems and funding options
to develop the project.3 These options will determine the rela-
tionship between the net socioeconomic benefits during the
operation of the project and the actual end-of-the-line payments
for its construction. To help understanding the issue, it is worth to
imagine a situation where the whole investment is financed by the
GPI through a bullet loan.4 Those individuals belonging to the
generations at the end of the loan cycle would end up bearing most
of the financial costs, unless they are able to refinance the loan,5

whilst their net benefits in terms of resources would probably be
even less than average due to congestion, poorer performance, etc.,
and very uncertain besides. The particular aspects of transport
infrastructure investments are therefore most adequate to analyse
intergenerational effects.

IREM has been specifically developed to analyse whether there
exists a balanced distribution between the socioeconomic net
benefits and the financial burden over time for the different over-
lapping generations concerned by the project. IREM's outputs
should only be analysed, however, in terms of fairness/unfairness.6

Efficiency is, in principle, assessed from the CBA, using an adequate
social discount rate (SDR). But overall efficiency does not take into
account how the project is financed (as financial cash-flows are
essentially transfers that are not affecting the Cost-Benefit Analysis
or CBA, although they are often used to value resources). The
intergenerational analysis is complementary to the CBA and pro-
vides a view of the fairness of the actual financial payments for the
project across the various generations affected. This analysis re-
quires both defining a “generation” and an ad-hoc utility function
that reflects the economic preferences of this generation. This
estimation process is the object of this paper.
principal and interest, is due at the end of the loan term.
5 In any case the burden of refinancing will fall upon them.
6 The “fair/unfair” concept refers to moral obligations towards future generations

(Rawls, 1972). We consider that human cooperation is possible and necessary for
coexisting individuals on a specific territory, but also across territories and across
individuals living in different time spans (generations).
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� Wt ¼ U(Ct) Value of welfare on each “t” period in terms of utility
from individual consumption

� r ¼ loge(1 þ i); Continuously rate of discount/interest
(Samuelson, 1937)

� i Rate of discount/interest per unit of time
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3. Objectives of the research

A main challenge in the elaboration of the IREM model was
incorporating how citizens perceive their integration in a particular
generationwhen it is concerned by an infrastructure project with a
very long time projection and how citizens, placedwithin their own
generation, apprehend the effects of such a project both in terms of
its benefits and the predisposition to pay for them. Conventional
surveys place the respondent in the present or in well-defined
future contexts. In our case it was necessary both to place the
respondent in a complex future situation and as part of a group of
people who would be affected by the project over time. This
required a new approach in the preparation of the questionnaire
and in the quantification process. The cooperation between psy-
chologists and project specialists (engineers, economists, finan-
ciers) was essential to prepare the questionnaires and to analyse
the outcomes of the survey. The results of this research show the
importance of a multi-disciplinary approach in developing tools for
project appraisal.

This paper focuses on the work carried out to: 1) establish the
most suitable timespan to properly represent a generation in the
IREM, and 2) define a utility function that represents society's
preferences within each generation according to the main features
and effects of major infrastructure projects. After these introduc-
tory chapters, Section 4 reviews the main features of the utility
functions characterising the collective preferences in the allocation
of consumption across generations7 in the traditional economic
approach. Section 5 contains a brief presentation of the genera-
tional concept used in the IREM model to assess the fairness of a
project financing formula on successive generations. Section 6
presents the methodology followed for designing and conducting
the survey carried out in Catalonia to estimate the parameters of
the model in a real context and its main findings. Here, the pa-
rameters that define a generation linked tomajor transport projects
are introduced. Finally, in Section 7, the main conclusions of the
research are highlighted.
� Wct Welfare effect of a marginal increase in the consumption in period t
4. Intertemporal choice models review

The discounting mechanism and the SDR are critical in
determining the social value of major investments in infra-
structure. They both make up the function that in CBA trans-
forms future costs and benefits into an ENPV for the generation
in which the decision is taken. ENPV is a key indicator of the
project's efficiency from the perspective of the overall society of
the time of the decision to build.8 SDR, on the other hand, ex-
plains how decision makers perceive the propensity of present
generations to renounce to immediate consumption in order to
have the possibility to consume more in the future and thus an
indication of how public resources are used to maximise the
welfare of the citizens affected by the investment over its project
cycle.

The theoretical framework of the SDR comes from the Ramsey
Model (Ramsey, 1928). Social welfare can be conceptualised
through a function (Wt) representing its dynamic of change that, in
turn, is represented by the intertemporal sum of the utility that a
person obtains from individual consumption.
7 Traditional macroeconomic approach assumes implicitly that the generational
concept has a genealogical meaning.

8 The time when the project is formally given the go-ahead (Flyvbjerg, 2005).
When this date is not available or representative, the date of project approval by the
main financiers can be adopted as the time of decision.
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Equation (1). Dynamic Social Welfare Function

W ¼
Z∞

0

Wt$e�rtdt (1)

Graphically, it is possible to build up a preference function from
the concept of indifference curve introduced by Irving Fisher (cf.
Fig. 1). For a particular income level the indifference curve ‘Ui’

represents the relationship between two amounts of different
goods that entail the same satisfaction degree for consumers
(Fisher, 1930). The more income the higher ability to obtain goods,
and thus the curvemoves fromU1 toU2,U3… For an investment, the
question of interest is to determine how much consumption in the
present will become consumption in a second period of time taking
into account its expected utility.

The X axis represents the individuals' consumption in year 1
from the available annual budget. The Yaxis represents the amount
saved for future consumption in year 2. The line CG represents the
consumer's possible use of the budget for year 1. Its slope m is
frequently referred as the Consumption Rate of Interest (CRI);
CRI¼�(m þ 1).

