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Abstract

A performance allocation model for an investment portfolio is proposed, based on the market to which
it belongs, particularly when the financial assets comprising the portfolio originate from different
markets. The proposed model is formulated using arbitrage theory (Elshquirat, 2019), since the original
framework only considers a single market, thereby limiting the evaluation of a portfolio across multiple
markets. By optimizing the portfolio, it becomes possible to assess its actual performance against the
performance attributed by the market. Whenever the portfolio’s return exceeds the market benchmark,
the portfolio demonstrates superior performance. Thus, the model enables investment decision-making
through the comparative analysis of market behavior.

Proposal of a methodology for the evaluation of a portfolio with financial assets from different
markets for the industrial sector

Objectives Methodology Contribution
A model is proposed for allocating | A model is used that analyzes the | The model has the possibility of
the performance of an investment | performance of a financial asset | improving returns, due to all the
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Resumen

Se propone un modelo de asignacion de rendimiento de un portafolio de inversién a través del mercado
al que pertenece, sobre todo cuando los activos financieros que forman el portafolio pertenecen a
diferentes mercados, el modelo propuesto se formula utilizando la teoria de arbitraje (Elshquirat, 2019)
ya que el modelo original solo considera un solo mercado limitando la evaluacion de un portafolio
respecto a varios mercados. Al optimizar el portafolio es posible evaluar su rendimiento real versus lo
que el mercado le asigna, siempre que el rendimiento del portafolio sea mayor que el valor del mercado,
el portafolio tiene un mejor desempefio, entonces, el modelo permite tomar decisiones de inversion
mediante la comparacion del comportamiento del mercado.

Propuesta de una metodologia para la evaluacién de un portafolio con activos financieros de
diferentes mercados para el sector industrial
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Introduction

The Capital Asset Pricing Model (CAPM) is a model developed in the 1960s by William Sharpe, which
is widely used to evaluate financial assets and investment projects subject to market risk under
equilibrium conditions; It is generally used as a rate to estimate the cost of capital, a discount rate for
discounted cash flows, and to determine the returns on financial assets or portfolios relative to the market
to which they belong. The original concept is based on a market in equilibrium, so the model represents
a linear regression model with an intercept parameter equal to zero; however, other alternatives have
been studied, such as the use of the full linear model (considering the intercept to be non-zero) and with
the same variables, namely asset and market returns, as well as considering multiple linear regression,
polynomial and exponential models, and special cases, in order to obtain a better approximation of the
financial asset’s return relative to the market and other economic and financial factors.

Methodology
Capital Asset Pricing

CAPM is a model that explains the return on a financial asset based on historical data regarding its
relationship with the market to which it belongs and the risk-free rate; however, there is generally a
difference between the true value of the asset’s return and that assigned by the market via CAPM. This
has led to various discussions regarding its use for asset valuation, due to the conditions required for
CAPM.

1. Investors consider only risk aversion and return, in the sense that they wish to achieve the highest
return or the lowest risk.
2. The market is assumed to be fair and open, meaning that everyone has the opportunity to access

the same information at the same time.

Investors possess the same ability to judge market behaviour.

Investors can lend and borrow capital indefinitely and the discount rate remains constant.
Inflation is not taken into account in the market.

The market is perfectly competitive and buyers are the sole price setters.

Returns are normally distributed.

No ok

From the perspective of linear regression, the CAPM can be expressed as a regression model.

R—R;=Bo+B(Rm—Ry) [1]
where
R is the return on the financial asset.

Ry is the risk-free rate.

R,, is the market performance.
B is the relationship between the market and the financial asset (market risk)).

Under the efficient market hypothesis, an asset should track the market; if the market yields no
returns, neither will the asset, like this g, = 0.

The model can therefore be reduced to

R—R; =B(Ry —Ry) [2]
R =R + B(Rym — Ry) [3]

by taking the average of the above equation

or seen from another perspective S represents the slope of the graph, where the x-axis x is R,,, —
Ry and the y-axis is R — Ry
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" Rm—Ry [5]
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Figure 1

Regression line with $, = 0.
Source: Compiled by the author

For Figure 1, 53 weekly data points from the Mexican Stock Exchange’s Price and Quotation

Index (IPCMXX) were considered, together with Banorte’s share prices; after calculating the real returns,
Banorte’s average return relative to the market is

R = —0.001266
where

R = —0.1266%, is the average return on the financial asset, known as the CAPM, in this case.
Ry = 0.1508%, is the risk-free rate and R,, = —0.0572%, is the market's average return.

