FUNDAGAO GETULIO VARGAS
ESCOLA DE ECONOMIA DE SAO PAULO

LEONARDO MATHIAZZI LAGNADO

INTRODUCING ADDITIONAL FACTORSFOR THE BRAZILIAN MARKET IN
THE FAMA-FRENCH FIVE-FACTOR ASSET PRICING MODEL

SAO PAULO
2016



LEONARDO MATHIAZZI LAGNADO

INTRODUCING ADDITIONAL FACTORSFOR THE BRAZILIAN MARKET IN
THE FAMA-FRENCH FIVE-FACTOR ASSET PRICING MODEL

Tese apresentada para a Escola de Economia
de S&o Paulo da Fundacdo Getulio Vargas,
como parte dos requisitos para a obtencéo do
grau de Mestre de Economia.

Campo de conhecimento: Finangas

Orientador: Prof. Dr. Ricardo Ratner
Rochman

SAO PAULO

2016



Lagnado, L eonardo Mathiazzi.

Introducing Additional Factorsfor the Brazilian Market in the Fama-French Five-
Factor Asset Pricing Model / Leonardo Mathiazzi Lagnado. - 2016.

65 f.

Orientador: Ricardo Ratner Rochman
Dissertagdo (MPFE) - Escola de Economia de S&o Paulo.

1. AcBes (Financas) - Brasil. 2. Mercado de capitais - Brasil. 3. Avaliacdo de

ativos - Modelo (CAPM). 4. Avaliagdo deriscos. |. Rochman, Ricardo Ratner. I1.
Dissertacéo (MPFE) - Escola de Economia de S&o Paulo. I11. Titulo.

CDU 336.767(81)




LEONARDO MATHIAZZI LAGNADO

INTRODUCING ADDITIONAL FACTORSFOR THE BRAZILIAN MARKET IN
THE FAMA-FRENCH FIVE-FACTOR ASSET PRICING MODEL

Tese apresentada para a Escola de
Economia de S&o Paulo da Fundag&o
Getulio Vargas, como parte dos requisitos
para a obtencdo do grau de Mestre de
Economia.

Campo de conhecimento: Financas

Aprovacdo: 23 de agosto, 2016

M embros da banca;

Prof. Ricardo Ratner Rochman
FGV-EESP

Prof. Claudia Emiko Y oshinaga
FGV-EESP

Prof. Joelson Oliveira Sampaio
FGV-EESP



Dedication

| gratefully dedicate this thesisto my wife, Celina, who was always understanding, loving and
supportive, as well as to my parents, who placed so much value in education and made it
possible for me to come thisfar.



Acknowledgements

The completion of thisthesis could never had been possible without the assistance of so many
people who participated in my education thus far. | truly appreciate their contributions.

Nevertheless, | would like to give specia thanks to Professor Ricardo Ratner Rochman for his
uninterrupted support, as well asto all the committee members.

| also thank my wife, Celina, for proofreading my document so many times and Fernando
Kamitani for his help with naming specific terms and variables.



Abstract

This dissertation is aimed at evaluating the risk-return relationship of stocks by incrementing
the Fama and French five-factor model (F. FAMA and R. FRENCH, 2015) with two new
variables. This was done by creating a six-factor model aimed at capturing the size, value,
profitability, investment and governance patterns in average stock returns. An additional
seven-factor model was aso created by adding a herding factor. Governance and herding
were chosen as additional factors because of a hypothesis that they would be relevant in less
efficient markets such as Brazil. The evaluation of the two model”s performance versus the
traditional five-factor model was performed next, as well as the assessment of relevance of the
newly added factors. Testing the six-factor model, it had a similar performance to the five-
factor model, and the governance factor proved to be relevant in the Brazilian market. Adding
the herding factor weakened the results, although the factor still proved to be relevant in some
cases.

Keywords: three-factor, five-factor, seven-factor, size, value, book-to-market, profitability,
investment, governance, herding, SMD, HML, RMW, CMA, SMF, CSSD, CAPM, Capital
Asset Pricing Model, stock returns, risk-return relationship



Resumo

O objetivo desta dissertacdo é avaliar a relacdo risco-retorno de agdes incrementando o
modelo de cinco fatores de Fama e French (F. FAMA and R. FRENCH, 2015) com duas
novas variaveis. Isso foi feito criando um modelo de seis fatores que busca capturar os
padrdes de tamanho, valor, lucratividade, investimento e governanca nos retornos medios de
acOes. Um modelo adicional de sete fatores também foi criado adicionando um fator para o
efeito manada. A governanca e o efeito manada foram escolhidos como fatores adicionais por
conta da hipétese de que eles seriam relevantes em mercados menos eficientes como o Brasil.
A avaliagdo da performance dos dois modelos contra 0 modelo tradicional de cinco fatores foi
entdo realizada, bem como a avaliagdo da relevancia dos novos fatores. Testando o modelo de
seis fatores, descobrimos que ele tem uma performance semelhante ao de cinco fatores, e o
fator de governanca mostrou ser relevante no mercado Brasileiro. Adicionando o fator para o
efeito manada enfragueceu os resultados, embora o fator ainda se mostrou relevante em
alguns casos.

Palavras-chave: trés fatores, cinco fatores, sete fatores, tamanho, valor, book-to-market,
lucratividade, investimento, governanca, efeito manada, SMD, HML, RMW, CMA, SMF,
CSSD, CAPM, Capital Asset Pricing Model, retornos de agdes, relacéo risco-retorno
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1 Introduction

The discussion regarding the Capital Asset Pricing Model (CAPM) has been two-pronged. On
one side, there isempirical evidence to support the model (SCHOLES, BLACK and JENSEN,
1972) (FAMA and MACBETH, 1973). Nevertheless, posterior developments pointed to the
existence of anomaly variables in empirical tests, leading to the conclusion that beta as a
singular explanatory variable for asset returns is not complete (F. FAMA and R. FRENCH,
2008).

Other variables have been included and tested empirically to improve the model, such as
book-to-market (B/M), operating profitability, market capitalization (size) and investment in
capital expenditures (investment), all of which showed a relationship with expected returns.
These variables have added explicative value to the performed regressions (F. FAMA and R.
FRENCH, 1992) (NOVY-MARX, 2013) (BANZ, 1981) (TITMAN, WEI and XIE, 2004)
(CARNEIRO MARTINS and EID JR., 2015).

Recent testing methodologies have focused on multi-factor models. One of the most used
methodologies is the empirically motivated Fama-French three-factor model. Their model
introduces three systematic factors, which are firm size, book-to-market ratio (B/M) and the
market index. The model became famous for its ability of showing the risk-return relationship
better than the established CAPM (F. FAMA and R. FRENCH, 1993). Later, inspired by
authors who showed the relevance of additional variables, Fama and French proposed a new
model with five factors, now including investment and profitability. They found that the five-
factor model is superior to the three-factor model to explain the cross-section of average
returns (F. FAMA and R. FRENCH, 2015).

In the spirit of other models that have been developed by authors, the objective of this paper is
to move on to other factors that could better explain the risk-return relationship. The rationale
as to why this project is an important addition to the current body of knowledge is that there
are still gaps in current models, since alpha has not yet been completely reduced to zero (F.
FAMA and R. FRENCH, 1992) (NOVY-MARX, 2013) (BANZ, 1981) (TITMAN, WEI and
XIE, 2004) (CARNEIRO MARTINS and EID JR., 2015). New factors could improve this and
further reduce alpha.

We investigate if the five original Fama & French factors can be complemented by two other
factors that could prove to have some significance in the case of the Brazilian market, more
11



specifically. The reason for focusing on an emerging market is related to questions about its
efficiency. This apparent lack of efficiency in Brazil suggests that adding a factor for herding
behavior could be effective. Moreover, the Brazilian market has a category of companies that
seem to strive for better governance factors, and market participants tend to say these stocks
have a better performance. Governance, therefore, could also be an included factor. With this,
we propose a new seven-factor model in this paper. The hypothesis is that both new factors
will prove statistically significant and will lower the significance of the alpha of the model

closer to zero.

The main findings of this paper were that both the governance and the herding factors are
relevant. Tests showed that the six-factor model with governance had a similar performance
to the five-factor model. In summary, the governance factor proved to be relevant in the
Brazilian market. Adding the herding factor weakened the results somewhat, although the
factor still proved to be relevant in some cases. This is compelling evidence that these factors

should be considered by market participants when constructing portfolios.

In the next section, Literature Review, we go over previous works of relevance in order to
explain the subject at hand. We go through a number of studies that introduced new factors
into models in order to analyze the risk-return relationship. This leads us into section 3 The
Seven Factor Model, in which we explain how we constructed the seven-factor model as well
as how it was tested. The results of these tests are explained in detail in section 4 - Model

Results and we conclude our study in section 5 - Conclusions.

2 Literature Review

There is extensive literature discussing the Capital Asset Pricing Model (CAPM) of Sharpe
and Lintner (SHARPE, 1964) (LINTNER, 1965), with both validating and refuting empirical
evidence. Papers written by Black, Jensen and Scholes as well as by Fama and MacBeth
(SCHOLES, BLACK and JENSEN, 1972) (FAMA and MACBETH, 1973) have found
evidence of the validity of the model.

Several asset-pricing models have been developed after this chain of works that tried to test
the validity of the CAPM. The idea of these models was to ascertain the risk-return
relationship as well as to explain the cross-section of mean stock returns. Most of these were

not effective since empirical tests ended up showing anomalies, which are risk-return
12



relationships not explained by the CAPM (F. FAMA and R. FRENCH, 2008). These anomaly
variables refute the validity of the market beta as the singular explanatory variable in asset

returns.

Some of these previous works (cited below) have empirically shown that variables such as
book-to-market (B/M), operating profitability, market capitalization (size) and investment in
capital expenditures (investment) are statistically significant. Fama and French established a
positive relationship between book-to-market ratios and expected returns, which is known as
the value effect (F. FAMA and R. FRENCH, 1992). More recently, Novy-Marx showed a
relationship between profitable companies and expected stock returns (NOVY-MARX, 2013).
Banz showed that the market capitalization (size) effect indicated that smaller firms tend to
have higher returns (BANZ, 1981). Finadly, Titman, Wei, and Xie demonstrated that
companies which increased capital investments have a tendency to have future negative risk-
adjusted returns (TITMAN, WEI and XIE, 2004). All of these studies add explicative value to
regressions done with the CAPM beta (CARNEIRO MARTINS and EID JR., 2015).

In order to ascertain whether variables like those described previously actualy show some
relationship it is crucial to test their ability to predict the abnormal (risk-adjusted) returns
(CARNEIRO MARTINS and EID JR., 2015). The vast literature available regarding tests of
models of risk and return suggests that testing these models is not a trivial issue. Basic
methodologies have been developed to test the single-factor security market line, but more
recent methodologies have been multi-factor (F. FAMA and R. FRENCH, 1993). The tests
must be done against asset-pricing models like the CAPM or the Fama and Frech three-factor
model, explained below (CARNEIRO MARTINS and EID JR., 2015).

One of the most used methodologies is the empirically motivated Fama-French three-factor
model. This model introduces three systematic factors, which are firm size, book-to-market
ratio (B/M) and the market index. The inclusion of these factors was empirically motivated by
the observations that historical-average returns are higher than predicted by the security
market line of the CAPM on the stocks of smaller firms aswell as on stocks with higher ratios
of book equity to market equity (B/M) (F. FAMA and R. FRENCH, 1993). The model
became famous for its capability of showing the risk-return relationship better than the
established CAPM (CARNEIRO MARTINS and EID JR., 2015).

As an example, in their model, Fama and French showed that, on average, the smaller the
stock market capitalization, the greater was the alpha values in a CAPM equation. This could
13



suggest that there is a risk premium for smaller companies not captured by the traditional beta.
(F. FAMA and R. FRENCH, 1993).

Fama and French not only described the empirical role of size and book-to-market ratio in
explaining rates of return on stocks, but also presented a method to generate factor portfolios
and applied their methods to these firm characteristics. This was unique and is a very
instructive way to understanding the components of multifactor asset pricing models. The idea
was to create a method to quantify both the size and the book-to-market risk premiums.
Considering that there is a distribution of big and small corporations traded in the market, the
first step is to determine the median size of stocks in a particular market. The next step is to
use this median to classify all traded stocks as either small or big, then creating separate
portfolios for each of these categories. Next, each of these portfolios is then value-weighted
for efficient diversification. Fama and French then construct zero-net-investment size-factor
portfolios by buying (“going long”) the small company portfolio and selling (“going short™)
the big company portfolio. The return of this portfolio, which they call SMB (small minus
big), is the return on the small portfolio minus the return from the big portfolio, just as the
name suggests. If size were priced, it would be expected that the SMB portfolio would show a
risk premium. It is important to remember that the SMB portfolio is well diversified, since it
contains the stocks traded in the market, only dividing them by company size. The risk
premium on any asset in this portfolio should be determined by each asset’s loadings (betas)
on the two present factors: size (extra-market source of risk) as well the traditional market-
risk. This can then be tested. The approach described for size is then repeated in an analogous
manner for the book-to-market factor (F. FAMA and R. FRENCH, 1993).

