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Abstract: The transport sector is often the center of political and scientific debate on sustainability
due to negative externalities produced by the daily movement of goods and people which impact
both on the environment and on quality of life. Great interest has therefore focused on impact
estimation of transport infrastructures/services with respect to social, economic, and environmental
sustainability. Among the consolidated assessment methods, the cost-benefit analysis (CBA) is
one of the quantitative tools representing the final stage (decision) in decision-making processes,
which compares design alternatives and verifies the sustainability of a transport project. Recently
the Italian Government proposed the national “Guidelines for Assessment of Investment Projects”
based on CBA. The aim of this research is twofold: a) from a research point of view, to propose a
sustainable evaluating method for impact assessment of the new transportation infrastructure aimed
in performing both rational and shared decisions with the territories; b) for a practical point of view,
to propose a first application of the CBA Italian guideline useful for the professional practice in the
field of public investment evaluation. A quantitative impacts assessment of social, economic and
environmental sustainability was performed for a revamping project of a new “greenway” in the
south of Italy. Furthermore, also the social equity impacts produced by the new road infrastructure
was also quantified, estimating the GINI indexes variation as a measure of effectiveness.

Keywords: evaluation process; cost-benefit analysis; sustainable mobility; transportation planning;
decision-making process; environmental impacts; greenway

1. Introduction

Sustainable development is one of the main challenges of the last millennium. The transport
sector has always not only played a strategic role in the economic development of a country but is
also at the center of the political and scientific debate on sustainability. The main points of interest in
this debate are the negative externalities produced by the daily movement of goods and people which
impact both the environment and the quality of life [1,2]. Nevertheless, beyond environmental ideals
(which is important), sustainable development must also be socially acceptable, fair, and economically
viable (e.g., [3-6]).

In particular, environmental sustainability entails improvement in the quality of urban environment
and reduction of emissions and energy consumption (greenhouse gasses emission variation; pollutant
emission variation; impact variation in other sectors). By contrast, social sustainability entails
improvement in the quality of life and social equity (e.g., easy access to transportation) and improved
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safety (e.g., reduction in the frequency of accidents). Finally, economic sustainability entails making
mobility of people and goods more efficient and effective and ensuring that the economic benefits
produced by the project (for the period under survey) are greater than the costs.

Many transport policies (choices) are widely accepted as sustainable (ecological) but they are not
always “eco-rational” i.e. not acting in the best possible way as defined by Carteni [7]. It is recognized
for passenger transport that the policies for sustainable mobility [7-10], in which the use of cars are
minimized, is the tool through which it is possible to reduce the externalities on the environmental
level, but it is not always socially acceptable, fair, and economically viable (e.g., [3-6]). For example, the
introduction of toll for the use of a road infrastructure seems one of the most common Transportation
Demand Management policy aim to reduce car use and their emissions, but which is not popular
among road users [11-13]. One of the major limits of these applied policies is that they do not take
into account their impact on equity and on social sustainability [14]. In the meantime, designing a
toll (pricing) scheme in which the acceptance and equity measure are as a design variable [14], so
stakeholder engagement (SE) is developed (that is the process of involving stakeholder concerns),
which could lead to an environmental, social, and economic sustainability policy. Therefore, the vision
of sustainable development cannot do without a rational and consistent decision-making process.

Precisely, rational decision-making implies “acting in the best possible way considering the aims
and the constraints” [15]. A decision in the transport sector that considers the objectives, constraints,
impacts, benefits, costs, risks and greater possibilities must be (i) consistent, in compliance with the
set objectives and existing constraints; the choices must not be in mutual opposition and must avoid
wasting resources; (ii) comparative, which means comparing multiple design alternatives; (iii) aware,
to be aware through quantitative methods of the characteristics of the alternatives, of the physical
and decision-making context, other related choices (internal, horizontal and vertical consistency) and
impact assessment; and (iv) flexible, as the choices may undergo changes due to the advantages of not
choosing the constraints and the context [7,16].

Cascetta et al. [16] proposed a model for rational decision-making. The proposed model is based on
three parallel and intertwined processes: a cognitive rational approach to organize the decision-making
process, a five-level stakeholder engagement process and a revised role of quantitative analysis and
methods drawing on engineering and economics tools.

