:' frontiers ‘ Frontiers in Applied Mathematics and Statistics

@ Check for updates

OPEN ACCESS

EDITED BY
Shuenn-Jyi Sheu,
National Central University, Taiwan

REVIEWED BY
Michael Phillips,

Consultant, Pasadena, CA, United States
Yu Mu,

Stony Brook University, United States

*CORRESPONDENCE

Sanjoy Kumar Sarker
sanjoy@fiba.iu.ac.bd

Md. Nahiduzzaman
info.nahiduzzaman.bd@gmail.com

RECEIVED 02 August 2023
AccePTED 07 November 2023
PUBLISHED 05 December 2023

CITATION

Kabir MA, Liping Y, Sarker SK,

Nahiduzzaman M and Borman T (2023)
Portfolio optimization and valuation capability
of multi-factor models: an observational
evidence from Dhaka stock exchange.

Front. Appl. Math. Stat. 9:1271485.

doi: 10.3389/fams.2023.1271485

COPYRIGHT

© 2023 Kabir, Liping, Sarker, Nahiduzzaman
and Borman. This is an open-access article
distributed under the terms of the Creative
Commons Attribution License (CC BY). The
use, distribution or reproduction in other
forums is permitted, provided the original
author(s) and the copyright owner(s) are
credited and that the original publication in this
journal is cited, in accordance with accepted
academic practice. No use, distribution or
reproduction is permitted which does not
comply with these terms.

Frontiers in Applied Mathematics and Statistics

TYPE Original Research
PUBLISHED 05 December 2023
pol 10.3389/fams.2023.1271485

Portfolio optimization and
valuation capability of multi-factor
models: an observational evidence
from Dhaka stock exchange

Md. Ahsan Kabir?, Yu Liping?, Sanjoy Kumar Sarker?*,
Md. Nahiduzzaman?** and Tanmay Borman?

!School of Statistics and Mathematics, Zhejiang Gongshang University, Hangzhou, China, 2Department
of Finance and Banking, Islamic University, Kushtia, Bangladesh, *Department of Finance and Banking,
Bangabandhu Sheikh Mujibur Rahman Science and Technology University, Gopalganj, Bangladesh

The main goal of this study is to examine the return explanation strengths of
the Carhart four-factor, the Fama—French three-factor, and the single-factor
models in the context of the Bangladeshi stock market. We, therefore, reveal
the risk-adjusted returns, test the valuation capability of multi-factor models,
and estimate optimal portfolio weights of stocks listed in DSE under the DSE30
index. Our findings demonstrate that large capitalization firms that have low or
medium book-to-market (B/M) ratios produce more concentrated returns than
their counterparts, resulting in greater earnings per unit of total, systematic,
and downside risks. Furthermore, we discover that each factorial value has an
impressive capacity to explain the market excess returns; however, the influence
of factor values on the cross-section of stock returns is somewhat contradictory.
In particular, the momentum factor is unable to describe the cross-section excess
returns, whereas the risk premium, size, and value factors have a significant impact
on the cross-section excess returns. Finally, we find that a large-cap firm with a
low B/M ratio is suitable for risk-seeking investors; in contrast, a small-cap firm
with a low B/M ratio is appropriate for lower risk tolerance investors. Moreover,
our empirical outcomes have noteworthy implications for private companies,
investors, and policymakers.
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1 Introduction

The Dhaka Stock Exchange (DSE) has grown to be a major participant in the global financial
landscape, enticing both domestic and foreign investors searching for possible opportunities in
the Bangladeshi stock market. As the DSE continues to develop and gains a reputation,
explaining the characteristics of changing prices becomes essential for investors to make well-
informed decisions and handle risks effectively. Shahi et al. (1) denoted that understanding the
behaviors of the stock market is an essential activity not only in the context of the local stock
market but also in the context of the global financial market.

Furthermore, in recent years, understanding behavioral changes of the stock return and making
purchasing and buying decisions have gained significant attention in the stock market literature,
due to the increasing number of unexpected events affecting the portfolios of investors. The
portfolio theory developed by Markowitz (2) states that investors diversify their investments
depending on the relationship between risk and return. According to the fundamental theory of
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Markowitz (2), Treynor (3, 4), Sharpe (5), Lintner (6), and Mossin (7)
introduced the theory of the capital asset pricing model (CAPM). It is
stated that when deciding which assets to include in a well-diversified
portfolio, the CAPM model is applied to estimate the excess rate of
return of assets. In essence, the CAPM is viewed as a single-factor model
that explains a normal linear association between the expected return
and market portfolio risk of an asset. However, the CAPM has undergone
several refinements over the years, leading to the development of multi-
factor models that attempt to identify additional sources of risk and
return. Specifically, there are some drawbacks to the single-factor CAPM
model since this model relies on a set of simplifying assumptions that
may not fully capture the complexities of real-world financial markets
(8-13). These assumptions include an efficient market, a linear
relationship between returns and systematic risk, constant betas over
time, and constant risk-free rates. In reality, markets may not always
be perfectly efficient, investors may have varying degrees of access to
information, betas can change as a result of changing market conditions
or company-specific factors, and the risk-free rate can be influenced by
government policy and market conditions. Later, with the addition of
size risk (small-cap minus large-cap, or SMB) and value risk (high book
value-to-market price ratio minus low book value-to-market price ratio,
or HML) factors to the market risk factor in the capital asset pricing
model (CAPM), Fama and French (11) invented the three-factor model
that extends the capabilities of the earlier model. After that, Jegadeesh
and Titman (14) found the role of the momentum factor in explaining
cross-section returns in a better way, and successively, Carhart (15)
created a four-factor model by incorporating the momentum factor into
the Fama-French three-factor model in portfolio management. They
thought that the momentum factor accurately measures the variations in
returns across stocks with high and low historical earnings.

The Sharpe-Lintner capital asset pricing model (CAPM), the
Fama-French three-factor model, and the Carhart four-factor model
have all been deemed sufficient to illustrate the cross-sectional volatility
in equity returns and market discrepancies (16). In the existing
literature, many researchers [e.g. (17-24)] confirmed the presence of
size and value factors in global capital markets, which validated the
three-factor model. Furthermore, several other studies [e.g., (25-28)]
tested the presence of the momentum factor in the valuation of the
cross-section return. Meanwhile, subsequent investigations attempt to
determine the usefulness of the aforementioned multi-factor models
from the perspective of several categories of financial markets, both at
the regional level and the international level.

While the Dhaka Stock Exchange (DSE) is the leading stock
exchange in Bangladesh, investors face tremendous problems due to
the market manipulation caused by actions carried out by individuals
or groups to artificially influence the price or trade volume of security
and create a false perception of market conditions. However, the
Bangladesh Securities and Exchange Commission (BSEC) has
installed expensive surveillance software and imposed penalties on
certain manipulators. According to the investigation decision of
BSEC, a deputy registrar of the Department of Cooperatives and his
associate have recently been fined Tk 5.25 crore for manipulating the
stocks of NRB Commercial Bank and Fortune shoes." In addition to
this issue, a substantial portion of investors have been suffering and

1 Manipulation in stock market lives on despite surveillance, Available at:
https://www.thedailystar.net/business/economy/stock/news/manipulation-

lives-despite-surveillance-3116241 (Accessed May 27, 2023).
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failing to diversify their investments in the promising asset classes due
to unpredictable market circumstances, high costs of making
investments, and unanticipated volatility. During January and
February of 2023, investors lost nearly a third of their investments in
different kinds of equities, and DSE turnover has decreased to less
than Tk 250 crore due to the restrictive regulatory policies.” Moreover,
various economic catastrophes, such as the COVID-19 pandemic (29)
and the Russian-Ukrainian invasion (30), had a major and detrimental
impact on the stock market of Bangladesh. For those consequences, it
is estimated that several unfavorable practices and unexpected events
affected the stock market of Bangladesh, deteriorating the decision of
the investors and undermining its overall integrity. Therefore, it is
essential to develop precise measurements so that stock market
investors in Bangladesh can correctly plan their portfolios and make
optimal purchasing and selling decisions at the right moment.