The general idea of the methodology was described above. More specifically, the stocks were
double-sorted by both size and book-to-market ratio. The stock population was then broken
up into three groups based on book-to-market: low (bottom 30%), medium (intermediate 40%)
and high (top 30%). Six portfolios were then created based on the intersections of the size and
book-to-market sorts: Small/Low (SL), Small/Medium (SM), Small/High (SH), Big/Low
(BL), Big/Medium (BM) and Big/High (BH). Each of these was value weighted. The returns

were then calculated as follows:
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Rs  =:(Rs +Rs +Rs) (1)

Rs =-(Rs +Rs +Rg) 2
Ry h:%(RS +Rg ) ©)
R, =-(Rs +Rg) €)

The returns of the zero-net-investment factors SMD and HML (high minus low') are

calculated in this manner:

Rs =Rs — Rp ®)
Ry =Ry n— Ry (6)
The sensitivity of individual stocks to the factors can be measured by estimating the factor’s
betas using first-pass regressions of stock returns on the excess return of the market index as
well as on Rsve and RumiL. The betas for these factors should, together, predict the total risk

premium, as follows:

E(T‘j) — ?"f = q; + b:‘ [b(?‘m) — T'f] + SI'E(S ) + UI'E(H ) (7)
(F. FAMA and R. FRENCH, 1993)
The authors were able to show the risk-return relationship by identifying a statistically equal

to zero intercept for the regressions, explaining the cross-section of mean stock returns
(CARNEIRO MARTINS and EID JR., 2015).

Other models have been developed since then, adding more variables to show the risk-return
relationship. Carhart’s four-factor model added momentum to Fama and French’s three-factor
model (CARHART, 1997). Jegadeesh and Titman were the first to document stock price
momentum. The idea is that stocks that have previously exhibited positive returns (winners)
continue to outperform stocks that have previously exhibited negative returns (losers)
(JEGADEESH and TITMAN, 2001) (JEGADEESH and TITMAN, 1993).

Other works say that the three-factor model can be incremented to capture more variation in
stock returns, especialy due to variables such as capital investments and operating
profitability, as tested by Titman, Wei and Xie and Novy-Marx (CARNEIRO MARTINS and
EID Jr., 2015).

" Buy (“go long”) high book-to-market (B/M) and sell (“go short”) low B/M.
15



Titman, Wei and Xie test the impact of capital investments on average returns. They tried to
demonstrate that companies with higher investments would produce higher future returns, as
would be expected. Nevertheless, their findings show this is not the case. In fact, companies
that increase their capita investments end up having negative adjusted future returns. The
reasoning behind this unexpected result is that apparently investors tend to react negatively to
empire building attitudes by managers (TITMAN, WEI and XIE, 2004).

Novy-Marx tests the impact of the profitability effect on average returns. Profitability is
measured by a ratio of gross profits to assets. He finds evidence that the effect is opposite to
previous works of Fama and French (F. FAMA and R. FRENCH, 2006) (F. FAMA and R.
FRENCH, 2008). His work shows that profitability has more explanatory power than earnings
when predicating the cross-section of mean returns, as well as showing that profitable firms
tend to have higher returns than unprofitable firms (NOVY-MARX, 2013).

More recently, Fama and French have proposed a new model with five factors, now including
investment and profitability. They have found that the five-factor model is superior to the
three-factor model to explain the cross-section of average returns (F. FAMA and R. FRENCH,
2015).

Once again, like was done for the three-factor model, the stocks were double-sorted by size
and book-to-market ratio. The key difference is that in this case the stocks were also double-
sorted by size and operating profitability as well as by size and investment. The stock
population was then broken up into three groups for book-to-market: low (bottom 30%),
medium (intermediate 40%) and high (top 30%). The same break was made for operating
profitability and for investment. Six portfolios were then created based on the intersections of
the size and book-to-market sorts: Small/Low (SL), Small/Medium (SM), Small/High (SH),
Big/lLow (BL), Big/lMedium (BM) and Big/High (BH). Another six portfolios were then
created based on the intersections of the size and operating profitability sorts: Small/Weak
(SW), Small/Neutral (SN), Small/Robust (SR), Big/Weak (BW), Big/Neutral (BN) and
Big/Robust (BR). Once more, six additional portfolios were created based on the intersections
of the size and investment sorts. Small/Conservative (SC), Small/Intermediate (Sl),
Small/Aggressive (SA), Big/Conservative (BC), Big/Intermediate (Bl) and Big/Aggressive
(BA) (F. FAMA and R. FRENCH, 2015). The following table summarizes the groups in

which firms were allocated. Individual firms might be part of more than one portfolio.
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Table 1: Summary of factorsin the five-factor model

Book-to-market Profitability Investment
Low | Medium | High | Weak | Neutral | Robust | Conservative | Intermediate | Aggressive
o | Smal | SL SM SH SwW SN SR SC S SA
'<7N5 Big BL BM BH BW BN BR BC Bl BA

Each of the eighteen groups was value weighted (F. FAMA and R. FRENCH, 2015). The

returns were then calculated as follows:

1

Ry =2(Rs +Rs +Rs +Ry +Rs +Rs +Rs +Rs +Rg) (8)
Rs =3(Rs +Rs +Ry +Rs +Rs +Rs +Ry +Rs +Rg) (9)
Ry h:%(HS +Rg ) (10)
Ry =2(Rs +Rp) (11)
Ry =3(Rs +Rg) (12)
Ry =(Rs +Rg) (13)
Ry =>(Rs +Rs) (14)
Re =2(Rs +Rg) (15)

The returns of the zero-net-investment factors SMD and HML are calculated in this manner
(F. FAMA and R. FRENCH, 2015):

Rs =Rs —Ry (16)
Ry =Rp n— Ry (17)
The new elements are RMW and CMA. The difference between the returns on diversified
portfolios of stocks with robust and weak profitability is the RMW (robust minus weak),
whereas the difference between the returns on diversified portfolios of the stocks of low and
high investment firms is the CMA (conservative minus aggressive). The returns on these
zero-net-investment factors RWM and CMA are calculated as follows (F. FAMA and R.
FRENCH, 2015):
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Rri = Rg — Ry (18)
Re =R — Ry (19)
The sensitivity of individual stocks to the factors can be measured by estimating the factor’s
betas using first-pass regressions of stock returns on the excess return of the market index as

well as on Rswve, RumL, Rrvw and Rema. The betas for these factors should, together, predict

the total risk premium, asfollows:

E(r) —1 = a; + bi|E(ty) — 1] + siE(S )+ wEMH )+nERI )+qEC ) (20)
(F. FAMA and R. FRENCH, 2015)

In this equation, if the exposure to the five factors by, s, vi, ri and ¢i capture al the variation in
the expected returns, the intercept, a, should be zero for all securities and portfolios i (F.
FAMA and R. FRENCH, 2015).

In their paper, the new investment factor showed a high correlation to the profitability and
value factors. The investment factor proved to be reliable and significant, nevertheless. The
value factor, on the other hand, when combined with the other factors in this new model, was
no longer significant and could be replaced by beta, size, profitability and investment. This
makes sense, since is commonly used as an approximation for the other variables. But once
you have all of the factors pondered into the equation, it becomes redundant (F. FAMA and R.
FRENCH, 2015).

In order to test the CAPM, three-factor, four-factor and five-factor models more thoroughly, it
is crucial to test them in an international environment. Many studies have been conducted for
the highly specific Brazilian stock market to test the validity of these models. The three-factor
model was studied by Securato and Malaga and they show that it is superior to the CAPM in
explaining stock return variation in the Brazilian stock market (MALAGA and SECURATO,
2004). Other works also have results that agree with Securato and Malaga (LUCENA and
PINTO, 2008) (CHAGUE, 2007). Carneiro Martins and Eid Jr. have tested the five-factor
model for the Brazilian stock market and have found that market factor, SMB and HML seem
to be responsible for capturing most of the variation in average returns in the time-series
regressions (CARNEIRO MARTINS and EID JR., 2015). These are the same three factors
used by Fama and French in their three-factor model, and the authors of this study found
strong evidence of their predictive power, in accordance with previous studies (MALAGA
and SECURATO, 2004). The new factors that were tested, RMW and CMA, proved to have

less explanatory power in the dataset used. These factors have not been extensively tested for
18



the Brazilian market and the authors suggest further investigation of these factors is necessary
(CARNEIRO MARTINS and EID JR., 2015).

In spirit of other models that have been developed by authors such as Carhart, Titman, Wei
and Xie, Novy-Marx and Fama and French, we suggest and test other factors that could better
explain the risk-return relationship.

Another popular explanation for the variability of equity returns is the herding behavior of
investors. Two important strands of literature on herd behavior can be found. The first is that
imitation among investors may temporarily move asset prices away from fundamental values,
moving the market toward inefficiency (BANNERJEE, 1992) (BIKHCHANDANI,
HIRSHLEIFER and WELCH, 1992). The other strand says that less informed participants can
become informed by imitating the existing observed movement in the market. With this,
herding behavior could actually help imprint information about fundamentals into asset prices
and therefore improve market efficiency (FROOT, SCHARFESTEIN and STEIN, 1992)
(HEY and MORONE, 2004) (HIRSHLEIFER, SUBRAHMANYAM and TITMAN, 1994).

In line with the first strand, Christie and Huang say that herding behavior attributes price
variations to the influence of herds of investors, which many market observers say are
spontaneously created and behave irrationally. This is quite a worrisome assumption given
that it means that prices may be taken away from their equilibrium values, in a context of non-
rational decision-making (G. CHRISTIE and D. HUANG, 1995).

“Crowd effects” have often been related with large fluctuations in the market prices of
financial assets. Despite being well-known to market participants, they have only recently
been considered in literature. The literature on the origins and results of herding behavior was
started by the work of Bikhchandani et a and Bannerjee (BANNERJEE, 1992)
(BIKHCHANDANI, HIRSHLEIFER and WELCH, 1992). Their concepts were later put into
afinancial market context, where herding can be defined as a change in traders’ opinions into
the direction of the crowd (AVERY and ZEMSKY, 1998) (BRUNNERMEIER, 2001). A
number of studies have considered mimetic behavior as a possible explanation for the
excessive volatility observed in financial markets (BANNERJEE, 1993) (ORLEAN, 1995)
(SHILLER, 1989) (TOPOL, 1991).

In line with the second strand of research, that herding behavior could actually improve

market efficiency, a study has linked herding behavior to the previously mentioned
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momentum effect. A given explanation for momentum, for example, is that if herding can
help imprint fundamental news into the prices of assets and in this way enhance market
efficiency, then investor herding could accelerate the rate of movement to efficiency.
Therefore, stocks with a low level of herding will exhibit the momentum effect more than
stocks with a high level of herding. The study found that a low level of herding significantly
enhances stock price momentum. Winner sectors with alow level of herding generate higher
subsequent returns than those with a high level of herding. Loser industries with alow level of
herding generate lower subsequent returns than those with a high level of herding. Therefore,
herding behavior plays an important role in the momentum effect and has predictive power in
future price movement. By acting in a herd, investors can help move asset prices toward
fundamentals, thereby enhancing market efficiency and reducing the momentum effect (SUN,
YAN and ZHAO, 2012).

Many studies have tried to find empirical support for herding behavior. Results, nevertheless,
have been mixed. One study found weak evidence of herding by institutional investors in
small stocks and no evidence of herding in large stocks (LAKONISHOK, SHLEIFER and W.
VISHNY, 1992). Shiller and Pound found that institutional investors place considerable
weight on the advice of other professionals on their decisions about volatile stocks (J.
SHILLER and POUND, 1989). Ancther study tried to test herding in an international market.
Tessaromatis and Vassilis test whether herding characterizes the behavior of investors in the
Athens Stock Exchange. They found little evidence of herding behavior over the 1985-2004
period. Nevertheless, when they restricted the sample to a 1998-2004 sub-period (which was a
period of significant market advance followed by a correction), they found strong evidence of
herding in both up and down markets. When they split the testing period into yearly sub-
periods they found evidence of herding in some years and of exaggeration of differences (no
herding behavior) in others, with investor behavior appearing rational for about half the years
in the sample (TESSAROMATIS and THOMAS, 2009).

