heoretical and Practical Research
IN Economic Fields

Quarterly
Volume XVI
Issue 1(33)
Spring 2025

ISSN: 2068 - 7710
Journal DOI: https://doi.org/10.14505/tpref

JASERS

Publishing



Volume XVI
Issue 1(33)
Spring 2025

Editor in Chief
PhD Laura UNGUREANU

Editorial Advisory Board

ASERS Publishing

ISSN 2068 — 7710

Journal's Issue DOI:
https://doi.org/10.14505/tpref.v16.1(33).00

Table of Contents

Environmental Policy Selection Based on Linear-Times-Exponential One-
Switch Utility Function and ELECTRE | Method

Social Stock Exchange — An Innovative Mechanism for Philanthropy through
Bourse

Behavioural Economics Driven Entrepreneurship Nudges Among Individuals

The Economics of a VAT Cut in the Standard Keynesian Framework: A
Possible Anti-Crisis Measure?

Macroeconomic Enablers of Sustainable Development in G20 Countries: The
Role of Tourism

The Role of International Energy Agreements in Price Band Formation

Investigation of Islamic Financing Institutions in Middle Eastern Banking

Factors Affecting Firm Performance of Viethamese Export-Import Enterprises:
A PLS-SEM approach

Optimization of Management of Agricultural Business Stuctures for Increasing
Economic Efficiency

The Challenges and Opportunities of Artificial Intelligence for Entrepreneurs.
Case Study of the Rabat-Salé-Kénitra Region

Artificial Intelligence in Accounting: Revolutionizing Financial Management in

the Digital Landscape

Modelling the Risks of the Exporter’s Company in Times of Crisis

Impact of Remittances on Women’s Longevity in North African Countries


mailto:avasilev@lincoln.ac.uk
mailto:germanmtzprats@hotmail.com
mailto:alessandro.morselli@uniroma1.it
mailto:thekien.csead@gmail.com
mailto:ejackson@bsl.gov.sl
mailto:ttodorova@aubg.bg
mailto:olawale.fatoki@ul.ac.za
mailto:madalina.constantinescu@spiruharet.ro
mailto:ebadi.e@gust.edu.kw
mailto:saccal.alessandro@gmail.com
mailto:kucher_lesya@ukr.net
https://en.wikipedia.org/wiki/Hardy_Hanappi
mailto:pboyer845@gmail.com
mailto:cideeff@fd.ulisboa.pt
mailto:jumadil.saputra@umt.edu.my
mailto:mebrady@csudh.edu
mailto:mina.ivanovici@economie.ase.ro
mailto:altynbasov@yandex.ry
mailto:metaxas@uth.gr
mailto:elia.fiorenza@unical.it

Volume XVI
Issue 1(33)
Spring 2025

Editor in Chief
PhD Laura UNGUREANU

Editorial Advisory Board

ASERS Publishing
http://www.asers.eu/asers-publishing
ISSN 2068 - 7710

Journal's Issue DOI:
https://doi.org/10.14505/tpref.v15.3(31).00

Prevention of Tax Criminal Offences as a Factor in the Financial Stability of
the State

Non-Accounting Drivers of Forensic Accounting Techniques: Insights from
PLS-SEM Analysis

Exploring the Link between Corporate Governance and Financial Information
Quality: A Comprehensive Bibliometric Analysis

Green Banking in Albania: Examining Its Impact on Environmental
Performance, Financing, and Corporate Image

Audit Quality Model Moderated by Professional Skepticism: Determinants of
Professional Ethics and Auditor Experience

Financial Education in Amazonas: Evaluating Virtual and Traditional Methods

The Role of Adaptive Management in Ensuring Enterprises’ Sustainable
Development


mailto:avasilev@lincoln.ac.uk
mailto:germanmtzprats@hotmail.com
mailto:alessandro.morselli@uniroma1.it
mailto:thekien.csead@gmail.com
mailto:ejackson@bsl.gov.sl
mailto:ttodorova@aubg.bg
mailto:olawale.fatoki@ul.ac.za
mailto:madalina.constantinescu@spiruharet.ro
mailto:ebadi.e@gust.edu.kw
mailto:saccal.alessandro@gmail.com
mailto:kucher_lesya@ukr.net
https://en.wikipedia.org/wiki/Hardy_Hanappi
mailto:pboyer845@gmail.com
mailto:cideeff@fd.ulisboa.pt
mailto:jumadil.saputra@umt.edu.my
mailto:mebrady@csudh.edu
mailto:mina.ivanovici@economie.ase.ro
mailto:altynbasov@yandex.ry
mailto:metaxas@uth.gr
mailto:elia.fiorenza@unical.it

Call for Papers

Summer Issue
Theoretical and Practical Research in Economic Fields

Many economists today are concerned by the proliferation of journals and the concomitant labyrinth of
research to be conquered in order to reach the specific information they require. To combat this
tendency, Theoretical and Practical Research in Economic Fields has been conceived and designed
outside the realm of the traditional economics journal. It consists of concise communications that
provide a means of rapid and efficient dissemination of new results, models, and methods in all fields of
economic research.

