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Latent Fundamentals Arbitrage with a
Mixed Effects Factor Model

(Arbitragem com Fundamentos Latentes em um Modelo Fatoriatle Efeitos
Mistos)

Andrei Salem Goncalves*
Robert Aldo Iquiapaza**
Aureliano Angel Bressan***

Abstract

We propose a single-factor mixed effects panel data modeaidate an arbitrage portfolio
that identifies differences in firm-level latent fundamést&urthermore, we show that even
though the characteristics that affect returns are unkn@siables, it is possible to identify
the strength of the combination of these latent fundameriteleach stock by following a
simple approach using historical data. As a result, a trpdirategy that bought the stocks
with the best fundamentalstfong fundamentalportfolio) and sold the stocks with the
worst ones \eak fundamentalportfolio) realized significant risk-adjusted returns et
U.S. market for the period between July 1986 and June 2008n3are robustness, we
performed sub period and seasonal analyses and adjustgadorg costs and we found
further empirical evidence that using a simple investmalg, rthat identified these latent
fundamentals from the structure of past returns, can lepdofit.

Keywords: arbitrage; factor models; mixed effects.
JEL codes: G11; G12.
Resumo

Neste artigo, propomos um modelo de fator Gnico com efeiistos para dados em painel
de modo a criar uma carteira de arbitragem que identificaetif@s de fundamentos la-
tentes ao nivel da firma. Com base neste modelo, & posshitar que, embora as carac-
teristicas que afetam os retornos sao variaveis desca#ds, € possivel identificar a forca
da combinacao destes fundamentos latentes para cadasampeguindo uma abordagem
simples com dados historicos. Como resultado, uma egteatle arbitragem que comprou
as acdes com os melhores fundamentos (carteira de funtizsrfertes) e vendeu as acdes
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com os piores fundamentos (carteira com fundamentos frapossentou retornos ajusta-
dos ao risco significativos no mercado dos EUA para o peréoti@ Julho de 1986 e Junho
de 2008. Para assegurar a robustez, realizamos anallgesriswlo, sazonais e ajustamos
para os custos de negociacao, reforcando as evid&migisicas de que, usando uma regra
simples investimento, que identificou esses fundamentestés na estrutura de retornos
passados, a estratégia apresenta resultados positivos.

Palavras-chave: arbitragem; modelos fatoriais; efeitos mistos.

1. Introduction

One of the major issues in investment management is the fprest efficient
securities selection criterion that can distinguish peasipe winners from losers.
The basic principle is grounded in two main conjecturesstFaven if one believes
that the market is efficient in the short or long run, therediseason to believe that
instant market quotes reflect long-run value in the shor{Black 1986). Second,
market microstructure, liquidity and behaviorist expléo@s suggest that, at any
given time, prices may be noisy and returns skewed.

The value and growth investing principles are based on kredivn deviations
that persist in the U.S. as well as in international marlatsacting a great deal of
academic empirical research (Chan & Lakonishok, 2004)r& fsevast empirical
evidence (Fama & French, 1992, 1996, 1998, Lakonista., 1994) suggesting
that, on average, value stocks outperform glamour (grosttioks. Nevertheless,
the explanation for the Value Premium anomaly in stock resus still debated.
Fama & French (1992, 1996) argue that the market is efficizhtizat value invest-
ing has better performance because value stocks are rigkiether explanation
is offered by Lakonisholet al. (1994), who explain the value premium anomaly
by arguing that investors’ cognitive biases and the agewsyscof professional
investment lead individuals and institutional investarptefer growth stocks and
dislike value stocks.

There are other significant aggregate factors associatddeviations from
the CAPM equilibrium model, such as firm size, liquidity, k&®ws, dividend
yields, earnings yields, volatility, accruals, etc. (Fa&drench, 1992, 1996,
Acharya & Pedersen, 2005, Liu, 2006, Argal., 2006, Ang & Bekaert, 2007,
Hirshleifer et al, 2009, Kanget al, 2010). However, Subrahmanyam (2010)
stated that predictive variables stem from informal argotsiealternative tests of
risk-return models, behavioral biases, and frictionshsag limited arbitrage and
leverage controls. This is particularly true for sophisted professional investors
(Stein, 2009). According to Subrahmanyam (2010, p. 27hénlast twenty five
years “more than fifty variables have been used to prediatmst.

This paper does not aim to explain why these deviations gtessiwhat the
specific relevant variables are. Instead, the aim is to shaivit is possible to
profit from the deviations by estimating a combination of thiknown relevant
variables.

The usual way to take advantage of persistent deviatiombsthars to identify
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prospective winners and losers, is to sort the stocks forréicpkar characteris-
tic. For example, to identify growth and value stocks, it éc@ssary to estimate
several indicators or fundamentals, such as the earninggsi@tio (EP) and the
book-to-market ratio (BTM). Growth stocks usually have [BE®R and BTM ratios,
meaning that they are relatively high-priced in comparigdth the companies’
net asset values. On the other hand, value stocks haveregdtigh EP and BTM
ratios. Other firm characteristics, such as size, dividéeld yand liquidity, which
contribute to the explanation of the cross section of retrare similarly identified.

