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ABSTRACT

This paper presents a procedure to support investors’ decision-making process to select a portfolio that meets
their economic and corporate social responsibility (CSR) expectations. Profitability and risk criteria were considered as
economic measures, which, when addressed using the restrictions method, provide a series of efficient portfolios that
were used as alternatives to apply the multiple criteria analytical hierarchy process (AHP) technique. This technique
makes it possible to select the portfolio that meets criteria related to corporate governance, employee relations, the

environment, and community relations as CSR measures.

The procedure was applied to select investment portfolios from the Colombian stock market. The study found that

the portfolio that best met the CSR criteria proposed in this paper was also the one with minimum risk.

KEYWORDS: Investment portfolios, Markowitz, Multiobjective, Multi criteria, Corporate Social Responsibility.

SELECCION DE PORTAFOLIOS DE INVERSION SOCIALMENTE
RESPONSABLES USANDO EL METODO DE LAS RESTRICCIONES
Y LA TECNICA MULTICRITERIO PROCESO ANALITICO JERARQUICO

RESUMEN

En este articulo se presenta un procedimiento que permite apoyar el proceso de decisién de los inversionistas al
seleccionar un portafolio que cumpla con sus expectativas econémicas y con aquellas relacionadas con Responsabilidad

Social Empresarial (RSE). Para ello, se consideran criterios de rentabilidad y riesgo como medidas econdmicas que,
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abordadas desde el método de las restricciones, dan como resultado una serie de portafolios eficientes que se emplean
como alternativas para la aplicacion de la técnica multicriterio AHP (sigla en inglés), la cual permite establecer el porta-
folio que cumple con criterios de gobierno corporativo, relaciones con colaboradores, medio ambiente y relaciones con
la comunidad como medidas de RSE.

El procedimiento se aplica en la seleccién de portafolios de inversion para acciones del mercado bursatil colom-
biano, dando como resultado que el portafolio que mejor cumple con los criterios establecidos en este articulo para RSE

también es el de minimo riesgo.

PALABRAS CLAVE: portafolios de inversién, Markowitz, multiobjetivo, multicriterio, Responsabilidad Social Em-
presarial (RSE).

SELECAO DE CARTEIRAS DE INVESTIMENTO
SOCIALMENTE RESPONSAVEIS, UTILIZANDO O METODO
DE RESTRICOES E A TECNICA DE MULTICRITERIO
PROCESSO ANALITICO JERARQUICO

RESUMO

Este artigo descreve um procedimento que permite a apoiar o processo de tomada de decisdo dos investidores
para selecionar um portfélio que atenda as expectativas econémicas e as relacionadas com a Responsabilidade Social
Empresarial (RSE). Para isso, consideramos critérios de risco e retorno como medidas econémicas, que tomadas desde
o método das restri¢des, ddo como resultado uma série de carteiras eficientes que sdo utilizados como alternativas para
a implementacdo do multi-criterio AHP (sigla em inglés) que permite estabelecer o portfélio que atende aos padrdes do

governo corporativo, relagdes com funciondrios, meio ambiente e relagdes com a comunidade como medidas de RSE.

0 procedimento é aplicado na selecdo de carteiras de investimento para a¢cdes do mercado colombiano, dando
como resultado que a carteira que melhor atenda os critérios estabelecidos no presente artigo para RSE também é o do

risco minimo.

PALAVRAS-CHAVE: carteiras de investimento, Markowitz, multi-objetivo, multi-criterio, a Responsabilidade Social

Empresarial (RSE).

1. INTRODUCTION tive, to make this kind of decision and mathemati-

cally represent reality. The quantitative methods

Every day, the capital market becomes more ;504 include the “mean-variance” model proposed

and more important for a country’s economic devel- by Markowitz, which has become the basis of port-

opment since it has become an alternative method  foljo theory and has given rise to other models that

for financing companies and governments, as well  search for an optimal, or at least feasible, solution to

as being an investment alternative. However, given  the problem of selecting investment portfolios.

the possibility of finding various securities options, Likewise, the issue of corporate social respon-

it becomes difficult to establish which type of stock  sibility (CSR) has taken on special importance in the

is the best to invest in and the amount of money to  financial sphere. For some investors, knowing that

be invested. Therefore, the scientific literature has
presented different models, most of them quantita-

the companies in which they invest their money
have a commitment to society and the environment
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could be gratifying since their investments will indi-
rectly contribute to sustainable development in the
country. However, mathematically modeling these
company characteristics in the process of invest-
ment portfolio decision-making is complex given
that they are mainly qualitative. Despite the com-
plexity of mathematical modeling, some authors
have established multiple criteria techniques to
incorporate several qualitative considerations into
different processes in order to find a solution that is
a better fit for the decision-maker’s needs.