A number of asset pricing models, namely, single-factor model,
three-factor model, and four-factor model, have been constructed by
academicians around the world to determine the value of stocks and
explain cross-sectional stock returns. However, in the context of
Bangladesh, such types of investigations are incredibly minimal. A few
researchers [e.g., (31-34)] tested the valuation capabilities of Fama-
French three-factor model from the perspective of the Bangladeshi
stock market. They assessed the impact of size and value parameters
on the cross-section stock return. Furthermore, the valuation
capacities of the single-factor CAPM (35, 36) and the Carhart four-
factor model (37) are also investigated, but the authors considered
only non-financial institutions listed in DSE. Moreover, the impact of
the momentum factor on the return of financial institutions listed in
DSE has yet to be explored. In addition, comparing the efficiency
between single-factor, three-factor, and four-factor models in
explaining the cross-section return considering both financial and
non-financial institutions has drawn important ramifications in the
existing literature since investors in each category continuously search
for better alternatives to understand the characteristics of changing
returns. Furthermore, after assessing the effectiveness of multi-factor
models, we have not identified any evidence of portfolio weight
optimization that could aid investors in making capital
allocation decisions.

While the aforementioned models have been widely studied in
various financial markets, their valuation capabilities and applicability
to specific contexts require further empirical investigation. Therefore,
to the best of our knowledge, our study is very comprehensive in
regard to the current literature as we look for answers to five research
questions that may provide noteworthy implications for the investors
and policymakers of the Dhaka stock exchange (DSE). First, what are
the risk-adjusted performances (measured by Sharpe ratio, Treynor
ratio, Jensens alpha, and Sortino ratio) of companies listed in DSE
under the DSE30 index? Second, do the volume of capitalization and
the deviation between the book value-to-market value ratios of capital
affect the volatility of the returns? Third, do the single-factor, Fama-
French three-factor, and Carhart four-factor models have the
efficiency to explain the excess returns of investors, if yes, then is there
any effectiveness-differentiation across the models? Fourth, what is
the impact of risk, size, value, and momentum factors on the

2 Chained-up stock market keeps bleeding, Available at: https://www.tbsnews.
net/economy/stocks/chained-stock-market-keeps-bleeding-591234 (Accessed
May 27, 2023).
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cross-section excess returns? Finally, what are the proportions in
formulating optimal portfolios that minimize the total risk and
maximize the Sharpe ratio of the investors?

To address the mentioned questions, the findings of our study
demonstrate that the large-cap firms with low B/M ratios have
consistent returns with a skilled fund manager, and except for the
momentum factor, the remaining three factors have adequate ability
to explain the returns of DSE stocks. In addition, our study also finds
that small-cap firms with low B/M ratios provide optimal benefits by
reducing the lowest total risk of investment while large-cap firms with
the same B/M ratios offer optimal weights in the portfolios by
increasing the maximum Sharpe ratio.

The following are the remaining sections of the study: The existing
literature is reviewed in Section 2, Section 3 displays the data and
methodology, the analysis and interpretations of the results are
reported in Section 4, and finally, Section 5 represents the concluding
remarks with implications.

2 Literature review

A comprehensive overview of the current capital asset pricing
model literature is presented in this part, with a focus on the Carhart
four-factor model, the Fama-French three-factor model, and the
single-factor model both in the context of Bangladesh and on a
worldwide scale.

In the earliest version of the capital asset pricing model (CAPM),
known as the single-factor CAPM, Sharpe (5) and Lintner (6) stated
that investors are solely rewarded for taking systemic risk. As a result,
this approach primarily employs beta to calculate non-diversifiable
risk. However, the single-factor CAPM is empirically incoherent in a
number of ways (8-12, 16), most notably with the size effect (8, 38,
39), and value effect (40). Banz (8) argued that considering the beta
estimations, on the one hand, mean returns on large-cap stocks are
excessively low, and on the other hand, mean returns on small-cap
stocks are extremely high. Furthermore, Bhandari (41) demonstrated
a disputation that the single-factor model does not capture the
leverage risk, although leverage risk is associated with the expected
rate of return and in investigations that take into account the size of
the stock and beta, it assists in explaining the cross-section of the
mean returns on equities. In experiments that also take size and
market beta into account, Basu (10) illustrated that earnings—price
ratios (E/P) contribute to the explanation of the cross-section of
average returns on United States companies.

Corresponding to these arguments, previous literature [e.g., (42,
43),] observed that there is a positive correlation between the expected
return on United States stocks and the ratio of book value to market
value of a company’s shares. Subsequently, Chan and Chen (44) also
discovered the same findings in Japanese stocks. Finally, Fama and
French (11) created the three-factor CAPM model, which expands the
capacity of the original model, by adding two factors, namely, the size
factor and the ratio of the book-to-market value of equity (value)
factor. Later, the value effect (45-48) and size effect (49-51) on the
cross-section stock return are proved in several financial markets
around the world.

Empirically, Drew and Veeraraghavan (18) investigated the ability
of size and value premium to explain the price of stocks listed in the
Kuala Lumpur Stock Exchange and found a powerful illustrative
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capacity since while the market offers an annual return of 1.92%, two
resemblance portfolios—SMB and HML—produce annual returns of
17.70 and 17.69%, respectively. In addressing the limitations of study
of Halliwell (52), Gaunt (20) examined the pricing ability of the Fama-
French three-factor model in the Australian stock market. They
discovered that the three-factor model had much explanatory
supremacy. Furthermore, to clarify the disparity in implied costs
associated with equity, Mishra and O’Brien (53) compared the
efficiency of CAPM and the Fama-French three-factor model using
33,301 U.S. stock samples and detected better performance from the
Fama-French model.

However, Urbanski (54) suggested a change to the Fama-French
three-factor framework that takes into consideration the regional
price border conditions. He noted that the spillover effect of an event
from a country affects the effectiveness of the Fama-French model in
another country. In addition, the reliability of the Fama-French three-
factor model also fluctuates according to the economic status of a
country (55) since several studies—Hearn and Piesse (56), Hearn (57),
and Benali et al. (58)—examined the usefulness of the three-factor
model in explaining the cross-section of stock return in some stock
markets in Africa and revealed a few different findings. Specifically,
according to Hearn (57), the impact of size was far greater in Egypt
and Tunisia than it was in Morocco. In addition, this finding is further
supported by Benali et al. (58), who concluded that the excess return
of equities in Moroccan markets is not explained by market, size, or
value factors. Furthermore, in five growing economies in the Pacific
Basin, Chui, and Wei (59) looked at the connections between stock
returns, the beta of the market, book-to-market equity (B/M), and
size. They found that in spite of having a weak association between
mean return and beta, on the one hand, the B/M equity explains the
variability of average cross-section return in the stock market of
Malaysia, Hong Kong, and Korea, and on the other hand, the impact
of size is notable in all stock markets, except in Taiwan.

In United States stock returns, Jegadeesh and Titman (14) showed
the influence of momentum and addressed the fact that equities that
have performed well during the previous year typically continue to do
so in the next year. After that, employing a sample devoid of survivor
bias, Carhart (15) proved the capacity of typical factors in returns on
stocks and investment costs to explain the average and risk-adjusted
earnings of mutual funds and added momentum factor in Fama-
French three-factor model. He discovered that of an 8% yearly return,
deviations in the value of market and stock momentum explain 4.6%,
whereas fluctuations in expenditure ratios and spending on
transactions only account for 0.7 and 1% return, respectively.
Subsequently, the capacity of the momentum factor along with earlier
factors in explaining the returns of stocks is tested in several studies
[e.g., (46,47, 60)].