There are also more complex procedures that identify paiisggevinners and
losers. Some researchers suggest the use of structuraNésk( autoregression)
and/or VEC (vector error correction) models that includermaconomic variables
and/or fundamentals, such as growth rates of industrialymtion and stock prices
(Binswanger, 2004, Louis & Eldomiaty, 2010, Cheual,, 2011).

In this paper, we take an alternative approach to identibgpective winners.
Our aim is to show that it is possible to take advantage of aaynum arbitrage
opportunity by identifying the firm’s latent fundamentaksled on the correlation
structure of the stocks’ past returns in a single mixed &fganel data factor
model. In this way, we also propose an answer to Subrahmdasyaaio: p27)
remark, when he argues that “more needs to be done to cortk&leorrelation
structure amongst the variables, use a comprehensive sehtrbls, and discern
whether the results survive simple variations in methogiglo

We found empirical evidence that a zero net investment plastfi.e., an arbi-
trage portfolio), structured with a long position in a pofith composed of stocks
with the best combination of th&" latent fundamental factors (the “strong funda-
mentals portfolio”) and a short position in a portfolio coosed of stocks with the
worst combination of thév fundamental factors (the “weak fundamentals portfo-
lio”), generated positive and statistically significargkriadjusted returns, consid-
ering the Carhart (1997) 4-factor model.

The remainder of this paper is organized as follows. Se@idescribes the
theoretical background to identify stocks with the strastgand the weakest firm-
level latent fundamentals. Section 3 describes the datpaasgnts the statistical
model used to perform the analysis, as well as the port®lamation procedure.
Section 4 reports the general results with a sub period aagbsal analysis of the
strategy and reports the results adjusted for trading c8ststion 5 concludes.

2. Theoretical Background
2.1 Preliminaries

The structure of stock returns was first studied by Marko{i&52) through
the mean-variance framework, which represented the thiealrbasis for the Fac-
tor Models and the well-known Capital Asset Pricing Mode”AfM) that were
proposed by Sharpe (1964), Lintner (1965) and Mossin (1966)

According to Bodieet al. (2001), the single-factor model can be expressed as
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follows:

rip = E(ri) + BiM; + €4 (1)

wherer; ; is the return on stockat timet, E(r;) is the expected return of sto¢k
unconditioned on time)/; is the value of the market factor that affects all securi-
ties at time, 3; is the sensitivity of stockto that factor and,; ; is the idiosyncratic
return of stocki at timet.

From Equation 1, it can be inferred that M captures the effettinanticipated
market movements andexpresses the return related to the firm-level character-
istics. The expectations for both market and firm-level watmns are equal to
zero. Furthermore, Sharpe (1963) presented the singée¢imibdel, which is a
particular restriction of the single-factor model:

Tie = (0 +1p) 4+ Bi(rare — 1) + €t (2)

wherer is the return on the economy risk-free asset, and is the return on the
market portfolio at time.

In Equation 2,(rys: — r¢) is the factor that expresses unanticipated market
surprises. Ad(rar,: — 7¢) IS not necessarily equal to zero, the intercept of the
model, (o; + 7¢), is not the expected return of stockinconditioned on time as
in the single-factor model. As; is the market risk (sensibility) of stogkandr
can be obtained by a risk-free investmentcan be viewed as the return above the
risk or the risk-adjusted return for the stock

Given specific assumptions about the economy, the CAPM géaguilibrium
predicts that the risk premium on individual asséi$y; . — r¢), will be propor-
tional to the risk premium on the market portfoli&(ry;,: — r¢), and that the
securities’ market sensibilitys; ) will be as follows:

3
() E(riy) — 7 = BilE(rare) — 1] ©)

According to the CAPMg; is the idiosyncratic return of firmy, and it is not
related to any risk source. In additioB¢;) = 0 and E[¢;|(rare — 77)] = 0.
Furthermore, comparing equations 2 and 3, the CAPM prethetise; should
be zero for all assets. As; is the risk-adjusted return for stogk the CAPM
implies that no asset can generate returns above its ex@tsunarket risk. As
the CAPM is a model of expected returns, it allows the stookalized returns to
present risk-adjusted returns that are different from ,Zeuoit also states that the
expected risk-adjusted returns of different stocks ardaamvariables with mean
zero.

Although the CAPM is widely used in security analysis, thepamal evi-
dence demonstrates that it suffers from serious probleatdithit its applicability
(Friend & Blume, 1970, Jensest al, 1972, Eltonet al, 1993, Jagannathan &

{(i)m,t =1+ Li(rmgs —7rf) +€is
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McGrattan, 1995, Fama & French, 2004)[among others]. Asltennative, Ross
(1976) proposed the Arbitrage Pricing Theory (APT). The ARR®mises results
similar to the CAPM but implies that the risk-adjusted return must be equal to
zero if and only if the factor model used is an unrestrictedtifactor model for
the structure of stock returns.

