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Jorge Gonz�alez
Instituto Econofinanzas, Monterrey, Mexico

Abstract

Purpose – Fama–French model (FFM) has been successful in helping to predict the financial markets, but
investors have been interested in creating more sophisticated models to better predict the performance of the
stock market. The objective of the extended version is to create a more robust econometric model to better
predict the performance of the Mexican Stock Market.
Design/methodology/approach – The study divides the Mexican Stock Market into six different portfolios.
The criteria to build those portfolios are the same one used in Fama–French (1992). The study comprises 78 stocks
listed in the Mexican Stock Market that are analyzed monthly during 1997–2018. The study analyzes the period
before and after the 2008–2009 financial crisis to identify whether there are important changes. The estimation
applies the traditional and an extended version of the FFM that include macroeconomic variables such as country
risk, economic activity, inflation rate, and exchange rate and some financial variables recommended in the literature.
Findings – Results indicate that classic FFM variables are statistically significant in most cases, but relevant
macroeconomic variables such as the interest rate, exchange rate and country risk stand out for being weakly
relevant in most of the portfolios. However, it is noticed that some of these macroeconomic variables became
relevant for different portfolios only after the 2008–2009 crisis, especially in portfolios which include small
market capitalization firms.
Research limitations/implications – The study includes the stocks listed in the Mexican Stock Market.
One limitation is the small number of stocks available, which reduces the possibility of creatingwell diversified
portfolios. This study includes 78 stocks. The stocks removed from the sample are from firms that were not
listed during six consecutive months or whose market capitalization did not change in the same period. Outlier
data were removed from the sample to capture in better way the general performance of the stock market.
Practical implications –The objective of the extended version is to create a more robust econometric model
than the traditional model. It is expected that such estimations can be helpful to investors to make better
decisions when they try to predict performance in the stock market.
Social implications – An extended version of the FFM can be helpful to investors to make better decisions
when they try to predict performance in the stock market.
Originality/value – To the best of our knowledge there are no more studies in the literature of the Mexican
financial market that apply the same methodology.
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1. Introduction
The Fama–French Model (1992) (FFM) is a well-known asset pricing model in finance that
uses size, book-to-market equity and other variables such as beta (market size), leverage and
earning-price ratios to capture the stock return of different companies. In the original study,
the authors claim that beta has little or even no ability to explain cross-sectional variation in
equity returns, but variables such as book-to-market value and market firm capitalization
(firm size) can explain such variation.

Empirical evidence suggests that, in some cases, FFM has been successful in helping to
predict the financial markets, but investors have been interested in creatingmore sophisticated
models to better predict the performance of the stock market. Therefore, in the last few years,
some extensions of the FFM have emerged. Besides the traditional variables included in the
FFM, Fama–French extensions comprise the inclusion of variables related to either
macroeconomic conditions or firm performance, such as momentum, profitability, dividends,
fundamentals, etc. Studies by Bali et al. (2015), Aretz et al. (2005), Adcock et al. (2019) and
Bergbrant and Kelly (2016) are good examples of Fama–French extensions that include
macroeconomic conditions, while studies by Roy and Shijin (2018) and Djamaluddin and Roffi
(2017) are extensions that include variables related to firm performance.

Regarding the literature about Mexico on this matter, only a few research studies have
applied either the traditional or an extension of the FFM to analyze the performance of the
Mexican Stock Market. Most of such literature centers its analysis on the FFM and just adds
the interest rate as an additional explanatory variable, as found in Velarde (2004) andTrevi~no
(2011). To the best of our knowledge, there are no other research studies that apply an
extended version of the FFM to analyze the performance of the Mexican StockMarket across
different periods. The objective of this study is to provide some new evidence that contributes
to the literature and at the same time provides important signals that can be helpful for
investors interested in the Mexican Stock Market.

The study divides theMexican StockMarket into different portfolios, according to specific
characteristics that are explained in the following sections, and then applies the traditional
FFM and an extended version of the same, which include some macroeconomic and financial
variables recommended in the literature. The purpose of the extended version is to explore if
the inclusion of economic fundamentals is helpful in creating a more robust econometric
model to better predict stock market returns in Mexico. To explore how the 2008–2009
financial crisis affected local markets, the sample has been divided into two periods, one of
them without the effect of the crisis. The study uses a database that spans from June 1997 to
January 2018 and creates portfolios using Mexican stocks, according to the amount of the
returns generated by firms in previous periods, as in Fama and French (1992).

