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Abstract

Purpose – The European Commission has established the reference value of the social discount rate (SDR) to
be used in the cost-benefit analysis according to the subdivision of the states relating to the beneficiaries of the
Cohesion Fund. This criterion does not allow to adequately consider the economic, social and environmental
conditions of each European states for ensuring an equitable and inclusive growth. The aimof the work is to
provide an innovative methodology for assessing the “adjusted” SDR according to the socioeconomic and
environmental conditions that differently affect the sustainable development of each European state.
Design/methodology/approach – Through the implementation of a methodological approach that consists
of ordered and sequential phases and the synergic adoption of the Multi-Criteria Techniques with the Data
Envelopment Analysis, a corrective coefficient of the SDR established by the European Commission is
determined.
Findings – The results obtained for the 27 European states highlight how the different conditions of each of
them could affect the correct choice of the SDR to be used in the Cost-Benefit Analysis.
Originality/value – The proposed research represents a useful reference for identifying national reference
SDR values for each European state, consistent with its specificities and with the goals of inclusive growth of
the countries and of social and territorial cohesion. Furthermore, the traceability of the methodology in its
phases will allow to adapt the SDR to sudden events or exogenous shocks.

Keywords Sustainable environment, Cost-benefit analysis, Index approach, Economic assessment,

Multicriteria assessment, Social discount rate
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1. Introduction
In the context of the current geopolitical situation, the Cohesion Policy constitutes an
important European Union (EU) strategy aimed at reducing the development disparities
among the regions of the member states and at strengthening the economic, social and
territorial cohesion (European Commission A, 2021; Camera dei Deputati, 2019). With a view
to guaranteeing uniform, inclusive and equitable sustainable growth (in the three economic,
environmental and social components), the need to define effective tool for supporting
efficient territorial governance, consistent with the Sustainable Development Goals of the
2030 Agenda (United Nations, 2015), is always central. In this sense, in the multiannual
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financial framework 2021–2027, the European Cohesion Policy focuses on five main strategic
goals (Official Journal of the European Union, 2021) to achieve a “smarter Europe” (through
the promotion an innovative economic transformation based on the digitalization), “a greener,
low-carbon Europe” (by favoring the circular economy and the green investments into
zero-emissions and resilient net economy), “a more connected Europe” (by strengthening the
mobility), “a more social Europe” (by supporting the quality employment, the education,
the professional skills and the social inclusion), and “a Europe closer to citizens” (through the
promotion of sustainable and integrated development of territory and local initiatives). The
choice of high-quality projects to reach these goals, which are able to ensure the best
cost-benefit ratio and the highest impact on the growth and the employment, is essential to
define sustainable and effective territorial development strategies (Anelli et al., 2022). In this
context, the Cost-Benefit Analysis (CBA) is explicitly requested, together with other tools, for
the decision-making processes related to the co-financing of “large public projects” – ,that is.
characterized by a total investment cost higher than V 50m - included in the Operational
Programs (OPs) of the European Regional Development Fund (ERDF) and in the Cohesion
Fund (European Commission, 2014; European Parliamentand Council, 2013) and it is
recognized as a reference for projects that require funding within the National Recovery and
Resilience Plan (NRRP) (Superior Council of PublicWorks andMinistry of Infrastructure and
Sustainable Mobility, 2021).

In order to appropriately manage and use the available NRRP and public financial
resources, the implementation of evaluationmethodological approaches plays a central role
to support the public administrations choices processes for the definition of the projects
most consistent with the plan goals (Tajani et al., 2022; Hwang, 2016; Priemus et al., 2008).
In general terms, by adopting a long-term time horizon, the CBA is an analytical tool used to
estimate the advantages or disadvantages generated by an investment, evaluating its costs
and benefits as a measure of the impact on social well-being (Tajani et al., 2018; Morano
et al., 2020; Mishan and Quah, 2020). Within the economic evaluations of the urban projects
aimed at verifying the convenience to carry out an intervention from the point of view of the
local community, the Social Discount Rate (SDR) constitutes a fundamental parameter to be
assessed. Having estimated these social costs and benefits, by adjusting the market prices
of the financial analysis and by evaluating the non-market impacts, the discounting –
through the SDR – of the economic items that occur at different times is needed. It, in fact,
reflects the social point of view about the preference level of future costs and benefits
compared to the present ones and often is linked to the political targets set by each local and
central government. It should be highlighted that an appropriate use of the discount
procedure affects the results of the analysis, because it allows to allocate “weights” to all
cash flows and to express valid judgments of economic performance on public projects to be
developed.

By taking into account the relevant opportunity given by the European tools to support
the EU Member States for the recovery after the COVID-19 pandemic (e.g. Next Generation
EU – in which the NRRP is included), the analysis of the social sustainability of the projects
constitutes an essential step to orient the investments for the services and infrastructures
improvement. Although the need to use standard and official values for the costs and benefits
discounting in the economic analysis is detected to easily compare the outputs related to
different initiatives and select the “best” one, the ad hoc quantification of the SDRwould avoid
wrong discount mechanisms. For example, setting the SDR too high may mean that socially
desirable projects are rejected; conversely, setting it too low may result in resources being
wasted on economically inefficient projects (Zhuang et al., 2007; Tajani and Morano, 2015;
Castillo and Zhangallimbay, 2021).