To test herding behavior, the dispersion, or cross-sectional standard deviation of returns, can
be used. When individua returns cluster (or herd) around the market consensus, dispersions
are predicted to be relatively low. On the other hand, models that assume rational asset pricing
would predict an increase in dispersion since individual returns would be repelled away from
the market aggregate when stocks are different regarding their sensitivity to market
movements (G. CHRISTIE and D. HUANG, 1995). Two suggested methodologies to test

dispersion are the Cross Sectional Standard Deviation (CSSD) (G. CHRISTIE and D.
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HUANG, 1995) and the Cross Sectional Absolute Deviation (CSAD) (CHANG, CHENG and
KHORANA, 2000).

The CSSD is used based on the assumption that in periods of large price movement,
individual investors may choose to make their trading decisions based on the behavior of the
market, instead of using their own information about stock prices, which they choose to
ignore. When investors herd, individual stock returns will tend to be agglomerated closely to
the market return. The CSSD of individual stock returns, defined below, can be used as a
measure of the degree of clustering around the market consensus (G. CHRISTIE and D.
HUANG, 1995).

N W 2
¢ = [peluin) (21)

In the CSSD equation, Rit is the return of stock i at timet and Rn is the equally weighted
average return of the N stocks available on day t. Traditional asset pricing models that are
based on the assumption of rationality would suggest that changes in market returns would be
associated with changes in the Cross Sectional Standard Deviation of stock returns, given the
sensitivity of individual stocks to the market portfolio. When herding is present, CSSD¢ would
be expected to increase at a decreasing rate or even to fal if herding is very significant
(TESSAROMATIS and THOMAS, 2009). Herding behavior is stronger when the market is
agitated, with marked periods of extreme upward or downward movements. To test herding
during extreme market conditions the regression model below can be used (G. CHRISTIE and
D. HUANG, 1995).

C ¢(=a+bDt+b,DY +e (22)
In this model, D isadummy variable that is either 1 if the market return in day t liesin one of
the extreme upper or lower x percent of observations or O if itisnot (X isthe 1%, 5% and 10%
of observations). When there is no herding present, the returns of individual stocks will have
high volatility and the estimated b coefficients will be positive. Negative values for b are
indicative of herding behavior. Coefficient a measures the average dispersion of the returnsin
the sample excluding the periods captured by the D variables (G. CHRISTIE and D. HUANG,
1995).

A variant of this model that can be used for less extreme market movements is the average
cross-sectional  absolute deviation (CSAD), explained below (CHANG, CHENG and
KHORANA, 2000).
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In this model, Rit is the return of stock i at timet and Rn is the equally weighted average
return of the N stocks available on day t, just like in the CSSD model. Under CAPM
assumptions, CSSD should be a linear function of market returns. When this is not shown, the
evidence could point favorable towards herding behavior. The following regression can be
estimated to test for non-linearity (CHANG, CHENG and KHORANA, 2000).

C i=a+7y|Rm|+7v2(Rm)*+e; (24)
Traditional rational asset pricing models expect y1 to be positive and y2 to be zero, which
would reflect the effect of stock exposures on the cross sectional absolute deviation. If thereis
herding, y2, which is related to the non-linear term, should be negative. In this case, after a
market move, CSAD may be increasing at falling rates or faling altogether if the market
return in absolute terms is large enough. In the case of positive y», this would indicate that
market movements cause greater dispersion in stock returns than would be expected under the
assumption of rational asset pricing. This would be consistent with anti-herding (CHANG,
CHENG and KHORANA, 2000).

Apart from herding behavior, other authors suggest there is a relationship between corporate
governance practices and stock market performance. There are many reasons for this. Some
studies have hypothesized that boards that have a majority of outside directors monitor
management’s actions and efforts more effectively. One very early study pointed out that a
board was more likely to sack the firm’s CEO for bad performance if the majority of the
board was composed of outside directors (WEISBACH, 1988). Other researchers found that
companies with independent boards make less value-destroying acquisitions and are also
more prone to act in shareholder’s best interest if the company is targeted in an acquisition
(BYRD and HICKMAN, 1992) (COTTER, SHIVDASANI and ZENNER, 1997). Other
studies show that firms with more outsiders on their boards present directors with more
equity-based remuneration, therefore increasing incentives and aligning interests for the board
to monitor (RYAN and WIGGINS).

The effects of governance on firm valuation have also been the source of studies. Good
corporate governance practices decrease the firm’s cost of capital because they reduce
monitoring and auditing costs for shareholders (CLAESSENS, DJANKOV and LANG, 2000)
(CLAESSENS, DJANKOV, et al., 2000). Another study pointed out that concentrated

ownership is favorable for corporate valuation since large investors are superior at monitoring
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managers (JENSEN and MECKLING, 1976). Other authors suggest that the absence of
separation between control and ownership reduces conflicts of interest, thereby increasing
shareholder value (MORCK, SHLEIFER and VISHNY, 1988). Recent studies have also
analyzed the conflicts of interest between large and small shareholders. When a company is
controlled by large investors, they may promote policies that could result in the expropriation
of minority shareholders. These companies become less attractive to small shareholders and
their market valuations are lower, as aresult (SHLEIFER and VISHNY, 1997) (LA PORTA,
LOPEZ-DE SILANES, et al., 1998) (LA PORTA, LOPEZ-DE SILANES and SHLEIFER,
1999) (LA PORTA, LOPEZ-DE SILANES, et al., 2000) (LA PORTA, LOPEZ-DE
SILANES, et al., 2002) (MORCK, SHLEIFER and VISHNY, 1988) (CLAESSENS,
DJANKOV and LANG, 2000) (CLAESSENS, DJANKOV, et al., 2000).

Some governance studies focus on other aspects of governance, such as board size
(YERMACK, 1996) (EISENBERG, SUNDGREN and WELLS, 1998), board composition
(HERMALIN and WEISBACH, 1991) (BHAGAT and BLACK, 2002), blockholdings
(DEMSETZ and LEHN, 1985), takeover defenses (GOMPERS, ISHII and METRICK, 2003)
and executive compensation (LODERER and MARTIN, 1997).

In order to consider the multitude of factors that compose a firm’s governance practices,
authors have constructed survey-based governance indexes and report that better firm-level
corporate governance is associated with higher firm valuation. The approach of using a broad
corporate governance index to provide a comprehensive description of firm-level corporate
governance practices has recently become quite popular in literature. (BLACK, JANG and
KIM, 2003) (KLAPPER and LOVE, 2004) (DROBETZ, SCHILLHOFER and
ZIMMERMANN, 2004) (BEINER, DROBETZ, €t al., 2003).

In Brazil, Leal and Carvalha da Silva as well as Da Silveira use this method (CARVALHAL
DA SILVA and PEREIRA CAMARA LEAL, 2005) (DA SILVEIRA, 2004). Carvalhal da
Silva and Lea construct a broad firm-specific Corporate Governance Index (CGl) for
Brazilian listed companies with the intent of analyzing the relationship between the quality of
afirm’s corporate governance practice and its valuation and performance. Their results show
that firms with better corporate governance have significantly higher performance, as
measured by their return on assets (CARVALHAL DA SILVA and PEREIRA CAMARA
LEAL, 2005).
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Carvalhal da Silva and Leal created a non-survey based corporate governance index (CGl),
compiled from public information published by listed companies, avoiding subjective or
gualitative data. The CGlI is areflection of corporate governance attributes considered as good
practice by international standards and recommendations of organizations such as the
Brazilian Ingtitute of Corporate Governance (IBGC), the Brazilian Securities Exchange
Commission (CVM) and the S&o Paulo Stock Exchange (BOVESPA). Four categories
divided in 15 items compose the CGI. The categories are: (1) disclosure, (2) board
composition and functioning, (3) ownership and control structure and (4) shareholder rights.
The answers to each of the following questions could be “yes” or “no”. When answered “yes”,
one point was attributed, for a total maximum of 15 possible points (CARVALHAL DA
SILVA and PEREIRA CAMARA LEAL, 2005).

Table 2: Carvalhal da Silva and Leal’s Corporate Governance Index (CGI) Questions

Disclosure
. Does the company produce its legally required financial reports by the required date?
. Does the company use an international accounting standard (IASB or US GAAP)?
. Does the company use one of the leading global auditing firms?
Board Composition and Functioning

. Are the Chairman of the Board and the CEO not the same person?
. Is the board clearly not made up of corporate insiders and controlling shareholders?
. Is the board size between 5 and 9 members?
. Do board members serve consecutive one-year terms?
. Is there a permanent Fiscal Board?

Ownership and Control Structure
9. Do controlling shareholders own less than 50% of the voting shares?
10. Is the percentage of voting shares in total capital more than 80%?
11. Is the controlling shareholders” ratio of cash-flow rights to voting rights greater or equal to 1?
12. Is the free-float greater than or equal to what 1s required in the Sao Paulo Stock Exchange
“New Market” (25%)?

o 1D =
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Shareholder’s Rights
13. Does the company charter establish arbitration to resolve corporate conflicts?
14. Does the company charter grant additional voting rights beyond what is legally required?
15. Does the company grant tag along rights beyond what is legally required?

(CARVALHAL DA SILVA and PEREIRA CAMARA LEAL, 2005)

To analyze the relationship between firm performance and the CGI for each company, the
authors used Tobin’s Q' and return on assets (ROA) as dependent variables. ROA was
measured as the EBITDA/Asset ratio. The authors also include leverage, size and ROA to
control for endogeneity in case these variables are determinants of corporate governance
practices. For the time-series cross-section data, a panel data analysis was employed using the
models below (CARVALHAL DA SILVA and PEREIRA CAMARA LEAL, 2005).

" Tobin’s Q is constructed as the market value of assets divided by the replacement cost of
assets.
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The a coefficient captures the firm effect, which is taken as constant over time t and specific
to firm i. The authors considered two approaches in the study: one that considers that a is a
fixed effect firm specific constant term and another that specifies that o is a random effect
firm specific disturbance, later testing which was a more efficient framework. Industry
dummy variables were also included to control for sector-specific characteristics as well as
years dummy variables to capture macroeconomic changes (CARVALHAL DA SILVA and
PEREIRA CAMARA LEAL, 2005).

We now investigate if the five original factors can be complemented by two other factors that
could prove to have some significance in the case of the Brazilian market. Questions about the
efficiency of the Brazilian market suggest that adding a factor for herding behavior could be
effective. Moreover, the Brazilian market has a category of companies that seem to strive for
better governance factors, and market participants tend to say these stocks have a better
performance. Governance, therefore, could also be an included factor. With this, we propose a

new seven-factor model, explained in more detail below'"".

3 The Seven Factor M odel

The construction of the seven-factor model involved primarily the collection of governance
data from stocks negotiated in the Sdo Paulo Stock Exchange (BM&FBOVESPA). In order to
eliminate any noise from the samples it was necessary to isolate the most liquid stocks for this
study. To be able to construct a governance index in the spirit of what was proposed by
Carvalhal da Silva and Leal (CARVALHAL DA SILVA and PEREIRA CAMARA LEAL,
2005) and building upon it in light of what was suggested by authors previously mentioned,
governance practices that consider board structure and its committees, control structure,

policies, transparency practices, risk management, executive payment and shareholder rights,

i Studies suggest that adding a momentum factor could improve the model (CARHART,
1997). Nevertheless, momentum was not added to the model because we are already adding a
factor for herding. A study has linked herding behavior to the momentum effect, as explained
in page 19 (SUN, YAN and ZHAO, 2012). In this manner, momentum and herding are
intricately connected, and adding them both would not be helpful.
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among other aspects, have to be considered. A very thorough annual survey by the Capital
Aberto group lists the governance practices of the top 100 most liquid companies in the
BM&FBOVESPA. The study has been ongoing since 2009 and the most recent one available
is for the year of 2015. The questions in this annual survey are idea for the construction of
our governance index, since they consider liquidity and avoid subjective or qualitative data
(EDITORA CAPITAL ABERTO, 2009-2015).

