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Abstract

The primary goal of this thesis has been to explore the feasibility of
macroeconomic factors as proxy for risks that might explain the size effect, book-
to-market effect and the momentum effect in Norway. The multifactor model
suggested by Chen, Roll and Ross (1986) was applied with the following factors:
industrial production, oil price, unexpected inflation, change in expected inflation,
term premium and an equally weighted market index (Oslo stock Exchange). The
results revealed that no factors other than inflation-related variables were
significantly important for explaining the cross-section of returns. From the FF-4
test, only SMB was found to have significant risk premium whereas CAPM is
rejected altogether. The difference between average expected returns and the
actual returns were statistically insignificant, suggesting risk-based explanations
for the effects being analyzed, macroeconomic variables being the source of that

risk.
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1.Introduction

According to the efficient market hypothesis a stock must be priced in accordance
with its exposure to risk which is, by the diversification argument, the systematic
risk. Several empirical studies seemingly document violation of the efficient
market hypothesis in the CAPM- framework of Sharpe (1964) and Lintner (1965).
Researchers have identified several patterns in average stock returns which
confirm the existence of stock market anomalies such as the size effect, book-to-
market effect and momentum effect, among others. These phenomena have shown
persistence across markets and over time and have been observed in the

Norwegian market as well.

Banz (1981) and Reinganum (1981) showed that small-capitalization firms on the
NYSE earned higher average returns than it was predicted by the Sharpe (1964) —
Lintner (1965) capital asset-pricing model (CAPM) from 1936-75. Stattman
(1980) and Rosenborg, Reid, and Lanstein (1985) and Fama and French (1992)
have found that companies with highest B/M ratios have higher return than
companies with low B/M ratio. Fama and French (1992, 1993) argued that size
and value represent two risk factors that are missing from the CAPM. Jegadeesh

and Titman (1993) provided evidence on momentum effect in the short-term.

Many researchers have extended on the previous work on anomalies and
attempted to provide risk-based explanations for these effects in the context of
economic theory. Chen, Roll and Ross (1986) tested the macroeconomic factors in
a multifactor APT framework to find whether innovations in macroeconomic
variables could explain the cross-section of stock retuins. They suggested a set of
macroeconomic factors as proxy for risks that were later employed in several
other studies in one or another form, thereby Liew and Vassalou (2000), Chordia
and Shivakumar (2002), Griffin, Ji and Martin (2003), Petkova and Zhang (2005),
Shanken and Weinstein (2006), Liu and Zhang (2008) and Nes, Skjeltrop and
@degaard (2009).

Chordia and Shivakumar (2002) found that the profits to momentum strategies
were explained by common macroeconomic variables related to the business

cycle. Similarly, Petkova and Zhang (2005) argued that default premium, term
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premium and the short-term Treasury bill rate are more precise measures of
business cycles. Further Liew and Vassalou (2000) show that SMB and HML
contain information about future GDP growth. The fundamental question then is
where does that information stem from? An important implication of their result is
that SMB and HML proxy for risk that could be assumed to originate from the
economic risk, thereby laying the ground for testing those risk factors. The
underlying sources of risk that drive these proxies are still not very well defined
for the Norwegian market. Further analysis on whether macro factors are the

underlying sources of risk may therefore seem plausible.

Taking the risk-based argument as a point of departure, I will investigate further

the issue of anomalies with the following economic problem:

Can macroeconomic risk explain the size effect, the book-to-market effect

and the momenium effect?

The essential goal is to explore the time-series and cross-sectional properties of
macroeconomic risk factors. The idea is to find macro factors that serve as proxy
for systematic risk able to explain differences in the average stock returns. Most
of the studies have focused on the US markets and less attention has been given to
the European markets, particularly the Norwegian stock market. Therefore this
study will extend on the international research by providing direct links between

macro economy and market anomalies.

The macroeconomic factors I will employ in this study are: industrial production
(MP), change in oil price (OIL), term premium (UTS), unexpected inflation (UT)
and change in expected inflation (DEI). As Norway is a large oil producer and
several of the largest companies at GSE are oil-related, it is a common belief that
the Norwegian stock market is oil-driven. Thus an equal emphasis is put on
exploring oil price along with other macro variables. Neas, Skjeltrop and
©@degaard (2009) and Bjgrnland (2009) found that oil price changes affect stock
returns in Norway. In the latter study, the effect of oil price changes on
unemployment, inflation, exchange rates and short-term interest rates are also
documented. Cn the other hand, Chen, Roll and Ross (1986) examined the impact

of oil price changes on asset pricing and found no overall effect. Thus there may
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be good reasons to believe that the effects of oil price changes are already

embedded in the other macroeconomic variables in one way or another.

Fama and French (1993, 1995, 1996) identified additional characteristics, such as
size and book-to-market ratio, that are important for the asset pricing because they
proxy for systematic risk factors in returns. Similarly, WML is based on the
momentum effect and was identified to capture WML-related risk. I test the
Fama-French multifactor model and the CAPM to examine whether they provide
improvements over the macroeconomic model in the ability to capture size, book-
to-market and momentum effect. Because risk of the FF factors is considered to
originate from economic risk it is plausible to investigate whether FF-4 or the

CAPM support the findings of the macro model of CRR.

The rest of the thesis report is organized as follows: section 2 will briefly present
the anomalies and macro variables used in my analysis. Section 3 reviews
previous literature related to the problem at hand. Section 4 will describe the data
and explains the methodology applied. Section 5 provides the empirical results

and section 6 finally concludes.
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Z2.Background and liferature

2.3 Macroeconomic variables

There exist a number of models that provide a framework for study of the link
between macroeconomic variables and stock market returns. One approach which
was adopted by Chen, Roll and Ross (1986) is the present value model, equation
(1), which relates the stock price to future expected cash flows and future discount
rate of these cash flows. So, all macroeconomic factors that influence future
expected cash flows or discount rate should have an influence on the stock price

as well.
Stock price is given by:

E (¢)
k

D p=
where c is the future expected cash flows and & is the discount rate

Many authors have found that corporate cash flows are related to a measure of
aggregate output such as GDP or the industrial production. Changes in the
industrial production will therefore affect returns through future cash flows.
Further, changes in the expected rate of inflation would influence nominal
expected cash flows as well as nominal interest rates. Changes in unanticipated
inflation may directly influence real stock prices and may affect discount rates.
The rate of interest is supposed to influence prices through its impact on the
expected discount rate. Strong positive correlation of interest rate with discount
rates suggests that increase in interest rates will have negative effect on stock
returns. The oil price changes may affect returns through both channels - the cash
flows and discount rate as suggested by @degaard er al. (2009). An unexpected
increase in the oil price may therefore lead to a reduction in future expected cash

flows.
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2.2 Ancmalies

The size effect was first documented by Banz (1980) who used the US data in
period 1936-1975. The result of his study showed that the common stock of small
firms had on average higher risk-adjusted returns than the common stock of large
firms, hence indication of the CAPM being misspecified. Further he presented a
possible explanation of size effect, linking information availability to the size of a
company and arguing that lack of information about small firms will lead to
limited diversification and therefore higher return for the undesirable stocks of
small firms. Banz (1980) however fails to determine whether market value per se
matters or whether size is only a proxy for unknown true additional factors
correlated with market value, thus, leaving the question of why size effect exists,

remain unanswered.

Several researchers, thereby Stattman (1980) and Rosenborg, Reid, and Lanstein
(1985) and Fama and French (1992) find that companies with highest book-to-
market ratios have systematically higher return than companies with low book-to-
market ratio. Fama and French (1992, 1996) interpret the book-to-market ratio as
an indicator of “value” versus “growth” stocks, and the HML risk factor as
reflecting “distress risk”. They argue that stock risks are multidimensional and
those dimensions of risk are proxied by size and book-to-market ratio. They find
that using a three factor model with a size factor and a BM factor almost removes
the anomalies. Another potential explanation of the book-to-market effect is the
notion of time-varying risk, in other words the risk of HML strategies is high in
bad times when the expected premium for risk is high and low in good times

when the expected risk premium is low.

Jegadeesh and Titman (1993) provide evidence on momentum effect and show
that a strategy of buying winners (stocks that have performed well in the past) and
selling losers (stocks that have performed poorly) gives excess returns over 3 to
12 month holding period. However, their study does not clarify whether
profitability of this trading strategy is a result of systematic risk factors. On the
contrary, they interpret momentum profits as behavioral underreaction to firm
specific information. Fama and French (1996) have also shown that their three

factor model cannot explain the momentum either.
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2.3 Literature review

Chen, Roll and Ross (1986) argue that some underlying exogenous influences
may cause the co movement of assets’ prices and therefore test whether
innovations in macroeconomic variables can be a proxy for the systematic risk in
the market. A multifactor APT framework was employed and the main findings
were that over the entire sample period only MP, UPR and Ul were significantly
priced while UTS was marginally so. When the market index was added to the
macro factor model, they found no statistically significant effect on pricing.
Similarly no evidence was found concerning oil factor being a priced risk factor in
the market. Their overall conclusion was that stock returns are exposed to
systematic economic news and that they are priced according to their exposure
thus claiming to have found some evidence of the efficient market hypothesis.
They do not show whether any link exists between systematic risk, stemming
from innovations in macroeconomic variables, and the stock market irregularities
that seem to contradict EMH. However, their study provides an adequate
reference point in order to explore further the role of macro economy to

understand risk-return relationships in the stock market.

Later, in a paper by Shanken and Weinstein (2006) their study was subject to
some modifications. It was shown that the CRR (Chen, Roll and Ross) model
produced different results when the post-ranking returns were used to estimate
betas in contrast to using the previous 5 year beta estimates. Only the industrial

production and market index were then found to have strong pricing evidence.

The study of Griffin, fi and Martin (2003) used the same set of variables as CRR
but failed to find evidence of pricing in contrast with Chen, Roll and Ross (1986).
The sample consists of a sample of 40 countries, including Norway, in which they
investigated whether momentum profits internationally can be explained by the
macroeconomic risk factors. Their findings suggest that momentum profits are
large and there is weak co movement between the countries which indicates that if
momentum is driven by risk, the risk is mostly country-specific. Further, they
provide evidence that internationally momentum profits tend to reverse soon after

the investment period.
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An important part of their analysis was to examine whether momentum profits
could be explained through risk arising from macroeconomic states as proxied by
GDP growth and aggregate stock market movement. Even though no such
evidence was found, Griffin, Ji and Martin (2003) suggested that there might still
be risk associated with macro economy that would provide risk-based
explanations for momentum, but claimed that it is unclear what such risks look

like or how they behave.

The work of Liu and Zhang (2008) also linked momentum profits with the
macroeconomic risk. They focus on the growth rate of industrial production (WMP)
as a common risk factor which is compensated in the market as shown by Chen,
Roll and Ross (1986).Using the Fama-MacBeth (1973) two-stage regression they
showed that MP is a priced risk factor offering mostly significant risk premiums

and explained more than half of the momentum profits.

Liu and Zhang (2008) employ a similar framework as Griffin, Ji and Martin
(2005), but added the extending window and full- sample regression in the first-
stage estimation along with rolling-window regression. This testing framework
clearly improved the results producing findings quite different from Griffin, Ji and
Martin (2005). Moreover, since their research provided direct evidence of risk that
drives momentum profits, it stands in contrast with the conclusion provided by

Jegadeesh and Titman (1993).

Liew and Vassalou (2000) investigated the forecasting ability of SMB, HML and
WML and tested whether profitability of those factors can be linked to future
GDP growth. As a point of departure, they take the hypothesis of Fama and
French (1992, 1993, 1995, and 1996) that SMB, HML and WML act as state
variables in the context of CAPM. Their analysis reveals that returns of SMB and
HML contain significant information about future GDP and that information is
independent from the information contained in the market factor. Even in the
presence of other business cycle variables (Treasury bill, Dividend yield, Term
premium, and growth in industrial production) SMB and HML were found to
perform well. WML however did not appear to have similar properties. The
predictability was to some extent found to be country-specific. Liew and Vassalou

(2000) accordingly suggested that a risk-based explanation of SMB and HML
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returns is likely however, not identifying or proposing what the relevant risk

sources could be.