Curve CH shows the real opportunities of transforming present
consumption into future consumption through investment. Its
slope represents the social productivity of investment for society as
a whole, which is expressed through the internal rate of return of
the capital invested. The marginal efficiency of capital between two
consecutive years decreases with the investment amount.
Assuming U(Ct) is time invariant, its first derivate is U’ > 0 and
U” � 0, and CRI is defined as the rate at which the marginal welfare
of consumption falls over time:

Equation (2). Consumption Rate of Interest

CRI ¼ �
�
dWct
dt

�
Wct

(2)
A multitude of factors could have influence on the value of CRI.
On the one hand, individuals may consider that the consumption
satisfying present needs is more useful that the same consumption
in a period afterwards (decreasing marginal utility of consump-
tion), which can be explained by a question of impatience or
immediacy (Harrod, 1948; Pigou, 1920; Ramsey, 1928) and certain
aversion to the risk involved in postponing consumption (Arrow,
1970; Pratt, 1964). Some individuals could even take into account
their own probability of death at the moment of making decisions
about consumption/saving (Angelsen, 1991). In sum, although pure
time preference is heterogeneous among the agents within an
economy (Gollier & Zeckhauser, 2003), the former arguments
justify considering time consumption preferences at themoment of
al perception of the utility of major transport projects, Research in
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Fig. 1. Optimum inter-temporal choice scheme.
Source: adaptation from Feldstein (1964).

Table 1
Different cases for the function of discount rate.

r > 0 r ¼ 0

[1] qg > 0 CRI > 0 CRI > 0
[2] qg ¼ 0 CRI > 0 CRI ¼ 0
[3] qg < 0 ? CRI < 0

Source: adaptation from Angelsen (1991).
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establishing the value for SDR (Eckstein, 1961; Scott, 1977, 1989;
Tinbergen, 1956).

According to the Ramsey Rule, SDR encompasses society's pure-
consumption preferences (social value) and other factors related to
the social productivity of collective investments for society (op-
portunity cost for society or social cost).

Equation (3). Ramsey Rule

r ¼ rþ qg ¼ d (3)
� g Growth rate of consumption. As it is expected some economic growth
over time, it is assumed that g > 0.

� q Elasticity of inter-temporal substitution (marginal utility of
consumption): it is a measure of the curvature of the utility function,
and is mathematically equivalent to the coefficient of relative risk
aversion; q ¼ �U"=UCt . q > 0. High “q” implies a strong preference for
consumption now rather than in future periods. If q ¼ 0, the welfare
increase of one monetary-unit extra income to the consumer is the
same regardless of his initial consumption.

� r Rate of time preference of consumption; r>0 implies that individuals
prefer early consumption to later consumption, even if the
consumption level is the same.

9 It is obvious when observing bond yield spreads in the various EU countries
Equation (3) shows the relationship between the social rate of
time preference (d), the “utility discount rate” or rate of pure time
preference (r), and the social rate of return to investment (r), which
matches with the private return to investment (i) in absence of
externalities and other distortions (Groom et al., 2005). Each of
these rates is a contender for use as the SDR, where the appropriate
discount rate for use in CBA depends upon the numeraire employed
(Groom et al., 2005).

Combining factors g and r it is possible to obtain different values
for SDR. As shown in Table 1, with positive growth and concave
utility the SDR will be positive. In this case, discounting con-
sumption streams in CBA can be synonymous with the equal
treatment of generations’ welfare (Lind, 1995).

Positive values for SDR do not imply r > 0, which means that the
individuals' pure time-preference might or not vary over time.
Please cite this article in press as: Penyalver, D., et al., Intergeneration
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Actually, if the marginal utility rate of consumption (g) is not
regressive for individuals, the future effects will be less important
than those at the moment of the analysis, independently of the
consumer's time preferences. On the other hand, if r >g or r � 0,
individuals could prefer immediate consumption and have there-
fore lower propensity to save, which from a collective perspective
can lead to postpone investments and to reduce the flow of benefits
for future generations. This collective behaviour would imply a
negative impact on future generations (Moellendorf, 2014; Olson &
Bailey, 1981). Finally, as q represents preferences for smoothing
consumption over time, high values of q would be correlated to
(comparatively) small ones for the marginal utility rate of con-
sumption (g) and vice versa (Dasgupta, 2007).

In conclusion, from a theoretical perspective, the SDR value
should reflect both society's preference for present consumption
rather than future one (social value approach) and the yield that
could be obtained from the economic resources spent in a project in
the best alternative investment (social cost approach). However,
both values for the SDR could be quite different (Angelsen, 1991;
Arrow & Kurz, 1970; Arrow et al., 2004; Feldstein, 1964;
Fern�andez-Baca, 2011; Gollier, 2011; Laibson, 1997; Moore et al.,
2004; Roumboutsos, 2010; Souto, 2003).

In the first approach, the discounting method transforming
future socio-economic costs and benefits into present values does
not have to adopt necessarily a constant discount rate. In the social
cost approach, the opportunity cost for society is associated to the
private return to investment (i), reflecting the perception of the
average member of society, which undoubtedly has a more or less
conscious relationwith the financial interest rates. In this approach,
to estimate the SDR for CBA it is assumed that resources can be
distributed through generations, through investments in infra-
structure assets having maturities limited to 30e40 years being
financed by mechanisms that meet the requirements of financial
markets (Lee & Ellingwood, 2015). But there are multiple funding
sources of capital and a variety of financing instruments (bonds,
loans, tailored facilities, etc.), different risk perceptions, a volatile
money supply, etc. that imply, not only a broad range of interest
rates for long-term assignment of money, but strong variations in
these rates in the capital markets over the years. In any case, the
rate of return for private capital is hardly representative of the
social values that the SDR implies. Financial markets focus on
maximising private benefits, keep a clear general risk aversion and
show an opportunistic behaviour9 (von Hagen, Schuknecht, &
Wolswijk, 2011), and their expectations seem to have little corre-
lation with society's willingness to delay consumption.

On the social value approach the estimation problems are also
overwhelming, because it is practically impossible to estimate the
return of the great number of opportunities foregone, which
depend on the sector, investment amounts, etc. The solution
adopted by most administrations is to take into consideration both
aspects (social value and social cost) and adapt the rate of return to
private capital, whatever the means to calculate it, through a
during the financial crisis.
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“shadow value” (Feldstein, 1964).
Thus, it is not possible to speak of a single ‘appropriate’ discount

rate but of an efficient discount rate10. This rate should (ideally)
reflect both the social value and the social opportunity cost of
project development but, in practice, the choice of the “appro-
priate” SDR for a given project or project sector has been defined by
the public administrations in order to achieve certain policy ob-
jectives (Evans & Sezer, 2004; Henderson & Bateman, 1995; HM;
Leleur, Salling, & Jensen, 2007; Meunier, Quinet, & Quinet, 2013;
Treasury, 2003).