In the context of Bangladesh, the evidence of the impact of multi-
factor models in describing the variation of cross-section returns is
documented but insufficiently explained; hence, there is a potential
scope to enrich the current literature. Mostafizur et al. (34, 61) looked
at how well the Fama-French three-factor model could describe the
link between risk and expected returns of 123 non-financial companies
listed in the Dhaka stock exchange (DSE). Using multiple regression
analysis and complying data ranging from 1999 to 2003, they showed
that there is a strong association between factor values beta, book-to-
market value, and size and stock return. Furthermore, Hasan et al.
(32) investigated the ability of the Fama-French three-factor model in
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explaining the cross-section stock return of DSE and found that the
prior result—factor values have a strong power in explaining the
expected return. In addition, Mobarek and Mollah (33) revealed that
additional factors such as share volume, revenue yield, and yield of
cash flow also pose a big impact on share returns in DSE-listed
companies. Considering the data of non-financial institutions in DSE,
Khan and Fahim (37) added the power of the momentum factor in
explaining the stock returns and found favorable results. However,
Hasan et al. (35) exposed that the CAPM is an inappropriate strategy
to explain the asset price of non-financial businesses listed in DSE
using a hypothesis test with OLS regression. Meanwhile, they assessed
the validity of the CAPM framework in DSE adopting an extended
data period from 2005 to 2009 and a sample of 80 non-financial
companies. Furthermore, Chowdhury and Sharmin (31) studied the
variables that could affect the cross-section stock returns of listed
companies in DSE. They investigated eight distinct variables and
observed that they do not describe the cross-section of returns
on shares.

After proper assessments of the aforementioned literature, a
number of essential properties could be drawn to enrich the existing
literature. First, most of the researchers tested and discussed the ability
of multiple-factor models (e.g., single-factor, Fama-French three-
factor, and Carhart four-factor models) in explaining the general
mean returns or cross-section stock returns in several stock markets.
However, the diagnosis of risk-adjusted returns and the optimal
portfolio weights according to the market cap and B/M ratios of the
firms are missing in the current literature. Second, while there is
considerable ground to evaluate the ability of the same factor values
in describing returns on market as well as cross-section portfolio
returns, the above literature either concentrated on explaining the
ability of factor models in expected/excess market returns or focused
on cross-section stock mean/excess returns. Third, in the perspective
of Bangladesh, a few studies have been conducted to show the capacity
of multi-factor models in describing the returns, and the majority of
them considered only the data of non-financial institutions; however,
financial institutions are the strong player in the market, having 33%
capitalization out of total capital in DSE (32).

Moreover, to fulfill the above gaps in the literature, our study will
assess the effectiveness of various factor models in explaining the
market and cross-section excess returns of DSE-listed companies,
including both financial and non-financial institutions. Furthermore,
we will compute the risk-adjusted returns and the optimal portfolio
weights based on the market capitalization and book-to-market value
ratios of the companies.

3 Data and methodology
3.1 Data

We consider monthly stock prices of 30 companies under the
DSE30 index listed in the Dhaka Stock Exchange (DSE). The DSE 30
Index is a benchmark stock market index that represents the
performance of the top 30 companies listed on the Dhaka Stock
Exchange. It is designed to include the 30 largest and most actively
traded stocks on the DSE, often referred to as blue-chip stocks.
According to the criteria set forth by the Dhaka Stock Exchange (DSE)
for the DSE30 Index, companies with a float-adjusted market
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capitalization of TK. 50 crores or more as of the rebalancing reference
date are eligible for inclusion in the DSE30 Index.’ However, the DSEX
index serves as a comprehensive measure of Bangladesh’s stock market
performance, providing insights into the overall status and trajectory
of the country’s stock exchange. Regarding the inclusion criteria for
DSE-listed companies including Islami Shariah-based firms, those
with a float-adjusted market capitalization exceeding TK. 10 crores are
considered for index membership. In certain circumstances, if a
constituent’s current market capitalization falls below the TK. 10
crores threshold but remains above TK. 7 crores, these companies may
still retain their positions within the index’. Our preference for the
DSE30 index as our sample is primarily driven by our focus on larger,
well-established, and traditionally stable companies. This index tends
to exhibit lower levels of risk when compared to broader indices. This
choice allows us to effectively and comprehensively assess the pricing
capabilities of multi-factor models, both in explicit and implicit terms,
within the context of the Bangladeshi stock market. In this study, data
periods, ranging from 2013 to 2022, are considered, and datasets place
restrictions on our sample size and beginning point based on their
availability. All the data were collected from www.investing.com.
Initially, we classify the 30 companies according to their market
capitalization volume," namely, small-capitalized companies and
large-capitalized companies, and after that, we further split them in
terms of book-to-market (B/M) value ratio® such as low B/M ratio,
medium B/M ratio, and high B/M ratio. Finally, we compute the
monthly return | 2~ Pt=1 | of each sample company.
Pr-1

3.2 Methodology

3.2.1 Risk-adjusted returns

To compute the risk-adjusted returns of the studied variables,
we use four risk adjustment techniques, namely, Sharpe ratio, Treynor
ratio, Jensen’s alpha, and Sortino ratio. The definition and econometric
formula of these techniques are represented below:

Sharpe ratio, originated by Sharpe (5, 62), is used to measure the
performance of an investment considering its return volatility.
According to the rule of thumb, a positive ratio indicates the average
return is higher than the risk-free rate; furthermore, the higher the
ratio, the more return an investor can generate per unit of risk-taking.
The estimated formula is as follows:

Rpi—R¢

Sharpe Ratio(Sp,i): - ()
ps1 1

3 For more information, please see the link: https://dsebd.org/assets/pdf/
DSEX_DS30.pdf.

4 We consider that a corporation is classified as a small-cap company if its
market capital is less than Tk.5000 crore. On the other hand, a large-cap
company is one whose market capital exceeds Tk.5000 crore (Information
available at https://simplywall.st/stocks/bd/market-cap-large).

5 The classification of companies based on book-to-market (B/M) ratio is as
follows: the top 30% represents the high B/M ratio, the middle 40% indicates
the medium B/M ratio, and the bottom 30% symbolizes the low B/M ratio
(Lahboub and Bouhadi, 2023).
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where ﬁp,i indicates the average return of security i, R ¢ represents
the daily average risk-free rate, and Op,i is the standard deviation of
iindex return to measure the volatility.

Treynor ratio, developed by Treynor (63), measures the
performance of a security considering the systematic risk of that
security. It is similar to the Sharpe ratio with the exception that it
considers market risk instead of security’s total risk volatility. As with
the Sharpe ratio, a higher ratio indicates better investment. The
proposed formula is given below:

Rpi—Ry

Treynor Ratio (T, ;| =
(1) Bp.i (i)

where Iip,i and R are characterized as above, and Bp,i indicates
the systematic risk of index i.Jensen’s alpha, proposed by Jensen (64),
is used to calculate the additional return from security compared to
the expected return recommended by CAPM. The positive alpha (+)
value indicates there is a chance to add value to this respective security.
The regression formula below is used to compute the Jensen’s
alpha value.

Jensen'salpha (R —R¢) = 0 —Bi(Rm — R¢)

Therefore,

alpha (0,1) =R;—-Ry¢ —Bi (Rm - Rf)

(iii)

where Rj,R¢,and Ry, denote daily return, risk-free rate, and
portfolio market return (benchmark index), respectively, and
coefficient B; represents the index’s systemic risk.

The Sortino ratio is a financial metric used to evaluate the risk-
adjusted return of an investment or portfolio (65). It is an enhancement
of the Sharpe ratio and focuses specifically on downside risk. In other
words, it focuses on how well an investment performs relative to its
downside risk or volatility. The Sortino ratio is named after its
developer, Frank A. Sortino.

Sortino Ratio (Srp,i) = M
Opd.i (iv)

where ﬁp’i represents the average return of the portfolio or
investment over a specific period, R indicates the daily average risk-
free rate, and Gpd,i is the standard deviation of the return of portfolio
that falls below the risk-free rate (i.e., negative returns).

3.2.2 Estimation of multi-factor models and
corresponding regression equations

3.2.2.1 Single-factor CAPM model

The simplest type of return estimating model, where only one
element is taken into account, is the single-factor model. After the
work of Markowitz (2) was completed, Sharpe (5) and Lintner (6)
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developed the capital asset pricing model (CAPM). The estimation
model is given as follows:

Tip =7f, + (Fm - ”f)ﬂi,t +&ir ()

where 1y represents the risk-free rate, (Fm - rf) indicates the risk
premium, and 7, is the market portfolio return. The systematic risk is
denoted by f, deriving from C OV[?m,r,-], and ¢ denotes the
error term.