In the framework outlined, the urge to “reward” projects whose benefits occur in the long
term is connected to the cogence of adopting different procedures for estimating the SDR able
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to take into account the heterogeneity of the factors that characterize each territorial context
in social, environmental and economic terms, with a view to a homogeneous development of
nations that will delete or, at least reduce, the existing disparities. In this sense, the totality of
the costs and benefits deriving from the implementation of the initiative should be calculated
including the impacts progressively more distant in time, adequately considered in
accordance to the time in which they may occur (Weitzman, 1998; Gollier, 2002; Frederick
et al., 2002). The “meteor effect”which consists in the greater thinning of the financial values
referring to more distant years than those closer to the present (Nestic�o and Galante, 2015;
Maselli and Nestic�o, 2020).

In general terms, the value of the SDR should reflect the sacrifice that the community is
willing to burden for the replacement of current benefits with future ones (i.e. the principle of
the “cost-opportunity” for the community). Taking into account this target in the SDR
determination, several official entities have established appropriate values for the discount
rate to be used in the CBAs, among which are the European Commission (2014) for the
European states, the Conferenza dei Presidenti delle Regioni e delle Province Autonome
(2001) for Italy, the HM Treasury (2013) for the UK; Commissariat General du Plan (2005) for
France; Ministerio de Transportes, Turismo y Communicaciones (1991) for Spain. In addition
to them, numerous studies (Florio and Sirtori, 2013; Hussain et al., 2005; Catalano and
Pancotti, 2022) have explored the different approaches for the SDR assessment. These
methods – e.g. the Social Rate of Return on private Investments (SRRI) (Boardman et al., 2017;
Arrow and Lind, 1978; Dasgupta et al., 2000), the Social Rate of Time Preference (SRTP)
(Samuelson, 1937; Simonotti, 1984; Ramsey, 1928), the Social Opportunity Cost (SOC)
approach (Burgess and Zerbe, 2011a, b; Young, 2002) and the Shadow Price of Capital (SPC)
approach (Liu, 2003; Abelson and Dalton, 2018; Lyon, 1990) - also explained in the European
Guidelines (European Commission, 2014) – are focused on the time preference (Fujii andKarp,
2008; Lowry and Peterson, 2011; Creedy and Guest, 2008) and the social welfare function
(Kelleher, 2017; Heath, 2017; Pigou, 1920), in terms of intergenerational well-being (Dasgupta,
2008; Buchholz and Schumacher, 2010; Collard, 1996) and equity (Lind, 1995; Botzen and van
den Bergh, 2014). Each approach presupposes the introduction of proxy variables to express
the SDR - for example. the real before-tax rate of return on corporate bonds for the marginal
rate of return on private investment assessment in the SRRI method, the expected per capita
consumption and the risk of death or extinction of the human species for the measure of the
pure time preference in the Ramsey formula (Ramsey, 1928) for the determination of the
SSTP, etc. However, the inevitable uncertainty associated with the determination of these
parameters that leads to determine the SDR in the mentioned approaches constitutes a
significant limitation. By considering the outputs variability due to different SDR values, the
assessment of these factors plays a central role in the definition of the rate to be used in CBA,
as it can generates funding disparity between more deserving projects and less performing
ones for the communities. These projects are intended for sustainable and equitable growth of
all nations in economic, environmental and social terms, therefore, in the SDR determination
the specificities of the geographical context in which the project will be realized should be
included, in view to “reward” the initiatives developed in the nations with worse social,
economic and environmental issues and to fill the gaps where the sustainable development is
more enhanced. Moreover, the current climate changes emergences can’t be neglected in the
SDR determination.

2. Aim
The work is consistent with the framework outlined. The aimof the proposed research is to
provide an innovative methodology for the assessment of the SDR “adjusted” according to
the socio-economic and environmental conditions that differently affect the CBA’s economic
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evaluation of national projects to be financed in each country. In fact, the current differences
of the “official” SDR values are only associated to the subdivision of the 27 European states
into Member States (SDR equal to 3%) and beneficiaries of the Cohesion Fund 2014–2020
(SDR equal to 5%). In particular, the proposedmethodology is aimed at determining adequate
corrective coefficients of the SDR established by the European Commission through the
definition of composite indicators based on the main economic, social and environmental
issues that characterize the sustainable development conditions of each state.

It should be highlighted that the developedmethodology tries to overcome the uncertainty
in the assessment of the parameters for the SRTP evaluation - for example. in the Ramsey
formula, expected growth rate of per capita consumption, elasticity of the marginal utility of
consumption, and risk of death and extinction, etc. -, that are generally difficult to be
determined, due to complex underlying models for which a high reliability of information
data arerequired. In particular, the proposed methodology constitutes a high practice,
transparent and reliable SDR assessment procedure, that are able to avoid tortuous
calculations in the computational steps that are needed in the classic SRTP approaches.

The aim of the work is achieved through the implementation of a methodology based on 9
sequential and ordered phases and the synergic adoption of the MultiCriteria Techniques
with the Data Envelopment Analysis (DEA) for determining the composite indicators (or
corrective coefficients) as the results of the aggregation of a sample of 17 elementary
indicators that represent the main socioeconomic and environmental conditions of each
European state. The different importance that each elementary indicator could assume for
every European state is considered relevant for highlighting the real conditions, therefore, a
weighting process is carried out. Moreover, an “ideal State” among the 27 European states
analyzed is appropriately defined for considering a benchmark, or a reference composite
indicator to which every socioeconomic and environmental conditions that characterize the
27 European States is compared for obtaining the final corrective coefficient. Themain output
of the research consists of an abacus in which the “official” SDR, the corrective coefficient
obtained and the “adjusted” SDR resulting from the application of this coefficient to the
“official” one are associated with each states analyzed.