In this context, some of the firm’s characteristics, suchzsand value, play
an important role in determining the structure of its stoeturns. As a conse-
guence, the 3-factor model was proposed by Fama & Frencl8ji®@ccount for
the effects of value and size-related variables that afésatns:

Tit — ry = ﬂi(T‘M,t — Tf) —+ SZSMBt —+ HZHMLt -+ €i,t (4)

where SM B, is the return at time of a portfolio composed of a long position
in the biggest companies and a short position in the smailess (size factor),
HML, is the return at time of a portfolio composed of a long position in the
highest value companies and a short position in the lowdsewanes (value fac-
tor) and S; and H; are the sensibility of stock to the size and value factors,
respectively.

According to tests performed by Fama & French (1996), thac3eir model
explains most of the asset pricing anomalies describeckifitdrature aside from
the momentum effect proposed by Jegadeesh & Titman (19%3).cdnsequence,
the 4-factor model was introduced by Carhart (1997), ansl é@sisentially the 3-
factor model with the addition of the momentum factor:

it —Trf = ﬁi(’l“Mﬂg — ’I“f) + S;SMB; + HHML; + U;UMD; + €t (5)

whereU M Dy is the return at time of a portfolio composed by a long position in
the winners (stocks with the highest past returns) and & phaition in the losers
(stocks with the lowest past returns), abigis the sensibility of stock to this
momentum factor.

More recently, other anomalies that represent importasiofa for the struc-
ture of stock returns were presented in the literature, sisctihe liquidity factor
(Acharya & Pedersen, 2005, Liu, 2006) and the exposure taggesgated volatil-
ity (Ang et al,, 2006). As can be seen, empirical evidence in the litergitoeides
several different asset pricing anomalies; to identifyfdetor model that explains
the structure of stock returns, these anomalies must baedas factors in addi-
tion to the market portfolio excess return.

We claim that one possible unrestricted model that expliasstructure of
stock returns will presen¥ -+ 1 different factors: One factor is a market portfolio
factor that affects all assets, though in different inteesi(alternative assets have

1Although more general since the driven risk factors are petiied by the model.
2There is no difference in the reasoning if we allow the nunaféactors to vary among the firms,
SON; + 1.
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different sensibilities to this factor), while the other &tfors are firm-level latent
fundamentals that comprise the “microeconomics” of firmkege firm-level la-
tent fundamentals, in a panel data setting, corresponetiodterogeneity between
these firms. We shall prove that, although the N firm-leveidiecare unknown, it
is still possible to discover what stocks present the bestlamworst combinations
of the N latent fundamental factors by following a simplegedure.

2.2 The model
First, consider the following model:

Ti =1p + BiMy + i + wie (6)

where M, is the market factor at timg ~; is the specific firm-level fundamental
that exists but cannot be measured under the structure wtima of stock:; , and
w; represents the idiosyncratic return under the hypothlesishe model proposed
in 6 is the unrestricted model.

Let us assume that the firm-level fundamental is the firms.slherefore, the
influence of firms’s size in the structure of its returns is equahto Now, let the
following equation represent the real unrestricted fantodel for the structure of
stock returns:

rig =1+ BiMy+ v+ v+ o+ YN Fwie (7)

where), is the market factor at timg vy ; is the influence of the k-th firm-level
characteristic under the structure of returns @apcepresents the real idiosyncratic
return for the stock under the true unrestricted model for stock returns, suah th
E(w;) = 0andVar(w;) = §?

Also, consider that eacty, ; is related to a specific firm-level characteristic
Xi. Then~,; can be viewed as the magnitude of the influence of charatiteris
X, on the structure of stocKs returns. As the firm’s fundamentals are stable,
at least in the short run, we consider that the parameigrsire relatively stable
through time and deterministic for a specific time span

In this setting, we maintain the original one risk factor mmbdr market model.
Recently, Coheret al. (2009), using cross-sectional tests, found that therd exis
specifications in which the differences in the relative grievels of individual
stocks can be largely explained by their fundamental b&@isthese authors, “the
CAPM fails to explain the one-period expected returns onesdgmamic trading
strategies but, ..., gets stock prices and expected langreturns approximately
right” (p.2742). It is important not to relate the firm-leveharacteristicsXy, to
aggregate risk factors, such as the size, value and/or ntamdactors, which are
already well-explored in the models presented in the liteea These aggregate
risk factors are conceptually different from those in Edqpra?, where the funda-
mentals indicate the influences of firm-level unobservedastiaristics that do not
change through time (in the short run).
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As the model proposed in Equation 7 is the unrestricted nfodée structure
of stock returns, its intercept is equal to zero. The exjwess; - M; represents
stocki’s return, generated by its exposition to the market fadthus, 5; - M, is the
return related to the stock’s marketrisk. The expression-2,1+- - -+vyn; is the
stock’s return related to its own unobserved or latent fumelatals and, therefore,
does not contribute as a risk factor to the structure of stettkns.