The estimated regression model considering the single-factor
model is illustrated by the following equation:

ERN;y =oc; +P1 (7 — 17 ) Bie | RPMy 4 + € (vi)

where ERN; ; represents the excess rate of return E (r, - rf) for
the firm i at time ¢, oc; is the intercept term, 3 states the regression
coeflicient, and RPM; ; and &; ; show the risk premium and the error
term, respectively.

3.2.2.2 Fama—-French three-factor model

In addition to the market risk element, Fama and French (11) also
incorporated size risk and value risk factors in their capital asset
pricing model (CAPM). In the next section, the three-factor valuation
model and its associated regression model are given:

iy =rf, +(7m —rr) Bis | AiyRPM + B; (SMB + C; JHML + £,

(vii)

where the extra terms, namely, SMB and HML, indicate the size
factor (returns of small-cap firms minus returns of large-cap firms)
and value factor (return of high B/E ratio firms minus return of low
B/E ratio firms), respectively.

ERN; ; =oc; + BIRPM; ; + BoSMB; , + By HML; , + &; , (Viii)

3.2.2.3 Carhart four-factor model

The Carhart four-factor model is an extended form of the CAPM
two-factor model and the Fama-French three-factor model. Carhart
(15) added a momentum factor to the three-factor model. The root
equation is given as follows, followed by the corresponding
regression model:

iy =rs, +(fm—r7)Bis | 4 RPM x f;; + B; SMB
+Cl‘7,HML + DithOM + Sit (ix)

Here, the extra added term MOM denotes the momentum factor
(return of the best-performing firms minus the return of the lowest-
performing firms, lagged 1 month).

ERNi,t =0oC; +ﬁ1RPM,',t +ﬂ2SMB,',t +ﬁ3HML,',t +ﬂ4MOMi,t + Eit (_x)
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4 Result analysis and interpretation

4.1 Descriptive statistics and correlation
analysis

Table 1 illustrates the descriptive statistics of excess return (ERN)
along with four asset pricing parameters, namely, risk premium (RPM),
size factor (SMB), value factor (HML), and momentum factor (MOM),
and six cross-section market portfolio returns such as large/high (B/H),
large/low (B/L), large/medium (B/M), small/high (S/H), small/low
(S/L), and small/medium (S/M) firms. The outcomes show that the
average market excess return is negative with a value of —4.773%, while
the return from the momentum factor is positive with a value of 0.7%.
However, the remaining three parameters in the factor model and
cross-section returns have negative mean returns. According to the
standard deviation values, SMB has the lowest risk, having a value of
2.19%, followed by MOM and HML, with values of 2.28 and 2.45%,
respectively; in contrast, B/M has higher volatility of return, followed
by S/M and S/H. The positive skewness values for all the variables
(except for SMB, HML, and MOM) indicate that these return series are
skewed in the right way, while the negative values for the SMB, HML,
and MOM refer to left-skewed returns. Moreover, high and positive
Kurtosis values for each variable display heavy tail and fatter
distribution. The Jarque-Bera statistics show that the returns of each
variable (except for RPM and S/H) are non-normally distributed as the
null hypothesis is rejected at a 5% level of significance.

The result of correlation coefficients is represented in Table 2. It is
noticed that among the asset pricing parameters, there is a positive
and significant relationship between SMB and RPM; however, in the
remaining pairs, there is an insignificant relationship. Furthermore,
we observe a significant relationship between every pair of cross-
section portfolios, while there are some mixed outcomes between
factor returns and cross-section returns. Specifically, the return of
RPM, SMB, and HML is almost significantly nexus with the cross-
section returns; in contrast, there is insignificant linkage between
MOM and cross-section returns.

4.2 Risk-adjusted returns

Table 3 demonstrates the risk-adjusted performances along with
annualized return, total risk, and systematic risk of 30 companies

TABLE 1 Descriptive statistics.

10.3389/fams.2023.1271485

listed in the Dhaka Stock Exchange under the DSE30 index.
Additionally, we compute the rank according to the value of the
Sharpe ratio, Treynor ratio, Jensen’s alpha, and Sortino ratio for
displaying their position in the stock market of Bangladesh. The
results show that the annualized mean return of 23 companies out of
30 companies is positive, and the remaining seven companies, namely,
HBCB, ISLB, NBLL, SMPL, TITA, UCBL, and UNIQ, generate
negative annual average returns. Meanwhile, it is observed that the
total risk of the majority of companies is under 15% (except for BATC
and BEXI). In addition, when the systemic risk is taken into account,
it is seen that BSRR, BRAC, BEXI, GRAE, and IDLC have higher
non-diversifiable risk, generating B-values greater than 1, while the
rest of the firms have p-coefficients lower than 1. This finding implies
that if investors place their money in companies—BSRR, BRAC,
BEXI, GRAE, and IDLC, they will generate more return than market
portfolio return. However, the Sharpe ratio statistics show that, except
for IBBL, practically all large-capitalized companies produce a positive
Sharpe ratio and achieve relatively higher rankings. On the contrary,
six businesses out of the 21 small-capitalized businesses have a
negative Sharpe ratio and are ranked lower. In the meantime, while
seven of the top 20 companies according to the Sharpe ratio have
small capitalizations and low B/M ratios, six of the top 10 companies
have large capitalizations and have low or medium B/M ratios. In
general, large-cap stocks typically underperform small-cap companies
(47, 66), and small-cap companies may underperform because of their
inadequate productivity in general and significant financial debt in
recessionary times (44, 67, 68). Surprisingly, only BRAC has a place
below 15, even though its shares have a high book value relative to
their market value. The aforementioned findings imply that the
majority of large-capitalized corporations and those who have low
B/M ratios, regardless of capital size, generate positive returns per unit
of total risks with lower volatility. Moreover, the results of the Treynor
ratio and the Sharpe ratio do not differ much from one another in the
case of the volume of market capitalization and the magnitude of the
B/M ratios since eight of the top 10 companies according to the
ranking of Sharpe ratio also place below 10 in the Treynor ratio
ranking. However, every large-capitalized firm, except for Square
Pharmaceuticals Limited, improves its position in the Treynor ratio,
suggesting that large-capitalized companies have comparably lower
systemic risk than their counterparts and generate more return at per
unit of systemic risk. In addition, 10 companies out of 12 companies
that have a low B/M ratio achieve a strong position in the ranking,

Particulars ERN RPM SMB HML MOM B/H B/L B/M S/H S/L S/IM
Mean —0.0473 —0.0474 —0.0034 —0.0043 0.0069 —0.0420 —0.0386 —0.0381 —0.0463 —0.0429 —0.0424
Median —0.0478 —0.0512 —0.0024 —0.0025 0.0078 —0.0484 —0.0438 —0.0436 —0.0506 —0.0445 —0.0434
Maximum 0.1276 0.0890 0.0506 0.0771 0.0570 0.1885 0.1777 0.2970 0.1209 0.1565 0.1961
Minimum —0.1769 —0.1805 —0.0791 —0.1313 —0.0686 —0.1787 —0.1828 —0.2054 —0.1648 —0.1689 —0.1914
Std. dev. 0.0562 0.0520 0.0219 0.0245 0.0228 0.0602 0.0612 0.0751 0.0578 0.0577 0.0687
Skewness 0.4007 0.0942 —0.7349 —1.7938 —0.4792 0.7060 0.6589 1.4359 0.4638 0.5065 0.8199
Kurtosis 3.6270 3.1114 4.5110 12.2502 3.8459 4.3923 4.4946 7.7064 3.2800 3.9506 4.7376
JB test 5.1334* 0.2374 22.03%%* 488.0%%* 8.101%* 19.49%** 19.68%%* 150.7#%%* 4.654% 9.56%** 28.30%**
Observations 119 119 119 119 119 119 119 119 119 119 119

Std. dev. indicates standard deviation, and JB test denotes Jarque-Bera test. Signs ***, ** and * denote the level of significance at 1, 5, and 10%, respectively. The B/H, B/L, B/M, S/H, S/L, and
S/M are the short forms of large-cap with high B/M ratio, large-cap with low B/M ratio, large-cap with medium B/M ratio, small-cap with high B/M ratio, small-cap with low B/M ratio, and

small-cap with medium B/M ratio, respectively.
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TABLE 2 Correlation matrix.