The decision on the SDR value to be used is critical in deter-
mining which projects will pass a CBA test. The potential influence
of the SDR in long-term investments, with benefits and cost
accruing over several generations, is particularly strong because
even small changes in the discount rate have a significant impact on
the indicators supporting decision-making (Lee & Ellingwood,
2015). Following the rational choice theory, discounting methods
usually employ an exponential discount function (Coleman &
Fararo, 1992; Frederick, Loewenstein, & O'donoghue, 2002;
Gollier, Koundouri, & Pantelidis, 2008; Laibson, 1997). Under the
usual SDRs, the costs and benefits accruing to generations in the
distant future appear relatively unimportant in present values
terms.

In formal discounting models it is assumed that consumer's
welfare can be represented as a discounted sum of current and
future utility (cf. Equation (4)). Thus, that utility can be referred to
as consumption or income (Arrow & Kurz, 1970; Arrow et al., 1995,
pp. 128e144, 2014; Freeman, Groom, Panapoulou, & Pantelidis,
2015; Gollier, 2011; Laibson, 1997; Samuelson, 1937).

Equation (4). Ramsey's generalised discounted model (Laibson,
2003)

W≡Ut ¼
XT�t

t¼0

DðtÞ$utþt (4)
� Ut Total utility from the perspective of the current period (year) “t”
� DðtÞ Adaptation to year 0 of the welfare of the consumer occurring at

time “t”; sometimes called objective utility function or “discount
function”. The higher the discount rate11 the greater the preference
for immediate benefits over delayed rewards.

� t≡Dt Time period used to discount the utility series until the horizon year
at the frequency “D”.

� T The last period considered (for example, the last year in the lifecycle
of an investment)

� utþt Utility of consumption in period “t þ t”, sometimes referred to as
instantaneous utility or felicity
In Equation (4), the total utility (Ut) is an additive function. The
benefits obtained of immediate consumption have no effect on the
utility of the benefits obtained afterwards. Otherwise, incongru-
ence from time inconsistency results in consumption and saving
10 The efficient discount rate can be estimated in three different ways: as the
continuously changing rate of interest from financial markets, as the marginal rate
of return on productive capital in the economy, and as the welfare-preserving rate
of return on savings (Gollier, 2011). The rate to be obtained from reinvestment of
returns and the risk differences between private and public investments have also
been considered determinants of the socially efficient discount rate (Baumol, 1968).
Even if we were able to estimate these values, it seems evident that we cannot
speak of a single appropriate discount rate (Stiglitz, 2013).
11 It is not, however, the discount rate used by economists to discount future cash
flows, although there is a link between both.
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plans that are sub-optimal for all generations (Weitzman, 1998).
Whilst it is assumed that the consumers' preferences do not change
over time, granting the property of time consistency, discounting
utility at a constant rate (r) insures that the mechanisms that
constitute the basis of decision-making are also time consistent -cf.
Equation (5)-. This assumption known as time consistency or dy-
namic consistency allows isolating time 0 and time t in the welfare-
preserving discount rate evaluation: in time t¼0, preference rea-
ches its maximum D(0)¼1. For t > 0, the discount function slopes
down as time increases, D0(t) � 0. Therefore,
1 ¼ D(0) � D(t) � D0(t) � 0, with r(t)¼�D’(t)/D(t) being the rate at
which the discount function declines.

Equation (5). General expression of the exponential discount
function (Laibson, 2003)

DðtÞ ¼ lim
D/0

�
1

1þ D$rðtÞ
�1

=D ¼ e�rðtÞ ¼ dt (5)

A second body of research argues, however, that choice behav-
iour is largely inconsistent (Little, 2002). For some authors, dis-
counting utility appears ‘ethically indefensible’, ‘rapacious’ and
‘defective’ from an intergenerational perspective, in spite that,
under certain conditions (context), it can be useful to reflect how
society's time preferences decline (Freeman & Groom, 2014;
Harrod, 1948; Ramsey, 1928). Since economists' conclusions about
economic welfare incorporate consumers' behaviour in a timeless
manner (Little, 2002), «decisions made today on the basis of CBA
appear hence to tyrannise future generations and, by extension, dis-
counting appears to be contrary to the widely supported goal of sus-
tainability» (Arrow et al., 2013). This occurs because, on the one
hand, time preferences vary due to uncertainty and to other
contextual factors, such as price fluctuation of goods and services
(Arrow et al., 2013, 2014; Coleman & Fararo, 1992; Frederick et al.,
2002; Freeman et al., 2015; Gollier et al., 2008; Groom et al., 2005)
and, on the other hand, market prices do not exist for many of the
determinants of utility such as environmental assets. In this sense,
the theoretical framework for intertemporal choices modelling
resembles the one used in business, which applies a compound
interest formula, and does not adequately reflect the collective
preferences over time (Frederick et al., 2002).

Research shows that individuals prefer a smaller but earlier
reward than a larger reward coming later in time (Kirby &
Herrnstein, 1995). According to this, the SDR over longer time ho-
rizons should be lower than over shorter ones (Frederick et al.,
2002), implying that costs and benefits should be discounted at
higher rates in the short run than in the long run (Arrow et al.,
2014; Frederick et al., 2002; Laibson, 2003; Soman et al., 2005).

A recently proposed solution to estimate discount rates for the
very long-term, which is the case of investments encompassing
very large timespans whose costs and benefits entail high degrees
of uncertainty (e.g., high speed railway networks development,
nuclear power, etc.), is to use a declining discount rate (DDR) ac-
cording to some predetermined trajectory. There is no consensus,
however, on how to apply this solution. On the one hand, declining
utility discount rates may produce time inconsistent planning
(Groom et al., 2005). Whilst dynamic inconsistency, i.e. violating
the assumption of time consistency, has been successful to explain
some phenomena in the behavioural economic literature, e.g.
procrastination and addition (Harris & Laibson, 2001), the welfare
measured in terms of the utility for society cannot be maximised in
a process where the discount rate changes as time moves on
(Groom et al., 2005). On the other hand, in a declining model the
rate of decline usually adopts hyperbolas and quasi-hyperbolic
functions (Ainslie, 1992; Herrnstein, 1961; Loewenstein & Prelec,
1992; Mazur, 1987) showing much higher discount rates in the
al perception of the utility of major transport projects, Research in
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D. Penyalver et al. / Research in Transportation Economics xxx (2017) 1e166
short-term than in the long-term, when they remain relatively
constant. Therefore, to determine the schedule of DDRs it is
necessary to make some assumptions concerning the point in time
at which uncertainty concerning the discount rate begins
(Weitzman, 1998) as well as to calibrate the trajectory that a DDR
has to follow from this point (Groom et al., 2005; Newell & Pizer,
2003).

