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This thesis examines whether global, local and exchange risks are priced
in Scandinavian countries’ equity markets by using conditional interna-
tional asset pricing models. The employed international asset pricing
models are the world capital asset pricing model, the international asset
pricing model augmented with the currency risk, and the partially seg-
mented model augmented with the currency risk. Moreover, this research

traces estimated equity risk premiums for the Scandinavian countries.

The empirical part of the study is performed using generalized method of
moments approach. Monthly observations from February 1994 to June
2007 are used. Investors’ conditional expectations are modeled using
several instrumental variables. In order to keep system parsimonious the
prices of risk are assumed to be constant whereas expected returns and

conditional covariances vary over time.

The empirical findings of this thesis suggest that the prices of global and
local market risk are priced in the Scandinavian countries. This indicates
that the Scandinavian countries are mildly segmented from the global
markets. Furthermore, the results show that the exchange risk is priced in
the Danish and Swedish stock markets when the partially segmented
model is augmented with the currency risk factor.
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Tama tutkimus selvittdd hyddyntamalld ehdollisia arvopaperimarkkinoi-

den hinnoittelumalleja ovatko globaali-, lokaali- ja valuuttariski hinnoiteltu

Skandinavian maiden paadomamarkkinoille. Tutkimuksessa kaytettavat

mallit ovat maailman padomamarkkinoiden hinnoittelumalli, kansainvalis-

ten pddomamarkkinoiden hinnoittelumalli laajennettuna valuuttakurssiris-
killa, ja osittain segmentoiduille markkinoille hyddynnettava malli. Lis&ksi

tutkimuksessa estimoidaan markkinariskipreemiot Skandinavian maille.

Tutkimuksessa kaytetdan testausmenetelmdnd momenttimenetelmaa.
Havaintoaineisto koostuu kuukausittaisista havainnoista aikavalilta
1.2.1994-1.6.2007. Sijoittajien ehdollisia odotuksia mallinnetaan instru-
menttimuuttujien avulla. Estimoitavissa malleissa odotetut tuotot ja ehdol-
liset kovarianssit muuttuvat ajassa mutta riskien hintojen oletetaan pysy-

van vakioina, jotta malli pysyisi riittdvan vakaana estimoitavaksi.

Tutkimuksen empiiristen tulosten mukaan sekd globaali- ettd lokaali-
markkinariski ovat hinnoiteltu Skandinavian maille. Tama viittaisi siihen,
ettd Skandinavian maat ovat osittain segmentoituneet globaaleista mark-
kinoista. Lisdksi tulokset osoittavat, ettd mikali osittain segmentoiduille
markkinoille hyédynnettdva malli huomioi mahdollisen valuuttariskin, niin

valuuttariski on hinnoiteltu Tanskan ja Ruotsin osakemarkkinoilla.
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1. INTRODUCTION

1.1 Background

Since the introduction of the floating exchange rate in 1973, after the col-
lapse of the Bretton Woods system, exchange rate volatility has increased
enormously, and with it, the interest in whether foreign exchange risks are
priced in financial markets. In fact, when the assumption of the purchasing
power parity (PPP) is dropped in the capital asset pricing model (CAPM)
context investors of different countries face different prices of goods at
which they consume the income from their investments. This indicates that
currency risks should be priced in stock markets and investors want to
hedge against that risk. In this case, the uncertainty associated with future
exchange rate changes can affect expected returns on securities, and the
fluctuations of exchange rates will be a source of systematic risk on
stocks.

Several theoretical models of international asset pricing incorporate the
exchange risk. In the international asset pricing models (e.g. see Solnik
(1974), Sercu (1980) and Adler and Dumas (1983)) the expected excess
returns of risky assets are linear functions not only of their betas with re-
spect to the world market portfolio, but also with exchange rate or inflation
risk factors. In general, the international capital asset pricing model
(ICAPM) proposes that the covariance of assets with currency returns
should be a priced factor if purchasing power parity does not hold continu-
ously. Furthermore, because the underlying assumption of the PPP im-
plies that the capital and commodity markets are efficient and in an effi-
cient market all identical goods must have only one price, the issue of
whether or not markets are integrated is closely associated with the cur-
rency risk. In other words, all markets have to be globally integrated in
order to the PPP holds.



There have been several studies concerning whether the currency risks
are priced in stock markets and whether the markets are globally inte-
grated. However, contrary to the theoretical arguments of currency risk,
the results of empirical studies show mixed findings. Jorion (1991), using
the unconditional multifactor model of Chen et al. (1986) concludes that
the currency risk is not priced in the US market. Loudon (1993) arrives at
a similar conclusions as Jorion (1991), reporting that the foreign currency
risk is not priced for equity markets of Australia. Dumas and Solnik (1995)
support the existence of currency risk premium by using a conditional
framework that allows for time variation in the premiums for exchange rate
risk. The findings of De Santis and Gérard (1998) support a model that
includes both market and currency risk. More recently, Antell and Vaihe-
koski (2007) have examined whether global and local market risks as well
as currency risk are priced in the Finnish stock market. Their findings sup-

port a mildly segmented model augmented with the currency risk.

1.2 Objectives and methodology

In this study, we will research the issue of currency risk with respect to
evidence from the Scandinavian countries, namely Denmark, Norway and
Sweden. We test for the pricing of global, local and exchange rate risks in
Scandinavian countries’ equity markets. In addition, we trace out the eg-
uity risk premiums implied by our models for the test assets. The theoreti-
cal models which we use in our empirical part of research based on condi-
tional international asset pricing models. All in all, the main research inter-

ests of this thesis are as follows:

e to analyze whether the global, local and exchange risks are
priced in Scandinavian countries’ equity markets

e to examine whether these equity markets are globally inte-
grated



e to study whether the partially segmented model augmented
with the currency risk is the proper model for the Scandina-

vian countries

e to trace whether the estimated equity market risk premiums

are time-varying for the Scandinavian countries

We take the perspective of an US investor and utilize the generalized
method of moments (GMM) specification in our conditional asset pricing
analysis. Following Carrieri et al. (2006) and Antell and Vaihekoski (2007)
,among others, we augment the international asset pricing model of Adler
and Dumas (1983) with the local market risk factor in studying the issue of
partially segmented markets. Most of the previous empirical studies have
not only focused on the major markets such as OECD countries but have
traditionally not added the local market risk factor into the model. More-
over, according to the author’s knowledge, there have not been many
studies that examine the pricing of currency risk and local market risk in
Scandinavian countries. We exploit also the sample period that has not
been used in earlier studies. The sample data are monthly and covers
from February 1994 to June 2007.

1.3 Limitations

In this study we will employ the conditional multifactor international asset
pricing models including the global, local and exchange risk premiums. In
such a setting we have to employ the benchmark market indices as substi-
tutes for the true market portfolios. Furthermore, the theory of ICAPM sug-
gests that one should add the risk factors for all currencies but in practice,
for ease of computation and interpretation, we will exploit each country’s
own bilateral exchange rates as a proxy for the exchange risk. Moreover,
since we study the implications of the model in a conditional framework,
we need to model investors’ conditional expectations. Unfortunately, the
full information set is usually not observable. Consequently, we have as-
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sumed that the information that investors use to set prices is generated by
a set of instrumental variables. The choice of instruments is a sensitive
question since there is no formal theoretical guidance in choosing the ap-
propriate set of instruments to be included in the model. Therefore our
specification has borrowed the instrumental variables mainly from the work

of others. So, we are guilty of data snooping at some level.

Worth noticing is also that our findings relate only to aggregate stock re-
turns and therefore provide no evidence regarding the effect of foreign
exchange rate risk on individual securities or industry. So, we lose many of
the firm and industry cross section differences in our analysis. Further-
more, in a GMM framework of many equations, the test of the over-
identifying restrictions does not tell researcher where the model is failing.
To avoid this problem, we estimate the orthogonality conditions for individ-
ual countries separately. But, doing so, some power in testing procedure
is lost since the cross-section restrictions of the model can not be tested.

1.4 Structure

The remainder of this thesis is organized as follows. In Section 2 the theo-
retical framework is introduced and also earlier empirical studies on testing
for exchange rate risk premiums are presented. Section 3 describes the
econometric methods of the empirical research as well as the data in this
study. Section 4 contains the main results of the study. Section 5 summa-
rizes the results of the study and concludes this thesis as well as provides
suggestions for further research.



2. THEORETICAL FRAMEWORK

2.1 Classic and international asset pricing models

The original version of the Sharpe (1964) and Lintner (1965) capital asset
pricing model (CAPM) assumes an expected return on asset to be propor-
tional to its covariance with the market portfolio. The formal definition of
the CAPM can be written as:

E(rit):rft—1+18itE(rmt_rft—1) (1)
where the asset beta is
Cov(r,,r,
g, =i lm) @
Var(r,,)

and E(ry) is the expected excess return for asset i, E(ry;) is the expected
excess return on market and ry_; is the risk free rate. Note also that E(rm—
rw1)>0 since no risk-averse investor would hold the market portfolio of
risky assets when he could earn more by investing all his wealth in the risk
free rate. In other words, a negative equity premium indicates that repre-
sentative investors would expect to lose money on risky equities versus

holding the risk free security.