The above result suggests that the market believes Banorte is likely to have a negative average
return; however, Banorte’s actual average return is Rpgnorte = 0.2627%, This difference between the
actual return and the CAPM is known as alpha, and in this case
Alfa = 0.2627% — (—0.1266%) = 0.3894%.

Indicating that Banorte is outperforming the market, according to (Travers, 2004) this is defined as
Alfa = R — CAPM [6]

If the CAPM is taken as the benchmark for the company or the portfolio, alpha would serve as an
indicator for assessing what happens when S, # 0, another application of Alfa Assuming that the market
changes before the financial asset does, it would follow that movements in the asset or portfolio can be
predicted before they are reflected in the market.

In the event that B, # 0
R =po+Rs+ B(Ry — Ry) [7]

the return offered by the market is R = 0.2627% y al To compare this with Banorte’s actual
performance, one must Alfa = 0.
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The fact that a is zero is to be expected, as the mean of the data is equal to the mean of the linear
model, implying that in this case a is not a suitable indicator (Dougherty, 2016).

Figure 2 shows the results of the full regression with S, # 0, where the efficient market
hypothesis does not hold; furthermore, depending on the data, it is possible to use other regression models
(Abdulkarim, 2023), that best reflect the returns on the financial asset or further reduce the value of Alfa
(Xie, 2023).

0:15

o
o
(2]

0.08

Banorte-Rf

IPCMXX-Rf

Figure 2
Regression line with B, # 0.

Source: Compiled by the author

Arbitrage Theory

Arbitrage Pricing Theory (APT) is based on the assumption that markets are perfectly competitive, that
investors seek to maximise returns, and that asset returns are expressed as a linear model of n factors that
influence those returns (Abdulkarim, 2023).

APT is an alternative to CAPM for better evaluating an asset or portfolio, as many of the
assumptions and weaknesses inherent in CAPM do not apply to APT (Yohanna G., 2024).

One application of APT is when calculating an indicator for an investment portfolio containing
financial assets belonging to more than one market or index; the CAPM model, in particular, is used for
such an investment portfolio (Noel Amenc, 2003) is

where

Ep is the average return on the portfolio.

R,, is the market's average return.

oy IS the risk associated with the financial asset.
o, 1S market risk.

In this case, the APT model is applied to n markets or indices across which the financial assets
comprising the portfolio are distributed

Ep = fo + ﬁl(ﬁml - Rfl) + ﬁZ(RmZ - sz) + et ﬁn(ﬁmn - an) [9]
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Where

Ep is the average return on the portfolio, reflecting the influence of the various markets.

f; shows the weighting of each market or index in the portfolio.

R¢j is the benchmark risk-free rate for each index.

Emj is the average return for each market or index in which the financial assets comprising the portfolio
are held.

B, reflects the influence of each of the markets, as well as other factors.
Data from two markets were used for the analysis: the S&P/BMV IPC index of the Mexican Stock

Exchange and the S&P 500 index of the United States. The application and selected companies are shown
in Table 1.

Table 1
List of markets and companies in each market

S&P/BMV IPC
Good  Friday | TLEVISACPO AMXB GRUMAB GENTERA GMEXICOB
Northeastern
NOE TLA AMX GRA GEA GME
S&P 500
Chevron Boeing Goldman Sachs | Apple Microsoft Mastercard
CVvX BA GS AAPL MSFT MA

Source: Compiled by the author

Using the actual weekly returns from March 2024 to April 2025 for the two indices described
above, the following equation is obtained

R, = PBo+ BNOE(ﬁml - Rfl) + :BTLA(le - Rfl) + .BAMX(Eml - Rfl)
+Bora(Rm1 — Re1) + Bega(Rm1 — Rp1) + Bome (Rt — Rp1)
+ﬁcvx(§mz - sz) + Bsa (Emz - sz) + BGS(RmZ - sz)
+Baapt(Rmz — Rr2) + Buser (Rmz — Rpz) + Bua(Rmz — Ry2)

[10]

where R,,; = —0.000243652 is the average return on the S&P/BMV IPC benchmark index,
using a risk-free rate R,y = 0.001507847 and R,,, = 0.0014646380 is the average return on the S&P
500, with a risk-free rate of R, = 0.00083394, all these rates on a weekly basis.

