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Abstract

Researchers have identified many patterns in average stock returns
which are not explained by the Capital Asset Pricing Model (CAPM) de-
veloped by Sharpe (1964) and Lintner (1965). Such patterns are called
anomalies and previous work focused on finding powerful risk factors
which could capture them. This paper aims to test the three-factor model
proposed by Fama and French (1993) for the Swiss Equity Market between
2000 and 2012. The model says that the expected return on a portfolio
in excess of the risk-free rate is also explained by the difference between
the return on a portfolio of small stocks and the return on a portfolio
of large stocks and the difference between the return on a portfolio of
high-book-to-market stocks and the return on a portfolio of low-book-to-
market stocks. Furthermore, this paper will study the influence of Swiss
National Bank (SNB) Monetary Policy in the risk factors of such model.
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1 Introduction

Sharpe (1964) emphasizes that one of the problems which has plagued those
attempting to predict the behavior of capital markets is the absence of a body
of positive microeconomic theory dealing with conditions of risk. Also he states
that the pervasive influence of risk in financial transactions has forced those
working in this area to adopt models of price behavior which are little more than
assertions. In order to overcome these difficulties, Sharpe (1964) and Lintner
(1965) proposed the Capital Asset Pricing Model (CAPM) which says that
the expected return on a portfolio in excess of the risk-free rate is explained
by the excess return on a broad market portfolio. Nevertheless, researchers
have identified many empirical patterns in average stock returns which are not
captured by this model. For example, Lakonishok, Shleifer and Vishny (1994)
show that the average stock return of a firm can be explained by its size (i.e.
market capitalization), sales growth and by the value of ratios such as BE/ME,
E/P, C/P. Other well-known anomalies are the reversal in long-term returns
identified by DeBondt and Thaler (1985) and the continuation of short-term
returns explained by Jegadeesh and Titman (1993).

Fama and French (1996) argue that many of the CAPM average-return
anomalies are related and they are captured by the three-factor model intro-
duced in Fama and French (1993). Such model incorporates variables which
take into account the size and value effects. The first one, explained by Banz
(1981), states that stocks with less market value tend to have greater average
stock returns than the ones with greater market value. On the other hand, the
value effect captures the fact that firms with higher book-to-market value tend
to have larger average stock returns than the ones that have lower book-to-
market value. In order to test this model, Fama and French (1996) form many
portfolios based on US equity market assets and analyze the relationship be-
tween the risk factors proposed in their model and the average stock returns of
such portfolios. The authors find that, except for the continuation of short-term
returns, the anomalies largely disappear in their three-factor model.

However, some researchers criticized the relevance of the variables posed by
the three-factor model. According to Black (1993) and MacKinlay (1995), the
value premium (a risk premium for firms with high BE/ME, E/P, C/P ratios)
is sample-specific and its appearance in US returns between 1963 and 1993 is a
chance result unlikely to occur in other samples. Fama and French (1998) carried
out a standard check on this argument which consisted in testing for a value
premium in other samples. They constructed value and growth portfolios for
thirteen countries and they studied the relationship between the average returns
of such portfolios and the fundamental variables which were taken into account
to build them. The results confirmed that firms with higher book-to-market
ratios tend to have greater average stock returns than firms with lower book-
to-market ratios. Therefore, the authors showed that there is a value premium
in markets outside the US and that the model which describes average returns
of stocks conforms to the one it seems to describe US returns.

In order to analyze the importance of the risk factors posed by Fama and
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French (1993), this paper will test the relevance of the three-factor model in
the Swiss Equity Market. The ability of the model in capturing average stock
returns variation will be compared with the CAPM performance. Therefore,
according to the results it will be possible to add further evidence on the signif-
icance of the size and value premiums in markets outside the US.

Moreover, it is well known that investment professionals have long taken
into account in evaluating investment decisions the prevailing monetary pol-
icy. Announcements and actions of the monetary authority tend to be carefully
scrutinized by market participants in an attempt to determine the impact that
policy actions will have on security prices. Numerous studies have documented
the relationship between monetary policy and security returns, for example,
Conover, Jensen, Johnson and Mercer (2005) analyze the influence of US mone-
tary policy on average US stock returns. The authors formed different portfolios
between 1963 and 2001 based on the book-to-market value ratio and the size
of the companies and studied the relationship of portfolio average returns in
expansive and contractive monetary environments. They found that, although
the return differences are economically large in all cases, the differences between
small-cap portfolio returns by monetary period are much larger than differences
for the large-cap portfolios. Theory posits that small companies are more sen-
sitive than large companies to changes in monetary conditions, and the results
obtained in this paper clearly demonstrates such relationship.