The equation (1) is the form in which the standard CAPM is most often
presented. It represents a conclusion that systematic risk is the only rele-
vant risk source in determining expected returns on assets. However,
there are alternative forms that give added perception into its meaning.

Using alternative notation the equation (1) can be rewritten as:

it " mt

E(r,)=r,, +(E(rmt)_rﬁ_1)COV(r. r.)
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where (E(rm)-re—1)/om: = the slope of CML = the slope of indifference curve.

The capital market (CML) line is a straight line composed of all possible
combinations of the market portfolio and the risk-free rate. It is derived by
drawing a tangent line from the intercept point on the efficient frontier to
the point where the expected return on asset equals the risk-free rate of
return. The slope of the CML is often referred to as the market price of risk
which is the same for all investors. The indifference curve is alternative
combinations of return on investment and risk of that investment which are
equally acceptable to the investor. That is, the alternatives provide the
same level of utility. The slope of indifference curve referred to as the
marginal rate of substation (MRS) since it is the rate at which a represen-
tative investor will trade-off more return for more risk (Cuthbertson and
Nitzsche 2004)

Moreover, when risk is measured in terms of the variance of the market

portfolio the standard CAPM can be rearranged and determined as:

() =1y (2 200 @

where (E(rmi)-r)/Var(rm) is the price of market risk and gim=Cov(ri,rm) is
the covariance between the return on security i and the return on the mar-

ket portfolio.

In both equation (3) and (4) the price of market risk is defined as an extra
return that can be gained by increasing the level of risk. Since the stan-
dard deviation and variance are conceptually very similar this need not
cause unreasonable confusion. The price of market risk is also known as
reward-to-risk and compensation for covariance risk measure. We will de-
fine the ratio (E(rm)-ra-1)/ Var(rn) as the market price of risk A and substi-
tute this expression into equation 4, and the model obtains the following

form:



E(rit):rft—1 +ﬂ'mtcov(rit’rmt) (5)

And if we define the excess return on asset /i over and above the risk-free

rate as a risk premium,

E(rit)_rft—1 = IPy (6)

then the CAPM gives the following expression for the risk premium:

E(rit)_ loq = 1P = ,Bit(E(rmt)_ rft—1) = ﬂ’mtcov(rit’rmt) (7)

So, in the standard approach the expected excess returns are a linearly
increasing function of the market risk. Consequently, there is only one risk
premium based on the covariance of the asset return with the market port-
folio that affects returns. Notice, that the price of market risk should be
positive as long as all investors maximize their utility and behave as risk-
averse investors. Merton (1980) states that the non-negativity restrictions
on the market premium should be explicitly included as part of the model
specification to avoid biased deductions.

In addition, if we consider first a fully integrated global financial market in
which PPP holds, the domestic CAPM of Sharpe (1964) and Lintner
(1965) can be extended to an international setting. In this framework the
unconditional version of the model can be formally written as:

E(ry) = AmCov(ry,ry) Vi (8)

ity mt

E(rn) = AmVar(ry) (9)

where E(ry) is the expected excess return on the market index of country J,

E(r,;) is the expected excess return on the world market index, A, is the

mt



price of global (world) market risk, Cov(r,,r,.) is the covariance between

it mt
the excess returns of country /s market index and the world market index

and Var(r,,) is the variance of the excess return on the world market in-

dex.

In the previous approach of the fully integrated markets, only the world
covariance risk is priced in global equity markets, and the expected excess
returns are not affected by local factors. Whereas in completely seg-
mented markets the expected excess returns on the country /s market
index will only depend on its country-specific risk, and this model can be
specified as follows:

E(rit):/?*/mtvar(rit) (10)

where A . is the price of country-specific risk or the local price of risk.

However, if the market is partially segmented from the global markets,
more than one risk factor is priced. Merton (1973) was the first researcher
who argued, in an intertemporal model, that investors need to hedge
against changes in the investment opportunity set. The main idea in his
framework was, that the expected return on any asset is not only a func-
tion of the covariances between its return but the return on a number of
hedging portfolios. In such a setting, the model may contain a variety of

risk premiums.

The international capital asset pricing model (ICAPM) proposes that the
covariance of assets with currency returns should be priced factor in a
world where purchasing power parity does not hold. Several theoretical
models of the ICAPM incorporate this additional source of risk. In the mod-
els of Solnik (1974), Sercu (1980) and Adler and Dumas (1983) expected
excess returns of risky assets are linear functions not only of their betas

with respect to the world market portfolio, but also with currency rate or

8



inflation risk factors. Consistent with the international CAPM of Adler and
Dumas (1983), the unconditional multifactor capital asset pricing model

can be written as:

FX
E( ) lw Cov(r,tsrmt +zlfxtcov(rit’rfxt) (11)

i+1

where E(ry) is the expected excess return for asset i, A, is the price of
world market risk, Cov(r,,r,,) is the covariance between the excess re-

turns of asset i and the world market index, the coefficients 4, i=1...FX,

are the world prices of exchange rate risk where FX refers the number of
currencies, and Cov(riry) is the covariance between the excess return of

asset i and the change in the global currency risk factor.

In addition, consistent with an international setting and a multifactor
framework, Errunza and Losq (1985) extend the international CAPM to
account for mild segmentation between markets. So, in their approach the
expected excess returns are a function of two risk factors, which are the
non-diversifiable global market risk and the country-specific risk. If we add
a currency risk factor into the model of Errunza and Losq (1985), the modi-
fied unconditional ICAPM in the absence of PPP can be determined as

follows:

E(ry) = Am,CoV(ry,rm)+ An,Cov(r, 1, +Z/1,X,Cov li:lye) (12)

ity mt it," mt
i+1

where the superscript w refers to the world market price of risk and the
superscript / refers to the local market price of risk.

So far, this study’s theoretical examination of international asset pricing
models has been based on the unconditional versions. Therefore, we have
not been able to account for the new information that periodically becomes

available to investors. Moreover, our empirical work is mainly motivated by
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studies on the conditional asset pricing models such as Ferson and Har-
vey (1991), Dumas and Solnik (1995), De Santis and Gerard (1998), Vai-
hekoski (2007) and Antell and Vaihekoski (2007), among others. So, we
have to extend our framework to support the conditional asset pricing
models.

2.2 Conditional international asset pricing models

We specify the expected returns of each asset as a function of a set of risk
factors, and moreover, we define all returns to be excess returns in the
conditional analysis framework. Consequently, the pricing relation of the
mildly segmented model augmented with the currency risk can be stated

as follows:

E(rit |Qt—1) = l”,;tCov(r. rWt |Qt—1)+/untcov(rit,rr;t |Qt—1)

itr'm

FX (13)
+ Zﬂ’fxtcov(riﬂrfxt | Qt—1)

i+1

where r; is the expected return on asset i from time 1 to tin excess of a

/
At

risk free return. The constant coefficients 2%

ot and A,, are the prices
of world, local and exchange rate risk respectively. The expected returns
and covariances are time-varying; Q.+ is the information set available at
time 1 that investors use to set prices. The returns are calculated in one

numeraine currency.

In principle, if the purchasing power parity is violated the international capi-
tal asset pricing model should contain as many risk premiums as there are
national investor subpopulations in the world. However, it is worth to notic-
ing that the model in equation (13) would become almost impossible to
implement in practice, if all exchange rate risks are allowed to affect the
expected returns. Because of this consideration, either the use of an effec-

tive exchange rate index or a subset of currencies for the currency risk,

10



provides a parsimonious specification and seems to be most appropriate.
So, under the assumption that a single aggregate proxy is used for the
exchange rate risk and the market is partially segmented from the world
market, the equation (13) becomes a three factor model as follows:

E(r, |9Q,,)=20Cov(ry,rm | Q)+ A, Cov(r, r | Q) (14
+ A COV(Fy oy | 2,4).

Differently from the models of Dumas and Solnik (1995) and De Santis

and Gérard (1998) this conditional three factor model also includes the

price of local risk following the models of Carrieri et al. (2006), Antell and

Vaihekoski (2007), Vaihekoski (2007) and Saleem and Vaihekoski (2008).

In order to implement and test conditional asset pricing models often have
to assume that information Q;+ is generated by a vector of instrumental
variables Z;4. This assumption is needed because of the fact that the true
conditional expectations are mostly unobservable. Assuming that these
instrumental variables reflect everything that is known to the investors we
can rewrite the conditional models by simply replacing the full information
set Q; with the subset Z.4. In addition, majority of the earlier studies has
implicitly assumed that information variables are drawn from spherically
invariant distribution (see for example, Ferson 1989: Harvey 1991: Dumas
and Solnik 1995: Harvey 2001: Vaihekoski 2007).