Now, let the market factol/ be the market excess return, amd= -~ ; +
Y2,i + - - + vn,i. Rewriting Equation 7, we have the following:

Tig —1f = Bi(rare —7f) + 10 +wis (8)
As a consequencey; is thei — th firm-level latent fundamentals’ influence
under the structure of its returns. Comparing Equation &écstngle index model
in Equation 2, we haveg; = «;, and thus, the CAPM predicts tha{n;) = 0. We
do not rule this result out, but we take a different view. pgepresents firm's
latent fundamentals influence under the structure of stsaleturns, and because
the firm’s latent fundamentals are relatively stable ovaetiwe have:

D)E(m) =
i) Var (m) =

i) E(nili) # 0
iw)Var(nli) = 0

(
(
( (9)
(

Applying the Expectation and Variance operators to Equéiove obtain the
following:

E(rig) =rf+ BilE(rme) — 1y (10)
VAR(rit) = B2VAR(rae) + v+ VAR(w;¢)

If we consider that; ; = 7; + w; ¢, then the results proposed in Equation 10
are the same basic results as the CAPM, and the idiosynceaiit for the CAPM
model has two components: the real idiosyncratic returnthedeturn related to
the firm’s own latent fundamentals.

As a consequence, now applying the conditional ExpectatimhVariance op-
erators to Equation 8, we obtain the following:

B(rsali) =y + BLE(aa) = 7] + Elmil) an
VAR(ri i) = B2VAR(rare) + VAR(w; i)

Observe that); contributes to stock's expected return, but it does not con-
tribute to its volatility. Therefore, the higher the valueo(r;|i), the higher the
firm’s expected returns will be, due to their strong latemidfamentals.
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If our model’s prediction in Equation 11 is valid, then a &gy that buys
stocks from firms with the bessifongest fundamentals — expressed by higher
values ofn; — and shorts those with the worstéakestfundamentals should gen-
erate positive and statistically significant risk-adjdsteturns because these fun-
damentals are not related to any market risk source. Iniaddliecause Equation
8 represents an unrestricted model for the structure oksteeturns, a signifi-
cant risk-adjusted return must be observed regardlesedattor model used to
analyze the returns, as long as this factor model is not thestnicted model itself.

3. The Data

3.1 Data Collecting and Sampling

This study considers monthly returns between July 1985 and 2008. The
statistical tests and performance measures were perfdionéite period of July
1986 to June 2008; this is defined as the sample period.

The sample study is composed of the 1,000 biggest U.S. caegdor each
year. The Center for Research in Security Prices (CRSP)VWleighted Index
and the Monthly Treasury Bill rate were used as proxies ferrttarket portfolio
and the risk-free rate, respectively.

The data set was obtained from three different databasedsof Athe infor-
mation regarding stocks and indices was obtained from th8RCRionthly file
database, while the monthly Treasury bill rate was coltkétem the Federal Re-
serve Bank interest rate database. The data used for thetdrRaodel employed
in the analysis was obtained from Kenneth French’s weBsite.

3.2 Estimation procedures

From the derivations in section 2.2, we have the model in Eou® as the
unrestricted model for the structure of stock returns. Vge alemonstrated that
higher values of); imply stronger firm-level fundamentals for tlieh firm and,
as a consequence, higher expected returns. However, lecibene are too many
parameters to be estimated in Equation 8, there would behddgg in terms of de-
grees of freedom. To manage that limitation, the followimigditudinal one-factor
model with mixed effects was used for the analysis and estidnby Restricted
Maximum Likelihood®

rit — vt = B(rerspy — rrBt) + bi(rerspe —rrBe) 0 +wiy (12)

whererrp+ is the Treasury bill rate at month rcrsp: is the CRSP Value
Weighted Index return at month 5 is the model’s fixed effect anki andr; are

3The companies are ranked by their market cap (market cap bewuaf shares outstanding times
price per share) at the last trading day of May for each year.

“http://mba.tuck.dartmouth.edu/pages/faculty/ken.french/data\_library.
htmlAvailable at 02/09/2010.

5For details about the longitudinal approach used, see Riiriceet al. (2004).
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the model’'s random effects. In addition, we have ttbatn;) ~ N2(0, "), where
> is the covariance matrix for the random effect coefficiénThe sensitivity of
stocki to the market is given by + b; and the firm-level latent fundamentals’
influence on the structure of stock i's returngis

As of the first trading day for every Julyfrom 1986 to 2007, we estimated
the model proposed in Equation 12 using the last 12 montfe'rimation. As the
1,000 biggest companies were evaluated at every end of Mayevified which
of them were still being traded in the market on the first mgdilay of July of
the same year, and those not traded were excluded from tihgsefaThen we
ranked the stocks in an ascending order by their firm-levetl&mentals); and
constructed 10 equally weighted portfolios based on thikireg. The hundred
lowestn; stocks formed portfolio 1 (theweak fundamentals portfolij the next
hundred formed portfolio 2 and so on up to portfolio 10 (thied'sg fundamentals
portfolio”). Portfolio 10 would be formed by less than 100dts, because some
of the 1,000 stocks were not being traded any longer as ofilgditst trading day
of the following yea#

In addition, a zero net investment portfolio (the “arbiteguprtfolio”) was cre-
ated to take advantage of the differences in firm-level lftemdamentals, thereby
taking a long position in the strong fundamentals portfalial a short position in
the weak fundamentals portfolio as of every July. To mineriading costs, the
portfolios were not rebalanced until the first trading daylolfy of the next year,
when the analysis was performed again and the new portfaios formed (i.e.,
we considered a one-year investment horizon).