The reminder of the work is as follows: Section 3 provides a literature review on several
studies aimed at assessing the SDR in different geographical contexts; Section 4 describes the
proposed methodology; Section 5 is related to its application to the 27 European states;
Section 6 pertains to the discussion of the obtained results in Section 7 the conclusions of the
work are remarked.

3. Literature review
During the recent decades, the methods for the economic evaluation of urban projects have
been improved in order to obtain an ever-increasing accuracy of the results for guiding
investment decisions (Di Liddo et al., 2020). The procedure of cash flows’ discounting is a
critical aspect of these methods, as the discount rate’s parameters are not immediately
retrievable and determinable they can affect the CBA outputs, therefore the investment
decisions.

In the reference literature, several research for definingmethodologies able to estimate the
SDR have been developed. Many of them intend to validate the official SDR – included in
Guidelines for CBA ––implementation developed by local governments (European
Commission, 2014) -, to define efficient parameters to be used for the verification of
investment convenience for the community. For example, Zhuang et al. (2007) have
highlighted that the choose of an appropriate SDR is crucial for CBA due to the important
implications for resource allocations, by pointing out that too high discount rates could
preclude many socially desirable public projects from being undertaken, whereas too low
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risks could cause a lot of economically inefficient investments. Furthermore, the authors have
focused on the relevance of time value, demonstrating that a relatively high SDR attaches less
weight to benefit and cost flows that occur in distant period and favors projects with benefits
happened at earlier times; version the other handa low SDR promotes projects with benefits
arise at later dates. Similarly, Feldstein (1964) has pointed out the difficulty of choosing
between alternative time-streams of social benefits and costs in the evaluation of public
investment projects, by arguing that the discount-rate calculation defines a functional
relationship thatmakes outputs at different points in time commensurable with each other by
assigning equivalent present-values to them.

Within the reference literature built over time, different economists have proposed several
alternative techniques for the determination of the SDR in the presence of market distortions.
Lopez (2008) has provided the SDR for nine Latin American countries (Argentina, Bolivia,
Brazil, Chile, Colombia, Honduras, Nicaragua, Mexico, Peru), by demonstrating that
depending on the growth expectations of the social planner, they can vary from about 3 to
4% in a future low growth scenario to 5–7% in a high growth scenario. Moreover, in the
research the author has argued that the selection of an appropriate discount rate in these
countries should depend on the horizon of the project, by decreasing in correspondence of the
growth of analysis time period (4.4% for 25 years horizon, 4.2% for 50 years horizon and
3.9% for 100 years horizon).

In the UK context, the SDR has been assessed by Evans and Sezer (2002), in order to
compare the Treasury approved official rate, by defining an appropriate one of about 4% for
long-term social projects, that is. lower by 2% compared to that recommended by HM
Treasury (2013) equal to 6%.

With the purpose of defining an innovative way of interpreting the SDR in the CBAs
applied to transport sector, Marabucci (2018) has developed an approach that involves the
use of different discount rates, after dividing the project’s life cycle into subperiods. In each
subperiod, the effective value that the community attributes to the benefits of different
generations should be analyzed more precisely, introducing a set of distributive weights,
variable as a function of time, which are able to “correct” the distortion deriving from a unique
discount rate.

Starting from the scientific and methodical literature analysis and using the SRTP
approach, Kazlauskien_e and Stundziene (2016) have assessed the rate on the national level of
Lithuania on the basis of statistical data of the reference context, identifying a range of values
between 3.5 and 4.3%,which are lower than 5% indicated by European Commission. Then,
Jalil (2010), following the review of the variousmethods of measuring SDR, applied theMonte
Carlo simulation to calculate the rate value for Bangladesh, by providing helpful insights in
the decision-making framework of public projects.

The need to use correct SDR in the CBA for the economic evaluation of public projects has
been argued especially associated with the achievement of a fair allocation of the fiscal
burden between generations in the research of Akbulut and Seçilmiş (2019). By using the
SRTP approach, the rate obtained for Turkey is equal to 4.88% through the personal tax
method and to 4.41% using the food demand method. In the same national context and by
using the same method, Halicioglu and Karatas (2013) have estimated SDR equal 5.06%.

In Australia, instead, Abelson and Dalton (2018) have determined the SDR, for all sectors
and territories, approximately equal to 6.5%, by highlighting the importance of appropriate
rates assessment due to their influence on the acceptance or refusal of many public projects.
In France, Evans (2004) has estimated a 3.8% discount rate for application in social project
appraisal, on the base of social time preference. In Germany, with reference to the health
technologies economic evaluations, Schad and John (2012) have shown an appropriate
discount rate value in the range of 1.75–4.2%. In the same national context (Germany),
Goldmann (2019) has also proposed an SDR for transport infrastructure project evaluation
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that considers the production efficiency, the systematic traffic demand risk and the
increasing uncertainty in the long-run. Kossova and Sheluntcova (2016) have provided a
methodology of estimating SDR for government projects to be carried out in Russia and post-
Soviet countries related to different industries (healthcare, education, social services, and
roads construction, etc.), by funding the two values respectively equal to 3.2% for SRTP and
3.9% for SOC. To estimate the social discount rates of six transition economies – Czech
Republic, Estonia, Hungary, Latvia, Poland, Slovak Republic – Seçilmiş and Akbulut (2019)
have used two different approaches, . the tax technique and the food demand method, and
have assessed the SDR in a values range between 3.3% (Hungary) and 6.91% (Estonia),
through the first approach, and between 1.94% (Czech Republic) and 3.5% (Latvia) with the
second technique.