The spherically invariant distributions can be described as normal distribu-
tions. In the case of two normal distributions, subtracting the mean and
dividing by the standard deviation, the two normal distributions will be
identical. A linear model for investors’ expectation may not generate the
true expectations if the data have not the common features of spherically

invariant distribution. (Harvey 2001)

Worth noticing is that there are several different specifications of condi-
tional expectations. However, Harvey (2001) compared various specifica-

11



tions of conditional expectations, produced from both linear and nonpara-
metric regression models, and pointed out that the linear model may be a
reasonable approximation for conditional expectations in asset pricing
studies. Therefore the conditional expectations are explained by a linear
method in this thesis. More specific, we model the expectations for the
premium of risk factor j as a linear function of the information variables as

follows:

E(ri | Z07)= 2059 (15)

where Z;; is the observations of the (1 x L) vector of instrumental vari-

ables, the superscripts ¢ and s refers to the common and the country-
specific variables, respectively. L refers to the number of instrumental
variables, and ¢ is (L x 1) vectors of linear regression coefficients. To keep
our system parsimonious, we have assumed that the instrumental vari-

ables are the same for all risk factors in our specification.

2.3 Empirical results of earlier studies

Although previous results from earlier studies are inconclusive, the major-
ity of those studies state that the foreign currency risk is priced into global
stock markets, particularly in conditional frameworks. In the previous stud-
ies, the issue of pricing exchange risk in equity markets has been most
often examined in a multi-factor framework. Moreover, most of the studies
have been proposed to test pricing of the foreign exchange rate risk
whether in the framework of the fully segmented markets or in the perfectly
integrated markets. In this section we present empirical results of previous
studies separately. The studies are presented in a chronological order and
because the earliest studies are limited to the unconditional version of the
model whereas this study concentrates on the conditional version of the
model, we put more weight on recent studies that have primarily relied on
conditional models. Table 1 summarizes the results of those studies.

12



Table 1. Overview of the most relevant previous empirical studies

The studies which are presented in Table have explored the issue of pricing exchange
rate risk using different framework of asset pricing models, therefore the most relevant to

this thesis.

Author(s) Markets Sample Period Main results
Jorion (1991) us 1971-1987 Currency risk is not priced
Dumas and Solnik Us, UK, Ger- 1970-1991 Currency risk is priced
(1995) many, Japan
De Santis and Gérard G7-countries 1970-1994 Global market risk is priced for
(1997) and Switzerland all countries indicating integra-
tion
De Santis and Gérard UsS, UK, Ger- 1973-1994 Market and foreign exchange
(1998) many, Japan risk are priced
Doukas et al. (1999) Japan 1975-1995 Currency risk is priced espe-
cially for high-exporting firms
Vassalou (2000) 10 developed 1973-1990 Both exchange rate and foreign
countries inflation risk are priced
lorio and Faff (2002) Australia 1988-1998 Exchange risk is priced
Patro et al. (2002) 16 OECD coun-  1980-1997 For eight countries the currency
tries risk is priced
Koedijk et al. (2002) 9 industrialized 1980-1999 Currency risk is priced for more
countries than 45 per cent of the firms
Giurda and Tzavalis US, UK, Ger- 1990-2002 Exchange risk and global mar-
(2004) many, Japan ket risk are priced
Carrieri et al. (2006) Seven emerging 1976—2000 Currency risk and local market
markets risks are priced
Muller and Ver U.S. multina- 1990-2001 Currency risk is priced
schoor (2006) tionals
Zhang (2006) US, UK, Japan 1981-1997 Exchange risk factor is priced
Antell and Vaihekoski Finland 19702004 Global and local market risk
(2007) and currency risk are priced
Tai (2007) Six emerging 1986—2004 Markets are integrated with the
markets world market and currency risk
is priced
Vaihekoski (2007) Finland 1987-2000 Global and local market risks
as well currency risk are priced
Kolari et al. (2007) us 1973-2002 Foreign exchange risk is priced
Saleem and Vaihe- Russian 1995-2006 World as well as local market

koski (2008)

and currency risk are priced

Jorion (1991) studied the pricing of exchange rate risk in the U.S. stock
market during 1971-1987 employing two-factor model and multifactor arbi-
trage-pricing model. Until the study of Jorion no study had investigated
whether the exchange rate risk commands a risk premium in the stock
market. In study of Jorion (1991) the empirical tests were based on an un-
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conditional framework where the price of exchange risk is assumed con-
stant through time. He used maximume-likelihood and Generalized Least
Squares estimation in the empirical analysis. The empirical results sug-
gested that the exchange rate risk was not priced in the U.S. stock market
in spite of the U.S. industries displayed significant cross-sectional differ-
ences in their exposure to movements in the dollar. The unconditional risk
premium appears to be small and insignificant over the sample period
1971-1987.

Dumas and Solnik (1995) were one of the first researchers who exploited
a conditional approach that allows for time variation in the premiums for
currency risk. They applied the generalized method of moments of Hansen
(1982) in their test which based on as a variation of the methodology de-
veloped by Harvey (1991). In their study the main goal was to discriminate
empirically between the two models and to test the null hypothesis that
currency risk receives a zero reward, against the international asset pric-
ing model alternative. They utilized a set of predetermined instrumental
variables to model investors’ conditional expectations. For the sample pe-
riod from 1970 to 1991, they found out that the foreign-exchange risks
premiums are a significant component of expected returns on securities in
the worlds’ four largest equity markets, and that the international asset
pricing model dominates the classic asset pricing model.

De Santis and Gérard (1997) tested a conditional version of the world
capital asset pricing model using data from the eight largest equity mar-
kets in the world. In study, the data sample covers the period from January
1970 to December 1994. Based on the results, they concluded that the
world price of covariance risk is equal across countries and changes over
time in a predictable way. However, when they did not have non-negativity
restrictions on the price of market risk, the predictability in residual returns
disappeared. According to the results the country-specific price of risk was
not statistically significant different from zero. This is consistent with the
hypothesis of international market integration. All in all, they suggest that a
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more adequate model of world asset pricing should include additional fac-

tors into the model, such as the currency risk factor.

The paper of De Santis and Gérard (1998) provides also evidence that the
foreign currency risk is priced in four major developed equity markets, in-
cluding Germany, Japan, the United Kingdom and the United States. They
employ the conditional version of international capital asset pricing model
of Adler and Dumas (1983) using a multivariate version of a generalized
ARCH (GARCH) process. For the sample period from June 1973 to De-
cember 1994, they found empirical evidence that strongly support for a
specification of the international asset pricing model that includes both the
market and the foreign exchange rate risk. Furthermore, because their
approach was fully parametric, they specified the dynamics of the condi-
tional second moments and evaluated the economic magnitude of the cur-
rency risk rewards relative to the market premium. The evidence pointed
out that the reward for bearing the exchange rate risk often represents a
significant fraction of the total premium, excluding the case of the U.S.
stock market. In addition, their findings indicate that the time variation in
the prices of risk must be assumed. They concluded that the price of ex-
change risk is highly time-varying and because of that, the unconditional
international asset pricing models are unable to detect this addition risk
factor.

Using conditional framework, Doukas et al. (1999) pointed out that the for-
eign currency exposure commanded a significant risk premium for the Ja-
panese stock market. In their study, the pricing of the currency is studied
at a firm-specific level using monthly return on portfolios of domestic, low-
exporting, high-exporting and multinational firms for the period January
1975 to December 1995. They employed an intertemporal asset pricing
model which allows risk premia to change through time in response to
changes in macroeconomic conditions. Overall, the results show that par-
ticularly for multinationals and high-exporting Japanese firms the foreign

currency risk premium is a significant component. Furthermore, the results
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indicate that there is a covariation in Japanese returns related to the rela-

tive distress and size factors.

Vassalou (2000) studied the issue of exchange rate risk and foreign infla-
tion risk using three international asset pricing models, namely the models
of Sercu (1980), Grauer et al. (1976) and Adler and Dumas (1983). He
examined for the pricing of exchange rate and foreign inflation risk in 10
countries, including Australia, Canada, France, Italy, Switzerland, the
Netherlands, Japan, Germany, UK and USA. The sample period was from
January 1973 to December 1990. Interestingly, Vassalou (2000) combines
information for a cross section of currency rates into two indexes: the
common component index that combines information that is common to all
exchange rates, and the residual component index that captures changes
that are specific to the individual currency rates. The contribution of their
research is that the currency risk reward is at least partly related to the
residual component of fluctuations in exchange rates. Moreover, the re-
sults indicated that US inflation risk was priced in all countries contrary to

the common belief that only domestic inflation matters in a given country.

lorio and Faff (2002) investigated the pricing of foreign currency risk in the
Australian equities market for the period 1988—1998 using bilateral ex-
change rate factor. The model tested was a basic two-factor model, the
zero beta version of two factor model, and the orthogonalised version two-
factor model. Despite which model was used, the GMM test results were
mostly statistically insignificant and thus the model in each case could not
be rejected. In addition that the results strongly suggest that the exchange
rate risk is priced in the Australian equities market, the sign of the risk
premium seems to be negative in generally. In their framework, the foreign

exchange risk premium was not allowed to change through time.

