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Received 07 June 2021, The recent research on asset pricing shows that the higher liquidity that results from the globalization of financial
Accepted 18 October 2021 markets has significantly reduced the returns tied to many market anomaly-based strategies. However, in general,
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DOL 10.5295/cdg.211521aa of the classic asset pricing models. On this basis, in this paper we study to what extent the lower returns provided

by market anomaly-based strategies imply better performance of those models. Hence, the main purpose of our
study is to compare the performance over time of some of the most prominent asset pricing models, namely, the
CAPM and the Fama and French three- and five-factor models, on the European and US equity markets, using
return series that cover more than 30 years. Our results show that, although the CAPM is the model with the
worst performance in explaining excess returns in all periods both in Europe and US, the model has increased its
explanatory power in the recent years principally due to the attenuation of classic market anomalies, such as the
size effect or the value effect. Furthermore, our results show that the CAPM correctly prices the three classic Fama
and French factors for the years 2006-2021, which explains the best performance of the model for that time inter-
val. Our results have important implications for investment analysis, as well as for determining the cost of capital.
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RESUMEN

Dentro del ambito de la valoracién de activos, investigaciones recientes ponen de manifiesto como el incremento de
la liquidez de los mercados financieros por razén de la globalizacion se esta traduciendo en una paulatina reduccion
de los diferenciales de rentabilidad proporcionados por diferentes estrategias basadas en anomalias del mercado. No
obstante, tales investigaciones no analizan en general el impacto que dicha reduccion tiene sobre el funcionamiento de
los modelos clésicos de valoracién de activos. Sobre esta base, este trabajo se desarrolla al objeto de analizar en qué me-
dida el proceso de atenuacion de las anomalias de mercado se traduce en un incremento de la capacidad explicativa de
dichos modelos. Asi, el principal propésito de este estudio es realizar una comparativa en el tiempo entre los principales
modelos de valoracion de activos, concretamente el CAPM y los modelos de tres y cinco factores de Fama y French, en
los mercados de acciones europeo y estadounidense, haciendo uso de series de rendimientos de mas de 30 aflos. Los
resultados obtenidos muestran que, a pesar de que tanto a nivel europeo como estadounidense y en todos los periodos
estudiados, el CAPM es el modelo con un peor comportamiento a la hora de explicar los excesos de rentabilidad, el
modelo ve incrementada su capacidad explicativa en los afios mas recientes debido a la atenuacién de anomalias clasicas
del mercado, como son el efecto tamario o el efecto valor. Mas atin, nuestros resultados confirman que el CAPM es capaz
de valorar correctamente los tres factores clasicos de Fama y French para los afios 2006-2021, lo que explica el mejor
funcionamiento del modelo para ese intervalo de tiempo. Nuestros resultados tienen importantes implicaciones para la
gestion y analisis de inversiones bursatiles, asi como para la determinacion del coste de capital de las empresas.

Palabras clave: Coste de Capital, Betas, Anomalias de Mercado, CAPM, Modelos Multifactor.
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1. INTRODUCTION

The correct determination of the cost of capital is a key ele-
ment in business management due to its strategic implications
in project evaluation. In this sense, although the most widely
used model in the determination of the cost of equity is the
Capital Asset Pricing Model (CAPM), several problems tied to
this model explain its poor performance at the empirical level,
as well as the proliferation of multifactor models designed to
mitigate these problems. On this basis, the aim of this paper is
to analyze to what extent the normal functioning of the mar-
ket, and more specifically the significant increases experienced
in recent decades in traded volumes and liquidity in financial
markets, has led to changes over time in the empirical perfor-
mance of the CAPM, as well as the main multifactor asset pric-
ing models.

Two key elements substantiate this study. First, while the
poor empirical performance of the CAPM is partly explained
by the presence of different market anomalies leading to ab-
normally high returns, recent research shows how the increase
in trading volumes in recent years has significantly reduced
the return spreads of such strategies (Mashruwala et al. 2006;
Green et al. 2011; Chordia et al. 2014; McLean and Pontiff
2016), and especially that referred to as the value effect, i.e. the
fact that stocks of companies with a high book value to mar-
ket value ratio (hereafter BE/ME ratio) provide abnormally
high returns. However, it is important to note that, although
the aforementioned studies reflect a significant attenuation in
numerous market anomalies, such studies do not carry out em-
pirical validation of the CAPM or the Fama and French mod-
els, which highlights the relevance of the present study. In this
context, Bornholt (2013) notes that, if market anomalies tend
to disappear in stock markets, the CAPM could experience a
resurgence in its explanatory power.