Nes, Skjeltrop and @degaard (2009) have done an extensive analysis of the Oslo
Stock Exchange (OSE) in period 1980-2006. An important goal of their work has
been to see whether asset pricing results from the Norwegian stock market are
similar to the ones from the other countries. They find significant evidence of size

effect, BM effect and momentum effect, though very weak signs of the latter.

The equity pricing theory is indicative of the fact that stock price is the present
value of all cash flows a company generates. Based on that, an important part of
their analysis was to understand which of the two channels; cash flows or the risk
premium, causes the stock prices at OSE to change. Similar to Chen, Roll and
Ross (19806), they look for risk factors among macroeconomic variables and argue
that these can affect many companies’ cash flows at the same time, while also
affecting market risk premium and risk-free rates. Since those factors were found
to exhibit only weak evidence of being priced in the Norwegian market, they

concluded that cash flows could be the most reasonable channel for this affect.

Similar resulis are found when oil prices were investigated. In the first place, oil
prices were found to have significant effect on returns in many industry sectors;
however they did not find any suppoit for a hypothesis that oil prices are
systematic risk factors in the Norwegian market, thus concluding that company’s
cash flow might be the relevant channel for this effect. Zdegaard er al. (2009) also
tested the FF-factors and CAPM for the Norwegian market. Their results reveal
that market index is not priced whereas SMB and HML are found to be priced
with these portfolio sorts.

Bjgrnland (2009) analyzed the effects of oil price shocks on stock returns in the
Norwegian Stock Exchange. The paper also examined the role of oil prices and its
impact on the macroeconomic behavior in an oil exporting country, i.e. Norway.
The results of her analysis showed that following a 10% increase in oil prices,
stock returns increase by 2,5%. In addition, higher oil prices decreased
unemployment rate and increased the inflation leading to an increase in the

interest rates in a response to increased economic activity.
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Her study offers quite a different way of looking at the stock return variations
providing indications of variables that are affected by oil prices and that serve as
the intermediate channels for effect on returns. These also suggests that there
might be other macroeconomic variables that respond to oil price changes and are
important for stock returns but that have not yet been identified. Bjgrnland (2009)
however does not provide a direct link between the macroeconomic changes and

the stock returns as a result of oil price changes.
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3.Data and methodology

3.1 Data

All the relevant data was obtained from the website of Bernt Arne @degaard and
the software program DataStream. The analysis will be conducted on a sample
period of 16 years (1993-2008). Returns series of the Norwegian stock market
were downloaded, grouped in 30 portfolios; 10 portfolios sorted on size, 10 on
Book-to-market ratio and 10 on momentum. Size portfolio 1 is the portfolio with
the smallest market cap while size 10 is with highest market cap. Book-to-market
portfolio 1 has the lowest book-to-market ratio. Momentum portfolio 1 contains
firms that are short-term past looser and portfolio 10 contains short-term past

winner firms.

All portfolios are one-way sorted and compositions are re-balanced at the end of
the year. Calculations use the stocks satisfying the “filter” criteria due to Fama
and French (1992). Within each portfolio, returns are calculated as the equally
weighted averages of the included stocks. In addition, returns on the equally

weighted market index (Cslo stock exchange) were also downloaded.

The following macroeconomic data were gathered: consumption index, return on
one month government bill (NIBOR), return on ten 10-year government bond,
industrial production index and oil prices. Using DataStream ensures the use of

reliable financial information in my research.

Having obtained the relevant macroeconomic data, I will then construct time
series of unanticipated movements, as given in the multifactor model of Chen,

Roll and Ross (1986). The following series will be derived:

Monthly growth in industrial production: MP(t) = log [IP(t)/TP(t-1)]

Unexpected inflation: Ul(t) = I(1)- E[K(t)|t-1]
Changes in expected inflation: DEI(t)= E[I(t)|t+1]- E[I(1)|¢t-1]
Term structure: UTS= LGE(t)- TB(r-1)

Growth rate in oil prices: OIL= log [OIL(t)/OIL(t-1)]

marke! snomalies in Norway Page 13
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The series of expected inflation E [I(z)] is obtained from Fama and Gibbons

(1984). Chen, Roll and Ross (1986) used risk premium on corporate bonds to
measure the degree of risk aversion. However, I will not be able to use this
variable in my analysis due to the fact that in Norway long time- series of credit
spreads are not available. “Because of smoothing and averaging effect”, Chen,
Roll and Ross (1986) point out that most macroeconomic series, in short hdlding
periods as one month, cannot be expected to capture all information available to
the market. Stock prices on the other hand do have this property i.e. they respond
quickly to public information. Due to this, I will include the equally weighted

market index in my analysis.

Fama and French factors; SMB, HML and WML, were downloaded from the
website of Bernt Ame @degaard. Factors portfolios were calculated using the

Norwegian data.
3.2 Methodology

The goal of my analysis was primarily to find whether macroeconomic risk could
explain the cross section of returns. in order to do that, an APT model by Ross
(1976) was used. Methodology developed by Fama and Macbeth (1973) was
employed in a two-stage framework following Chen et.al (1986) and Shanken and
Weisntain (2006).

Monthly returns on the 30 portfolios were regressed on the series constructed
from macroeconomic variables and the market index. The factor model of
equation (1), which will be referred as the macro model or the CRR (due to Chen,
Roll and Ross, 1986) model, was estimated from which we obtained portfolios’
exposures to the state variables. The individual beta estimates will then be tested
for significance to find whether they could explain time-series variation of the

average stock-returns.

&) Ri= a; + bigw EW; + biyp MP; + biyy Uly + bipg DEI + biyrs UTS; + boy, OIL, +

€ir
R;; = return on portfolio i

b;gw = portfolio i’s exposure to the equally weighted market index
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biup = portfolio i’s exposure to growth rate of industrial production
b;yr = portfolio i’s exposure to unexpected inflation

biprr = portfolio i’s exposure to change in expected inflation

biyrs = portfolio i’s exposure to term premium

bion. = portfolio i’s exposure to change in oil price

€;r = error term

For the entire period there were 192 observations. I have only considered the full
period regressions in the first stage estimation because of constant factor loadings
and the fact that I have a relatively small sample period. Chen, Roll and Ross
(1986) used previous five years to estimate the betas. Shanken and Weinstein
(2006) however disagree with this practice and argue that it gives biased
assessment of the true risk beyond the ranking date of portfolios because the risk

characteristics are not constant.