Quantitative analysis and methods, evaluation analysis are therefore useful tools in a rational
decision-making process and avoid a syndrome known in literature as the “planning fallacy” [17] in
which planners overestimate the benefits that an intervention will produce and/or underestimate the
costs for its realization and maintenance. The direct consequence of this syndrome is the realization of
“not necessary” interventions or less useful actions. Flyvbjerg et al. [18] analyzed 260 railway and road
infrastructures (e.g., roads, railways, bridges, tunnels) built in different countries and estimated an
extra monetary cost for their realization, equal to 28% [18]. Furthermore, Flyvbjerg et al. 2005 and
2006 [19,20] point out that the errors in traffic forecasts of road projects are more than 20% for about
half of the time and more than 40% for a quarter of the projects. As regards railway projects, they show
that for nine out of 10 railway projects, passenger forecasts are on average overestimated by 106%.
In addition, they sustain that, for 72% of railway projects, the forecasts are overestimated by more than
two thirds.

There are numerous quantitative methods that, once the objectives and constraints are known,
allow us to evaluate social utility and compare public projects; among these, the most used ones
are [21] cost assessment analysis, standard cost model, cost-effectiveness analysis (ACE), cost-benefit
analysis (CBA), risk assessment, risk-risk analysis, and multi-criterion analysis (MCA). Each technique
has specific strengths and weaknesses and for this reason, there is no clearly dominant method
over the others. In the transport sector, there are many examples of the application of cost-benefit
analysis (CBA) [9,22-29]) and multi-criterion analysis (MCA) [30-32]) to make rational choices. CBA
is an analytical tool, proposed and standardized by the European Community [33] “to appraise an
investment decision in order to assess the welfare change attributable to it and, in so doing, the
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contribution to EU cohesion policy objectives. The purpose of CBA is to facilitate a more efficient
allocation of resources, demonstrating the convenience for society of a particular intervention rather
than possible alternatives. To choose the best quality projects which offer best value for money and
which impact significantly on jobs and growth is a key ingredient of the overall strategy. CBA is based
on a set of predetermined project objectives, giving a monetary value to all the positive (benefits) and
negative (costs) welfare effects of the intervention. These values are discounted and then summed up
in order to calculate a net total benefit.”

Recently, the Italian Government, after a long phase of sharing with institutional and
non-institutional stakeholders, and taking into account the European guidelines, decreed the
“Guidelines for Assessment of Investment Projects” [34]. These guidelines incentivize the quantitative
analyses, aiming more standard and less discretionary results. Through the Cost Benefits Analysis, it is
possible to identify investment priorities and evaluate the economic viability of the investment [26].

The CBA method, thanks to both national and EU guidelines [35,36], is more standard and less
discretionary, enlarging the consensus, legitimizing the analysis, and reducing the risk of planning
fallacy [37]. However, the CBA have some limits, tending to underestimate externalities (non-monetary
impacts) such as the environmental, landscape, and social impacts [9,26,37,38]. On the contrary, the
MCA, which with several multi criteria approach, aims at identifying the best “compromise” solution,
is more suitable for the non-users (and non-monetary) impacts estimation. However, at present, there
are no national and/or EU official guidelines which do not allow standardization of the procedure,
thereby increasing the risks of discretional and/or not-rational results and so the planning fallacy.

As observed, a good decision-making process should also be eco-rational (acting in the best
possible way). An eco-rational decision-making process is a rational transport policy for the transport
system and sustainable (socially, economically, and environmentally) [7].

Several studies propose different quantitative and qualitative methods for assessing the
sustainability of an intervention. For example, Tolon-Becerra et al. [39] proposed systems of transferable
indicators, which help to find a harmonious solution to the conflict among the objectives of economic,
environmental and social sustainability. Kumar et al. [40] developed the methodology based on the fuzzy
logic, proposing an index of social sustainability of freight transport (FTSSI). Baric et al. [41] through
an Analytic Hierarchy Process (AHP) model identified the best road section project. Inti et al. [42]
presented a modified AHP model, the characteristics of the additive transitivity of fuzzy relationships.
Stojci¢ et al. [43] identified 108 articles in the period 2008-2018 relating to the issue of sustainable
engineering (23 specific articles in the transport and logistics sector). The results of this document
show that sustainable engineering is an area that is quite suitable for the use of multi-criteria decision
methods (MCDM). Few applications of the cost-benefit analysis (CBA) as the rational evaluation
process to verify the sustainability (economic, social and environmental) and the impacts on social
equity of transport project were found.

Regarding the impact of an intervention on social equity, the Lorenz Curve [44] and the
corresponding Gini index [45] are the common measures of equity adopted in various and specific
research. Both measures are emphasized in economics, and many other subject areas, such as the
transportation planning e.g., [46-57]. They are a measure of the inequality (statistical dispersion) in
the distribution of an attribute (e.g., income, wealth, transport accessibility).