The structure of the study is as follows: Section 2 analyses relevant literature regarding
the FFM applied to Mexico and international markets. Section 3 presents the methodology
and econometric model implemented in this study. Results are presented in Section 4 and,
lastly, Section 5 includes the discussion and conclusion parts of the research.

2. Literature review
This study is based on Fama and French (1992), which uses different portfolios classified
according to market book value and the market capitalization of each firm. Different
literature, such as O’Brien (2007) and Blanco (2012), supports the idea that by incorporating
firms according to market firm capitalization and market book equity, FFM becomes more
robust than the traditional Capital Asset Pricing Model (CAPM). One characteristic that
makes FFM preferable to CAPM is that the latter incorporates only the market risk premium
and disregards whether portfolios are made up of small or large firms or according to market
value books.
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2.1 FFM in the Mexican Stock Market and other markets
Velarde (2004) works on an extension of the FFM and develops an analysis with additional
variables, such as unexpected inflation, exchange rate, long-and-short interest rate spreads,
spreads between corporative and government bonds to identify if these risk variables help to
explain returns in the Mexican Stock Market. The author concludes that those variables do
not explain Mexican Stock Market behavior, since most of them are not statistically
significant. Valencia-Herrera (2015) also implements the FFM and analyzes the performance
of theMexican Sustainability Index during the period from 1995 to 2012. Results indicate that
such an index generated not only smaller returns but also smaller risk than the entire
Mexican Stock Market. Results also indicate that market risk premium, beta market
capitalization and year momentum beta are all statistically different from zero.

G�omez (2006) analyzes the effect of local and external factors in the returns of different
Mexican portfolios from 1995 to 2003. The author finds that the exchange rate is relevant to
explain market returns, while country risk does not have any effect on them. Similarly,
Trevi~no (2011) examines the determinants of the Mexican Stock Market returns from 1994 to
2010. The author constructs Fama–French portfolios and finds that the exchange rate has a
clear impact on risk returns. Trejo-Pech et al. (2012) analyze the Mexican Stock Market from
1991 to 2010 and implement the FFM. The study includes nine portfolios, and their results are
aligned with stock market returns. However, when 25 portfolios are created, the model is no
longer functional to predict stock market returns due to the small sample size in each
portfolio.

Regarding the literature about Latin America, Sanvicente et al. (2017) examine the
Brazilian stock market from 2004 to 2014. The authors find that country risk is not
statistically significant to explain stock returns. Duarte et al. (2013), in a study for Colombia
during the period from 2004 to 2012, use a CAPM model to explain whether the firm size is
relevant to determine the size premium in local stock markets. Their results indicate that size
premium is not relevant; thus, the market does not award any premium for investing in either
small or big companies.

In the case of the United States (US), Aretz et al. (2010) develop an extended version of the
FFM and incorporate additional variables to the traditional FFM model. They include
macroeconomic variables such as economic expectations, unanticipated inflation rate, and
changes in the spread between short- and long-term interest rates. They conclude that
portfolios constructed according to book market value are overly sensitive to changes in
economic fundamentals, while portfolios created according to firm capitalization value are
more sensitive to changes in interest rate and exchange rate. Later, Fama and French (2015)
developed a different study for the US stock market, from 1963 to 2013, where besides the
variables from their seminal model, they include additional variables related to profitability
and investment patterns. They create three portfolios and find that this new extended model
explains between 71 and 94%, respectively, of the total variance generated by these
portfolios.

Among the relevant FFM literature that has been developed about Asia, Chiang et al.
(2017) analyze nine Asian stockmarkets from 1995 to 2015 and compare those using different
variations of the traditional FFM. The authors include profitability, investment, momentum,
P/E ratio and dividend yield variables. They find that FFM with eight explanatory variables
is more effective to explain the performance of the stock market than the traditional FFM.

Manjuantha andMallikarjunappa (2018) use data from 1996 to 2010 to test the FFM in the
Indian Stock Market. They find that portfolios composed of medium and high book value
firms are well explained by the FFM, but portfolios composed of small book value firms only
respond to market premium and not to the other two explanatory variables included in the
model. Lastly, Chowdhury (2017), in an analysis for Bangladesh during 2010–2014, uses the
Fama–French three-factor model. The main finding is that stocks with a small market
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capitalization value perform better than those with a large capitalization value. Results also
indicate that big firms have an ambiguous effect on portfolio returns.