This paper will analyze if the influence of the Swiss National Bank (SNB)
monetary policy on equity performance is statistically and economically rele-
vant. Average stock returns during expansive and contractive monetary policy
subperiods will be compared. In addition, it will be analyzed if risk factors also
differ depending on the monetary environment.

For such purposes, different portfolios will be formed between 2000 and
2012 based on a sample of approximately 108 assets per year, which account on
average for ninety per cent of total Swiss market capitalization. This specific
market, according to the World Federation of Exchanges, in December 2012
had a capitalization of approximately USD 1233 billion and was positioned
thirteenth in the world’s major stock exchanges ranking.

2 Methodology

The first model which is going to be tested is the CAPM developed by Sharpe
(1964) and Lintner (1965). According to this model, the expected return on
a portfolio in excess of the risk-free rate is explained by the sensitivity of its
returns to the expected excess return on a broad market portfolio. Specifically,

E(Ri) −Rf = bi[E(Rm) −Rf ] (1)
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The three-factor model proposed by Fama and French (1993) is the second
model which is going to be tested. This model says that the expected return
on a portfolio in excess of the risk-free rate is explained by the sensitivity of its
returns to three factors:

(i) the excess return on a broad market portfolio

(ii) the difference between the return on a portfolio of small stocks and the
return on a portfolio of large stocks (SMB, small minus big)

(iii) the difference between the return on a portfolio of high-book-to-market
stocks and the return on a portfolio of low-book-to-market stocks (HML, high
minus low).

Specifically, the expected excess return on portfolio i is equal to,

E(Ri) −Rf = bi[E(Rm) −Rf ] + siE(SMB) + hiE(HML) (2)

Finally, following the methodology used by Durham (2003) to analyze the
influence of monetary environments on the risk factors, two dummy variables
which interact with size and value risk premiums are incorporated to the three-
factor model. Such dummy variables are equal to 1 if the prevailing local mon-
etary regime was expansive and 0 if the regime was restrictive. Specifically, the
model to be tested is equal to,

E(Ri) −Rf = bi[E(Rm) −Rf ] + siE(SMB) + hiE(HML) (3)

+d1DPME(SMB) + d2DPME(HML)

To test the proposed models different portfolios are formed according to the
size (ME or market capitalization) and value of the book-to-market ratio. At
the beginning of January of each year t (2000-2012) all stocks are allocated to
two groups, small or big (S or B), based on whether their January market equity
(stock price times shares outstanding) is below or above the median for all stocks
available. Independently, stocks are also allocated in a sort to three book-to-
market equity (BE/ME) groups, low, medium or high (L, M or H), based on
the breakpoints for the bottom 30 per cent, middle 40 per cent and top 30 per
cent of the values of BE/ME of available stocks. Consequently, six Size-BE/ME
portfolios (S/L, S/M, S/H, B/L, B/M, B/H) are defined as the intersections of
the two ME and BE/ME groups. For example, the S/L portfolio contains the
stocks in the small ME group that are also in the low BE/ME group. Then,
value-weights monthly returns on the portfolios are calculated from January to
December. The risk factor SMB is computed as the difference, each month,
between the average of the returns on the three small-stocks portfolios (S/L,
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S/M, S/H) and the average of the returns on the three big-stocks portfolios
(B/L, B/M, B/H). Likewise, the risk factor HML is computed as the difference
between the average of the returns on the two high-BE/ME portfolios (S/H,
B/H) and the average of the returns of the two low-BE/ME portfolios (S/L,
B/L). The market return is computed as the value-weight return on all stocks
available in the size-BE/ME portfolios. The negative BE stocks are excluded
from the portfolios. Stock prices time series and BE/ME ratios used to build the
portfolios were taken from Reuters. On the other hand, market capitalization
of each company was taken from SIX Swiss Stock Exchange statistics.

Furthermore, to assess the effects of different monetary environments a
dummy variable is defined equal to 1 if the prevailing local monetary regime
was expansive and equal to 0 if the regime was restrictive. The SNB conducts
its monetary policy by steering the interest rate level in the Swiss Franc (CHF)
Money Market. To this end, the monetary authority establishes lower and up-
per bounds for the CHF three-month LIBOR generally aiming for the middle
of the target range (the most important market for CHF is located in London
where not only banks buy Swiss francs from the Swiss Central Bank, but also
from other commercial banks).