Patro et al. (2002) studied the significance of the exchange rate risk as
well as the determinants of exchange rate exposures for equity index re-
turns of 16 OECD countries in the period 1980-1997. They estimated a
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two-factor model with the world stock market index and a trade-weighted
currency index as risk factors. They found that for eight countries (Austra-
lia, Canada, France, ltaly, Japan, Sweden, UK and US), the estimated
exchange rate betas were statistically significant at the 5 % level. Interest-
ingly, for Denmark and Norway the mean values of the t-statistics were not
significant even at the 10 % level. However, the hypothesis that the cur-
rency betas are jointly equal to zero for all 18 years in the sample could be
rejected at the 1 % significance level for all countries except Austria.
Therefore, the results indicated that there was significant evidence of time-
varying exchange rate exposure for equity index returns for the sample
period. They also found significant time-varying world market betas. Fur-
thermore, they pointed out that exports, credit ratings, and tax revenues
significantly affect currency risks in a way that is consistent with economic
hypotheses.

Koedijk et al. (2002) tested empirically whether international and domestic
asset pricing models lead to a different estimate of the cost of capital using
a modified version of the multifactor asset pricing models of Solnik (1983)
and Sercu (1980). They used data on individual stocks from nine industri-
alized countries in the period 1980-1999 to explore the deviations be-
tween the models. They found that the foreign currency premium was sta-
tistically significant for more than 45 % of the analyzed firms in their sam-
ple. However, when they added the domestic market risk in their regres-
sion, the exposure to exchange rates dissolved for most stocks. Moreover,
interestingly, not only the exchange rate factor became insignificant for the
most firms but the global market factor also. As the result, they concluded
that independent of the issue whether international capital markets are
fully integrated, the domestic CAPM rarely leads to a different estimate of
the cost of capital than the multifactor ICAPM. According to the authors,
the viable explanation of this result stem from the lack of real capital mar-

ket integration due to the market specific factors.
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Giurda and Tzavalis (2004) investigated the performance of the ICAPM
allowing for market and currency risk premia with the EGARCH-M specifi-
cation. They utilized weekly data from four developed countries (Germany,
Japan, UK and US) and the world market in the period 1990—-2002 to ex-
amine whether or not the currency risk is priced in analyzed countries. The
results of their study indicate that both the currency risk and the market
risk are priced in international stock markets. In addition the estimated cur-
rency risk coefficient is negative indicating that investors will demand a

lower risk premium for holding foreign equities.

Carrieri et al. (2006) developed in their study a four factor model for to
analyze whether there is a significant local exchange rate premium to-
gether with a domestic market risk premium in equity returns within a par-
tial integration asset pricing model. Their model differs from the specifica-
tion of Adler and Dumas (1983) in that the model of Carrieri et al. also in-
cludes a local market factor. They explained the presence of local market
risk in their model by the evidence from previous studies (see for example
Bekaert and Harvey (1995) and Errunza et al. 1992). The results from
those studies suggested that estimating a model without the local factor
may result in a spurious significance of the currency risk factor since the
model does not detect the presence of local market volatility — particularly,
this is the case in emerging markets. Carrieri et al (2006) applied tests in a
conditional framework with time-varying prices of risk, and they followed
the fully parametric approach that was originally proposed by Ding and
Engle (1994) and used in De Santis and Gérard (1997, 1998), among oth-
ers. The empirical evidence in their paper clearly supports the hypothesis
of a significant price of local market and local exchange risk for emerging
markets. Moreover, the results show that both the local market risk and the
time-varying exchange risk received a statistically significant price for a
number of emerging markets. They used data for seven emerging market
countries in Asia and Latin America. In the empirical application they con-
sidered the period from January 1976 to December 2000.
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Muller and Verschoor (2006) studied the impact of the linearity assumption
on the estimation of foreign exchange risk exposure of US multinationals
in the sample period from 1990 to 2001. According to the results, the pre-
cision and the significance of currency exposure estimates are highly de-
pendent on the chosen indices. The six-region-specific trade-weighted
indices increased the precision and the significances of estimates. The
results show furthermore that the currency exposure is asymmetric during
the appreciations and depreciations. The empirical findings also reveal
that, compared to the direction, the magnitude of exchange-rate move-
ments has a particularly strong influence on companies’ sensitivity to cur-

rency movements.

Zhang (2006) evaluated alternative international asset pricing models by
the Hansen and Jagannathan (1997) distance metric. The sample period
covered 198 monthly observations beginning July 1981 and ending on
December 1997. The findings show that most of the conditional models
can pass the HJ-distance test, and the model with the exchange rate risk
obtains the smallest HJ-distance. Interestingly, none of the unconditional
models can pass the HJ-distance test according to the results. However,
exchange rate risk factors are significantly priced in both unconditional and
conditional models. The results also indicate that only the global risks are
priced in analyzed countries.

Using a multivariate GARCH-M approach to model investors’ conditional
expectations, Antell and Vaihekoski (2007) estimated a time-varying three
factor international asset pricing model for the Finnish stock market for the
period 1970-2004. Their primary research question was whether the
global, local and currency risks were priced in the Finnish stock market.
They found that the global risk was time-varying but insignificant. But, the
price of local as well as the exchange rate risk was priced in the Finnish
stock market. The findings also indicate that the currency risk is not time-
varying for Finnish stock market whereas the price of local risk is time-
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varying. According to the findings of paper one should consider partially

segmented asset pricing model for smaller markets.

Tai (2007) investigates whether the Asian emerging stock markets have
become integrated with world stock market using the fully parameterized
dynamic ICAPM in the absence of purchasing power parity. Using a multi-
variate GARCH-M approach, they modelled the conditional covariance
matrix of asset return and common risk factors jointly. Moreover, the price
of common risk was allowed to be time-varying. The empirical findings
indicate that all six Asian emerging markets (India, Korea, Malaysia, Phil-
ippines, Taiwan and Thailand) have become integrated with the world mar-
ket after their restrictions on foreign ownership were abolished. According
to the results there is no evidence of higher volatility proposed by capital
liberalization; rather the markets have become more stabilized through the
liberalization process. Finally, the currency risk premium was not only sta-
tistically significant for all countries but it also has changed over time.
Overall, the empirical results suggest that a conditional ICAPM under PPP
would be mis-specified model for the Asian emerging stock markets.

In the paper of Vaihekoski (2007), a GMM approach is used to test the
conditional international asset pricing models. He investigates whether the
global and the local market risks as well as the currency risk are priced for
the Finnish market and industry portfolios in the period 1987—-2000. The
empirical evidence reveals that the asset pricing model for partially seg-
mented markets could be the most appropriate model for the Finnish stock
market. Furthermore, the results strongly support the existence of the ex-
change rate risk premium. The findings also indicate that the prices of risk
are time-varying, particularly the currency risk.

According to the results of Kolari et al. (2007) the foreign exchange rate
risk has a non-linear negative premium. They studied the relationship be-
tween the cross-section of US equity return and foreign currency rate dur-
ing the period from 1973 to 2002. Based on the results, firms with extreme
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absolute sensitivity to foreign currency had lower cost of capital than other
stocks. Interestingly, firms that had either highly positive or highly negative
price of currency risk earned almost 10 % less per annum than firms
whose risk exposures were closer zero. However, Kolari et al. did not
model potential time variation in exchange rate risk. So, they noted that it
is possible that a longer time series would cause a sign reversal in cur-
rency risk premium. All in all, an inverse U-shaped relation between ex-
pected returns and foreign exchange exposure is inconsistent with the
predictions of any known theoretical foreign exchange model.

Saleem and Vaihekoski (2008) extended the empirical evidence to include
Russian stock market by using a modified version of the multivariate
GARCH-M framework of De Santis and Gérard (1997, 1998). Saleem and
Vaihekoski (2007) showed that the Russian stock market is at least mildly
segmented as the local market risk is priced for the Russian stock market.
They also found the global market and the currency risk to be priced.
Moreover, the results suggested that the global market risk as well as the
currency risk for Russia is clearly time-varying in the sample period 1995—
2006.
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3. RESEARCH METHODOLOGY AND DATA

3.1 Method of moments

Since the generalized method of moments is a generalization of the
method of moments we first present in this section the basic idea of the
method of moment technique. In the method of moments the parameters
are estimated replacing populations means by sample means. Suppose

that the model specified for the random variable y, implies certain expec-

tations, for example:
E(y,)=u (16)

where u is the mean of the distribution of Y. The method of moments is
based on estimating population moments by means of sample moments.
The estimation of u then proceeds by forming a sample analog to the mo-

ment condition as follows:
E(y,-u)=0 (17)

Then the moment estimator of u is obtained by replacing the population

i=1

mean (E) by the sample mean (127 j so that
n

n

1 .