Given these considerations, in this paper, an eco-rational decision-making process has been
shown for a specific and real case study: the “greenway” revamping project (greenway planning) of
a main extra-urban road in the Puglia region (south of Italy). Furthermore, within an eco-rational
decision-making process, quantitative analysis to evaluate the environmental, social and economic
sustainability of the “greenway” revamping project was carried out. For this research, for the specific
case study, a CBA, as evaluation analysis, was developed.

In fact, considering that, the main elements of eco-rational decision-making process are
(i) standardize the procedures followed by decision-makers (e.g., through specific guidelines or
regulations); (ii) estimate the effects of an intervention through consolidated quantitative methods also
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by introducing prudential hypothesis (to avoid benefit overestimation ); (iii) estimate explicitly the
impact of the intervention on environmental, economic and social sustainability; and (iv) enlarge stock
consensus to reach shared choices with stakeholders. The CBA is the suitable tool for eco-rational
decision-making process.

The aim of this research is twofold: a) from a research point of view, to propose a sustainable
evaluating method for impact assessment of the new transportation infrastructure aimed in performing
both rational and shared decisions with the territories; b) for a practical point of view, to propose a
first application of the CBA Italian guideline useful for the professional practice in the field of public
investment evaluation. A quantitative impacts assessment of social, economic and environmental
sustainability was performed for a revamping project of a new “greenway” in the south of Italy.
Furthermore, the social equity impacts produced by the new road infrastructure were also quantified,
estimating the GINI indexes variation as measure of effectiveness.

The paper is divided into four sections. In the first one, the specific case study and eco-rational
decision-making process is shown. In the second part, the methodology relative to quantitative
analysis is described. Results and discussion are reported in the third section while the last section, the
conclusion, highlights the GINI index, the result of the sustainability analysis.

2. Application Case Study

The case study looks at the revamping of a main extra-urban road (EUR) in Puglia region,
according to the principles of greenway planning. The greenways are roads designed in line with
the concept of sustainable land use. The greenways are designed and managed, taking into account
multiple purposes that include ecological, recreational, cultural, and aesthetic [58].

With over 4 million inhabitants, the region of the case study is the most eastern region of Italy
(Figure 1), in the southern part of the peninsula. Its location in the design of the Italian infrastructural
network still shows its peripheral nature compared to national and international traffic flows and,
internally, the marginalization of some areas.

Lecce

.

Figure 1. The application case study (sources: elaborations from https://www.google.com/).
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Rail transport is rather insufficient because Puglia is the fourth to the last region as far as the
railway network use is concerned (link between trains-km in service) [59]. This region is not even
connected with high speed trains to the rest of Italy; there is only one intra-regional line on which
trains travel at a speed of about 200 km/h.

Consequently, regional mobility is mainly entrusted to road transport, characterized by highly
problematic elements such as the overall inadequacy of the offer, the poor connectivity among different
modes of transport and the concentration along few privileged road axes.

In this context, applying the model proposed by Cascetta et al. 2015 [16], the local government
(Foggia Municipality) has launched an eco-sustainable decision-making process as shown in the
Figure 2. In particular, the decision process started when a congestion problem was highlighted in
the Lecce area. Stages in analyzing the present situation, as well as the identification of objectives,
constraints and project designs, has be supported by stakeholders listening and by the technical
analysis of industry experts (e.g., transportation planners, engineers, geologists). The citizens of the
areas concerned, the mayors and the environmental associations were involved in the decision-making
process. At the end of the consultation phase, it was decided that the only possible alternative solution
was to revamp a main extra-urban road that connects the cities of Maglie and Santa Maria di Leuca in
the Puglia region. The revamping of the road was the only possible solution because the construction
of new road was not wanted by the environmental and citizens associations.

QUANTITATIVE AND STAKEHOLDER
TECHINCAL ANALYSIS DECISION PROCESS ENGAGMENT

EVALUTATION AND DECISION-MAKING PROCESS

Figure 2. The eco-sustainable decision-making process implemented (sources: elaborations starting
from Cascetta et al. [16]).

The classification of the work in the Italian transport and the infrastructural sector shows how, in
this reference context, the revamping of a road is a worthwhile measure. The revamping project aims to
improve the performance of the road (such that the road will take on performance similar to a highway)
and to improve the safety of the road. Indeed, this enhancement of the existing heritage contributes
to satisfying the demand for mobility, but above all, it aims at improving social sustainability by
reducing accidents.

