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ABSTRACT 

 
Major transport projects are appraised mostly through cost-benefit analysis. In practice, 
though, decision-making takes into account many other aspects that are more or less political. 
When properly defined, they may be introduced in the decision process through multi-criteria 
analysis. Most important among these aspects are redistributive effects, which are, typically, 
associated to territorial, social and environmental considerations. There are, however, some 
important redistribution effects that have never been properly analysed and quantified until 
now. They are related to the evolution, throughout the projects’ lifespan, of the costs and 
benefits of the project affecting the society “of each moment” (here called “annual 
generation”), and of the financing structure adopted, which determines who the final payers 
will be: either users, through tolls or tariffs for the use of the project, and/or taxpayers. 
Relating the actual payment for the investment to the net benefits occurring to the users and 
citizens in general for each annual generation, it is possible to ascertain if there is a balanced 
intergenerational distribution of burdens and benefits over the whole project lifecycle, i.e. 
whether a project is sustainable and fair from an intergenerational perspective. 
  
The study supported by the STAREBEI programme has allowed developing a proper 
quantitative model for “intergenerational redistribution effects”.  The IREM, a model based on a 
survey-based definition of the “annual generation”, includes an ad-hoc analytical procedure for 
the establishment of indicators of these effects allowing their comparison among different 
projects. Such indicators could provide a valuable input into the decision making process and, in 
particular, in the adoption of a financing structure that represents an adequate share of the 
actual investment expenditure among those who will benefit from the project. 
  
The IREM model has been applied to a substantial set of projects, some of them financed by 
the EIB. The results of the econometric analysis indicate that the intergenerational 
redistribution effects of transport infrastructure depend on the funding typology, which appears 
to vary by country and type of project management. 
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1. INTRODUCTION 

The promotion of economic and social cohesion is an essential element of European integration. 
Transport infrastructure has always been considered a main vector of this development policy 
and a critical factor in the accomplishment of the Single Market through the removal of spatial 
friction. The European Investment Bank (EIB), as the financing arm of the EU, contributes to 
the achievement of the convergence objectives by financing transport investment projects, 
which promote economic growth of disadvantaged regions and aim to reduce disparities in 
living standards among citizens even in regions with comparatively high levels of wealth. The 
Bank also contributes to integration through its support to major investments in trans-European 
transport (TEN-T) networks. EIB-financed transport projects cover a wide range of activities, 
including research and development, but infrastructure investments, due to its volume, 
represents the core of EIB lending to the sector. A proper assessment of the economic and 
social impacts of transport infrastructure is therefore extremely important to justify the Bank’s 
activities and to demonstrate its role in support of EU policies. 
 
Transport infrastructure investments require large volumes of economic resources in their 
construction phase and must justify their profitability in terms of the benefits they generate 
throughout the operational phase. To evaluate their efficiency for the whole of society the 
cost/benefit analysis method (CBA) is typically used. CBA has, however, substantial practical 
difficulties in its application. The economic resources devoted to the construction, operation and 
maintenance of infrastructures, for instance, are quantified using market prices. However, most 
other resources consumed and generated are not easily monetised. Externalities, such as 
environmental costs arising from the construction works and from the operation of the 
infrastructure, or indirect effects on the economy generated by accessibility improvements are 
even more difficult to monetise because they are not subject to the usual market mechanisms. 
 
On the other hand, conventional CBA is not providing decision makers with relevant indicators 
regarding redistribution effects. CBA takes into consideration global costs and benefits occurring 
to a pre-defined “society” along the whole project cycle and provides indicators of their present 
value, but none on how they are affecting different groups within this “society” and outside it. 
Redistributive effects of major transport infrastructure can be, however, particularly significant 
and affect decision-making outcomes, e.g. the selection of a second-best alternative. Indeed, 
quite often efficiency is not the only driver of public decisions as most political policies, 
including European ones, pursue some kind of redistribution objective. For instance, the support 
of convergence, which aims precisely at providing a territorial redistribution to stimulate the 
development of the less advantaged regions of the EU, represents nearly 45% of the Union’s 
budget (through grants of the European Structural & Investment Funds) and a third of the EIB 
loans to Member States.  
 
While certain redistributive aspects, such as the impact on regional development, have been the 
target of many theoretical and experimental analyses, the redistributive effects of major 
projects affecting different overlapped generations of citizens has not been addressed until 
now. “Intergenerational redistributive effects” arise when payments made by one “annual 
generation” (see definition later on) of users and taxpayers concerned by the project, which are 
determined by the financial structure of the project, are not aligned with the net socio-
economic benefits affecting the same “annual generation”.  
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The effects of the financing formula of a specific project for the public sector are obviously 
embedded in the global macroeconomic context. Typically, the yearly budget1 of governments 
is mostly composed by tax income plus some public debt. So, it could be argued that the effects 
of the total public debt are those really relevant for future (genealogical) generations2. The 
implications of the marginal increase in public debt brought about by major projects are not, 
however, our concern here. New major projects are funded, traditionally, by means of some 
budgetary contributions and ad-hoc financial commitments that, in general, will only concern 
users and (mostly) taxpayers during the project’s lifespan. What is important within the 
decision-making process for a major project is to generate awareness of all the implications that 
are relevant for society and, if possible, to provide indicators allowing their proper assessment. 
 
This type of redistributive effects between overlapped generations have not been taken into 
account either in decision-making or in transport policy, despite their potential importance from 
the equity3 point of view. This research aims at assessing the intergenerational redistributive 
effects of a series of actual cases of transport infrastructure projects through the 
“Intergenerational Redistributive Effects Model” or IREM (Penyalver & Turró, forthcoming) in 
order to observe if such effects could be linked to project features (typology, political and 
administrative framework, private sector participation, etc.) and, obviously, to the financing 
formula used.  
 
The IREM has been used to analyse a certain number of European motorway and railway 
projects executed in recent decades that are expected to be representative of major land 
transport projects. The information provided by the European Investment Bank (EIB), notably 
the ex-ante cost-benefit and financial sustainability analyses produced by the Bank experts and 
the database of the Saïd Business School (SBS) of the University of Oxford, have been used to 
generate the standardised data required to run the IREM.  
 
The following chapter 2 explains the IREM and its assumptions. Chapter 3 gives a summary of 
the research methodology. Chapter 4 describes the results of the statistical analysis and draws 
the key conclusions.  
 
The results reported here suggest that, in general, major projects tend to be biased in favour of 
future generations, even though not all generations benefit equally. The results also indicate 
that most GPIs (governments promoting the investment) tend to use the same financial 
structures to promote a project, in particular when PPPs are proposed. A pattern of financial 
footprints related to the territorial scope and the type of project has been identified indicating 
that intergenerational redistributive effects are indeed linked to project characteristics. IREM 
indicators can be useful to quantify the distribution of the socio-economic and financial impacts 
of a project with regards to each “annual generation” of users and taxpayers and, thereafter, 
the importance of intergenerational redistribution effects. The model could thus help improve 
the decision-making process on major transport infrastructure investments. 
 
 

                                                   
1 Typically, governments’ yearly budget includes the forecast of the annual public expenditure, the financial commitments from 
former investments and the financial resources required for scheduled new investments. When taxes are insufficient to cover this, 
some additional public debt is needed. Treasury bonds emissions, IFIs or commercial banks loans and, in a few cases, project 
bonds are usual sources of public funding. 
 
2 In fact, taxpayers have to cover, in any case, the legacy of the cumulated Treasury debt generated in the past by loans to old 
projects. 
 
3 As future generations are not able to influence directly the policies being chosen today that will affect their well-being, it may not 
be possible to compensate them, and, even if feasible, such compensation may not actually occur (Mishan, 1975; Broome, 1992; 
Arrow et al., 1996). In this context, intergenerational equity refers to idea of fairness or justice in relationships between different 
generations of individuals (children, youths, adults and seniors), particularly in terms of similar treatment and balanced interactions.  
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2. MEASURING INTERGENERATIONAL EFFECTS 

The concept of “generation” (and, by extent, the concept of “intergenerational”) is used by 
most scientific papers with a genealogical meaning without a clear definition of its timespan. 
This lack of definition is evident in key macroeconomic studies related to the analysis of 
consumption and of savings in relation to economic growth (Ramsey, 1928; Solow, 1956; 
Samuelson, 1958; Phelps, 1961; Weiss, 1980; Romer, 1986; Blanchard & Fischer, 1989; Romer, 
1990; Romer & Chow, 1996; Gahvari & Micheletto, 2014). A clear definition is also absent in 
microeconomic studies, which aim to obtain the most adequate social discount rate4, and in 
studies that aim to assess the implicit distribution in the CBA of the intergenerational 
preferences of society (Scaborough & Bennet, 2008; Scaborough, 2011). In spite of it, some 
microeconomic studies have tried to differentiate between the intra-generational and the inter-
generational effects of projects (Eckstein, 1958; Marglin, 1963; Angelsen, 1991; Moore et al., 
2004; Fernández-Baca, 2011). For example, Moore et al. (2004) argue that, over a period of 50 
years, two generations (our generation and that of our children) are typically overlapped and, 
therefore, considering a longer duration would unduly incorporate more distant future 
generations. For this reason, they consider that, taking into account the long period of time 
required for most public infrastructure projects to be fully depreciated, the reasonable length 
for a genealogical generation is 50 years. This seems clearly excessive for a discussion about 
intergenerational equity. 
 
From the microeconomic perspective the question is, however, whether the discounting 
economic flows really reflects how people perceive the way that collective investment affect its 
intertemporal welfare, and if it generates awareness on the decision-makers on how the 
financing formula adopted by the GPI to pay for the investment affect their constituencies (see 
Annex 1 enclosed at the end of this document). The relation between the socio-economic 
effects of a project, measured in term of resources, and the concomitant financial flows –and 
their fairness implications– has not been properly specified and analysed until now. The CBA 
focuses on offering the (static) socio-economic net value of the investment at the moment of 
assessing the project. It does so through the use of discount rate associated either to the time 
preference of consumption of society (social value) or reflects the profitability that could be 
obtained from the economic resources of the project in the best alternative investment (social 
cost). Both values could be quite different (Feldstein, 1964; Angelsen, 1991; Souto, 2003; 
Moore et al., 2004; Fernández-Baca, 2011), i.e. it is not possible to speak of a single 
appropriate discount rate5 (Stiglitz, 2013). In short, the discounting mechanism is not suitable 
to reflect the impact that the financing structure of a project will have on the beneficiaries and 
taxpayers from different generations.  
 
The IREM has been developed as a tool to respond to this issue and facilitate the analysis of 
whether there is a balanced distribution over time of the relation between what the 
beneficiaries of an investment (users and society of “each moment”) receive and their 
contribution through pay per use and/or taxes. The “intergenerational” concept used in this 
model aims at comparing the usefulness of a major investment for the specific “societies” or 
“annual generations” that are affected by the project over its lifecycle. An "annual generation” 
refers to people living around (before and after) the pivotal or central year for this generation 

                                                   
4 The theory of discounted utility is the most widely used framework for analysing economic decisions that have consequences in 
multiple time periods (intertemporal choices), such as infrastructure investment. When studying the mechanisms of decision-making 
it is clear that future outcomes are considered less important than immediate (present) outcomes (Soman et al., 2005). On the 
other hand, the most accepted discounted model assumes that intertemporal welfare function is a weighted sum of the flow of 
future utilities (Arrow & Kurz, 1970; Arrow et al., 1995; Laibson, 2003; Gollier, 2011). 
 
5  In fact, even though some international organizations recommend discount rates to apply in CBA for different types of 
investments, most public authorities follow their own policy regarding the estimation and use of the discount rate (HM Treasury, 
2003; Evans & Sezer, 2004; Meunier et al., 2013).  
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who are concerned by the project as users/taxpayers. The comparison of the effects of the 
project among consecutive “annual generations” (certainly overlapped) over its lifecycle is 
considered the best way to illustrate intergenerational impacts. 
 
A basic question for the analysis of intergenerational phenomena is, of course, to determine 
what is the most appropriate method to group individuals so the model properly reflects the 
differential effects over identifiable and separate “societies” that are affected by the project 
over the years. This has been done through the definition of an “annual generation” (see point 
2.2), which involves the critical assumption about the timespan covered by it and also how the 
individuals of years around the central year of the generation are included. These parameters 
can only be estimated through adequate surveys indicating the sensitivity of society to the 
effects of a major transport infrastructure. The fieldwork carried out as part of this research has 
provided the necessary inputs for a reasonable and reliable definition. 
 