—>.(y;=0)=0, (18)

n'i3

that is, 4 :12771 y,; . So, the estimator is the value of & that satisfies the
n <=

sample moment condition. (Heij, 2004)

Furthermore, Notice that in order to employ the methods of moments to

regression models, we have to use the facts that populations moments are
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expectations and that the regression models are specified in terms of the
conditional expectations of the white disturbance terms. In econometrics,
the use of the term population is a metaphor. A better notion is that of a
data-generating process (DGP). The concept of DGP is the mechanism
that actually generated the data for any data set that one is trying to ana-
lyze. For the purpose of studying the statistical properties of estimators, it
is almost always necessary to assume that the DGP is as simple as possi-
ble. For example, in the multiple linear regression model one may wish to
assume that the data are generated by the DGP, where the disturbance
terms are normally, independently and identically distributed with mean

zero and variance o; . But, if there is uncertainty about this distribution,

then it may be preferable to use an estimation method that requires
somewhat less information on the DGP. (Davidson and McKinnon, 2004)

Therefore, we present next the framework of generalized method of mo-
ments, originally introduced by Hansen (1982). GMM is a robust estimator
in that it does not require information of the exact distribution of the distur-
bances. In addition, several standard estimators in econometrics can be
considered as special cases of the GMM, including least squares, maxi-

mum likelihood and instrumental variables.

3.2 Generalized method of moments

A generic model is represented by a set of data generating processes.
Each process in the model is characterized by a parameter vector, which
is denoted by 6 containing p unknown parameters. The starting point of
GMM procedure is a theoretical moment conditions that the parameters of
interest 6 should satisfy. The moment conditions can be written as

E(m(y,8))=0. (19)
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If the number of moment conditions’ m is equal to the number of unknown
parameters p in the parameter vector, then the model (19) is called exactly
identified, and in case of m>p it is called over-identified. Furthermore, re-
placing the moment condition by its sample analog, this gives the GMM

estimator as

(Zm(yt,a)j/rzo. (20)

t

To obtain a solution for 6 we need in general to impose at least as many
restrictions m as there are unknown parameters p in 6. In the exactly iden-
tified cases, m=p, there will be a single solution — if there is any solution —
to the moment equations and the equation will be exactly satisfied. If there
are more restrictions m than there are unknown parameters p, the condi-
tion (20) will not be satisfied for any parameters. But, in the over-identified
cases, m>p, the GMM estimator is determined by minimizing the following

criterion function:

> m(y,.O)W(y,.0)m(y,0) (21)

t

where W is a weighting matrix that weights each moment condition. The
criterion function (21) estimates the distance between moments and zero.
If the weighting matrix is symmetric that is W=W' and positive definite, it
will yield a consistent estimate of 6. But, it can be shown that necessary
condition to get an asymptotically efficient estimate of 6 is to set W equal
to the inverse of the asymptotic covariance matrix, defined by S, of the
sample moments m. This minimizes the asymptotic variance of the GMM
estimator (Eviews 2004; Heij, 2004). Intuitively, this procedure allows lar-

ger errors for estimated parameters that contain more uncertainty.

" In this framework, a moment condition is also called as a restriction.
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But, in practice an optimal weighting matrix requires an estimate of the
parameter vector but the parameter vector is unknown, so that we can not
estimate the parameter vector with the criterion function with W=S"". This
leaves open the question of where the initial consistent estimator should
be obtained. On possibility is to obtain an inefficient but consistent pa-
rameter vector by setting the initial weighting matrix to the identity matrix
W=I (the m x m identity matrix). This first step parameter vector can then
be used to construct the weighting matrix which, in turn, can then be used
in the GMM estimator.

However, thus far, we have obtained a feasible GMM estimator when the
covariance matrix S is known to be diagonal which means that it has the
same number of rows and columns. When the covariance matrix is esti-
mated one has to make some assumptions about the covariance matrix of
the disturbance term. Commonly the covariance matrix of the disturbances
is not diagonal, and therefore the model should be adjusted. Next we pre-
sent how to obtain a feasible GMM estimator in the given condition.

3.2.1 HAC covariance matrix and hypothesis testing

When the covariance matrix of the moment conditions has nonzero off-
diagonal elements, we have to estimate the covariance matrix S by using
a heteroskedasticity and autocorrelation consistent (HAC) estimator. This
estimator allows for the possibility of serial correlation of unknown form
that causes the off-diagonal elements of the covariance matrix. The HAC

estimator is defined by

Siac =T1(0) +(2 k(;,9)(T()) —F(/))j : (22)

I

where
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In the equation (22) u is the vector of residuals, and Z; is a k x p matrix
such the p moment conditions at t may be determined as m(6, y;, XiZi)=2Z:
u(®, y:Xi). Further in the equation (22) the weighting function k is also
called the kernel which is used to weight the covariance matrix to be posi-
tive semi-definite. For example, the Bartlett kernel has weights k(j,q)=1—
(/q) for j < g and k(j,q)=0 for j = 0. To get consistent estimates, the band-
width g should depend on the sample size n in such a way that g—<« for
— .2 (Davidson and MacKinnon 2004: Eviews, 2004: Heij, 2004)

As noted before, in the over-identified cases the GMM estimator is deter-
mined by minimizing the criterion function. In that case there are more
moment conditions than parameters. So, in the over-identified cases we
are interest how significant our model is since the equation will not be ex-
actly satisfied. A test of the test over-identified restrictions is known as the
J-test and it gives a single x* test statistic that can be used to evaluate
different models. The model can be rejected if the difference between es-
timation and observed values is statistically significant. (Verbeek, 2000)

The GMM method can be summarize as follows. The main idea is to
choose the parameter estimates so that the theoretical relation is satisfied
as closely as possible. After that, the GMM test procedure replaces the
theoretical relation by its sample counterpart and selects the estimates
which minimize the weighted distance between the expected theoretical
values and actual values. The main advantages in the GMM estimation
are that the GMM does not rely upon the assumption of normally distrib-
uted asset returns, and the disturbance term not to be normally, inde-
pendently and identically distributed. (MacKinlay and Richardson 1991)

% In practice, for example Newey-West fixed bandwidth is based solely on the number of
observation in the sample and is given by: g=int(4(7/100)?°), where int( ) represents the
integer part of the argument.
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Finally, we want to notice that there are some practical difficulties in the
GMM estimation. When the solution is found numerically it may not mini-
mize the criterion function. In worst case, the solution may not converge at
all (Zhou, 1994). This is specially the problem when the estimation system
becomes too large (i.e., the number of parameters). Furthermore, the lim-
ited knowledge of the small-sample properties of the GMM estimator may
cause the reliability problem. However, Ferson and Foerster (1994)
pointed out that even in samples of size 60 the biases were relative small
in the GMM estimation. In the same paper they have also shown that an
iterated GMM where the weighting matrix is found iterative reduces the

problem of small-sample size.

In the empirical part of this thesis, we will alleviate the above mentioned
problems of the GMM estimation in the following way. First, we minimize
the number of parameters by choosing information variables as few as
possible. Second, we employ an iterated GMM where the weighting matrix
is found iteratively to avoid the small sample properties of the GMM esti-
mator. We use simultaneous updating procedure, which updates both the
weighting matrix and the coefficient vector at each iteration time. These
steps are then repeated until both the weighting matrix and the coefficients

converge.

3.2.2 Econometric specifications

In this section we outline the empirical procedure that we are going to fol-
low. For specifying a model for the conditional firs moments we assume

that investors process information using a linear filter:

uy,=r,— Zt—15i (23)

where uj is the investors’ forecast error term for the return on country i, Z;.

are L information variables that the investors use to set prices, and ¢, is a
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set of time-invariant weight that the investors uses to derive the conditional
expected returns. Now the conditional version of the Sharpe (1964) and
Lintner (1965) asset pricing model can be rewritten as:

1Y _th;é‘mE(uitumt |
E(um | Z)

Z.4), (24)
where un;is the investors’ forecast error term for the return on the world
market portfolio, E(ufm | Z,_,) is the conditional variance of the market port-
folio, and E(uuu,, | Z,,) is the conditional covariance between the market

portfolio and the market index of country i. By multiplying both sides of (24)

the conditional variance we can write:
E(ur2ntZt—15i | Zt—1) = E(uiumtzt—1§m | Zt—1) (25)

Here we have moved the conditionally expected excess returns on the
market and the country index inside the expectation operators. The devia-
tion from the expectation is as follows:

hit = urzntZt—1§i - uitumtzt—15m (26)

where h; is the pricing error and it should be unrelated to the information.
To put the econometric model to testable form the asset pricing restrictions
is formed by combining the equations (23) and (26):

(rt _Zt—15)'
& = (Ut Uy ht) = (rrr;t _Zt—1§m)' | (27)
(Utht—1§_ UmtutZt—15m)
where v is a 1 x n vector of innovations in the conditional means of the

country index returns and n is a number of countries. Note that in the
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equation (27) the means, variances and covariances are allowed to move

over time.