3. Methodology and econometric model
This study includes the stocks listed in the Mexican Stock Market. One limitation of this
study is the small number of stocks available in the Mexican market, which reduces the
possibility of creating well-diversified portfolios. This study includes 78 stocks [1], a number
obtained after eliminating financial stocks, as well as the least liquid stocks listed in the stock
market [2] (the stocks removed from the sample are from firms that were not listed during six
consecutive months or whose market capitalization did not change in the same period). The
database used in this study comprises monthly data from June 1997 to January 2018 [3]. The
stock market data are obtained from Bloomberg and already include dividends. After
robustness and residual tests in each regression, outlier data were removed from the sample
when the results changed significantly between periods, or when residuals were located
outside the confidence interval threshold. This allowed us to capture the general performance
of the Mexican Stock Market in a better way.

The study includes the financial risk environment prevailing in the country as an
explanatory variable called country risk. Such variable is used to capture the exposure of the
stock market to the country’s risk factors. The country risk variable is expressed as the
difference between the long-termMexican bonds categorized in dollars and the long-term US
treasury bonds. The long-term premium variable is included afterward and is obtained
from the difference between the 10-year Mexican bond return and the 91-day CETE
(CETEmeans Certificado de la Tesoreria, which is a treasury government bond equivalent to
the US 3-monthTreasury bill). The information for each of these instruments is obtained from
Mexico’s Central Bank (Banxico) website.

The econometric model also includes fundamental macroeconomic variables, such as
exchange rate, an indicator of the economic activity at a country level (IGAE) and the inflation
rate. The exchange rate is available daily on Banxico’s website and was calculated using the
average value in the entire month. The economic activity index, Indicador Global de la
Actividad Economica (IGAE) and the inflation rate (INPC) are available monthly at the
National Institute of Statistics and Geography (INEGI). Lastly, the study also includes the
SPY500 variable, which measures the performance in the US stock market and was obtained
from Bloomberg.

The construction of the six portfolios included in this study starts with the Fama and
French (1992) methodology. This process consists of sorting the stocks according to market
firm capitalization and then dividing them into two categories: B (Big) and S (Small). The
category for each firm is obtained considering the average value in theMexican StockMarket
Index during the analyzed period. For example, if a company is among the 50% most
capitalized companies in the Mexican Stock Market, then it is considered as a big company,
otherwise, it is considered a small company [4]. This exercise allows modifications if market
capitalization changes across participant firms. As a result, the portfolios for small and big
companies could be consisted of different companies every year.

Once the stocks are separated according to firm capitalization (small and big), they are
divided according to the book-to-market ratio of each analyzed company. Fama and French
(1992) in their study organize the stocks by high, medium and low categories, where the
abbreviation H stands for high, M for medium and L for low. It is important to mention that
H represents 30% of the company stocks with the highest book-to-market ratio among all the
78 stocks included in the analysis, L stands for the companies with the 30% lowest ratio and
M takes the remaining 40%of the stocks in the sample. The book-to-market ratio information
comes from the financial statements reported in December from the previous year. Similarly,
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portfolios are rebalanced each year to allow for changes if any stock suffers a modification in
its book value during the analyzed period. Due to sample size, we did not split the estimations
into quintiles, as is presented in the original Fama and French (1992) study. The six portfolios
constructed for this study are shown in Table 1. These portfolios are regressed against the
traditional variables included in the Fama andFrench (1992), and then in a secondmodel, they
are regressed against the traditional variables plus some additional relevant macroeconomic
variables supported by the literature.

This process is then followed by the construction of the SMB (Small Minus Big) variable,
which is the average return of the three portfolios composed of small-capitalization companies
in the Mexican Stock Market (50% smallest market capitalization companies) minus the
average yield of the three biggest portfolios (50% biggest market capitalization companies).
That is, SMB5 [1/3 (S/Lþ S/Mþ S/H)] – [1/3 (B/Lþ B/Mþ B/H)]. SMB refers to the firm size
premium and is expected to have a positive sign for small firm returns because in the short run
small firms traditionally generate larger returns than big firms to compensate by size risk.