2.1. THE CHARACTERISTIC PROFILES OF A TRANSPORT INVESTMENT PROJECT 

Decision-makers typically use the CBA method to assess the efficiency of investments in terms 
of resources for society as a whole. Once socio-economic costs and benefits have been 
quantified and monetized throughout the lifecycle of the project (usually by annual periods), 
they are compared witch each other in order to calculate the net benefits (benefits minus 
costs). The benefits for users (reduction of the travel time, lower vehicle operating costs, etc.) 
and the resources consumed during construction, operation and maintenance of a new 
transport infrastructure asset may be evident but the wider costs and benefits for the 
community directly affected by the investment or the externalities affecting society in general 
(global environmental effects, macroeconomic impacts and other possible social cots) are more 
difficult to identify and monetize. It must be stressed here that the yearly net benefits and 
therefore the outcome of the CBA are not affected by the transfer of resources between users 
and operators or between them and the government (fees, taxes, etc.), which are, on the other 
hand, critical for the financial structuring of the project. 
 
The financial implications of the project can be derived from the cash flows that affect the 
various stakeholders in the project. To ensure the overall financial sustainability of the project it 
is necessary that the cumulative income forecast for each agent, among which public subsidies 
and transfers from other actors (such as bank loans) should be included, always exceeds the 
cumulative costs (including the reimbursement of loans). A precise estimation of the costs of 
construction, maintenance and operation over time of the transport infrastructure, on the one 
hand, and of the expected revenues from its exploitation and possible public subsidies 
necessaries for ensuring financial sustainability on the other, allows establishing the external 
funding needs of the project, which will usually be covered by loans. For each financing option, 
i.e. each combination of revenues, grants and loans, there will be a different distribution of the 
financing burden over time and between users and taxpayers. A critical factor in such a 
distribution is the budget contributions of the different governments involved in the project. 
European subsidies supporting “convergence" regions, for instance, have had an important 
impact on the financial structure of many transport infrastructure projects across Europe. 
 
The comparison between the time profile of the net financial cash flows, corresponding to 
revenues minus payments, and the time profile of the net socio-economic benefits over the 
project lifecycle shows how the financing impacts are shared between users and taxpayers and 
allows the measurement of the gap between the amounts paid and the net benefits of the 
project (profile "Net Benefits" in Figure 1). This comparison gives us information about the 
redistributive effects that occur due to the financing formula of the project and how they affect 
different generations of users and taxpayers (intergenerational effects). 



Penyalver & Turró “Intergenerational Redistributive Effects of Transport Infrastructure Financing.  
Case Studies from European and Non European Countries” 

 

 -7- 
 

 
Figure 1. Characteristic socio-economic and financial time-profiles (example) 

 
Source: author 

 
From the "time profile of the net benefits of the project" (B) and the "time profile of the 
financing impact" (FI) it is possible to obtain, for each year, the difference between them: 
 

Equation 1. Difference between net benefits and financing impact in year “j” 

𝐷! = 𝐵! − 𝐹𝐼!   
where, 

∼  Dj Difference between net benefits and financing impact in year “j” (M€) 
∼  Bj Net socio-economic benefits in year “j” (M€) 
∼  FIj Financing impact in year “j” (M€) 

 
It must be stressed that FI is determined by the payment schedule and that payments are not 
necessarily made in the same year as when the expenses originated. The profile shows, thus, 
the resources provided by each funding source (input from users and GDIs) and the 
amortization schedule of the loans (equity and interests) occurring every year. The IREM 
compares the cash flows from the financial analysis with the flow of socio-economic benefits, 
thus their values must be in constant terms (i.e. removing inflation). 
 
 

2.2. DEFINING THE GAP FOR EACH ANNUAL GENERATION 

Even if the difference between the net benefits and the financial contributions of users and 
non-users of the project in each given year (Dj), shows strong differences between two 
correlative years (for instance, before and after completion of the grace period of a loan), the 
simple difference does not provide a clear-enough indicator on how different generations will be 
affected. As already mentioned, the first step to get a suitable indicator of intergenerational 
redistribution effects is to properly define the concept of the "annual generation" (AGi) pivoting 
around year "i" of the project lifecycle (see Annex 2 enclosed at the end of this document).  
 
Considering any year “i” in the lifespan of a project as the “central year” or pivotal moment 
associated to an annual generation “AGi”, from this mid position, the individuals (both users 
and taxpayers) who live in this year will fully obtain all the net benefits and bear the financing 
legacy of the investment (payments related to the project funding) of that year, but only a part 
of the effects occurring in preceding or following years. Most of the “i”-year individuals have 
already been affected in the past by the project and will probably survive to be affected in 
future years. These individuals are, however, less numerous and more uncertain the further 
they are from the pivotal year. It is also reasonable to assume, for the analysis of the 
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intergenerational effects, a similar principle to the one used in CBA, which uses discount rates. 
People of the central year of a future generation would prefer “real6” benefits in that year over 
uncertain ones, which means, that they will give less weight to costs and benefits that will 
occur either before or after the year in question. On both counts it is logical to apply some 
mitigation (attenuation of each year’s weight towards the past and the future) and to do it in a 
more or less symmetrical way. This could not be the case, however, for annual generations 
living during the first years of the project, as its effects only start with payments and/or the 
commissioning of the transport infrastructure.  
 
So, once defined the annual generation’s timespan, we can establish its profile, in general, a 
symmetrical and continuous function of percentage weights7 (wj) decreasing towards the more 
distant years, as shown in Figure 2 below. With this profile it is possible to calculate the gap for 
each generation (GAPi) as the sum of the outcomes resulting of multiplying each “Dj” by its 
corresponding “wj” for every year “j” included in the AGi (see Equation 2 below). 
 

Figure 2. Weighting curve for each annual generation “AGi” 

 
Source: author 

 
The gaps for the different years along the lifecycle of the project (GAPi) show whether the 
financing formula adopted leads to similar differences between generations or if important 
redistributive effects exist. 
 

Equation 2. GAP for an annual generation centred in year “i” 

𝐺𝐴𝑃! = 𝐷! · 𝑤!   ;   𝑤! = 1
!!!

!!!

!!!

!!!

  

 
where, 

∼  GAPi GAP for the annual generation centred in year “i” (M€) 
∼  Dj Outcome of “Bj–FIj” for year “j” in generation “i” (M€).  
∼  2J+1 Total number of years that define an annual generation (j=1, 2, … 2J+1)   

The central year of the annual generation is at “j=i”, except for the first ones (truncated) 
∼  wj Weight representing the importance of the costs and benefits of a project for the population 

of year “j” within each annual generation. 
 
                                                   
6 “Real” refers here to benefits accrued with certainty in the year 
 
7 Percentage weights correspond to people’s perception of the project’s utility either before or after the ‘central year’ of an annual 
generation. This issue is fully explained in the introduction of point 2. 
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As already mentioned, and as shown in Figure 3 below, it is not logical to include the 
differences between costs and benefits in years previous to the initiation of the project.  In 
these years previous to the lifespan of the project there are no resources (generated or used) 
to consider. Therefore, the GAPi of the annual generations before the first “complete” one (i.e. 
when j=1 of this generation coincides with the first year of works), or “initial generations”, have 
to be calculated using a truncated weighting profile. This profile should be based on people’s 
identification with the nearest past with regards to the project. 
 

 Figure 3. Generational assessment of the inter-annual differences between costs and benefits 

 
Source: author 

 
At the other end of the project cycle, the problem is easier to resolve, simply by considering 
that the overlapped generational analysis will end “j” years later of the period of analysis 
adopted in the CBA (“I” years). For the last annual generation (AGi=I), the calculation will thus 
end “j” years after the CBA period. We can argue that the transport infrastructure will still be 
in operation and the net benefits occurring after year “i=I” can be extrapolated without 
distorting the intergenerational analysis. 
 
From the gap of each “annual generation” it can be drawn up the “Time Profile of Generational 
Gaps” of the project (cf. Figure 4), which is useful to determine whether the financing formula 
of a project implies substantial differences in the distribution of the gaps over its lifecycle and to 
easily check if certain generations are paying more than the net benefits they receive (GAPi<0). 
 

Figure 4. Time Profile of Generational Gaps of the project (example) 

 
Source: author 

 
As negative gaps are perceived more strongly than positive ones (with the size of these positive 
effects being relatively irrelevant), a simple quantified indicator of the existence of a potential 
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problem for decision makers seems sufficient for inclusion in the intergenerational analysis. The 
“Generational Unfairness Indicator” (GUI) giving the percentage of “annual generations” with 
negative gaps over the total provides the required information (cf. Equation 3).  
 

Equation 3. Calculation of “Generational Unfairness Indicator” of the project 

𝐺𝑈𝐼 =
𝑁𝐸𝐺𝐴𝑃
𝑁

· 100 
where, 

∼  NEGAP Number of “annual generations” with GAPi <0 
∼  N Number of “annual generations” considered in the project 

 
 

2.3. MEASURING INTERGENERATIONAL REDISTRIBUTIVE EFFECTS 

The IREM proposes standardised indicators as a common baseline to compare the 
intergenerational effects of different projects and, in particular, the different options available to 
finance them. In order to do so an “intergenerational gap” (GAPintg-i) is defined for each year as 
the difference between the gap for the relevant annual generation and the mean gap for the 
set of generations considered. 
 

Equation 4. Calculation of the mean gap of the “GAPi” series 

𝐺𝐴𝑃 =
𝐺𝐴𝑃!!

!!!
𝑁

  
where, 

∼  𝐺𝐴𝑃 Mean generational GAP (M€). 

 
 

Equation 5. Calculation of the “Intergenerational GAP” for each annual generation 

𝐺𝐴𝑃!"#$!! = 𝐺𝐴𝑃! − 𝐺𝐴𝑃  
where, 

∼  GAPintg-i Intergenerational GAP for annual generation “i” (M€). 
 
The variations over the lifecycle of GAPintg-i indicate whether some annual generations are more 
or less affected by the financial model than others. The distance of each GAPintg-i to the best-fit 
straight line obtained from the linear regression of the whole “intergenerational gap series” 
allows us to determine whether a specific generation is more positively (or negatively) affected 
than others. On the other hand, the slope of the best-fit line (positive or negative) indicates 
whether, globally, the proposed financing structure tends to (relatively) benefit or harm future 
generations. 
 
It can be argued, however, that the impacts on society of future gaps are mitigated by the 
wealth growth of its members, which is usually measured through the GDP or GNI per capita. 
The above calculations can be modified to take into account the reduced value of the gaps 
between expected net socio-economic benefits and payments for the societies in the future8. It 
can be done discounting from the “GAPintg-i" series the annual growth of GDP per capita 
(GDP/c), following therefore an exponential pattern similar to the social discount rate, to obtain 
the “modified intergenerational gap” series (GAPX-i). Figure 5 below shows the typical linear 
profiles of a given financing formula. In short,  

                                                   
8 By considering that it is established a weighting coefficient to calculate the GAP for each annual generation “i”, it could be argued 
that reducing now the value of the GAPintg-i by means of the GDP/c implies a double discounting. However, the weights for each 
year “j” within each generation defines, together with its time span, the relevance for society of the project’s effects. It is not 
related at all to reducing future GAP’s values because their transcendence will be mitigated by the society’s wealth growth. 
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Equation 6. Calculation of “modified intergenerational GAP” for each annual generation 

𝐺𝐴𝑃 !!! =
𝐺𝐴𝑃!"#$!!

(1 + 𝑇𝐶!"#/!)(!!!)
 

where, 
∼  GAP X-j “Modified” intergenerational GAP for generation “i” (M€). 
∼  TCGDP/c Long-term GDP/c annual growth rate (%) 

 
Figure 5. Time-profile of the intergenerational redistributive effects (example) 

 
Source: author 

 
The slope of the regression indicates the strength of the gap in favour of future generations. 
The bigger the angle of the slope the highest will be the benefits for them. On the other hand, 
the linear correlation coefficient “r” (-1≤r≤1), which determines the relationship between the 
two variables involved in a bidimensional distribution (in this case, two time series: the time 
profile of the net financial "cash flows corresponding to payments" and the time profile of the 
"flows of socio-economic net-benefits" over the project lifecycle) will provide an indicator of the 
variability with regards to a specific regression line, which reflects a situation where all 
generations would be identically affected. 
 

Equation 7. Linear correlation coefficient 

𝑟 =
𝜎!"