Secondly, the poor empirical performance of the CAPM is
additionally explained by the important differences between
the conditional and non-conditional moments that result from
stock market returns, which, rather than behaving as independ-
ent and identically distributed (i.i.d.) variables, require the use
of time-varying coefficients for their adequate specification, as
highlighted by the Hansen and Richard (1987) critique. As a
direct consequence from this fact, asset pricing models that are
typically used in a non-conditional form, such as the CAPM or
the multifactor models proposed by Fama and French (Fama and
French 1993, 2015), are susceptible to exhibit important shifts in
their performance over time, which, together with the aforemen-
tioned attenuation of part of the market anomalies documented
by the literature, justifies the convenience of studying the perfor-
mance of linear asset pricing models over time and across differ-
ent geographical areas.

On this basis, in our research we conduct a study, both for
the European and the US equity markets, to evaluate the perfor-
mance of the CAPM, the three-factor model of Fama and French
(1993) (hereafter FF3), and the subsequent revision carried out
to include two additional factors (Fama and French 2015) (here-
after FF5), for three different time intervals, namely: 1990-2005,
2006-2021, and 1990-2021, thus extending the time interval used
by other recent studies on the area, such as Fama and French

(2017). Using the multiple linear regression method, we analyze
and determine the relationship between the factors proposed by
each of the models and the expected returns for the defined pe-
riods. For evaluation purposes, we compare the average returns
of the 25 classic Fama and French portfolios, formed by the size
and BE/ME ratio of the stocks, and the fitted returns provided by
each of the models under analysis. Our estimation procedure ex-
plicitly distinguishes two steps: (i) first, for each portfolio we run
a time-series regression of excess returns on factors in order to
determine beta coefficients, and (ii) second, we run a cross-sec-
tional regression of mean returns on betas to determine market
risk prices.

Accordingly, our study contributes to the current body of
knowledge in the area of asset pricing, as it examines the ex-
planatory power of the CAPM and other factor models in dif-
ferent time intervals, which capture the significant increases
in trading levels experienced in recent years in the financial
markets, leading to an important mitigation in different mar-
ket anomalies. Thus, although our research uses updated data
to show the lower explanatory power of the CAPM compared
to multifactor models, it also reflects a trend of the CAPM
towards a greater explanatory power due to the reduction of
market anomalies, such as the size effect or the value effect. In
terms of the implications of the study, our results are directly
related to the investment decision-making process and the cost
of capital of firms.

The remainder of the paper continues in section 2 with a
summary of the related literature. The data and methodology
used in the research are described in section 3. Section 4 pro-
vides an analysis of the results obtained, and section 5 sum-
marizes our conclusions and suggests directions for future re-
search.

2. LITERATURE

The relationship between risk and returns has been a funda-
mental pillar in the theories of asset pricing postulated in mod-
ern financial economics. The CAPM model, proposed by Sharpe
(1964) and Lintner (1965), represents the beginning of the asset
pricing theory. Six decades later, the CAPM is still widely used,
especially to estimate the cost of capital of firms and to evaluate
the profitability of asset portfolios. Thus, the CAPM is a robust
and intuitive tool for measuring risk and its relationship with
expected returns.

However, although classic asset pricing models, with the
CAPM as their main exponent, are widely recognized and inten-
sively used in practice for a wide range of purposes, their empir-
ical performance has traditionally been poor. In this regard, an
important drawback of the CAPM comes from its most essential
element, the market portfolio, which is difficult to represent at
an empirical level.

Second, as noted above, for a wide range of market anoma-
lies there is a significant gap between betas and expected returns
that, in some cases, even translates into inverse patterns be-
tween the two variables. Thus, classic literature on the topic has
comprehensively analyzed different puzzles, as is the case of the
low beta premium puzzle, the value effect, size effect, price-to-
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earnings (P/E) effect, etc. (Blume and Friend 1973; Black 1972;
Basu 1977; Banz 1981; De Bondt and Thaler 1985; Cheol 1994;
Hagtvedt 2009). In this sense, the studies by Chan et al. (1991),
Fama and French (1998, 2012) and Griffin (2002) are remarka-
ble in that they identify different patterns in the size and value
of returns on international stocks. Fama and French (1993) ar-
gue that, although size and the BE/ME ratio are not themselves
state variables, the high average returns of small stocks with a
high BE/ME ratio produce non-diversifiable risks that the mar-
ket return cannot capture. The authors explain this statement
by the fact that returns of small stocks have a higher covari-
ance with each other than the returns of large stocks, while the
returns of stocks with a higher BE/ME ratio (value firms) also
have a higher covariance than those with a lower BE/ME ratio
(growth firms).