Theoretical and Practical Research in Economic Fields publishes original articles in all
branches of economics - theoretical and practical, abstract, and applied, providing wide-ranging
coverage across the subject area.

Journal promotes research that aim at the unification of the theoretical-quantitative and the
empirical-quantitative approach to economic problems and that are penetrated by constructive and
rigorous thinking. It explores a unique range of topics from the frontier of theoretical developments in
many new and important areas, to research on current and applied economic problems, to
methodologically innovative, theoretical, and applied studies in economics. The interaction between
practical work and economic policy is an important feature of the journal.

Theoretical and Practical Research in Economic Fields is indexed in SCOPUS, RePEC,
ProQuest, Cabell Directories and CEEOL databases.

The primary aim of the Journal has been and remains the provision of a forum for the
dissemination of a variety of international issues, practical research, and other matters of interest to
researchers and practitioners in a diversity of subject areas linked to the broad theme of economic
sciences.

At the same time, the journal encourages the interdisciplinary approach within the economic
sciences, this being a challenge for all researchers.

The advisory board of the journal includes distinguished scholars who have fruitfully straddled
disciplinary boundaries in their academic research.

All the papers will be first considered by the Editors for general relevance, originality, and
significance. If accepted for review, papers will then be subject to double blind peer review.

Deadline for submission of proposals: 10t May 2025

Expected publication date: 30t June 2025
Website: http://journals.aserspublishing.eu/tpref
E-mail: tpref@aserspublishing.eu

To prepare your paper for submission, please see full author guidelines in the following file:
https://journals.aserspublishing.eu/tpref/Template_for_Authors_ TPREF.docx on our site.



http://www.ceeol.org/
http://journals.aserspublishing.eu/tpref
mailto:tpref@aserspublishing.eu
https://journals.aserspublishing.eu/tpref/Template_for_Authors_TPREF.docx

JASERS

Publishing

Yuanxu LI

Graduate School of Economics, Kyushu University, Japan
ORCID: 0009-0005-3549-0921
li.yuanxu.145@s.kyushu-u.ac.jp

Received 23 December 2024; Accepted for publication 19 February 2025; Published 31 March 2025.
Copyright© 2025 The Author(s). Published by ASERS Publishing. This is an open access article under the CC-BY 4.0
license.

This paper examines how utility functions perform in tackling the multicriteria decision-making problem, especially
one-switch utility function. Linear-times-exponential one-switch, exponential, and linear utility functions are implemented,
which transforms corresponding criteria into utilities with ELECTRE | method. The detailed formulation of the decision model
is presented. A numerical example about environmental policy selection is introduced to illustrate the use of the new decision
model. With different wealth levels and utility functions for a policymaker, the inconsistent outranking policies illustrate the
special characteristic of linear-times-exponential one-switch utility function whose initial wealth level has a significant impact
on the outranking environmental policy. This study is also the first study applying one-switch utility function in address/ing
multicriteria decision-making problem.

multicriteria decision making; one-switch utility function; linear-times-exponential utility function; ELECTRE |
method; environmental policy selection.

D81; Q50.

Decision-making problems involving a single criterion allow for relatively straightforward ranking or selection
among a list of alternatives. This is not the case, however, in the context of facing several criteria when a decision
maker (DM) evaluates alternatives according to multiple criteria. In such cases, the interference and limitation of
different units of criteria, different quantitative or qualitative information, etc. can complicate direct comparisons,
making it challenging for DMs to accurately and efficiently select the best alternative. So, a DM has to face
multicriteria decision-making (MCDM) problems and MCDM methods which contribute to help DMs select the
best alternative when they evaluate more than one criterion in a MCDM problem.

In this study, the ELECTRE | (ELimination Et Choix Traduisant la REalité¢) method (Roy, 1968) is applied to
construct a new decision model. Aimeida (2002, 2005, 2007) applied utility functions in ELECTRE | method but
the gap is that solely the power utility function and exponential utility functions are applied. In practical situations,
a utility function of wealth, the one-switch utility function (Bell, 1988), is applied in this study. The new decision
model with the combination of ELECTRE | method and the one-switch utility function is introduced and a
numerical problem associated with the environmental policy selection is used to prove this new model is
applicable and creates a foundation for further resolving practical environmental problem.