𝜎! · 𝜎!
;      −1 ≤ 𝑟 ≤ 1 

where, 
∼  r Linear correlation coefficient of the gap regarding the time distribution of generations of the project. 
∼  𝜎!" Covariance: arithmetic mean of the deviations products for each variable from its mean 
∼  𝜎! Typical standard deviation: square root of the variance of the gap series 
∼  𝜎! Typical standard deviation of the time distribution of generations of the project (i=1,2,3,…. I) 

 
From the intergenerational perspective, when the trend of the linear profile of “GAPX series” 
is strong (r≈1 or r≈–1), the redistributive effects due to the variability among generations are 
small and the sharing of financing cost and socio-economic benefits among the different 
generations is homogeneous, although they could generally be in favour or not of future 
citizens. However, when the correlation is weak (r≈0), it means that there is a big dispersion of 
GAP values and some generations will benefit clearly from the project whilst others will bear its 
financing burden. 
 
To facilitate the understanding of the redistributive intergenerational effects, the IREM model 
defines an “Intergenerational Redistributive Effects Sharing Index” (IRESI) to reflect the overall 
intensity of the intergenerational redistributive effects independently of the trend’s sign.  
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Equation 8. Intergenerational Redistributive Effects Sharing Index (IRESI) 

𝐼𝑅𝐸𝑆𝐼 = 1 − 𝑅!"# [!]
!  ;    𝐼𝑅𝐸𝑆𝐼 ∈ [0,1] 

where, 
∼  IRESI “Intergenerational Redistributive Sharing Index” of the project (dimensionless) 
∼  R2

GAP [X] Coefficient of determination of the “GAPX-i” series, in our case r2 
 
A high value of the IRESI indicates that there are strong divergences among generations 
regarding (and irrespective of) the general trend of the project, which could favour closer or 
more distant “societies”. IRESI≈0 values indicate that the intergenerational redistribution effects 
are consistent and therefore, in this case, the only characteristic to consider is the trend (the 
slope of the regression line). When the intergenerational redistributive effects of the financing 
formula are important, it will be necessary to assess separately the IRESI associated to each 
agent involved in the project, particularly users and taxpayers. This will require calculating 
independently the IRESI for both agents, to analyse the possible differences and the reasons for 
them. 
 
In conclusion, the “Intergenerational Redistributive Effects Model” (IREM) is a microeconomic 
model that offers four key parameters (outputs) to describe intergenerational redistributive 
effects: 
 

- GUI: Indicates to what extent a project will entail “generational unfairness”. 
- Trend: Indicates us whether present or future generations will be favoured. 
- Slope (*): Tangent of the regression line, giving the strength of the trend. 
- IRESI: Indicates whether particular generations will end up being greatly benefited/ 

harmed due to the financing model. 
 
This information can be used to assess the intergenerational redistributive effects of the 
different structures that a GPI could choose for funding a project but also to compare 
intergenerational redistributive effects between different projects. 
  

                                                   
(*) In the centesimal system a right angle is divided into 100 grades or grads (onward “g”), i.e. the range can vary from -100g to 
+100g. For comparing different projects the slope should be shown in centesimal grades. 
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3. A PRACTICAL APPLICATION 

The first phase of this research project consisted on collecting a wide sample of greenfield 
investments in transport infrastructure. It was created a database with basic information from 
the data collected: type of infrastructure (motorway; high speed railway, onwards HSR; 
tramway and metro, onwards urban; tunnel and bridges, onward joints), country and 
government promoting the investment (GPI), year of promotion, system of project 
management, economic rate of return (ERR) and financing rate of return (FRR), etc.  
 
In a second phase, a project was considered suitable for the IREM analysis only if data 
concerning the ex-ante social profitability analysis (CBA) and the financing plan (including loans 
conditions and financing sources) were available. Actually, only 25 projects (53% of the total 
sample) were suitable for predicting the intergenerational redistributive effects from the data 
collected. One of these projects was carried out in Tunisia, two projects were promoted in 
Vietnam and the rest 22 projects were developed in Europe (88%). Further, monitoring reports 
were checked to see if the initial schedule of payments had been maintained or not and what 
were the reasons for changes (early repayment, additional loans to finance cost overruns, etc.). 
In short, for each project the net benefits distribution profile and the financing impact profile 
were studied in detail.  
 
In parallel, we carried out a survey that comprised 200 interviews to properly define the 
timespan of an “annual generation”. The fieldwork was carried out with the support of the 
Research and Expertise Centre for Survey Methodology (RECSM) of the Pompeu Fabra 
University (Barcelona, Spain). The survey was relatively simple: two significant and well known 
transport infrastructure projects in Catalonia were taken as a reference in order to design and 
adapt a questionnaire, which provided needed information about the preferences of citizens 
that can potentially be users and/or taxpayers of the projects. The outputs of the survey were 
analysed with the purpose of 1) establishing the most suitable timespan that adequately 
represents properly an “annual generation”, as understood by the people affected by an 
investment in transport infrastructure, and 2) establishing a “weighting curve” fitted to the 
people’s perception of the projects’ utility for any “annual generation”. The description in-detail 
of the survey, the main findings and the results obtained are shown in the Annex 2 enclosed in 
this document. 
 
Briefly, the extension of a standard “annual generation” was set in 15 years with its year of 
reference established in year 5, and the “weighting curve” for any “annual generation” was 
defined according to Table 1 below (for details, see the Annex in epigraph 6). 
 

Table 1. Weights in a Weighting Curve for any Annual Generation of 15 years 

GENERATION 
PERCENT YEARLY WEIGHTS (wj) 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Standard (4+11 years) 3.7 6.4 8.1 8.8 9.2 9.0 8.6 8.0 7.4 6.7 6.1 5.4 4.8 4.2 3.6 

Truncated (3+11 years) - 6.6 8.4 9.1 9.6 9.3 8.9 8.3 7.7 7.0 6.3 5.6 5.0 4.4 3.7 

Truncated (2+11 years) - - 9.0 9.8 10.2 10.0 9.6 8.9 8.2 7.5 6.8 6.0 5.3 4.7 4.0 

Truncated (1+11 years) - - - 10.8 11.2 11.0 10.5 9.8 9.0 8.2 7.5 6.6 5.9 5.1 4.4 

Truncated (0+11 years) - - - - 12.6 12.3 11.8 11.0 10.1 9.2 8.4 7.4 6.6 5.8 4.9 

Source: author 

  
In the third phase the IREM was applied to all the projects in the database to obtain their key 
indicators (trend, slope and intergenerational redistributive effects sharing index). The final 
results are shown in Table 2 below. 
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Table 2. Total Sample. Relation between the projects assessed in the research and their main parameters 

PROJECT CODES DATA COLLECTED IREM INDEXES 

GPI/Project ID GPI  Location Type of 
Infrastructure 

Long-term 
PPP ERR FRR GUI Trend & 

Slope (TG) IRESI 

01/000-RW-OK-01 01 Germany HSR No 5.5% -3.6% 7.3% +94.4g 0.24 
02/906-RW-OK-01 02 Spain HSR No 4.8% -1.6% 0.0% +93.8g 0.17 
02/003-RW-OK-02 02 Spain HSR No 4.0% -1.6% 0.0% +89.5g 0.01 
03/000-JNT-OK-01 03 Bulgaria Joint No 10.0% n.a. 0.0% +64.6g 0.01 
04/906-JNT-OK-01 04 Greece Joint Yes 6.0% 4.0% 0.0% +86.7g 0.05 
05/102-MW-OK-04 05 (*) Spain Motorway Yes 5.4% 10.7% 62.9% +45.5g 0.07 
05/102-MW-OK-05 05 (*) Spain Motorway Yes 4.0% 11.7% 100% −0.9g 1.00 
05/102-MW-OK-06 05 (*) Spain Motorway Yes 9.2% 11.6% 100% +22.6g 0.07 
04/006-MW-OK-01 04 Greece Motorway Yes 4.0% 3.7% 0.0% +79.4g 0.00 
06/100-MW-OK-02 06 Italy Motorway Yes 8.8% -8.1% 0.0% +95.6g 0.00 
07/004-MW-OK-01 07 Ireland Motorway Yes 12.0% 7.5% 8.1% +78.0g 0.02 
07/006-MW-OK-02 07 Ireland Motorway Yes 8.0% 7.0% 2.4% +58.2g 0.25 
07/006-MW-OK-03 07 Ireland Motorway Yes 11.5% 3.1% 2.7% +82.9g 0.08 
07/006-MW-OK-05 07 Ireland Motorway Yes 8.8% 5.7% 11.4% +85.1g 0.01 
07/007-MW-OK-06 07 Ireland Motorway Yes 9.1% 5.8% 11.4% +82.1g 0.10 
08/908-MW-OK-01 08 UK Motorway Yes 14.0% 5.0% 0.0% +42.6g 0.05 
04/008-MT-OK-01 04 Greece Urban No 11.4% n.a. 0.0% +93.6g 0.04 
11/008-MT-OK-01 11 Spain Urban No 4.8% -3.6% 17.5% +49.5g 0.08 
12/008-TW-OK-01 12 France Urban No 5.1% -7.6% 64.1% +51.8g 0.02 
13/009-TW-OK-01 13 Poland Urban No 5.7% -4.3% 0.0% +7.6g 0.52 
14/009-TW-OK-02 14 Poland Urban No 10.9% -13.4% 0.0% +8.0g 0.18 
15/007-TW-OK-01 15 Spain Urban No 4.8% -6.4% 100% +21.5g 0.28 
09/009-MT-OK-01 09 Vietnam Urban No 10.9% -10.9% 27.9% +93.0g 0.10 
10/100-MT-OK-02 10 Vietnam Urban No 4.8% -6.3% 30.2% +96.8g 0.07 
16/009-TW-OK-01 16 Tunisia Urban No 6.00% -3.8% 30.0% +83.9g 0.02 
(*) The GPIs did not determine ERR/FRR values in the Table, but independent sources, with the single 
exception of the Spanish GPI, who set them for tendering processes. 
 
Source: author 

 
Once the database with the results of the IREM application had been obtained the outcomes 
were analysed. The next section documents and discusses the complete statistical analysis. We 
are interested in analysing the performance of the statistical correlation of the IRESI and TG 
values separately, and following comparing whether their behaviour matches for each sample of 
projects. In this assessment it is particularly important to analyse the value of the standard 
deviation (onwards, “sd”) once calculated the average of the sample, which will inform us 
whether the range of dispersion in the sample is important or not for our analysis. 
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4. STATISTICAL ANALYSIS 

The statistic analysis of the IREM indicators focuses, firstly, on their averages for the whole 
database and, in a second phase, on how they were linked to different project characteristics: 
country, type of project, management system, kind of government promoting the investment 
(GPI), etc. As it does not exist prior knowledge about the intergenerational redistributive 
effects, a cluster analysis was carried out to detect if there are some common distinctive 
characteristics of these effects linked to the type of project. The outcomes obtained through the 
statistic software R for the “total sample” and for different types of projects (motorways, high-
speed railways, tramways, metro or joint projects), i.e. the GUI, the IRESI and the “trend & 
slope” (onward, TG) values, are shown in Table 3.  
 

Table 3. IREM statistical outcomes by type of project 

Approach:  
Type of project 

Sample 
Size (N) 

GUI Trend & Slope (TG) IRESI 
average sd average sd average sd 

Total sample 25 23.0% 34.2 +64.2g 31.6 0.14 0.22 
Motorway projects 11 27.2% 40.2 +61.0g 30.4 0.15 0.29 
Urban projects 9 38.8% 43.2 +56.2g 37.3 0.15 0.16 
HSR projects 3 2.4% 4.2% +92.6g 2.7 0.14 0.12 
Joint projects*  2 0.0% 0.0% +75.7g 15.6 0.03 0.03 
 (*) Type of project excluded in later discussions because the sample size (n=2) is lower than 10% of the total sample.  
Source: author 

 
According to the statistical calculation, for the total sample, the average value of the 
“generational unfairness indicator” (GUIaverage=23.0%) confirms that, in general, certain 
generations are paying more than the net benefits they receive from the investments in 
transport infrastructure. The value of the “trend & slope” (TGaverage=+64.2g) indicates that 
transport infrastructure projects tend to benefit future generations even though, given the size 
of the standard deviation (TGsd=31.6), this pattern may not apply consistently to all cases. The 
average value of the IRESI (IRESIaverage=0.14) suggests that the intergenerational redistributive 
effects amongst generations are not very strong, although differences among projects exist 
(IRESIsd=0.22); i.e. in several projects some annual generations decidedly benefit from the 
investment whilst others are adversely affected, but for most projects the investment affects all 
annual generations in more or less the same way.  
 