What is morewidely agreed is an arbitrage between exponential
discounting and declining discounting through an equivalent SDR,
although it appears more useful as a way of determining the
maximum ENPV of investments rather to compare different alter-
natives to solve the same problem (Freeman & Groom, 2014;
Freeman et al., 2015; Groom et al., 2005; Lowe, 2008; Weitzman,
1998). The use of an equivalent SDR is especially adequate where
the effects under examination are very long-term and involve very
substantial and, for practical purposes, irreversible wealth transfers
between different genealogical generations (Lowe, 2008).

In short, there exist different approaches to determine the social
value of major investments in infrastructure. They focus on opti-
mising the discounting process to offer “present” decision-makers
the most suited value of SDR. According to the time consistency
approach, exponential discounting through a constant SDR may be
appropriate to determine with rigour the maximum utility of
project decisions in the short run (Lind, 1990). For long-term in-
vestments, declining discounting by using a DDR or an equivalent
SDR is an option that allows taking into account collective prefer-
ences over time more adequately (Henderson & Bateman, 1995).
However, whilst this approach can be optimal for the current GPI, it
can result in a sub-optimal (time-inconsistent) use of public re-
sources from the perspective of successive governments (Barro,
1999; Karp & Lee, 2003).

From the former considerations it can be argued that current
discount models are not properly analysing the impact of in-
vestments implying large timespans and affecting different gen-
erations. The simple aggregate of benefits and costs does not offer
information about the resulting redistribution of wealth (Bradford,
1997) and, in particular, across the generations affected by the
project. Discounting and SDR are useful in CBA to determine the
most efficiency alternative for a project from a static present-time
perspective, but they appear inadequate to incorporate the in-
terests of future generations, which will undoubtedly be affected by
the impacts that present investments in transport infrastructure
will have on their welfare.

5. The generation concept in the IREM model

Investment projects are typically analysed through a socioeco-
nomic CBA that considers the use of resources, so they are assigned
to the period (year) when they are consumed (costs) and generated
(benefits). On the other hand, the financial analysis looks at the
expected cash flows and at the money inputs and outputs of the
various stakeholders, among them the users of the project if they
are directly contributing to its financing. The objective is to make
sure that funding is available for the implementation of the project
and that nomajor stakeholder will be the subject of financial failure
as a consequence of the investment; to ensure financial sustain-
ability. In general, these two analyses are carried out separately and
are often improperly mingled.

The welfare considerations, as already mentioned, are made
from the perspective of the present generation, but even though
the investment resources, such as those used in the construction of
the infrastructure, are “lost” by the society in place during the
implementation, the actual effects on people's welfare are mostly
perceived when they have to pay for these resources either through
user charges or through taxes. So, when analysing the fairness of
Please cite this article in press as: Penyalver, D., et al., Intergeneration
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the distribution of actual costs and benefits (welfare) across the
generations affected by the project, it is necessary to look on the
one hand at the net benefits in terms of resources during the
relevant period and the amounts paid during this period for the use
of the project (tariffs, tolls, etc.) and as a contribution to its
financing, which clearly depends on the funding mechanism
applied, in particular the distribution of the public budget used to
pay for the investment directly or through loans.

In practice the budget payments for public investments (or
private investments requiring public subsidies) are embedded in
the public accounts and this is probably why the issue of the fair-
ness of intergenerational distribution has been somehow absorbed
by the major problem of the long-term effects of public debt.
However, when decisions must be taken at project level, the effects
of the funding mechanism on intergenerational fairness seem
relevant. To make a proper assessment of these effects across the
generations it is necessary to compare the net benefits arising for
each of themwith the actual payments they make in relation to the
project either as users and/or taxpayers. IREM provides a suitable
approach to deal with the incorporation of this critical aspect for
major infrastructure investments which has not been properly
addressed until now.

IREM is a new tool that is useful for decision makers looking for
a more balanced distribution between the net socio-economic
benefits and the financial burden stemming from long-term pro-
jects affecting multiple (overlapped) generations. In the transport
sector, the economic lifespan of major infrastructure projects is
very long (20, 30, 40… years), but properly maintained these types
of infrastructures may last indefinitely. A well-designed financing
formula, besides ensuring the project's financial sustainability,
should arguably ensure intergenerational equity. The IREM model
offers a way to analyse the impacts on overlapping generations,
meaning the various groups of people, centred around a specific
year, that will be affected by the project. The people included in a
generationwill not change very much in relation to the prior or the
next one, as not many people enter or leave society in a year, but
after many years the component of a generation will be sensibly
different (ISR, 2017).

In this model, the gap between the central year of overlapping
generations in of one year. Accordingly, intergenerational redistrib-
utive effects are those occurring between annual generations. The
main difference between this generational approach and the one
used in most scientific papers consists on the meaning of what a
generation is.12 Typical assumptions for the generational concept
(and, by extent, the concept of “intergenerational”) in macroeco-
nomic models imply a genealogical meaning without a clear defi-
nition of its timespan and, on the other hand, genealogical
generations essentially do not overlap. A clear definition is also
absent in microeconomic studies, and in studies that aim to assess
the implicit distribution in the CBA of the intergenerational pref-
erences of society. However, the concept of overlapping annual
generations has an ad-hoc meaning in IREM, including a central
year and a timespan.

In the IREM, the concept of annual generation (AGi) refers to a
generation pivoting around a year, i, of the project's lifecycle, which
incorporates, besides the “society” of year i, those of some previous
years and those of some of the successive years. As explained
before, the non-central “societies” do not have the same members
and thosewho stay asmembers of the generation have a decreasing
interest the farthest they are from the year in which they are
observing the project.13 This explains the use in the model of a
al perception of the utility of major transport projects, Research in
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Fig. 2. Conceptual curve of an Annual Generation in the IREM model.
Source: (Penyalver & Turr�o, 2017)
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theoretical bell-shaped curve to represent the weighted sum of the
utilities of a transport project for the society belonging to any given
annual generation (cf. Fig. 2).

Indeed, considering year i as the pivotal moment associated to
an annual generation, individuals living in that year can assess the
value of the benefits and costs, but only part of the effects occurring
in preceding or following years. Moreover, although most in-
dividuals in year i have already been affected by the project in
previous years and they will probably continue to be affected in the
future, they are less numerous and subject to more uncertainties as
they find themselves farthest from the pivotal year.