The arbitrage portfolio does not present real percentagerebecause there is
no net investment. Consequently, to interpret the reswdtsamsidered the returns
per dollar long in this portfolio as the arbitrage portfaleurns. In addition, there
are two arbitrary adequacy rules for the implementatioinisf strategy:

a) If a portfolio, at some point during the portfolio’s intesent horizon, con-
tains a company that does not present information at that pbie stock is
considered sold at exactly the last price available for éise trading day of
the previous month and the funds are not reinvested untihéxé analysis
date.

6The normality assumption here is imposed to simplify thénestion of the latent fundamentals
parameters (which become the conditional modes of the rareffects given the estimated fixed ef-
fects). However, it is important to note that there is no limkh beliefs of normality of returns since
the latent fundamentals parameters are only used to raoksstbut no inference is performed based
on their estimation.

"By composing the portfolios at July first trading day we avpassible effects from financial
statement disclosures.

8This was done for each year to assure the applicability oftizegy.

9During the analysis, the number of stocks in the strong pliotfanged from 92 to 98.
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b) If a stock does not have any available information to penftihe analysis for
a specific month, then the observation of this stock for thécic month is
droppedt®

4. Estimation Results
4.1 Overall results

The portfolios’ results for the sample period are reportetiable 1. The aver-
age returns, risk premium, tracking error and risk-adgiséturns appear to grow
according to the portfolio’s firm-level fundamentals sg#n In addition, the risk
measures (CAPM Beta and Standard Deviation) follow a sirpidtern, but both
the weak and the strong portfolios present high-risk leirelsomparison to the
other portfolios. The strong fundamentals portfolio hadatistically superior
variance to the weak portfolidf{ = 2.31), in line with the explanation and results
of Fama & French (1992, 1993) and Petkova & Zhang (2005).

The strong portfolio presented an average return and reskijum higher than
the market and a market sensibility of 0.71. This means tteastrong portfolio’s
average return was above the market'’s return, and its msekeibility was lower
than it was for the market portfolio itself.

Furthermore, the strong fundamentals portfolio’s risksatéd return is posi-
tive and statistically significant, while the arbitragebalio has an average return,
risk premium, and tracking error as well as risk-adjustedrre that are positive
and statistically significant. Similarly, the results foetportfolio with weak fun-
damentals generated negative risk-adjusted returns. eTiessilts are in accor-
dance with our model’s theoretical background and, theegforovide empirical
evidence of its validity. They are also in line with the lagure of market anoma-
lies and abnormal returns Fama & French (1992, 1998, 20GKohishoket al.
(1994), Sharmat al. (2008, among others). Moreover, the arbitrage portfolio’s
market sensibility was only 0.14, which indicates a low levemarket risk, as
is expected given its composition (long and short positionalternative portfo-
lios). The arbitrage portfolio had an average monthly aslgisted return of 2.07%
(27.87% annually). As a point of reference, this result ismmore expressive
than the expected value premium of 6.1% per annum found by €hal. (2008)
for the period from 1945 to 2005.

10This rule was applied for a very insignificant number of obatons.
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Table 1
Portfolios’ results: sample period analysis, July 1986ui0eJ2008

The portfolios are created every July first trading day adiogrto the firms’ fundamentals strength in the
previous 12 months, and the investment horizon is one yesacahMonthly results are reported and refer
to the period between July 1986 and June 2008 264); their t-statisticsare reported in parenthesis.
The Risk Premium is the portfolio average excess returnideriag the risk-free rate, the Tracking Error is
the portfolio average excess return considering the madefolio return and the risk-adjusted returns are
related to the 4-factor model presented in Equation 5 andadmest to the presence of heteroskedasticity,
autocorrelation and outliefs. The CRSP Value Weighted Index and the Monthly Treasury Bt were
used as proxies for the market portfolio and the risk-frée raspectively. The arbitrage portfolio has value
zero every July 1%, and therefore, we considered the returns per dollar lonlgisrportfolio as its returns

Portfolio Average Risk Tracking  Risk-Adjusted = CAPM Stardia
Return Premium Error Return Beta Deviation

Weak Fundamentals -0.0007 -0.0044 -0.0097 -0.0052 0.55 540.0

Portfolio (-0.20) (-1.30) (-3.00) (-1.48)

Portfolio 2 0.0059 0.0022 -0.0031 -0.0013 0.48 0.0405
(2.36) (0.88) (-1.23) (-0.49)

Portfolio 3 0.0087 0.0050 -0.0003 0.0005 0.47 0.0377
(3.74) (2.14) (-0.14) (0.22)

Portfolio 4 0.0095 0.0058 0.0005 0.0011 0.49 0.0378
(4.08) (2.49) (0.20) (0.45)

Portfolio 5 0.0113 0.0076 0.0023 0.0019 0.49 0.0385
(4.79) (3.22) (0.97) (0.73)

Portfolio 6 0.0132 0.0095 0.0042 0.0024 0.54 0.0420
(5.10) (3.66) (1.69) (0.78)

Portfolio 7 0.0148 0.0111 0.0058 0.0008 0.55 0.0449
(5.37) (4.02) (2.20) (0.35)

Portfolio 8 0.0167 0.0130 0.0077 0.0032 0.58 0.0483
(5.62) (4.37) (2.76) (0.85)

Portfolio 9 0.0216 0.0179 0.0126 0.0037 0.63 0.0550
(6.40) (5.29) (4.07) (1.13)

Strong Fundamentals 0.0312 0.0275 0.0222 0.0084 0.71 ®.082

Portfolio (6.15) (5.42) (4.66) (2.25)

Arbitrage Portfolio 0.0311 0.0274 0.0221 0.0207 0.14 01092

Market 0.0090 0.0053
(3.36) (1.99) - - 1.00 0.0435

From these results, we conclude that our approach allowed estimate the
influence of the firm-level latent fundamentals of differetacks and that these
fundamentals had a direct influence on the stocks’ returnisglthe sample pe-
riod. In addition, it was possible to obtain positive righqssted returns in an
arbitrage strategy by identifying and trading the strohgesl weakest firm-level
fundamentals for that period.