In addition, the issue of discounting is the focus of the research developed by O’Mahony
(2021), that has pointed out the relevance of the selection of plausible economic scenarios,
rather than historical trends or forecasts, in order to establish a valid SDR for Ireland using
the Ramsey formula. On the basis of comparison with international surveys, practices and
estimation of the real yield on government bonds, the SDR is in a range of values between 1.7
and 2.8%, by demonstrating that the higher Irish government’s estimated SDR of 4%, is not
reliable and needs reduction.

Castillo and Zhangallimbay (2021) have evidenced the need to continuously update the
parameters required for the appraisal of public investments, by remarking that 1) in Ecuador
an unvarying rate of 12% is ordinarily used, 2) the standard rate is very far from
incorporating the changing dynamics of social preferences over time, and 3) for different time
periods, the rates range from 2% for evaluation horizons longer than 51 years to 11% for the
short term (0–5 years). With reference to the long-term energy sector transition policies in
Poland, the estimation of the SDR has been performed for comparing the constant 5% rate
deriving from the EU recommendations on discounting for CBA, by using three datasets and
by implementing market rates via Consumption Rate of Interest (CRI) and SOC, and
prescriptive Ramsey and Gollier approaches based on Social Welfare Function (SWF)
(Foltyn-Zarychta et al., 2021).

A review of the academic literature on long-term SDR on discounting and the way in
which different approaches have been incorporated into institutional guidelines, has been
outlined by Groom et al. (2022), in order to provide a tool for policymakers to update
discounting recommendations.

The need to define successful development strategies in coherence with the limited
available financial resources has led to an always increasing importance of the project
evaluation methodologies, mainly to measure the value of all investment effects for the
communities and to implement the most sustainable initiatives in a wide-ranging temporal
perspective (Boardman et al., 2006).

4. Methodology
The proposed innovativemethodology for the assessment of the SDR “adjusted” according to
the main influencing socio-economic and environmental issues that could affect the economic
evaluation of the CBA of each European atate consists of 9 sequential and ordered phases and
involves the synergic adoption of the Multi-Criteria Techniques and the DEA. In Figure 1 the
flowchart of the proposed methodology is shown.

The initial operation (shase 1) consists of the identification of a sample of elementary
indicators – a unique one for all the 27 European States – that is able to give information on
the socio-economic and environmental conditions of the analyzed states, according to the
influential issues on the economic evaluation of the CBA. After having identified the sample,
in the phase 2 the normalization with an appropriate technique is carried out and then,
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through the correlation analysis, the highly correlated elementary indicators are removed in
order to avoid redundancy of the information and to reduce the robustness of the assessment.
Once the final sample of elementary indicators to be used for evaluating the corrective
coefficients is defined in the phase 3 the importance of each of them is determined through the
construction of pairwise comparison matrices. The involvement of a panel of experts
composed of four CBA analysis independent specialists and two EU entourage governmental
profiles with a knowhow within the CBA project selection decisions, has been selected for
proceeding into this phase. The 27 mxm pairwise comparison matrices composed of m
number of the elementary indicators that constitute the final sample are proposed to the panel
of experts for formulating the verbal judgments. The Analytic Hierarchy Process (AHP)
technique is applied: 1) the verbal judgments are transformed into values through the Saaty
scale (1989), 2) the Consistency Ratio is calculated for verifying the consistency of the
judgments and 3) the weight of each elementary indicator is established. Subsequently, in the
phase 4 a Weighted Sum Model (WSM) is used to determine the composite indicator that
relates to the i-th European State. Once having done the Phases n.3 and n.4 for all the 27
European States, in Phase 5 the profile of the “ideal state” is defined according to the optimal
values that the elementary indicators considered could assume among the ones already
detected for the states. In this way, the elementary indicators of the “ideal state” have the best
values between the minimum and maximum range of those collected for the 27 States,
according to the positive or negative influence that they have on the related issues (e.g. social,
economic or environmental). In the subsequent Phase 6, the determination of the specific
weight that each elementary indicator has for the “ideal state” is accomplished through the
AHP application, as was previously done in the Phase 3 for each State. AWSM is then used in
the Phase 7 for determining the composite indicator that relates to the “ideal state” – as done
in the Phase 4 for the European states - and that, therefore, constitute the benchmark of the
assessment. In fact, the Phase 8 contains the application of the DEA, in particular the Benefit
of Doubt (BoD) approach that allows to determine the corrective coefficients as the ratio

Figure 1.
Flowchart of the

proposed methodology
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between the m-th composite indicator associated to the i-th European state - obtained in the
phase 4 – and the composite indicator of the “ideal state”, or the so-called benchmark, -
obtained in the phase 7 – by applying the following Eq. (1):

Corrective coefficient ¼ actual performance of the i � th European State

benchmark performance of the
00
ideal State

00 ¼ CI i

CI is
(1)

where CIi is the composite indicator determined for the i-th European State and CIis is the one
obtained after the Phase 7 of the proposed methodology for the “ideal state”, that is. the
benchmark. After having used Eq. (1) for determining the corrective coefficients pertaining to
each of the 27 European States, the “adjusted” SDR is calculated. The phase 9, in fact,
provides for the product between the obtained corrective coefficient of the i-thEuropean state
and the “official” SDR, or the one established by the European Commission according to the
subdivision of the States relating to the beneficiaries of the Cohesion Fund.