A detail assess of the IREM’s outputs brought to light, as will be seen, following the analyses of 
the specific IRESI and TG patterns, that each group of transport infrastructure projects 
(motorway, HSR, tramway or metro) has its own pattern.  
 
 

4.1. STATISTICAL OUTCOMES FOR MOTORWAY PROJECTS 

A key characteristic of the motorway projects in the database is that all of them are PPPs under 
a design-build-finance-maintain (DBFM) system in which expropriation costs were always borne 
by the GPIs promoting the project. The PPPs are channelled through a SPV9 holding a long-term 
concession. The SPV was expected to recover the investment mainly by means of tolls 
(revenues from users) and some subsidies (from the GPI or other administrations, i.e. from 
taxpayers) after commissioning, based on demand forecasts or actual use (traffic counts being 
the basis of payments). The amount and distribution of public subsidies vary widely from one to 

                                                   
9 The investment vehicle chosen by the GPI to develop infrastructure transport projects may be totally public, being 
managed by the Administration itself or a public Agency or Company, or totally or partially private (Special Purpose 
Vehicle of Investment or SPV) when carried out through a PPP (including a pure concession). 
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case to another. IREM outcomes and, as consequence, the statistic outputs from the database 
reflect these variations (cf. Table 4).  
 

Table 4. IREM statistical outcomes by GPI for motorways projects 

Approach:  
Location 

Long-term 
PPP 

Sample 
Size (N) 

GUI Trend & Slope (TG) IRESI 
average sd average sd average sd 

Sample  DBFM 11 27.2% 40.2 +61.0g 30.4 0.15 0.29 
Spain  DBFM 3 87.6% 21.4 +22.4g 23.2 0.38 0.54 
Ireland DBFM 5 7.2% 4.5 +77.3g 11.0 0.09 0.10 
Greece DBFM 1 7.3% -- +79.6g -- 0.00 -- 
Italy DBFM 1 0.0% -- +95.6g -- 0.00 -- 
UK DBFM 1 0.0% -- +42.6g -- 0.05 -- 
Source: author 

 
In general, motorway projects typically benefit future generations (TGaverage=+60.7g) but, as 
the standard deviation value indicates (TGsd =30.4), there are important variations. Actually 
GUIaverage=27%, i.e. a 27% of generations affected by the projects pay more than the benefits 
they receive from the investments. The standard deviation for the IRESI also reflects important 
differences for the intergenerational redistributive impact among projects (IRESIsd =0.29). 
 

Table 5. Outcomes for Motorway Projects  

Approach: 
Country GUI TG IRESI 

Financing Structure 
(A) Annual 

GPI’s budget 
(*) 

(B) 
International 

Grants  
(A+B) 

(C) Loans (***) 
from IFIs and 

p. banks  

Private  
(PPP) 

(D) Revenues 
from Users (****) 

Spain 62.9% +45.5g 0.07 100% (**) 0% 100% 0% 100% 0% o&m costs 
Spain 100% −0.9g 1.00 100% (**) 0% 100% 0% 100% 0% o&m costs 
Spain 100% +22.6g 0.07 100% (**) 0% 100% 0% 100% 0% o&m costs 
Ireland 11.4% +82.1g 0.10 84% 0% 84% 0% 16% 344% o&m costs 
Ireland 11.4% +85.1g 0.01 57% 0% 57% 0% 43% 222% o&m costs 
Ireland 8.1% +78.0g 0.02 55% 0% 55% 0% 45% 636% o&m costs 
Ireland 2.4% +58.2g 0.25 51% 0% 51% 0% 49% 253% o&m costs 
Ireland 2.7% +82.9g 0.08 45% 0% 45% 0% 55% 987% o&m costs 
UK 0.0% +42.6g 0.05 14% 0% 14% 0% 86% 373% o&m costs 
Greece 0.0% +79.4g 0.00 6% 0% 6% 0% 94% 984% o&m costs 
Italy 0.0% +95.6g 0.00 0% 0% 0% 0% 100% 462% o&m costs 
(*) Funds from the annual GPI’s budget can be: funds from the investment chapter and/or grants (to a public agency, a private 
concession holder, etc.) to get the project built (usually paid during the construction phase) and, in some cases, subsidies to 
ensure the financial sustainability of the project during the operation phase.  
(**) The Spanish GPI pays a shadow tolls/availability payments to the concessionaires that financed and built the toll-free 
motorways after commissioning and during the concession period. 
(***) Here, the financing structure is referred to GPI/PIV. Loans from IFIs and banks can be given, however, to concessionaires 
(****) Relationship between the present values of revenues from users and operation & maintenance costs (O&M) costs. 
Source: author 

 
By analysing the projects in detail (cf. Table 5), it can be observed that those promoted in Italy 
and UK (where public subsidies were not needed) will benefit every generation (GUI=0%) 
without entailing significant redistribution effects among them (IRESI≈0). The projects 
promoted in Ireland and Greece need, however, some public subsidies to grant their feasibility 
during the ramp-up and, in some cases, afterwards. Accordingly, the first annual generations, 
which usually get the lowest net benefits of the project, show small negative generational gaps 
(2%<GUI<11%). The financing formulae used in Ireland and Greece benefit thus future 
generations without entailing important intergenerational redistributive effects.  
 
For the Spanish motorways the GPI used a DBFM system to promote toll-free projects whose 
traffic demand forecasts implied small socio-economic net benefits. To ensure the projects’ 
feasibility it designed financing formulae based on repaying the investment in the long-term, 
through a yearly “concession fee” (minimum revenues linked to the quality of the maintenance 
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services). Accordingly, most generations of taxpayers pay for the projects whilst a few users 
obtain net benefits (GUIaverage=87.6%).  Further, as gaps are negative for most generations 
within the projects’ lifecycle, the characteristic profiles of the “intergenerational redistributive 
effects” show gentle slopes (TGaverage=+22.4g) and significant redistribution effects among 
generations (IRESIaverage=0.38). In short, the financing formulae chosen by the Spanish GPI 
appear as unfair from an intergenerational perspective. 
 
It is worth noting the singularities of the motorway with the code “05/102-MW-OK-05”. The 
payments borne by taxpayers are always higher than the socio-economic net benefits from the 
project (cf. Figure 6). 
 

Figure 6. Socio-economic and financial time-profiles for the project “05/102-MW-OK-05” 

 
Source: author 

 
Accordingly GUI=100%, i.e. the gap for any annual generation is negative (cf. Figure 7). As the 
first generations bear lower negative gaps than future ones and the financing formula thus 
adversely affect every annual generation due to the small socio-economic net benefits 
expected. Besides having a negative trend (TG= – 0.9g), even if the slope is very small (cf. 
Figure 7), this project entails the highest redistributive impact among generations 
(IRESI=1.00). The project “05/102-MW-OK-05” has, hence, no sense from an economic point 
of view and appears as unfair from the intergenerational point of view. 
 

Figure 7. Time profile of the generational redistributive impact for the project “05/102-MW-OK-05” 

 
Source: author 

 
Actually, the IREM outcomes for the three motorways promoted by the Spanish GPI suggest 
that they probably could have chosen better financing formulae to circumvent the eventual 
deficit or debt restrictions, which seem to be the real motive behind the adopted PPP solution. 
 



Penyalver & Turró “Intergenerational Redistributive Effects of Transport Infrastructure Financing.  
Case Studies from European and Non European Countries” 

 

 -18- 
 

In conclusion, in motorway projects, the concession system could allow adjusting payments to 
socio-economic net benefits suitably through ad hoc financing formulae. For project of 
demonstrated efficiency (by means of a proper CBA) the financing formula should contribute 
towards ensuring the financial sustainability of projects, which, in turn, should favour 
intergenerational equity. In short, well-conceived projects from a socio-economic and financing 
point of view should be able of benefiting future generations without entailing significant 
intergenerational redistribution effects. 
 
Moreover, the statistical analysis shows that there are potential relationships between the IREM 
outcomes and the financing structure of the projects. In this analysis, however, it was kept out 
a potential statistic outlier corresponding to the Spanish project with TG= −0.9, whose IREM 
outputs are distant from other observations in the sample. This way, the Pearson’s statistical-
coefficient r=−0.755 and its concomitant probabilistic-value10 (onward, “p-value”), equal to 
0.01, indicate that the percentage of funds from public sources in the financing model and the 
“Generational Unfairness Indicator” (GUI) are statistically correlated. This indicates that typically 
higher public funds imply higher GUI (cf. Figure 8). 
 

Figure 8. Statistical correlation between GUI and % of public funds 
in the financing structure of the motorway projects 

 
Source: author 

 
Next, it also appears that “the higher (positive) TG, the smaller GUI” according to the 
regression model (cf. Figure 9). The correlation between the statistic outputs in every sample of 
these projects would confirm this pattern. However, this pattern might not be significant taking 
into account that the sample its relatively small. 
 

                                                   
10 The probabilistic value of statistical tests (“p-value” or, simply, “p”) indicates the strength of the evidence. If 
p<0.05 the test is significant, here indicating that there is strong statistical evidence that the parameters TG and 
IRESI are statistically correlated. 
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Figure 9. Statistical correlation between IREM outputs: Trend & Slope vs. GUI in 
the motorway sample 

 
 Source: author 

 
In short, it could be said that the financing model of motorway projects in general and, in 
particular, the percentage of funds from the different public and private sources have an 
influence in the IREM outcomes and thus have intergenerational redistribution effects. To find 
out in detail the extend and characteristics of these effects and their cause it would be 
necessary to define an ad-hoc taxonomy of projects (possibly using not only country and 
public/private management, but also the funding sources and the level and mechanism of 
contribution of users and taxpayers to build and operate the project) and count on a much 
wider and diversified database than the currently available to apply the model to the separate 
categories. 
 
 

4.2. STATISTICAL OUTCOMES FOR TRAMWAY AND METRO PROJECTS 

For tramway and metro projects (urban projects) the GPI usually does not envisage that the 
investment be recovered, at least in its totality, thus taxpayers will end up covering a part of 
the project expenditure. Quite often users only pay for a part of the operation and maintenance 
costs. Being so costly for their finances, GPIs try to get some grants from upper-government 
bodies, including the EU, to reduce their investment needs. To cover them and distribute the 
burden over several annual budgets, the GPI may decide to obtain loans from IFIs and/or 
private banks. From commissioning, depending on the tariff coverage, some yearly public 
subsidies may be needed to ensure the financial sustainability of the project. 
 
In the sample of urban projects in the database, the financing formulae vary widely among 
GPIs. IREM outcomes as well as their statistic outputs reflect these variations (cf. Table 6). 
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Table 6. IREM statistical outcomes for tramways and metro projects 

Approach:  
Country 

GPI 
code 

Project 
type 

Sample 
Size 
(N) 

GUI Trend & Slope (TG) IRESI 

average sd average sd average sd 

Urban Sample -- -- 9 38.8% 43.2 +56.2g 37.3 0.15 0.16 
Source: author 

 
In general, urban projects typically benefit future generations (TGaverage=+56.2g) although, as 
the standard deviation value indicates (TGsd =37.3), there are important disparities. Actually, on 
average, around 40% of the annual generations affected pay more than the benefits they 
receive, but a deeper analysis based on a much bigger sample would be needed to properly to 
interpret the outcomes (GUIsd =43.2). On the other hand, the redistributive effects among 
generations are similar to those for highways (in which users tend to pay more), with the 
IRESIaverage =0.15, but they are more similar across the sample (IRESIsd =0.16) and relatively 
low.  
 
Whilst not being possible to extract robust conclusions from it, the detailed analysis of the 
urban sample leads to think that projects with low percentage of negative gaps (GUI<30%) 
show particularly high percentages of revenues from users (cf. Table 7). In France and Spain, 
where users hardly contribute to bear half of the operation and maintenance costs, this 
percentage is much higher (GUI>60%).  
 