Nevertheless, recent literature on the area continues to
study market anomalies in depth. Thus, Asness et al. (2013)
find consistent value and momentum effect return premia
across eight markets and for diverse asset classes, as well as a
strong factor structure among their returns. Their results sug-
gest the presence of common global risks, leading the authors
to apply a three-factor asset pricing model. The low beta effect,
i.e., the fact most asset pricing models typically underestimate
the expected returns of the companies with low betas, consti-
tutes one of the most studied anomalies in the literature. Re-
cently, Elminger (2019) shows that excess returns provided by
the strategies based on the low beta anomaly, the value effect
and the size effect are quantitative puzzles. Moreover, the au-
thor shows that the anomalies associated with the CAPM arise
from higher-order moments related to dividends and, conse-
quently, to the distribution of the dividends consistent with the
preferences of the representative investor. Hwang et al. (2021)
show that the low beta anomaly can be explained by the con-
cept of herding beta, which measures the cross-sectional var-
iation of betas due to changes in the confidence of investors
about their market perspectives. Bornholt (2013) analyzes 48
industries in the US and finds that the low beta anomaly has
decreased over time.

Finally, an updated full analysis of most market anomalies
can be found in Hou et al. (2020). In that study, the authors
reproduce the body of results from the literature on market
anomalies by compiling a large data database of 452 anomalies,
analyzing which of those anomalies are directly replicable. In
this regard, the authors conclude that the value and momen-
tum anomalies are easily replicable, as well as the investment
and return anomalies. However, the study concludes that a
large number of market anomalies are not replicable, meaning
that financial markets are more efficient than previously rec-
ognized. Furthermore, these findings have traditionally chal-
lenged the CAPM and led to exploring different multifactor
models.

In contrast to the above studies, there is also evidence that
the size effect is disappearing in the US market (Horowitz et al.
2000; Amihud 2002), while in Europe it may even become neg-
ative (Baetge et al. 2010). More recently, studies for the UK
equity market, such as Rojo et al. (2020), show that the pric-
ing errors delivered by the CAPM have significantly decreased
with respect to those in the previous literature, highlighting

that time-varying beta models can perform similarly to the Fa-
ma-French models.

As it is widely known, Fama and French (1993, 1996) pro-
pose a three-factor asset pricing model that, additionally to the
market risk premium RMRF (i.e. the difference between the
market return RM and the risk-free rate RF), the authors add
the SMB (Small Minus Big) factor, that is, the return of a diver-
sified portfolio consisting of small stocks minus big stocks, and
the HML (High Minus Low) factor, that is, the return of a di-
versified portfolio consisting of stocks with high minus low BE/
ME ratio. Remarkably, the three-factor model is widely used in
empirical research as well as on a practical level. Furthermore,
alpha estimates derived from the time series regressions of the
model are generally used to measure how quickly stock prices
react to certain information (Loughran and Ritter 1995; Mitchell
and Stafford 2000). Many practitioners even use the three-factor
model as an alternative to the CAPM when estimating the cost
of capital of firms.

From a theoretical perspective, the main shortcoming of the
three-factor model is that the SMB and HML factors are not di-
rectly related to the information that results from the state var-
iables of special hedging concern that affect risk preferences of
investors. Moreover, the three-factor model cannot capture the
momentum effect (Jegadeesh and Titman 1993), that is, the fact
that stocks that have outperformed over the last twelve months
tend to perform positively in the following months, and vice ver-
sa. In any case, it should be noted that, given that the momentum
effect is a short-term anomaly, it is not especially relevant for the
estimation of the cost of capital of firms.

Hou et al. (2011) use monthly returns over a sample of
27,000 stocks from 49 countries and a 30-year time interval to
demonstrate that, when a multifactor model includes momen-
tum-based mimicking portfolios and the cash flow-to-price ra-
tio as factors, the model captures satisfactorily the time-series
variation of the returns on global equity markets, providing
lower pricing errors than classic asset pricing models, such as
the CAPM or FF3.

As noted above, the FF5 model (Fama and French 2015) adds
two new factors, RMW (Robust Minus Weak) and CMA (Con-
servative Minus Aggressive) to the classic factors used by FF3.
While the RMW factor combines a long and a short position in
stocks with high and low operating profitability, respectively, the
CMA factor combines a long and a short position in conserva-
tive and aggressive investing companies, measuring such invest-
ment policy through the asset growth on the balance sheet. It
is important to note that the main drawback of the FF5 model
is given by the high alphas that result from the portfolios com-
prising small stocks that invest aggressively, that simultaneous-
ly exhibit a low operating profitability —portfolios that covary
positively with SMB and negatively with RMW and CMA. The
model evaluation procedure used by the authors is the Gibbons,
Ross, and Shanken (1989) test (hereafter GRS), which strongly
rejects the null that all pricing errors are zero. As a consequence
of including the two factors previously described, the explana-
tory capacity of HML —i.e. the value effect— is smaller as it is
redundant with the new factors, that is, the remaining four fac-
tors —RMRF, SMB, RMW and CMA— are explanatory of HML
returns in time series regressions, meaning that the variation in
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the expected returns of HML is fully captured by the remaining
four factors.