5. Application of the proposed methodology to the European states
In accordance with the described phases, the proposed methodology is applied to the 27
European states for the assessment of the “adjusted” SDR, as follows.

5.1 Phase 1
The identification of a sample of 17 elementary indicators is achieved according to the
reference literature (see Section 3) and the aims of the proposedmethodology. The considered
indicators, in fact, have been chosen in order to widen the set of criteria generally used for the
determination of the SDR with the SRTP approach and, at the same, take into account the
three pillars of the sustainable development – social, economic and environmental -.
Moreover, although the other methods with a solid theoretical background and usually
proposed in the reference literature provide for a high attention to the socio-economic
sustainability of the projects in the medium-long period, the entire environmental sphere is
totally neglected, even if the significance of the environmental topics is continuously growing
and absolutely relevant in the SDR’s assessment. In this way, the 17 selected indicators
adequately represent the main issues affecting the SDR determination in the CBA at the
country level. As the only source of data for all the sample, the Eurostat site https://ec.europa.
eu/eurostat/databrowser/explore/all/all_themes?lang5en&display5list&sort5category
(European Commission B, 2021) is utilized, given the availability of up-to-date and
transparent data relating to the topics of research and built in a robust manner. In particular,
most of the information related to the environmental sphere of each State are retrieved from
the Eurostat’s statistics for the EuropeanGreenDeal https://ec.europa.eu/eurostat/cache/egd-
statistics/ (European Commission C, 2021). In Table 1 the description of each elementary
indicators is provided.

As can be seen from the list of indicators, among the 17 collected, the first six (from a) to e))
relate to the social sphere of the sustainable development, including housing conditions, poverty
statu and educational status, gender disparity, mortality causes and income distribution. The
following six related toits economic issues, such as inflation and the public debt, or the financial
expenditure for social and environmental improvements and the labor forces with the value of
total final output of goods and services produced by the economy of the European state. The
remaining five ones are able to represent the main environmental efforts of each European state
for the sustainable development, like the greenhouse gas emissions, the extension of green areas,
the use of renewable energy or waste recycling and the household energy consumption level. In
this way the chosen 17 elementary indicators are considered adequate to represent the main
issues affecting the SDR determination in the CBA for each state.
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Table 1.
List of the 17
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5.2 Phase 2
Given the different unit of measures of each elementary indicator, the normalization of the
entire sample is carried out through the application of the min-max technique. Subsequently,
the correlation analysis is performed with the construction of the Pearson’s matrix (see
Supplementary_material_ Figure A1) of order 17, as the number of the indicators in the
sample. The Pearson’s coefficient shows high correlation between two couple of indicators
respectively pertaining to the social and economic category. In particular, the b) risk of poverty
with the e) income distribution (0.91) for the social category and the j) GDP per capitawith the
k) social investments (0.82) for the economic one. In order to reduce the redundancy of the
information, the elementary indicators with the highest overall level of correlation within
the entire sample are removed: e) income distribution and k) social investments. The final
sample is constituted by 15 elementary indicators.

5.3 Phase 3
The AHP multicriteria technique is utilized for the determination of the weight that each
elementary indicator has for aspecific European state. The choice to consider different weights for
the states is linked to the real diverse importance covered by each sector within the state, so that
the final corrective coefficient of the SDR established by the European Commission can effectively
represent the socioeconomic and environmental specific condition. For this reason, for each
European state a pairwise comparison matrix of order 15 is constructed. Firstly, in order to
determine the weight a panel of experts composed by four CBA analysis independent specialists
and two EU entourage governmental profiles with a knowhow within the CBA project selection
decisions are designated for providing the preference’s judgments regarding the indicator’s
weights for every European State. Pairwise comparisons express how much more important one
indicator is compared to the others. For each indicator, thequestion “how important is the indicator
x to the indicator y?” is formulated for each member of the considered panel of experts.

After having received all the verbal judgments formulated by the panel of experts, they are
transformed into specific values by using the Saaty’s scale (see Supplementary_material_
Figure A2). The subjectivity level of the entire process is controlled by verifying the consistency
of the judgments expressedby the panel of expertswith the calculation of the ConsistencyRatio,
given by the ratio of the Consistency Index and the Random Index as shown in Eq. (2).

Consistency ratio ¼ Consistency Index

Random Index
¼ ½ðλmax � 15Þ=ð15� 1Þ�

1:58
(2)

Where λmax is the maximum eigenvalue of the matrix, 15 is the order n of all the pairwise
comparison matrices and 1.58 is the Random Index of all of them. If the Consistency Ratio is
less than the pre-established value of 0.1, the consistency of the weight’s determination
process is verified. In Table 2 the specific weights of each elementary indicator for the i-th
European state after the weight’s determination process are reported, with also the value of
the Consistency Index, ever less than the threshold value of 0.1.

By analyzing the distribution of the weights among the European states, it is evident that
the elementary indicator a) gender pay gap is the overall most important, especially for 4
States out of 27, followed by the b) risk of poverty, g) inflation rate, l) environmental
investments, n) municipal waste recycling and p) green lands for 3 different states out of 27.