The final decision as to whether or not to intervene was postponed with the results of the
quantitative analysis. CBA is one of the quantitative tools representing the final stage (decision) in
decision-making processes. In the following section, all the technical activities implemented for the
evaluation of revamping of the road, are reported.

3. The Evaluation Analysis Methodology Proposed

In this research an evaluation analysis to estimate the environmental, social and economic impact
produced by the transport infrastructure has been proposed. The proposed evaluation analysis was
applied to a specific case study: revamping of the extra-urban road (EUR) at the regional level in
Puglia, Italy. The overall proposed methodology is reported in Figure 3.

The preliminary activities [26] include the definition of:
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(i) different project alternatives (scenarios); for this case study the positive impacts (benefits)
produced by the revamping of the road, was estimated as the variation between the project
scenario (redevelopment of the Extra Urban Road) and the Not Project (NP) scenario;

(ii) the analysis time period is the number of years for which the costs and benefits were taken into
account. The definition of the time period significantly influences the results of the Cost Benefit
Analysis. In accordance with the national “Guidelines for Assessment of Investment Projects”; in
this case study, a time period of 30 years was considered.

These preliminary activities are input for estimating demand and for cost benefit analysis. In the
second activity, transportation system models (TSMs) were implemented to estimate the transport
demand impacts. In order to estimate mobility demand, it is necessary to have an input analysis of the
actual and design scenario transport supply. Mobility demand (present and future) can be calculated
by: “direct estimates” and “model estimation” (for details [60]). In the case study proposed, using
the historical traffic data and mobility surveys (“direct estimates”), the total annual traffic for private
cars and freight vehicles was estimated. A multinomial LOGIT path choice model was specified and
estimated with the results obtained in [61-63] in the Italian context. This model was able to evaluate
changes in the paths of users downstream of the revamping of the Italian road. So, the Transportation
Impact (Avehicle X km and Avehicle x h), for all analysis time period, was estimated. A macroeconomic
trend model was also estimated to quantify the trend of the demand for all analysis time period (30
years) [27]. The model links the trend of the main socio-economic and macroeconomic variables
characteristically sensitive to road demand (GDP, population, and tourists in the study area) to the
trend of the traffic demand.

The preliminary activities

[ Historical traffic data ] : [ Mobility Surveys ]
v
( N
> Transport _

System Model

!
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( Avehiclexkm and Avehiclexh) )

,
\_
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Figure 3. The multistep methodology proposed.

The Transportation Impact is the input for the sustainability evaluation and CBA.
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For the CBA, following both the national and the European guidelines and methodology proposed
by [27,28,36,64], it is necessary to estimate the following:

e Costs: investment; management and maintenance; the residual value of the investment;

e  Benefits for the users: the consumers’ surplus (as a variation of travel time); operational costs
(e.g., usage and maintenance of the vehicle);

e  Benefits for non-users: greenhouse gasses emission variation; pollutant emission variation; noise
variation; accidents variation; traffic congestions variation; impacts on other sectors’ variation
(e.g., energy market).

To reduce the risk of planning fallacy, (overestimation of the expected benefits and underestimation
of the costs, in order to justify the usefulness of a project solution) three different scenarios have been
simulated: “optimistic,” “prudential,” and “median” due to more or less conservative modelling
assumptions. This allowed to estimate a range of variation for performance indicators (Measure of
Effectiveness; MoE).

In the “prudential” scenario, the same “conservative assumptions” were introduced. In particular,

the prudential hypotheses considered are:

(i) A mobility demand estimate:

e has neglected the induced demand by the revamping of the road. This means considering
only the demand diverted from other paths;

e some parameters of direct demand estimation have been deliberately underestimated (even
by 50%) compared to those quantified by mobility survey (e.g., the percentage of users who
would change the route downstream of the revamping of the Italian road).

(ii) An estimate of benefits:

e underestimation of the consumer surplus i.e. the benefits for the transport users residing
outside the area directly affected by the improvement of the Italian local road have not
been considered;

e travel time saved is an underestimation i.e. it has not been considered that, with changes in
the choice of path, the intervention could lead to a reduction of road congestion and therefore
a reduction of travel times (additional benefits attributable to the new infrastructure) also on
other routes.

e underestimation of the reduction in accidents, i.e. reduction in the phenomena of accidents
resulting from the estimated increase in the demand for the study area was not considered.

In the “optimistic” scenario, these prudential hypotheses were not considered. The “median”
scenario is estimated as the average scenario between the “optimistic” and “prudential” scenario.