The risk premiums were estimated from the cross-sectional regression with factor
betas being the independent variable. In addition to the Fama and Macbeth (1973)
method in which we obtain monthly risk premiums (equation 2), { have employed
another approach in which the average returns on portfolios are regressed on the
factor loadings so as to obtain the average risk premium on the factors (equation

3).

(2) = Yo+ b mp Ympe T bi ew Yewt + bi o1 Yorwe + Bi urs Yurse + Biur Yure

+ b pe1 YpEIE

7¢ = Return of thirty portfolios in period t
b; = The estimated coefficient from first stage regression on portfolio i

¥:= The estimated risk premium in period i

(3 K= vo+ b mp Ymp + bi ew Yew + bi on Yor + Bi urs Yurs + Biur vur

+ b; pe1 YpEr
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T; = Average returns of thirty portfolios
b; = The estimated coefficient from first stage regression on portfolio i
v = The average estimated risk premium

Equation (2) was run for the entire sample period from which I got a series of risk
premiums. The mean values of the monthly risk premiums and their p-values were
same as coefficients and p-values obtained from the average regressions of
equation (3). For this reason, it is sufficient to use the average estimates from
equation (3) for further analysis. A hypothesis test was performed to evaluate the

statistical significance of risk premiums.

Fama and French (1992, 1993, 1996) argued that SMB and HML are state
variables that are related to the fundamental risks in the economy. Based on this
argument as well as following Liu and Zhang (2008), I hope to find a significant
relationship between macro factors from Chen, Roll and Ross (1986), including
oil prices, and portfolio returns sorted on size, book-to-market ratio and
momentum. Further, consistent with the risk-based explanations in several
previous studies, I hope to find evidence of significant risk premiums on these

macro factors.

Further to in order to assess the performance of the Fama-French three factor
model and CAPM (Capital Asset Pricing Model), the analysis was repeated for
the full sample period (1993-2008). in their model Fama and French (1992, 1993,
1696) used SMB, HML and the market factor to capture the cross-section of
average returns. f have added the WML factor (winner minus looser) into the
three factor model because there may be risk associaied with WML in the
portfolios which SMB, HML and the market factor may not be able to capture.
Thus I tested FF-4 model and the CAPM which could be considered as just a

version of the APT model.

In the first stage the following regressions were run:
Fr-4.

Ri= a; + bigw EW; + bisyp SMB; + by, HML, + by, WML, +€;,
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bigw = portfolio i’s exposure to the equally weighted market index
bisup = portfolio i’s exposure to the SMB factor
bigmr, = portfolio i’s exposure to the HML factor
biwni = portfolio i’s exposure to the WML factor
€i = €ITOT term
CAPM:
Riy= ai+ bigw EW; + €;

In the second stage average risk premiums were estimated by the following

regressions:
FE- 4;
7 = Yo+ bigw Yew + bisup Vsuz + bi mr Vewr + Biwwmr Ywas
CAPM:
= Yo+ bigw Vew
where

1, = Average returns of thirty portfolios

b; = The estimated coefficient from first stage regression on portfolio i
Y = Average estimated risk premium

The intercept computed in the cross sectional regressions must not be confused
with the risk premiums of a risk free portfolio or pricing errors of the respective
models for any given portfolio. Instead it is to be interpreted as the expected value
of risk free-assets because the dependent variables are the total portfolio returns

and not the excess returns.

The analysis above provides the necessary information to determine whether
macroeconomic model or the alternative models can better explain size effect, BM

effect and momentum. The average expected return on portfolio i is the product of
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the estimated portfolio beta and the estimated average risk premium which was

compared and tested against the average observed return on portfolio i.

There is an important distinction between a one factor model like CAPM and a
multifactor pricing model such as is as the FF-4 or the Macro model. CAPM
describes the expected return as a function of the market risk only and which has
to be systematic in nature. For the multifactor models on the other hand, the
expected return is the sum of relative contributions each factor makes according to

its risk.
Macro model:
B(t)= Yo + bimp Pup + by zw Pew + by o, Por + by yrs Pues + Bivr Pur
+ by pgr P
FE-4:
B(t)= Yo + bigw Pew + bi sup Psup + Bi mar, Pramar, + B waar
CAPM.:
B(t)= Yo + bizw Pew
The following set of hypothesis was tested for all three models:
Hp: E(r))= observed r;
Hoternative E(ri) # observed r;

The null hypothesis was that the difference between the expected and observed
return is zero in which case the respective models would be able to explain the

returns of portfolios sorted on anomalies.

IMacroeconomic risk and stock market anomalies in Norway Page 18



Final Thesis GRA 19002 01.09.2011

4.Results

4.1 Macroeconomic model

Table 1 displays correlations among the macro variables. We know that strong
correlations may mitigate the individual abilities of respective factors to explain
the portfolio returns. Most of the correlations are not very strong except a)
between the two inflation variables DEI and UI because they include series of
expected inflation; and b) between UTS and Ul, probably because both series
contain the short term t-bill returns. The high collinearity is likely to dampen the
individual effects of these variables. The industrial production is negatively
correlated with Ul Further we find weak correlations between oil price changes
and other factors. The negative correlation between U and DEI suggests an
inverse relationship between current-period inflation and the expected inflation for

next period.