In order to address the problem of investment
portfolio selection involving the CSR perspective,
this article proposes a procedure that consists of
two phases: the first is based on the restrictions
method and supports the analysis of quantitative
measures of profitability and risk, and the second
is the analytical hierarchy process (AHP), which
supports the decision-making process by evaluat-
ing characteristics related to CSR, such as corporate
governance, employee relations, the environment,
and community relations.

2. LITERATURE REVIEW

The origin of the vast majority of portfolio se-
lection models is that of Harry Markowitz, presented
partially in 1952 and more completely in 1959. It
is also called “mean-variance” and has become the
basis of modern portfolio theory, as well as contrib-
uting to multiple developments and derivations that
provide a conceptual framework for finding an op-
timal, or at least feasible, solution to the problem of
investment portfolio selection.

The model presented by Markowitz is founded
on the following hypotheses (Franco, Avendafio &
Barbutin, 2011):

¢ The performance of any security or portfo-
lio is considered to be a random variable for which
the investor estimates a probability distribution for
the period of study. The expected value of the ran-
dom variable is used to quantify the investment’s
performance.

e Variance or standard deviation are used to
measure dispersion as a measurement of risk of ran-
dom variable profitability. This measurement must
be made individually for each asset and the entire
portfolio.

e The investor’s rational behavior leads him
or her to prefer the composition of a portfolio that
represents the greatest profitability for a determined
level of risk, or the minimum risk for a determined
level of profitability.

e Selecting diversified elements (whose char-
acteristics differ) allows for balancing the losses and
gains that come with different securities.

Based on the above suppositions, a multi-objec-
tive mathematical programming problem is estab-
lished in order to maximize performance and mini-
mize risk, which will, to a certain degree, satisfy the
investor’s preferences. Since each investor will have
different preferences regarding performance or risk,
we cannot talk about exact preferences. However, all
choices that are made should be on the efficient fron-
tier, which is defined as the set of efficient portfolios
such that, for given performance levels, there are no
other portfolios with lesser risk and equal or greater
performance; or, for various levels of risk, that there
are no portfolios with greater performance and
equal or lesser risk (Minutti, 2010).

With the definition of the efficient frontier, the
investor will be able to establish the most convenient
portfolio according to his or her preferences and at-
titude toward risk. The Markowitz model therefore
consists of two main stages: first, determining the
set of efficient portfolios, and then choosing from
this set the portfolio that best meets the investor’s
expectations.

However, the Markowitz model has been lim-
ited in practice due to the method’s mathematical
complexity. First, since it is a parametric quadratic
program, the resolution algorithm is complex. In ad-
dition, the number of estimations of expected profit-
abilities, variances, and co-variances to be made is
very high. Likewise, some authors have considered
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other characteristics of the model to be relevant,
such as: that it supposes perfect divisibility of the
selected securities, that the entire available capital
will be invested, that it is not possible to go into debt
in order to increase the investment, and that it does
not provide a tool so that the investor can value his
or her attitude to risk and derive the utility function,
which is necessary for choosing the optimal portfo-
lio (Mendizabal, Miera & Zubia, 2002). Finally, it has
been considered that the use of historical parame-
ters as estimators for expected parameters introduc-
es significant biases that provide portfolios centered
on few securities and which are not very attractive
for investors.

However, in order to contemplate several of
these characteristics, some authors have proposed
including restrictions to the original model that are
related with transactions costs and limit the maxi-
mum percentage of the budget that can be allocated
to each bond (Mendizabal, Miera & Zubia, 2002).
Others, like Black & Litterman, propose a model
based on Bayesian methods to value investors’ at-
titude toward risk (Franco, Avendafio & Barbutin,
2011).

In general, the main contribution of the Mar-
kowitz model for selecting an optimal portfolio in
accordance with the investor’s objectives lies in its
usefulness to pick up on the fundamental aspects
that should guide a rational investor in choosing
the makeup of his or her portfolio. This process
begins with verifying the nature of each asset indi-
vidually and ends with the final decision about the
optimal portfolio.