In consideration of the impacts and benefits produced by the project, a sustainable evaluation
analysis was carried out. The environmental and social feasibility of the intervention was assessed by
estimating the benefits for non-users e.g., reduction in pollutant emissions and the number of accidents.
Moreover, the variation of the travel time (after-revamping) was used as an indirect measure for
estimating the impacts on social equity. Social sustainability was also assessed through the variation of
the equity from the point of view of private car accessibility. The variation of the equity was estimated
through the GINI index.

Finally, by measuring the effectiveness (MoE) (the Internal Rate of Return—IRR, the Net Present
Value, ENPV, and the Benefit/Cost ratio), the economic feasibility of the intervention was evaluated.
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4. Result and Discussion of the Cost Benefit Analysis

4.1. The Traffic Demand Estimation

In a CBA, the traffic demand estimation covers a central role within the benefit estimation
produced by a design scenario. In the case study proposed, taking into account the traffic counts,
mobility survey was carried out in the area of the study to estimate the deviated demand from
other paths. A multinomial LOGIT path choice model was estimated with the results obtained in
references [60-63,65] for the Italian context.

The behavior of the choice of the path for the users of origin-destination relationship is simulated
by models (stochastic) derived from the theory of random utility (for details see [60,66]).

The link flows were estimated with a stochastic equilibrium assignment, given by (1):

fsue = fsue(c; d) = Zoddod X Dog X poa(e(fsur)), 1)

where

fsur is the vector’s estimate of the link flows resulting from the ‘equilibrium assignment’

c(fsyr) is an estimate of the vector of the generalized transport cost, a function of the equilibrium
vehicular flows, calculated through a network model;

A is the link-path incidence matrix that represents the relationship between links and paths;

P is an estimate of the probability matrix of choice of the path estimated through the relative
network model;

d is the estimated demand vector.

In particular, for each link of the transport network (supply model), it was possible to estimate,
for each type of vehicle (car and freight vehicles), the average generalized transport cost of link equal
to (2):

gen. cost.p = 1 X try + By X fuel_costy, (2)

where

triis is the average travel time on the path k;

fuel_costy is the average fuel cost supported on the path k;

B1 and B, are the estimated model parameters.

A Maximum Likelihood estimator was used for the parameter estimation using BIOGIME
software [67]. The estimation results are reported in Table 1.

Table 1. The value of time.

Vehicle Types Trip Purpose Value Of Time (VOT) (€/hour)
P commuters 15
(B1/p2) Passenger cars other purposes (e.g., tourism and leisure) 10
(B1/B2) Freight vehicles all 25

The trend of demand (number of vehicles, private cars and freight vehicles, on the EUR) for all
analyzed time period (30 years) was estimated through the macroeconomic trend model. This model
takes into account the trend of the tourist flow expected in the studied area, the trend in regional GDP
and population for the studied area in line with national expectations, for all analyzed time period.

Estimation results showed that users who today prefer longer path, but more comfortable and
safe routes, after the revamping they will benefit of a shorter route, for the main origin and destination
pair, comfortable and safe. The (revamped) road is frequently the shortest path for most of the trips
but today high congested and not comfortable. The construction of the new green road will make this
route not only shorter (in terms of kilometers) but also faster, safer and more comfortable, reducing
environmental impacts also for those trips that will lengthen their path in order to use this new
and more attractive road. Overall, after the overhauling of the road, the users who will choose the
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redeveloped road will save about 600 thousand hours per year (Figure 4) and 1.6 million km per year
(Figure 5).
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Figure 4. Trend of absolute variations of vehiclesxhour per year.
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Figure 5. Trend of absolute variations of vehiclesxkm per year.

4.2. The Cost Estimations

The economic sustainability of an infrastructure is also a function of the investment costs and of
cost items incurred during the useful life of the work itself (e.g., management and maintenance costs).
In this study, in agreement with national “Guidelines for Assessment of Investment Projects,” the costs,
for different scenarios simulated, are reported in Table 2.

In assessing the costs, all the monetary amounts necessary to carry out the project must be
considered, which generally depend on the type of infrastructure involved and its characteristics. In
addition to the investment costs, the operating costs for ordinary and extraordinary maintenance must
also be taken into consideration throughout the analyzed period. Finally, since the analyzed time
period is often less than the “economic life” of the project, a residual value of the investment was
also considered.

According to a “prudential estimation” of analysis, for this case study, the residual value of the
investment was considered equal to 30% of the total cost of the investment.