Table &

Correlations among the variables

1993-2008
EW P OlL ui DEI uTs
EW 1
MP 0.0356 1
OlL 0.0872 0.0812 1
Ul 0.1685 -0.1121 -0.0398 1
DEI -0.0018 0.1444 0.0373 -0.6710 1
uTsS 0.0110 0.0715 0.0708 -0.5816 0.3869 1

A further investigation on correlations was done to explore which macro variable
(excluding market return for now) has the highest correlations across portfolios.
The correlation results between factors from our multifactor model and the thirty
portfolios are reported in table 1 in the appendix. The interesting finding is that
for the entire sample period, seven-eight out of ten portfolios of each sort have the
highest correlation with Ul which may allow for the possibility of unexpected
inflation to explain returns of these portfolios. We will later in the analysis see the

time-series properties of the factors.
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All portfolios exhibit high positive correlations with the market as one would

expect. Specifically, we observe that firms with low BM ratio have the highest’
correlation with the market returns and firms with high BM ratio have lowest
correlation. The correlation difference between lowest and highest momentum
portfolio is however negligible. Small size firms on the other hand seem to exhibit
lowest correlation with the market in the full sample period. This suggest that the
market risk does not play an important role concerning the higher perceived risk
of small size and large BM firms and therefore it should not be important for

pricing. These findings may corroborate the interpretation of empirical results.

A multifactor model from equation (1) was estimated and the resulting beta
exposures and the corresponding p-values are reported in table 2. The bold
numbers in the table are the estimated coefficients. Most of the loadings for the
overall period are positive and relatively stable exposure to market risk, as one
would expect; several portfolios exhibiting highest exposures relative to other
factor in the regression. Across the ten portfolios for each effect, loadings don’t
exhibit a monotonic pattern and mostly vary randomly. However, the interesting
findings are that highest BM firms have UI and DEI- betas above 1. Small size
firms have highest betas on Ul only, while high momentum firms show high
sensitivity to UTS factor. Below we will test whether these loadings are

significant.

Cne would expect higher sensitivities of portfolios that yield relatively higher
return (BM10, MM 10 and Sizel), to the macro factors. This is confirmed by
findings from first stage estimations that show higher loadings on market, CIL
and both inflation variables (Ul and DEY) while only MM 10 and Sizel has higher
exposures to UTS. The Wald test was conducted in order to test whether the betas
on extreme portfolios were significantly different. The resulting p-values are
reported in table 2. Most of the time-series variations in portfolios returns are
explained by the market factor; however we note that the firms having higher
returns are highly exposed to rather other type of risks, mainly risk coming from
Ui, DEI and UTS. Loadings of unexpected inflation, market index and changes in
expected inflation on extreme portfolios sorted by BM and size are significantly

different (p-value from Wald < 5%), while MMI10 has a significantly higher

exposure than MM!1 to only the UTS and Ul factors.
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It can be noticed that short-term past winners/ high BM/small size firms yield
returns that are inversely related to MP, in other word, these firms will have a
worsened effect on the profitability as the growth in industrial production will
increase. Chan, Chen and Hsieh (1985) however showed that small sized firms
were more exposed to production risk and changes in risk premiums, the latter is

somewhat supported by our results.

Over the entire sample period only coefficients on the market index are
statistically significant at 5 % level for all 30 portfolios (see table 2). All MP
loadings are insignificant (except for size2). We would expect a positive and
significant effect of oil price changes on portfolio returns because Norway is an
oil-producing country and many of the largest companies at OSE are related to oil.
The oil price growth tends to increase the cash flows of oil-producing firms which
in turn increase their stock prices. However, this seems not to be the case; despite
of positive loadings, OIL is significant for only size portfolios 3, 4 and 9 at 5%
level. @degaard et al. (2009) find that oil price changes have significant effect on
several industry sectors so we could assume that our size portfolios contain firms

in those industry sectors.

UI has significant exposures for seven MM portfolios and six size portfolios (size
6 significant at 10% level). In addition, relatively high BM firms, particularly BM
portfolio 7, 9 and 10 have significant risk to U and DEI Previously, we reported
Ul to be highly correlated with all thirty portfolios. Results from the first stage
regression however show that Ul is especially important for the momentum
portfolios. DEI shows some explanatory power probably because it was found to

be highly correlated with the U¥ variable.

The adjusted R-squared mostly seem to be reasonable (adjusted R > 50%).
However, we note very low R-squared for the extreme size-sorted portfolios (29%
for sizel and 38% for size 10) implying that the macro model may not be able to
account for a very large degree of time-series variations in returns of these two
portfolios. From the F-test we can conclude that the hypothesis that coefficients
on all five factors are jointly zero is rejected at 5% level (p-values = Q) for each of
the thirty regressions indicating that jointly the chosen variables do have

explanatory power. However, the low individual statistical power of most of the
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factors can be due to the fact that macroeconomic variables used in my analysis

are noisy proxies.

Following the statement of the rational pricing one could say that the higher
returns on these portfolios are a result of higher risk that they are facing relative to
the low returns portfolios. However, one should keep in mind that if the risk is a
systematic risk, ie. if it offers risk premium, only then the argument might be
applicable, thus we cannot conclude on the bases of the betas because it captures
only the time-series variation in returns. Therefore, we estimated the risk
premiums on the macro factors using Fama and Macbeth (1973) cross-sectional
regressions to examine whether risk factors important in the long-run are
systematic in nature. The goal is to investigate whether the macroeconomic risk is
priced in the Norwegian market. I have estimated the risk premiums using both
the monthly returns on 30 portfolios and the average returns on 30 portfolios

which were then regressed on the estimated factor betas.

Table 3

Ayerage risk premiums for macroeconomic factors and the corresponding p-values

C MP OIL EW UTS Ul DEI R? Pestat
Estimate 0.013 8.0z -0.01% 0.002 -8.1%2 0918 -0.70% 40 %
P-value 0.006 0.881 0451 0.773 0.572 0.000 0.001 0.005

Results from cross-sectional estimation are reported in table 3 along with their
corresponding p-values. 40% (adjusted R-squared) of the cross- sectional
variations in returns are accounted for by the macro factors. The F-test reveals that
jointly, macro factors do have significant explanatory power. The point estimate
of the intercept is significantly positive (0.013) and is considerably below the
actual average NIBOR rate in the period 1993-2008. In addition, risk
compensations offered in absolute values by UI and DEI are quite high (0,92%
and -0,70% respectively). We find that only risk premiums on unexpected
inflation and changes in expected are significantly different from zero at 5% level
and all other macro factors are unable to exhibit significant pricing evidence. In
contrast to Chen et al.(1986) and Liu and Zhang (2008), MP does not appear to be
important in the Norwegian market , neither for explaining time-series returns nor

pricing of MP risk.
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Consistent with Chen, Roll and Ross (1986), we find negative risk premium for
DEI in Norway. This implies that firms with higher risk exposure to DEI will
experience higher returns when expected inflation increases leading to lower
prices. Investors would prefer stocks that are positively related to expected
inflation so they would be willing to accept lower returns given that they are
hedged, hence negative risk premium, implying a higher expected return. UI on
the other hand offers a positive risk premium since investors require higher
compensation when investing in firms that are positively related to the inflation
risk, hence positive risk premium. The negative correlation between current
inflation and expected seem to be responsible for the opposite signs of risk
premiums. Having observed the high inflation at the end of a period, the investor
will expect a lower inflation the next period and thus will want to invest in stocks

with negative exposure to hedge against the downside risk.