Subsequent to this model, various alternative
models have been proposed, including linear, non-
linear, deterministic, and stochastic models, as well
as models that use other paradigms such as maxi-
mizing expected gain subject to a certain level of risk
or even optimizing a parameterized combination of
earnings and risk (Fernandez, 2008). These include
studies performed by Branke, et al. (2009) and Sub-
bu, et al. (2005), where the frontier of efficient port-
folios is also determined.

In addition, the problem has been solved
through what are called evolutionary algorithms
that are based on heuristics and meta-heuristics
such as genetic algorithms, tabu search, and simu-
lated annealing. In these multi-objective proposals,
risk and performance are not always calculated as is
proposed in the Markowitz model, and in some oth-
ers, restrictions such as sale price are used (Zavala,
etal. 2009).

Likewise, we can highlight the fact that multi-
objective techniques have also addressed, though
not widely, the issue of socially responsible invest-
ment. One of these is the study by Charnes & Cooper
(1961) related to goal programming that considers
the investor’s preferences reflected, on the one hand,
in setting acceptable levels of profitability, risk, and
corporate social responsibility, and, on the other, in
ordering the objective functions according to their
relative importance for the investor, thereby es-
tablishing a system of exclusive priorities and even
considerations within each priority level, if neces-
sary (Antomil, Cafial & Rodriguez, 2008). In order
to make this technique applicable, indices have been
established to measure the social responsibility of an
investment portfolio. However, there are very few re-
lated studies. According to Bilbao et al. (2009), these
studies include those of Basso & Funari (2003),
Barrachini (2004), Barnett & Salomon (2006), and
Kempf & Osthoff (2008).

Likewise, some authors have proposed dif-
ferent multiple criteria models for selecting port-
folios which consider criteria related to wealth
management, financial management, performance
measures, portfolio management, stock evaluation,
credit risk, etc. or other references for socially re-
sponsible investments that consider social, environ-
mental, and/or ethical characteristics.

The study by Hallerbach et al. completed in
2004 is one of the few in which multi-criteria tech-
niques are applied to the selection of socially respon-
sible fund portfolios (Antomil, Cafial & Rodriguez,
2008).
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Likewise, various multiple criteria methods can
be found today based on multi-objective program-
ming, over-classification relationships, the ELECTRE
and PROMETHEE methods, valuing utility functions,
and expert systems (decision rule models), which al-
low for the portfolio selection in light of various cri-
teria like those mentioned above (Fontalvo, Morelos
& Vergara, 2012). Multiple criteria techniques pro-
posed for the problem of investment portfolio selec-
tion include UTASTAR and AHP.

Despite the extensive literature on the topic
of investment portfolio selection and optimization,
some investors have not found tools that adjust to
their particular interests regarding their choice of
portfolios. This is the case of investors whose con-
cern for CSR-related issues has increased in recent
years. Therefore, the methodological proposal made
in this article, which is based on simultaneously in-
cluding quantitative and qualitative techniques, aims
to build a procedure that supports the decisions of
socially responsible investors in their search for a
portfolio that can meet their expectations.

3. METHODOLOGY

We propose a process for investment portfolio
selection that, in addition to the traditional mea-
sures of profitability and risk, also considers issues
of corporate social responsibility. To do so, the fol-
lowing activities are established:

3.1. Phase 1: Multi-objective
optimizations

The flowchart presented in Figure 1 relates
the activities carried out in the first phase of the
process which are associated with multi-objective
optimization.

3.2. Phase 2: Multiple criteria
optimization
Once the efficient frontier has been built, the in-

vestor, in accordance with his or her risk profile (low,
medium, or high), establishes the number of alter-

natives or portfolios that he or she will later analyze
using the multiple criteria AHP technique and con-
sidering CSR criteria such as corporate governance,
employee relations, the environment, and community
relations.

In order to apply the AHP technique, the degree
of CSR commitment is established for each of the se-
curities issuers selected for the portfolio. This process
includes the following steps:

A. For each, sustainability reports or memoirs
are reviewed, as well as initiatives that the securities
issuers have begun regarding the CSR criteria defined.

B. Based on these initiatives, a checklist is cre-
ated with a set number of factors that can support
the companies’ commitment to the aforementioned
criteria.

C. For each criterion, a maximum number of
factors is established, and the existence of support-
ing initiatives is then checked. If there are initiatives,
the checklist is marked with a 1; if not, it is marked
with a 0.

D. The cells marked with a 1 are added up for
each company and each criterion to establish a score,
as shown in Table 1.

E. The scores of the companies in the portfolio
are averaged for each criterion, and the fulfillment
percentage of the average is established with re-
spect to the maximum score.