The monetary policy instruments broadly consist in open market opera-
tions and standing facilities. In the case of the open market operations the
SNB takes the initiative in the transaction, while for the standing facilities
it merely specifies the conditions at which counterparties can obtain liquidity.
Open market operations comprise repo transactions, issuing of SNB Bills as well
as their purchase and sale in the secondary market. Standing facilities include
the liquidity-shortage financing facility and the intraday facility. Furthermore,
if necessary the SNB may also use additional monetary policy instruments such
as foreign exchange transactions. Despite the vast amount of monetary pol-
icy instruments available, the steering of the three-month LIBOR is primarily
achieved with liquidity-providing or liquidity-absorbing repo operations. The
SNB tells the commercial banks how high it wants to keep the CHF 3-Month
LIBOR for Swiss Franc deposits by means of the interest rates charged and the
volume of these operations.1

The Swiss Central Bank conducts in-depth monetary policy assessments in
March, June, September and December every year. Also, extraordinary assess-
ments take place if needed. Each of these assessment results in an interest rate
decision and the publication of a medium-term conditional inflation forecast.
The SNB sets out the reasons for its decisions in a press release and in a quar-
terly monetary policy report published in the Quarterly Bulletin.2 However, in
practical terms it seems that the Swiss monetary policy has a strong relationship
with its US counterpart. As can be easily noticed in Figure 1, there is a strong
positive correlation of 0.83 between the Federal Funds Effective Rate and the
CHF 3-Month LIBOR.

1Detailed guidelines of the SNB Monetary Policy Instruments can be found at http://

www.snb.ch/en/mmr/reference/snb_legal_geldpol_instr/source
2Details of SNB assessments can be found at http://www.snb.ch/en/iabout/monpol/ in

the Monetary policy in previous years section.
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Based on the reports issued by the Swiss monetary authority and taking
into account the definition posed by Jensen, Mercer and Johnson (1996), mon-
etary environments can be clearly defined. Expansive (restrictive) monetary
policy periods are those occurring during series of discrete interest rate upper
and lower bounds decreases (increases).Therefore, the monetary environment
changes when the discrete change of the upper and lower bound has an opposite
sign. Table 1 and Figure 1 display the different monetary environments for the
Swiss economy between 2000 and 2012.

From Until Monetary Regime

January 2000 February 2001 Restrictive
March 2001 May 2004 Expansive
January 2004 September 2008 Restrictive
October 2008 December 2012 Expansive

Table 1: Monetary environments between 2000-2012

3 Results

Table 2 shows the average excess returns on the six size-BE/ME portfolios of
value-weighted Swiss stocks. The table clearly shows that small stocks tend to
have higher returns than big stocks and high-book-to-market stocks also have
higher returns than low-book-to-market stocks. Hence, at a first glance size and
value effects seem to be present.

Summary Statistics

Book-to-Market Equity (BE/ME)

Size Low Medium High Low Medium High

Means Std. Dev.

Small -0.0057 -0.0005 0.0089 0.0492 0.0541 0.0545
Big -0.0118 -0.0071 0.0026 0.0927 0.0806 0.0422

Annualized Means Annualized Std. Dev.

Small -0.0658 -0.0059 0.1123 0.1705 0.1874 0.1886
Big -0.1324 -0.0825 0.0323 0.3210 0.2791 0.1462

Table 2: Summary statistics of portfolio returns.
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Figure 1: FED Fund Effective Rate vs. CHF 3-Month LIBOR (upper), SNB
Target Rate boundaries with expansive (shaded green) and restrictive (shaded
red) monetary regimes (middle) and observed CHF 3-Month LIBOR (lower).
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3.1 CAPM

To estimate the CAPM model developed by Sharpe (1964) and Lintner (1965)
the following equation is regressed by ordinary least squares:

Ri −Rf = ai + bi[Rm −Rf ] + ei (4)

Table 3 reports estimates of CAPM time-series regressions (4). If the CAPM
model (1) describes expected returns, the regression intercept should be close
to zero. Nevertheless, the estimated intercept says the model leaves a signifi-
cant positive unexplained return for the portfolios with highest BE/ME ratios.
Otherwise, the intercepts are not statistically relevant and close to zero. The
market factor is statistically significant for all regressions at a 1% significance
level. However, the average of the six regression adjusted r-squared is 56%, so
the model does not capture most of the variation in the average returns on the
portfolios, as shown by a considerable average of absolute intercepts of 0.54%
or 54 basis points per month (annualized equals to 6.64%). For later purposes,
therefore, the important fact is that the market leaves much variation in stock
returns that might be explained by other factors. We would next test if the
other proposed models do a better job in describing average returns variation.