Fig. 3 below shows that the curve function (onwards, the
weighting curve) for an annual generation keeps the highest utility
of transport infrastructure projects in the short-term for society
living in the present (central) year in comparison to the long-term.
From this pivotal year (i), theweighting curve for the years included
Fig. 3. Generational assessment of the inter-annual differences between costs and benefits
Source: (Penyalver & Turr�o, 2017)
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in the generation slopes down on both sides. Because the economic
preferences of the agents in the generation reach, logically, their
maximum in the central year.

Taking as time reference the moment of decision to build, the
intergenerational impact analysis in IREM is performed from the
perspective of a “present in motion” where the investment has not
been happened yet. It is assumed that only individuals living in the
central years of the future generations affected will really know
what finally occurred, so risk perception should be similar for both
current decision-makers and future generations concerned by its
impacts (cf. Fig. 3).

Finally, a critical difference of the IREM with other economic
approaches is that the function represented by the weighting curve
includes, for each year within an annual generation, both past and
future project-related effects.
.
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6. Assessment of the population’s time preferences

A major aspect of the research was to define a theoretical
function for theweighting curve in the IREM. Conducting an ad-hoc
survey was considered the best way to design a representative
function. It was designed with the purpose of determining the
importance of major transport infrastructure projects for in-
dividuals living in a specific year and how they would appreciate
them when they saw them far from the central year in which they
were living. In a hypothetical scenario given to respondents, this
importance was reduced the further they were placed from the
central year of the annual generation. The resulting weighting
curve was expected to represent people's perceptions and prefer-
ences related to the relevance of past and future project-related
effects in their present welfare.

Survey research is one of the most important sources of gath-
ering data in the applied social sciences (Groves et al., 2009). When
survey questions have high reliability, they allow to measure
opinions, attitudes and behaviours (Alwin, 2007). Nevertheless,
measurement error is an inherent component of survey research,
and survey questions are imperfect representations of the concepts
they intent to measure (Biemer et al., 2011). In our case, the
development of the measurement instrument (questionnaire) was
based on current best practices in survey research. In order to
minimise measurement error properly, it was followed a three-step
procedure to design survey questions (Saris & Gallhofer, 2014). In
the first step, the concepts to bemeasuredwere defined in detail. In
the second step, specific statements derived directly from the
concepts were developed. In the third step, we included in the
statements all the elements that the questions should have, for
instance, contextual clues, and, finally, they were transformed into
survey items. The first survey item included an introduction with
explanations about the hypothetical infrastructure investment and
related definitions, the question stem, a numeric response scale and
a visual aid for an online survey which included a map pointing out
the places affected by the new infrastructure.

The questionnaire was developed with the idea to be adminis-
tered in an online access panel. Both the infrastructures of refer-
ence and the members of the panel were located in Catalonia.
Respondents were asked to choose the language of the survey be-
tween Catalan and Spanish. It was divided into five blocks and each
block had an introduction. In the first block, the survey was pre-
sented with a short description of its purpose. The second block
described two highway infrastructure projects (the “Eix Trans-
versal” and the “Forth Ring Road”). The third block included
questions that represented control variables to detect differences in
the profiles of respondents, e.g. questions related to mobility
behaviour. The fourth block introduced an explanation to aid the
respondent answering questions about their preferences over the
transport infrastructure projects. Finally, in the fifth block, the
concepts of interest were asked.

The survey was administered through the NetQuest commercial
online access panel in February 2016. Participants in the panel are
recruited by invitation. As they participate regularly in the panel,
their socio-demographic information for quota sampling is already
known. The sample for this survey consisted of individuals over 18
years old living in the four provinces of Catalonia (Barcelona,
Girona, Lleida and Tarragona). They were randomly selected based
on demographic quotas that mirror the characteristics of the pop-
ulation. Upon full completion of the survey, respondents received
points that give access to gifts. The total number of completed in-
terviews was 208. The data was analysed to define the time span of
an annual generation and to establish the weights for a theoretical
weighting curve. Analyses were conducted using R Studio v
0.99.893, user's interface for R statistical environment. (RStudio
Please cite this article in press as: Penyalver, D., et al., Intergeneration
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Team 2015).
The generation concept was incorporated in the survey by

means of a question relating both to the respondents' economic
behaviour and their perception on how society should repay the
investment (onwards, control question). This question confirmed
whether respondents understood the concept of generation or not:

«Now, imagine that the third lane of the C25 motorway project is
open in 2020: Which one of the following groups of people should
bear the largest part of the public expenditure that this investment
entails?»

A. People living in Catalonia when the project's construction starts
(before 2020).

B. People who will live in Catalonia from 2020 on, after the project
is commissioned.

C. People living in Catalonia during and after the project's
construction.

D. People living in Catalonia before, during and after the project's
construction.

In order to estimate the time span of a transport infrastructure
investment, the survey presented a vignette describing a hypo-
thetical investment that consisted in adding the third lane in an
already existing motorway (Eix Transversal of Catalonia C-25). Re-
spondents were given a detailed description of the project
including amap. The project would be implemented from 2016 and
would be commissioned in 2020. In this hypothetical situation,
respondents were public officers, responsible of deciding which
was the most suitable time span to finance the investment (a
number from 0 to 100 years). The question, translated into English,
was as follows:

«For how long, do you think, the Catalan Government should spend
public money from its annual budget in this investment?»

This question was used to establish a time span that allowed
estimating the yearly importance weights in the annual generation.
Following the results of the survey's pre-test phase, we fixed the
investment's time span in the questionnaire in nine-years. Pre-
testing results indicated that an odd number better reflected a
generation centred around the commissioning year of project. It
also showed that a generation covering a slightly longer period that
the first one proposed (7 years) would be better adapted to
represent everyone's perceptions. Next, respondents were asked to
imagine they were in 2020. Taking this year as a reference, they
rated on a score from 0 to 10 points the importance of the infra-
structure project's effects over time, in comparison to the value
they assigned to the central year (2020).