4.2 Subperiod and seasonal analyses robustness checks

To assure that our results were not conditioned to some saspecific bias,
we divided the sample period into five subperiods and perdrthe same analy-
sis. We had a total of 264 months (22 years) that were sptttimee subperiods
of four years and two of five years, as can be seen in Table 2.

The F-statisticsindicated that the average returns were jointly equal durin
the five subperiods for all portfolios considered, whichdieas to conclude that
the proposed strategy is relatively stable through timertHeumore, the predic-
tions generated by our model were stable for all subperigugn the positive
risk-adjusted returns for the arbitrage portfolio (altgbunot always statistically
e
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significant). In addition, the average returns for the ggriamdamentals portfo-
lio were higher than those observed for the weak fundamenotaior the market
portfolios in all subperiods. The risk-adjusted returnsifie strong portfolio were
also higher in comparison to the weak portfolio.

Table 2
Portfolios’ results: subperiod analysis

The portfolios are formed every July first trading day acewgdo the firms’ fundamentals strength in the pre-
vious 12 months, and the investment horizon is one year ahdadthly results are reported and refer to the
specified subperiods; theistatisticsare reported in parenthesis. The risk-adjusted returnsetated to the
4-factor model presented in Equation 5 and are robust toréeepce of heteroskedasticity, autocorrelation and
outliers. The CRSP Value Weighted Index and the Monthly Sueg Bill rate were used as proxies for the
market portfolio and the risk-free rate, respectively. Bhlitrage portfolio has value zero every Juff land
therefore, we considered the returns per dollar long ingbigfolio as its returns. ThE-statisticsrefer to the
null hypothesis that the average returns are jointly ecuradll subperiods
Subperiod  Weak Fundamentals Portfolio Strong FundaneeRtattfolio Arbitrage Portfolio Market
Average Risk-Adjusted Average Risk-Adjusted Average HRaslusted Average

Return Return Return Return Return Return Return
1986 - 1990 -0.0019 -0.0100 0.0386 0.0143 0.0398 0.0224 00.01
(-0.31) (-1.54) (3.03) (2.18) (3.76) (2.00) (1.27)
1990 - 1994 -0.0066 -0.0001 0.0349 0.0235 0.0402 0.0310 80.00
(-0.99) (-0.03) (3.45) (2.07) (4.61) (3.37) (1.59)
1994 - 1998 0.0115 -0.0023 0.0217 0.0064 0.0096 0.0034 08.020
(1.39) (-0.21) (3.69) (0.69) (1.01) (0.28) (4.50)
1998 - 2003 -0.0120 -0.0096 0.0330 0.0083 0.0431 0.0190 00.00
(-1.32) (0.90) (2.08) (0.67) (2.25) (1.43) (0.09)
2003 - 2008 0.0068 0.0021 0.0280 0.0100 0.0219 0.0150 0.0082
(1.18) (0.49) (3.68) (1.23) (2.57) (1.38) (2.21)
F-Statistics 171 - 0.31 - 1.29 - 1.39
(p-Value) (0.15) (0.87) (0.27) (0.24)

We also conducted an analysis by calendar month to verifytivelneseasonal
effects exist in the performance of our investment methoghpl This seasonal
analysis can be found in Table 3. TRestatisticsindicated that the average re-
turns were not jointly equal for all calendar months for aoytfolio considered,
aside from the market portfolio, indicating that our stggt@resented significant
seasonal effects.
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Table 3
Portfolios’ returns by calendar months

The portfolios are formed every July first trading day acemydo the firms’ fun-
damentals strength in the previous 12 months, and the imeggthorizon is one
year. The average monthly returns reported refer to thefggmcalendar months;
theirt-statisticsare reported in parenthesis. The CRSP Value Weighted Index w
used as a proxy for the market portfolio. The arbitrage pbafhas value zero
every July 1st, and therefore, we considered the returndgdlar long in this port-
folio as its returns. Thé&-statisticsrefer to the null hypothesis that the average
returns are jointly equal for all calendar months