5.4 Phase 4
The aggregation of the 15 elementary indicators and their weights is carried out through the
WSM MultiCriteria technique. In this way 27 composite indicators that represent the actual
performance of the i-th European State (see Eq. 1) are obtained, as shown in Figure 2.
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All the obtained values pertain to the range of [0; 1] in order to be easily compared. In fact, by
their examination it is possible to highlight that the highest actual performance is covered by
Austria (0.685), followed by Luxembourg (0.683), Romania (0.663) and Latvia (0.649). Italy is in
the ninth position with 0.596, falling within the 10 European states with the most elevated
performances. The last position is obtained for Malta with a value of 0.332, the European state
with the most critical conditions according to the socio-economic and environmental issues
considered through the sample of the 15 analyzed elementary indicators. The obtained results
are consistent with the empirical evidence: Austria has only 4 out of 15 elementary indicators
with negative performances with respect to the European average status and optimal values for
most of the indicators with the highest weights, such as the green lands (46.4% of total land
areas), the recycling rate ofmunicipal waste (61.8%of totalmunicipal waste) and environmental
investments (3.5% of GDP). Malta, instead has 6 out of 15 elementary indicators with negative
performances with respect to the European average, such as the b) risk of poverty (19.9%), the j)
GDP per capita (22,250.000 V/per capita instead of 28,155.93 V/per capita of the European
average), the l) environmental investments (1.5% of the GDP instead of 1.9% of the GDP of the
European average), the m) renewable energy rate (10.7% of the GDP instead of 24.4% of the
European average), the n) municipal waste recycling rate (10.5% of the total instead of 39.7% of
the European average) and the extension of p) green lands (10.4%of the total land area instead of
40.4% of the European average). Moreover, only for the b) risk of poverty and the j) GDP per
capita elementary indicators occur the highest weights. The results of the composite indicators
that represent the current performance of each European state, or the actual socio-economic and
environmental conditions in accordance with the 15 analyzed elementary indicators, already
highlight a possible differentiation of the SDRvalues to be adopted by each of them in their CBA
analysis. It is important to highlight that the Eurostat’s indicators refer to the period between

Figure 2.
Composite indicators’
values obtained that
represent the actual
performance of each
European state
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2018 and 2021, and therefore the analysis is carried out on the basis of the conditions at that time
for each state.

5.5 Phase 5
The features of the profile of the “ideal state” are defined by examining the optimal
performances retrieved for each elementary indicators among the 27 European states,
according to their functional relationship (direct or inverse) with respect to the analyzed socio-
economic or environmental issue. In particular, the “ideal state” has the minimum collected
value of the elementary indicators for which their growth has a negative influence – such as
the social ones - and themaximum value of the elementary indicators for which their decrease
has a negative influence – such as the GDP per capita or the extension of the green lands -.
In this way, the “ideal state” is characterized by the best possible combinations of socio-
economic and environmental conditions, ideally achievable by the European states.
In Table 3 the features of the “ideal state” are shown.

5.6 Phase 6
The determination of the weights of the 15 elementary indicators of the “ideal state” is carried
out in the same way as the other European states, by applying the AHP multi-criteria
technique and with the support of the same panel of experts used in the phase 3. A pairwise
comparison matrix of order 15 is constructed and the consistency of the preference’s
judgments of the panel of experts is verified with Eq. (2) for reducing the subjectivity of this
process. In Table 4 the results are reported.

5.7 Phase 7
For determining the composite indicator of the “ideal state” that represents the benchmark for
all the 27 European States, a WSM is used, as in the Phase 4 for determining the actual
performance’s composite indicators of the other states. Due to the features defined for the “ideal
state” for the socioeconomic and environmental conditions and theweights determined for each
of the 15 elementary indicators analyzed, the obtained value of the benchmark’s composite
indicators is equal to 0.835. In Figure 3 the differences among the actual performances of all the
27 European states with respect to the benchmark “ideal state” are shown.

state Elementary indicators C.I.
a) b) c) d) f) g) h) i) j) l) m) n) o) p) q)

Ideal
State

0.03 0.31 0.00 0.07 0.22 0.11 0.09 0.14 1.00 0.94 0.97 0.96 0.05 0.93 0.25 0.0008

Source(s): Table created by author

State Elementary indicators
a) b) c) d) f) g) h) i) j) l) m) n) o) p) q)

% % % % % % % % MV/per
capita

% % % G./per
capita

% G.T./per
capita

Ideal state 0.7 11.5 6.5 1.0 5.1 0.6 18.1 2 86,550 3.50 60.10 68.30 1.50 69.90 4.50

Note(s): All the values are normalized by diving by the respective maximum value
Source(s): Table created by author

Table 4.
Weights of the 15

elementary indicators
for the “ideal state” and

Consistency
Index value

Table 3.
Values of the 15

elementary indicators
for the “ideal state”
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The analysis of the actual performance of the European states with respect to the
benchmark “ideal state” highlights a generally homogeneous situation. The average
distance from the benchmark is equal to 27% points, with the minimum value related to
Austria which is 15% points less than the benchmark and the maximum distance covered
by Malta which is 50% points far away from the “ideal state”. The main descriptive
statistics of the composite indicators show that the standard deviation of the actual
performances is equal to 0.08, there is an average of 0.57, whereas the sample variance is
equal to 0.006. The comparison between the 27 European states and the benchmark “ideal
state” is useful for highlighting the several differences, in terms of socioeconomic and
environmental conditions, that affect the actual performance of each state. In fact, the
distance between each European state and the “ideal state” remarks the necessity of efforts
for ensuring an equitable growth: i.e. major efforts for the states whose composite indicator
shows critical conditions.