Table 7. Structure of the Financing Formulae for Urban Projects  

Approach: 
Country 

Project 
type GUI TG IRESI 

Financing Structure 
(A) Annual 

GPI’s 
budget  

(B) 
International 

Grants  
(A+B) 

(C) Loans 
from IFIs 

and p. banks  

Private 
(PPP) 

(D) Revenues 
from Users (*) 

Greece Metro 0.0% +93.6g 0.04 8% 58% 34% 66% 0% 200% m.c. 
Poland Tramway 0.0% +7.6g 0.52 4% 46% 50% 50% 0% 90% m.c. 
Poland Tramway 0.0% +8.0g 0.18 15% 34% 49% 51% 0% 63% m.c. 
Spain Metro 17.5% +49.5g 0.08 30% 10% 40% 60% 0% 81% m.c. 
Vietnam Metro 27.9% +93.0g 0.10 0.5% 0.5% 1% 99% 0% 83% m.c. 
Vietnam Metro 30.2% +96.8g 0.07 2% 0.0% 2% 98% 0% 100% m.c. 
Tunisia Tramway 30.0% +83.9g 0.02 0.0% 4% 4% 96% 0% 235% m.c. 
France  Tramway 64.1% +51.8g 0.02 11% 2% 13% 87% 0% 16% m.c. 
Spain Tramway 100% +21.5g 0.28 0% 0% 0% 100% 0% 14% m.c. 
(*) Relationship between the present values of revenues from users and infrastructure maintenance costs (m.c.). 
Source: author 

 
In conclusion, it appears that the financing structure of urban projects, based on a high 
recourse to loans combined with a low percentage of revenues from users, entails negative 
gaps for most annual generations, even though these types of projects (metro and tramways) 
benefit future generations. In any case, the intergenerational redistributive effects are not 
substantial in the sample analysed. This is mostly due to the high annual socio-economic net 
benefits of the projects, which, in spite of the percentage of generations bearing negative gaps, 
suggests certain intergenerational equity. 
 
Finally, regarding the Pearson’s coefficient for the statistic correlation between the GUI and the 
percentage of public funds in the financing structure, r=-0,703 (p-value=0.035), it could be 
said that typically higher public funds imply smaller GUI for urban projects (cf.  Figure 10).  
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 Figure 10. Statistical correlation between GUI and % of public 
funds in the financing structure of the urban projects 

 
Source: author 

 
 
 

4.3. STATISTICAL OUTCOMES FOR HIGH SPEED RAILWAY PROJECTS 

HSR projects in EU State Members are usually embedded into the comprehensive rail network 
of each State, which, in turn, includes conventional railway infrastructure for both passengers 
and freight. This comprehensive infrastructure for railways is usually managed by a PIV11 that is 
expected to obtain more than the 50% of its revenues from its commercial services to railways 
operators and from other commercial activities in the market. If this condition is accomplished, 
the PIV is considered an industrial company12 and transfers from the GPI with the aim of 
investing in greenfield projects will not be considered as illegal public aid. On the other hand, 
unlike tramway or metro projects, European rules do not allow including rolling stock as part of 
the subsidised HSR investments and GPIs/PIVs are not allowed to give public subsidies during 
the operation phase to ensure financing sustainability. How these rules are enforced in practice 
would be the subject of another study, but it is clear that, in the transport sector, state aid 
regulations have a strong impact on how certain projects are funded. 
 
In the European context, the financing formula of HSR projects is often characterised by huge 
investments during long periods of time, which are, in an important percentage, paid by the 
GPI (taxpayers) through the PIV. The GPI usually does not envisage raising revenue from users 
(railway operator firms) higher than infrastructure maintenance costs. However, the difference 
between revenues and maintenance costs is small and difficult to separate from the rest of the 
network. So, to get the project built, the PIVs need either initial public grants and/or very long-

                                                   
11 The investment vehicle chosen by European GPIs to develop HSR projects is managed by the Administration itself 
or a public Agency or Company, named here as a Public Investment Vehicle (PIV). 
 
12 The expression “industrial or commercial nature” comes from the European Directive 18/2004, which first was subject of analysis 
for the European Court of Justice in Luxembourg in the well-known Mannesmann sentence of 1998, January 15th. 
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term project-linked loans (mainly from IFIs as well as private banks), which will be repaid from 
the operating margin of the PIV and, for the percentage covered by the GPI (less than 50% of 
the total investment), from transfers from the GPI’s annual budgets.  
 
For this group the pattern resulting from the IREM outcomes is that they decidedly benefit 
future generations. Actually, the three TG outputs reached similar values (TGaverage =+92.6g), 
independently of the GPI and the project location (cf. Table 8). Besides, the financing formulae 
hardly entailed negative generation gaps (GUIaverage=2.4%), which implies a high overall 
intergenerational equity, even though some redistributive effects among generations exist 
(IRESIaverage =0.14). Accordingly, it can be said that HSR projects appear to be very convenient 
for future generations and that socio-economic net benefits usually are higher than payments 
for every generation affected within the lifecycle of the project. 
 

Table 8. IREM statistical outcomes by GPI for HSR projects 

Approach: 
Country 

Long-
term PPP 

Sample 
Size 
(N) 

GUI Trend & Slope 
(TG) IRESI 

average sd average sd average sd 
HSR Sample No 3 2.4% 4.2 +92.6g 2.7 0.14 0.12 
Germany No 1 7.3% -- +94.4g -- 0.24 -- 
Spain No 2 0.0% 0.0 +91.7g 3.0 0.09 0.11 
Source: author 

 
In detail, the main difference among the financing formulae of the projects in the sample was 
in the amount of grants that the Spanish PIV got from different EU funds13 (cf. Table 9). 
Actually, EU grants are a key element to understand the lack of negative generation gaps 
during the construction phase in the Spanish projects (GUI=0%), even though the GPI (i.e. 
taxpayers) has to bear a significant financial impact throughout this phase (28% on average is 
funded from the corresponding annual GPI’s budgets). After commissioning, however, the lack 
of negative gaps is mainly due to revenues from users that are higher than the operating and 
maintenance costs, which, further contributes to diminish the financing burden from loans 
repayment that taxpayers have to bear. 
 

Table 9. Structure of the Financing Formulae for HSR Projects  

Approach:  
Country 

Project 
type GUI TG IRESI 

Financing Structure 
(A) Annual 

GPI’s 
budget  

(B) 
International 

Grants  
(A+B) 

(C) Loans 
from IFIs 

and p. banks  

Private 
(PPP) 

(D) Revenues 
from Users (*) 

Germany HSR 7.3% +94.4g 0.24 42% 0% 42% 58% 0% 120% m.c. 
Spain HSR 0.0% +93.8g 0.17 24% 49% 73% 27% 0% 138% m.c. 
Spain HSR 0.0% +89.5g 0.01 32% 53% 85% 15% 0% 225% m.c. 
(*) Relationship between the present values of revenues from users and infrastructure maintenance costs (m.c.). 
Source: author 

 
In conclusion, for the aforementioned reasons HSR projects benefit future generations, but not 
necessarily in a uniform way, as some intergenerational redistributive effects exist. Moreover, 
regarding the Pearson’s coefficient for the statistic correlation between the GUI and the 
percentage of public funds in the financing structure, r=-0,963 (p-value=0.17), it could be said 
that typically higher public funds imply smaller GUI for HSR projects (cf. Figure 11), even if the 
sample size does not allow to confirm this point.  
 

                                                   
13 In IREM, the analysis is made from the perspective of the taxpayers and users of a pre-defined region paying for the investment, 
which is the GPI point of view. In EU countries are supposed to be State-nations, so regions match with countries (Spain, in this 
case explained). However, the analysis could be done from an upper point of view if needed, such as the case of investments made 
for the EE.UU. Government, or from a lower point of view, for example in Spain, if an Autonomous Community (e.g. Andalusia) 
promotes an investment that obtains some grants from the own resources of the Spanish Government. 
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Figure 11. Statistical correlation between GUI and % of public funds 
in the financing structure of the HSR projects 

 
Source: author 
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5. CONCLUSIONS 

IREM provides quantified indicators of the intergenerational effects of transport infrastructure. 
This report illustrates that IREM is a powerful tool for combining both conventional socio-
economic and financial sustainability studies of investments with the project management 
system and the financial structure chosen by the GPI for a specific project. The results obtained 
from its practical application have shown that the financing formula is a key element to analyse 
intergenerational fairness measured in terms of payments and net benefits allocation over time. 
A strong pattern has been found suggesting that, in general, the most common financing 
structures contribute to the welfare of future generations (next generations over present ones). 
 
To validate IREM an array of real cases with a variety of financing mechanisms were used to 
create and ad-hoc database. The results obtained with the application of the model gave new 
insights into the role of the institutions supporting investment projects. The analysis showed 
that the financing structures that include an important share of European and EIB loans tend to 
benefit future generations. This effect may have more or less intensity, but appears consistently 
even though not all generations benefit equally. This indicates that the temporal conditions of 
the support, especially grant disbursement phasing, loan term and conditions (in particular 
grace periods and amortisation schedule) have to be analysed regarding their intergenerational 
implications. 
 
The database, in spite of its size limitations due to the difficulty of collecting the required 
project information, has allowed an analysis of the results of the model by groups of countries 
and types of projects. The detected differences are relevant and, although the evidence is 
insufficient to ascertain the universal value, they highlight the importance of including the 
analysis of intergenerational redistributive effects, in particular IREM’s outputs, in the decision-
making process for major infrastructure investments. Extending the database, incorporating the 
information that is available in the ex-ante appraisal being carried out at the EIB and eventually 
in GPIs participating in a specific programme of data collection, would allow obtaining the 
required robustness of the conclusions reached for different types of projects in this research 
and eventually propose a systematic application of intergenerational redistributive effects in 
major investments. Should the results prove that these effects are relevant for transport 
projects, a similar approach could be easily applied to others sectors, notably the energy and 
environmental sectors. 
 
In conclusion, the research project shows that IREM is useful for evaluating whether 
investments in transport infrastructure are sustainable and fair from an intergenerational 
perspective. Although the effects of the financing formula of a specific project are evidently 
embedded in the global macroeconomic context, within the decision-making process it is 
important to generate awareness of the implications of alternative projects and of the different 
options to finance them that are relevant for society, including the fairness of the distribution of 
costs and benefits among different generations. 
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ANNEX 1: THE PROPERTY OF TIME CONSISTENCY IN DISCOUNTING MODELS 

The economic models that are useful in establishing the expected future benefits of a project 
using an efficient discount rate14 assume that all individuals have the same initial endowment 
and the same intertemporal preferences (Gollier, 2011). As economists have made the 
assumption that economic agents value their future utility less than the current one, formal 
discounting models have assumed that the consumer’s welfare can be represented as a 
discounted sum of current and future utility and, in turn, that utility can be referred to as 
consumption or income (Arrow & Kurz, 1970; Arrow et al., 1995; Frederick et al., 2002; 
Laibson, 2003; Gollier, 2011). 
 

Equation 9. Ramsey’s generalised discounted model, from Laibson (2003) 

𝑊 ≡ 𝑈! = 𝐷(𝜏) · 𝑢!!!

!!!

!!!

  

 
where, 

∼  Ut Total utility from the perspective of the current period (year) “t” 
∼  D(𝜏) Adaptation to year 0 of the welfare of the consumer occurring at time “𝜏”; sometimes called objective 

utility function or “discount function”. The higher the discount rate15 the greater the preference for 
immediate benefits over delayed rewards. 

∼  𝜏≡𝛥t Time period used to discount the utility series until the horizon year at the frequency “𝛥”. 
∼  T The last period considered (for example, the last year in the lifecycle of an investment) 
∼  Ut+ 𝜏 Utility of consumption in period “t+𝜏”, sometimes referred to as instantaneous utility or felicity 

 
This means accepting that total utility “Ut” is an additive function, i.e. that the benefits 
obtained of immediate consumption have no effect on the utility of the benefits obtained 
afterwards. This assumption (known as “time consistency” or “dynamic consistency”) is 
important because it allows the two dates 0 and “t” to be isolated in the evaluation of the 
welfare-preserving discount rate: in t=0 time preference reaches its maximum D(0)=1, whilst 
for t>0 the discount function slopes down as time increases, so D’(t)≤0. Therefore, “1 = 
D(0) ≥ D(t) ≥ D’(t) ≥0”, with “𝜌(t)=−D’(t)/D(t)” being the rate at which the discount 
function declines. 
 

Equation 10. General expression of the exponential discount function, from Laibson (2003) 

𝐷 𝑡 = lim
!→!

1
1 + 𝛥 · 𝜌(𝑡)

!
!
= 𝑒!!(!) = 𝛿! 