10.3389/fams.2023.1271485

Variables ERN RPM SMB HML MOM B/H B/L B/M S/H S/L S/M
ERN 1

RPM 0,953 1

SMB 0.088 0.196%* 1

HML —0.124 —0.001 0.121 1

MOM 0.012 0.060 0.072 —0.024 1

B/H 0.917#%% | 0.896%** 0.139 —0.299%** 0.062 1

B/L 0.872%%% | Q.812%%% | —0.221%%F | —0.337%%% 0.035 0.935%%* 1

B/M 0.904%#% | (.833%** 0.047 —0.416%%* 0.023 0.934%#% | 0.903%** 1

S/H 0.902%#% | 0.932%%* 0.195%* 0.113 0.054 0.915%#% | 0.831%%* | 0.796%%* 1

S/L 0.871%%% | 0.860%%* | —0.183%* 0.067 0.027 0.865%#% | 0.917%%% | 0.780%* | 0.928%* 1

SIM 0.944%%% | 0.911%** 0.095 -0.099 0.017 0.915%#% | 0.867%%% | 0946 | 0.911%*% | (.877%%* 1

Signs *#%, ## and * denote the level of significance at 1, 5, and 10%, respectively.

symbolically below 15. On top of that, the majority of the firms that
have small capitalization with high B/M ratios generate negative and
lower Treynor ratios, indicating that their earning is less than the risk-
free rate and unable to manage the market risk. Furthermore, the
value of Jensen’s alpha represents that five companies out of the top six
companies are large-capitalized and have lower to moderate B/M
ratios, generating positive Jensen’s alpha. However, it is surprising to
see that while nearly all the firms do not dramatically lose their
position in the ranking compared to the earlier two ratios, the BRAC
loses their position significantly according to Jensen’s alpha value. This
finding indicates that although BRAC has a lower volatile return with
low systemic risk, their portfolio manager’s stock-picking abilities are
slightly weaker compared to their competitors to successfully
outperform the market since Jensen’s alpha value is near 0. Apart from
that, the majority of the firms with high B/M ratios are also seen as
underperformers in the market. Finally, the results derived from the
Sortino ratio analysis reveal an interesting observation. Among the
nine large-cap companies under consideration, six of them have
obtained rankings below 10 in the Sortino ratio, which is almost
consistent with the patterns observed in the three previous ratios
(Sharpe ratio, Treynor ratio, and Jensen’s Alpha), with one notable
exception—IBBL. Our overarching findings are in line with the results
obtained in the studies by Shapiro and Zheng (69) and Lynch (70),
both of which have observed that large-cap firms tend to generate
more consistent and stable risk-adjusted returns in comparison with
their small-cap counterparts. Recently, Valadkhani (71) documented
that small-cap ETFs experience more significant declines during
extreme market downturns compared to their gains in periods of
extreme market upturns. In addition, as anticipated, a significant
portion of firms with high book-to-market (B/M) ratios exhibit
unfavorable Sortino values. This observation suggests that these
companies generate lower returns relative to the risk of incurring
losses, aligning with the patterns observed in the other risk-
adjusted ratios.

4.3 Stationarity test

Table 4 states the stationary test of the studied variables.
We consider two popular methods of unit root test, such as Augmented
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Dickey-Fuller (ADF) (72) and Phillips-Perron (PP) (73), for
suspecting the existence of possible unit root in our time series data.
Initially, we detect the stationarity feature at level I(0); after that,
we also test the same at the first difference I(1). The results show that
every variable in our study is free from the unit root, indicating the
presence of stationarity characteristics in the variable both at the level
I(0) and at the first difference I(1) at a 1% significance level,
respectively. Hence, it is recommended that we run the OLS/linear
regression model in this study.

4.4 Reliability checking of the models

Table 5 represents the results of diagnostic test statistics of the
considering models. We employ a variety of tests to serve a variety of
purposes, including the tolerance and variance inflation factor (VIF)
values for the multicollinearity test, the Jarque-Bera (JB) statistic for
the normality test, and the chi-square value for the heteroscedasticity
test. According to the rule of thumb, tolerance values less than 1 and
VIF values under 10 indicate that the model has no multicollinearity
issues. We observe that all three of our estimated models—four-factor,
three-factor, and two-factor models—fulfill the requirements for a
multicollinearity-free model. After that, the models are, therefore,
considered to be normal because the JB statistics fail to reject the null
hypothesis at a 5% significance level for each model. Finally, the
chi-square %) values for all of the models are also rejected at the 5%
level of significance, indicating that the heteroscedasticity assumptions
have not been violated.

4.5 Results of regression analysis

4.5.1 Impact of multi-factor models on market
excess returns

The impact of the Carhart four-factor model, the Fama-French
three-factor model, and the two-factor model on market excess
returns of equity assets of listed companies under the index of
DSE30 in the Dhaka stock exchange is exhibited in Table 6. The
outcomes reveal that RPM affects the excess returns positively and
significantly in three models (models 1, 2, and 3), whereas SMB and
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TABLE 3 Risk-adjusted returns.

Firms Small- Large- Low Medium High Sortino ratio

B/M ratio B/M

Sharpe ratio

Ratio Rank Ratio Rank Ratio Rank Ratio Rank

Treynor ratio Jensen’'s alpha

cap cap B/M

e 32 aigey

SO13s1IeIS pue sonewsayiep panddy Ul sia13uoly

80

610" uISIa1U0L

ratio ratio
ACIP v v 0.0669 0.1166 0.9929 05596 13 0.0657 10 0.0591 9 —0.1064 27
BATA v v 0.0615 0.0676 0.9836 0.8839 7 0.0608 12 0.0537 11 —0.0698 24
BAT v v 0.1808 0.2065 0.9857 0.8676 8 0.1817 2 0.1731 2 0.0401 7
BEXI v 0.1335 0.198 1.0262 0.6658 10 0.1285 5 0.1255 4 0.1985 1
BRAC v YV 0.1355 0.0913 1.4649 0.998 6 0.134 4 0.0003 2 0.0929 4
BSCC v v 0.0795 0.1271 0.9827 0.6121 12 0.0791 9 0.0717 8 0.0256 9
BSRM v v 0.0079 0.0975 1.0000 0.0629 23 0.0061 23 0 23 —0.0604 21
BSRR v v 0.0381 0.1247 1.0045 02915 20 0.0362 16 0.0302 15 0.0200 11
BXPH v 0.1378 0.102 1.0087 1.3341 4 0.1349 3 0.1299 3 0.1320 3
CTBK v v 0.0353 0.1016 0.9927 03302 17 0.0338 17 0.0275 17 0.0323 8
DLIN v v 0.0349 0.1259 0.9999 0.2632 21 0.0332 19 0.027 18 —0.0079 15
GP v v 0.0552 0.0738 1.0002 0.7252 9 0.0535 13 0.0474 12 —0.0559 18
HBCB v v —0.0375 0.0987 0.9878 —0.3972 28 —0.0397 28 —0.0453 28 —0.1901 30
IDLC v 0.0355 0.1022 1.0043 03302 16 0.0336 18 0.0276 16 —0.0032 14
IBBL v v —0.0029 0.0963 0.9896 —0.0475 25 —0.0046 25 —0.0106 25 0.0635 6
JocL v v 0.0203 0.0634 0.9865 0.2939 19 0.0189 21 0.0126 20 —0.0611 23
LFAR v v 0.0629 0.1251 0.9754 0.4888 14 0.0627 11 0.0552 10 —0.1326 29
MEGP v v 0.049 0.0758 0.9941 0.6243 11 0.0476 14 0.0412 13 —0.0352 17
MJLB v 0.0318 0.0829 0.9879 03631 15 0.0305 20 0.0241 19 —0.0608 2
NBLL v v —0.0182 | 0.0864 0.984 —0.2306 27 —0.0203 27 —0.026 27 0.0237 10
OLIS v v 0.1298 0.0889 0.9968 1.4412 3 0.1285 6 0.122 5 —0.0848 25
ORIO v v 0.0401 0.1193 0.9874 03216 18 0.0389 15 0.0323 14 0.0843 5
RAKC Vv v 0.0123 0.0948 0.9931 0.1119 2 0.0107 22 0.0045 21 —0.0982 26
RNTL v v 02118 0.0689 0.9877 3.0493 1 02127 1 0.2041 1 0.1394 2
SGBD v v 0.0913 0.0859 0.9803 1.0438 5 0.0914 8 0.0836 7 —0.0096 16
SMPL v v —0.0021 0.0852 0.9838 —0.0442 24 —0.0038 24 —0.0098 24 —0.0025 13
SQPH v 0.1131 0.0574 0.994 1.9415 2 0.1121 7 0.1053 6 0.0097 12
TITA Vv v —0.0468 | 0.0621 0.9812 —0.7817 30 —0.0495 29 —0.0546 29 —0.1173 28
UCBL V v —0.0086 0.0873 0.9808 —0.118 26 —0.0105 26 —0.0163 26 —0.0567 20
UNIQ v YV 00739 = 0.1136 0.9976 —0.6661 29 —0.0758 30 —0.0818 30 —0.0567 19