The questions were divided into five categories to facilitate understanding. Each category and
its questions were defined using previous literature as a guide. The first category is Ownership
and Control Structure, that encompasses aspects of pulverized control, free-float and
ownership of shares (SHLEIFER and VISHNY, 1997) (LA PORTA, LOPEZ-DE SILANES,
et al., 1998) (LA PORTA, LOPEZ-DE SILANES and SHLEIFER, 1999) (LA PORTA,
LOPEZ-DE SILANES, et al., 2000) (LA PORTA, LOPEZ-DE SILANES, et al., 2002)
(MORCK, SHLEIFER and VISHNY, 1988) (CLAESSENS, DJANKOQOV and LANG, 2000)
(CLAESSENS, DJANKOV, et al.,, 2000) (CARVALHAL DA SILVA and PEREIRA
CAMARA LEAL, 2005). The second category is “Disclosure”, regarding the transparency of
some inside information (H. LANG, V. LINS and G. MAFFETT, 2011). The third category is
“Board Composition and Functioning”, regarding all aspects from board size and
independence to formal evaluations (YERMACK, 1996) (EISENBERG, SUNDGREN and
WELLS, 1998) (HERMALIN and WEISBACH, 1991) (BHAGAT and BLACK, 2002)
(WEISBACH, 1988) (BYRD and HICKMAN, 1992) (COTTER, SHIVDASANI and
ZENNER, 1997) (RYAN and WIGGINS) (CARVALHAL DA SILVA and PEREIRA
CAMARA LEAL, 2005). The fourth category, “Risk Control/Management” is specific to
auditing, interna controls, risks and policies (P. H. FAN and WONG, 2005). The final
category is “Shareholder Rights”, regarding issues like tag-along rights, poison pills and
conflict resolution (GOMPERS, ISHII and METRICK, 2003) (CARVALHAL DA SILVA
and PEREIRA CAMARA LEAL, 2005).

Questions and responses from this survey, according to the categories listed above, were
collected for all seven years and analyzed. First results showed that not all questions were
consistent over the years. Thirteen of the questions present between 2012-2015 were not
present in 2009, five were not present in 2010 and one was not present in 2011. A good trade-
off between number of questions and time-data quantity would be to limit the study to 2011.
A second look at the data showed that there was also no consistency regarding the companies

that were present throughout the years, which is no surprise, since liquidity is far from
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constant. From 2009-2015, only 43 companies are present in all seven years. Nevertheless,
this number grows to 50 when starting in 2010 and to 63 when looking at the 2011-2015
period. Therefore, for both the issue of question consistency and asset composition
consistency, the 2011-2015 period suggests being the ideal cut.

The questions are listed in the table below. The answers to each of the following questions
could be “yes” or “no”. When answered “yes”, one point was attributed, for a total maximum

of 23 possible points.

Table 3: Governance Questions for the Seven-Factor Model

Ownership and control structure
1. Do controlling shareholders own | ess than 50% of voting shares?
2. Isthe percentage of voting sharesin total capital more than 80%
3. Isthecontrol structure pulverized?
4.
M

Isthe free-float greater than or equal to what is required in the S&o Paulo Stock Exchange “New
arket” (25%)?

Disclosure
5. Doesthe company publish the share negotiation policy of its managers?
6. Doesthe company publish the terms of shareholder meetings and designates an attorney to
facilitate shareholders to establish power-of-attorney for voting?
Board composition and functioning
7. Isthe board size between 5 and 9 members?
8. Isthe president of the board independent?
9. Aretherolesof CEO and president of the board occupied by different people?
10. Doesthe board formally and periodically evaluate its own performance?
11. Doesthe board formally and periodically evaluate the performance of its board members?
12. Doesthe board formally and periodically evaluate the performance of its committees?
13. Isthere a permanent fiscal committee?
Risk Control/Management
14. Does the independent auditing firm not provide other non-auditing services to the company?
15. Did the independent auditing firm present a report with no reservations?
16. Doestheinternal auditing staff report directly to the board and/or to the board’s audit committee?
17. Doesthe firm publicly inform the existence of aformal committee created with the object of
controlling/managing risks?
18. According to the auditors, do internal controls present no significant deficiencies?
19. Does the company have clear, formal and detailed rules or policies for transactions with related
parties?

Shareholder's rights
20. Does the company offer 100% tag-along rights for common voting shares?
21. Doesthe company offer any tag-along rights for non-voting (preferential) shares?
22. Isthe company free from poison pills for acquisitions?
23. Doesthe company offer conflict resolution via arbitrage?

This index was collected and stored for each of the companies during each of the five years

analyzed. Theresultsarein Appendix A — Corporate Governance Index.
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With governance data collected and stored, additional stock information was collected from
the local market in order to calculate the other five factors: (1) traditional market risk
premium; (2) size; (3) book-to-market ratios; (4) operating profitability; and (5) investment.

This data was collected for each stock i for each time period t.

Data was collected from the Economética Database (ECONOMATICA). Of the 63 stocks
selected up to this point, three had to be discarded: two due to insufficient data and another
one that was recently unlisted. Therefore, this resulted in 60 stocks for a period of 60 months

each.

To calculate the traditional market risk premium (E (;,,) — 7¢), the CDI'" rate, commonly used

as a risk-free rate in the local market, was collected. For the market return, the monthly

variation of the Ibovespaindex was cal culated for each of the 60 months.

For size, monthly market capitalization data was collected for each of the 60 stocks during the

60-month period.

To calculate the book-to-market ratio, the book value of equity was collected and divided by

the market capitalization for each observation.

To calculate the operating profitability, EBITY data was gathered. For banks, EBIT was
replaced by Operating Profitability, directly available in their statements. The operating

profitability was then calculated according to the formula below:

E
0 B Vv o E (27)

(NOVY-MARX, 2013)

The total value of assets was then collected for each of the stocks during each of the 60-month

periods. Thiswas used to calculate investment:

Iﬂ — (I:]'. —1—4ad E.—Z) (28)

a -1

(TITMAN, WEI and XIE, 2004)

With data gathered for the first six factors, the stocks were then double-sorted by size and
book-to-market ratio, by size and operating profitability, by size and investment and by size

and governance. The stock population was then broken up into three groups for book-to-

V Interest rate for interbank deposits.
vV Earnings before interest and taxes.
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market: low (bottom 30%), medium (intermediate 40%) and high (top 30%). The same break
was made for operating profitability, investment and governance. Six portfolios were then
created based on the intersections of the size and book-to-market sorts: Small/Low (SL),
Small/Medium (SM), Small/High (SH), Big/lLow (BL), Big/Medium (BM) and Big/High
(BH). Ancther six portfolios were then created based on the intersections of the size and
operating profitability sorts: Small/Weak (SW), Small/Neutral (SN), Small/Robust (SR),
Big/Weak (BW), Big/Neutra (BN) and Big/Robust (BR). Once more, six additiona
portfolios were created based on the intersections of the size and investment sorts:
Small/Conservative (SC), Small/Intermediate (Sl), Small/Aggressive (SA), Big/Conservative
(BC), Big/Intermediate (Bl) and Big/Aggressive (BA) (F. FAMA and R. FRENCH, 2015). To
account for the new added governance factor, six portfolios were created based on the
intersections of the size and governance sorts. Small/Fragile (SF), Small/Ordinary (SO),
Small/Strong (SS), Big/Fragile (BF), Big/Ordinary (BO) and Big/Strong (BS). The following
table summarizes the groups in which firms were allocated. Individual firms might be part of

more than one portfolio.

Table 4: Summary of factors and portfolios in the seven-factor model

Book-to-market Profitability
Low Medium High Weak Neutral Robust
o | Small SL SM SH Sw SN SR
'% Big BL BM BH BW BN BR
Investment Governance
Conservative | Intermediate | Aggressive Fragile Ordinary Strong
o | Small SC Sl SA SF SO SS
i% Big BC Bl BA BF BO BS

Each of the 24 groups was value weighted by market capitaization (F. FAMA and R.
FRENCH, 2015). The returns for the sub-factors were then calculated as follows for each of
the 60 months:
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Rs =2(Rg +Rs +Rg +Rs +Rs +Rs +Rs +Rg +Rs +Rg +Rs +Rs)

(29)
Ry ==(Rs +Rs +Rs +Rs +Rs +Rs +Rs +Rs +Ry +Rs +Ry +
Rg ) (30)
Ry h=%(Hs + Ry ) (31)
Ry =5(Rs +Rg) (32)
Ry =3(Rs +Rg) (33)
Ry =2(Rs +Rg ) (34)
Ry =>(Rs +Ry) (35)
Re, =§(Rs + Ry ) (36)
Ry =2(Rg +Ry) (37)
Re  =2(Rs +Rg) (38)

The returns of the zero-net-investment factors SMD, HML, RMW and CMA were calculated
in this manner for each of the 60 months (F. FAMA and R. FRENCH, 2015):

Re =Rs —Rg (39)
Ry =Ry n— Ry (40)
Rpi = Rg — Rw (41)
Re =K — Ry (42)

The new element is SMF (strong minus fragile), which is the difference between the returns
on diversified portfolios of stocks with strong and fragile governance. The returns of the zero-
net-investment factor SMF was calculated as follows:

Rs =R —Rr  a (43)
The next step was the construction of the herding factor. As was done by Christie and Huang,
the dispersion, or cross-sectional standard deviation of returns, was used. The Cross Sectional
Standard Deviation (CSSD) methodology was employed, on the assumption that in periods of
significant price movement, individual investors choose to make their decisions based on
market behavior, instead of using their own information about stock prices. Individual stock

returns will tend to be agglomerated closely to the market return when investors herd. The
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CSSD of individual stock returns is the measure of the degree of clustering around the market
consensus (G. CHRISTIE and D. HUANG, 1995).

N L 2
C = ’thl(}:\:._lﬂm) (44)

Data for each of the individual stocks was collected for each of the time observations. Rt is
the return of stock i at timet and Rn is the equally weighted average return of the N stocks
available on month t. The CSSD of the stock market was stored for each month.

The sensitivity of individual stocks to the factors was then measured by estimating the
factor’s betas using first-pass regressions (ordinary least squares) of stock returns on the
excess return of the market index as well as on Rsvs, Rumi, Rrmw, Rema, Rsvre and CSSD.
The betas for these factors should together predict the total risk premium, as follows:

E(r) —1p=q; + bi[b'(rm) — rf] +s5ES )+vyEMH )+nER )+qgEC )+

giE(S ) +hC (45)
In this equation, if the exposure to the five factors by, s, vi, i, G, g and h; capture all the
variation in the expected returns, the intercept, a, should be zero for al securities and
portfolios i. If an asset pricing model completely captures expected returns, the intercept is
indistinguishable from zero (F. FAMA and R. FRENCH, 2015). We may test this by
evaluating the intercept in the ordinary least squares regressions of the portfolio’s excess

returns on the model”s factor returns.

Moreover, in order to jointly test this hypothesis for combinations of portfolios and factors we
use the GRS statistic (GIBBONS, ROSS and SHANKEN, 1989), seen below:

(T-N-K)
N

where Q = %Z;‘r_l(ft - f] (fe - ﬂ’ (47)

In this equation, T is the number of observations in the time-series, N is the number of assets

J1= [1 +f’ﬁ—1f]_‘&'i—1& ~ F(N,T—=N-K) (46)

and K is the number of factors. Further, fis the sample mean of the factors, Q is their
estimated variance-covariance matrix, apha are the estimated intercepts from the individual
time-series regressions and sigmais the estimated variance-covariance matrix of the intercepts.
To derive J1, normally distributed errors are assumed. An asymptotically valid chi-square test
isalso performed (GIBBONS, ROSS and SHANKEN, 1989):

Jo=T(1+f'Q*f)a’s*a ~ Chis (V) (48)
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JO does not need an assumption of normally distributed errors but is only asymptotically valid.
In addition, the average intercept, the average adjusted R?, the average standard error of the
intercepts, the average absolute value of the intercepts and the sharpe ratio of the intercepts
are also calculated. The GRS statistic uses excess returns (returns in excess of the risk-free
rate) (GIBBONS, ROSS and SHANKEN, 1989).

4 Moded Results

Monthly returns for each of the twenty-four portfolios were calculated. Summary statistics
show that, for the twelve portfolios constructed with “Small” companies, 66% had negative
mean returns. For the “Big” company portfolios, 83% had positive returns. This already
seems to point to the relevance of the “Size” factor in Brazil, which will be formally tested
further. The table below shows summary statistics for the return of all twenty-four portfolios,

including the mean, standard deviation, and minimum and maximum val ues.