The participants in the surveywere asked to rate first the central
year (2020). Then, they could rate the importance of the project's
impact in pairs of years (2019e2021, 2018e2022, 2017e2023 and
2016e2024). This provided them with the stimuli to understand
that they could rate the social impact of the project in a different
way depending if the year they rated preceded or followed the
opening of themotorway extension. The aim of presenting a project
that would expand an existing motorway was to make respondents
aware that infrastructure investments convey potential social ef-
fects and to make them familiar with the rating mechanism. This
facilitated the repetition of the exercise presenting a second sce-
nario, a newmotorway in the public agenda of Catalonia, the “Forth
Ring Road” (B40 motorway) that has been discussed for a very long
time. As the IREM is expected to be used in decision-making
al perception of the utility of major transport projects, Research in
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processes of infrastructure investments, this case presented an
illustration of its potential use in a real situation.

Despite following best practices in survey research to develop
the survey measures used for this case, answering about hypo-
thetical scenarios may be a difficult task for some respondents.
Actually, it should not be excluded the possibility that respondents
rated the importance of the project's impact considering their
present situation, not a future one. However, research suggests that
judging concrete scenarios, even if hypothetical, can be closer to
judging real daily life events (Alexander & Becker, 1978; Beck &
Opp, 2001). Therefore, by presenting very concrete scenarios, re-
spondents in the survey were able to form an opinion on the sub-
ject under investigation. Results presented below show high
variability in the data when sub-samples of different socio-
demographic characteristics were analysed, being an indication
that different profiles of respondents had indeed a different
opinion.

The first outcome of the survey data analysis was the estimation
of the time span. Fig. 4 shows that the average value was 8.4 years
(sd ¼ 10.7), which should be interpreted as the average number of
years survey respondents thought an infrastructure should be fully
paid in.14 The long tail indicated a large variability on perceptions
about how public money should be managed and spent. By ana-
lysing sub-samples of different age cohorts, different cities classi-
fied according to their population range, among other indicators,
we found significant differences among some sub-groups for both,
the average time span and its standard deviation.

We divided the total sample in four groups (A, B, C and D) cor-
responding to respondents' answer on whom should bear the
project's costs.15 Within each sub-sample, we obtained similar time
span values and similar tails for density traces (Fig. 5). This in-
dicates that citizens' opinion about public money management
differs after controlling for age, sex, place of residence, etcetera.

The second part of the survey data analysis aimed at estimating
the importance of weights given to each year included in an annual
generation, AGi. As already mentioned, a time span of 9 years was
fixed in the questionnaire. Respondents' scores were transformed
to obtain a standard scale and compare among all of them. As re-
spondents were asked to rate on a score from 0 to 10 each year
within a time span of 9 years, the resulting data allowed comparing
respondents' preferences year-on-year within the time span, but it
did not allow statistical analysis for the whole sample (because the
total amount of points differ for each respondent). Therefore, for
each respondent, every set of yearly scorings in the time span was
divided by themaximum score given by the same respondent. In all
cases, this maximum corresponded to year 5, the central year in the
questionnaire's time span. We kept out the respondents' answers
when they scored zero at any year in the time span (11.3% re-
spondents in the survey item about the B-40 motorway project).
Onwards, we refer to the set of the resulting valid outputs as re-
spondents' adjusted scoring.

We looked at the correlation of the whole set of socio-
demographic control variables in the survey with the re-
spondents' adjusted scoring. Particularly, we found that the “age
cohort” and “control question” variables had an important influ-
ence in the respondents’ scoring. Information about the place of
14 Two extreme values both with a timespan ¼ 99 years were dropped from the
analysis.
15 According to the options A ~ D in the survey, respondents had to decide what
generations of taxpayers in Catalonia ought to foot the bill of the project: A) tax-
payers, during the construction phase; B) taxpayers, from the commissioning of the
project onwards; C) taxpayers living in Catalonia during and after the construction
phase; D) the same that C) and, in addition, generations of taxpayers living even
before the construction phase.
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residence, gender, language of the survey, etc. did not show sig-
nificant differences among classes. Moreover, disaggregating to
further levels resulted in very small sub-samples without statistical
power.

Once we identified the main variables conditioning re-
spondents' outputs, it was possible to disaggregate the sample's
yearly scores and to calculate the main statistical indicators in each
year within the time span. Fig. 6 shows a low dispersion in the
respondents' adjusted scoring obtained at every age cohort,
regardless of their response to the control question (“control” in the
Figure's label). We found a similar pattern for all the years in the
timespan (cf. Table 2).

The yearly average for the respondents' adjusted scoring within
the time span of 9 years is a reliable indicator of the respondents’
preferences for both the B40 and the C25 motorway projects. As
shown in Table 2, the value of the yearly median and the standard
deviation for the average confirmed that the yearly average for the
respondents' adjusted scoring represents the collective preferences
in the sample.

By taking into account the trends and patterns represented by
the yearly increments or decrements in the importance values, it
can be analysed how people's preferences change over time. Our
results show that from the year of reference (2020) to the future,
respondents' adjusted scoring decreases in the short run. Between
the year 5e6, this decrement is three times bigger than in the long
run (years 6e9). For typical discounting models reflecting con-
sumers' preferences it implies that the SDR should decline at a
higher rate in the short term that over longer time horizons. This
pattern, indicating that consumers' preferences for major transport
projects change over time, is actually a major finding of this
research because it puts into question a basic hypothesis of the
rational choice theory. A second conclusion is that, from the past to
the year of reference, the rate of change in the respondents'
adjusted scoring increases almost twice at years 4 and 5 (2016 and
2017). This pattern implies that choice behaviour is not very
consistent over long time horizons.

Our findings show that when respondents were asked to take
decisions that would affect them and the rest of the society they
lived in, they still prefer earlier benefits to later ones. The overall
pattern of responses confirms that individuals care more about
consumption effects in their welfare in the short term (years
around the year of reference) than about benefits before or after the
reference year. This finding implies that the property of time con-
sistency assumed in discounting models does not hold for prefer-
ences about investments in transport infrastructure.

The next step was to determine the most suitable function, F(t),
to represent the weighting curve in the IREM within the and the
corresponding length of a standard annual generation. The results
of the survey suggest that any curve adapted to the IREM's defini-
tion of annual generation should have two different branches. The
first one increasing from the past to the pivotal year of reference i,
and a second one decreasing from this year i to future time units.
Most probabilistic functions follow this pattern and many of them
are non-symmetrical. They can be defined by three shape param-
eters (a, b, c): one that determines that the highest value in the
curve occurs for the pivotal year of reference (year 5 within the
time span of the survey); a second one determines this value (in the
pivotal year); and, the third one determines the rate of declining for
the curve.