There are four contributions of this study. First, we further explore how the utility functions perform in
ELECTRE | method by using linear-times-exponential one-switch utility function instead of solely linear or
exponential utility function. Second, with different initial wealth levels of a policymaker, the one-switch utility
function makes the outranking alternatives different, which is illustrated by a numerical example. Third, the
numerical example also proves that this new decision model which consists of linear-times-exponential one-
switch utility function and ELECTRE | method is able to address the problem of selection of outranking
environmental policy. Lastly, this is also the pioneered study applying linear-times-exponential one-switch utility
function in ELECTRE | to resolve a MCDM problem, which extends the study of one-switch utility function in a
practical direction rather than theoretical one.
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MCDM methods have been applied to solve practical problems across various domains, including transportation
(Liu et al. 2023; Maserrat et al. 2024; Tian et al. 2023), renewable energy (Wu et al. 2018; Akpahou et al. 2024; Li
et al. 2024), supplier selection (Aal, 2024; Abdulla and Baryannis, 2024; Chakraborty et al. 2024), location
selection (Nafi'Shehab et al. 2024; Topaloglu, 2024; Karbassi et al. 2025), environmental studies (Akram et al.
2021), and personnel selection (Gottwald et al. 2024; Pinto-DelaCadena et al. 2024; Ait Bahom et al. 2025). In
addition, the emission of greenhouse gases (GHGs) is one of the most severe environmental issues currently.
There are also studies addressing MCDM problems associated with GHGs. For example, Lee et al. (2008)
evaluated the greenhouse gas technologies based on the hybrid model in MCDM problem; Marzouk and
Mohammed Abdelkader (2019) compared different MCDM methods by evaluating sustainable construction
alternatives which can minimize the emissions of GHGs; Narayanamoorthy et al. (2021) used two MCDM
methods to select the best alternative fuel based on several criteria including CO2 emission levels.

The ELECTRE (ELimination Et Choix Traduisant la REalité) family of methods is a notable approach in
MCDM. The ELECTRE | method was first formally introduced in detail by Roy (1968). Over time, several
variations including have emerged, including ELECTRE Il (Roy and Bertier, 1971), ELECTRE Il (Roy, 1978),
ELECTRE IV (Roy and Hugonnard, 1982), ELECTRE TRI (Yu, 1992), and ELECTRE IS (Roy and Bouyssou,
1993), each differing in their specific methodologies. For instance, ELECTRE IS method which is similar to
ELECTRE | method uses the pseudo-criteria rather than true criteria and ELECTRE Il method introduces two
outranking relations (strong and weak) instead of just one outranking relation in ELECTRE | method. Additionally,
ELCTRE Il method combines features of ELECTRE Il and ELECTRE IS method while ELECTRE IV method is
similar to ELECTRE IIl method without requiring a set of weights from DMs.

As the foundation of ELECTRE method, ELECTRE | (Roy, 1968) has three main concepts including the
threshold value, concordance index and discordance index, which is designed for addressing selection problems
instead of ranking in ELECTRE Il, ELECTRE Ill, and ELECTRE IV or sorting in ELECTRE TRI (Almedia, 2005;
Taherdoost and Madanchian, 2023). It aims to search for the outranking relations in the list of alternatives by
pairwise comparisons. The values of alternatives are used directly in the procedures of ELECTRE | method but
are the utility values obtained by subjecting true values of alternatives into utility functions applicable in the
ELECTRE | method? Almeida (2002, 2005, 2007) applied utility functions in ELECTRE | method, which tackles
the repair contract problem and outsourcing contracts selection problem in order to verify the effectiveness and
validity of the new model. Brito et al. (2010) also applied utility function in ELECTRE TRI method to sort natural
gas pipelines. However, the further exploration and extension of ELECTRE | method by using utility function
remains limited. This study extends the ELECTRE | method by incorporating the linear-times-exponential utility
function, a type of one-switch utility functions, and then applies it to a numerical example involving environmental
policy selection to show the use of the proposed new model.

In addition, Bell (1988) introduced one-switch rule and one-switch utility functions based on expected utility
theory initially developed by von Neumann and Morgenstern (vNM) in 1944. In accordance with the axioms of
vNM expected utility theory, one-switch utility functions not only aim to identify the alternative with higher utility
but also account for the at-most-once switch in preference dependent on the increase of wealth level. Bell (1988)
noted that for a DM with one-switch utility functions, the preference to an alternative depends on the wealth level
and with the increase of wealth level so the preference to one alternative will change to another one at most
once. There are only four one-switch utility functions including quadratics, linear-plus-exponential, linear-times-
exponential, and sumex utility functions.

There has been theoretical research about one-switch utility functions (Bell and Fishburn, 2001; Denuit et
al. 2013; Abbas and Bell, 2015) and also about Markov decision problem (Liu and Koenig, 2005; Zeng et al.
2014). In addition, evaluating the measures of value of information, Bakir and Klutke (2011) discussed the
conditions under which the methods of expected utility increase, the selling price method and the buying price
method make an agreement in decision-making situations with linear-plus-exponential one-switch utility function,
which is the only function which a decision maker keeps risk consistent as he or she gets wealthier. In addition,
the demand of information before making decisions is relatively significant to the utility functions depending on the
initial wealth levels. The case of quadratics one-switch utility function was considered by Abbas et al. (2013), who
state that the value of information is monotonic to the risk aversion only in quadratic utility function. Their research
applied buying price of information and also the information was also divided into perfect information and partition
information. Bakir (2017) further investigated the relationship between risk aversion and the value of information
with sumex and linear-times-exponential one-switch utility function. In mathematical economics, Denuit et al.