Table 5: Portfolio Summary Statistics

Variable Cbs Mean Std. Dev. Min Max
5L &0 —.0000101 -DD0&36 —.00181 .0014031
SM &0 —-.001788 .008E8484 -.0243%088 .024858
5H &0 —.0035125 .0088315 - _0305288 .0320502
SW &0 —-.0011151 .00459972 -.0130222 .0094633
SN &0 —.002207 .01228556 -.0364481 .0344005
=128 &0 .002480% .0135353% - _0263755 040846
5C &0 —-.0020423 .0181364 -_034945%9 .0643018
51 &0 —.0000&64 0163636 —.042643 .0537342
SR &0 .00z20802 .0171387 -.0487221 .0832373
SF &0 .00017 .00z248 -.005247 .0085201
50 &0 —-.0036166 .0276755 -.0804123 .0B46044
55 &0 .0004266 .0107836 -.0277634 .032z2408
BL &0 .0003351 .0012262 - _00Z63239 .0040572
BH &0 .0003&672 .01854 -.0412214 .D45652
BH &0 —.0001455 .0015516 -.0037438 .0033438
BW &0 .ooo1o087 .0011027 -.0029281 .0027385
BN &0 .0011222 .0040257 - _.0063662 .0133715
BR &0 Mlalal:z=1 .0D24358 -.0067384 .0033874
BC &0 -.0021333 0070574 -.0277858 .00832365
BI &0 .000s917 005683 - _01486874 .0156155
BL &0 .0007571 .002708% - _0038501 .01z8418
BF &0 .00022523 .0015574 -.0053046 .010284
BO &0 .0o0z874 .007044% - _0330678 0156222
BS &0 .0oogs13s .012605%9 -_0343736 .0258538

The portfolios were then grouped into the ten sub-factors that will compose the zero-net-
investment factors. For size, as was shown previously, the return of the “Small” sub-factor
was indeed negative, while the “Big” sub-factor was positive, showing that in Brazil the
company size does attract a value premium. Nevertheless, it is relevant to note that this
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contradicts the pattern found in the U.S. market, where empirical evidence points out that
small firms should have higher excess returns in order to compensate investors for risk (F.
FAMA and R. FRENCH, 1993). A possible explanation as to why thisis inverted in Brazil is
that in periods of high risk-aversion, such as the one analyzed, there is a generalized capital
outflow from the country and smaller stocks are the most affected, losing significant value in

these market troughs.

For book-to-market, results showed companies with a “Low” B/M have a positive return
while those with a “High B/M” have a negative return. Thisis contrary to what was found for
the U.S. market (F. FAMA and R. FRENCH, 1993), but in line with results for Brazil found
by another study (CARNEIRO MARTINS and EID JR., 2015). “High” B/M stocks are called
value assets by market participants because their market values derive from assets already in
place, while “Low” B/M are called growth stocks because their market values derive from
expected growth in future cash flows. The market needs to assume high growth for these
“Low” B/M stocks to justify the prices at which the assets trade. Simultaneously, nevertheless,
a company that is distressed will see its market price fall and its B/M ratio rise. So some of
the so-called value firms, with “High” B/M, may actually be distressed firms. This explains

our results for Brazil, and justifies the value premium paid by the market for growth stocks.

For profitability, companies with “Robust” performance have positive returns, while those
with weak returns have a negative performance, in line with expectations and with another
study (NOVY-MARX, 2013). Clearly, investors will pay a premium for companies with more
robust results.

For the investment factor, “Aggressive” companies show a positive return, while
“Conservative” companies show a negative mean return. The local market pays a premium for
companies that have a stronger, more aggressive investment policy. This is the opposite of
what was found by other studies. Titman, Wei and Xie found that “Aggressive” companies
end up having negative adjusted future returns possibly because investors tend to react
negatively to empire building attitudes by managers (TITMAN, WEI and XIE, 2004). In

Brazil this does not seem to be the case for this time period.

For our new added factor, Governance, both companies with “Strong” and “Fragile”
governance have positive returns. Nevertheless, “Strong” governance companies have a
significantly higher mean return, which coincides with our expectations and shows a premium
is paid for better governance.
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The table below shows summary statistics for the return of all 10 sub-factors, including the

mean, standard deviation, and minimum and maximum val ues.

Table 6: Sub-factor Summary Statistics

Variable Cks Mean Std. Dew- Min Max
Sm=l1l &0 —. 0007765 .0072135 -.0173818 .013388

Big &0 .0003418 .0037477 -.0030118 0053668

High &0 —.0018252 .005145%32 -_.01568%92 01602581

Low &0 0001325 .0008516 -—.0018014 0027302

Robust &0 .0015834 0072601 -_0135185 0228278
Heak &0 —. 0005032 0028731 - _0069133 .0053385
Zggressiwve &0 0014086 0088283 - _02354Z28 0263673
Conservatiwve &0 —.0020878 0102416 - _0313&658 .03130%1
Strong &0 .000&202 .008813% -.01784%1 0242285
Fragile &0 .0001377 .0014368 —-.003001 .005031&

Taking the analysis a step further and taking the sub-factors to build the zero-net-investment
factors we find more interesting results. Most factors have negative returns, as seen in Table 7,
below, that shows summary statistics for the factors, including the mean, standard deviation,

and minimum and maximum values.

The Rm-Rf market factor has a negative mean return. This is explained by the negative
performance of the Brazilian stock market in previous years, which has indeed had very weak

results caused by the macroeconomic and political turmoil of the period under analysis.

For the size factor, SMB, mean return is negative. This follows our observation that the
market in Brazil pays a premium for “Big” companies. Results showed that “Small”
companies have a negative return, while “Big” companies have a positive return, resulting in

anegative return for the SMB factor.

For the value (book-to-market) factor, HML, mean return is also negative. Thisisin-line with
our previous observations that the market pays a premium for growth stocks ("Low B/M").
Data showed that companies with a “High” B/M have a negative return while those with a

“Low B/M” have a positive return, therefore justifying a negative return for the HML factor.

Regarding investment, measured by the RMW factor, mean return is positive, in line with

expectations that investors will pay a premium for companies with more robust results.
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As for investment, measured by the CMA factor, mean return is negative. We previously saw
that the local market pays a premium for companies that have a stronger, more aggressive

investment policy, resulting in the negative mean return.

For our new factor, governance, measured by SMF, mean return is positive, according to the
expectation that the market will pay a premium for stronger over more fragile governance.
Nevertheless, it is important to point out the very small magnitude of the mean return of the
SMF factor. Albeit being relevant, market users of this model will have to evaluate if the costs

of building the governance factor justify the small absol ute mean returnsit delivers.

Interestingly, the herding factor was also analyzed and shows a mean positive return when
herding is present. Considering that herding behavior attributes price variations to the
influence of herds of investors, this agrees with expectations that for a less rational market,
whatever variation of market prices would be directly and positively (and not inversely)

augmented by herding.

Table 7: Factor Summary Statistics

Variable Obs Mean S5td. Dew. Min Max
EmRf &0 —.D0145825 0543736 -.1256323 .1055338
SMB &0 —-.0011183 0057255 -.0153625 .0135883
HML &0 —.D0D20217 .0D48567 -.015528%3 0156763
EMW &0 0020867 0073546 -.0123631 .0207362
CHMa &0 —.0034364 .012626 —-.028272 .0350322
SMF &0 .00D4225 0080511 -.0178505 .0131363
C5s5D &0 1516134 .07492137 .0228678 .53513327

An additional analysis was made between the factors before performing the regressions. The

correlation between the factors was analyzed, as summarized in the table below.

Table 8: Correlation of factors

EmRE SMB HMT. EMH CHMR SMF C55D

BEmRE 1.0000

SMB 0.4687 1.0000

HML 0.5820 D.6261 1.0000

BMW -0.0558 0.0z68 -0.0306 1.0000

CHa 0.2571 0.2565 0.3244 -0.3265 1.0000

SHF 0.6633 0.3026 0.2657 0.1045 0.1117 1.0000
C55D 0.153%9 0.044% -0.0E848 -0.1447 -0.0135 0.0166 1.0000
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The market risk premium, Rm-Rf, seems to correlate with some of the other factors, such as
SMF and HML. SMB dso correlates with HML. They al present correlations close too r
higher than 0.6, which is significant and could create redundancy in the model. In Appendix
D - Time Series for the Seven Factors, the factors are plotted in graphs to better visualize the
movements of the factors over time. Moreover, in page 39, we test the models without HML
to see if HML is redundant, as was the case in a previous study (F. FAMA and R. FRENCH,
2015).

With portfolio returns and factors computed for each one of the 60 months of data, an
ordinary least squares regression was made for each one of portfolios versus the original five
factors, resulting in a total of 24 regressions. This was repeated adding the governance
additional factor and then repeated again adding governance and herding factors. The detailed
results of the 72 regressions can be seen in Appendix B — Detailed Outputs of Regressions.
Table 10: Factor Relevance Analysis, seen in the following page, summarizes the coefficients
of the regressions as well as their significance, shown with one asterisk for p-values lower
than 0.05, two asterisks for p-values lower than 0.01 and three asterisks for p-values lower
than 0.001. For each one of the three models tested (five-factor, six-factor and seven-factor)
and for each factor, it was verified in how many of the 24 portfolios the factor is significant.

The graph below summarizes the findings.

Graph 9: Factor Relevance Summary

Percentage of porfoliosin which factor is relevant
67%  67%

58%
50% 50%
33%
25%
1% 21% 21%
17% 17%
I II 13% 13%13%13%

Rm-Rf SMF CSsD

B Fve factor model B Six factor model (+ Governance) Seven factor model (+ Herding)

The most relevant factors are the market factor, Rm-Rf, and size (SMB). Vaue (HML),
profitability (RMW) and investment (CMA) were relevant in fewer portfolios. The new
governance and herding factors are more relevant than factors such as CMA and RMW. It is
interesting to note that for HML, RMW, CMA and SMF, each one is more relevant in the
respective portfolios that include their factor, as shown by the outlined boxesin Table 10.
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Five factor model

Table 10: Factor Relevance Analysis

Six factor model (+ Governance)

Seven factor model (+ Herding)