Regressions: Ri −Rf = ai + bi(Rm −Rf ) + ei

Book-to-Market Equity (BE/ME)

Size Low Medium High Low Medium High

a t(a)

Small -0.0041 0.0013 0.0107** -1.3290 0.4150 3.1610
Big -0.0081. -0.0036 0.0045* -1.7770 -1.1290 2.5040

b t(b)

Small 0.7067*** 0.8277*** 0.7933*** 10.0770 11.2590 10.3290
Big 1.6742*** 1.5919*** 0.8176*** 16.2100 21.7640 20.1690

Adjusted R2 s(e)

Small 0.3950 0.4496 0.4070 0.0383 0.0401 0.0419
Big 0.6296 0.7543 0.7249 0.0564 0.0399 0.0221

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 3: Estimation of CAPM.
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3.2 Three-factor model

The three-factor model (2) incorporates two additional variables to explain av-
erage stock returns of portfolios. As mentioned before, SMB and HML are risk
factors which account for the size and value effect respectively. Table 4 shows
average means and standard deviations of all factors that will be used for the
estimation of (2). The average market premium is -0.22% per month (about
-2.61% per year), but it is a marginal -0.63 standard errors from 0. The average
premium for size related factor in returns (SMB) is 0.63% per month (7.83% per
year) which is large both in practical and statistical terms. The book-to-market
factor (HML) produces an average premium of 1.45% per month (18.86% per
year) that it is also highly significant. Furthermore, Table 4 shows that at a 5
per cent level of confidence it can be rejected the null hypothesis that SMB and
HML means are equal to zero. However, due to the large standard deviation
of the excess market return, it cannot be rejected the null hypothesis that the
average of such risk factor is equal to zero. Based on these results, it seems that
value and size premiums are considerable and might be relevant risk factors in
the Swiss Equity Market.

We will now estimate by ordinary least squares the three-factor model posed
by Fama and French (1993) for each portfolio through the following regression:

Ri −Rf = ai + bi[Rm −Rf ] + siSMB + hiHML + ei (5)

Results of (5) regressions are shown in Table 5. The estimated intercepts
say that the three-factor model leaves a large unexplained positive return for
the B/L and S/H portfolios. Otherwise, intercepts are not statistically relevant
at 1% significance level. The market factor is significant for all portfolios at
a 1% level. The SMB risk factor is statistically relevant only for small port-
folios. Moreover, the slopes of such variable are related to stock size as Fama
and French (1993) pose. The Slopes decrease monotonically from smaller to
bigger portfolios. The HML factor is significant at a 1% per cent level for all
portfolios expect for S/H. The slopes on such factor increase monotonically for
the highest BE/ME portfolios. Given the strong slopes on SMB and HML it is
not surprising that adding these two variables to the regressions results in large
increases in adjusted r-squared. The average adjusted r-squared (about 79.5%)
increases significantly when compared with the CAPM model regressions (4)
average (about 56%). Therefore, in general the model does a better job than
the CAPM on capturing the variation in average returns on the portfolios.

Another way to compare the performance between two models is through an
analysis of variance test. Consider an unrestricted model, Ω, and a restricted
model, ω, which consists of a subset of the predictors that are in Ω. If there is not
much difference in the fit, we would prefer the restricted model on the principle
that simpler explanations are preferred. On the other hand, if the fit of the
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Summary Statistics

Risk Factor (Rm −Rf ) SMB HML

Mean -0.0022 0.0063 0.0145
Std. Dev. 0.0440 0.0408 0.0427
t-statistic -0.6258 1.9351 4.2266
p-value 0.73 0.03 0.00

Annualized

Mean -0.0262 0.0788 0.1884
Std. Dev. 0.1524 0.1413 0.1478

Table 4: Summary statistics of risk factors between 2000-2012.

Regressions:
Ri −Rf = ai + bi(Rm −Rf ) + siSMB + hiHML + ei

Book-to-Market Equity (BE/ME)

Size Low Medium High Low Medium High

a t(a)

Small 0.0002 0.0020 0.0075* 0.1500 1.0150 2.5900
Big 0.0085** 0.0000 0.0012 3.0690 0.0050 0.6890

b t(b)

Small 0.9851*** 1.2525*** 1.2354*** 26.7800 22.8560 15.0230
Big 1.1345*** 1.4540*** 0.8842*** 14.4720 15.3950 18.4280

s t(s)

Small 0.9020*** 0.9986*** 0.7973*** 23.0900 17.1590 9.1290
Big -0.1642. -0.0784 -0.0595 -1.9730 -0.7810 -1.1680

h t(h)