We estimated the best fitting curve according to the value of the
respondents' adjusted scoring for every year and the pattern of
increments and decrements described by the survey data. The
points representing those values were plotted and taken as
benchmarks to validate the probabilistic curve. The theoretical
symmetrical features for the curve considered in the IREM
al perception of the utility of major transport projects, Research in
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Fig. 4. Density Trace of the ‘stated timespan’ for the global sample.
Source: Authors
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(Penyalver & Turr�o, 2017) were not well adapted to the benchmark
intervals resulting from the survey, as can be seen in the chart in
Fig. 7 below. The gradient for the branch from the past to the central
year of reference should be stronger than the gradient from this
pivotal year to the future. Therefore, the theoretical model was
adjusted empirically in order to adapt it to the best fitting curve,
exploring several options, among them a Gaussian, a Gumbel and a
Weibull function.

After exploring and rejecting Gaussian and Gumbel probability
functions to adjust the weighting curve F(t) linked to a standard
generation,16 the Weibull probability function17 appeared as quite
adequate, given the non-symmetrical attenuation of the yearly
weights within a non-determined time span and the possibility of
adjusting a shorter branch from the past to the pivotal year. To find
the best fit for the curve, we took the central year of reference in the
time span in the survey questions (2020), which corresponded to
the year with the maximum in the respondents' adjusted scoring.
We assumed that the pattern of mitigation i.e. the weights' yearly
attenuation from the pivotal year, could be represented by per-
centage weights,18 wj, decreasing through time. For t > 0, the
gradient of the respondents’ adjusted scoring represented by the
function F(t) declines more strongly in the short term than in the
long term. Fitting a Weibull function required imposing the
following boundary conditions:

A. The curve reached its maximum at the pivotal year in the time
span. According to the empirical data from the survey, this
corresponds to year 5.

B. From the pivotal year to the past, at year j-4 the function's value
corresponded to the minimum of the respondent's adjusted
scoring. The scoring at year j-5 should be as close to zero as
possible.
16 The methodology followed to fit and reject the Gaussian and the Gumbel
probability functions is documented in the Appendix attached.
17 The Weibull function also behaves as a non-exponential rate of decline function
when t > 0, therefore, it will tend to decrease strongly in the short term more than
in the long term.
18 Percentage weights correspond to people's preferences over costs and benefits
occurring either before or after the ‘pivotal year’ of a standard annual generation.

Please cite this article in press as: Penyalver, D., et al., Intergeneration
Transportation Economics (2017), https://doi.org/10.1016/j.retrec.2017.11.0
C. According to the time span's statistical outcomes (average¼ 8.4,
sd ¼ 10.7 years), the future branch would not go beyond year
j þ 10.

D. The weighted respondents' adjusted scoring predicted with the
parametric function for the year j-4was a comparative reference
to identify the limit for the time span in the curve from the
pivotal year onwards.

Fig. 7 shows the adjusted curve representing the shape and
pattern of the empirical data.

The equation for the Weibull function obtained from the curve
plotted in Fig. 7 shows that the number of years defining the time
span of a standard generation was the range between a scoring
equal to 3.4 at year j-4, and the year with a similar value to the
future of the reference year, j þ 10, (3.3 points), therefore, the time
span of the generation was set at 15 years (cf. Table 3).

Next, we determined the scoring corresponding to every year
within the aforementioned time span of 15 years and the corre-
sponding year-on-year variation. The predicted yearly scoring at
each year within the time span fitted the pattern obtained by the
respondents' adjusted scoring in the survey for a 9 years time span.
This implies that individuals’ preferences in the very short-term,
either from the year of reference to the future or to the past are
well represented by the gradients of change shown by the curve in
Fig. 7.

We calculated the percentage weights for each year within the
AGi with a simple transformation from the predicted-scorings,
finally defining the weighting curve for any standard generation
with a 15-year time span (cf. Fig. 8).

As in the IREM the concept of generation is strictly linked to the
individuals affected by the project, and this concept reflects how
important a transport project is for the society belonging to a same
period of time within the lifecycle of the project (no matter the
moment of the analysis), we conclude that a Weibull weighting
curve (imposing the boundary conditions, A ~ D), correctly reflects
the weights given by the respondents of the survey to their
appreciation of both transport projects. Table 4 shows that the non-
symmetrical theoretical weighting curve and its parametric func-
tion adopted are suitable to reflect how significant the effects of a
transport project are for a society's welfare within a standard
generation spanning over a 15-year time span.

According to the society being analysed, the values in Table 4
al perception of the utility of major transport projects, Research in
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Fig. 6. Box Chart for the respondents' adjusted scoring in year 5.
Source: Authors

Table 2
Yearly-average for the respondents’ adjusted scoring within a timespan of 9 years.

Timespan of 9 years Average for the adjusted scoring

year 1 year 2 year 3 year 4 year 5 year 6 year 7 year 8 year 9

Median 6.00 6.70 7.80 8.60 10.0 8.70 8.30 8.55 10.0
Average 5.62 6.22 6.90 7.54 8.61 7.72 7.41 7.00 6.68
Standard deviation 4.06 3.63 3.23 3.01 2.44 2.82 3.03 3.47 3.96
Yearly increment (þ)/decrement (�) e þ0.62 þ0.68 þ0.64 þ1.07 �0.89 �0.31 �0.39 �0.32

Source: Authors.

Fig. 7. Curve fitting from a Weibull function.
Source: Authors
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cannot be considered as fixed for any IREM application, which
should probably be adapted to the society being analysed. The
methodology to obtain the relevant values appears, however, as
robust and generally applicable. IREM has been applied and is
currently being used in a wider research aiming at analysing the
intergenerational impact of particular case studies as well as part of
a comprehensive methodology to detect white elephants19 in the
transport sector.
7. Conclusions

The paper explains the reasons why a fair decision-making
process to invest in major infrastructure projects should consider
its real effects on future generations. Whilst exponential dis-
counting and typical SDR are appropriate to estimate the social
value of public investments from the perspective of the generation
deciding whether or not to carry out the project, they are not
neutral to reflect the social interest of projects implying very large
timespans. Indeed, the results from this research show that con-
sumers’ preferences for major transport projects change as time
moves on, which would support the use of declining discount rates
(DDRs) to estimate the social value of long-term investments
through CBA. This also supports the basic hypothesis of our
19 This concept is mostly used in relation to public investments representing a
severe misallocation of society's resources and, as a consequence, expenditures that
can be deemed to reduce the wellbeing of its future members.
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Table 3
Predicted yearly-scoring for a 15 years timespan from a Weibull curve.