(2013) found that the linear-plus-exponential one-switch utility function satisfies the conditions of Ross DARA and
DAP. Also, the linear-plus-exponential one-switch utility function is used to investigate a decision maker’s risk-
taking behaviors in response to changes in background risks in decreasing Ross risk aversion. However, the
application of one-switch utility function in solving MCDM problem has not been explored before. So, this study
demonstrates how one-switch utility function can be employed to resolve a MCDM problem.

ELECTRE methods can be seen as outranking approaches. Specifically, ELECTRE | method contributes to help
a DM choose one most preferable alternative when considering various criteria and make each criterion
acceptable to the DM with satisfaction (Subramanian and Gershon, 1991). The explicit steps of ELECTRE | are
explained as follows (Pohekar and Ramachandran, 2004; Milani et al. 2006; Alper and Basdar, 2017; Silvia et al.
2018; Tiwari, 2020; Ozsahin et al. 2021):

Step 1: Constructing the Decision Matrix (Apy)-

The alternatives and criteria are combined in a matrix. In the row, the alternatives are presented whereas
the criterion is presented in the column. For example, with m-alternatives and n-criteria, then a decision matrix
A, can be represented as follows:

di1 adgp A1n

az1 Adpp dzp
Amn = : )

Adm1 dAm2 °°° dmn

where a,,,, is the evaluation score for the alternative m with the criterion n, wherem > 1,and n > 1.

Step 2: Calculating the Normalized Decision Matrix

After constructing the initial matrix above, the elements in normalized decision matrix X can be created by
using the formula below with the elements in the decision matrix A,,,. The criteria can be classified into two
types: benefit criteria and cost criteria. More specifically, benefit criteria represent gains or positive criteria while
cost criteria represent losses or negative criteria. The better the performance of an alternative on a benefit
criterion has, the higher desire a DM has on this alternative. The lesser the performance of an alternative on a

cost criterion has, the higher desire a DM has on this alternative. If there are n criteria totally and the first t criteria
aij

are benefit criteria and the rests are cost criteria. The formula used for benefit criterion is: Xjj = , Where
,/Zﬁzlaij
1
i=12,..,m j=12,..,n The formula used for cost criterion is: x;; = /2 =, where i=

n 1
Zk=t+1<a_kj>
1,2,..,m, j=12,t..,n. So, the normalized decision matrix X is in the following form: X, =

[Xn Xln]
Xm1i °° Xmn

Step 3: Weighting the Normalized Decision Matrix

The difference in significance of the assessment factors depends on each individual DM. The DM should
determine the weights of the assessment factors with Z};l wj = 1.

Then, the weighted normalized decision matrix Y can be calculated by multiplying the elements in X,
with the corresponding w; values. The weighted normalized decision matrix Y with elements is expressed as:

WiX11  W2Xq2 o WpXip Y11 Y12 " VYin

Wi1X21  W2Xp2  WpXpp Y21 Y22 o Yon
- : : = : : N B

WiXm1 W2Xm2 = WpXmn Ymi Ym2 *° Ymn

where wj is the weight of jth criterion and the sum of w; is 1.

Step 4: Determination of Concordance Sets Discordance Sets
The sets of concordance and discordance can be determined by the matrix Y. Each criterion is considered
to make paired comparisons for each alternative. For example, with alternative A, and Ay, where p,q €

(1,..,m) and p # q, if alternative A, is preferred to or equivalent to alternative A4, then, a concordance set is
Cpq = {jlypj = yq]-}, where j is the criterion. If alternative A, is worse than alternative A4, then a discordance



set is Dpq = {j lypj < yq]-}, where j is the criterion. In ELECTRE method, each concordance set has a

corresponding discordance set as a supplement set.

Step 5: Calculation of Concordance and Discordance Indices and Matrices

The concordance sets are used to create concordance matrix C. Matrix C is m X m in size and does not
take a value where p = q. The elements in matrix C are calculated by cp; = ; w;, where j is the factor (s) in

the concordance set Cp,4. Matrix C is expressed as follows:

Cm1i Cm2 Cm3
The discordance matrix D consists of set of discordances. It is m X m in measure and does not take a
value where p = q. The elements in matrix D are calculated by:
_ maxlyp]-o—yqjo
where j is the factor in the discordance set D4 and Vj are all criteria.
Matrix D is expressed as follows:

d

= dip dyz o dip
D= dz;  —  dpz - d2m_

dml dm2 dm3 -

Step 6: Creation of Concordance Superiority (F) and Discordance Superiority (G) matrix

The concordance superiority matrix F is m X m in size. We evaluate the concordance limit (c) with
elements c,,q in concordance matrix.

— 1 m

£ = mm_1) &p=1 a=1Cpg-
The elements f,,; compose matrix F out of 1 or 0 with no value in its diagonal.
(o {1,1fcpq =cC
pq 0,ifcpg <€
The discordance superiority matrix (G) is m X m in size. We evaluate the concordance limit (d) with
elements c,,q in discordance matrix.