F. Inorder to establish the level of importance
among criteria, the differences in their fulfillment
percentages are considered, as well as the paired
fundamental scale defined by Saaty. To do so, a 4x4
matrix is developed, as shown in Table 2.

G. If the fulfillment percentage for criterion 1
(corporate governance) is greater than the fulfill-
ment percentage for criterion 2 (employee rela-
tions), criterion 1 is considered to be more impor-
tant, and so on for the remaining criteria. Depending
on the magnitude of the difference, the paired fun-
damental scale is established considering the fol-
lowing in Table 3.
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Figure 1. Flowchart of the first phase of the
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An initial quantity of investment instruments that could be attrac-
tive to the investor is defined. Stock indexes or other indicators rep-
resentative of the behavior of various stock markets that can be of
interest to the investor can be used.

The CSR commitment of each of the security-issuing companies is
identified using criteria established as indicators of CSR commit-
ment. To do so, each of the organizations’ websites can be check to
verify if they publish this commitment via sustainability reports or
memoirs.

A period of time is established during which to obtain historical
information about the daily price quotes of the securities. Those
securities with no information for this complete period will not be
considered because they will complicate later calculations of profit-

ability and risk. b
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Considering the closing price quotes and individual profitability,
those stocks are defined which, in addition to fulfilling the first fil-
ters and considering CSR criteria, have positive average individual
performance.

Taking the Markowitz mean-variance model and the restrictions
method as a base, a multi-objective programming problem is pro-
posed to build the efficient frontier.
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TABLE 1. SCORE FOR EACH COMPANY FOR EACH
CRITERION

Companies Environment | Community

relations

Corporate
governance

Employee
relations

Company
1

Company
2

Company
n

Average
score

Maximum

% fulfill-
ment

TABLE 2. DIFFERENCES BETWEEN FULFILLMENT
PERCENTAGES OF CSR CRITERIA

Corporate | Employee Community
governance | relations relations

Environment

Corporate
governance

Employee
relations

Environ-
ment

Community
relations

TABLE 3. RELATIVE IMPORTANCE ACCORDING TO

DIFFERENCES BETWEEN FULFILLMENT PERCENTAGES
AND SAATY PAIRED FUNDAMENTAL SCALE

Interval Value

[0-11.11 %)
[11.11 % - 22.22 %)
[22.22 % - 33.33 %)
[33.33 % - 44.44 %)
[44.44 % - 55.55 %)
[55.55 % - 66.66 %)
[
[
[

—_

66.66 % - 77.77 %)
77.77 % - 88.88 %)
88.88 % - 99.99 %]

W o (N|Ovun | |WwW|N

H. Considering the score for each company for
each criterion (Table 1) and the percentage weights
of each security in each portfolio (the result of the
efficient frontier), the weighted average score is es-
tablished for each of the alternatives or portfolios

considering each criterion.

[. To define the degree of importance of one
portfolio compared to another, the differences in their
fulfillment percentages and the paired fundamental
scale (Table 3) are considered. To do so, a pxp matrix

is completed for each criterion, as shown in Table 4.

TABLE 4. DIFFERENCES BETWEEN FULFILLMENT

PERCENTAGES OF PORTFOLIOS FOR EACH CSR
CRITERION

Portfolio 2 Portfolio p

Portfolio 1
Portfolio 2

Portfolio p

In this stage, the Expert Choice program is
used based on the analytical hierarchy process
(AHP) and, as a result, the investor is presented with
the alternatives or portfolios he or she has chosen as
a final decision ranked by priority according to CSR
considerations.

4. RESULTS: CASE STUDY

The procedure proposed in this article is ap-
plied to the case of the Colombian Stock Exchange
with the following considerations:

4.1. Phase 1: multi-objective
optimizations

e Equity securities are analyzed.