 
According to the rational choice theory (Coleman & Fararo, 1992; Frederick et al, 2002), 
discounting applications usually employ the above exponential discount function. It implies that 
later preferences “confirm” earlier preferences (Frederick et al., 2002), i.e. assuming that 
consumers’ preferences do not change with the passage of time, which, in turns, grants the 
property of “time consistency”. A second body of research defends, however, that choice 
behaviour is largely inconsistent (Little, 2002); on the one hand, because time preferences 
would vary according to several contextual factors, such as the fluctuation of prices of goods 
and services, and on the other hand, because, for many of the determinants of utility, market 

                                                   
14 The efficient discount rate can be estimated in three different ways: as the interest rate observed in financial 
markets, as the marginal rate of return of productive capital in the economy and as the welfare-preserving rate of 
return on savings (Gollier, 2011). It seems therefore evident that we cannot speak of a single appropriate discount 
rate (Stiglitz, 2013). 
 
15 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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prices do not exist (e.g., environmental assets). It is worth noting that numerous documents in 
the literature underline that people prefer a smaller but early reward than a larger reward 
coming later (Kirby & Herrnstein, 1995). This suggests that the discount rate over longer time 
horizons should be lower than the discount rate over shorter time horizons (Frederick et al., 
2002), which means that discount functions should tend to decline at a higher rate in the short 
run than in the long run (Frederick et al., 2002; Laibson, 2003; Soman et al, 2005). 
 
The functions for the utility discount factor that are better adapted to the conditions that do not 
fulfil the requirements of time consistency 16 , such as generalised hyperbolas and quasi-
hyperbolic functions, are not able of satisfying the conditions of the basic models of rational 
choice (Herrnstein, 1961; Mazur, 1987; Ainslie, 1992; Loewenstein & Prelec, 1992). For these 
functions, the rate of decline in the discount function decreases as “t” increases, which 
represents the tendency to discount outcomes in the short-term more than for outcomes in the 
long-term (cf. Figure 12).  
 

Equation 11. Non-exponential rate of decline in discount functions, from Laibson (2003) 

𝜌 𝑡 = −
𝐷! 𝑡
𝐷 𝑡

=
𝛾

1 + 𝛼𝑡
 

 
In the equation above, ”𝛼” is the parameter governing the degree of discounting and “t” is the 
delay in the consumption. When t=0 the discount rate is equal to the constant “𝛾”, i.e. that the 
initial consumption is independent of the random variable “t” when 𝛾=1. When t>0 and “𝛾=𝛼” 
the discount function is “D(t)=(1+ 𝛼t)−1” and it defines a hyperbola.  
 

Figure 12. Rate of decline in three calibrated discount functions (example)  

 
Source: (Laibson, 2003) 

 
Independently of the discount rate decline model chosen by decision-makers and whether it fits 
people’s intertemporal preferences related to collective investment or not, it appears that 
discount models are not really suitable, however, to compare the effects of an investment in 
transport infrastructure across different generations (redistribution effects). Firstly, economists 
have used no methods of scientific research in arriving at their conclusions about economic 
welfare, discussing the consumers’ behaviour-line in a timeless manner (Little, 2002). Second, 
the theoretical framework for modelling intertemporal choice was largely due to its simplicity 
and its resemblance to the familiar compound interest formula, and not as a result of empirical 
research demonstrating its validity (Frederick et al., 2002). Third, even if currently there are 
different approaches for discounting (exponential, hyperbolic and quasi-hyperbolic models of 
discounting), their theoretical framework is far of being able of taking into account the 
determinants of the rational choice over a long period of time (Little, 2002).  

                                                   
16 As before explained, the assumption of “time consistency” or “dynamic consistency” implies that the benefits obtained of 
immediate consumption have no effect on the utility of the benefits obtained afterwards. 
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What appears clear, however, is that people care first about their immediate welfare and less 
the future effects of their present decisions, perhaps in the belief that they will be able of 
managing those effects afterwards. This thus implies that decision-makers could reach more 
accurate forecasts if they will adapt their decisions to shorter timespans, which is out of the 
IREM’s scope since efficiency analysis is not its concern. As financing formulae does not affect 
efficiency, decision-makers should use IREM outputs to design fairer financing structures. 
 
In conclusion, in spite of CBA and the employment of the social discount rate are useful in 
determining the most efficiency alternative for a project at present time (static perspective), 
with reference to intergenerational decision-making, the aforementioned arguments drive us to 
the conclusion that traditional discounting is not the most suitable way to analyse the effects of 
present investments in transport infrastructures from the perspective of future generations of 
people concern by the projects’ potential impacts in their welfare. IREM aims at analysing how 
future generations (a concatenation of overlapped generations during the project lifespan) can 
perceive the effects of present investments over their own welfare and whether these 
investments contribute more or less fairly to it, which requires a dynamic perspective (see 
Annex 2).  
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ANNEX 2: DEFINING THE TIMESPAN OF A STANDARD “ANNUAL GENERATION” 

According to Annex 1, there is a necessity of adapting the decision-making process to shorter 
timespans in order to represent fairly society’s preferences. Further, as decision-making is 
based on static discounting approaches, i.e. the analysis of the project’s costs and benefits 
during its lifecycle is referred at present time (moment of the analysis) through discounting, this 
methodology appears not suitable to analyse how future generations can perceive the effects of 
present investments in transport infrastructures over their own welfare. This type of analysis 
can be done, however, through IREM (Penyalver & Turró, forthcoming), although it requires 
defining the timespan that represents an “annual generation”, and an ad-hoc “weighting curve” 
for defining the dynamic of the economic preferences of society included in the timespan 
between year “i−j” and year “i+j” (cf. Figure 13). 
 

Figure 13. Weighting curve for each annual generation “AGi” 

 
Source: author 

 
The economic purpose of the theoretical function “F(t)” of the curve (weighting curve), 
which is the core element of the IREM, is to represent people’s perceptions/preferences about 
the relevance for the welfare of any “annual generation” of future and past project-related 
effects (from the year “i−j” to the year “i+j”). 
 
Precisely, to determine what is the most appropriate time interval to group the affected 
individuals a comprehensive opinion study (survey) was carried out from a sample of 200 
individuals living in Catalonia on February 2016. Next, it was developed a quantitative and 
qualitative analysis with the outputs, which were processed through “R Studio” software, with 
the aim of defining the timespan of an “annual generation” and establishing the weights of a 
theoretical “weighting curve”. 
 
Every survey’s respondent was asked for its region of residence, gender, mother-language, 
age-cohort, city dimension and other questions related to its mobility and transportation 
behaviour. Moreover, it described a hypothetical investment in the existing Eix Transversal of 
Catalonia (motorway C-25) that consisted in adding the third lane: the project would be 
constructed from 2016 and would be commissioned in 2020. Once described, each respondent 
was asked to state what was the most suitable timespan to fund the investment (a number 
from 0 to 100 years): 
 

«How long do you think the Government should be spending public money from its annual 
budget for this investment?» 
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Then, the generation concept was incorporated in the survey by means of a question related 
both to the respondent’s economic behaviour and to his/her perception on how society should 
face the investment’s repayment (onwards, question of control): 
 

«Now, you imagine that the third lane of the C25 motorway project is inaugurated 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 commissioning of the project. 
C. People living in Catalonia during and afterwards the project’s construction. 
D. People living in Catalina before, during and afterwards the project’s construction, because all of 

them will benefit from it. 
 
The question was important to ascertain that the respondents had a good understanding of the 
concept of “paying generation” and as a control element for the timespan finally adopted. As it 
was necessary to establish a standard timespan for the weighting of the different years in the 
“annual generation”, a nine-years timespan for the investment was selected for the 
questionnaire. The number was adopted following the results of the test phase of the survey, 
which indicated that an odd number would better reflect a generation centred in the focal year 
of the “annual generation” and that a slightly longer period of the originally envisaged (7 years) 
would be more adapted to people’s perception. 
 
To provide indicators of how the importance of effects would decrease over time with regards 
to the value for the central year, respondents were asked thin to imagine being at the year 
2020 and, from this “present of reference”, they were asked for allocating a score from 0 to 10 
points to each year into this timespan. It was imposed to score, besides the central year 
(2020), symmetrically pairs of years (2019-2021, 2018-2022, and so on until the couple of 
years 2016-2024) to ensure that the respondents understood well the difference of the impacts 
occurring to the society before and after the opening of the motorway extension. The purpose 
of selecting a capacity increase of an existing project was to make respondents understand the 
concept of project effects on society and the score mechanism. This facilitated the repetition of 
the exercise this time for a new motorway that has been pending execution for many years and 
is a well-know project in Catalonia, the “Forth Ring Road” (B40 motorway). As IREM is expected 
to be used in the decision-making process, this case was more illustrative of its potential use in 
providing indicators. 
 
The first outcome of the survey analysis is related to the timespan stated by respondents from 
the whole sample. Two extreme values (both with a timespan = 99 years) were kept out of the 
calculations. As shown in Figure 14, the average value was 8.4 years (sd=10.7), which should 
be interpreted as the number of years that the average survey respondent thinks an 
infrastructure should be fully paid in. The long tail shows how varied can be people’s perception 
about how public money should be managed and spent. By analysing sub-samples related to 
different age cohorts, people from different habitats (cities classified according to their 
population range), etc., it is even possible to observe strong differences among some of them 
both in the timespan average and in its corresponding standard deviation.  
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Figure 14. Density Trace of the ‘stated timespan’ for the global sample 

 
Source: Author 

 
The global sample was divided in the sub-samples A, B, C and D according to the respondent’s 
response to the question on who 17  should bear the project’s costs that the Government 
promotes. Within each sub-sample we obtained similar timespan values and even similar long 
tails for density traces (cf. Figure 15), which again indicates that citizens’ opinion about public 
money management widely differs independently of age, sex, habitat, etc.  
 

Figure 15. Density Traces of the ‘stated timespan’ based on the classification of respondent’s opinion 

  

  
Source: Author 

 
As already mentioned, a timespan equal to 9 years was adopted in the survey with the aim of 
obtaining the yearly weights within an AGi. This value for the timespan was mostly sanctioned 
by the results of the survey.  
 
The second part of the analysis of the survey was aimed at the weights given to the various 
years included in an “annual generation”. Before this analysis, however, it was needed to 
transform the respondents’ scoring in order to obtain a standard scale of comparison among all 
of them. As the respondents were asked to allocate a score from 0 to 10 points for each year 
within a timespan of 9 years, the outputs in the survey only allowed to compare the 
respondent’s preferences year-on-year within the timespan, but not to carry out statistic 

                                                   
17 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) taxpayers, during the construction phase; B) taxpayers, from the commissioning of the project on; 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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analysis for the whole of the sample because the total amount of points would differ for each 
respondent. Accordingly, for each respondent, it was necessary to transform every set of yearly 
scorings in the timespan by dividing them by the maximum scoring allocated by the same 
respondent, which was always located in the year 5 (central year for the timespan of the 
survey). Further, we had to keep out the respondents’ outputs when he/she scored zero to 
some year in the timespan (11.3% respondents in the survey for the B-40 motorway project). 
Onwards, we will refer to the set of the resulting “valid outputs” as the respondents’ “adjusted 
scoring”. 
 
Next, with the aim of obtaining a deeper knowledge of the respondents’ adjusted scoring the 
sample was divided into different groups (sub-samples) and, further, the whole set of variables 
in the survey were analysed looking for their correlation with the respondents’ adjusted scoring. 
Particularly, we found that the variables “age range” and “the respondent’s response to the 
question of control” have an important influence in the respondents’ scoring. The city-
dimension of the respondents and other variables (mother-tongue, sex, etc.) did not provide 
relevant information and, moreover, disaggregating to further levels implied to deal with too 
small sub-samples (statistically not representative). Accordingly, from now on we will assume 
that further statistic values represent the aggregate preferences of the society of Catalonia and  
that the society of Catalonia is representative of developed countries, particularly in the 
European Union. 
 
Finally, once identified the main variables conditioning the respondents’ outputs, it was possible 
disaggregating the survey’s yearly scoring and to calculate the main statistic indicators in each 
year (w1, w2, … w9) within the timespan. Actually, in average, respondents belonging to any 
age cohort matched in allocating the maximum scoring to the central year of the timespan 
(“present of reference” in the survey) Further, as shown in Figure 16, it is also noticeable the 
low dispersion of the adjusted scoring obtained for every age cohort, independently their 
response to the question of control (referred as “control” in the chart below). The same pattern 
was found for the rest of the years in the timespan, as is easily observed from the statistic 
outputs (cf. Table 10). 
 