Next, the HML variable is constructed. HML, which stands for High Minus Low, is the
average yield of the two portfolios together with the highest book-to-market ratio (S/H and
B/H) minus the average yield of the two portfolios with the smallest ratio (S/L, B/L). That is,
HML5 [½ (S/Hþ B/H)] – [½ (S/Lþ B/L)]. The HML coefficient is expected to be positive for
the portfolios with the highest ratio, granting higher profitability and value. In this sense, the
stocks with the highest valuation are expected to provide higher returns for investors.
Therefore, if the portfolio consists of high valuation stocks, then an increase in the return in
this kind of stock leads to a better performance of the portfolio. The market return (RM) is
constructed by weighting the monthly stock returns listed according to their respective size.
We subtract the market risk-free government bond (91-day CETE bond) from the stock
market return during the same period. Such difference is called the market risk premium,
which is a yield obtained for investing in stocks rather than investing in assets without any
risk, such as government bonds.

Descriptive statistics are shown in Table 2. The whole period indicates that the B/H
portfolio shows the highest returns among all portfolios constructed in this study, while
the B/L portfolio shows the smallest returns. Moreover, when the sample is split among the
1997–2010 period (to capture the effect of economic crisis) and 2010–2018 (without crisis), the
average return for all portfolios is, in general, higher for the pre-crisis period than for
the after-crisis period, except for the S/L and SMB portfolios, which show opposite results.

Table 2 also shows that when the average return between big-capitalization (BL, BM, BH)
and small-capitalization (SL, SM, SH) portfolios is contrasted, a clear dominance cannot be
stated among them. Table 2 also indicates that volatility during the period after the financial
crisis is smaller than the period before the crisis. This happens for almost all portfolios,
regardless of the stock composition in the portfolio. Lastly, Market Risk Premium (MRP) is
small, but positive for all samples, indicating that the average return in the financial stock
market is not higher than risk-free instruments such as government bonds (CETES).
The second period shows practically zero returns for amarket premium; such results could be
explained due to a local monetary tightening policy and a weak performance in the Mexican

Book value
Market capitalization
Small Big

Low Small/Low (S/L) Big/Low (B/L)
Medium Small/Medium (S/M) Big/Medium (B/M)
High Small/High (S/H) Big/High (B/H)

Source(s): Own estimations using data from Bloomberg

Table 1.
Portfolios created for
this study

JEFAS
26,52

256



W
h
ol
e
p
er
io
d

Ju
n
e
19
97

to
Ja
n
u
ar
y
20
18

B
ef
or
e
an
d
d
u
ri
n
g
fi
n
an
ci
al
cr
is
is

Ju
n
e
19
97

to
M
ay

20
10

A
ft
er

fi
n
an
ci
al
cr
is
is

Ju
n
e
20
10

to
Ja
n
u
ar
y
20
18

M
ea
n

M
ax

M
in

S
td
.d
ev
.

M
ea
n

M
ax

M
in

S
td
.d
ev
.

M
ea
n

M
ax

M
in

S
td
.d
ev
.