A. Definition of investor objectives, limitations,

and preferences

e A socially responsible, low-risk profile is
established
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B. Selection of securities in which the invest-
ment will be made

e In the first filter, the General Index of
the Colombian Stock Exchange (indice General
de la Bolsa de Valores de Colombia or IGBC) is
considered, specifically the basket established for
the August-October 2013 quarter, which contains
41 securities, considering that this index provides
an aggregate measure of price evolution for the
most representative stocks in the Colombian market
in terms of rotation and frequency.

e In order to address this study’s interest in
the problem of selecting investment portfolios in-
volving the CSR perspective, the second filter is de-
fined to consider the financial assets whose issuers
have a sustainability report or memoirs in which
they publish the initiatives completed during the
year 2012 to support their CSR commitment and,
specifically, with the four areas or criteria defined
in this article. As a result of this filter, the number of
stocks is reduced to 30.

e In the third filter, those stocks that have been
traded on the exchange for at least 2 years are select-
ed. As a result of this filter, 22 stocks remain. It is im-
portant to note that for the purposes of the present
study, a time horizon of two years was chosen (Octo-
ber 2011 to October 2013) since the majority of com-
panies obtained in the previous filter have been pre-
senting reports of their CSR commitment for a short
time. Likewise, Fernandez (2008), Zavala (2009), and
Mendizabal, Miera & Zubia (2002) use periods of 1
and 2 years as a reference in their research to build
the Markowitz model or models derived from it. This
relatively short period could generate biases in the
information and in the expected results. Therefore, to
apply this procedure in a more developed market, a
longer period is suggested.

¢ So that the efficient frontier to be built will
generate positive performance, in the fourth and
final filter, the stocks which have an average indi-
vidual performance greater than zero are taken.
As a result, only 14 stocks remain, which are: Eco-

petrol (ECOPETROL), Grupo Inversiones Surameri-
cana (GRUPOSURA), Almacenes Exito S.A. (EXITO),
Canacol Energy Ltd. (CNEC), Grupo Aval Acciones y
Valores S.A. (PFAVAL y GRUPOAVAL), Grupo Nutresa
S.A. (NUTRESA), Corporacién Financiera Colombi-
ana S.A. (CORFICOLCF y PFCORFICOL), Empresa de
Energia de Bogota S.A. E.S.P. (EEB), Banco de Bogota
S.A. (BOGOTA), Isagen S.A. E.S.P. (ISAGEN), Orga-
nizacién de Ingenieria Internacional S.A. (ODINSA),
and Helm Bank S.A. (PFHELMBANK).

C. Structuring portfolios that meet the inves-
tor’s requirement

e Profitability and risk calculations are
made for the stocks obtained by applying the
above filters, considering the arithmetic average
and the variance of daily profitability. The result
are matrices of dominance and co-variance shown
in Tables 5 and 6, considering that a portfolio’s
risk calculation not only influences the weighted
average of the deviations of each stock, but also af-
fects co-variance between them. As such, a nega-
tive co-variance like that of stocks such EXITO and
PFCORFICOLF, EXITO and ISAGEN, PFCORFICOLF
and ISAGEN, PFCORFICOLF and PFHELMBANK,
EEB and ODINSA, or PFHELMBANK and ODINSA,
supposes, in a way, a compensation for the risk of
the portfolio in which they are included given that
while a stock falls, an increase in profitability in the
other could balance the portfolio.

e To apply the Markowitz model and the re-
strictions method, the program MS Excel is used,
specifically the SOLVER function. The result is the
efficient frontier shown in Figure 2. In general, the
restrictions used for this model are related to the
portfolio’s expected profitability, the non-negativity
of the weighting, and the fact that their sum is equal
to 100%. However, depending on the investor, ad-
ditional restrictions could be devised to limit the
minimum and maximum weighting of the eligible
stocks in order to give, for example, an interval be-
tween 5% and 20%, respectively.
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TABLE 5. DOMINANCE MATRIX OF STOCKS OBTAINED FROM APPLICATION OF FILTERS

ANVIWTIHAd | €8551L100°0 | #SOEE000°0
VYSNIdO 000000000 | SSSLLO000
N3IOVSI 8¥/7/0000 | 604510000
vY109509 ¢/6t7.000°0 | 925800000

4933 ¢ZS1€000°0 | 9100000
7021440D4d | ¥09€0000°0 | 8Lt7L L0000
427021440D | L90SZ000°0 | 24800000

VS3dLlNN 88¢9€000°0 | ¢8411000°0
J3IND 2C686£00°0 | LO66CLLOO
AYAVYOdNYD | ¥£082000°0 | 0CZ¥# L0000
IVAV4d SS/¥T000°0 | LL6EL0O000
OolIX3 £€189000°0 | ¢€0CC000°0
Y4NS OdNYD | ¢8612000°0 | #£¢8L000°0
70413d0D3 | 66£0£000°0 | 94810000