Portfolio Rm-Rf SMB HML RMW CMA Rm-Rf SMB HML RMW CMA SMF Rm-Rf SMB HML RMW CMA SMF CSSD
S SL 0.006 0.03 0.01 0.02 0.01 0 0.03 0.02 0.01 0.01 0.05 0.006 0.04 -0.03 -0.01 0.01 0.03 -0.009**
; - SM 0.046 0.44 -0.17 -0.12 0.02 0.024 0.42 -0.11 -0.15 0.02 0.19 0.035 0.46 -0.21 -0.18 0.01 0.16 -0.018
8 % SH -0.001 0.00 2.034***|  0.09 0.03 -0.017 -0.01 [2.085***| 0.07 0.03 0.148** -0.014 0.00 2.049*%**|  0.06 0.02 0.136* -0.006
2 g BL 0.012 -0.06 0.06 0.03 0.02 0 -0.07 0.10 0.01 0.02 0.104* 0.006 -0.05 0.04 0.00 0.02 0.09 -0.010**
_g BM 0.293*** -1,197***| 0.72 0.21 -0.16 0.249*** -1.237***| (.85 0.16 -0.16 0.39 0.263*** -1,192%**| 0.72 0.12 -0.17 0.35 -0.022
v BH 0.018** -0.04 0.04 -0.05 0.00 0.018* -0.04 0.04 -0.05 0.00 0.00 0.026** -0.01 -0.04 -0.07 0.00 -0.02  -0.012%**
Sw 0.044%** 0.17 0.302* | -0.141* 0.04 0.039** 0.16 0.317** | -0.148* 0.04 0.04 0.044*** 0.18 0.278* |-0.159** 0.04 0.03 -0.007
g SN 0.077* 0.596* 0.36 -0.01 0.13 0.034 0.56 0.49 -0.06 0.12 0.39 0.043 0.586* 0.40 -0.09 0.12 0.36 -0.015
; l‘l; SR 0.043*** (0,315** 0.14  [1.713%** 0.08 0.036* 0.308** 0.16 [1.703*** 0.08 0.07 0.039* 0.319** 0.13  [1.694%*** 0.08 0.06 -0.005
5 £ BW 0.019** -0.04 0.00 -0.04 0.01 0.015* -0.04 0.02 -0.04 0.01 0.03 0.021** -0.02 -0.04 -0.06 0.01 0.02  -0.009**
,;_o' BN 0.049*** 0,17 0.18 -0.08 -0.04 0.042** -0.17 0.20 -0.09 -0.04 0.07 0.046** -0.16 0.16 -0.10 -0.04 0.05 -0.006
BR 0.019* -0.185* 0.17 0.106* -0.03 0.02 -0.186* 0.17 0.105* -0.03 0.01 0.025*  -0.164* 0.11 0.09 -0.03 -0.01 -0.010*
SC 0.100%** 1.481***  .0.54 -0.22 [ 0.768*** 0.077* 1.459***  .0.47 -0.25 |0.767***| 0.21 0.098** 1.527***  -0.66 -0.31 [0.750***| 0.15  -0.033*
€ SI 0.157*** 0.71 0.18 -0.37 -0.17 0.149** 0.70 0.20 -0.38 -0.17 0.07 0.160** 0.73 0.10 -0.41 -0.18 0.04 -0.018
: g SA 0.115*** 1.370*** -0.59 -0.17 [-1.036*** 0.116** 1.371***  -0.60 -0.17 [-1.036***| -0.01 0.138** 1.442***  0.80 -0.22 [-1.053***| -0.08 -0.034
% ] BC 0.033 -0.35 0.21 0.03 0.165* 0.058* -0.33 0.13 0.06 0.166* -0.22 0.061* -0.32 0.10 0.06 0.164* -0.23 -0.004
E Bl 0.080*** -0.299* 0.32 0.08 0.00 0.062*** -0.315* 0.372* 0.06 0.00 0.16 0.072*** -0.283* 0.28 0.04 -0.01 0.13 -0.016*
BA 0.019* -0.243** 0.256** -0.02 -0.03 0.019  -0.243** 0.256* -0.02 -0.03 0.00 0.021* -0.237** 0.238* -0.03 -0.03 -0.01 -0.003
SF 0.018* 0.01 0.10 0.117* 0.01 0.004 0.00 0.15 0.10 0.01 0.128* 0.01 0.02 0.09 0.08 0.01 0.11 -0.010*
§ SO 0.077  2.279*** 1.583* -0.11 0.20 0.170* 2.363*** 1.302* 0.01 0.20 -0.821* 0.149* 2.296*** 1.492* 0.06 0.22 -0.760* | 0.032
: ] SS 0.063* 0.806** -0.64 0.09 -0.06 -0.063* 0.692** -0.26 -0.07 -0.06  |1.120*** -0.063* 0.693** -0.26 -0.07 -0.06  |1.119***| 0.000
1% § BF -0.003 0.01 0.07 -0.02 0.02 -0.001 0.02 0.07 -0.02 0.02 -0.02 0.004 0.03 0.02 -0.03 0.01 -0.03 -0.008
8 BO 0.03  -0.661*** 0.602* 0.358** -0.04 0.022 -0.668*** 0.626* 0.348** -0.04 0.07 0.024 -0.661*** 0.605* 0.342** -0.04 0.06 -0.004
BS 0.177*** -0.574* 0.13 0.29 0.10 0.066* -0.675** 0.47 0.15 0.09 0.992*** 0.077* -0.638** 0.37 0.12 0.08 0.958***( -0.018
Percentage of portfolios
with relevance 67% 50% 21% 21% 13% 58% 46% 25% 17% 13% 25% 67% 50% 21% 13% 13% 17% 33%
Average 0.062 0.183 0.229 0.075 0.002 0.047 0.170 0.274 0.056 0.001 0.132 0.054 0.191 0.214 0.039 -0.004 0.113 -0.010
Standard deviation 0.068 0.747 0.587 0.383 0.282 0.067 0.759 0.550 0.380 0.282 0.363 0.068 0.754 0.590 0.385 0.283 0.353 0.012

* p<0.05, ** p<0.01, *** p<0.001
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In the regression, if the exposure to the factors capture all the variation in the expected returns,
the intercept, alpha, should be zero for all securities and portfolios. If an asset pricing model
completely captures expected returns, the intercept would be indistinguishable from zero (F.
FAMA and R. FRENCH, 2015). Table 11, below, summarizes the intercept (alpha), the p-
value and the adjusted R? for each one of the three models and 24 portfolios. In both the five-
factor and six-factor models, over 95% of portfolios have an alpha that is indistinguishable

from zero. For the seven-factor model, thisis the case for over 70% of portfolios.

Table 11: Consolidated Alpha Analysis

Six factor model (+ Seven factor model (+

Five factor model Governance) Herding)
Portfolio a  p-value Adj.R? a  p-value Adj.R? a  p-value Adj.R?
n SL -0.008 0.00 -0.010 -0.008 0.00 -0.001 -0.007 0.00 0.113
; o SM -0.009 0.00 0.119 -0.009 0.00 0.121 -0.006 0.02 0.127
8 % SH -0.008 0.00 0.936 -0.008 0.00 0.942 -0.007 0.00 0.943
2 g BL -0.008 0.00 0.052 -0.008 0.00 0.118 -0.006 0.00 0.211
_g BM -0.004 0.02 0.637 -0.004 0.01 0.646 -0.001 0.78 0.647
@ BH -0.008 0.00 0.157 -0.008 0.00 0.141 -0.006 0.00 0.279
SW -0.007 0.00 0.694 -0.008 0.00 0.691 -0.007 0.00 0.694
E SN -0.008 0.00 0.404 -0.008 0.00 0.429 -0.006 0.06 0.426
: '-‘,au SR -0.008 0.00 0.920 -0.008 0.00 0.920 -0.007 0.00 0.919
3‘, % BW -0.008 0.00 0.200 -0.008 0.00 0.194 -0.006 0.00 0.284
a BN -0.006 0.00 0.338 -0.006 0.00 0.333 -0.005 0.00 0.331
BR -0.007 0.00 0.203 -0.007 0.00 0.188 -0.006 0.00 0.243
SC -0.005 0.00 0.777 -0.005 0.00 0.777 0.000 0.91 0.791
';:'; SI -0.005 0.01 0.414 -0.005 0.02 0.403 -0.002 0.62 0.398
: £ SA -0.007 0.00 0.647 -0.007 0.00 0.641 -0.002 0.51 0.656
J“, g BC -0.009 0.00 0.112 -0.009 0.00 0.132 -0.008 0.00 0.117
£ BI -0.006 0.00 0.527 -0.006 0.00 0.544 -0.004 0.00 0.570
BA -0.007 0.00 0.246 -0.007 0.00 0.232 -0.007 0.00 0.223
SF -0.007 0.00 0.215 -0.008 0.00 0.267 -0.006 0.00 0.311
§ SO -0.004 0.10 0.623 -0.003 0.21 0.649 -0.008 0.13 0.650
: S ss -0.008 0.00 0.154 -0.009 0.00 0.535 -0.009 0.00 0.526
'% § BF -0.008 0.00 -0.047 -0.008 0.00 -0.065 -0.007 0.00 -0.015
8 BO -0.008 0.00 0.263 -0.008 0.00 0.253 -0.007 0.00 0.240
BS -0.006 0.00 0.469 -0.007 0.00 0.685 -0.004 0.09 0.690

The above statistics test the intercepts for each portfolio. In order to test for the null intercept
hypothesis for combinations of portfolios and factors, we can use the GRS statistic. Table 12,
below, shows the results of the GRS statistic. It can be seen that the intercept is jointly

indistinguishable from zero for the combinations of factors and portfolios.
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Table 12: GRS Statistics

J1 JO
3 Mean a -0.007038 -0.007038
B Test statistic 33.824 1571.183
E P-value 0.000000 0.000000
g Mean adj. R2 0.377023 0.377023
& Mean SE 0.000876 0.000876
£ Mean abs. val. a 0.007038 0.007038
= Sharpe ratio 5.709925 0.000000
X Mean a -0.007197 -0.007197
g fg Test statistic 31.604 1516.998
g c P-value 0.000000 0.000000
5 uE, Mean adj. R2 0.407295 0.407295
g 3 Mean SE 0.000855 0.000855
% © Meanabs. val. a 0.007197 0.007197
Iz Sharpe ratio 5.706177 0.000000
g Mean a -0.005633 -0.005633
g = Test statistic 5.550 275.576
5 _g P-value 0.000011 0.000000
‘g & Mean adj. R2 0.432140 0.432140
s :_'|_: Mean SE 0.001863 0.001863
2@ = Mean abs. val. a 0.005633 0.005633
A Sharpe ratio 5.314918 0.000000

Before moving on to the conclusions, one final analysis could be relevant. In Fama and
French’s seminal paper, the value factor of their three-factor model became redundant for
describing average returns in the sample they examined (F. FAMA and R. FRENCH, 2015).
With this inspiration, regressions on the three models were run again, but this time without the
HML factor.

Once again, if an asset pricing model completely captures expected returns, the intercept
would be indistinguishable from zero (F. FAMA and R. FRENCH, 2015). Table 13, below,
summarizes the intercept (alpha), the p-value and the adjusted R? for each one of the three
models and 18 portfolios. In the original model (but now without HML), 100% of the
portfolios have an apha that is indistinguishable from zero (versus over 95% with HML).
When we add governance, the model without HML shows that dightly under 95% of
portfolios have an alpha indistinguishable from zero (versus over 95% with HML). Findly,
when herding is added, the number of portfolios with an alpha that is indistinguishable from
zero fallsto 67% (versus over 70% with HML).
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Table 13: Consolidated Alpha Analysis without HML

Original model + Governance + Herding

Portfolio a  p-value Adj.R? a  p-value Adj.R? a  p-value Adj.R?

SwW -0.008 0.00 0.660 -0.008 0.00 0.654 -0.006 0.00 0.668

E SN -0.008 0.00 0.405 -0.008 0.00 0.422 -0.005 -0.09 0.425
: :c': SR -0.008 0.00 0.921 -0.008 0.00 0.920 -0.007 0.00 0.920
3‘, % BW -0.008 0.00 0.215 -0.008 0.00 0.209 -0.006 0.00 0.293
a BN -0.006 0.00 0.331 -0.006 0.00 0.322 -0.005 0.00 0.329
BR -0.008 0.00 0.175 -0.008 0.00 0.161 -0.006 0.00 0.241

SC -0.005 0.00 0.770 -0.005 0.00 0.774 -0.001 -0.69 0.780

‘q:: Sl -0.005 -0.01 0.423 -0.005 -0.01 0.412 -0.002 -0.64 0.409
: g SA -0.007 0.00 0.639 -0.007 0.00 0.633 -0.003 -0.35 0.638
3 § BC -0.01 0.00 0.118 -0.009 0.00 0.144 -0.008 0.00 0.132
£ BI -0.006 0.00 0.503 -0.007 0.00 0.509 -0.004 -0.01 0.555
BA -0.007 0.00 0.159 -0.007 0.00 0.148 -0.006 0.00 0.157

SF -0.008 0.00 0.215 -0.008 0.00 0.253 -0.006 0.00 0.314

§ SO -0.006 -0.03 0.590 -0.004 -0.10 0.629 -0.006 -0.25 0.623

: T ss -0.007 0.00 0.127 -0.009 0.00 0.537 -0.009 0.00 0.529
'E § BF -0.008 0.00 -0.040 -0.008 0.00 -0.055 -0.007 0.00 0.004
8 BO -0.008 0.00 0.189 -0.008 0.00 0.174 -0.007 0.00 0.173
BS -0.006 0.00 0.477 -0.007 0.00 0.675 -0.004 -0.13 0.686

The differences in adjusted R? for al three models are not significant when comparing the
models with HML to those without HML. For the original five-factor model, our results are
compatible to those found by Fama and French (F. FAMA and R. FRENCH, 2015). The value
factor becomes in fact redundant. Nevertheless, when we add governance and then herding,
we do indeed lose some significance, since the percentage of portfolios in which apha is

indistinguishable from zero decreases.

5 Conclusions

The objective of this thesis, in broad terms, was to build upon previous work and investigate
the risk-return relationships of stocks not explained by the CAPM. In other words, the
proposal was to scrutinize the effect of other variables other than the market factor (Rm-Rf)
on stock returns. More specifically, the objective was to complement Fama and French’s five
original factors with two new factors that could prove to have some significance in explaining
stock returns (F. FAMA and R. FRENCH, 2015). This is a significant contribution in the
sense that that current models have not yet been able to completely reduce apha to zero.

Regarding the new factors, uncertainties about the efficiency of the market suggested that
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adding a factor for herding behavior could be effective in the case of the Brazilian market.
Other than this, Brazil has a group of companies that try to adhere to better governance, and
market participants tend to say these stocks have a better performance. Governance, therefore,
was also hypothesized to be a relevant factor. With this, we proposed a new seven-factor

model to test these additional inclusions.