B
ig

fi
rm

s
B
/H

1.
45

24
.8
7

�3
8.
33

7.
38

1.
66

24
.8
7

�3
8.
33

9.
28

1.
09

11
.6
7

�9
.0
1

4.
42

B
/M

0.
81

18
.9
6

�3
2.
58

6.
62

1.
02

18
.9
6

�3
2.
58

7.
88

0.
45

7.
41

�9
.0
9

3.
61

B
/L

0.
71

19
.5
4

�4
4.
08

7.
53

0.
97

19
.5
4

�4
4.
08

8.
84

0.
26

13
.2
7

�2
3.
67

4.
52

S
m
al
l
fi
rm

s
S
/H

0.
97

45
.8
3

�3
8.
53

8.
81

0.
98

45
.8
3

�3
8.
53

10
.6
0

0.
97

11
.1
2

�1
0.
85

4.
39

S
/M

1.
44

22
.5
5

�3
0.
62

6.
79

1.
59

22
.5
5

�3
0.
62

8.
13

1.
17

9.
21

�8
.4
3

3.
52

S
/L

0.
90

14
.5
1

�3
0.
55

5.
92

0.
81

14
.5
1

�3
0.
55

6.
98

1.
04

9.
67

�6
.3
7

3.
50

S
M
B
,H

M
L
an
d
m
ar
k
et
ri
sk

p
re
m
iu
m

S
M
B

0.
11

13
.2
7

�1
5.
26

4.
52

�0
.0
9

13
.2
7

�1
5.
26

5.
37

0.
46

7.
15

�6
.5
0

2.
49

H
M
L

1.
13

29
.2
6

�3
8.
64

7.
38

1.
26

29
.2
6

�3
8.
64

8.
99

0.
91

14
.4
0

�9
.2
3

5.
35

M
R
P

0.
21

14
.2
6

�3
2.
20

6.
39

0.
34

14
.2
6

�3
2.
20

7.
71

�0
.0
1

7.
59

�1
1.
01

3.
17

S
o
u
rc
e
(s
):
A
u
th
or
s’
es
ti
m
at
io
n
s
u
si
n
g
d
at
a
fr
om

B
lo
om

b
er
g
.M

R
P
is
eq
u
al
to

R
M

t
−
rf

t,
th
at

is
,m

ar
k
et
ri
sk

m
in
u
s
ri
sk
-f
re
e
in
te
re
st
ra
te

Table 2.
Descriptive statistics
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Stock Market. Table 3 shows the correlation matrix and indicates that correlation among
portfolios is not a relevant problem.

The base model for this study is an adaptation from the Fama and French model (1992)
with the inclusion of factors, such as credit and macroeconomic variables, as presented by
Simpson and Ramchander (2008).

rit � rft ¼ αi þ β1ðRMt � rftÞ þ β2SMBt þ β3HMLt þ γ1Termt þ γ2Country Riskt

þ δ1ExcRatet þ δ2Yt þ δ3πt þ f1SPYt þ εit (1)

Where, SMB refers to a portfolio composed of small-minus big-capitalization companies and
HML refers to a portfolio with high minus low book-to-market ratio companies. Both
generated variables are consistent with the Fama–French methodology. The variable RM in
Eqn 1 refers to the averagemarket return of the 78 stocks in this study. The 91-day CETE is a
proxy for the risk-free rate of return, this variable is denoted as rft; then, ðRMt − rftÞand refers
to excess returns or market risk premium. The rit − rft is the dependent variable and refers to
the excess return of each of the portfolios constructed in this study (S/L, S/M, S/H, B/L, B/M,
B/H). Note that β is estimated for the common FFM variables.

Then, we focus on the long-term risk premium variable, which is obtained throughout the
estimation of the spread of the 10-year Mexican Treasury bond and the 91-day Treasury
bond (CETE). The structure term reflects the expectations of market participants about
future changes in interest rate. Another variable included in the model is called country risk,
which refers to the spread between the long-term Mexican bonds in US dollars and the
long-term US Treasury bond. An increase in country risk reflects a higher risk to invest in
Mexico; therefore, investors need to be compensated with a higher premium in returns to be
willing to invest. For these variables (further to FFMmodel), it is estimated γ, which refers to
how each portfolio reacts to changes in the interest environment.

Now, δ measures the impact of three macroeconomic variables (Exc Rate, Y and π) that
refer to exchange rate, economic activity and the local inflation rate. According to results
obtained in the literature, a depreciation of the Mexican peso is expected to lead to fewer
portfolio returns (Adcock et al., 2019; Aretz et al., 2010). A similar effect on each portfolio
return is expected to be generated by increases in the inflation rate (Kelly, 2003; Zhang et al.,
2009). Lastly, an increase in economic activity is also expected to increase returns across
portfolios (Kelly, 2003; Zhang et al., 2009). Then, f is estimated to capture the impact that the
US stock market index (S&P 500) is having on domestic portfolios. A positive relationship
between the US and Mexico stock markets is expected, due to the positive cycles between
both economies. Lastly, the εi;t term refers to the traditional error term that is expected to have
a normal distribution with a zero mean and variance, σ2.