1
d= m(m—1) Zgl=1 Zanzl dpq-
The elements g,; compose matrix G out of 1 or O with no value in its diagonal.
B {1, ifd,q =d
0,ifdpg <d
Step 7: Creation of Aggregate Dominance Matrix (E)
The aggregate dominance matrix, which is m X m in size, consists of the element-wise product of fj,q

and g,q in matrix F and G above. The component e, is 1 or 0.

8pa

- €12 €13 - €im
€21 - €23 - €2m

E=]¢€31 €3 - " €3ml.

€m1 ©m2 ©m3
Step 8: Determination of the Orders of Policies
The matrix E above shows the decision points. The component e, = 1 is considered that the action p
outranks the action g. Following the eight steps above, a DM can find out which alternative outranks the others
with several criteria.

There are four types of one-switch utility functions including quadratic, linear-plus-exponential, linear-times-
exponential, and sumex utility functions (Bell, 1988). Among these four types of one-switch utility functions, a DM
with the linear-plus-exponential utility function is decreasingly risk-averse and with the sumex utility function is
increasingly and decreasingly risk-averse. It is seemingly natural, reasonable, and appropriate to assume that a

8



DM is decreasingly risk-averse in research because a DM may accept more risky alternatives when he or she
becomes wealthier (Sheng, 1984) but we assume that a policymaker tends to avoid risky alternatives in policy
selection in this study because with the long-lasting impact of an environmental policy, a policymaker is likely to
keep hating or avoiding risks against the long-term potential negative impacts of that policy even though the
policymaker has a higher wealth level. So, this implies that a DM continues to hate or try to avoid risks even
though he or she becomes wealthier. The quadratic utility function has been applied in many MCDM research
such as Malakooti (1993), Farahani and Asgari (2007), Wu and Tiao (2018), Alizadeh and Yousefi (2019), and so
on. As Li (2022) reviewed about the applications of one-switch utility functions, however, studies associated with
the linear-times-exponential utility function are still a few including only Anchugina (2017) which introduced one-
switch discount utility function and Bakir (2017) which explored the relationship between the value of information
and risk aversion. This study pioneers the integration of the linear-times-exponential one-switch utility function
with ELECTRE | method to address a MCDM problem.

The linear-times-exponential utility function satisfies the one-switch rule for any choice of parameter b, h,
s and 1 with w for wealth level which is the sum of a DM’s initial wealth level, x, and the return of an alternative
selected, r.

u(w) = (bw+h)-eSW +1.

Selecting the most effective or the best policy is a pivotal objective for a policymaker, especially facing with a
variety of criteria. While facing environmental policies which can reduce the emission of greenhouse gases
(GHGs), a policymaker needs to consider several criteria to find the outranking policy. Three relatively important
criteria in this case are considered, including financial returns, costs, and the reduced amount of GHGs by the
policy. More specifically, the financial returns which can be generated by applying one policy and obtained by the
policy-making authorities include the tax revenues, investments, and so on, which have been used in resolving
previous MCDM problems such as Ren et al. (2009), Dziugaité-Tuméniené et al. (2017), Ferrer-Marti et al.
(2018), Yang et al. (2018), and Vasi¢ (2018); the costs of an environmental policy include the direct costs of
applying one policy such as the purchase of tools, building of infrastructures and so forth, and the indirect costs
such as costs of developing new technologies or equipment, which have been applied in the MCDM research
such as Yang et al. (2018), Babatunde et al. (2019), Seddiki and Bennadji (2019), and Parvaneh and Hammad
(2024); Lastly, the reduced amount of GHGs of one policy is about how much amount of GHGs can be reduced
by implementing one environmental policy in metric tons. This criterion has been considered as one of the
environmental criteria in MCDM research such as Ekholm et al. (2014), Vaisanen et al. (2016), Dziugaité-
Tuméniené et al. (2017), Yang et al. (2018), Babatunde et al. (2019), and so forth. In this study, only these three
criteria are considered based on utility functions and ELECTRE | method. In real cases, it is possible to have
more criteria in the selection process but the main goal of this study is to consider these three criteria in a
numerical example below to prove the applicability of the new model so three comparatively critical criteria in the
selection of environmental policy which can reduce the GHGs including the reduced amount of GHGs, financial
return of a policy, and costs of a policy, are solely considered in this study.

The action space corresponding to a set of environmental policies available to an environmental
policymaker. A policy as an element in the set is represented by a;, where i = 1,2, ..., m. The discrete policies in
the set with m elements are represented by {a;, a5, ..., a,,}. Each element in this set is corresponding to one
environmental policy faced by a policymaker. Five policies are considered in this study so m = 5.

There are three criteria considered in this case, including financial returns, costs, and reduced amount of
GHGs so n = 3. Therefore, one policy p; is associated with corresponding financial return rj, cost c;, and
reduced amount of GHGs k;, where j = 1, ..., n. Thus, the decision matrix Ay, is:

d11 d12  a13
dz1 dz Adzs
Asz; =|a31 azz asz|
dg1 A2 943
dsq  dsz  ds3

The main objective of this study is to figure out which policy outranks the others by a policymaker while

considering three different criteria.