5.8 Phases 8 and 9
The application of Eq. (1) to each of the 27 European states allows to obtain the corrective
coefficient of the SDR established by the European Commission, or the 3% for the Member
States and the 5% for the beneficiaries of the Cohesion Fund 2014–2020 (these official SDR
values are consistent with the reference period 2018–2020 to which most of the selected
indicators pertain). Hence, by dividing the m-th composite indicator obtained from phase 4
with the benchmark obtained from the phase 7 of the proposed methodology, the values of
the corresponding corrective coefficients are established. In this way an abacus in which the
“official” SDR, the corrective coefficient obtained and the “adjusted” SDR resulting from the
application of this coefficient to the “official” one arefound (Table 5).

6. Results discussion
In Figure 4 the “official” SDR values are shown, 3% (gray) for the Member States and 5%
(black) for the beneficiaries of the Cohesion Fund 2014–2020. It should be recalled that, as the
majority of the indicators have been detected before 2021, the “official” SDR values are

Figure 3.
Overview of the actual
performance
distribution among the
27 European States
and the benchmark
“ideal state”

SASBE



referred to the multiannual financial framework 2014–2020. In Figure 5 the “adjusted” SDR
values are more spatially heterogeneous. In particular, five clusters have been defined
according to the “adjusted” SDR values: the first one (yellow) refers to [1.7%; 2.0%], the
second one (orange) is related to [2.1%; 2.4%], the third one (red) concerns the range [2.5%;
3.0%], the fourth one (blue) is with regards to the interval [3.1%; 3.4%], the fifth one (green)
includes the SDR values among [3.5%; 4.0%].

Interesting insights can be outlined, taking into account that a low SDR value may cause
undesirable projects to be approved,whereas ahighSDRvaluemay result in apossible rejection of
desirable projects (Harrison, 2010). At the same time it is well-known that a low SDR allows public
organizations to allocate a larger share of tax revenues to the long-term intergenerational projects
(Bazelon and Smetters, 1999) and a high SDR can discriminate future generations (Seçilmiş and
Akbulut, 2019; Rambaud and Torrecillas, 2005). It should be recalled that the obtained “adjusted”
SDRcouldbeused as reference for the selectedprojects to be realized in eachEuropean statewithin
the economic evaluation processes. Among all the 27 European states, an average reduction (Δ) of
�32% of the “official” SDR can be observed. In particular, if the subdivision of SDR promoted by
theEuropeanCommission for the states beneficiaries or not of theCohesionFund is considered, for
all the 12 Member States there is an average reduction of �30%, the “adjusted” SDR is on an
average of 2.10%, ranging from 1.7%ofDenmark to 2.5%ofAustria, instead of the “official” SDR
equal to 3%. The beneficiaries States of the Cohesion Fund get an average reduction of �34%
with the lowest “adjusted” rate of 2.0% for Malta and the highest one for the Romania with 4.0%.
The global overview returns the need of a reduction of about�1% in the “official” SDR for all the

State “Official” SDR Corrective coefficient “Adjusted” SDR Δ

Austria 3% 0.82 2.46% �18%
Belgium 3% 0.67 2.02% �33%
France 3% 0.61 1.82% �39%
Germany 3% 0.71 2.14% �29%
Italy 3% 0.71 2.14% �29%
Spain 3% 0.66 1.99% �34%
Sweden 3% 0.73 2.18% �27%
Denmark 3% 0.58 1.75% �42%
Finland 3% 0.75 2.25% �25%
Ireland 3% 0.61 1.82% �39%
Luxemburg 3% 0.82 2.45% �18%
The Netherlands 3% 0.71 2.14% �29%
Estonia 5% 0.76 3.82% �24%
Greece 5% 0.78 3.88% �22%
Latvia 5% 0.78 3.89% �22%
Malta 5% 0.40 1.99% �60%
Poland 5% 0.69 3.47% �31%
Bulgaria 5% 0.69 3.47% �31%
Cyprus 5% 0.56 2.80% �44%
Croatia 5% 0.64 3.20% �36%
Hungary 5% 0.67 3.35% �33%
Lithuania 5% 0.66 3.32% �34%
Portugal 5% 0.58 2.88% �42%
Czech Republic 5% 0.66 3.28% �34%
Romania 5% 0.79 3.97% �21%
Slovakia 5% 0.61 3.04% �39%
Slovenia 5% 0.63 3.14% �37%

Source(s): Table created by author

Table 5.
Abacus of the “official”

SDR, the corrective
coefficient obtained

and the “adjusted” SDR
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Figure 4.
The “official” SDR
values among the 27
European states

Figure 5.
The “adjusted” SDR
values obtained by the
application of the
proposed methodology
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Member states with also Romania, Latvia, Greece and Estonia of the Cohesion Fund; and a
decrease of about �2% for the remaining States. The actual socio-economic and environmental
conditions clearly affect these results, but also other issues – not considered in the analysis – can
help to justify them. The reasons of this slight reduction for the Member States could be linked to
the general well-established economic structure and growth: for all of them the well-known
“shadow economy”, defined as mostly the legal economic and productive activities that are
deliberately hidden from official authorities and that, if recorded, would contribute to GDP – is
relatively small, according to the study carried out by Schneider (2012). For the beneficiaries of the
Cohesion Fund, Romania, Latvia, Greece and Estonia are the states with the better actual
performances, as can be seen from the highest values of the composite indicators. In fact, the
negative strong correlation that exist between the actual performances and the reduction of the
“official” SDR allows to observe an increase in the reduction (Δ) as the composite indicators value
decreases.