Figure 16. Box Chart for the respondents’ adjusted scoring in year 5 

 
Source: Author 
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The yearly average for the adjusted scoring within the pre-defined timespan of 9 years is a 
reliable indicator of the respondents’ preferences for both the B40 and the C25 motorway 
projects. As is easily observed, the value for the yearly median and the standard deviation for 
the average confirmed that the yearly average for the adjusted scoring represents the collective 
preferences in the survey (cf. Table 10). 
 

Table 10. 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 

(+) /decrement (−) --- +0.62 +0.68 +0.64 +1.07 -0.89 -0.31 -0.39 -0.32 

Source: Author 
 
By taking into account the passage of time over the years and the trends and patterns 
represented by the yearly increment/decrement values shown before, it can be easily observed 
how the people’s preferences change with the passage of time as explained next. 1) From the 
“present of reference” to the future; the adjusted scoring diminishes in the short run, between 
the year 5 to 6, threefold more than in the long run, from the year 6 to 9. Therefore, any 
discount function aiming to reflect the consumers’ preferences should decline at a higher rate in 
the very short term than over longer time horizons, pattern that, however, does not fit to the 
rational choice theory. 2) From the past to the “present of reference”; the rate of change for 
the adjusted scoring increases almost twice more from the year 4 to the year 5 than from the 
past (represented by the year 1 in the survey) to the year 4, pattern that, again, implies that 
choice behaviour is not much consistent over long time horizons.  
 
The above arguments explain that people, when asked to take decisions that affect the rest of 
a developed society (in the survey, how society should face the investment’s repayment), still 
prefer early benefits to delayed ones. Further, the overall pattern confirms that people care 
more about consumption effects for their welfare in the very short term (years around the 
“present or reference” in each moment) than the benefits obtained before or afterwards, which 
implies, in turns, that the property of time consistency cannot be granted for the investments in 
transport infrastructures.  
 
Next step consisted on determining the most suitable function “F(t)”  representing the 
“weighting curve” to be used in IREM and the concomitant length for a standard “annual 
generation”. We assumed that any curve adapted to the IREM’s definition of “annual 
generation” should have two different branches; one rising from the past to the pivotal year “j
”, and another diminishing from the year “j” to the future. Beyond, the family of curves with 
two different branches are, in general, probabilistic functions, whose parametric functions can 
be defined through three shape parameters (“a”, “b” and ”c”): the parameter “a” determines 
the highest value in the curve for the pivotal year, the parameter “b” gets “a” to be located in 
the vertical of the pivotal year (the year 5 within the timespan of the survey), and “c” 
determines the rate of declining for the curve.  
 
We focused on defining the best fitting curve’s profile according to the value for the adjusted 
yearly scoring and the pattern of increasing and decreasing determined before. With this 
purpose the points representing these values were plotted and taken as benchmarks at the 
moment of validating the curve. Further, we assumed that the theoretical features for the curve 
considered in (Penyalver & Turró, forthcoming) could not match with these benchmarks. 
Actually, once displayed the benchmarks in a chart, it was easily observed that the gradient of 
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change for the branch from the past to the “present or reference” should be stronger than the 
gradient of change from the “present of reference” towards the future (cf. Figure 17). 
Accordingly, we had to consider a set of different curve shapes (Gaussian, Gumbel, Weibull, 
etc.) for defining “F(t)”. 
 
As first hypothesis it was used a Gaussian parametric function in our approach, which, in 
temporal terms, means using a symmetric curve from a central (pivotal) year declining through 
the past and towards the future following the same pattern (as theoretically expected). 
Actually, to define the curve’s profile it was taken as “present of reference” the central year in 
the timespan established for the survey which, in fact, obtained the highest scoring. Further, 
we supposed that it was possible to represent the pattern of mitigation (attenuation of the 
year’s weight in the “annual generation” from the pivotal year to the past and to the future) by 
percentage weights18 (wj) decreasing towards the more distant years. According to the adjusted 
outcomes in the timespan of 9 years, when t>0, at a particular point in time from the pivotal 
year, the gradient of decreasing represented by the function “F(t)” will tend to decline 
strongly in the short term more than in the long term. 
 
On the other hand, it was assumed that the Gauss parametric function should reach values as 
near to zero as possible for the years outside the timespan: in the branch from the present to 
the past because, in the survey, according to the stated construction period for the investments 
(from the year “ j-4”  to the year “ j”), it is evident that people would practically be 
unconcerned about the projects in their early stages (planning, design, procurement, etc.), i.e. 
during the years before the year“j-4” (“j-5”, “j-6”…). Actually, the early stages of 
investments in transport infrastructures could last several years for major projects. In the 
branch for the present to the future, however, the values for the Gauss function should be as 
near to zero as possible because the length of the period or reference, i.e. between the year “
j-4” and the year “j+4”, would match with the timespan obtained in the survey (average= 
8.4 years). Accordingly, the curve linked to the parametric function should quickly smooth out 
its shape from the year “j-4” to the past and from the year “j+4” to the future.  
 
Finally it was defined the Gaussian curve from the abovementioned conditions by checking the 
effect of different values for the shape parameters “a”, “b” and ”c”. The value for “a” and “c” 
were determined by successive approximations to plot a Gaussian curve as fit as possible to the 
yearly-average of the respondents’ scoring from the year “j-4” to “j+4”. The graphic function 
resulting and the values for the above parameters are shown in Figure 17 below. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                   
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.  
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In the chart above, grey points (benchmarks) represent the adjusted scoring from the survey. 
Nevertheless, according to the chart above, no curve obtained from a Gaussian function will 
follow the trends and patterns from these benchmarks, i.e. Gaussian functions will not be 
suitable to represent the society’s preferences for investments in transport infrastructure 
projects. 
 
As second hypothesis we used a Gumbel19 function with the aim at drawing up the “weighting 
curve” linked to a standard “annual generation”. By the features of a Gumbel curve, this 
hypothesis entailed, however, assuming a non-symmetrical attenuation of the years’ weights 
within a non-determined timespan. Unlike to our previous Gaussian curve-fitting approach, 
where we aimed at drawing a symmetrical curve for a pre-defined timespan of 9 years, the key 
point to calculate the parameters for a non-symmetrical probabilistic function was 
accomplishing the following “boundary conditions” (A~D): 
 

A. First, the curve has to reach its maximum point for the pivotal year in any timespan: 
according to the adjusted yearly scoring from the survey, the year 5. 

 
B. Second, from the pivotal year towards the past, the year “j-4” matches with the 

minimum adjusted scoring in the timespan. So the scoring in year “j-5” should be as 
close as zero as possible. 

 
C. Third, taking into account the timespan’s statistic outcomes in the survey (average= 

8.4, sd=10.7 years), the future branch of the curve should not overrun the year 
“j+10”. 

 
D. Finally, the predicted weighted scoring calculated from the parametric function for 

the year “j-4” should be useful as comparative reference at the moment of 
identifying the limit for the timespan in the curve, from the pivotal year on. 

 
                                                   
19 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. 
 

Figure 17. Curve fitting from a Gaussian function 

 
Source: Author 
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Next, it was plotted a Gumbel curve according to the former boundary conditions, which, 
following, allowed determining the corresponding function parameters (cf. Figure 18). To define 
the timespan of a standard “annual generation” it was calculated the adjusted scoring for the 
year “j-4” (2.4 points) with the aim of looking for the same value in the curve from the pivotal 
year on. Unlike the Gauss curve, where this value matches with the adjusted scoring in “j+4” 
(the year with exactly the same adjusted scoring but in the opposite temporal position), it this 
hypothesis it was needed to calculate the adjusted scoring for the years following the pivotal 
year, which finally drove us to identify the adjusted scoring in “j+7” (2.3 points) as the fittest to 
the adjusted scoring in “j-4” (cf. Table 11). Accordingly, the timespan was set in 12 year for a 
Gumbel function; 4 years for the branch from the past to the pivotal year (not included) plus 8 
from the pivotal year. 
 

Table 11. Predicted yearly-scoring from a Gumbel curve 

TIMESPAN OF  
12 YEARS 

ADJUSTED YEARLY AVERAGE OF THE RESPONDENTS’ SCORING 

j-4 j-3 j-2 j-1 j j+1 j+2 j+3 j+4 j+5 j+6 j+7 

Scoring* 2.4 4.5 6.6 8.0 8.4 8.0 7.2 6.0 4.9 3.9 3.0 2.3 
 (*) Values calculated from the parametric function shown in Figure 18 below. 
Source: author 

 
It appears clearly, however, that Gumbel functions will not be suitable to represent the society’s 
preferences for investments in transport infrastructure projects. As it is easily observed, the 
curve plotted in the chart below is hardly able of passing through the benchmarks representing 
the adjusted yearly scoring obtained from the survey. 
 

Figure 18. Curve fitting from a Gumbel function  

 
Source: Author 

 
Our last hypothesis consisted of assuming a Weibull function20. We considered that this type of 
probabilistic function could as achieve the boundary conditions (A~D) exposed before as fit 
better to the former benchmarks because: 1) the short branch needed for the curve from the 
past to the “present of reference”, and 2) the assumption of a non-symmetrical attenuation of 
the years’ weights within a non-determined timespan. Actually, the curve plotted in the chart 

                                                   
20 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. 
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shown in in Figure 19 was able of adapting its shape to the benchmarks’ patterns and, 
moreover, fulfil the boundary conditions. 
 

Figure 19. Curve fitting from a Weibull function  

 
Source: Author 

 
According to the equation for the Weibull function obtained from the curve above, the number 
of years defining a standard “annual generation” was determined as the timespan between the 
first representative scoring (3.4 points in the year “j-4”) and the year with a similar significance, 
in this case the year “j+10” (3.3. points), i.e. the timespan was set in 15 year (cf. Table 12). 
 

Table 12. Predicted yearly-scoring for a 15 years timespan from a Weibull curve 

TIMESPAN OF  
15 YEARS 

ADJUSTED YEARLY AVERAGE OF THE RESPONDENTS’ SCORING TOTAL 
SCORING j-4 j-3 j-2 j-1 j j+1 j+2 j+3 j+4 j+5 j+6 j+7 j+8 j+9 j+10 

Scoring* 3.4 5.8 7.3 8.0 8.3 8.2 7.8 7.3 6.7 6.1 5.5 4.9 4.3 3.8 3.3 90.7 
Yearly increment 

(+) /decrement (−) 3.4 2.4 1.5 0.7 0.3 -0.1 -0.4 -0.5 -0.6 -0.6 -0.6 -0.6 -0.6 -0.5 -0.5 --- 
 (*) Values calculated from the parametric function shown in Figure 19 above. 
Source: author 

 
Next, it was determined the scoring corresponding to every year within the aforementioned 
timespan of 15 years and the corresponding year-on-year variation. It is worth noting how the 
predicted yearly scoring for every year within the timespan fits quite successfully to the trends 
and patterns represented by points obtained from the adjusted scoring in the survey for a 9 
years timespan. This means that the people’s preferences in the very short-term, from the 
“present of reference” (the pivotal year) to the future and to the past, are well represented by 
the gradient of change shown by the curve drawn up in Figure 19.  
 
Further, the percent weights in every year within the AGi were calculated with a simple 
transformation from the predicted-scorings, and, finally, it was defined the “weighting curve” 
for any standard “annual generation” with a 15 years timespan (cf. Table 13). 
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Table 13. Weights in a Weighting Curve for any Annual Generation of 15 years 

GENERATION 
PERCENT YEARLY WEIGHTS (wj) 

1 2 3 4 *5 6 7 8 9 10 11 12 13 14 15 
Standard (4+11 years) 3.7 6.4 8.1 8.8 9.2 9.0 8.6 8.0 7.4 6.7 6.1 5.4 4.8 4.2 3.6 

** Truncated (3+11 years) - 6.6 8.4 9.1 9.6 9.3 8.9 8.3 7.7 7.0 6.3 5.6 5.0 4.4 3.7 
** Truncated (2+11 years) - - 9.0 9.8 10.2 10.0 9.6 8.9 8.2 7.5 6.8 6.0 5.3 4.7 4.0 
** Truncated (1+11 years) - - - 10.8 11.2 11.0 10.5 9.8 9.0 8.2 7.5 6.6 5.9 5.1 4.4 
** Truncated (0+11 years) - - - - 12.6 12.3 11.8 11.0 10.1 9.2 8.4 7.4 6.6 5.8 4.9 
(*) In the weighting curve for the standard annual generation of 15 years the “present of reference” matches with the year 5. 
(**) The weights for the truncated annual generations have been calculated by sharing out proportionally the weight to keeping 
out among the rest of weights in the corresponding truncated annual generation. 
Source: author 

 
In conclusion, taking into account that 1) in IREM the concept of “annual generation” is strictly 
linked to the individuals affected by the project, 2) this concept reflects how useful is a 
transport project for society belonging to a same period of time within the lifecycle of the 
project (no matter the moment of the analysis), 3) the boundary conditions (A~D) exposed 
before, and 4) the shape for the “weighting curve” obtained fits to both transport projects in 
the survey, it can be said that the non-symmetrical “weighting curve” shown below and its 
parametric function (cf. Figure 20) are suitable to reflect how significant are the effects of a 
transport project for society’s welfare within a standard “annual generation” with a 15 years 
timespan. 
 