Almeida (2002, 2005, 2007) introduced a new decision model, which considers utility functions and probability
density functions in ELECTRE | method to address MCDM selection problems. However, Almeida’s
implementation was limited to linear and exponential utility functions, which Bell (1988) classified as zero-switch
utility functions. The values of utility are analysed in the procedure of ELECTRE | to find the outranking relations.
So, in order to innovate our decision model, not only is the ELECTRE | method integrated with utility functions
which transform values in three criteria into utility but also the one-switch utility function is applied. One-switch
utility functions are the utility functions of wealth, which implies that the wealth level has an impact on the
preference of alternatives. So, we propose that while a policymaker is facing a list of environmental policies with
three criteria above, the initial wealth level owned by a policymaker is a contributing factor in the utility function of
financial returns and then impacts the preference of policy and outranking policy. The linear-times-exponential
one-switch utility function is applied in the financial returns of an environmental policy to describe a policymaker’s
decision-making behaviour in this study, which is u(w) = (bw + h) - eSW +1, where w is the sum of a
policymaker’s initial wealth level x, and the return of an environmental policy, r. Aimeida (2002, 2005, 2007) give
values of utility functions in the numerical example in order to check if the model is feasible or not. Therefore, for
the numerical example in this study below, more specifically, here is the specific settings of the parameters: b =
5,h =10,s = —0.01, and I = 10. So, the linear-times-exponential one-switch utility function is as follows:
u(w) = (5w + 10) - e 201w 4 10,

Exploring how the initial wealth level of a policymaker can impact the rankings of policies is a new
research direction compared with previous research. In the numerical application section below, two initial wealth
levels (x = 0 and x = 100) are considered to make a comparison to show how the outranking environmental
policy differs by applying the one-switch utility function. Moreover, a linear utility function is also applied in the
criterion of financial returns with two wealth levels (x = 0 and x = 100) so as to show the divergent results
obtained by two different utility functions and the special characteristic of the linear-times-exponential one-switch
utility function. The linear function is as follows:

u(w) = 0.8w.

In addition, while a policymaker selects an environmental policy, the cost of one policy, c, is considered
with the zero-switch utility function. The exponential utility function belonging to zero-switch utility functions is as
follows:

u(c) = e—0-01c

The exponential utility function shows the undesirable attitude of an environmental policy makers towards
the costs because the higher the cost of implementing a policy is, the lower utility value the exponential utility
function has, which implies that an environmental policy with higher cost is not preferred.

Lastly, the other zero-switch utility function, linear utility function, is subjected to the reduced amount of
GHGs generated by the introduction of one policy, k. After transforming it to utility values, the reduced amount of
GHGs can be compared with the other two criteria. So, the linear utility function is as follows:

u(k) = 0.5k.

Based on the settings in three different utility functions above, a numerical example is considered to check
the difference between the application of one-switch utility function and zero-switch utility function, which shows
the unique characteristic of one-switch utility function. In addition, if different outranking results could be obtained,
it also implies that this new model is applicable in the further cases of environmental policy selection.

To show the application of one-switch utility function with ELECTRE | method in MCDM problem, one numerical
example is considered in this section. Moreover, different wealth levels are also set to show the special
characteristic of one-switch utility function. The case regarding the selection of environmental policy is applied
here. There are 5 elements in the set of policies, {a;, a,, a3, a4, as}; three criteria including financial returns of
policy, costs of policy, and reduced amount of GHGs of policy are used to search for the outranking policy. The
details of five policies with corresponding criteria are shown in Table 1. The decision models of a policymaker are
modelled on the corresponding utility functions mentioned in Section 4. Because the one-switch utility function is
the utility function of wealth, different initial wealth levels are set in this study in order to show how the ranking of
a policy is affected by the initial wealth level of a DM.
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Table 1. Policies with Corresponding Criteria

Return (r)
Policy 1 90
Policy 2 45

Policy 3 15

Policy 4 80

Policy 5 65
Source: compiled by the author

The values in Table 1 are subjected to the corresponding decision-making utility functions including linear-times-
exponential one-switch utility function, exponential utility function, and linear utility function, respectively,
mentioned in Section 4. The situations in two different wealth levels are also considered. So, the values of utilities
for policies are as follows in Table 2:

Table 2. Utilities Values for Policies with Different Wealth Levels

u(x +r)
197.022
159.843
83.160
194.225
184.885

u(x +r)
153.586
182.409
195.233
160.422
170.362

Policy 1
Policy 2
Policy 3
Policy 4
Policy 5
Source: calculated by the author

Then, following the Step 2 in Section 2.1, the formula for benefit criterion is used for the utility of the wealth
level, u(x + r), and on the utility of reduced amount of GHGs, u(k) while the formula for cost criterion is used
for the utility of costs of policy, u(c). So, the normalized values of utilities are shown in Table 3:

Table 3. Normalized Utilities for Policies

x=0
u(x+r)
0.521
0.422
0.220
0.513
0.489

Policy 1
Policy 2
Policy 3
Policy 4
Policy 5
Source: calculated by the author

The weights for three criteria are 0.4, 0.25, and 0.35, respectively. Then, the weighted normalized utilities
for policies are shown in Table 4 as follows:

Table 4. Weighted Normalized Utilities for Policies

x=0
u(x+r)

Policy 1 0.208

Policy 2
Policy 3
Policy 4
Policy 5
Source: calculated by the author

0.169
0.088
0.205
0.195

Following Step 5 and Step 6, when the initial wealth level is 0 (x = 0), the concordance matrix and the

discordance matrix are:

— 065 065 065 1 -

035 - 1
C=[035 0 -
035 065 1

0 04 04

0.6875 0.0625 0.4375 0

0.35 0.6 0.3265 - 0 0.302 0.2199
0 0.6|andD = 1 0.6735 - 0.9754 0.8934|
- 1 0.124 0.25 0 - 0
0 - 1 1 0.375 0.88 -
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The concordance limit (c) is 0.50 and the discordance limit (d) is 0.46.
Concordance superiority matrix and discordance superiority matrix are:

-1 1 1 1 - 0 1 1 1

0o — 1 0 1 1 - 1 1 1

F=|0 0 — 0 1fandG=|0 0 — 0 O

0 1 1 - 1 1 1 1 - 1

0 0 0 0 - 0 01 0 -—

By element-wise product between these two matrices, the aggregate dominance matrix with O initial
wealth level is:

- 0 1 1 1
0o — 1 0 1
E=10 0 — 0 O0f
0 1 1 — 1
0 0 0 0 -

By Step 8 in Section 2.1 shown, we can draw conclusions from the aggregate dominance matrix above:
Policy 1 outranks Policy 3; Policy 1 outranks Policy 4; Policy 1 outranks Policy 5; Policy 2 outranks Policy 3;
Policy 2 outranks Policy 5; Policy 4 outranks Policy 2; Policy 4 outranks Policy 3; Policy 4 outranks Policy 5. So,
we can finally conclude that Policy 1 is the outranking policy with 0 initial wealth level.

On the other hand, when the initial wealth level is 100 (x = 100), the concordance matrix and the
discordance matrix are:

- 025 025 025 0.6 - 0.6921 1 0.4375 0.4028
0.75 - 06 075 1 0.2419 - 0.3079 0.1179 0
C=(0.75 04 - 04 1 |andD =1]0.8379 0.625 - 0.7139 0
0.75 025 0.6 - 06 0.124 0.528 0.8359 - 0.75
0.6 0 0 04 - l 1 1 0.5972 0.876 - J

The concordance limit (c) is 0.51 and the discordance limit (d) is 0.55.
Concordance superiority matrix and discordance superiority matrix are:

- 0 0 0 1 - 0 0 1 1
[1 - 1 1 1] [1 - 1 1 1]
F=|1 0 — 0 1landG=|0 0 — 0 1}
1 0 1 - 1 1 1 0 - 0
1 0 - 0 0 0 -
So, the aggregate dominance matrix with 100 initial wealth level is:
- 0 0 0 1
1 - 1 1 1
E=]0 0 — 0 1}
1 0 0 — O
0 0 0 0 -

Similarly, we can make conclusions based on the aggregate dominance matrix when the wealth level is
100: Policy 1 outranks Policy 5; Policy 2 outranks Policy 1; Policy 2 outranks Policy 3; Policy 2 outranks Policy 4;
Policy 2 outranks Policy 5; Policy 3 outranks Policy 5; Policy 4 outranks Policy 1. So, we can finally conclude that
Policy 2 is the outranking policy with 100 initial wealth level.

By applying linear-times-exponential one-switch utility function on financial return, exponential utility
function on costs, and linear utility function on the reduced amount of GHGs, we can notice that the outranking
results are different with initial wealth level 0 and initial wealth level 100. It is reasonable to state that the initial
wealth level plays a critical role in a DM’s preference on environmental policies with linear-times-exponential one-
switch utility function.

In contrast, as mentioned in Section 4, the linear utility function, u(w) = 0.8w, is also applied on the
criterion of financial returns of an environmental policy to compare with one-switch utility function. The utility
functions for costs of policies and reduced amount of GHGs remain same, exponential and linear utility functions,
respectively. The case with five policies under three criteria in Table 1 is still considered here. With the linear
utility function on the financial return of an environmental policy, the utility values are different from Table 2. Two
different initial wealth levels of a policymaker are still considered. The same procedure in Section 2.1 is applied to
find the outranking policy with linear utility function on the financial return of an environmental policy with two
different initial wealth levels (x = 0 and x = 100), whose aggregate dominance matrix with 0 and 100 initial
wealth levels is:
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So, we can draw conclusions: Policy 1 outranks Policy 3; Policy 1 outranks Policy 4; Policy 1 outranks
Policy 5; Policy 2 outranks Policy 3; Policy 2 outranks Policy 5; Policy 4 outranks Policy 2; Policy 4 outranks
Policy 3 Policy 4 outranks Policy 5. So, we find that Policy 1 is the outranking policy with both 0 and 100 initial
wealth levels.