BH BM BL SH SM SL SMB HML RMP

B/H 1.00
B/M 0.64 1.00
B/L 0.57 0.65 1.00
S/H 0.47 0.42 0.41 1.00
S/M 0.69 0.61 0.60 0.60 1.00
S/L 0.57 0.64 0.48 0.45 0.63 1.00
SMB �0.31 �0.36 �0.42 0.44 0.13 0.13 1.00
HML 0.77 0.32 0.14 0.66 0.49 0.21 0.09 1.00
RMP 0.52 0.61 0.64 0.48 0.51 0.50 �0.17 0.29 1.00

Source(s): Authors’ estimations with data obtained from Bloomberg

Table 3.
Correlation between
portfolio returns
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One of themain purposes of this study is to identify whether themacroeconomic variables
included in the model are influencing the stock returns in each of the six portfolios. Variables
such as momentum and profitability, among others included in the literature (Fama and
French, 2015; Djamaluddin and Roffi, 2017) are excluded from the analysis to keep enough
degrees of freedom, as suggested by Trejo-Pech et al. (2012). Additionally, to check the
stationarity of the variables used in the model, a table with the unit root test is developed,
which is available upon request. Such table shows the Dickey Fuller Extended test with the
optimal number lags (according to Schwarz information criterion) and the Phillips–Perron
test. Results indicate that all variables are I(1), which allow us to regress all variables in the
FFM. Lastly, to check heteroskedasticity problems in the regressions estimated in this study,
Breusch–Pagan tests are included for each regression. In general, no problems can be seen
with heteroskedasticity or autocorrelation in the distribution of errors.

4. Results
4.1 Whole sample period analysis
Two econometric models for each of the portfolios are estimated. The first model refers to the
classic FFM, followed by the second model that is an augmented version of the FFM and
includes the spread between short- and long-term interest rate, country risk and the
macroeconomic variables previously mentioned. Each regression is estimated for the entire
analyzed period (June 1997 to January 2018). The study also comprises an analysis for the
period before and after the 2008–2009 financial crisis. The reason for dividing the analysis
into these two periods is because some relevant changes could be originated in the Mexican
Stock Market after the financial crisis.

Table 4 shows the portfolio results for small and big market capitalization firms for the
whole period analyzed in this study. Such portfolios are divided into low-, medium- and high-
value firms. The table also shows comparatives between the traditional and the extended
version of the FFM, which is the main objective of this research paper. Results indicate that
coefficients for traditional FFM are all statistically significant and similar to coefficients
obtained in the extended FFM.

The traditional FFM includes the market risk, SMB and HML variables. Results indicate
that excess return or market risk premium ðRMt − rftÞis positive and significant across all
regressions. Such results indicate evidence that the Mexican Stock Market demands a
premium for investing in risk assets rather than investing in assets without market risk.
However, the coefficient is close to 1, a value aligned with a unitary elasticity, except for the
BH portfolio, characterized by big capitalization and value. SMB is positive and statistically
significant in the case of all small-capitalization firm portfolios. Such coefficients indicate that
the Mexican Stock Market grants a size premium for investing in small-capitalization firms
where stock variations are higher than big-firm variations. In the case of portfolios composed
of bigmarket capitalization firms, results are negative and statistically significant, indicating
that an increase in the return of SMB portfolios creates a negative effect on the portfolio’s
return since the small portfolios become more attractive with an increase in their returns. In
the case of small market capitalization portfolios, the HML coefficient is statistically
significant for all portfolios but with mixed signs. It is positive for high and medium book
valued firms, but negative for low book valued firms. Findings are relevant because they
show a premium for firm size and for firm value. As a result, investors with portfolios
composed mainly of small firms could expect to see higher returns than the average market
returns; such behavior is replicated for stocks with high books value.

In the case of portfolios with small market capitalization firms, the long-term risk
premium variable (which is the difference between the 10-yearMexican bond return and the
91-day CETE bond) is not statistically significant in any portfolio. In the case of big value
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companies, results are mixed, while the coefficient is positive for medium book value
portfolios, but negative in the case of low book value portfolios. Regarding the country risk
variable, results indicate that in the case of small-capitalization firms, the variable is
negative and statistically significant. This is consistent with the expected value because an
increase in the economic risk level in a country leads to a negative return in these portfolios
due tomore uncertainty for investments andmore risk of default (Stoopen, 2015). In the case
of big market capitalization firms, the country risk variable has mixed results, indicating
that it cannot be considered a strong predictor to determine the return in big companies.
These findings could be relevant for investors, since the country risk is daily data, and big
movements for this indicator seem to affect mainly small firms, although returns in big
firms could also be affected.