Depending on the model, the financial asset and the benchmark market, the results for the various
_iare shown in Table 2.
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Table 2
Beta results for the companies under consideration

Model variants

Bo 0.00121576
NOE 7.4445E-17
TLA 3.8248E-17
AM X -1.6101E-17
GRA 0.4562041
GEA 0.10842644
GME 0.00194702
CVvX 5.3422E-17
BA 3.0812E-17
GS 0.3255498
AAPL 0.07251262
MSFT -4.7676E-17
MA 0.03536001

Source: Compiled by the author

Substituting the values into the model shows that the average return on the portfolio relative to
the market should be R, = 0.000496759.

As previously mentioned, the average return of the portfolio relative to the market acts as a
benchmark or target that the portfolio must achieve in line with market performance; therefore, any return
above this target would constitute an abnormal return, meaning that the portfolio would be outperforming
the markets.

The advantage of calculating portfolio return is that it is a weighted sum of the values of the
proportions to be invested in each asset (w_i) and the return on each financial asset (R_i), as shown in
the following equation

RW = W1R1 + W2R2 + -+ Wan [11]

such that different values for the proportions result in different returns on the portfolio, which, at
least on average R,, must be equal to R,, and any difference or Alfa positive, indicating outperformance
relative to the market.

It is also important to note that the data from R, fueThese are approximate figures based on a
portfolio with a return of R, = 0.0047167 and with minimal risk ¢,, = 0.0234146 which is obtained
by taking into account the following investment weights (Table 3).

Table 3
Percentage of investment in each company

WS
NOE | TLA | AMX GRA GEA GME
0 0 0 0.4562041 0.10842644 | 0.00194702
CVX |BA |GS AAPL MSFT MA
0 0 0.3255498 | 0.07251262 | O 0.03536001

Source: Compiled by the author
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Table 3 indicates that investments should be made in Gruma, Gentera, Grupo México, Goldman
Sachs, Apple and Mastercard, which are the companies that would actually make up the portfolio; these
are the same companies that influence the linear model according to the  values.

Results

To compare the portfolio’s average return against the market, the efficient frontier is constructed; in this
case, this is considered to be a portfolio that seeks to minimise risk at different levels of return. The
portfolio results are shown in Table 4.

Table 4
Different values of return and risk used to construct the efficient frontier

Portfolio
Performance Risk
0.0016988 0.0161533
0.0022018 0.0164943
0.0027048 0.0173213
0.0032077 0.0182821
0.0037107 0.0194698
0.0042137 0.0211539
0.0047167 0.0234146
0.0052196 0.0264605
0.0057226 0.0308478
0.0062256 0.0363692
0.0067285 0.0432093

Source: Compiled by the author

Using the portfolio’s return and risk values, the efficient frontier can be plotted (Figure 3), which,
given the portfolio’s return R_w =0.0047167 and minimum risk c_w = 0.0234146, is shown in the graph.
The efficient frontier and the market return (shown in red) are plotted on the same graph, assuming that
both have the same risk.

Efficient border

0.0064000
0.0054000
0.0044000
0.0034000
0.0024000
0.0014000

0.0004000 e
0.0150000 0.0200000 0.0250000 0.0300000 0.0350000 0.0400000 0.0450000

Figure 3
Efficient frontier and market performance.

Source: Compiled by the author



22
It has already been mentioned that the difference is known as Alpha, which in this case is
Alfa = 0.0047167 — 0.000496759 = 0.0042199

which represents the difference between the portfolio’s actual return and the price assigned to it
by the market; in other words, the portfolio has a significant advantage over the market return.

Conclusions

The advantage of the model is that the portfolio has the potential to improve returns, due to all possible
values of the investment percentages, whereas the original model is static and does not take into account
the portfolio’s flexibility; furthermore, the constant accumulates the effect of risk-free returns from
different markets along with other effects not considered in the original model. Therefore, the proposed
model offers significant advantages when evaluating investment portfolios in relation to the behaviour
of the different markets to which the financial assets comprising the portfolio belong.
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