Small -0.6482*** -0.4150*** -0.0639 -20.5400 -8.8280 -0.9060
Big -1.1523*** -0.2382** 0.2634*** -17.1350 -2.9400 6.3990

Adjusted R2 s(e)

Small 0.9053 0.8260 0.6133 0.0152 0.0226 0.0339
Big 0.8786 0.7668 0.7808 0.0323 0.0389 0.01981

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 5: Estimation of three-factor model.
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unrestricted model is appreciably better, we will prefer it. We will take ω, the
restricted model, to represent the null hypothesis and Ω, the unrestricted model,
to represent the alternative. If the difference between the residual sum of squares
of the restricted model and the residual sum of squares of the unrestricted model
(RSS(ω)-RSS(Ω)) is small, then the fit of the restricted model is almost as good
as the unrestricted model and so we prefer the restricted model on the grounds
of simplicity. On the other hand, if the difference is large, then the superior fit
of the unrestricted model would be preferred. Thus, we would reject the null

hypothesis if F > F
(α)
p−q,n−p. The F statistic to be used for this test is equal to:

F =
(RSSω −RSSΩ)/(p− q)

RSSΩ/(n− p)
∼ Fp−q,n−p (6)

Where,

(i) p is the dimension (or number of parameters) of Ω

(ii) q is the dimension of ω

Table 6 shows the results of such test for models (4) and (5). At a significance
level of 1 per cent the null hypothesis is rejected in all cases. Hence, for all
the portfolios formed based on size-BE/ME the three-factor model makes a
better job than the CAPM on capturing the variation in average returns of
such portfolios. These results are consistent with the ones obtained by Fama
and French (1993, 1996) and clearly show that size and value effects are also
relevant in the Swiss equity market.

Analysis of Variance:
(ω) : Ri −Rf = ai + bi(Rm −Rf ) + ei

(Ω) : Ri −Rf = ai + bi(Rm −Rf ) + siSMB + hiHML + ei

Null Hypothesis: ω is apreciably better

Book-to-Market Equity (BE/ME)

Size Low Medium High

F and p-value

Small 413.30 0.000*** 166.51 0.000*** 41.811 0.000***
Big 157.94 0.000*** 5.11 0.007** 20.488 0.000***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 6: Analysis of variance test to compare CAPM and three-factor model.
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3.3 Three-factor model and Monetary Policy

Investment professionals have long taken monetary policy into account in eval-
uating investment decisions. Central Bank announcements and actions are ex-
amined by market participants in an attempt to determine the impact that
policy actions will have on security prices. Although numerous studies have
documented the relationship between monetary policy and security returns, the
relevance of monetary conditions in investment analysis is still debated. At a
first glance, there seems to be some kind of relationship between the Swiss mon-
etary policy instrument and the evolution of the market index as seen in Figure
2.
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Figure 2: Swiss Performance Index and LIBOR CHF 3-Months.

To establish if there is any kind of relevant relationship, we will now analyze
the influence of Swiss monetary policy on average returns. Table 7 presents the
mean stock returns in expansive and restrictive monetary environments for the
six portfolios constructed by market capitalization and book-to-market ratio
value. Conover, Jensen, Johnson and Mercer (2005) conclude that in the US
between 1963-2001, periods of expansive monetary policy are associated with
strong stock performance (higher-than-average returns and lower than-average
risk), whereas periods of restrictive monetary policy generally coincide with
weak stocks performance (lower-than-average returns and higher-than-average
risk). If we compare results shown in Table 2 and Table 7, we cannot state the
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same for the Swiss market. In fact, expansionary periods are associated with
weak stock performance (lower-than-average returns and higher-than-average
risk) and restrictive monetary periods are generally associated with stronger
stock performance (higher-than-average returns and lower than-average risk).
Indeed, Durham (2003) finds that between 1986-2000, tightening monetary pol-
icy has a significantly positive average effect in a panel of sixteen countries
although this is not true for the US economy.

Summary Statistics

Book-to-Market Equity (BE/ME)

Size Low Medium High Low Medium High

Expansive Monetary Policy

Means Std. Dev.

Small -0.0116 -0.0052 0.0032 0.0572 0.0587 0.0617
Big -0.0218 -0.0114 -0.0015 0.1128 0.0918 0.0397

Annualized Means Annualized Std. Dev.

Small -0.1307 -0.0601 0.0391 0.1981 0.2034 0.2139
Big -0.2323 -0.1284 -0.0182 0.3908 0.3182 0.1376

Contractive Monetary Policy

Means Std. Dev.