In our tests we are specially interest in a direct estimation of the prices of
risks and hence, a test of the null hypothesis that the expected prices of
risks are equal to zero. More specifically, to test world asset pricing mod-
els with K'risk factors we define the following error terms:

e, =1 —Z,C_’f¢ (28a)
£y =1 — /1(81't81t) (28b)
Ey =1 _ﬂ“(g;trit) (280)

where f;is the vector of excess risk factor return (1 x K), ¢ is the coefficient
matrix (L x K), Z] is the vector of instrumental variables for conditional

expected risk premium (1 x L), and A is a vector of the price of risk (1 x K).
In this system the model assumes that the compensation for the covari-
ance risk is constant, thus the conditionally expected excess returns on
the asset are proportional to its conditional covariance with the market fac-
tor. As can be noted, the error terms which are estimated in equation (28a)
have been used to define conditional variances and covariances in equa-
tions (28b) and (28c). The similar specification has been used for example
in Vaihekoski (2007). The model implies that the equity risk premium for a
test asset is the price of global market risk times the conditional covari-

ance between the world and the test asset market portfolio returns.

To estimate the parameters in the equations (28a), (28b), and (28c) we
implement Hansen’s (1982) Generalized Methods of Moments approach.
In the GMM framework, two sample moment conditions arise for the asset
pricing model. The first condition is that the mean error term should be
conditionally zero, defined as E(e,,, €5, €, |1 Z75) = E(g, | Z73) =0, and the
second condition is that the error terms are orthogonal to the excess return
on Krisk factors.
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Since our full model has less parameter to estimate than the model has
orthogonal conditions, over-identifying restrictions exist and they are
tested using the J-test statistic of Hansen (1982). This J-statistic provides
a goodness of fit test for the model. In case of that the J-test can not reject
the model one can test other implications of the model. Namely, one of the
implications of the world CAPM is that the alpha should be zero for all as-
sets if the assumptions behind the model hold and the global market port-
folio is efficient. Notice, by adding the intercept into the model we can re-
place the equation (28c) by the following equation:

Ex=ry—a;, - Aeyr,)  i=1..,N (28d)

where q; is the asset-specific intercept. In the context of asset pricing
models, the alpha is interpreted as the difference between the expected
excess return on the asset and the actual return, in other words it meas-

ures the average pricing error.

3.3 Data and preliminary statistics

3.3.1 Test assets and risk factors

In this study all returns are expressed as continuously compounded
monthly excess returns. The returns on the stock indexes are calculated
from the Morgan Stanley Capital International (MSCI) total return indices.
The data is obtained from Thomson Data Stream database. Since we take
the view of US investors, all returns are measured in the US dollars. As a
proxy for US investors’ risk-free return, we use the return on the one-
month US Treasury bill. So, we compute the monthly excess return by
subtracting a one-month holding period return on Treasury bill from the
monthly return on each market return. We test the model an asset at a
time. The test assets are the returns on MSCI indices of Denmark, Norway
and Sweden.
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Furthermore, we use three types of risk factors in our asset pricing model
to represent economic risks. The first risk factor is the MSCI world index
that serves as the global market portfolio. A measure of currency risk is
the second risk factor and it is measured as a continuously compounded
monthly change in the US dollar value of analyzed country’s currency
(Danish krone (DKK), Swedish krone (SEK) or Norwegian krone (NOK)).
The third risk factor is orthogonalized local market risk for the US inves-
tors. This is done by regressing the local market portfolio on the global
market portfolio. The three-factor international asset pricing model applies
even if the local market portfolio is also used the test asset since the re-
siduals from the regression represent pure local source of market risk. The
sample period of our monthly data analysis involves 161 observations from
18 February 1994 to 18 June 2007. A summary of descriptive statistics for
all test assets and risk factors is presented in Table 2.

Table 2. Summary statistics for test assets and risk factors

Table shows descriptive statistics for monthly returns on the MSCI world equity total re-
turn index, MSCI Sweden total return index, MSCI Norway total return index and MSCI
Denmark total return index. All country returns are in US dollar and in per cent per month,
and in excess of the one-month US Treasury bill. Further, the exchange rates USD/SEK,
USD/DKK and USD/NOK are expressed in per cent per month and in excess of the one-
month US Treasury bill. The sample size is 161 monthly observations from February
1994 to June 2007 for all countries and rates. The asterisk symbol * and ** indicates sta-
tistical significance at the 5 % and 1 % levels, respectively.

Time series Mean Min. Max. Std. Skew- Kurto-  Jarque-
Dev. ness sis Bera
Risk factors
MSCI World 0.50% -14.70% 8.40% 4.04%  -0.89 4.31 32.47**
USD/SEK 0.10% -6.84% 7.02% 2.76% >-0.01 2.79 0.30
USD/DKK 0.12% -7.20% 6.02% 2.78%  -0.23 2.63 2.37
USD/NOK -0.13% -7.63% 6.44% 2.73%  -0.36 3.16 3.73
Test assets
MSCI Sweden 1.00% -22.58% 25.33% 7.29%  -0.35 440 16.37*
MSCI Norway 0.86% -32.86% 15.23% 6.68%  -0.90 6.22 91.28™
MSCI Denmark 0.92% -15.26% 12.14% 5.22%  -0.51 3.51 8.00*

31



As can be seen from Table 2, the global market portfolio reports the high-
est monthly mean return (0.5 per cent) for the risk factors® while the Nor-
wegian krone (NOK) records the lowest (—0.13 per cent). The highest stan-
dard deviation considering the risk factors is also reported for the global
market portfolio (4.04 per cent). This result is somewhat surprising since
bilateral exchange rates are usually more volatile than stock market in-
dexes. Further the highest (8.4 per cent) and the lowest (-14.7 per cent)
monthly return is noted for the MSCI world stock index. The lowest stan-
dard deviation is observed for the Norwegian krone. Moreover, when con-
sidering the return on the three exchange rate risk factors, the observed
monthly volatilities are close to each other. However, the Norwegian krone
has more appreciated against the US dollar than other currencies on aver-
age. The skewness values for the all risk factors are negative, indicating
greater probability deceases in returns than rises. Further, all risk factors
show positive excess kurtosis, which indicates that the distributions of the
time series are more peaked than a normal distribution. The Jarque-Bera
(JB) test rejects the null hypothesis of a normal distribution for the global
and the local risk factors at the 1 % significance level. The JB-test statis-
tics also indicate that the hypothesis of normality can not be rejected for
the exchange rate risk factors.

For the test assets, Sweden records the highest monthly mean returns
(1.00 per cent) and standard deviation (7.29 per cent) while Norway re-
cords the lowest mean returns (0.86 per cent). Interestingly, we notice that
Denmark has the lower volatility (5.22 per cent) than Norway (6.68 per
cent) but it has higher returns than Norway. In addition, the highest (25.33
per cent) monthly return is noted for Sweden and the lowest for Norway (—
32.86 per cent). Worth noticing is that the mean returns can be also seen
as the average historical risk premiums for the test assets since they have
been measured as excess return (12.00 per cent, 10.32 per cent, 11.04

per cent per annum for Sweden, Norway and Denmark, respectively). The

% Notice that the orthogonalized local market risk factors are excluded from the risk factor
analysis since they are calculated using test asset returns that are presented separately
from the risk factors.
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time series data of the test assets show high levels of skewness and kur-
tosis and the hypothesis of normality is clearly rejected by the JB-test sta-
tistics for all assets.

The autocorrelation in returns of the risk factors and the test assets are
tested whether returns can be characterized by serial dependence. The
estimates of the autocorrelation, reported in Table 3, indicate that with ex-
ception the Norwegian stock market there is no evidence of significant first
or even higher order serial correlation in the risk factors and in the test
assets. In case of Norway, the stock returns show an unexpectedly high
third order autocorrelation coefficient (0.148) which is inconsistent with the
theory of efficient market.

Table 3. Autocorrelation for test assets and risk factors

Table presents the results of autocorrelation coefficients for the test assets and the risk
factors for the sample period. p is the autocorrelation coefficient at lag k, and Q(12) is
the Ljung and Box (1978) test statistic for the null that autocorrelation coefficients up to
12 lags are zero and it is distributed chi-squared with 12 degrees of freedom. Values in
parentheses are p-values. Coefficients significantly at the 10 % or 5 % levels are marked
with the asterisk symbol * or two asterisks **, respectively.

P1 P2 Ps Q(12)

Risk factors

MSCI World -0.041 -0.021 0.089 12.22(0.428)
USD/SEK 0.057 -0.086 -0.039 11.28(0.505)
USD/DKK 0.064 -0.039 -0.087 8.72(0.726)
USD/NOK -0.025 -0.073 -0.070 8.13(0.775)
Test assets

MSCI Sweden -0.037 0.114 0.032 8.04(0.782)
MSCI Norway -0.067 -0.143 0.148* 22.68*%(0.031)
MSCI Denmark -0.162 0.007 -0.006 14.21(0.288)

Moreover, we have applied the 1-tailed Pearson correlation test for our risk
factors and test assets. Notice, we have added the US stock market re-
turns, calculated from the MSCI total return index, into correlation test
since it gives added-value to perceive the rate of the market integration
among the test assets. The estimates of the correlation coefficients among

the test assets and the risk factors are shown in Table 4.