3. DATABASE AND EMPIRICAL ANALYSIS

In this section we conduct an empirical analysis of the
CAPM, FF3 and FF5 models, in order to study the shifts in
their performance over time, as well as their explanatory
power in the European and US equity markets. The countries
included in the European sample are: Austria, Belgium, Den-
mark, Finland, France, Germany, Great Britain, Greece, Hol-
land, Ireland, Italy, Norway, Portugal, Spain, Sweden and Swit-
zerland. Our data have a monthly periodicity and cover the
period from January 1990 to March 2021. To analyze possible
temporary differences in the results, we divide the sample into
three periods, namely: (i) a first period comprising 1990-2005,
(ii) a second period including two periods of economic reces-
sion, 2006-2021, and finally (iii) the entire sample, covering
1990-2021.

We have compiled the following data series from the Ken-
neth R. French online data library (French 2021), for both
the European and the US equity markets: (i) the returns of
25 size-BE/ME portfolios, (ii) the three classic FF3 factors
(RMRE, SMB and HML), and (iii) the two additional factors
RMW and CMA. It should be noted that size-BE/ME portfo-
lios are formed following the methodology proposed by Fama
and French (1993), where each June all the stocks traded are
allocated into quintiles according to their market capitaliza-
tion, and in an independent sort to five BE/ME groups. The
25 portfolios under analysis are determined as the intersection
of the groups that result from the above classifications. The
returns of these portfolios are determined using the average
return of the portfolios period by period, weighted by the mar-
ket capitalization of the stocks in June. Hereafter, we use the
standard notation to denote size-BE/ME portfolios according
to two digits that range from 1 to 5, where the first number
denotes the size quintile number and the second number the
BE/ME quintile number. On the other hand, market factors
are determined following the methodology described in Fama
and French (1993, 2015).

We use the multiple linear regression methodology to pa-
rameterize the relationship between model factors and expected
returns. For that purpose, we the two-pass cross sectional re-
gression procedure to estimate the risk prices A that result from
each model. Specifically, we first run 25 time series regressions
to estimate beta coefficients b, s, h, r and ¢, and then we deter-
mine risk prices as the slope coefficients of the cross-sectional
regression of mean returns on betas. The equations that define
the cross-sectional models under analysis are as follows:

CAPM:E(R) -R.=a+Dbh,,. (1)
FF3: E(R) - R =a + by, + shg,, + hA,,, (2)
FF5: E(R) - Rf: a+ byt sAg +hA,

+ 1A+ Ny (3)

Nomenclature:

E(R): Expected return on asset i. R: Risk-free rate. b, s, h,
1, and c¢: Slope coefficients that result from the time series
regressions. A: Risk prices that result from the cross-sectional
regressions. a: Error.

We use the generalized method of moments (GMM) to
estimate all models, according to the following vector of con-
straints:

E(R —a-Bf,)
gr®)=1 E[(R —a—Bf)f.] (4)
E(RS-pA)

where a is the vector of intercepts of the time series regressions,
and f, is the vector of factors. In order to reproduce the estimates
that would result from the two-pass cross-sectional regression
using ordinary least squares (OLS) as estimation procedure, we
use the following weighting matrix, where I is the identity matrix:

aT:[ IzN ﬁ' J (5)

aTgT(é)=03N (6)

so that:

Furthermore, we apply GMM to estimate standard errors, us-
ing a spectral density matrix S without leads and lags, under the
assumption of absence of autocorrelation in the errors that result
from Equation (4). Specifically, we assume:

4

(Rt —a—BX,) (R —a—pX,)
s=E)| [(Ri-a-px)X] || [(RE-a-BX)X.] | [ @
R —pBA R —-pBA
4, RESULTS