Fig. 8. Weighting Curve for any standard Annual Generation (AGi) of 15 years.
Source: Authors

Table 4
Weights in a Weighting Curve for any Annual Generation of 15 years.
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research line, which states that the present practice to appraise
major projects does not take sufficiently into account their impacts
on future generations.

The “Intergenerational Redistributive Effects Model” (IREM)
model offers away to incorporate in the decision-making process of
a major project its intergenerational impacts. The model provides
indicators that compare the net benefits with the real financing
burden for overlapping generations, meaning the various groups of
people around a specific year, that will be affected by the project.
This analysis is complementary to the CBA and provides a view of
the fairness of the actual financial payments for the project across
the various generations affected.

The first aim of the research presented in this paper was to
empirically define the function to be used as a weighting curve
in IREM. To determine this function and the timespan of a
standard generation required a specific survey with an innova-
tive design in order to place the respondents in a future situa-
tion from which they were asked to value the impacts of an
infrastructure project in the past and in the next few years. This
survey was conducted in Catalonia and in relation to well-known
transport projects. The data collected were of good quality and
used, in a complex fitting exercise, to establish the timespan for
any “standard generation” in 15 years for major investments in
transport infrastructure, and to propose the weighting curve
shown in Table 4 using a Weibull distribution. The values ob-
tained cannot be considered as fixed for any IREM application,
which should probably be adapted to the society being analysed.
The methodology to obtain the relevant values appears, how-
ever, as robust and generally applicable.
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The results presented here have been essential for a proper
application of the IREM model to several transport infrastructure
projects, funded with different mechanisms. The IREM indicators
obtained show the strong influence of the project financing models
on intergenerational impacts and thus the need to incorporate the
financingmechanisms and their implications for future generations
into the project appraisal procedures.
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Appendix

In order to define F(t), we first tested a Gaussian parametric
function because it represented our theoretical expectations. We
estimated a symmetric curve from a central (pivotal) year declining
to both past and future years following the same pattern. To adjust
the curve, we took the central year of reference in the time span in
the survey questions (2020), which corresponded to the year with
the maximum in the respondents' adjusted scoring. We assumed
that the pattern of mitigation i.e. the weights' yearly attenuation
from the pivotal year, could be represented by percentage
weights20,wj, decreasing through time. For t > 0, the gradient of the
respondents' adjusted scoring represented by the function, F(t),
declines more strongly in the short term than in the long term.

It was assumed that the Gaussian parametric function would
reach values close to zero at the years outside the time span.
Moreover, during the years before year j-4 (j-5, j-6,…) we assumed
that people would be highly unconcerned about the project's early
stages, such as planning, design, procurement. Actually, those early
stages of investments in transport infrastructures could last several
years. Following the same logic, values for years after j þ 4 (j þ 5,
j þ 6, …) should be close to zero. During the length of the gener-
ation time span, i.e. between the year j-4, and the year j þ 4, values
would match the ones obtained in the survey data life span
(average ¼ 8.4 years).

The value for parameters a and c, were determined by succes-
sive approximations to plot a Gaussian curve of the respondents’
adjusted scoring yearly-average from year j-4 to j þ 4. Figure A.1
shows the resulting function and the values for its parameters.
Grey points represent the respondents' adjusted scoring from the
survey data. The plot indicates that a Gaussian function did not
adjust correctly the data. Therefore, we concluded that a Gaussian
function does not represent the social preferences for investments
in transport infrastructure projects obtained from the data.
20 Percentage weights correspond to people's preferences over costs and benefits
occurring either before or after the ‘pivotal year’ of a standard annual generation.
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Figure A.1. Curve fitting from a Gaussian function.
Source: Authors

As the Gaussian function did not fit the data, we tested a
Gumbel21 function to adjust the weighting curve linked to a stan-
dard generation. This allowed us to test a non-symmetrical atten-
uation of the yearly weights within a non-determined time span.
Unlike our previous fitting of a Gaussian curve for which we aimed
at drawing a symmetrical curve for a pre-defined time span of 9
years, the Gumbel function requires to calculate the parameters for
a non-symmetrical probabilistic function with the following
boundary conditions (A ~ D):

A. First, the curve reached its maximum at the pivotal year in the
time span, according to the empirical data from the survey this
corresponds to year 5.

B. From the pivotal year to the past, at year j-4, the function's value
corresponded to the minimum of the respondent's adjusted
scoring. The scoring at year j-5, should be as close to zero as
possible.

C. According to the time span's statistical outcomes (average¼ 8.4,
sd ¼ 10.7 years), the future branch would not go beyond year,
j þ 10.

D. The weighted respondents' adjusted scoring predicted with the
parametric function for the year j-4, was a comparative refer-
ence to identify the limit for the time span in the curve from the
pivotal year onwards.

FigureA.2 shows theGumbel curvefitted to estimate the function
parameters. To define the time span of a generation using this
function we used the adjusted scoring for the year j-4, of 2.4 points.
Unlike the Gauss curve, where this value matches the respondents'
adjusted scoring in jþ4, theGumbel curve conditionsoutlinedabove
required estimating the adjusted scoring for the years following the
pivotal year. We identified the adjusted scoring in future time ob-
servations at j þ 7, (2.3 points) matching its counterpart in past ob-
servations at j-4 (cf. Table A.1). Accordingly, the time spanwas set in
12 years for a Gumbel function; 4 years for the branch from the past
to the pivotal year and, 8 from the pivotal year to the future.
21 Gumbel functions also behaves as a non-exponential rate of decline function
when t > 0, therefore, it will tend to decrease strongly in the short term more than
in the long term.
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Table A.1
Predicted yearly-scoring from a Gumbel curve.
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As in the case of a Gaussian function, a Gumbel function did not
fit to represent the society's preferences for investments in trans-
port infrastructure projects. As it is observed in Figure A.2, the
Gumbel curve does not match the empirical benchmarks repre-
senting the adjusted yearly scoring obtained from the survey data.

Figure A.2. Curve fitting from a Gumbel function.
Source: Authors
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