Regarding macroeconomic variables (IGAE, exchange rate and inflation rate), results
indicate that, in general, they are all poor predictors to estimate portfolio returns. This is
consistent throughout portfolios regardless of whether they are composed of small or big
companies. For example, IGAE is not statistically significant for any of the analyzed
portfolios, while the inflation rate is just significant for one out of six portfolios, making this
variable a poor predictor. The variable exchange rate is positive and statistically significant
in the case of small-capitalization firms with high book value, but negative with small book
value firms, and is not significant for any portfolio in the case of big firms. This could indicate
that portfolios composed of small market firms aremore sensitive to exchange rate variations
than portfolios composed of big firms. Lastly, the variable SPY500, which stands for the
Standard and Poor 500 Index, is not statistically significant for any small market
capitalization portfolio. In the case of large market capitalization portfolios, it is statistically
significant just in the case of large firms with small book value portfolios.

4.2 Traditional small FFM before, during and after the financial crisis
Table 5 shows the results for the portfolios of small market capitalization firms during the
periods before/during and after the 2008–2009 financial crisis. Results indicate that all the
conventional variables (MRP, SMB and HML) in the traditional and extended FFM are
statistically significant. Such results are consistent across portfolios and for both analyzed
periods.

The variables market risk premium and SMB, which refer to the firm size premium, are
both positive and statistically significant in all portfolios; such coefficients are somewhat
stable for both periods, although there is a reduction in magnitude for the SH portfolios.
An analysis of the subsamples identifies the coefficients in FFM that are marginally reduced
in the period after the financial crisis, in comparison to the period before the crisis. It is
important to mention that S&PBMV IPC (a proxy for our portfolio market performance) goes
from 2500 points in 1997 to 32,600 points in 2007 or late 2009. In other words, in nominal
terms, the local market grew 13 times in such period. From 2010 to the beginning of 2018, the
index went from 34,000 to 50,000 points, not enough to double the market in 8 years. Such
reduction in coefficients between both periods can be interpreted as a signal that theMexican
Stock Market has matured in the past few years. Also, the monetary policy was tight during
the 2016–2018 period, which, combined with uncertainty in local markets after the US 2016
election, could have reduced the magnitude in such coefficients. Such factor could be a reason
to explain the small market premiumduring the period after the financial crisis in comparison
to the previous period. The HML coefficients are statistically significant for all portfolios
before and after the crisis, but the coefficients are mixed; positive values are for high and
medium book value, while negative for the low book value portfolios. The long-term risk
premium and country risk variables are not statistically significant in most of the portfolios
either before or after the crisis. However, the expected (negative) sign remains.
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In the case of macroeconomic variables such as IGAE, results are positive and statistically
significant just for the small book value portfolio during the period after the financial crisis,
indicating that an increase in economic activity leads to higher returns for this portfolio
during the analyzed period. In the case of the exchange rate, which is another macroeconomic
variable, coefficient estimates are statistically significant, but with mixed signs across
portfolios indicating no clear effect on them. Nevertheless, portfolios that include small
capitalization firms seem to react to this variable. In the case of the inflation rate, results
indicate an effect just on the medium book value firm portfolios during the period after the
financial crisis. SPY500 is statistically significant just for some of the portfolios. Before the
crisis, none of the SPY500 coefficients are statistically significant, but, after the crisis, SPY500
became positive and significant in the medium book value.

4.3 Traditional big FFM before, during and after the financial crisis
Table 6 shows results for portfolios composed of big market capitalization firms in both
periods analyzed in this study. The traditional FFM estimates indicate that the market risk
premium variable is positive and statistically significant across all portfolios. Such market
risk compensation in the case of the BH portfolio is higher during the period before the crisis
than in the post-crisis period, while other portfolios show smaller variations. Coefficients are
statistically significant only for the BH portfolio, showing the expected sign, i.e. an increase in
premium size reduces returns in big firms. The second period analyzed in this study (after the
2008–2009 financial crisis) shows a small reduction in such coefficients; while the other
portfolios analyzed in this study display coefficients that are not statistically significant.

In the case of the HMLvariable, results indicate they are statistically significant in almost all
portfolios, and the coefficients are similar between traditional and extended FFM. Portfolios
with a higher value react positively to theHML indicator.An increase in the average value leads
to fewer returns in BL portfolios and reduces their attractiveness for potential investors.
Regarding the long-term risk premium variable, results indicate that it is not statistically
significant for the period before the financial crisis, except for the BL portfolio. In the period
after the crisis, estimates are mixed indicating no clear pattern across portfolios.