w Y

3 F

TABLE 6. CO-VARIANCE MATRIX OF STOCKS OBTAINED FROM APPLICATION OF FILTERS

MNVEWT3IH4d | 9000000 | 8000000 | 820000°0 | ¢00000°0 | 9000000 | ¢C00000 | ¥00000°0 | LOOOOO'0 | 600000°0-
VSNIdo 1100000 | €L0000°0 | ¢00000°0 | £00000°0 | ¢000000 | €00000°0 | 6000000 | TOOO0O'0 | €000000
N3IDVSI L#0000°0 | £90000°0 | 000000 | 8C0000°0 | 6100000 | 9500000 | 000000 | LEOOOO'O | LOOOOOO-
V10509 €10000°0 | SLOO0OO0 | ¢O0000°0- | L€O0000 | #20000°0 | 8OO0O00'0 | 0CO0000 | LOOOOO'O | €00000°0
g33 6100000 | 9€0000°0 | 9100000 | £C0O0000 | LCOOOO0 | LEOOOOO | LEOOOO'O | CLOOOOO | 8000000
7021440D4d | #00000°0 | 0LO0000 | ¢00000'0- | £€L00000 | 9000000 | L¥0000°0 | €00000°0 | LLOOOOO | #L1LOOO0O
42370214400 | L€0000°0 | £¥0000°0 | 92¢0000°0 | £€20000°0 | SLOO0O0 | L6O0OO0 | £ZO0000 | £80000'0 | LLOOOOO
VS3dlnN €€0000°0 | 000000 | T¥#0000°0 | 8CO000'0 | SZO0000 | L90000°0 | 8LLOOOO | LZOOOO'O | €£00000°0
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Figure 2. Efficient frontier for the application case
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e Considering that a low-risk profile was
defined, we included the portfolios that were cal-
culated to build the efficient frontier with a risk of
less than 3.3882%, considering the ranges estab-
lished based on the differences between the maxi-
mum and minimum risk of the frontier, where the
minimum risk point is 0.4651% with a profitability

of 0.0375%, made up of 12 stocks (ECOPETROL,
EXITO, PFAVAL, GRUPOAVAL, NUTRESA, CORFICOL-
CF, PFCORFICOL, EEB, BOGOTA, ISAGEN, ODINSA,
and PFHELMBANK), and the maximum risk point is
10.6296% with a profitability of 0.3989%, made up
of a single stock (CNEC). As a result, 14 portfolios

are considered for the final portfolio selection.

4.2. Phase 2: Multiple criteria

optimization

D. Final portfolio selection

¢ A maximum of 12 factors is established for
the corporate governance criterion, 13 for the em-
ployee relations criterion, 7 for the environment cri-
terion, and 9 for the community relations criterion,

as shown in the following table:
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TABLE 7. FACTORS ESTABLISHED FOR THE CSR CRITERIA

Criterion

Factor

1. Corporate
governance

1.1. The company declares its corporate governance structure.

1.2. If there are support committees, there is at least one that supports management of the company’s good gover-
nance and/or sustainability.

1.3. If there are support committees, there is at least one that supports management regarding partners.

1.4. If there are support committees, there is at least one that supports the company’s ethical management and
transparency.

1.5. The company declares the documents and/or rules that guide corporate governance bodies.

1.6. The company declares that it has a Corporate Governance Code.

1.7. The company declares that it has a code of ethics and/or good conduct which supports the ethical process
inside and outside the organization.

1.8. The company declares that it has ethical channels..

1.9. The company declares that it has documents that reject all forms of corruption and/or fraud.

1.10. The company declares that it has programs to fight corruption.

1.11. The company declares that it has a system, program, and/or activity for risk management.

1.12. The company has recognitions and/or certifications that accredit its commitment to practice of good corpora-
te governance.

2. Employee
relations

2.1. The report gives details on the workforce by employment, contract, age, gender, and region.

2.2. The company declares that it has clear policies or procedures for incorporating human talent into the
organization.

2.3. The company declares that it has compensation policies or procedures to guarantee internal equality.

2.4. The company declares that it has extralegal social benefits for its workers that cultivate a healthy work
environment.

2.5. The company declares that it provides benefits to its workers and their families related to pension matters

2.6. The company declares that it tracks the work environment within the organization.

2.7. The company declares that it has programs for education, development, and growth of human talent.

2.8. The company declares that it has collective agreements to promote good relations between the company and
its workers.

2.9. The company declares that it guarantees its workers the right to association.

2.10. The company declares that it has a committee that guarantees healthy coexistence between workers

2.11. The company has programs for education, training, assessment, prevention, and control in occupational
health and safety.