33



Table 4. The Pearson correlation coefficients between assets and risk factors

The test is 1-tailed and the asterisk symbol *, and ** indicates statistical significance at
the 5 %, and 1 % levels, respectively. N=161.

MSCI MSCI MSCI MSCI MCSI usSDh/ usb/  USD/
World  Sweden Norway Denmark US SEK NOK DKK
MSCI World 1

MSCI Sweden 0.50** 1
MSCI Norway 0.45** 0.59** 1
MSCI Denmark 0.46** 0.64** 0.66** 1

MSCI US 0.83** 0.56*  0.45* 0.51* 1

USD/SEK -0.09 -0.28**  -0.26** -0.31** 0.01 1

USD/NOK -0,02 -0.11 -0.33**  -0.29** 0.06 0.75** 1
USD/DKK 0.02 -0.09 -0.16*  -0.16** 0.12 0.81** 0.83"* 1

As can be seen in Table 3, the correlation coefficients for all indices are
between —0.33 and 0.83. Remarkably, the coefficients among the returns
on MSCI indices for Scandinavian countries are quite low. Clearly, the co-
movements of the stock returns among Scandinavian markets are not so
strong than found to be between the returns on MSCI index of US and the
returns on MSCI world index. However, it seems that all the stock returns
move together at some level but they not move as closely together as one
would expect. Furthermore, the coefficients between the exchange rates
and stock returns are mainly negative and relative low, in most cases be-
low |0.3]. In case of the US stock market, the exposure of the stock market
to the currency changes is positive, but the coefficients are not statistical
significant. Furthermore, there are surprisingly no statistical significant co-
movements between USD/DKK as well as USD/NOK and the stock returns
of Sweden. Finally, we note that the correlation between USD/DKK and
USD/NOK and the correlation between the returns on MSCI index of US
and the returns on MSCI world index have highest average correlation
(0.83). Figure 1 reveals the rolling correlation between the global market
portfolio and the test assets.
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Figure 1: 24-month rolling correlation between the world market portfolio and the
Sweden, Norway, Denmark and US stock market returns.

In Figure 1, we can see that the correlation coefficients between the world
market portfolio and the Scandinavian countries have varied way more
compared to what can be observed from the coefficient between the US
market and world market. The correlation between the global portfolio and
the US portfolio seems to be quite high and stable over the whole sample
period. For the test assets the coefficients are significantly less than one
but they tend to move together during the sample period. Further, at be-
ginning of the year 2003 the correlations between Scandinavian countries
and the world market seem to be very close to zero, but after that, in a few
years they increased tremendously from zero to over 0.5.

3.3.2 Instrumental variables

Furthermore, we use a set of predetermined instrumental variables to track
the predictability of the equity returns and the risk exposures. The selec-
tion of conditioning information is an important step in our study since the
instrumental variables should approximate the information that investors
utilize to set stock prices. In choosing the instruments that describe the
investors’ information set, our choice is mostly guided by the variables
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used in previous study. On this basis, we select five common instruments
for our study: (1) the constant, (2) the lagged return on the MSCI world
index, (3) the measure of world default spread (Baa-rated minus Aaa-rated
bond yields, calculated by Moody’s), (4) the change in the US short-term
yield spread measured by the yield difference between 3-month US Cer-
tificate of Deposit (CD) and the 1-month US CD, and (5) the US inflation
rate (monthly change in US consumer price index).

Furthermore, since our test is performed one country at a time we also
determine the following two country-specific instruments for each test as-
sets: (6) the country-specific inflation, (monthly change in consumer price
index in Denmark, Sweden or Norway), (7) and the lagged country-specific
return on the MSCI index (the lagged return on the MSCI index for Den-
mark, Norway or Sweden). Table 5 presents summary statistics of the

common as well as the country-specific instruments.

It is worth pointing out why the mentioned variables could affect returns on
equities. The second instrumental variable is the lagged excess return on
MSCI world index. The empirical findings have shown some degree of
autocorrelation in return since the mid of 1960s (see Fama, 1965). The
third information variable is a measure of default risk. It is commonly used
to measure the markets’ reaction to risk. Keim and Stambaugh (1986) and
Fama and French (1989) present that the junk bond spread is able to pre-
dict stock returns. Later, in many studies it has been used to model inves-
tors’ expectations (see e.g., De Santis and Gérard, 1998). The fourth in-
strument is the yield difference between 3-month U.S. CD and the 1-month
U.S. CD. It has been well documented in previous studies that short rates
reflect the state of the business cycle since the variation in the short rate
correspond to fluctuations in investors’ expectations of the future discount
rate (see e.g., Zhang, 2006). The fifth instrumental variable is inflation
which also reflects the state of the business cycle. Inflation impacts both
the level of the discount rate and the size of the future cash flows. For ex-
ample, in study of Chen et al. (1986) inflation is found to be significant in
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explaining expected stock returns. Additionally, Vassalou (2000) has
pointed out that not only domestic inflation matters in a given country but
also inflation in the US.

Worth noticing is also that, by using the common US instrumental vari-
ables as explanatory variables for Scandinavian equity returns rather than
their own-country instruments may raise reasonable questions. In this
study, the own-country instruments for each test assets are excluded
mainly because of the availability of free data. However, Foster et al.
(1997) pointed out that the set of instruments of one country may appear
to help predict another country’s rate of return even thought it is the wrong
set of predictive variables, simply as a result of the correlation between the
two countries’ asset rates of return. Furthermore, Dumas and Solnik
(1995) states that the reason why US variables are legitimate instruments
for non-US returns is that asset returns are related to economic fluctuation
and that the US business cycle has led or coincided with other cycles dur-
ing the period under study.

As we can see from Table 5, most of the forecasting instruments appear to
be non-normally distributed. But, it can be noted that the Jarque-Bera test
can not reject the null hypothesis of a normal distribution for any country-
specific inflations expect U.S. inflation. Additionally, all instruments have
positive mean returns. The lagged returns on MSCI Sweden index have
the highest mean return of 1.47 per cent per month, while the measure of
U.S short-term yield spread has the lowest mean return of <0.01 per cent
per month. The lowest minimum return is reported for the MSCI Norway
index and the highest maximum return for the MSCI Sweden index. The
standard deviation of returns of the instruments varies from 0.15 per cent
(the measure of U.S short-term yield spread) to 7.32 per cent (the lagged
returns on MSCI Sweden index).
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Table 5. Summary statistics for information variables

The statistics are based on monthly data from January 1994 to May 2007 since all the
information variables are lagged by one month. The sample period includes 161 monthly
observations. All returns are measured in USD. The common information set contains:
the world market return, the default spread measured by Baa minus Aaa bond yields, the
short-term yield spread measured by the yield difference between 3-month U.S. CD and
1-month U.S. CD, and the monthly percentage change in U.S inflation. The country-
specific information set includes: The returns on the MSCI indexes of Denmark, Norway
and Sweden, the monthly percentage change in the inflations of Sweden, Norway and
Denmark.

Time series Mean Min. Max. Std. Skew-  Kurto-  Jarque-
Dev. ness sis Bera

Instrumental variables
MSCI World 0.49%  -14.70% 8.40% 4.06% -0.89 4.28 32.13*
Default spread 0.82% 0.55% 1.41% 0.21% 1.03 3.39 29.58*
US short-term yield <0.01% -0.40% 0.70% 0.15% 1.22 8.52 244 .84
spread
US inflation 0.21% -0.49% 1.32% 0.22% 0.30 7.02 111.05*
Country-specific instrumental variables
Swedish inflation 0.24% -5.88% 6.82% 2.72%  -0.05 2.61 1.08
Danish inflation 0.30% -6.10% 6.61% 2.66% 0.10 2.74 0.72
Norwegian inflation 0.30% -6.93% 6.87% 2.71% 0.24 2.70 2.18
MSCI Denmark 0.99%  -15.26% 12.14% 521% -0.54 3.55 9.81*
MSCI Norway 0.91%  -32.86% 15.23% 6.70% -0.91 6.19 90.56*
MSCI Sweden 1.09% -22.58% 25.33% 7.32% -0.36 4.37 16.04*

Table 6 reports autocorrelations at different lags for the instruments. The
autocorrelation coefficient at lag one is highest for the measure of the de-
fault spread (0.953) and the lowest for the inflation of Norway (0.019).
Overall, the Ljung-Box test rejects the null hypothesis that autocorrelation
coefficients up to 12 lags are zero for four instruments at 5 % significance
level. Thus, there is legitimate concern that some of the instrumental vari-
ables may not be stationary, thus violating the assumption of the GMM. To
clarify the magnitude of this problem we investigate instruments’ stationary
by the Dickey-Fuller tests (see e.g., Dickey and Fuller, 1979, 1981). The
findings from the unit root tests are shown in Appendix 1. The results re-
ject non-stationarity for all series expect the measures of world default
spread, which indicates that the most of instrumental variables are feasible
for the GMM estimation.*