Small 0.0026 0.0060 0.0168 0.0342 0.0467 0.0416
Big 0.0021 -0.0013 0.0084 0.0512 0.0619 0.0451

Annualized Means Annualized Std. Dev.

Small 0.0314 0.0740 0.2215 0.1183 0.1617 0.1439
Big 0.0257 -0.0153 0.1061 0.1773 0.2143 0.1561

Table 7: Summary statistics of portfolio returns during expansive and
contractive monetary environments.

Moreover, although the return differences are economically large in all cases,
the differences between the small-cap portfolio returns by monetary policy pe-
riod tend to be higher than the differences for the large-cap portfolios in most
cases. This result is somehow consistent with Conover et al. (2005) findings.
The authors state that this fact supports the claim by Gertler and Gilchrist
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(1994) that small companies are more sensitive than large companies to changes
in credit conditions.

In order to evaluate the significance of the return differences in each portfolio
for each subperiod, a Welch’s t-test is performed. This test aims to analyze if
the average return for a given portfolio is statistically the same in contractive
or expansionary monetary environments. It also stricter than a simple t-test as
it adjusts the number of degrees of freedom when the variances are thought not
to be equal to each other. The null hypothesis states that the means are equal

and it will be rejected if t > t
(α)
v . In this case, the t-statistic and the v degrees

of freedom are defined as:

t =
(xa − xb)√

s2
a/na + s2

b/nb
∼ tv (7)

v =
(s2
a/na + s2

b/nb)
2

s4
a/(n2

ava) + s4
b/(n2

bvb)
(8)

Where vi = ni − 1

The results of the test are displayed in Table 8. For all portfolios, at a
1 per cent significance level, it cannot be rejected the null hypothesis which
states that the true difference in means is equal to zero. Thus, the difference
in portfolios average returns regarding the monetary policy is not statistically
significant. However, the annualized return differences for all these portfolios
would be considered economically substantial by most investment professionals.

Welch Two Sample t-test

Null Hypothesis: true difference in means is equal to 0

Book-to-Market Equity (BE/ME)

Size Low Medium High

t-statistic and p-value

Small -1.9246 0.0562. -1.3117 0.1916 -1.6387 0.1033
Big -1.7727 0.0786. -0.8177 0.4148 -1.4274 0.1559

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 8: t-test to compare two means.
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In addition, as seen in Table 7 and in Figure 3, the variance of returns tends
to be higher during expansive monetary periods than in contractive periods.
This fact contradicts the findings of Conover et al. (2005) which demonstrate
that US returns variance is significantly higher in restrictive monetary periods.
To analyze if this difference in variance for each subperiod is statistically sig-
nificant an F-test is performed. The null hypothesis of this test poses that the
true ratios of subperiod variances are equal to 1. The F-statistic is equal to:

F =
s2
a

s2
b

∼ Fna−1,nb−1 (9)

In this test, the null hypothesis will be rejected if F > F
(α)
na−1,nb−1.

For most cases, at a 1 per cent significance level, the null hypothesis is re-
jected (results are shown in Table 9) except for the S/M and B/H portfolios
which seem to have the same variance over the full sample. Nevertheless, it
can be concluded that there is a general statistically significant difference be-
tween the variance of returns in expanding and contractive monetary policy
environments as it can be easily seen in Figure 3.

F-test to compare two variances

Null Hypothesis: true ratios of variances is equal to 1

Book-to-Market Equity (BE/ME)

Size Low Medium High

F-statistic and p-value

Small 2.8020 0.0000*** 1.5823 0.0538. 2.2074 0.0010***
Big 4.8580 0.0000*** 2.2047 0.0010** 0.7767 0.2690

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 9: F-test to compare two variances.

Summary statistics of the risk factors during different kinds of monetary
policies are displayed in Table 10. Although market risk factor average is higher
by 0.72% monthly during contractive monetary periods (9.03% annualized), the
value and size risk factors are smaller on average. The average size risk factor
decreases 0.17% during contractive monetary policies (2.05% annualized) and
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Figure 3: Portfolio Returns during expansionary (blue) and contractive (red)
monetary environments.
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the value risk factor also decreases by 0.73% (9.06% annualized). As it can be
also seen in Figure 4, the variance of all risk factors increases during expansive
periods and tends to be smaller during restrictive ones.

Furthermore, Table 10 shows that at a 5 per cent level of confidence it can be
rejected the null hypothesis that SMB and HML means are equal to zero both
in restrictive and expansive monetary policy environments. However, due to
the large standard deviation of the excess market return, it cannot be rejected
the null hypothesis that the average of such risk factor is equal to zero in both
subperiods. Based on these results, it also seems that value and size premiums
are important when sample is divided in contractive and expansive monetary
environments.