A possible explanation for the negative UTS premium as suggested by Chen, Roll
and Ross (1986) is that stocks whose returns are inversely related to increases in
long rates over short rates are more valuable. Similarly, the fact that risk premium
on CIL is negative, insignificant though, may indicate that firms that do better
when the oil price changes are high, will have relatively lower expected return
than firms with negative oil exposure. Findings are in line with Chen et al. (1986)

and Pdegaard et al. (2009) who show that oil price risk is not systematic risk.

Bjgrnland (2009) finds that oil price shock of 10% immediately increases stock
returns by 2,5%, and returns gradually increases until 14-15 months after oil
shock from where it gradually dies out. Inflation is also positively affected by the
oil price shock; gradual increase until month 20 after the shock from where it
gradually falls. This may explain lack of explanatory power of OIL as shown
above; either the effect of oil price is subsumed by the market index (proxied by
all share index at Oslo Stock Exchange) and inflation or the oil factor is linked to
stock returns in such a way that the estimation method that I have used (OLS) is

not sufficient to capture the long run effect of oil on returns.

Further, the market index showed significant ability to capture time-series

variations of portfolio returns. However, it lacks evidence of being a systematic

risk facior which, as suggested by Chen er al., could mean that the explanatory
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power of the market index may not be subject to economic interpretation, rather it

may deal with the statistical aspect.

Moreover, we assess the economic significance of macroeconomic variables in
explaining the firm size effect, B/M effect and momentum effect. For this
purpose, magnitudes associated with each variable were calculated as a product of
the estimated risk premiums and factor loadings. The predicted returns implied by
the model from equation 4 were tested against the observed returns on each

portfolio.

@) B(r)= Yo + bimp Pup + bigw Pew + By o1, Pou + Bi urs Pues + biyr Pur +
bi per P

Table 4 reports the calculated expected profits, unexplained return as a percentage
of observed portfolio returns and p-values from the test of difference between
expected returns and observed returns. The negative unexplained percentage just
means that the model predicted higher returns than what was observed, but it is
more relevant to look at the absolute values. There exists no specific pattern;
nonetheless, we can note that almost 99% of the observed returns on low BM
firms are explained by macroeconomic risk, also reflected in the high p-value. The
second largest size portfolio, on the other hand, seems to aitribute more than half
of the observed returns (58%) to factors not present in the model. Results from the
hypothesis tests conclude that differences between observed and expected returns
are all insignificant so that the macroeconomic risk, modeled by APT, will have
ability to explain the anomalies, the main source being the systematic risk from
unexpected inflation which accounts for most of the predicted returns mainly due

to the higher compensation it offers to take on the risk.
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Tebie 4

Average expected porifolio returns vs. observed returns

1993-2008

Unexplained return as

Observed return E(ry % of the actual return P-value
0.0162 0.0164 -11% 0.977
0.0151 0.0164 -8.2% 0.832
0.0134 0.0158 -17.6 % 0.605
0.0142 0.0157 -11.0% 0.724
0.0174 0.0151 13.3% 0.600
0.0188 0.0181 3.7% 0.882
0.0201 0.0159 20.8% 0.343
0.0192 0.0156 18.9% 0.416
0.0198 0.0183 7.4% 0.760
0.0203 0.0234 -153% 0.517
0.0225 0.0173 229% 0.335
0.0285 0.0256 9% 0.684
0.0174 0.0191 -9.6% 0.713
0.0116 0.0142 -22.5% 0.511
0.0145 0.0172 -18.5% 0.530
0.0141 0.0156 -10.6 % 0.998
0.0157 0.0195 -24.4% 0.345
0.0150 0.0138 8.2% 0.752
0.0148 0.0184 -249% 0.413
0.0228 0.0194 149 % 0.561
0.0236 0.0209 113% 0.496
0.0234 0.0219 6.4 % 0.748
0.0174 0.0173 0.6% 0.982
0.0196 0.0229 -17.0% 0.485
0.0219 0.0172 21.5% 0.333
0.0160 0.0166 -3.5% 0.901
0.0160 0.0163 -1.7% 0.951
0.0154 0.0143 7.3% 0.812
0.0104 0.0163 -56.8% 0.274
0.0117 0.0136 -16.5% 0.753

IMacroeconomic risk and stock market anomalies in Morway
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4,72 CAPM and Fama-French 4-Facior model

In this section, findings from the Fama-French model and the CAPM will be
presented. Fama and French (1993, 1992 and 1996) have shown that their three-
factor model is better able to explain the size and BM anomaly than the APT
model by Chen, Roll and Ross (1986). After having tested the macro model, it is
appropriate to investigate the FF-4 model and the CAPM, using the same set of
testing portfolios, in order to explore the merits of these two models and their

cross-sectional pricing characteristics relative to CRR.

Firstly, table 5 exhibits the correlations between returns on the SMB, HML and
WML factors and portfolio returns. We can observe that HMIL has negative
correlations with both SMB and WML, and returns on all three factors are
negatively correlated with the market returns. Correlations are not high though,
thus multicollinearity should not to be a problem. Table 1 in the appendix shows
correlation of FF factor with the thirty portfolios. WML is negatively correlated
with almost all portfolios whereas the highest BM and lowest size portfolio have
positive and relatively high correlations to both, the HML and SMB factors (see

appendix, table 1). Correlations with macro factors are not high either.