2.12. The company declares its support of eradicating child labor and forced labor.

2.13. The company has recognitions and/or certifications that accredit its commitment to practices that guarantee
proper relations with its partners.

3. Environment

3.1. The company declares that it has a system, policy, and/or general plan for environmental management

3.2. The company declares that it has programs, policies, and/or strategies for efficient resources management.

3.3. The company declares that it has programs, policies, and/or strategies for mitigating effects related to climate
change.

3.4. The company declares that it has programs, policies, and/or strategies for conserving biodiversity.

3.5. The company has educational and/or training programs on topics related to the environment inside and/or
outside the organization.

3.6. The company declares that it has strategic partners for environmental management.

3.7. The company has recognitions and/or certifications that accredit its commitment to environmental
management practices.
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TABLE 7. FACTORS ESTABLISHED FOR THE CSR CRITERIA

Criterion Factor

4.1. The company declares that it has general policies and/or strategies to ensure responsible management of the
company’s relations with the communities in which it operates.

4.2. The company declares that it has programs and/or projects to guarantee the communities in which it operates
the right to health.

4.3. The company declares that it has programs/and or projects to guarantee the communities in which it operates
the right to education.

4.4. The company declares that it has programs/and or projects to promote culture and/or sports.

4.5. The company declares that it has programs/and or projects to guarantee the productive development of the

4. Community communities in which it operates.

relations

4.6. The company declares that it has strategic partners for social management in the communities in which it
operates.

4.7. The company declares that it has the support of a foundation or organization to promote social management
in the communities in which it operates.

4.8. The company declares that it has volunteer program that connects workers and their families to the social
commitments it has to the communities in which it operates

4.9. The company has recognitions and/or certifications that accredit its commitment to social management practi-
ces in the communities in which it operates.

e Based on these factors, a percentage of = employee relations, the environment, and commu-
general compliance is established for each compa-  nity relations, as shown below:
ny regarding the criteria of corporate governance,

TABLE 8. PERCENTAGE OF COMPLIANCE FOR THE COMPANIES ISSUING SELECTED STOCKS WITH REGARDS TO
DEFINED CSR CRITERIA

C t C it
Stock orporate Employee relations Environment omm.u ity
governance relations
Ecopetrol 100 100 100 77.78
Grupo Inversiones 83.33 53.85 7143 66.67
Suramericana
Almacenes Exito S.A. 100 92.31 85.71 77.78
Grupo Aval Acciones y 50 23.08 42.86 66.67
Valores S.A.
Canacol Energy Ltd 50 15.38 57.14 3333
Grupo Nutresa S.A. 75 76.92 100 88.89
Corporacion Financiera
Colombiana SA. 58.33 61.54 100 55.56
Empresa de Energia de
Bogotd S.A. E.S.P. 91.67 92.31 100 66.67
Banco de Bogota S.A. 41.67 38.46 42.86 88.89
Isagen S.A.E.S.P. 75 84.62 100 77.78
Organlzaaon.de Ingenieria 58.33 46,15 71.43 44.44
Internacional S.A.
Helm Bank S.A. 50 38.46 71.43 55.56
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¢ Companies such as Ecopetrol, Almacenes
Exito S.A, and Empresa de Energia de Bogota S.A.
E.S.P. show a percentage of compliance of greater
than 90% for the criteria of corporate governance
and employee relations. For the environment crite-
rion, the companies with a percentage of compliance
of greater than 90% are Ecopetrol, Grupo Nutresa
S.A., Corporaciéon Financiera Colombiana S.A., Em-
presa de Energia de Bogota S.A. E.S.P, and Isagen S.A.
E.S.P, while for the community relations criterion,
the companies with a percentage of compliance of
greater than 80% (given that none reached 90%) are

Grupo Nutresa S.A. and Banco de Bogotd S.A.

¢ As the product of applying the analytical
hierarchy process (AHP) performed with Expert
Choice software, Figure 3 presents the portfolios
chosen for the final decision in order of priority us-

ing CSR considerations.