In this Section we describe the results obtained from our em-
pirical analysis. Accordingly, Table 1 shows the means and stand-
ard deviations of the excess returns of the 25 portfolios formed
on size and the BE/ME ratio. All results are monthly percentag-
es. Regarding mean returns, there is a clear pattern that suggest
that value companies (i.e. those on the right in Table 1, compris-
ing stocks of companies with a high BE/ME ratio) outperform
growth companies (i.e. those on the left, comprising stocks of
companies with a low BE/ME ratio) in most cases. Conversely,
the size effect provides mixed results. Specifically, although some
BE/ME quintiles follow the classic pattern, with portfolios com-
prising small stocks providing higher returns, and vice versa,
other quintiles do not satisfy that relationship or even produce
an inverted pattern.
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Table 1
Summary statistics
BE/ME quintiles BE/ME quintiles
Size Low 2 3 4 High Low 2 3 4 High
Panel A: 1990-2005
Europe
Means Standard deviations
Small -0,06 0,30 0,46 0,70 0,99 5,46 4,96 4,48 4,08 3,93
2 -0,04 0,24 0,46 0,79 0,98 5,48 4,51 4,12 3,94 4,20
3 0,19 0,45 0,52 0,62 0,97 5,59 4,45 4,14 4,15 4,42
4 0,36 0,43 0,54 0,58 0,95 5,11 4,21 4,07 4,31 4,52
Big 0,26 0,53 0,73 0,91 0,73 4,91 4,26 4,67 4,78 5,22
Us
Means Standard deviations
Small 0,35 1,25 1,18 1,56 1,63 8,94 7,68 5,50 5,23 5,02
2 0,58 0,98 1,05 1,14 1,39 7,58 5,65 4,49 4,51 5,31
3 0,66 0,97 0,97 1,11 1,43 7,02 5,04 4,22 4,28 4,94
4 0,83 0,94 1,11 1,17 1,18 6,34 4,39 4,09 4,25 5,09
Big 0,66 0,75 0,88 0,81 0,85 4,52 4,15 4,04 4,48 5,79
Panel B: 2006-2021
Europe
Means Standarddeviations
Small 0,27 0,56 0,56 0,52 0,52 5,85 5,82 5,82 5,75 5,91
2 0,73 0,83 0,59 0,53 0,50 6,07 6,08 6,14 6,30 6,57
3 0,75 0,78 0,60 0,52 0,37 6,10 6,01 6,29 6,33 6,77
4 0,83 0,72 0,54 0,49 0,26 5,60 5,79 6,01 6,38 7,28
Big 0,61 0,56 0,39 0,29 0,27 4,59 5,12 5,86 6,07 7,86
Us
Means Standard deviations
Small 0,74 0,99 0,75 0,83 0,87 7,34 6,60 6,25 6,30 7,37
2 1,17 1,13 0,99 0,72 0,76 6,64 5,99 6,03 6,19 7,51
3 1,08 1,18 0,94 0,99 0,86 6,06 5,71 5,59 6,14 7,01
4 1,23 1,03 0,72 0,79 0,66 5,31 5,44 5,74 5,93 6,84
Big 1,12 0,84 0,81 0,27 0,75 4,39 4,20 4,58 5,74 7,01
Panel C: 1990-2021
Europe
Means Standard deviations
Small 0,15 0,49 0,56 0,67 0,82 5,61 5,37 5,14 4,94 4,97
2 0,40 0,60 0,59 0,73 0,81 5,73 5,32 5,18 5,21 5,45
3 0,51 0,67 0,62 0,63 0,76 5,81 5,23 5,26 5,29 5,66
4 0,63 0,63 0,61 0,62 0,70 5,30 5,00 5,08 5,39 5,98
Big 0,47 0,59 0,60 0,66 0,56 4,70 4,66 5,22 5,40 6,56
Us
Means Standard deviations
Small 0,54 1,11 0,97 1,20 1,27 8,12 7,09 5,83 5,73 6,22
2 0,86 1,06 1,04 0,95 1,08 7,06 5,77 5,26 5,35 6,40
3 0,86 1,06 0,96 1,04 1,16 6,50 5,33 4,89 5,21 5,96
4 1,01 0,99 0,91 0,97 0,93 5,79 4,88 4,90 5,08 5,93
Big 0,87 0,80 0,86 0,57 0,81 4,40 4,12 4,25 5,07 6,33
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Interestingly, by geographic area, US portfolios provide high-
er expected returns than their European counterparts. In par-
ticular, for the period 1990-2005, the premium that results from
the difference between the returns of small-value portfolios and
large-growth portfolios amounts to 0.73% for Europe, while it is
0.97% for the US. On the other hand, while in the period 2006-
2021 that premium amounts to —0.09% for Europe and -0.25%
for the US, in the period 1990-2021 it increases to 0.35% and
0.4% for Europe and the US, respectively. In sum, the absolute
value of the premium between the returns of small-value port-
folios and large-growth portfolios is higher in the US than for
Europe in the sub-periods 1990-2005 and 2006-2021, while it is
very similar in both geographical areas for the period 1990-2021.

Table 2 shows the means and standard deviations of the fac-
tors considered, as well as the correlation matrix between all
factors. It is worth noting that the correlation between RMRF
and SMB in Europe is negative in the periods 1990-2005 and
1990-2021, while it becomes positive in the period comprising
the subprime and coronavirus crises. However, for the US, those

correlations are positive for the three periods under study. This
is consistent with a larger systematic component in the US than
in Europe.

Tables 3-5 show the cross-sectional regression results. For
each model in Tables 3-5, the first row shows lambda estimates,
the second row the standard errors determined by GMM, and
the third row the t-statistic. OLS and generalized least squares
(GLS) R* statistics are provided for each model, in that order.