Table 2 shows the costs for the three scenarios (“optimistic”, “prudential” and “median”).
Specifically, for the “median” scenario, the investment costs (at 2017 prices with fiscal corrections)
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are about 185 million Euros; the maintenance and management costs are about 19 million Euros
(considering the overall extension of the infrastructure, a maintenance cost of €1.2 million per year can
be estimated).
Finally, a residual value of the investment of around 24 million Euros is estimated (at 2017 prices).
As suggested by the main reference texts, for the purpose of excluding taxes and subsidies, all the
costs have been multiplied by specific correction coefficients [64].

Table 2. The costs estimation results.

Costs

(2017 Prices with Fiscal Optimistic Scenario Prudential Scenario Median Scenario (M€)
R (M€) (M¢€)
Corrections)

Investment costs 157.86 211.72 184.79
Operation and maintenance costs 19.50 19.50 19.50
Residual value of the investment 20.32 27.25 23.78

Total costs 157.04 203.97 180.51

4.3. The Users Benefits Estimation

The revamping of the EUR will bring both perceived and unperceived benefits to users. Travel
time savings are part of the benefits perceived directly by users, while the savings associated with
reducing car maintenance costs are part of the benefits not perceived by users.

The perceived benefits for the transport users were estimated as travel time savings, assessed
as Avehiclesxhour per year (output of the traffic demand estimated) for the value of time (distinct for
different reasons of the travel and vehicle types, Table 3) for all the life period.

Table 3. The estimated benefits for users.

Users Benefits (2017 Prices) Optimii;\i/[ce?cenario Prudent(i;/[lgcenario Median Scenario (M€)
The consumers’ surplus 208.96 199.01 203.99
Operational costs 3.74 3.56 3.65
Total Users benefits 212.71 202.58 207.64

The unperceived benefits, i.e., the operating costs, include the consumption of lubricants and tires,
the maintenance and depreciation of the vehicle. Operational costs are a function of the kilometers
traveled (Avehiclesxkm per year) and the type of vehicles (distinguished by private cars and freight
vehicles). For the estimation of these costs, unit economic value was considered for the cars and for
freight vehicles available on [64].

About 208 million Euros (at 2017 prices) are the benefits to the potential users of the Regional
Road revamping estimated in the Median scenario.

4.4. The Non-Users Benefits Estimation (External Cost Saved)

In a cost-benefit analysis, the estimate of benefits for non-users (external costs saved) is aimed
at assessing the externalities (external impacts) that the project produces on the environment (e.g.,
costs of climate change) and on human health (e.g., air pollution and road safety). Benefits therefore,
involve an increase in environmental and social sustainability. The reduction of kilometers covered by
the new infrastructure project (revamping EUR) will have substantial benefits for non-users in terms
of reducing climate change, air pollution, noise and traffic congestion. These benefits are generally
non-monetary (variation in tonnes per year of climate change emissions) and it is possible to determine
their monetary value as (3):
marginal cost X Acar X km/year (©)]
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The unit rates proposed by the European Commission [36], weighed according to the distribution
of the vehicle fleet [26], were used to estimate these marginal costs.

The redevelopment of the EUR will also lead to an increase in social sustainability, including
greater road safety.

A disaggregated approach (for details [26]) was used to estimate the economic benefits produced
by the decrease in the number of accidents. The variation in the number of accidents, differentiated
according to the severity level, was evaluated as the difference between the number of accidents
currently observed on the road and those observed in other existing road with equal physical
characteristics (maximum speed, number of lanes etc.). In detail, considering the average accident
standards of an infrastructure of equal physical characteristics, the accident variations in the EUR after
the revamping are over 5.1 minor injuries per year, 4.0 seriously injuries per year, and 0.4 deaths per
year. For the reduction of accidents, the economic (monetary) value of this benefit was evaluated as (4):

Anumber of accident X marginal cost 4)

The variation in the number of accidents is different for different gravity of accident. For marginal
costs, reference was made to the Guidelines for Assessment of Investment Projects.

Specifically, the estimated discounted benefits due to the reduction of road accidents (Figure 6)
are about 29 million Euros (median scenario).

Reduction of road accidents (€/year saved)
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Figure 6. Estimated impacts of non-users: reduction of road impact (€ per year saved discounted to
2017 - median scenario).

s

Table 4 shows, in the three different scenarios (“optimistic,” “prudential,” and “median”), the
advantages discounted for non-users for the entire period of life considered (using 2017 prices).