‘We consider a 90-day treasury bill as risk-free security to estimate the risk-adjusted returns. The small-cap and large-cap are the short forms of small-capitalized and large-capitalized firms, respectively. The low B/M, medium B/M, and high B/M ratios indicate low

book-to-market, medium book-to-market, and high book-to-market ratios, respectively. The signs 1j, Aj, and ?  indicate the annualized return, risk, and beta coefficient, respectively.
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TABLE 4 Unit root test.

10.3389/fams.2023.1271485

Variables ADF test PP test
At level First difference At level First difference

ERN —9.4431 %55 —11.0142%%* —9.5508:%# —50.7884%5
RPM —8.7961%# —10.5046%%* —8.7969% —48.0418%
SMB —9.4339%#5 —9.3353# —9.3859%# —48.2341%
HML —4.00637# —14.1549%%* —10.8861%% —33.5645%
MOM — 11,9632 —11.4319%%* —12.0084:#% —49.4329%
B/H —10.4284%% —11.5834%%x —10.5292:%%% —57.2463%%
B/L —11.0248%% —11.5182%% —11.0306% —87.4241%%%
B/M —10.0997%# —10.5725%# —10.1873%# —37.0567%%
S/H —9.5349%# —11.5165%%* —9.511 1% —44,9589%
S/L —10.0790%#* —11.8303%# —10.0672%% —45.3705% %
S/IM —9.8238:# —11.0142%%* —9.7878% —52.5975%

Signs *#%, ** and * denote the level of significance at 1, 5, and 10%, respectively.

TABLE 5 Diagnosis test statistics.
Particulars Four-factor model

Multicollinearity test

Collinearity statistics

Three-factor model Single-factor model

Collinearity statistics Collinearity statistics

Tolerance VIF Tolerance VIF Tolerance VIF

RPM 0.9591 1.0427 0.9611 1.0405 0.8659 1.1549
SMB 0.9431 1.0603 0.9470 1.0559 0.8659 1.1549
HML 0.9837 1.0166 0.9847 1.0155
MOM 0.9917 1.0084
Normality test JB test p value JB test p value JB test p value

2.9345 0.2306 3.3162 0.1905 11.9700 0.0762
Heteroscedasticity test 2 p value 2 p value 2 p value

X X X
6.0987 0.1919 7.8199 0.0500 5.8452 0.0538

The normality and heteroscedasticity of the model are not a concern if the null hypothesis fails to be rejected at a 5% level of significance for the JB test and chi-square test.

HML have a negative and significant impact on the excess returns of
securities in the four-factor and three-factor models. The magnitude
of these outcomes denotes that getting a risk premium boosts the
profitability of the investors as it explains that if the market return is
higher than the risk-free rate, the investors will generate more excess
returns from their investments. Furthermore, the returns of size factor
(SMB) and value factor (HML) outperform the excess return of the
investment in four-factor and three-factor models, evidencing more
returns of SMB and HML factors and less excess returns. However, it
is surprising to notice that in the two-factor model, SMB positively
and significantly affects the excess returns for the investors. In
addition, the value of the momentum factor (MOM) in the four-factor
factor model describes the excess returns in a negative and significant
way, inferring that the sentiment of winning the stocks does not
increase the extra return of investors. It is stated that stock investors
will shift their funds from one company to another company if they
forecast an uncertain future for that current company despite its good
past performance (31).

Frontiers in Applied Mathematics and Statistics

Moreover, our researched explanatory variables appear to have a
perfect fit with the dependent variable ERN according to the adjusted
R? value of models T (0.9317), II (92.81), and III (0.8961), meaning
that four-factor, three-factor, and two-factor models explain the excess
returns 93.17, 92.81, and 89.61%, respectively. In addition, the
intercept coefficients (c) are close to zero, which supports the proper
regression model. Finally, based on the general guideline by Field (74)
who stated that a Durbin-Watson test value between 1 and 3 is not of
is no

concern for autocorrelation, we confirm that there

autocorrelation inherent in the models.

4.5.2 Impact of the Carhart four-factor model on
cross-section excess returns

Table 7 denotes the impact of the Carhart four-factor model on
the excess returns for investors in cross-section portfolios. The results
show that the calculated coefficients of the market risk premium factor
(RPM), which is significant and positive in all portfolios at the 1%
level, have a very good ability to provide an explanation for the

frontiersin.org


https://doi.org/10.3389/fams.2023.1271485
https://www.frontiersin.org/journals/applied-mathematics-and-statistics
https://www.frontiersin.org

Kabir et al.

disparity in excess returns for each of the portfolios. Our finding is in
agreement with previous research conducted by Fama and French (47)
as well as Hasan et al. (32). These studies have demonstrated that the
RPM factor exhibits a robust ability to explain variations in cross-
sectional stock returns. The size factor (SMB), however, has a negative
and significant impact on investors’ excess returns across all portfolio
distributions (with the exception of the S/H and B/H cross-section
firms), meaning that SMB explains excess returns spontaneously for
portfolio distributions with small- or large-capitalized firms that have
low or medium B/M ratio rather than portfolio distributions with high
B/M ratio firms. The findings of Cogkun et al. (75) and Khan and
Fahim (37) also concurred with our outcomes. Meanwhile, while the
value factor (HML) has a positive and significant impact on S/L and
S/H firms and a negative and significant impact on S/M, B/L, B/M,
and B/H firms, the momentum factor (MOM) has no discernible
impact on the excess return of investors for any given portfolio
distributions. These results show that the return of value factor
explicitly forecasts the supplementary profit for investors; however, the
top-performing stock sentiment is unable to forecast the anticipated
results for investors. Fama and French (48), Chui et al. (46), and Ang

TABLE 6 Regression outcomes of factorial values on market excess
returns.

Variables Coefficients

Model 1 Model 2 Model 3
RPM 1.0512%%* 1.0491%** 1.1017%**
SMB —0.2195%%* —0.2268%%* 1.0436%%*
HML —0.2615%%* —0.2584 %%
MOM —0.1049%**
C 0.0014 0.0005 —0.0031
Observations 119 119
R-square 0.9317 0.9299 0.8979
Adjusted R-square 0.9293 0.9281 0.8961
Fvalue 389.0508%%* 508.8835% % 510.0005%**
Durbin-Watson 2.1974 2.1260 1.8036

Signs *#%¥, ** and * denote the level of significance at 1, 5, and 10%, respectively.

TABLE 7 Regression outcomes of Carhart four-factor model.

10.3389/fams.2023.1271485

etal. (76) also documented that the momentum factor may be unable
to explain the cross-section returns of stocks. Particularly, Fama and
French (48) and Chui et al. (46) demonstrated that a country that
places a greater degree of emphasis on individualism rather than
collectivism has a significant momentum effect on stock returns.
However, our result is contradicted by Khan and Fahim (37) who
explored a strong effect of the momentum factor in stock returns, but
they considered only non-financial institutions in their datasets.