Summary Statistics

Expansive Monetary Policy

Risk Factor (Rm −Rf ) SMB HML

Mean -0.0052 0.0071 0.0175
Std. Dev. 0.0488 0.0453 0.0499
t-statistic -1.3368 1.9396 4.3771
p-value 0.91 0.03 0.00

Annualized

Mean -0.0612 0.0880 0.2319
Std. Dev. 0.1692 0.1568 0.1727

Contractive Monetary Policy

Risk Factor (Rm −Rf ) SMB HML

Mean 0.0020 0.0054 0.0103
Std. Dev. 0.0362 0.0340 0.0299
t-statistic 0.6841 1.9635 4.2803
p-value 0.25 0.02 0.00

Annualized

Mean 0.0241 0.0662 0.1305
Std. Dev. 0.1253 0.1177 0.1036

Table 10: Summary statistics of risk factors in expansive and contractive
monetary environments.
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Table 11 and 12 compute the results of Welch’s t-test and variance F-test for
the risk factors during different monetary environments. At a 1% significance
level the null hypothesis that all risk factor means are equal during expansive
and contractive periods is not rejected. However, when considering the results
of the F-test, the hypothesis that variances of all risk factors remain the same
regarding different monetary environments is rejected at a 5% significance level.

Welch Two Sample t-test

Null Hypothesis: true difference in means is equal to 0

(Rm −Rf ) SMB HML

t-statistic and p-value

-1.0589 0.2913 0.2657 0.7908 1.1274 0.2614

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 11: t-test to compare two means.

F-test to compare two variances

Null Hypothesis: true ratios of variances is equal to 1

(Rm −Rf ) SMB HML

F-statistic and p-value

1.8228 0.0121* 1.7742 0.0164* 2.7823 0.0000***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 12: F-test to compare two variances.
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Figure 4: Market index returns (upper left), Risk free returns (upper right),
SMB risk factor (lower left) and HML risk factor (lower right) during

expansive (blue) and contractive (red) monetary environments.
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We will now estimate model (3) in order to analyze the influence of mone-
tary environments on average stock returns. With such objective, two dummy
variables which interact with size and value risk premiums are incorporated to
the three-factor model. Dummy variables are equal to 1 if the prevailing local
monetary regime was expansive and 0 if the regime was restrictive. Specifically,
the regressions estimated by ordinary least squares were:

Ri −Rf = ai + bi[Rm −Rf ] + siSMB + hiHML (10)

+d1DPMSMB + d2DPMHML

Results of these regressions are displayed in Table 13. As in (5) regressions,
the estimated intercepts say that the three-factor model leaves a large unex-
plained positive return for the B/L and S/H portfolios. Otherwise, intercepts
are not statistically relevant at 1% significance level. The market factor stills
significant for all portfolios at a 1% level. The SMB risk factor is statistically
relevant only for small portfolios and B/H. Moreover, the slopes of such variable
are related since they decrease monotonically from smaller to bigger portfolios.
The HML factor is significant at a 1% per cent level for all portfolios expect
for S/H and B/M. The slopes on such factor also increase monotonically for the
highest BE/ME portfolios. Interaction effects with SMB factor are significant
at a 1% level except for S/M and B/M portfolios. SMB influence on average
returns increases during expansive monetary environments for S/L and B/H
portfolios and decreases for B/L and S/H portfolios. Interaction effects with
HML factor are significant at a 5% per cent level except for S/M, S/H and
B/M portfolios. HML influence on average returns generally decreases during
expansive monetary environments.

Hence, adding these two interaction dummy variables to the regressions re-
sults only in a slight increase in the adjusted r-squared of S/L, S/H, B/L and
B/H portfolio regressions. The average adjusted r-squared (about 81.1%) in-
creases when compared with the three-factor model (5) average (about 79.5%).
Therefore, only for high and low book-to-market stocks the model does a better
job than the three-factor model on capturing the variation in average returns
on the portfolios.