Finally, the change in travel times among the main areas of the study can lead indirectly to changes
in the social equity of the area. So, the variation (between before and after the revamping of the EUR)
of the accessibility in the study area was estimated as a measure of social equity. In order to evaluate
equity impacts (social impact) induced by the redevelopment of the EUR in Puglia.

The Gini index (G), brainchild of the Italian expert in statistics Corrado Gini, allows tuso measure
inequality (statistical dispersion) concerning the distribution of an attribute (in this context, for transport
accessibility). The values assumed by the Gini index are included in a range from 0 (perfect equality)
to 1 (perfect inequality). The G index can be estimated in different ways, for a discrete population with
values yi, i = 1,..., n, one of the simplest possible formulations is (5):

G= 1_Z(xi_xi—1)x(]/i+]/i—l)/ (5)
i=1
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where

x; is the cumulated proportion of the population, for i =0,...n, with xg = 0, xn = 1.

y; is the cumulated proportion of the variable (transport accessibility) indexed in non-decreasing
order (yx > yx-1), fori=0,..,n, withyy =0, yn = 1.

The Gini index was estimated with respect to transport accessibility in the current scenario
(non-intervention scenario) and in design scenario (redevelopment of the Extra Urban Road) [68].

Table 4. The discounted benefits estimation for the non-users for all the life period considered.

Non-Users Benefits Optimistic Scenario Prudential Scenario Median Scenario
(2017 Prices) (M€) (M€) (M¢€)
Greenhouse gasses emission 0.59 0.56 0.57
Pollutant emission 0.17 0.16 0.17
Noise pollution 0.05 0.04 0.04
Accidents 30.83 28.02 29.42
Traffic congestions 40.04 17.13 28.59
Impacts in other sectors 0.28 0.26 0.27
Total Non-Users benefits 71.95 46.18 59.07

The idea of accessibility is an enduring discuss in the study of transportation planning as a
yardstick for measuring intensity and quality of relationships between land development designs and
commutation system Theoretically, there are two types of accessibility; active accessibility measures
the ease with which users can reach different activities in the various points of the territory. While
passive acceptability measures the ease with which activities in an area of the territory can be achieved
by potential users [69].

For these reasons, transport accessibility can be considered as a measure of social equity; equally
accessible territories are of social equity.

For the case study, accessibility is quantified in function of the level-of- service attributes and land
use attributes; an active accessibility gravitational model specification was estimated (6):

Nd
Zd:l Tod—minim k X Oy

ZdNi1 Oy

AA = (6)

where

AA! is the active accessibility measure related to the origin traffic zone 0 and measuring the
average weighed (on the opportunities) travel time by car from the zone o toward all the zones of the
study area considered;

N, is the number of traffic zones considered in the study area (6 municipalities of the study area)

Tod - minim k 15 the travel time on minimum path k by car between the od pair;

Oy is the number of opportunities (i.e. the total number of employees in industry, trade and
services) available in traffic zone d.

In assessing the impacts of the transport user, the percentage change in the Gini index (measure of
transport accessibility) was determined to measure the equity of the population in the study area.

In this study, in order to quantify the equity impacts induced by the revamping of the Extra Urban
Road, the absolute values of the estimated Gini indices were not as significant as their percentage
changes. In fact, the aim was not to investigate whether the territory is more or less fair (respect the
transport accessibility), but rather the impact of the revamping on equity.

The results show that in the design project, the GINI index reduced by 19%, which means that
social equity has increased.
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4.5. Measure of Effectiveness

Quantified impacts (benefits and costs) implies that the economic sustainability of the project was
assessed by means of appropriate performance indicators (Measure of Effectiveness; MoE):

Net Present Value (NPV) reports the various effects relating to the project, calculated for the
analyzed period (30 years), to the initial year (7):

NPV(r) =
") ;‘) (1—|—r)t

where

e risthe rate of return equal to 3.0%;

e Tmis the analysis period (30 years);

e By is all the benefits (both for users and for non-users) that the Regional Road revamping
will produce;

e  (Cjareall supporting costs (Table 2)

Internal Rate of Return (IRR)ro is the value of the rate of return that null the NPV calculated over a
period of 30 years relating to the Regional Road revamping (8), (9):

IRR = ro; 8)

NPV(r,) = 0. )

B/C is defined as the ratio of the total benefits to costs discounted at the initial year (10):

Tm . Tm ZCtt
]
B/C= 10
Yo Ly =

PayBack Period (PBP;) discounted is the minimum number of years beyond which a positive NPV
occurs (that is the return on the investment) (11), (12):

PBP; = Thyin; (11)

NPV;(r) > 0 (12)

The cost-benefit analysis carried out highlighted the following results (for the median scenario) in
(Table 5):

Table 5. The measure of effectiveness (MOE) indicators estimated.