6. Discussions

Comparing the results of the linear-times-exponential utility function with those of the linear utility function for the
financial return criterion reveals an evident difference in policy preferences. Specifically, with the linear-times-
exponential one-switch utility function, the outranking policy swaps from Policy 1 to Policy 2 as the initial wealth
level increases from 0 to 100. Conversely, with the linear utility function, the outranking policy keeps the same as
Policy 1 regardless of the initial wealth level increase from 0 to 100. These comparisons are summarized in Table
5. The utility functions for the other two criteria- costs and reduced amount of GHGs- remain the same in
comparison. Moreover, the sensitivity test varying the weights on criteria by approximately 10% yields the same
results, indicating that the outranking policies with different utility functions on the criterion of financial return with
different wealth levels are sufficiently robust.

Table 5. Summary of Comparison Results

Criterion Initial Wealth Level Utility Function Qutranking Polic
Linear-times-exponential One-switch Utility Policy 1
Function
Linear Utility Function Policy 1
Linear-times-exponential One-switch Utility Policy 2
Function
Linear Utility Function Policy 1

Financial Return (r)

Source; summarized by the author

These results illustrate the significant impact of wealth levels on the preferences or the selection on
outranking policies. With the linear utility function for the criterion of financial returns of a policy, the policymaker’s
preference remains unchanged regardless of their initial wealth, a scenario that does not align well with realistic
decision-making processes. In contrast, under the linear-times-exponential one-switch utility function, the
policymaker’s selections toward the financial returns of a policy vary with different initial wealth levels. This
variation reflects a more realistic depiction of a policymaker’s decision-making behaviour. As a result, the linear-
times-exponential one-switch utility function can be applied to describe a policymaker’s decision-making
behaviours much more practically and accurately than the linear utility function. This is also the reason why one-
switch utility function is employed in this research rather than linear or exponential utility functions used in
previous studies. The results also show the linear-times-exponential one-switch utility function is able to be
incorporated with ELECTRE | method in resolving the MCDM problem. In addition to the linear or exponential
utility function, or probability density functions in Aimeida (2002, 2005, 2007), this study further provides an option
of utility function to describe a DM’s behaviour with the linear-times-exponential utility function.

The numerical example also implies that the utility function can also give impact on the selection of the
outranking alternative. So, it is necessary to choose an appropriate utility function to describe a DM's behavior
and subject it in the procedure of ELECTRE | method rather than using the original values of alternatives directly
in the decision matrix. As the pioneered research integrating linear-times-exponential one-switch utility function in
ELECTRE | method, this research provides a further research direction about how the outranking results can be
impacted by a DM with different utility functions in ELECTRE | method while facing MCDM problems.

Conclusions

This study further extends the research about how the utility functions work with ELECTRE | method in the
MCDM problem based on Almeida’s research (2002, 2005, 2007). In the procedures of ELECTRE | method, the
true value of each alternative is not used but the utilities obtained from utility functions are considered. The
exponential utility function is applied in the criterion of costs, and the linear utility function is applied in the criterion
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of reduced amount of GHGs. Compared with previous studies, the different point of this study is to apply linear-
times-exponential one-switch utility function and linear utility function in the criterion of financial returns with two
different initial wealth levels so as to show how the initial wealth levels of a DM with linear-times-exponential one-
switch utility function can give impacts on the outranking policy than the results with linear utility function.

The numerical example shows the use of the linear-times-exponential one-switch utility function in the
MCDM problem, which is the pioneered application of linear-times-exponential one-switch utility function in the
MCDM research. Thus, the consideration of linear-times-exponential one-switch utility function makes a
policymaker’s preference on environmental policy more realistic and reasonable because it is reasonable to
recognize that a DM'’s preference on alternatives may be influenced by the initial wealth he or she owns.
Moreover, by different settings on wealth levels in the numerical example, the outranking environmental policies
are different, which is Policy 1 and Policy 2, respectively. This shows the special characteristic of one-switch utility
functions whose utility is dependent on the initial wealth levels rather than sole returns as applied in the linear
utility function. This also implies that while an environmental policymaker considers the financial return one of the
criteria in selecting a policy, the impact of initial wealth level cannot be overlooked because it indirectly impacts
the outranking policies.

Finally, this study also contributes to the decision model in environmental economics about policy
selection, albeit theoretical, when a policymaker tries to find the outranking policy among a list of policies with
several criteria. Because the one-switch utility functions are the utility functions of wealth, the mechanism is to
transform the wealth level or returns into utility function, which can be seen as one limitation of one-switch utility
functions so future work may explore if one-switch utility function can be applied in other criteria instead of
financial returns and check how the selection or ranking of alternative may be impacted.
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