Calendar  Weak Fundamentals Strong Fundamentals Arbitradarket

Month Portfolio Portfolio Portfolio
January -0.0015 0.0830 0.0844 0.0164
(-0.12) (3.72) (3.08) (1.72)
February -0.0011 0.0577 0.0630 0.0070
(-0.12) (2.33) (1.97) (0.83)
March -0.0150 0.0465 0.0590 0.0069
(-2.87) (3.86) (4.83) (0.98)
April -0.0123 0.0530 0.0617 0.0127
(-1.01) (3.44) (2.92) (1.53)
May 0.0240 0.0500 0.0268 0.0188
(2.08) (3.17) (1.36) (2.67)
June -0.0263 0.0388 0.0596 0.0032
(-2.17) (2.28) (2.38) (0.40)
July -0.0105 -0.0038 0.0067 0.0023
(-0.81) (-0.28) (0.72) (0.24)
August 0.0081 0.0126 0.0032 0.0007
(0.58) (0.80) (0.35) (0.06)
September -0.0049 -0.0149 -0.0093 -0.0048
(-0.42) (-1.10) (-0.83) (-0.48)
October -0.0020 0.0050 0.0063 0.0075
(-0.15) (0.27) (0.51) (0.57)
November 0.0231 0.0100 -0.0129 0.0142
(2.05) (0.60) (-0.83) (1.36)
December 0.0103 0.0363 0.0241 0.0233
(1.63) (2.93) (1.83) (3.10)
F-Statistics 1.75 3.00 3.08 0.78
(p-Value) (0.06) (0.00) (0.00) (0.66)

The arbitrage portfolio generated negative average retiamtwo months of
analysis (September and November), but neither of thosstatistically signifi-
cant. For the other months, it presented positive and mettistically significant
average returns. The strong fundamentals portfolio ptedensimilar pattern, but
the two months of non-significant negative average retusreduly and Septem-
ber.

On the other hand, the weak fundamentals portfolio gengmatestly nega-
tive average returns, but only two of them were statistjcaignificant (March
and June); few positive average returns were generatedofathdse, two were
statistically significant (May and November).

In addition, the market portfolio generated only one morfthhegative non-
significant average returns, but also only three monthsepted positive signifi-
cant average returns (January, May and December).

Finally, the subperiod and calendar month analysis indit#tat the strategy
was stable through the years, though seasonal effectee@xidbwever, the main
characteristics of our strategy do not change significdotigifferent months be-
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cause none of the negative average returns for the arbjp@tfelio were statisti-
cally significant.

4.3 Trading costs adjusted results

The results provide evidence that our strategy (based oartiizage portfo-
lio) can generate positive risk-adjusted returns, but fepipractical investment
perspective for institutional investors, it is importantunderstand whether or not
the abnormal returns can be sustained after accountingdding costs. In this
context, our strategy was considered to have a turnover 0%18 Berkowitz
et al. (1988) estimated a one-way transaction cost of 23 basid9fuin institu-
tional investors. Based on this cost, we tested our modél thi¢ adoption of a
two way transaction cost of 25 b.p. per trade.

The results for the annual returns adjusted by trading azstisbe found in
Table 4. Annual returns for the strong fundamentals padfate positive for the
whole sample period, while the weak fundamentals portfolesented many neg-
ative annual returns. The weak portfolio generated a higteirn compared to
the strong one for only 4 of the 22 years in the sample, whigestinong funda-
mentals portfolio beat the market for 21 out of 22 years ofysig In addition,
the arbitrage portfolio generated positive returns for GBaj the 22 years of our
analysis.

Furthermore, the average return for the strong fundameptatfolio is
41.08% per annum, while the market portfolio and the weakl&mentals portfo-
lio generated 10.95% and -0.91% average annual returpeatdgely. The strong
fundamentals portfolio’s annual risk-adjusted return 8@ 0%, while the weak
fundamentals portfolio produced a negative risk-adjusttatn of -22.25% per an-
num; both are statistically significant. In addition, thbitage portfolio presented
a positive and statistically significant average return@®Z% and a risk-adjusted
annual return of 54.85%.

The results suggest that our investment approach gengraséie risk-adjus-
ted returns for the sample period even after adjusting faditig costs. It also
shows some empirical evidence that supports our model.cgoped in Equation
8, and leads to the conclusion that it is possible to profitéigpgia simple invest-
ment approach based on our model.

12This is a conservative assumption because not all assebteimgtraded each year. In fact, some
of the assets remain in the portfolio for longer than onequkrthis leads to a turnover lower than
100%.
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Table 4
Portfolios’ annual returns adjusted by trading costs

The portfolios are formed every July 1st trading day aceaydo the firms’ fundamentals strength in the previ-
ous 12 months, and the investment horizon is one year. Thégesported are annual and refer to the specified
subperiods. The returns for the Weak, Strong and Arbitragdgios were adjusted by trading costs that con-
sidered a two way transaction cost of 0.25% and turnover 6%4.0The risk-adjusted returns are related to the
4-factor model presented in Equation 5 and are robust torésepce of heteroskedasticity, autocorrelation and
outliers. The CRSP Value Weighted Index and the Monthly JueaBill rate were used as proxies for the mar-
ket portfolio and the risk-free rate, respectively, andraveadjusted by trading costs. The arbitrage portfolio has
value zero every July 1st, and therefore, we considerecethens per dollar long in this portfolio as its returns.
Thet-statisticsrefer to the significance of the average annual returns anel keported in parenthesis

Subperiod Weak Fundamentals Strong Fundamentals ArbiPagfolio Market Risk-Free
Portfolio Portfolio Rate