Figure 3. Portfolios in order of priority considering
CSR criteria

File Edit
Als

Summary | Details |

Sortby Name " Soriby Priority Unsort ‘

Synthesis with respectto: Goal: Escoger portafolio de inversitn socialments responsable

" Distributive mode (® |deal mode

Oversll Inconsistency =, 01

Forsfolio
Poraolio2
Forafoliod
Portaiolio3
Porsolios
Portaiolio
Portaiolio
Portaiolio§
Poraolia 11
Forafolio?
Porafolio 12061 I
Forsiolio 13061 I
Portafolio 14061 I
Forsiolio 10060 |

Figure 4. Composition of the final chosen portfolio

(portfolio 1)
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e Despite the fact that portfolios 2, 4, 3, and
5, ranked considering the defined CSR criteria, ful-
fill the profile of a low-risk, socially responsible
investor, their level of risk progressively increases,
as well as their expected profitability. For its part,
portfolio 2 represents a profitability of 0.0500%
with a risk level of 0.4845%, where the participa-
tion of stocks is restructured, decreasing the par-
ticipation of stocks such as ECOPETROL, GRUPOA-
VAL, NUTRESA, CORFICOLCF, PFCORFICOL, EEB,
and ODINSA, while EXITO, BOGOTA, ISAGEN, and
PFHELMBANK increase in participation. CNEC is
included in the investment options, and PFAVAL is

excluded, as shown in Figure 5:

Figure 5. Composition of portfolio 2

e In accordance with the portfolio selection
procedure proposed in this study, portfolio 1 (that
with the minimum risk in the efficient frontier) is
established as that which can fulfill the low-risk, so-
cially responsible profile defined above, represent-
ing for the investor a profitability of 0.0375% with
arisk level of 0.4652%. For these figures, the capital
invested in this portfolio would have the following

composition:
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5. DISCUSSION

The investment portfolio selection process
and other decision-making processes have been
considered on the premise that in a decision-mak-
ing problem, different solution alternatives can be
presented, and choosing one of them requires iden-
tifying the objective to be achieved.

However, since these problems are so com-
plex today and demand a comprehensive point of
view, various objectives must be considered for
their analysis and solution. That is why, in an at-
tempt to model the problem, an endless number of
tools, methods, and scientific techniques have been
created to optimize these objectives, which are fre-
quently in conflict, by introducing the concept of
multi-objective programming and multiple criteria
decision-making (MCDM).

The multi-objective and multiple criteria tech-
niques have been based on the problem of decision-
making. However, their use is influenced by the
decision-maker’s information, limitations, prefer-
ences, and objectives. In the case of multi-objective
techniques for investment portfolio selection, the
problem’s formulation is based on quantitative sup-
positions or suppositions that can be adapted to
mathematical principles, for example, the measure-
ments of profitability and risk. However, these tech-
niques frequently do not fully represent what the
investor wants given that some of his or her prefer-
ences cannot easily be mathematically modeled, for
example, interest in issues related to CSR. For these
difficulties, multiple criteria techniques can be found
in the literature that have contributed to, or at least
founded on scientific elements, decision-making
processes which depend on various qualitative or
quantitative criteria, or a mix of the two. These tech-
niques provide distinctive improvements to satisfy,
as much as possible, the investor’s preferences.

For its part, corporate social responsibility is
an issue that is becoming more and more important
not only in the business world, but also in financial
matters, especially those related to investment deci-

sions. Over time, there has been a growing convic-
tion that companies’ socially responsibly practices
contribute to building a more stable, fair, and in-
clusive global market that fosters more prosperous
societies. It is also believed that these practices can
lead to an increase in long-term financial profitabil-
ity and reduced risk.

That is why the process described in this article
for investment portfolio selection with corporate so-
cial responsibility based on multi-objective and mul-
tiple criteria techniques is a tool to support socially
responsible investors as they search for a portfolio
that can meet their expectations, both economic
(profitability and risk) and those related to environ-
mental, social, and/or ethical issues within stock-
issuing companies (corporate governance, work re-
lations, the environment, and community relations).

As such, and considering the results of the pro-
cedure’s application to the case of the Colombian
Stock Exchange, in which the best portfolio meets the
criteria established in this article for CSR as well as
minimum risk, a direct relationship can be perceived
in portfolio selection between compliance with so-
cial, environmental, and ethical objectives and the
optimization of economic objectives (in this case,
risk minimization). This observation is made con-
sidering that the profile defined before application
of the process was low-risk and socially responsible.

Symbols used
o, Co-variance between stocks i and j
o, Standard deviation of stock i

a(Rp ) Standard deviation of portfolio

o?  Variance of stock i

o? (Rp ) Variance of portfolio

P, Closing price of stock at end of period ¢t

P_ Closing price of stock at beginning of pe-
riod t

r Profitability of stock during period t
r Profitability of security i during period ¢t
Profitability of security j during period t
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R Average profitability of security i

1

Rj Average profitability of security j

T Number of profitabilities observed
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