In fact, if we analyze the results of the analysis of variance test (Table 14) we
can come up to the same conclusion. The model which incorporates interaction
dummy variables for SMB and HML risk factors does a better job for explaining
S/L, S/H, B/L and B/H portfolios returns.
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Regressions:
Ri −Rf = ai + bi(Rm −Rf ) + siSMB + hiHML

+d1DPMSMB + d2DPMHML + ei

Book-to-Market Equity (BE/ME)

Size Low Medium High Low Medium High

a t(a)

Small 0.0003 0.0015 0.0063* 0.3010 0.7720 2.2510
Big 0.0070** 0.0000 0.0011 2.7130 0.0130 0.6720

b t(b)

Small 0.9622*** 1.2492*** 1.2231*** 29.4090 22.8430 15.3620
Big 1.1189*** 1.4570*** 0.8581*** 15.1990 15.2170 19.0130

s t(s)

Small 0.7114*** 1.1303*** 1.1055*** 13.3930 12.7320 8.5530
Big 0.2044. -0.0675 -0.1897** 1.7110 -0.4340 2.6480

h t(h)

Small -0.4381*** -0.3286*** 0.1955 -8.0820 -3.6270 1.4820
Big -0.8324*** -0.2728. 0.5340*** -6.8240 -1.7190 7.1410

d1 t(d1)

Small 0.3064*** -0.1895. -0.4378** 5.0540 -1.8700 -2.9680
Big -0.5228*** -0.0196 0.2214** -3.8330 -0.1100 2.6480

d2 t(d2)

Small -0.3235*** -0.0831 -0.2702. -5.2270 -0.8030 -1.7940
Big -0.3359* 0.0483 -0.3892*** -2.4120 0.2670 -4.5590

Adjusted R2 s(e)

Small 0.9262 0.8292 0.6428 0.0134 0.0224 0.0326
Big 0.8945 0.7638 0.8088 0.0301 0.0392 0.0185

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 13: Estimation of three-factor model during expansive and contractive
monetary environments.
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Analysis of Variance:

(ω) : Ri −Rf = ai + bi(Rm −Rf ) + siSMB + hiHML + ei

(Ω) : Ri −Rf = ai + bi(Rm −Rf ) + siSMB
+hiHMB + d1DPMSMB + d2DPMHML + ei

Null Hypothesis: ω is apreciably better

Book-to-Market Equity (BE/ME)

Size Low Medium High

F and p-value

Small 22.33 0.0000*** 2.43 0.0915. 7.24 0.0010***
Big 12.38 0.0000*** 0.04 0.9632 12.09 0.0000***

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’0.05 ‘.’ 0.1 ‘ ’ 1

Table 14: Analysis of Variance to compare three-factor model with and
without monetary policy dummies.

4 Conclusion

A rigorous evaluation of different asset pricing models and the relationship be-
tween monetary policy and securities returns for the Swiss market has been pro-
vided in this paper. The analysis and findings shown should be of significance
for analysts and investment managers. First, the CAPM model was estimated
for portfolios formed on a size-BE/ME basis. It was found that the market
factor by itself it was not able to capture a significant part of stock returns vari-
ation and that such variation might be explained by other factors. Second, the
Fama and French (1993) three-factor model, which incorporates size and value
risk factors, was estimated in order to analyze their ability in capturing stock
returns variation. The SMB risk factor was found to be statistically significant
at a 1 per cent level only for small portfolios and the slopes of such variable
decreased monotonically from smaller to bigger portfolios. On the other hand,
the HML risk factor was found to be statistically significant at a 1 per cent level
for most portfolios and the slopes on such factor increased monotonically for
the highest BE/ME portfolios. It was also found through an analysis of vari-
ance test that at a significance level of 1 per cent the overall performance of this
model was clearly superior to the one of the CAPM. As Fama and French (1993)
state, these results should encourage breaking the habit of estimating the cost of
capital and evaluating portfolio performance with the one-factor Sharpe-Lintner
model. Third, the relationship between security returns and the Swiss monetary
policy was analyzed. It was found that, unlike in the US, expansionary mon-
etary periods are associated with weak stock performance (lower-than-average
returns and higher-than-average risk) and restrictive monetary periods are gen-
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erally associated with stronger stock performance (higher-than-average returns
and lower than-average risk). Furthermore, it was found that SMB and HML
risk factors tend to increase and have higher volatility during expansive mon-
etary environments. Additionally, in order to study the influence of monetary
policy on risk factors and average returns, two interaction dummy variables
where incorporated to the three-factor model previously estimated. Through
an analysis of variance test it was concluded that at a 1 per cent significance
level two thirds of the regressions of the model showed to perform better than
the three-factor model although explanatory power gained was not largely rel-
evant. Despite these results may support the relevance of size and value risk
factors posed by Fama and French (1993) outside the US and the existence of
a relationship between monetary policy and security returns, further research
should be conducted in order to clarify which other variables might be important
to account for the unexplained variation in average stock returns.
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