1986 — 1987 -0.0896 0.4572 0.5369 0.1952 0.0557
1987 — 1988 -0.1069 0.4039 0.5010 -0.0625  0.0549
1988 — 1989 0.1237 0.4144 0.2797 0.1878 0.0756
1989 — 1990 -0.0677 0.7502 0.8078 0.1264 0.0822
1990 — 1991 -0.3897 0.2222 0.6035 0.0690 0.0708
1991 — 1992 0.0523 0.9571 0.8943 0.1395 0.0468
1992 — 1993 0.1278 0.1637 0.0251 0.1618 0.0309
1993 - 1994 -0.0641 0.6438 0.6980 0.0081 0.0306
1994 — 1995 -0.1814 0.2177 0.3898 0.2423 0.0486
1995 — 1996 0.1350 0.6097 0.4637 0.2568 0.0542
1996 — 1997 0.2130 0.1871 -0.0373 0.2875 0.0530
1997 — 1998 0.3958 0.1408 -0.2673 0.2808 0.0510
1998 — 1999 -0.2154 0.5395 0.7458 0.1881 0.0465
1999 — 2000 -0.1965 10.017 11.889 0.1105 0.0514
2000 - 2001 0.1259 0.0316 -0.1053 -0.1604  0.0568
2001 - 2002 -0.0528 0.3488 0.3917 -0.1672  0.0243
2002 — 2003 -0.3999 0.0564 0.4482 0.0236 0.0142
2003 — 2004 0.2723 0.8289 0.5452 0.2167 0.0090
2004 — 2005 0.2254 0.1685 -0.0681 0.0894 0.0181
2005 — 2006 -0.0672 0.3798 0.4371 0.1125 0.0388
2006 — 2007 0.0846 0.2701 0.1748 0.2131 0.0507
2007 — 2008 -0.1259 0.2448 0.3611 -0.1092  0.0337
Average Return -0.0091 0.4108 0.4097 0.1095 0.0454
(1986-2008) (-0.21) (6.80) (5.40) (3.76) (11.20)
Risk-Adjusted Return -0.2225 0.3770 0.5485 - -
(1986-2008) (-5.40) (4.50) (7.49)

5. Concluding Remarks

Itis possible to assess a firm’s latent fundamentals stndvegged on the struc-
ture of past returns and a single-factor mixed effects pdatel model. We argue
that the unrestricted model for the structure of stock retus given by the mar-
ket variable andV firm-specific latent fundamentals characteristics. Evendin
these characteristics are not directly observed, it isiplesto value the strength
of the combination of thes# firm-level characteristics for each stock.

In addition, a trading strategy that buys and sells stocksraking to their la-
tent fundamentals strength realized significant risk-stéjdi returns for the period
between July 1986 and June 2008. This result was obtainedghrthe exami-
nation of an investment strategy that buys the stocks witsttongest latent fun-
damentals (thestrong fundamentals portfolipand sells stocks with the weakest
latent fundamentals (theveak fundamentals portfoliy hence, it is possible to
explore the arbitrage opportunity originating from thdeliénces in firm-level la-
tent fundamentals. The portfolio created through thigatpa(arbitrage portfolio)
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has a low level of market risk and a significant risk adjusttdnn because of its
composition; it is generated by a panel data mixed effeqiscgzh.

For example, the arbitrage portfolio generated a signifiae@rage monthly re-
turn of 3.11% and a risk-adjusted return of 2.07%, considgttie 4-factor model
proposed by Carhart (1997) and presented a market setys{@ihPM Beta) of
0.14.

We also provided subperiod and seasonal analyses in orddemdtify the
strategies’ specific characteristics. First, the sample@geavas divided into five
subperiods and the analysis suggested that we cannot tiegeblypothesis that
the arbitrage portfolio average returns for different srgls are jointly equal.
Then, we considered the average returns per calendar modtfoand that the
arbitrage portfolio returns differ for different monthsergerating mostly positive
and statistically significant returns but with two monthsiof-significant negative
returns.

To assure the strategy’s practical profitability, we perfed a trading cost ad-
justed analysis and found that the arbitrage portfolio getieel a significant av-
erage annual return of 40.97% and a risk-adjusted returd &B86 per annum.
Furthermore, the strong fundamentals portfolio preseptesitive annual returns
adjusted by costs for all of the 22 years of analysis.

Nonetheless, two limitations arise in the results of thislgt The first is related
to the approach used to evaluate the transaction costshwehb@sed on the study
of Berkowitzet al. (1988), which can generate different results when conisiger
alternative approaches. Finally, the sample period uséueistudy (1985-2008)
does not address the global financial crisis, which may infteehe robustness of
our results in larger samples.

Finally, there is some empirical evidence that our modebis & profit from
the differences in firm-level latent fundamentals; thi®ab us to infer that it is
possible to estimate the firm-level latent fundamentalmftbe structure of past
returns. These results confirm related empirical findingsurging the value pre-
mium and other anomalies, implying that some degree of ptaiility for stock
returns exists. This paper also provides some evidencé tkaiossible to gener-
ate profitable strategies with a panel data approach witlednetfects. Therefore,
the results provide evidence that contradicts the Effididsrtket Hypothesis.
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