Regarding the country risk variable, results are negative and statistically significant for
BH portfolios during the period before the 2008–2009 financial crisis and statistically
significant for BM portfolios during the period after the crisis, while all other portfolios are
not statistically significant. In other words, not all portfolios react to risk changes, but when
they do, the expected movement is a fall in returns.

In the case of the macroeconomic variables such as IGAE and inflation, estimates indicate
they are not statistically significant in any of the portfolios, regardless of the analyzed period.
In the case of the exchange rate, the coefficient is not statistically significant before the financial
crisis, although it is negative in the period after the crisis for portfolios composed of high book
value firms. Results indicate the exchange rate creates more changes in small capitalization
firm portfolios than in portfolios composed of big market capitalization firms. Such results
could be expected because it is more difficult for small firms to hedge the risk created by the
exchange rate than big companies, which can easily access hedging instruments. Results also
indicate that theMexican StockMarket at the portfolio level has not been able to clearly capture
the effects of economic activity or inflation rate. Lastly, the variable SPY500 is not statistically
significant for the period after the financial crisis, while the period before the crisis is positive
and statistically significant just for the small book value portfolio.

5. Discussion and conclusions
The main findings indicate that estimated coefficients in the traditional FFM are statistically
significant and consistent with expected values. In addition, the traditional FFM coefficients,
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also included in the extended FFM version, are remarkably similar to those obtained when
the traditional FFM is estimated alone.

In the case of the market risk premium, the coefficient is always significant and
statistically significant, regardless of the portfolio composition or analyzed period. However,
the study finds that movements in the short-term interest rate originated bymovement in the
monetary policy can influence returns originated by stockmarket portfolios. It is important to
note that the returns coefficient is smaller for portfolios composed of big companies with a
high book value in comparison to portfolios composed of low book value companies. SMB
portfolios, which are composed of small companies, pose a size premium, which vanishes
once big companies are included in the portfolio.

HML coefficients are statistically significant for the whole period regardless of the
portfolio. In addition, the coefficients for high book value are in general bigger than for
medium and low book value portfolios. There is a clear value premium, which could be a
helpful hint for investors once they decide where to invest their money. The long-term risk
premium and SPY500 variables are not statistically significant for almost any portfolio, and
show negative mixed values indicating no clear pattern in the effect of the long-term risk
premium on firm returns. In other words, results indicate no evidence that long-term
investments generate an additional premium and are consistent across portfolios.
The country risk variable has a negative and statistically significant effect on stock
returns in the case of the full sample period, but such relationship disappears for the period
after the financial crisis. However, there is evidence that changes in country risk values can
negatively affect returns in some portfolios. Regarding the macroeconomic variables, results
indicate that during the period after the crisis, portfolios composed of small firms seem to
respond more accordingly to macroeconomic effects, such as changes in the exchange rate,
country risk and inflation rate. In the case of portfolios composed of big firms, such response
is less pronounced. In short, portfolios composed of small firms generate higher returns than
portfolios composed of big firms. In addition, higher returns are also found in the case of firms
that show the highest book-to-market ratio values. Lastly, results also indicate that
macroeconomic fundamentals are weakly related to returns in stock portfolios.

As the Mexican stock market matures, it is expected to respond more accordingly to
changes in economic fundamentals, as stock markets do in developed economies. For
example, in a study about Mexico, Castillo-Ponce et al. (2015) find evidence that the stock
market has matured and is now responding to economic fundaments. However, there is not
enough literature analyzing the determinants of stock returns, and this study contributes as
one of the pioneers in examining the relationship between macroeconomic factors and the
performance of Mexican firm stocks.

Notes

1. The list of the 78 stocks used in this study is available upon request.

2. The reason why financial stocks are eliminated from this study is because of the leverage level
traditionally maintained by these firms. Financial corporations usually have higher levels of
leverage (risk) than non-financial firms. This is mentioned and implemented in Fama and
French (1992).

3. Due to the monthly frequency data, we decided to begin in 1997 to capture as much data as possible
for a time series. Data availability for many firms begins in these years. This year made it possible
to dissipate the effect of the 1994–95 crisis, which affected variables such as inflation and
interest rates.

4. As a note, each June the portfolios were rebalanced, meaning that the exercise of categorizing small
and big companies was repeated every June throughout the period analyzed in the study.
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