Table 5

Correlations among FF-factors and macro factors

EW DEI ul MP OIL UTS SMB  HML WML
sMB -0,106 0,140 0,106 0,019 0,051 -0,103 1
HML -0,060 0,003 0,105 -0,043 0,025 -0,093 -0,129 1

WML -0,162 -0,015 -0,100 -0,009 0,107 0,134 0,031 -0,021 1

In the first stage regression, exposures for both models were obtained on the
respective factors. These are reported in table 6 along with their p-values and
adjusted R-squared estimates. As expected, returns of firms sorted on size, BM
and momentum are in particular significantly explained by the factors constructed
from their related firm characteristics. SMB and HML significantly explain

almost all of the size and BM portfolios, respectively.

Surprisingly, we note that HML indeed has equal importance in explaining

momentum returns as for BM returns because it explains more of the momentum-
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related returns than what WML does, a factor which is mainly included to capture

the momentum effect. However, winner and looser firms are found to be exposed
to same level of HML risk (inverse relationship) suggesting that HVL should not
be important for explaining the dispersion in momentum returns hence leading us
back to the same conclusion as provided in previous studies, Fama and French
(1992, 1993, 195, 1996), that the three factor model consisting of SMB, HML and
market cannot explain the cross-section of momentum, emphasizing the need of

including a momentum factor WML.

The spread of the beta estimates between extreme portfolios is very large and
loadings mostly change signs moving from first to the tenth deciles. SMiB loads
positively on small firms and negatively on large firms, indicating significantly
higher risk associated with small firms relative to large (p-value from Wald=0).
Chan and Chen (1991) argue that having firms of small size do not automatically
imply higher risk, rather the underlying characteristics may explain the risk. HML
and EW- exposures on small firms are also positive (0,298 and 0,426 respectively)
and significantly different from exposure on size 10 (p-value from Wald tesi=0).

Further, we note that high BM firms are significantly exposed to higher risk (p-
value from Wald test=0) from HML than low BM firms. This seems in line with
Fama and French (1992), who relate earning/profitability to the B/M ratio and
show that HML proxy for distress risk. So, the negative slopes of firms on HML
can be explained by higher profitability of firms with low BM ratio such that they

are less prone to distress risk.

Researchers believe that FF- factors are related to firm-characteristics which
capture sensitivity to risk factor in the macro economy and therefore it is
reasonable to emphasize a risk-related link between macro factors and FF-factors.
The macro model analyzed above seems to support this as it was found that high
BM firms were significantly more exposed to Ul and DEL This can be supported
by Liew and Vassalou (2600) who show that HM{L and SMB contain information
that is similar in nature to the widely used business cycle variables and that some
overlap exists in that information content. So we could hypothesize that the HML

and SMB factor represents risk from inflation as well as changes in interest rates.
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The F-test concludes that jointly all four factors in the FF model do have
explanatory power (p-value=0). The risk from market index in CAPM decreases
in presence of FF-factors or the macro factors suggesting that these factors take
away some of the risk. A noticeable observation is that inclusion of FE-factors or
the macro factors into the CAPM does not affect the individual explanatory power
of the market. However, R-squared obtained from time-series regressions revealed
that inclusion of the FF-factors improves the explanatory power of the model as
whole to capture variations in the extreme portfolios’ returns when sorted on BM
and size hence supporting the result of Fama and French that FF model has
superiority over CRR model in explaining BM and size to the extent of capturing

time-series variations.

Adding more explanatory variables usually tend to increase the R-squared but this
seems not to be quite the case here since market factor alone accounts for a
somewhat similar degree of time-series variations in returns as macroeconomic
variables and market jointly do. One could estimate the macro model without the
market factor. Since we cannot distinguish between the explanatory power of the
market and the five macro factors from the results we have, it is unclear whether
this is due to CAPM being better to explain the long-run relationships or a
statistical error related with the method used fit the model to real data. It also be
because the market risk in the long-run could already be comprised of some of the
macroeconomic risk such that adding those particular risks does not leave room
for more explanatory power or because the macroeconomic variables appear to be

noisy proxies, the latter being more intuitive.

Table 7 shows average risk premiums from cross-section regressions that were
run on the 30 portfolios. The market portfolio is not a priced risk factor in any of
the two models, also consistent with the APT model considered above. Thus it is
obvious that adding the FF-4 factors into CAPM does not affect the pricing of the
market index. The negative estimate of R-squared from CAPM indicates the
inability of the market index to price the 30 portfolios and that there is more in the
residuals than what market can explain. This is consistent with findings of
@degaard et al. (2009) who rejects the CAPM and find no pricing evidence of

market index.
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The FF-4 model on the other hand exhibits reasonable R-squared (41%) and a
significant F-statistic. However, the individual pricing abilities of HML and WML
are insignificant whereas SMB do have significant risk premiums. The added risk
coming from investing in low-cap firms entail risk that investor would want to
require compensation for, hence a positive risk premium so that the expected
return will be relatively higher. Fama and French (1992, 1993) point‘ that
existence of common risk factors in returns related to size and BM may results in
rational pricing. For the Norwegian market, given that SMB appears to be a
systematic risk factor explaining cross-sectional differences in returns, one could

cautiously suggest evidence of rational pricing.

Table 7

Estimated coefficients of risk premiums for period 1593-2008

C EW SMB HiVIL WML R?

Estimate £.0101 8.0103 0.0100 £.0035 -0.0028 45 %

PF—stat

0.0015

C EW R
Estimate 80878 8.0007
P-value 0.0015 0.9181 -3.5% 0.9181

PF-stat

Table 8 presents returns implied by the CAPM and FF-4, the unexplained returns
and the corresponding p-values. A hypothesis that there is no difference between
expected and realized return cannot be rejected at 5% level for both models. We
see that CAPM generally have high unexplained percentages, specifically the

market index is unable to explain up to 70% of observed returns.