Table 3 shows that, for the period 1990-2005, in both the Eu-
ropean and the US equity markets, the CAPM delivers the worst
results, providing a R* statistics of 0.7% for Europe and 2% for
the US. On the other hand, the three-factor model performs sig-
nificantly better, providing a R® statistics of 78.2% and 58.9% for
Europe and the US, respectively. Moreover, with a R* statistic of
81.8% and 63.4% for Europe and the US, respectively, the FF5
model performs better than the FF3 model in both geographical
areas. Remarkably, Panel A in Table 3 shows that only HML in
FF3 and FF5 and CMA in FF5 are statistically significant, while in
Panel B, HML in FF3 and CMA in FF5 are statistically significant.

Table 2
Correlations
Factors Correlations
Panel A: 1990-2005

Europe
Means Standard deviations RMRF SMB HML RMW CMA
RMRF 0,59 4,20 RMRF 1,00 -0,29 -0,13 -0,23 -0,34
SMB -0,01 2,41 SMB -0,29 1,00 0,02 0,04 0,10
HML 0,67 2,45 HML -0,13 0,02 1,00 -0,37 0,70
RMW 0,37 1,65 RMW -0,23 0,04 -0,37 1,00 -0,13
CMA 0,27 2,13 CMA -0,34 0,10 0,70 -0,13 1,00

Us
Means Standard deviations RMRF SMB HML RMW CMA
RMRF 0,72 4,16 RMRF 1,00 0,10 -0,47 -0,47 -0,52
SMB 0,31 3,50 SMB 0,10 1,00 -0,30 -0,51 -0,09
HML 0,53 3,27 HML -0,47 -0,30 1,00 0,58 0,73
RMW 0,39 3,33 RMW -0,47 -0,51 0,58 1,00 0,30
CMA 0,34 2,47 CMA -0,52 -0,09 0,73 0,30 1,00
Panel B: 2006-2021

Europe
Means Standard deviations RMRF SMB HML RMW CMA
RMRF 0,44 5,63 RMRF 1,00 0,05 0,51 -0,38 -0,19
SMB 0,17 1,86 SMB 0,05 1,00 0,01 -0,07 -0,23
HML -0,25 2,65 HML 0,51 0,01 1,00 -0,78 0,43
RMW 0,41 1,57 RMW -0,38 -0,07 -0,78 1,00 -0,36
CMA -0,06 1,44 CMA -0,19 -0,23 0,43 -0,36 1,00

Us

Means Standard deviations RMRF SMB HML RMW CMA
RMRF 0,88 4,62 RMRF 1,00 0,41 0,30 -0,25 -0,09
SMB 0,09 2,60 SMB 0,41 1,00 0,38 -0,34 0,11
HML -0,33 2,99 HML 0,30 0,38 1,00 -0,09 0,48
RMW 0,26 1,69 RMW -0,25 -0,34 -0,09 1,00 0,05
CMA -0,03 1,55 CMA -0,09 0,11 0,48 0,05 1,00
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Factors Correlations
Panel C: 1990-2021
Europe
Means Standard deviations RMRF SMB HML RMW CMA
RMRF 0,57 4,90 RMRF 1,00 -0,10 0,24 -0,31 -0,25
SMB 0,09 2,14 SMB -0,10 1,00 0,01 -0,01 -0,02
HML 0,24 2,55 HML 0,24 0,01 1,00 -0,57 0,57
RMW 0,38 1,59 RMW -0,31 -0,01 -0,57 1,00 -0,21
CMA 0,10 1,81 CMA -0,25 -0,02 0,57 -0,21 1,00
US
Means Standard deviations RMRF SMB HML RMW CMA
RMRF 0,80 4,33 RMRF 1,00 0,23 -0,09 -0,37 -0,34
SMB 0,21 3,08 SMB 0,23 1,00 -0,03 -0,45 -0,03
HML 0,13 3,12 HML -0,09 -0,03 1,00 0,36 0,63
RMW 0,33 2,62 RMW -0,37 -0,45 0,36 1,00 0,24
CMA 0,17 2,05 CMA -0,34 -0,03 0,63 0,24 1,00
Table 3
Regression results (1990-2005)
Factors Evaluation test
Row Model Intercept N ewirr Noris - ) - Neria R’ MAE (%) J-test GRS
Panel A: Europe
1 CAPM ,005 ,001 ,007 24 73,459 73,459
(,002) (,003) -,198 (,000) (,000)
2,615 ,262
2 FF3 ,001 ,004 -,001 ,006 ,782 ,12 53,967 53,965
(,000) (,003) (,002) (,002) ,342 (,000) (,001)
3,676 1,415 -,566 3,078
3 FF5 ,001 ,004 -,001 ,006 -,007 ,009 ,818 ,10 40,216 40,215
(,000) (,003) (,002) (,002) (,003) (,003) ,548 (,010) (,015)
3,362 1,386 -,403 3,016 -2,187 3,052
Panel B: US
1 CAPM ,009 ,000 ,002 ,26 119,378 119,378
(,002) (,004) -,614 (,000) (,000)
4,076 117
2 FF3 ,002 ,004 ,003 ,005 ,589 ,16 91,210 91,204
(,000) (,003) (,003) (,003) -1,468 (,000) (,000)
4,266 1,400 967 2,077
3 FF5 ,002 ,005 ,004 ,004 -,001 ,008 ,634 ,15 75,141 75,132
(,000) (,003) (,003) (,002) (,004) (,004) -1,603 (,000) (,000)
3,522 1,520 1,368 1,776 -,272 2,172
Table 4
Regression Results (2006-2021)
Factors Evaluation test
Row Model Intercept - ANos ) _— N s R’ MAE (%) J-test GRS
Panel A: Europe
1 CAPM ,001 ,004 ,203 ,16 64,492 64,492
(,001) (,004) ,197 (,000) (,000)
1,275 929
2 FF3 ,000 ,004 ,001 -,003 ,811 ,00 57,797 57,796
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Factors Evaluation test
Row Model Intercept - Nos ) _— A s R’ MAE (%) J-test GRS