In order to analyze the higher reductions (Δ) of the “official” SDR values among the 27
European state, in Table 6 the reasonable justifications - linked to the considered indicators –
which may have laed to the reductions among the Member states and the beneficiary of the
Cohesion Fund are summarized. In particular, Denmark, France and Ireland are considered
for the Member States and Malta, Cyprus, and Portugal for the beneficiaries of the
Cohesion Fund.

7. Conclusions
The SDR to be used in the CBA for the decision-making process for selecting investments
capable of ensuring sustainable development of all states plays a fundamental, as well as
decisive, role in allowing an adequate assessment of the aspects on which fair and inclusive
growth depends. In fact, due to its intrinsic feature to financially compare the cash flows that
occur at different periods of time in the evaluation conducted from the point of view of the
community, it follows that even its small changes significantly influence the decision results
and, consequently, the priority order of the interventions to be financed when it comes to
choosing among several initiatives. In this sense, the total amount of costs and benefits
related to the intervention should be calculated including the impacts progressively more
distant in time, adequately considered in accordance with the “meteor effect” that consumes
the financial values that occurred in the most distant years to an ever greater extent than
those closest to current events. This entails a progressive thinning of the discounted cash
flows further away in time, so as to make their contribution increasingly negligible compared
to current events. The value of the SDR is crucial for the analysis of effectiveness, it is strictly
connected to the riskiness of the investment, and it is defined taking into account the “cost-
opportunity” principle. According to the European Commission, among the 27 European
states, 15 are considered as beneficiaries of the Cohesion Fund and therefore a SDR equal to
5% is established to be used in the CBA. For the other 12 States, or the Member states, a SDR
equal to 3% is considered to be adequate in the CBA process. This subdivision does not allow
to adequately take into account the real socio-economic and environmental conditions that
differently affect the equitable growth of the states and, therefore, avoid an effective CBA
process aimed at managing and using the available financial resources among all the
European states.

This research is part of the framework outlined. The aim was to provide an innovative
methodology for the assessment of the “adjusted” SDR according to the influencing socio-
economic and environmental specificities on the sustainable development of each European
state. In particular, the proposed methodology has allowed to determine adequate corrective
coefficients of the SDR established by the European Commission to be used in the CBA,
through the definition of composite indicators based on the main economic, social and
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environmental issues. The developed methodology improves the generally adopted
SRTP’s criteria based on socio-economic parameters, such as expected growth rate of per
capita consumption, elasticity of the marginal utility of consumption, risk of death and
extinction. In particular, all these parameters are often difficult to be determined, due to the
complex underlying models that require computation processes characterized by a scarce
availability of information data for the assessment of the factor’s values. In this sense, the
methodology implemented in this research presents a higher practicality in the indicators’
detection and, at the same time, a greater flexibility to be applied in different geographical
contexts. Therefore, the innovation of the methodological approach mainly concerns the
“rapidity” of the SDR measurement: it neglects tortuous calculation procedures and
overcomes the uncertainties associated to computational steps of the SRTP approach.
Therefore, the phases that define the methodology allows a more transparent and
reliability SDR assessment.

The application of the proposedmethodology based on 9 sequential and ordered phases
and the synergic adoption of the multicriteria Techniques with the DEA to the 27
European states have provided an abacus in which the “official” SDR, the corrective
coefficient obtained and the “adjusted” SDR resulting from the application of this
coefficient to the “official” one have been associated with each states analyzed. The
obtained results have highlighted the following issues: 1) how the importance of each
socio-economic and environmental aspects can be different according to the structure of
the state, its governmental management and the public policy priorities; 2) how the real
socio-economic and environmental conditions can significantly determine the needs of
more or less financial resources due to the determinable SDR; 3) how a transparent and
clear methodology for the determination of the SDR can efficiently support the CBA
processes within each state. Moreover, among the several innovative contributions
provided by the proposed research the most relevant is methodological and it is
represented by the synergic application of the Multi-Criteria Techniques –AHP andWSM
– and of the DEA – Benefit of Doubt Approach-with their advantages that can give with
the composite indicators, or the capacity to synthetize complex and not-so transparent
phenomena or issues like the assessment of the most suitable SDR for the aims of the
research field. It is important to highlight that the results summarize the current EU
context based on the reference data of the used Eurostat database (2018–2021), therefore in
the ongoing geo-political situation the significant inflation could determine a variation of
the considered indicators and, consequently, the “official” SDR. In this sense, the
methodology consists of a procedure for the continuous updating and monitoring of the
SDR values by varying the indicators inputs and the specific national conditions.

Another strength of themethodology is that it consists of a “relative” approach and not the
“absolute” one, because the specificities, the goals and the needs of each European state are
taken into account, in order to compare the SDR values both according to spatial (among the
nations) and temporal (over the time) points of view.

The shortcomings of the proposed assessment methodologymainly relate to the limited
number of considered indicators. Therefore, in the future insights of the research it could
be possible to use another assessment technique that is able to manage a wider sample of
input data for considering also other aspects related to, for example, demographic
indicators, cultural issues, social consumption, and houses prices index . Possible further
developments may concern 1) the update of the SDR values according to the ones reported
in the Economic Appraisal Vademecum 2021–27 drafted by the European Commission, as
soon the values of the Eurostat indicators will refer to 2021–2027 period (European
Commission D, 2021) and 2) the verification of the consistency of the obtained results to
real case studies of European interventions, in order to analyze the investment decisions in
the 27 European states.
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