Figure 20. Weighting Curve for any standard Annual Generation (AGi) of 15 years 

 
 Source: Author 

 
The “weighting curve” for a standard “annual generation” of 15 years and the concomitants for 
the corresponding truncated annual generations have been used in the application of IREM for 
a sample of 25 projects of transport infrastructures. The results obtained from its practical 
application and further conclusions are shown in the main document. 
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ANNEX 3: SURVEY DESCRIPTION AND MEASUREMENT INSTRUMENT  

Based on current best practices in survey research, the development of the measurement 
instrument followed the “three-step procedure” to design survey questions (Saris & Gallhofer, 
2014). In the first step, the concepts to be measured where clearly defined. In the second step, 
particular assertions (statements) derived directly from the concepts were developed. In the 
third step, all the elements that the question should have were included into the assertions and, 
finally, they were transformed into survey items. A survey item includes the question stem, a 
response scale and the visual aid for an online survey in case it was needed. 
 
The survey was conducted in a commercial online access panel (screenshots) on February 
2016. Respondents, individuals over 18 years old living in the four provinces of Catalonia 
(Barcelona, Girona, Lleida and Tarragona), were selected randomly, based on demographic 
quotas that mirror the characteristics of relevant socio-demographic variables, and recruited by 
invitation. Their participation was paid with points that give access to gifts21. As respondents 
are regular participants of the panel, socio-demographic information for quota sampling was 
already known. The total number of completed interviews was 200.  
 
The questionnaire bellow was designed with the aim of measuring for first time the timespan 
defining the concept of “generation”, as understood in IREM model, in the region of Catalonia, 
which is a representative but relatively small geographic area within EU. Further, it was divided 
into five blocks (onwards, B-I to B-V) and each block was introduced through one or more 
screenshot. 
 
 

QUESTIONNAIRE 
 

 
BLOCK-I. Description of the survey and its main purposes. General questions related to mobility 

preferences, transportation options and the knowledge of the Catalan highway 
network: 

 
Screenshot 1 

 
− May you please indicate your province of residence?  

(Options: Barcelona; Girona; Lleida; Tarragona). 
 

Screenshot 2 
 

− May you please indicate whether your gender is?  
(Options: male; female) 
 

Screenshot 3 
 

− May you please indicate your age range? 
(Options: 18-24; 15-34; 35-44; 45-54; more than 55 years old) 
 
 
 
 

                                                   
21 Questionnaire was displayed through a commercial online access panel. In the website (https://www.nicequest.com/es/about) 
any respondent accomplishing a particular questionnaire obtains a number of points whose amount will depend on the extension of 
the survey. By accumulating points respondents can finally “buy” different standard gifts within an online shop in the website. 
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Screenshot 4 
 

− When you go out your city of residence but within Catalonia; what is the 
transportation mode that you use most frequently?  
(Options: train; your own car; rented car; bus; cab; motorbike). 
 

− How often do you use toll motorways? 
(Options: 3-6 times a week; 1-2 times a week; 1-3 times a month; less than once 
a month; never). 
 

− How often do you use toll-free motorways/roads of the Catalan roads network? 
(Options: 3-6 times a week; 1-2 times a week; 1-3 times a month; less than once 
a month; never). 

 
 

BLOCK-II. Short description of an infrastructure of interest for the former purposes. 
 

Screenshot 5/6 
 

− Next questions are about C-25 motorway, also known as the “Eix Transversal” of 
Catalonia. Please, read the following description and observe the map. 
 

 

The red line in the map represents the C-25 motorway 
(161 Km), which lets vehicles move between Lleida-
Cervera-Manresa-Vic-Girona, from the limits of Aragón-
Cervera until Riudellots de la Selva, where C-25 joins 
both A-2 and AP-7 motorways. 
 
C-25 is a highly congested road, with more than 12,000 
vehicles per day in some stretches. To its financing, 
Catalan Government committed to paying to the 
concessionaire some 10.5€ per vehicle passing through.  
 
In order for people living in Catalonia to reach their 
places of work and/(or) leisure properly, it is necessary 
to count on a safe and efficient roads network. To that 
end it is needed to maintain the existing roads network 
and, in addition, to carry out new projects, which  
implies using some public resources that, consequently, 
will not be available to satisfy other society’s necessities, 
as for example the enhancement of social benefits 
and/(or) public transport. 

 
BLOCK-III. Variables of control to detect biases from respondents’ responses 

 
Screenshot 7 

 
− How often do you use C-25 motorway? 

(Options: 3-6 times a week; 1-2 times a week; 1-3 times a month; less than once 
a month; never). 

 
 

BLOCK-IV. Training to the respondent for learning to answer the questionnaire 
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Screenshot 8 
 
An investment in roads benefits society during a long period (decades). Now, 
please, think about the following “imaginary” scenario: Imagine that the motorway 
C-25 has become too congested, so the Catalan Government has decided to add a 
third lane for mitigating congestion effects. In fact you are the responsible of 
deciding for how long to pay for the investment by recurring to annual budgets of 
the Catalan Government. 

 
− How long (years) do you think public money should be spent for, by using the 

Generalitat’s annual budget, to carry out this investment? 
(Options: The respondent must state a concrete number of years, from zero on). 

 
Screenshot 9 

 
A “GENERATION” includes a set of people that benefit and may be adversely 
affected by a transport investment, such as the third lane for the C-25 motorway. 
Actually, some people will be concerned by the public works, others will relocate to 
live in other places, some of them will die and some people will be born or come 
to live into Catalonia. For these reasons every project affects and benefits a group 
of people (generation) that may vary over the years. 

 
− Now, imagine that the third lane of the C25 motorway project is inaugurated 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 commissioning of the project. 
 

C. People living in Catalonia during and afterwards the project’s construction. 
 

D. People living in Catalina before, during and afterwards the project’s construction, 
because all of them will benefit from it. 

 
Screenshot 10 

 
− Now, imagine that you are in 2020. People living in Catalonia are different from 

previous years (by incorporation and leaving in society: births, demise, 
migrations). 
 
The Government has already decided to invest in adding a third lane to the C-25 
motorway. Now, imagine that a fair allocation of the public expenditure that this 
investment will imply for the society of Catalonia depends only on your decision.  
 
To do so, please score from 0 to 10 points each year according to a pre-
established succession of blank checkboxes. The first blank checkbox corresponds 
to the year 2020, next it will appear a pair of two blank checkboxes for years 
before and afterwards until the pair of years 2016/2024 for you to ascribe the 
public expenditure to invest in C-25.  
 
If you score is 0 (zero) points, it will mean that you are not willing to spend public 
money for the third lane of the C-25 motorway in that year, whereas if you score 
with 10 points it will mean that you are willing to spend whatever it takes during 
that year. 
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You have to take into account that the resources allocated for carrying out the 
project from the annual public budget will not be available, during that particular 
year, to satisfy other population’s necessities, as for example the enhancement of 
social benefits and/(or) public transport, even though, in any case, since decision 
makers have already decided to invest, it will be needed to allocate the necessary 
resources during a number of years until the project is completed. 

 
 

BLOCK-V. Main questions for determining the concepts of interest 
 

Screenshot 11 
 

Again, imagine that you are in 2020 and that you are the only person responsible 
for allocating, fairly, the public expenditure for the B-40 motorway (“The Forth 
Ring Road”), which is a greenfield motorway project whose construction has been 
already decided by the Catalan Government. 
 
This new motorway will start at Abrera, in Baix Llobregat, and will end in La Roca 
del Vallés, into Vallés Oriental county (some 50 Km). The main purpose of the B-
40 motorway is to avoid that vehicles moving in direction North-South by the 
interior of Catalonia use the current peri-urban corridor within the Metropolitan 
Area of Barcelona (which is already saturated) for their trips. For your knowledge, 
the map below shows four design proposals. 
 

 
 

 
Screenshot 12 

 
− As the person responsible for allocating the public expenditure to invest in the 

motorway B-40, please decide the amount of public money that you are willing to 
spend each year in this investment during the years before and afterwards 2020. 
Year 2016 will be the first one and year 2024 will be the last one in this exercise. 
To do so, please score from 0 to 10 points each year according to a pre-
established succession of blank checkboxes. 
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APPENDIX: IREM, A TOOL TO ASSESS THE FAIRNESS OVER SUCCESSIVE 
GENERATIONS OF INVESTMENT PROJECTS 

 
IREM contributes to transport policy by addressing, for first time, the “intergenerational 
redistributive effects” of (greenfield) transport investments. This new tool should be useful to 
decision makers looking for a more balanced distribution between the net socio-economic 
benefits and the financial burden from major transport projects affecting multiple (overlapped) 
generations. CBA can handle some redistributive effects, for example through shadow values, 
which are useful to introduce, implicitly, some social redistribution, but the standard use of 
discounting rates does not allow to make an analysis of whether the impacts of an investment 
on future generations are fair or not. For such redistributive effects  −and for those than cannot 
be properly included in CBA−, Multicriteria Analysis appears as the more suitable way to include 
them explicitly in the decision-making process. 
 
IREM aims at analysing the redistributive effects among the (overlapped) generations affected 
by a transport project throughout its lifespan (20, 30, 40… years). The adopted gap between 
the central year of overlapped generations in the IREM is one year. Accordingly, 
“intergenerational redistributive effects” are those occurring between “annual generations”. The 
main difference between this generational approach and the one adopted in macroeconomic 
models consists on the meaning of what a generation is; whilst the concept of overlapping 
“annual generations” has an ad-hoc meaning in IREM, which includes a central year and a 
timespan, macroeconomic models deal with “genealogical generations” that essentially do not 
overlap.  
  
Another question is, of course, the distinction between intra-generational and inter-generational 
effects. In the traditional economic approach, which is based on a static perspective from the 
present, future effects are considered through a discounting mechanism. The discussion about 
the consideration of these effects is limited to argue whether the method of discounting and/or 
the value of the social discount rate in CBA properly represents the long-term costs and 
benefits of certain investments (e.g., nuclear plants) at the moment of the analysis. In such 
discussion the concept of overlapped generations is absent, so significant timespans (50, 100 or 
more years) are needed to define and identify long-run effects (e.g. climate change). IREM 
does not aim at analysing such phenomena, which are inherent to the traditional economic 
approach, but focuses on the fairness of the distribution of costs and benefits along the project 
cycle. As exposed in the Annexes, the traditional economic approach is inadequate  to carry out 
such a dynamic analysis of present investments.  
  
The economic purpose of the survey made (see Annex 3) was defining a theoretical function “
F(t)” for the “weighting curve” that IREM uses to define the importance of people living in a 
specific year on the overlapping generations, which will obviously be reduced the further they 
are from the central year of the annual generation. The weighting curve aims thus at 
representing people’s perceptions/preferences about the relevance for current welfare of future 
and past project-related effects, at least for a developed society in a EU State Member, in this 
case the Catalan society. In this sense IREM may be considered a microeconomic model. 
However, as the function includes for each year (annual generation) both some past and future 
project-related effects, there is a critical difference with the traditional economic approach.  
 
IREM is not a microeconomic model in the sense that it does not offer a function for individual 
or social utility to appraise (1) whether any given profile of inter-temporal redistribution is 
efficient and/(or), (2) (otherwise) desirable. However, as stated, the IREM’s purpose is not 
assessing efficiency but fairness, which can be done through a set of indexes (GUI, TG, Slope 
and IRESI). Actually, IREM’s outputs should only be analysed in terms of fairness/unfairness. 
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Efficiency is, in principle, assessed from the CBA. But efficiency (for the whole of society) does 
not take into account how the project is financed (as cash-flows are essentially transfers that 
are not affecting the CBA). A well-designed financing formula, besides ensuring the financial 
sustainability of project, should arguably ensure intergenerational equity. The IREM model 
offers a way to analyse such intergenerational equity.  
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