The fact that CAPM is not able to price the portfolios implies that the market
index is not sufficient to capture the cross sectional differences in the average
returns of those portfolios. Since the CAPM assumes only the market index as a
common risk factor in stock returns, the lack of pricing evidence clearly dismiss
the theoretical and economical validity of this model in accurately explaining
variations in observed returns even though it predicts portfolio returns that are

statistically equal to the observed returns. The expected returns are solely
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attributable to the high point estimate of the intercept that reflects the statistical
error trying to fit the data to the actual return. ’

Fama and French factors explain a bit more of the actual returns of high BM firms
compared to CRR (see table 4) but explain less than CRR the returns on extreme
size portfolios which could be due to the pricing abilities of UI and DEIL
However, generally both models; CRR and FF-4, seem to predict returns in
somewhat similar fashion implying that they are likely to explain observed returns
equally well which should in fact not be surprising as the links between macro
variables and FF factors, based on firm characteristics, have been documented in

several studies.

Hahn and Lee (2005) suggest term structure as having an effect on HML hence
act as a proxy for the interest rate risk. Liew and Vassalou (2000) show link
between FF factors and confirm the hypothesis that they act as state variables
because they find evidence of that SMB and HML contain information about
future state of macro economy. One could therefore ask whether results obtained
from the macroeconomic model and from the FF-4 model are just two sides of the
coin. These findings suggest that FF-4 and APT are better models than CAPM to
provide risk-based explanations, especially stemming from macroeconomic

innovations, for anomalies in the Norwegian market.
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Table 8

Average expected porifclio returns vs. chserved returns

Panel A:
CAPM: 1993-2008
Observed Unexplained return as
return E(ry % of the actual return P-value
0.0162 0.0177 -8.88 % 0.810
0.0151 0.0177 -17.05 % 0.660
0.0134 0.0176 -31.04 % 0.364
0.0142 0.0175 -23.53 % 0.451
0.0174 0.0175 -0.80 % 0.975
0.0188 0.0175 6.51 % 0.792
0.0201 0.0175 12.79 % 0.559
0.0192 0.0175 8.76 % 0.705
0.0198 0.0175 1147 % 0.638
0.0203 0.0175 13.84 % 0.558
0.0225 0.0176 2152 % 0.364
0.0285 0.0177 37.78% 0.121
0.0174 0.0175 -0.54 % 0.983
0.0116 0.0175 -51.01% 0.136
0.0145 0.0175 -20.37 % 0.489
0.0141 0.0175 -23.97 % 0.383
0.0157 0.0175 -11.66 % 0.651
0.0150 0.0175 -16.19 % 0.532
0.0148 0.0176 -19.05 % 0.532
0.0228 0.0177 22.40 % 0.381
0.0236 0.0176 26.45 % 0113
0.0234 0.0177 25.24 % 0.208
0.0174 0.0175 -061% 0.981
0.0196 0.0175 10.20% 0.676
0.0219 0.0175 19.54 % 0.378
0.0160 0.0175 9.71% 0.729
0.0160 0.0175 -9.48 % 0.736
0.0154 0.0175 -14.17 % 0.645
0.0104 0.0176 -69.88 % 0.179
0.0117 0.0177 -50.87 % 0.332
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Panel B:

FF-4: 1993-2008

Unexplained return as

Observed return E(ry % of the actual return P-value
0.0162 0.0159 216 % 0.953
0.0151 0.0187 -23.81% 0.539
0.0134 0.0155 -15.81 % 0.643
0.0142 0.0160 -12.82% 0.681
0.0174 0.0164 5.61% 0.825
0.0188 0.0157 16.38 % 0.508
0.0201 0.0171 14.79 % 0.499
0.0192 0.0168 12.39% 0.593
0.0198 0.0205 -3.76 % 0.877
0.0203 0.0222 -9.69 % 0.681
0.0225 0.0186 17.13% 0.470
0.0285 0.0245 13.97 % 0.565
0.0174 0.0183 -4.83 % 0.854
0.0116 0.0171 -48.01 % 0.161
0.0145 0.0185 -27.02% 0.359
0.0141 0.0165 -17.02 % 0.536
0.0157 0.0167 -6.39 % 0.804
0.0150 0.0136 9.59 % 0.711
0.0148 0.0159 -7.99 % 0.793
0.0228 0.0173 24.23 % 0.343
0.0236 0.0177 24.78 % 0.137
0.0234 0.0227 2.94 % 0.883
0.0174 0.0203 -16.40 % 0.517
0.0196 0.0204 -4.48 % 0.854
0.0219 0.0194 11.46 % 0.605
0.0160 0.0185 -15.51% 0.580
0.0160 0.0156 2.69 % 0.924
0.0154 0.0155 -0.63 % 0.984
0.0104 0.0150 -43.89 % 0.398
0.0117 0.00S6 17.56 % 0.738
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S.summary and conclusion

From the perspective of the efficient market hypothesis, all assets must be priced
according to their risk exposures in the framework of capital asset pricing model.
Several studies have documented evidence that seem to violate the efficient
market hypothesis. The observed irregularitiecs may indicate either market
inefficiency, in the form of profit opportunities, or inadequacies in the underlying
asset-pricing model. Researchers have proposed various explanations for these
effects such as; time-varying risk, distress risk, information unavailability and
behavioral underreaction, among others. Fama and French (1993,1995,1996)
identified additional characteristics, such as size and book-to-market ratio (SMB
and HML), important for the asset pricing because they proxy for systematic risk

factors in returns not captured by the CAPM beta.

This issue has been further explored in my thesis where the goal has been to find
whether macroeconomic variables are the source of systematic risk and if that can
explain three of the most common market anomalies, namely size effect, book-to-
market effect and the momentum effect. In addition, the relative merits of CAPM
and FF-4 model were examined. Fama and Macbeth (1973) two-stage approach
was applied for the Norwegian stock market for an estimation period from 1993-
2008.

For the macroeconomic model the following results were obtained; unexpected
inflation and expected inflation changes showed some explanatory power in the
time-series returns as well as the cross-sectional of average returns. This implies
that these two factors proxy for significant systematic risk hence being reasonable
candidates for factors to explain the anomalies. None of the other factors were
found to be important in the Norwegian market. The results appear to be in line
with findings of @degaard et al. (2009). They found no evidence of oil price
changes being compensated in the Norwegian market and document very weak
evidence of other macro factors having significant risk premiums. Specifically, we
have noted that macroeconomic risk is quite noisy and lack explanatory power
however unexpected inflation and expected inflation are found to contain

systematic risk that explain the spread. The expected returns were statistically
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