To create the seven-factor model we first collected governance data from stocks negotiated in
the S&o Paulo Stock Exchange (BM&FBOVESPA). With this data, we constructed a
governance index inspired by what was proposed by Carvalhal da Silva and Lea
(CARVALHAL DA SILVA and PEREIRA CAMARA LEAL, 2005). Stock information was
then collected to calculate the other five factors. (1) traditional market risk premium; (2) size;
(3) book-to-market ratios; (4) operating profitability; and (5) investment. With data gathered
for the first six factors, the stocks were then double-sorted by size and book-to-market ratio,
by size and operating profitability, by size and investment and by size and governance. The
stock population was then broken up into three groups for each of the factors. (bottom 30%,
intermediate 40% and top 30%. Six portfolios were then created based on the intersections of
the size and book-to-market sorts, another six portfolios were created based on the
intersections of the size and operating profitability sorts, and another six portfolios were
created based on the intersections of the size and investment sorts (F. FAMA and R.
FRENCH, 2015). To account for the new added Governance factor, six portfolios were
created based on the intersections of the size and governance sorts. Each of the 24 groups was
value weighted by market capitalization (F. FAMA and R. FRENCH, 2015). The average
returns for the sub-factors were then calculated for each of the 60 months. The returns of the
zero-net-investment factors SMD, HML, RMW, CMA were then calculated for each of the 60
months (F. FAMA and R. FRENCH, 2015), as well as for the new element, SMF (which is
the difference between the returns on diversified portfolios of stocks with strong and fragile
governance). The next step was the construction of the herding factor. The Cross Sectional
Standard Deviation (CSSD) methodology was employed. The CSSD of individual stock
returns is the measure of the degree of clustering around the market consensus (G. CHRISTIE
and D. HUANG, 1995). The sensitivity of individual stocks to the factors was then measured
by estimating the factor’s betas using first-pass regressions (ordinary least squares) of stock
returns on the excess return of the market index as well as on Rsug, Rimr, Rrvw, Rema, Rsve
and CSSD. The betas for these factors should together predict the total risk premium. If the

exposure to the five factors capture all the variation in the expected returns, the intercept
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should be zero for all securities and portfolios (F. FAMA and R. FRENCH, 2015). We tested
this by evaluating the intercept in the ordinary least squares regressions of the portfolio’s
excess returns on the model”s factor returns. Moreover, in order to jointly test this hypothesis
for combinations of portfolios and factors we use the GRS statistic (GIBBONS, ROSS and
SHANKEN, 1989).

Regression results showed that, for the five original factors, the most relevant ones were the
market factor (Rm-Rf) and size (SMB). Value (HML), profitability (RMW) and investment
(CMA) were aso relevant, but in fewer portfolios. We can also conclude that the two new
factors (governance and herding) are more relevant than traditional factors such as CMA and
RMW, which is a notable result. Moreover, for HML, RMW, CMA and SMF, these factors

are each more relevant in the respective portfolios in which they are included.

The regressions showed that in both the five-factor and six-factor models, over 95% of
portfolios have an alpha that is indistinguishable from zero, allowing us to conclude that for
the local market the governance factor is indeed relevant, and should inspire market use and
further studies. Corporate governance matters and is significant in the risk-return relationships

of stocks. It should be included in future models, consequently.

For the seven-factor model, more than 70% of portfolios have an alpha that is
indistinguishable from zero. Adding herding behavior, therefore, somewhat weakens the
results, but the factor still is relevant for some portfolios. Further studies of this factor could

help understand the relevance herding behavior.

A relevant conclusion is also that the value factor does not become redundant in our study
when we add governance and herding, as is the case for previous studies (F. FAMA and R.
FRENCH, 2015).

Practical uses of this model are directly related to investment activity. Many fund managers
already use Fama & French’s three-factor model, and some use the five-factor model or
similar models. This paper suggests that adding a governance factor could have positive
effects in performance improvement. When choosing the composition of portfolios, fund
managers who select shares that have higher governance standards would likely have superior
results, directly delivering value to investors. Care has to be taken, nevertheless, to evaluate

the costs of compiling the data versus the benefits derived from the addition of the factor,
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since the magnitude of average returns was quite small, at least for Brazil during the time
period tested.

A challenge of applying the model in Brazil arises from the fact that the availability of shares
with sufficient liquidity is limited, which imposes difficulties in the creation of diversified
portfolios for the construction of the factors. This should be less of an issue when applying the
model in other markets with more liquid shares. Moreover, limitations regarding data
availability forces the use of portfolios with a limited number of shares, as can be seen in
Appendix C — Number of Sharesin each Portfolio. Thisisa potential drawback and should be

considered in further studies.

A further analysis that could be conducted to improve upon this work include testing the
governance and herding factors in other markets other than the Brazilian market. This would
be significant to evaluate if the factors are relevant only in specific markets, emerging
economies, or in al markets. Another type of valuable analysis would be to repeat this study
for different periods of time, to check if results are consistent over time and in different
macroeconomic epochs. Other improvements would be to adjust the governance index to
include variables in which companies have more variability between themselves, in order to
better discern between those with truly different governance. Repeating the study without
banks in the sample could also change the results, although this would pose a huge challenge
since data points would be significantly reduced. Other variations to this study could be to
replace the investment formula used for other types of CAPEX accounting information
available since the introduction of the IFRS". A final suggestion for future studies would be
to test whether the market prices the tested factors.

This project is an important addition to the current body of knowledge when one considers
that there are still gaps in current models, since alpha has not yet been completely reduced to
zero. The inclusion of the new proposed factors adds upon the current body of knowledge and
opens new research fronts to investigate whether these factors continue relevant in other

economies and geographies.

Vi International Financial Reporting Standards
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7 Appendix A — Corporate Governance I ndex
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8 Appendix B — Detailed Outputs of Regressions

BL BM BH
b/p b/p b/p
RmR T 8.012 @ .29 3%%% 0,018+
(6.087) (@.08) (6.901)
SMB -B.064 =1.197 4% -B.035
(8.32) (@.08) (8.59)
HML 0.063 8.717 0.036
(8.45) (8.11) (8.67)
RMW 6.027 8.211 -B.852
(8.51) (@8.33) (8.21)
CMA 6.021 -0.158 0.003
(@.48) (8.23) (8.98)
Constant =B . D084k -0 .004% =B . D084k
(6.00) (8.02) (6.00)

* p=0.05, %% p<B.01, #+% p=0.001

SL SM SH
b/p b/p b/p
RmPR.f 0.006 0.046 -9.001
(0.29) (0.87) {0.91)
SMB g.030 @.437 8.001
(D.58) (9.09) (0.99)

HML 0.006 -B.173 2. 0304k
(0.93) (9.59) (0.08)
RMW 8.016 -8.117 8.094
(B.65) (0.46) (0.06)
CMA 0.009 @.817 0.027
(D.65) (0.86) (0.37)

Constant =0 . 00 84%+x =0 . 00 9%xk =0 . 008%%+
(0.08) (0.00) (06.08)

* p<B.05, 4k p<B.01, #x p<@.001



5F 50 55
b/p b/p b/p
RmRT 0.018+ 6.077 B.063%
(8.83) (8.14) (6.04)
SMB 6.014 2. 27 9%k 8. 806%%
(B.86) (@.088) (6.081)
HML 8.182 1.583% -B.642
(B8.33) (B8.82) (@8.18)
RMW 0.117+% -0.188 0.088
(8.82) (8.74) (8.64)
CMA 6.014 8.197 -B.056
(B.66) (B8.32) (8.63)
Constant =0 . 0084k -0.004 =0 .00 8%k
(@.08) (@.1@) (@6.08)
* p<B.B05, %k p<B.01, sokk p<B.BB1
BC BI BA
b/p b/p b/p
RmRT 0.833 0. 08Dk 8.019+
(8.11) (@.08) (8.81)
SMB -8.354 -9.299% -0 .243%%
(@.88) (0.02) (B.08)
HML 0.207 0.316 0.256%%
(8.43) (8.06) (8.81)
RMW 8.0831 0.083 -0.0822
(8.81) (@.38) (B.64)
CMA 8.165% -g.001 -0.831
(@.084) (@8.98) (8.28)
Constant RS =0 . 0064k =0 . 00Tk
(@.08) (.08} (B.08)
* p=B.085, %+ p<B.01, #+k p<@.001
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5C 5I SA
b/p b/p b/p
RmRf 0. 1004+ B .15 T4k 0. 11544
(@6.08) (@.088) (@.088)
SMB 1. 4814k 8.705 1. 37044k
(@0.08) (8.87) (B.08)
HML -B.542 8.177 -0.591
(8.11) (8.72) (8.14)
RMW -8.221 -8.370 -0.168
(@.18) (8.13) (B8.38)
CMA 0. 7684 -0.169 =1.036%%%x
(B6.08) (B.26) (B.88)
Constant =B . BB 544k -0.005% =0.007 4%+
(6.08) (@.81) (B.08)
¥ p<@.05, %k p=<@.01, #*%¥ p<@.001
BW BM BR
b/p b/p b/p
RmR T B.019%* 0. 04944k 0.019+
(0.08) (@6.08) (8.082)
SMB -0.837 -0.166 -B.185%
(B.58) (@8.14) (@.02)
HML 0.004 0.176 0.17@
(8.96) (8.22) (8.089)
RMW -0.040 -0.083 0.106+
(B.26) (08.24) (0.083)
CMA 6.012 -0.836 -B.B28
(8.57) (8.41) (8.36)
Constant =0 . 0B Bk =0 . 0D 6B =0 .00 T4
(@.08) (@.08) (@.08)
¥ p=@B.05, %% p<B.01, **++ p<0.001
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S SN SR
b/p b/p bip
RmR T 0. 0ddakk B.077% 0. 0434k
(@.08) (8.81) (@.08)
SMB 6.167 B.596% B.315+%
(B.86) (8.85) (8.81)
HML B.302% B.355 0.136
(8.81) (8.35) (8.36)
RMW -0.141% -9.0086 1.713%%
(8.81) (8.97) (@.08)
CMA 0.042 0.126 0.082
(8.23) (8.27) (8.87)
Constant =0.007 %%k -0 .00 8B4k -0 .00 8B4k
(B.08) (B.08) (B.08)
¥ p=@.05, %% p=0.01, *++% p=0.001
BF BD BS
b/p b/p b/p
RmR T -0.083 0.030 0. 17Tk
(0.66) (8.11) (@.88)
SMB 8.0814 -0 .66 1%%* -0.574%
(86.84) (@.0@8) (@6.084)
HML 8.871 0.602% 8.130
(8.44) (@.81) (8.72)
RMW -0.0817 0. 3584 0.293
(8.78) (B.00) (8.18)
CMA 8.815 -0.836 8.0896
(8.57) (@.61) (8.38)
Constant =0 . 00 Bk 0. 0084k L
(8.08) (B.00) (@.08)
* p<@.085, ** p<B.01, =+ p<=@.001
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BL BM BH
b/p b/p b/p
RmRT 6.0080 0. 24944k 0.018+
(8.99) (6.00) (8.04)
SMB -0.074 =1.23 74k -0.835
(8.24) (0.00) (B.59)
HML 8.099 B8.851 8.037
(B8.23) (8.06) (B8.67)
RMW 8.012 0.156 -0.853
(8.76) (8.47) (8.21)
CMA 6.020 -B.160 0.083
(8.48) (8.22) (8.98)
SMF 8.104% 8.393 8.004
(B8.83) (8.12) (B.93)
Constant =0 . D0 Bk -0.004% =0 . BBtk
(@.08) (8.081) (8.08)
* p=@B.85, %+ p<0.01, #*++ p<B.001
SL SM SH
b/p b/p b/p
RmR T @.000 b.024 -0.0817
(8.97) (8.46) (8.08)
SMB @.0825 0.417 -p.0814
(8.64) (8.19) (8.85)
HML 8.023 -8.187 2. 08544k
(8.75) (8.75) (@.08)
RMwW @.009 -8.145 8.074
(@.88) (8.37) (8.12)
CMA @.009 8.016 8.027
(8.66) (8.87) (8.36)
SMF @.048 8.194 8. 148%%
(8.23) (8.309) (@8.01)
Constant =0 .00 8B4kk =0 . B0k =0 . B0 Bk
(@.08) (6.00) (@.08)
* p=B.85, %% p<0.01, *++ p<@.001
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BF BO BS
b/p b/p b/p
RmR T -8.001 6.022 B.066%
(8.89) (B8.37) (8.82)
SMB 6.016 -0 . 6684k -0 .675%%
(8.82) (8.00) (@.08)
HML 0.065 B.626% 0.4780
(0.49) (8.81) (B.18)
RMW -B.815 0. 3484% 8.153
(8.74) (8.08) (8.27)
CMA 8.016 -0.837 8.091
(8.57) (B8.61) (B.28)
SMF -B.0816 0.069 0. 992 %%
(8.76) (B8.62) (B.88)
Constant =0 . B0 Bk -0. 008k =0.00 7 4xk*x
(@6.08) (B.08) (B.08)
¥ p=@.05, %% p<B.01, 4% p=0.001
5F 50 55
b/p b/p b/p
RmR T 0.004 0.170+* -0.063%
(8.71) (8.81) (8.83)
SMB 8.001 2.363%%x B.692%x
(8.99) (6.088) (8.088)
HML 0.146 1.302+ -9.259
(8.16) (06.85) (8.38)
RMW 0.099 0.008 -0.870
(8.85) (0.98) (B.63)
CMA 0.0813 0.201 -0.062
(B.66) (@6.38) (8.48)
SMF B.128+ -0.821% 1.120%%%
(8.83) (08.083) (8.08)
Constant 0. 00 8dnk -0.083 LR RS
(8.088) (8.21) (8.08)
¥ p=0.085, *+ p<0.01, *+* p=0.001
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BC BI BA
bi/p b/p b/p
RmRf B.058% B . 06244k 8.819
(9.83) (8.00) (0.86)
SMB -0.331 -0.315% =@ .243%%
(9.10) {(9.81) (9.08)
HML @.139 B8.372% @.256%
(0.62) (8.83) (8.01)
RMW 8.0863 8.061 -B.022
(B.62) ({9.45) (0.64)
CMA B.166% -B.0082 -0.831
(9.04) (8.96) (8.29)
SMF -0.224 8.163 -P.00a
(9.14) (9.09) (1.08)
Constant 0. 009k =0 . BB B =0 . 007 4k
(8.0@) (@.08) (8.08)
* p<B.85, ** p<B.B1, ¥+ p<B0.001
5C ST SA
b/p b/p b/p
RmRf 0.0877+ 0.14%%% 0.116%*
(9.83) (8.00) (8.81)
SMB 1.459%%% B.697 1.371%%x
({8.00) (@.88) (@.08)
HML -0.470 @.202 -B.595
(9.17) (0.69) (9.14)
RMW -0.251 -0.3880 -B.166
({9.13) (8.13) (9.48)
CMA 8. 767 44%x -0.169 =1.0836%%%
(9.00) (8.27) (8.08)
SMF 8.210 8.872 -0.013
(9.28) (8.81) {8.95)
Constant =B . 005k -B.0085% =0 . 007 Hkk
(8.0@) (8.82) (8.08)
¥ p=B.85, *% p<B.01, *¥x+ p<0.001
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BW BN BR
b/p b/p bip
RmR T 8.015% 0,042 8.019
(B.04) (8.81) (08.87)
SMB -9.840 -8.173 -B.186%
(8.47) (8.12) (8.02)
HML 0.915 8.198 8.172
(B.84) (8.18) (@.1@)
RMW -0.844 -B.092 B8.185%
(8.21) (8.28) (8.04)
CMA 6.012 -0.0836 -B.028
(B.58) (8.48) (8.36)
SMF 8.032 0.065 0.0085
(8.44) (8.44) (8.93)
Constant =0 .00 Bogrkx =0 . D@ B4k =0 . 0074k
(@.08) (@.08) (@.08)
* p=@.085, %+ p<@.01, #*+x p<@.001
SW SH SR
b/p b/p b/p
RmR T 0,039 0.0834 0.036%
(@.08) (8.37) (8.82)
SMB 0.162 0.556 0. 3084
(8.87) (0.06) (8.81)
HML B.3174* 0.488 B.1589
(8.81) (0.28) (8.29)
RMW -0.148% -0.0861 1.703 %%
(@.81) (@6.74) (@.08)
CMA 8.041 8.124 8.081
(8.23) (0.26) (8.87)
SMF 6.043 8.389 6.078
(B.52) (0.87) (8.42)
Constant =0 . 008k =0 .00 Bogrkx -0 . 008k
(9.08) (0.08) (8.08)