Moreover, regression intercept ¢ is supposed to be closer to zero
if the model is valid. All intercepts are seen to have near zero. In
addition, the adjusted R? values in all the cases convey the perfect fit
of the models.

4.5.3 Impact of Fama—French three-factor model
on cross-section returns

The three-factor time series regression model developed by Fama
and French (11) is presented in Table 8. We estimate the influence of
factor return on cross-section portfolio returns taking into account the
firms’ risk premium, size, and value factors. Surprisingly, it has been
found that, with the exception of the momentum component in the four-
factor model, the consequences of the Carhart four-factor model and the
Fama-French three-factor model on the excess returns of cross-section
portfolios are quite similar. Drew and Veeraraghavan (18) concluded in
their study that the multi-factor model, specifically the Fama and French
three-factor model, provides a parsimonious and economically
meaningful representation of the risk factors that explain returns in the
context of Malaysia. Furthermore, Lettau and Ludvigson (24), Kianpoor
and Dehghani (23), and Jareno et al. (21) have independently affirmed
the efficacy of the Fama and French three-factor model as a valid
estimator for excess returns of securities. We find that in contrast to size
factor (SMB), which has a negative and significant influence on the same
return classes (apart from B/H) at 1 and 5% significant levels, risk
premium (RPM) has a positive and significant impact on all portfolios
at the 1% significant level. Furthermore, the value component (HML)
has a positive and notable effect on S/L and S/H enterprises while having
an adverse and significant effect on firms that have large capitalizations
(except for S/M).

Additionally, the modified R2 values and intercept coeficient
values for all models in Table 7 indicate that the regression models are
well-fitted.

Variables Coefficients of portfolios

S/H B/L
RPM 1.0376%#% 1.22483#% 10376 10376 1.2248%#5 10376
SMB —1.0027%% —0.2297% —0.0027 —1.0027%5 —0.2297* —0.0027
HML 0.26887% —0.2515%#* 0.26887 —0.7312%%% —1.2515%#* —0.7312%%%
MOM 0.0028 —0.1070 0.0028 0.0028 -0.1070 0.0028
C 0.0040 0.0145%% 0.0040 0.0040 0.0145%%% 0.0040
Observations 119 119 119 119 119 119
R Square 0.8817 0.8463 0.8823 0.8947 0.8716 0.8914
Adjusted R Square 0.8775 0.8409 0.8781 0.8910 0.8671 0.8876
Fvalue 212,415 156.887 213.59%#% 242,105 19352 233.91%%%

Signs *#*, *#* and * denote the level of significance at 1, 5, and 10%, respectively. The S/L, S/M, S/H, B/L, B/M, and B/H are the short forms of small-cap with low B/M ratio, small-cap with
medium B/M ratio, small-cap with high B/M ratio, large-cap with low B/M ratio, large-cap with medium B/M ratio, and large-cap with low B/M ratio, respectively.
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TABLE 8 Regression outcomes of Fama—French three-factor model.

10.3389/fams.2023.1271485

Variables Coefficients of portfolios
S/H B/L
RPM 1.0377%%* 1.2226%%* 1.0377%%* 1.0377%%* 1.2226%%* 1.0377%%*
SMB —1.0025%** —0.2371%%* —0.0025 —1.0025%%* —0.2371%* —0.0025
HML 0.2687%%* —0.2483%** 0.2687%%* —0.7313%%* —1.2483%%* —0.7313%**
C 0.0040 0.0136%** 0.0040 0.0040 0.0136%** 0.0040
Observations 119 119 119 119 119 119
R Square 0.8817 0.8450 0.8823 0.8947 0.8706 0.8914
Adjusted R Square 0.8786 0.8410 0.8792 0.8919 0.8672 0.8886
Fvalue 285.69%%* 208.99%** 287.28%%* 325.63%%* 257.88%** 314.62%%%
The notes are similar to those in Table 7.
A B (o
Minimum Standard Deviation Maximimum Sharpe Ratio Minimum Standard Deviation
) 0% 0%
18.61%, 0% in 0%
0% o,
! d 18.61% 14.71%
2.70% 46.12%
32.57%
81.39% 85.29%
0%
=S/ ®WSM =S/H =B/ ®WBM =BH mS/L ®WSM =mS/H =B/L WBM mB/H B Small Capitalized Firm ® Large Capitalized Firm
D E F
Maximimum Sharpe Ratio Minimum Standard Deviation Maximimum Sharpe Ratio
1.02% 0%
33.395% 14.528%
66.605% 0%
98.98% ’ 85.472%
® Small Capitalized Firm ® Large Capitalized Firm ELowBtoM ®MediumBtoM ®HighBtoM mLowBtoM ®mMediumBtoM m®HighBtoM
FIGURE 1
Optimal portfolio optimization plots (A—F). The S/L, S/M, S/H, B/L, B/M, and B/H are the short forms of small-cap with low B/M ratio, and small-cap
with medium B/M ratio, small-cap with high B/M ratio, large-cap with low B/M ratio, large-cap with medium B/M ratio, and large-cap with high B/M
ratio, respectively. Furthermore, the low B to M, medium B to M, and high B to M ratios indicate low book-to-market, medium book-to-market, and
high book-to-market ratios, respectively. We utilize Microsoft Solver functions to determine the optimal portfolio weights. For more detailed
information on this process, please see the link: https://www.youtube.com/watch?v=SKnpdX5rSt8.

4.6 Portfolio optimizations

The outcomes of the optimal optimization of the portfolios are
shown in Figure 1. We compute the weights of optimal portfolios
using data from three distinct standpoints and focus on minimizing
the total risk (standard deviation) and maximizing the Sharpe ratio.
First, we estimate the ideal portfolio weights taking into account the
cross-section of enterprises (e.g., small-capitalized firms with low B/M
ratio), after that, for robustness, we calculate the optimal portfolios
based on market capitalization, and finally, we construct the portfolio
depending on B/M ratio of the firms (e.g., low book value-to-market
value ratio). The results of Figures 1A,B depict that if the investors
invested 46.12% of their total funds in S/L portfolios, they could
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minimize most of their risk of investments, followed by 32.57% of
their funds in S/H portfolios; in contrast, to maximize the Sharpe
ratio, investors should invest 81.39% of their funds in B/M portfolios.
These results demonstrate that small-capitalized companies with low
B/M ratios offer a consistent return, but it is lower than the risk-free
rate or it is unable to generate more profit according to the per unit of
risk-taking. On the other hand, large-capitalized businesses with
medium B/M ratios make more profit per unit of risk and offer a
return that is higher than the risk-free rate. It suggests that, in general,
risk-seeking investors should select large capitalization companies
with medium B/M ratios to maximize their return, and comparatively
lower risk tolerance investors should select small capitalization
companies with lower B/M ratios to minimize the risk. Our findings
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are partially in line with the study conducted by Cao et al. (77) and
Brown et al. (78). Their research indicated that investing heavily in
mid- and large-cap stocks exposes investors to unforeseen risks.
However, it is noteworthy that their study did not observe higher
abnormal returns or performance persistence among investors in this
context. Nevertheless, Ho et al. (79) presented evidence in their study
suggesting that small-cap stocks may exhibit lower risk levels
compared to large-cap stocks when evaluated over extended holding
periods. Risk-seeking investors constantly search for risky investments
to earn greater returns, whereas risk-averse investors demand higher
potential returns on riskier investments to compensate for the
increased uncertainty (80-82). From the perspective of the
Bangladeshi stock market, the broader economic conditions and
political instability of the country affect the risk and performance of
stocks listed in the DSE [Source]. Recently, the Business Post reported
that during the first half of 2023, the top 10 companies with the
highest market capitalization in the Dhaka Stock Exchange
experienced significantly lower returns. This was due to these
companies being unable to increase their share prices beyond their
floor prices. Meanwhile, smaller-cap companies saw a substantial rise
in their share prices over the last 6 months in the DSE.® Figures 1C,D
display the optimal portfolio weight allocation between the small- and
large-capitalized firms. It is observed that optimal weights of small-
capitalized firms in the portfolio lead to lower standard deviation,
resulting that if investors allocated 85.29% of their funds to the small-
capitalized firms, they could manage to reduce the total risks of the
investment. However, they have to put approximately 98.98% of their
money into large-capitalized companies if they wish to optimize the
Sharpe ratio. The share prices of large-cap companies maintain
consistency since the market participants cannot easily manipulate
their prices and the dividend yields of large-cap firms are higher than
small-cap firms (83). Furthermore, the results of Figures 1EF also
show that the firms that have low B/M ratio capital (Low B to P) offer
the lowest risk to the portfolio, followed by investments in firms with
high B/M ratios. However, investing in companies with lower B/M
ratio capital offers investors a greater Sharpe ratio. These results
suggest that investing money in companies that have low B/M ratio
capital entails less risk and results in a better Sharpe ratio.