(,000) (,004) (,o01) (,002) ,398 (,000) (,000)
1,393 1,022 ,806 -1,512

3 FF5 ,001 ,004 ,001 -,003 ,004 -,003 ,826 ,00 46,335 46,333
(,000) (,004) (,001) (,002) (,002) (,002) ,170 (,002) (,003)
2,365 ,942 ,802 -1,480 1,612 -1,541

Panel B: US

1 CAPM ,000 ,008 423 21 84,773 84,772
(,o01) (,004) ,404 (,000) (,000)
-213 2,048

2 FF3 ,001 ,008 ,001 -,003 ,746 12 76,697 76,695
(,000) (,004) (,002) (,002) -,037 (,000) (,000)
1,907 2,268 ,534 -1,450

3 FF5 ,001 ,008 ,001 -,004 ,003 -,001 ,826 11 64,896 64,891
(,000) (,004) (,002) (,002) (,002) (,002) -,070 (,000) (,000)
1,517 2,365 ,530 -1,651 1,247 -,541

Table 5
Regression Results (1990-2021)
Factors Evaluation test
Row Model Intercept D Ao N N Noa R’ MAE (%) J-test GRS
Panel A: Europe

1 CAPM ,001 ,005 ,459 ,00 59,996 59,996
(,001) (,003) ,433 (,000) (,000)
1,650 1,786

2 FF3 ,001 ,005 -,000 ,002 ,601 ,00 57,709 57,709
(,000) (,003) (,001) (,001) -1,413 (,000) (,000)
4,369 1,928 -,039 1,641

3 FF5 ,001 ,005 ,000 ,002 ,000 ,003 ,764 ,00 44,989 44,988
(,000) (,003) (,001) (,001) (,002) (,002) -,118 (,003) (,004)
4,188 2,012 ,246 1,253 ,201 1,587

Panel B: US

1 CAPM ,003 ,006 473 ,14 113,390 113,389
(,001) (,003) ,380 (,000) (,000)
2,142 2,315

2 FF3 ,001 ,007 ,002 ,002 ,573 ,13 110,925 110,925
(,000) (,002) (,002) (,002) -1,560 (,000) (,000)
3,712 2,894 ,933 ,985

3 FF5 ,001 ,007 ,002 ,001 ,002 ,003 ,736 ,00 82,621 82,618
(,000) (,002) (,002) (,002) (,002) (,002) -1,093 (,000) (,000)
2,613 3,117 1,425 ,348 ,838 1,387

Table 4 shows that, in the period 2006-2021, the R*statistics
provided by most models improve in Europe and the US, espe-
cially for the CAPM. This fact is consistent with the findings
underlined by part of the literature on the topic, which reveals
a reduction in the spreads provided by many anomaly-based
strategies. Thus, Chordia et al. (2014) find that liquidity stim-
ulus policies and improved trading costs enhance capital mar-
ket efficiency, which results in a significant reduction in market
anomalies in recent years. In this regard, as noted above, Born-
holt (2013) shows how market anomalies are not permanent, so

that the CAPM can potentially improve its explanatory power
over time. Furthermore, the author explains that the low beta
anomaly has attenuated in last years, so it is reasonable to sup-
pose that it will disappear in the near future. Similarly, Rojo et al.
(2020) find that the increased liquidity that results from the glo-
balization of financial markets has significantly reduced the re-
turns tied to many strategies based on market anomalies for the
UK equity market. Consistently, Green et al. (2011) show that
hedging returns from anomalies tied to accruals seem to have
decrease in the US stock markets.
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It is important to note that, for the period 2006-2021 (see Ta-
ble 4), FF3 and FF5 models continue to have a high explanatory
power with respect to the previous period, with a statistically sig-
nificant price of risk for RMRF in the US. It is also important to
note that lambda coefficients change significantly for the periods
1990-2005 and 2006-2021 (Tables 3 and 4, respectively), which
is consistent with time-varying betas, as suggested by Esteban
et al. (2015).