* p<B.@5, %% p<f.01l, *+* p<0.001
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BL BM BH
b/p b/p b/p
RmR T 0.006 0.263 %% B.026%*%
(8.44) (@.08) (@6.08)
SMB -9.854 =1.192%%%x = LE
(8.37) (@.08) (0.88)
HML 0.041 0.723 -B.036
(8.61) (8.12) (8.66)
RMW -9.0804 0.128 -B.873
(8.91) (B8.58) (@8.06)
CMA 0.016 -0.171 -0.0803
(8.58) (0.19) (08.89)
SMF 0.085 8.351 -B.0819
(8.06) (8.17) (8.67)
C55D -0.010%%x -b.022 —B.012%*
(8.81) (@.38) (@6.08)
Constant LIRS -p.001 =B . BB BN
(B.08) (0.78) (@6.08)
* p<=B.05, %% p<@.01, #**%x p<@.001
5L 5M 5H
b/p b/p b/p
RmR T 0.006 0.035 -0.0814
(8.48) (B.30) (8.18)
SMB 8.043 0.455 -0.082
(8.48) (B.88) (8.98)
HML -0.029 -9.213 2. 04 9%k%%
(B8.68) (B8.53) (@.08)
RMW -0.086 -0.175 0.064
(B.86) (B.28) (8.18)
CMA 0.085 0.087 8.024
(8.81) (@.94) (8.41)
SMF B.0832 8.160 8.136+
(8.41) (@.40) (@.82)
C55D =0 . 0094 -0.018 -0.0806
(8.81) (B.25) (8.19)
Constant =0 .00 7 4xkx -0.006+% =0.00 7 k%
(@.08) (B.82) (@.08)
¥ p=@.05, #* p<@.01, *+x¢ p=0.001
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BF BO BS
b/p b/p b/p
RmR T 6.004 0.024 8.077+
(B.68) (8.35) (8.81)
SMB 8.033 =0 . 66 Lok —B.63 8%
(B.64) (0.08) (@0.08)
HML 0.017 0.6085% 0.365
(B.86) (0.082) (8.22)
RMW -0.829 0.342%x 0.124
(8.52) (@8.81) (8.37)
CMA 6.011 -0.038 0.082
(B8.67) (0.6@) (8.33)
SMF -0.832 0.062 0. 95844
(8.54) (0.66) (06.08)
C55D -0.0088 -b.004 -b.018
(8.06) (8.76) (8.19)
Constant =0 .00 7 4%k =0 . 0074 -0.004
(B.88) (0.08) (08.09)
* p=B.05, %% p<B.01, #**x p<0.001
5F 50 55
b/p b/p b/p
RmR T 6.01@ 8.149% -B.063%
(8.33) (8.083) (08.05)
SMB 8.021 2. 296% %% B.693%%
(8.78) (@.08) (@.08)
HML 0.088 1.492% -B.260
(8.39) (8.083) (@.48)
RMW b.Da2 0.062 -0.0870
(8.18) (0.85) (0.63)
CMA 0.008 8.218 -B.062
(B8.78) (8.26) (B8.48)
SMF 8.109 -0.760% 1,119
(8.86) (8.85) (@.08)
C550 -0.010* 8.032 -0.000
(8.84) (8.38) (8.99)
Constant LR -0.088 L EE S
(@.00) (8.13) (@0.08)
¥ p=@0.85, 4% p=0.01, #*x% p<@.001
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BC BI BA
b/p b/p b/p
RmR T 0.061+ 0. 07244 0.021%
(8.83) (6.08) (8.085)
SMB -B.322 -0.283% -B.237%%
(8.12) (@6.82) (@.08)
HML 6.104 6.281 B.238%
(8.78) (6.09) (6.02)
RMW 0.055 0.035 -0.0827
(B8.67) (B8.66) (8.58)
CMA 0.164% -g.01@ -B.032
(8.04) (8.83) (8.27)
SMF -0.232 8.133 -0.006
(8.13) (8.15) (8.92)
C55D -0.004 -0.016% -B.0083
(B8.73) (@8.04) (8.53)
Constant =0 . 008k =0 . 00k =0 . 0074k
(B.08) (@.08) (@6.080)
# p=@.05, *+ p<@.01, #dk p<=@.001
SC 51 SA
b/p b/p b/p
RmR T 0. 0984 0.160%*x B.138%x
(8.81) (@6.08) (8.08)
5MB 1.52 Tk 0.734 1. 3424k
(8.08) (@6.87) (@.08)
HML -0.664 0.098 -0.798
(B.06) (0.85) (B.06)
RMW -0.306 -0.410 -0.223
(0.86) (8.11) (8.25)
CMA B.750%%x -b.178 =1.853%x%
(8.08) (8.25) (8.08)
SMF B6.148 0.038 -0.878
(8.44) (8.98) (8.73)
C55D0 -0.033% -0.018 -0.834
(B.04) (0.47) (8.87)
Constant -0.000 -b.082 -0.002
(8.91) (8.62) (8.51)
# p=@.05, *% p=0.01, =+ p=@.001
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BwW BN BR
b/p b/p b/p
RmRT 8.0214% Q.046++ 0.025%
(0.01) (B.088) (0.82)
SMB -g.022 -@.168 -0.164*
(B.68) (8.16) (0.04)
HML -0.038 08.161 8.111
(8.59) (8.29) (0.29)
RMW -0.0859 -B.182 0.0B8
(B.08) (8.16) (0.08)
CMA @.ee7 -B.039 -B.0833
(0.72) (8.37) (0.26)
SMF 0.0815 0.0853 -0.014
(8.78) (B8.53) (0.80)
CS5D =0 . 009+ -0.086 -0.010=
(B.01) (8.37) (0.03)
Constant =0 .00 6%k =0, 0054k =0 . 00 6Bk
(0.08) (B.08) (9.008)
* p<B.05, %% p<@.01, *xk p<B.B001
SW SH SR
b/p b/p b/p
RmR T 0. 0ddkk 0.043 0.039%
(0.00) (0.28) (0.082)
SMB 8.176 0.586+ B.3194+
(9.85) (0.085) (9.01)
HML 0.278% 0.402 8.129
(9.03) (0.31) (9.41)
RMW =0.159%% -0.085 1. 69d%+%
(9.081) (0.65) (9.08)
CMA 0.038 0.117 0.0879
(9.27) (0.308) (0.08)
SMF 0.030 0.361 0.060
(0.865) (0.18) (9.49)
CS55D -0.087 -9.0815 -B.085
(9.23) (0.42) (9.47)
Constant =0. 007 %k -0.006 =0. 00Tk
(9.00) (0.08) (9.08)
* p=@.085, %% p<B.01, %k p<=@.001
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9 Appendix C — Number of Sharesin each Portfolio

Number of shares in each Portfolio

(60 month period)

Portfolio Minimum Awverage Maximum
SL 2.0 4.9 B.0
SM 2.0 5.6 9.0
SH 4.0 7.6 11.0
ALY 3.0 6.1 9.0
SN 5.0 T 10.0
SR 2.0 4.2 7.0
SC 3.0 6.3 9.0
sl 3.0 6.6 9.0
SA 1.0 5.1 10.0
SF 2.0 3.0 5.0
S0 5.0 112 13.0
55 2.0 3.6 6.0
BL 5.0 6.2 8.0
EM 6.0 7.8 10.0
BH 1.0 4.0 6.0
BW 2.0 4.6 6.0
BN 5.0 7.0 11.0
BR 4.0 5.8 B.0
BC 2.0 3.8 7.0
Bl 5.0 7.8 11.0
BA 3.0 6.4 10.0
BF 2.0 4.5 7.0
BO 1.0 4.2 6.0
BS 7.0 9.3 11.0
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10 Appendix D — Time Seriesfor the Seven Factors

Rm-Rf Time Series
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CSAD, 21, 22
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four-factor model, 15
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market capitalization, 11, 13, 28, 29, 41

momentum, 15, 20, 25

operating profitability, 11, 13, 15, 16, 28,
41

profitability, 7, 8, 11, 16, 17, 18, 28, 29, 33,
36, 41, 42

RMW, 7, 8, 17, 18, 30, 34, 36, 41, 42

security market line, 13

seven-factor model, 7, 12, 25, 29, 30, 38,
41, 42

six-factor model, 7, 12, 38, 42

SMB, 14, 18, 34, 36, 42

SMF, 7, 8, 30, 35, 36, 41, 42

three-factor modd, 11, 13, 15, 16, 18, 39,
42
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