5 Conclusion

The financial market is regarded as the hub for the administration
and management of stock and debt allocations for all financial institutions.
The share and debt securities are exchanged in the secondary market after
being issued in the primary market, and investors are constantly looking
for new strategies to explain the returns and make purchasing and selling
decisions. However, there is a lack of studies on the return explanation
abilities of different factor models along with some supportive analyses,
in the context of Bangladesh, despite the fact that there are extensive
studies on a variety of stock market-related issues. Hence, against this
backdrop, we estimate the ability of factor values to explain the stock

6 Small-cap cos outperform DSE heavyweights, Available at: https://
businesspostbd.com/stocks/small-cap-cos-outperform-dse-heavyweights
(Accessed September 20, 2023).
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returns along with scrutinizing the risk-adjusted returns and optimization
of portfolio weights of listed firms according to their cap sizes and B/M
ratios. In doing so, we take the monthly prices of 30 listed companies in
the Dhaka Stock Exchange under the DSE30 index. Primarily, the Sharpe
ratio, Treynor ratio, Jensen’s alpha, and Sortino ratio are calculated for
measuring the risk-adjusted returns, and after that, we apply the linear
regression model to test the ability of factorial values in explaining the
market and cross-section excess return of stocks.

The outcomes of our risk-adjusted techniques show that, in
contrast to small-capitalized firms with high B/M ratios, those with
relatively large capital with low B/M ratios have the ability to generate
more profit per unit of risks, encompassing both systematic and
downside, and have skillful fund managers for choosing accurate
projects since they all have positive Sharpe ratio, Treynor ratio,
Jensen’s alpha, and Sortino ratio. Furthermore, our linear regression
estimations depict that all factor models have strong power to explain
the market excess returns. However, concerning the impact of the
Carhart four-factor model and the Fama-French three-factor model
on cross-section stock returns, we do find a single difference in the
results, exploring that except for the momentum factor, the risk
premium, size, and value factors have a vast and identical impact on
cross-section excess returns. Moreover, the size factor explains the
returns more explicitly for small-to-low (S/L), small-to-medium
(S/M), large-to-low (B/L), and large-to-medium (B/M) portfolios
rather than portfolio distributions at small-to-high (S/H) and large-
to-high (B/H) categories. Finally, our optimal portfolio optimization
weights indicate that investors should invest 46.12-85.29% of their
funds in small-cap firms with low B/M ratios to minimize the risk of
investments; however, if they want to maximize the maximum Sharpe
ratio, they need to invest 81.39-98.98% of their funds in large-cap
firms that also have low B/M ratios.

Moreover, our findings have significant implications for the
institutions, investors, financial analysts, and regulatory bodies, in the
specific context of the Dhaka Stock Exchange. First, small-capitalized
firms with high B/M ratios may be conscious about the optimum use
of their capital and managing their systemic risk and unsystematic
risks. Second, specifically, the investors in DSE can use the factorial
returns to explain the stock return and make favorable portfolio
decisions. Third, depending on the risk-taking behaviors, investors can
allocate their funds according to the optimal weight distributions to
minimize risk and maximize the Sharpe ratio. Fourth, the regulatory
bodies and policymakers may enhance the quality of the stock market
by reducing the asymmetric information between the investors and
fund managers of companies and implementing proper policies.
Finally, this research may contribute to the current literature on asset
valuation models by shedding light on the viability and effectiveness of
a number of CAPM modifications in an emerging market context.

Nevertheless, our study suggests that a larger sample size, coupled
with more advanced methodologies, with a particular focus on the
examination of out-of-sample R-squared values or application of time-
varying models, could provide a more comprehensive assessment of
the influence of factor models in elucidating stock returns across both
long-run and short-run periods. In addition, conducting research to
assess the effects of regulatory interventions on market dynamics
within the DSE would be a noteworthy endeavor. This is particularly
relevant given the recent implementation of costly surveillance
software by the BSEC and the imposition of penalties on specific
individuals engaged in market manipulation.
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Appendix

TABLE Al Information of listed companies.

Institution Tricker name Industry type Market cap (Cr. Tk.) B/M ratio
ACI Formulations Ltd. ACIP Non-financial 732 0.43
Bata Shoe Company Bangladesh Ltd. BATA Non-financial 1,321 0.26
British American Tobacco BD Co Ltd. BAT Non-financial 28,010 0.13
Bangladesh Export Import Co Ltd. BEXI Non-financial 10,357 0.79
BRAC Bank Ltd. BRAC Financial 5,762 1.07
Bangladesh Submarine Cable Co Ltd. BSCC Non-financial 3,610 0.3
BSRM Steels Ltd. BSRM Non-financial 2,402 1.08
Bangladesh Steel Re-Rolling Mills Ltd. BSRR Non-financial 2,687 1.49
Beximco Pharmaceuticals Ltd. BXPH Non-financial 6,522 0.62
City Bank Ltd. CTBK Financial 2,617 1.41
Delta Life Insurance Company Ltd. DLIN Financial 1,768 0
Grameenphone Ltd. GP Non-financial 38,700 0.13
Heidelberg Cement Bangladesh Ltd. HBCB Non-financial 1,012 66.6
IDLC Finance Ltd. IDLC Financial 1,933 0.91
Islami Bank Bangladesh Ltd. IBBL Financial 5,345 1.23
Jamuna Oil Company Ltd. JOCL Non-financial 1,992 1.05
Lafarge Holcim Bangladesh Ltd. LFAR Non-financial 7,526 0.26
Meghna Petroleum Ltd. MEGP Non-financial 2,160 -0.15
MJL Bangladesh Ltd. MJLB Non-financial 2,746 0.47
National Bank Ltd. NBLL Financial 2,672 1.94
Olympic Industries Ltd. OLIS Non-financial 3,153 0.3
Orion Pharmaceuticals Ltd. ORIO Non-financial 1,881 1.03
RAK Ceramics Bangladesh Ltd. RAKC Non-financial 1,836 0.41
Renata Ltd. RNTL Non-financial 13,969 0.23
Singer Bangladesh Ltd. SGBD Non-financial 1,514 0.22
Summit Power Ltd. SMPL Non-financial 3,631 1.05
Square Pharmaceuticals Ltd. SQPH Non-financial 18,598 0.56
Titas Gas Transmission and Distribution TITA Non-financial 4,046 1.81
United Commercial Bank Ltd. UCBL Financial 1,828 2.25
Unique Hotel and Resorts Ltd. UNIQ Non-financial 1,961 1.27

These abovementioned companies are listed in the Dhaka Stock Exchange (DSE) under DSE30 index. Financial institutions refer to the profit seeking organizations that deal with financial
transactions and services, including banks, credit unions, insurance companies, and investment firms. In contrast, non-financial institutions are organizations that are not primarily engaged in
financial activities. They can encompass a wide range of businesses and sectors, such as manufacturing, healthcare, technology, education, retail, and more. We consider that a corporation is
classified as a small-cap company if its market capital is less than Tk.5000 crore. On the other hand, a large-cap company is one whose market capital exceeds Tk.5000 crore. (Available at:
https://simplywall.st/stocks/bd/market-cap-large). Furthermore, the classification of companies based on book-to-market (B/M) ratio is as follows: The top 30% represents the high B/M ratio,
the middle 40% indicates the medium B/M ratio, and the bottom 30% symbolizes the low B/M ratio (58).
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