Regarding the entire time interval under study, which covers
the period 1990-2021, as shown in Table 5, although the CAPM is
the model with the lowest R? statistic of the models under analysis,

it delivers a R®statistics of 45.9% and 47.3% for Europe and the
US, respectively, which are significantly higher values than those
shown in Table 3 for the period 1990-2005. Again, FF5 is the mod-
el that captures the largest fraction of the variability in portfolio re-
turns, among the models under analysis, with R? statistics of 76.4%
and 73.6% for Europe and the US, respectively. These results are
consistent with those achieved by Horowitz et al. (2000) and Ami-
hud (2002), which suggest that the size effect has disappeared. On
the other hand, as is the case in Fama and French (1993, 2015),
all models are rejected according to the J-test for overidentifying
restrictions and the GRS test in all samples.

Figure 1
Real values versus fitted values for the period 1990-2005
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Figure 2
Real values versus fitted values for the period 2006-2021
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Figure 3
Real values versus fitted values for the period 1990-2021

Finally, Figures 1-3 plot the actual mean returns provided
by the portfolios under analysis (vertical axis) and the estimates
provided by each model (horizontal axis), so that the smaller
the pricing errors, the closer the data points are to the 45-degree
axis, and vice versa. Figure 1 shows that, in general, the CAPM

provides scattered points that are far from the 45-degree line.
Thus, for both Europe and the US, the errors delivered by this
model are the largest among the models under study. On the
other hand, both FF3 and FF5 fit expected returns significantly
better, in most cases.
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Figure 2 shows that, for the CAPM, the portfolios are also
very dispersed, but small pricing errors are observed for the FF3
model. As in the previous period, FF3 and FF5 are the best per-
forming models, consistent with the results shown in Table 4.
With respect to the period 1990-2021, Figure 3 shows that, de-
spite the high pricing errors of the portfolios under analysis, the
CAPM provides low pricing errors for RMRF, SMB and HML,
consistent with the results shown in Figure 2, which is consistent
with the greater explanatory power of the model for the periods
that cover 2006-2021 and 1990-2021.

5. CONCLUSION

Using data series for the period from 1990 to 2021, this study
analyzes the variation over time of the explanatory power of
some of the most prolific asset pricing models of the last decades,
in particular, the CAPM and the three- and five-factor models
of Fama and French. Given the mixed results provided by the
literature on the empirical failures of the CAPM, our study sug-
gests that the use of other explanatory variables, in the context
of multifactor asset pricing models, increases the variation in the
returns that the model is able to capture, both for Europe and
the US, in all the periods under study. Thus, the factors RMW
and CMA exhibit a significant explanatory power that allows im-
proving the performance of the three-factor model in our sam-
ple. On the other hand, in both markets, the CAPM performs
worse compared to multifactor models.

Nevertheless, our results show that the reduction in the
spreads provided by different market anomaly-based strategies,
particularly the size effect and the value effect, allows the CAPM
to improve its performance in Europe and the US. Given that
this model is still widely used in practice to estimate the cost of
capital of firms, its empirical validation to fit the expected re-
turns of traded firms is crucial, as their actual returns are directly
observable.

An additional finding from our study is the validation of a
time-varying effect in both model coefficients and their explan-
atory power over time. Thus, the performance of the models
varies over time and depends on the period under study, mean-
ing that the co-movement of stock returns changes over time,
consistent with the results reached by Ferreira and Orbe (2018)
for Europe. Moreover, the results of the CAPM in recent data
(period 2006-2021) suggest that, although the model incurs sig-
nificant pricing errors for many size-value portfolios, its explan-
atory power in pricing the three classic Fama French factors is
very high. Considering the high factor structure of stock markets
worldwide (Lewellen et al. 2010), this fact suggests a progressive
increase in the explanatory power of the CAPM in recent years,
consistent with the significant reduction in the return spreads
provided by different strategies based on market anomalies, as
noted by Bornholt (2013) and Chordia et al. (2014).

In any case, as future research, our study should be extended
to analyze to what extent the improvement in the explanatory
power of the CAPM can be extensive to other cases. In particu-
lar, the empirical validation of the CAPM in markets with liquid-
ity levels different from those of the European and the US equity
markets, using updated market data for that purpose, is crucial

to validate the persistence of our results. Furthermore, the anal-
ysis of shifts in the explanatory power of the CAPM in markets
for assets other than equities is mandatory, given its direct im-
plications on the assumptions of the market completeness and
the representative investor, commonly assumed by most asset
pricing models.
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