The MOE Indicators

Estimated Optimistic Scenario Prudential Scenario Median Scenario
Rate of return r 3% 3% 3.%
NPV (ME€) 127.6 448 86.2
IRR 8% 5% 6%
B/C 1.8 1.2 1.5
PBP 16 27 21

4.6. The Sensitivity Analysis

The sensitivity analysis was carried out to verify the robustness of the results. Positive or negative
variations of the main critical variables (e.g., investment costs, the discount rate and the consumers’
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surplus) are introduced to evaluate if the benefits are greater than the costs and if the intervention is
sustainable. As can be seen from the following figures (Figure 7), also for these critical variables the
results of the simulations show a “robust” design scenario. This achievement enables us to conclude
that the design solution analyzed is economically viable.
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Figure 7. Sensitivity analysis results. (a): % var discount rate; (b): % var. consumer’s surplus; (c): %

var. investments costs
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5. Result and Discussion of the Sustainability Analysis

A good decision-making process should also be eco-rational (acting in the best possible way).
An eco-rational decision-making process is a rational transport policy for the transport system and
sustainable (socially, economically and environmentally). As part of the decision-making process, the
cost-benefit analysis, as previously described, represents the quantitative tool (method) used to reach
the best and most shared project solution with the stakeholders, verifying at the same time its social,
environmental and economic sustainability. Although the CBA is standardized by national and EU
guidelines, as mentioned above, it has some limitations.

The aim of this research is twofold: a) from a research point of view, to propose a sustainable
evaluating method for impact assessment of the new transportation infrastructure aimed in performing
both rational and shared decisions with the territories; b) for a practical point of view, to propose a
first application of the CBA Italian guideline useful for the professional practice in the field of public
investment evaluation. The revamping of the Extra-Urban Road in Puglia (Italy) with quantitative
analysis has been evaluated with respect to economic, social, and environmental sustainability. The
main indicators to assess the sustainability of the infrastructure estimated are reported in Table 6.

Table 6. The results of the sustainability analysis.

Sustainability Indicators Result
. Accidents variation reduction (M€) 29.4
Social
Active accessibility variation increase (%) 19%
Greenhouse gasses emission reduction (M€) 0.57
Environment Pollutant emission reduction (M€) 0.17
Noise pollution reduction (M€) 0.04
Rate of return r (%) 3%
. NPV (M€) 86.2
Economic
IRR (%) 6%
B/C 1.5
PBP (years) 21
SOCTAL SUSTAINABILITY:

Accessibility to key services and facilities is defined as a primary measure of social
sustainability [70]. Potentially, the urban infrastructure can improve social equity [71]. The revamping
of the EUR will lead to reductions in users’ travel time; therefore, it will increase accessibility and thus,
the social equity by about 19% in the study area.

The revamping of the road will enhance safety of travels. As demonstrated in “The Non -Users
Benefit Estimation” section, it has been estimated that the variations in accidents will be over 0.4 dead
per year, 4.0 seriously injured per year, and 5.1 minor injured per year. For the life period, the Economic
Benefit to reduce the number of accidents is equal to 30 million.

ENVIRONMENTAL SUSTAINABILITY:

The estimated traffic demand shows that users who today prefer longer paths, but more comfortable
and safe routes will, after the revamping of the EUR, save about 650 thousand km per year with
significant positive benefits in terms of reduction in climate change, air pollution, noise, and traffic
congestion. For the life period, the Economic Benefit to the environment is about 780.000 Euro.

ECONOMIC SUSTAINABILITY:

The Cost Benefit Analysis show that the revamping of the EUR is economically sustainable. In
fact, using a discount rate of 3% and analysis time period of 30 years, the benefits will be greater than
the costs in optimistic scenario by 1.8; 1.5 in median scenario; and 1.2 in prudential scenario. Moreover,
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considering the median scenario, the Net Present Value (NPV) that the infrastructure will produce (30
years of operation) is about 86 million Euro; the estimated IRR is greater in the discount rate (around
6% vs. 3%); and finally, the payback period is estimated to be 21 years.

Among the results from the research perspective is the development of a multi-criteria analysis, to
be able to compare the results obtained. Finally, the proposed methodology and application can also be
extended to other research fields such as environmental impact assessment, sustainable development,
and project financing (or other forms of public—private partnership).
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