* In this thesis the default spread is included into instrument set despite the fact it was not
stationary, since the results are basically similar to those where it was excluded.
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Table 6. Autocorrelation coefficients for instrumental variables

Table presents the results of autocorrelation coefficients for the instrumental variables for
the sample period. pi is the autocorrelation coefficient at lag k, and Q(12) is the Ljung and
Box (1978) test statistic for the null that autocorrelation coefficients up to 12 lags are zero
and it is distributed chi-squared with 12 degrees of freedom. Values in parentheses are
p-values. The asterisk symbol *, and *** indicates statistical significance at the 10 %, and
the 1 % levels respectively.

p1 P2 P3 Q(12)
Common instrumental variables
MSCI World -0.032 -0.025 0.081 11.93 (0.451)
Default spread 0.953*** 0.891*** 0.830*** 981.38 (<0.001)
US short-term yield spread 0.504*** 0.402*** 0.455*** 162.83 (<0.001)
US inflation 0.220***  -0.266*** -0.126*** 56.24 (<0.001)
Country-specific instrumental variables
Swedish inflation 0.114 -0.091 -0.136* 19.52 (0.077)
Danish inflation 0.096 -0.082 -0.067 12.50 (0.406)
Norwegian inflation 0.019 -0.118 -0.055 6.92 (0.863)
MSCI Denmark -0.148* 0.012 -0.015 14.15 (0.291)
MSCI Norway -0.057 -0.140 0.139* 21.38 (0.045)
MSCI Sweden -0.020 0.110 0.022 7.59 (0.816)

Moreover, we have tested pairwise correlations of the instrumental vari-
ables. A pairwise correlation matrix of the instruments is shown in Table 7.
With the exception of high correlations between the Scandinavian coun-
tries’ inflation rates, the results in Table 7 reveal that the instrumental vari-
ables are not remarkably correlated with each other. This suggests that
none of the instruments are likely to be a priori redundant. The correlation
coefficients values are relative low, in most cases below 0.15 in absolute
terms. Interestingly, the returns on MSCI indexes for the test assets are
uncorrelated with the measure of world default spread (Baa minus Aaa
bond yields). We also notice that not all coefficients are found out to be
statistical significant. Overall, the correlation matrix reveals that 21 of the

45 regression are significant at least at the 10 % significance level.
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Table 7. The pearson correlation between instruments

In table are shown Pearson’s correlation coefficients between the instruments. The test is 1-tailed and N=161. The asterisk symbol *, **, and *** represents
statistical significance at the 10 %, 5 %, and 1 % levels, respectively.

Danish Norwegian Swedish US infla- Default MSCI MSCI MSCI MSCI US short-term
inflation inflation inflation tion (Baa minus Denmark Norway Sweden World yield spread
Aaa)

Danish 1

inflation

Norwegian 0.784*** 1

inflation

Swedish 0.806™** 0.704*** 1

inflation

us 0.103 0.178** 0.083 1

inflation

Default 0.131* 0.142*** 0.168™* -0.053 1

(Baa minus Aaa)

MSCI 0.146* 0.224*** 0.163** 0.076 -0.065 1

Denmark

MSCI 0.086 0.259*** 0.131* 0.225"** 0.012 0.663"** 1

Norway

MSCI 0.051 0.055 0.161** 0.043 -0.094 0.638"** 0.590*** 1

Sweden

MSCI -0.130* -0.082 -0.004 -0.020 -0.057 0.463"** 0.453*** 0.506™** 1

World

US short-term 0.076 0.064 0.071 0.112 -0.223*** 0.022 0.066 0.028 -0.031 1

yield spread
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In addition, by looking at the pairwise correlation matrix of the instruments
we find out that there is positive correlation between the test assets’ MSCI
indexes and the inflations. This is reasonable since common stocks have
been traditionally viewed as a hedge against inflation. However, some
studies (e.g., Gultekin, 1983) have found a negative relation between infla-
tion and nominal stock returns. The results from the correlation test are
partially consistent with that finding, since there seems to be a negative
correlation between the return on world MSCI index and the Scandinavian
countries’ inflations. Notice that only for Denmark (-0.130) it is found to be
statistically significant at the 10 % significance level.

3.3.3 Predictability of risk factors and test assets with instruments

In order to investigate the predictability of returns of the risk factors and
the test assets, we use ordinary least squares (OLS) regressions to re-
gress the returns on the instrumental variables. Table 8 contains evidence
on predictability of the risk factors and the test assets using the common

and the joint information sets.

There are a number of interesting results in Table 8. It seems that the
common instruments are not able to capture the bulk of the predictable
variation in the returns of global and currency risk factors. The F-test
shows that 2 of the 9 regressions are significant at the 10 % level. But, the
results show that the common instruments have some predictive power
over the local market portfolios of Denmark and Sweden (adjusted R-

squareds are 4 per cent and 11 per cent, respectively).

In most cases, the explanatory power slightly increases when the common
information set is augmented with the country specific information set. The
F-test reveals that 5 of the 9 regressions become significant at the 10 %
level when the country-specific instruments are added into regression. All
local market portfolios as well as currency risk factors show higher R val-

ues when the joint information set are used. So, it seems that the most of
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the explanatory power is driven by country-specific information variables.
Unfortunately, the common instrument set as well the joint instruments
have virtually no explanatory power over the world stock market. This indi-
cates that our instruments are unable to pick up variation in the returns of

the world risk factor.

Table 8. Regressions of risk factors and test assets on the instrumental variables

The regressions are based on monthly data from January 1994 to May 2007 for the in-
struments and from February 1994 to June 2007 for the risk factors and the test assets,
including 161 monthly observations. Excess returns on risk factors and the test assets are
regressed on the common Z° and the joint information sets z°°. In table adjusted R-
squares are reported from the OLS regressions. F-test statistics are also shown and their
p-values are in parentheses.

Adjusted R-squared F-test
Variables Z° A Z° z°°
Risk factors
MSCI World -0.04 -0.05 0.32(0.958) 0.30(0.980)
DKR 0.01 0.06 1.30(0.247) 2.09(0.028)
Test asset/Local market portfolio
MSCI Denmark  0.04 0.10 1.79(0.084 2.86(0.003)
Risk factors
MSCI World -0.04 -0.04 0.32(0.958) 0.38(0.953)
NOK 0.03 0.11 1.56(0.142) 1.86(0.056)
Test asset/Local market portfolio
MSCI Norway 0.02 0.09 1.43(0.190) 1.57(0.120)
Risk factors
MSCI World -0.04 -0.05 0.32(0.958) 0.27(0.986)
SEK 0.01 0.04 1.11(0.361) 1.73)(0.079)
Test asset/Local market portfolio
MSCI Sweden  0.11 0.12 3.41(0.001) 3.24(0.001)

Overall, the adjusted R-squares are quite small but a number of coeffi-
cients are significant. The instruments seem to be able to track at least
partly variation in the returns. So, by using the instruments in our estima-
tion, we presumably get better estimates for the expected returns as well

as conditional covariances and variances than the unconditional averages.
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4. EMPIRICAL RESULTS

4.1 World CAPM with constant price of risk

We begin by analyzing a one-factor world CAPM in which the price of
market risk is assumed to be constant whereas expected returns, condi-
tionals variances and covariances vary through time conditional on the
information variables. Furthermore, the world asset pricing model in equa-
tions (28a) (28b) (28c) can be tested using individual countries as well as
multiply countries. In order to keep the model parsimonious we test the
restrictions of our models using one country at a time. We also restrict the
risk premiums to be a function of only their own variance. The model is
estimated with an alpha parameter included for each test assets (the
equation (28c) is replaced by the equation (28d)). Reported t-values are
adjusted for heteroscedasticity and autocorrelation by using the het-
eroskedasticity consistent covariance matrix. The estimations are con-
ducted using EViews 6 program. The program allows the user to specify a
system of several equations which can then be used for estimating un-
known parameters used in the equations. Table 9 reports the results on
the GMM estimation.
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Table 9. The world CAPM with constant price of risk

The table shows the price of global market risk and alpha (pricing error) estimates from
the GMM estimation® of the conditional world CAPM model. The price of risk is assumed
to be constant. Expected risk factor returns and covariances are conditional on the com-
mon and counry-specific instrumental variables Z°°. The tests are performed one asset at
a time. T-values are shown in parenthesis, and the J-test shows the p-value from the test
of overidentified restrictions. The table shows also the implied monthly risk premiums for
each test assets. The sample size is 161 monthly observations from February 1994 to
June 2007. The asterisk symbol *, ** and *** denote statistical significance at the 10 %, 5
% and 1 % levels, respectively.

Test asset Am Om Cov(eir) Implied monthly risk J-test
premium

Denmark 5.342*** (2.861) 0.010*** (4.854)  0.0011 0.510 % 0.088

Norway 5.534*** (2.973) 0.004*** (3.274)  0.0012 0.656 % 0.085

Sweden 6.456*** (3.872) 0.003*** (3.503)  0.0015 0.954 % 0.061

% In the GMM estimation we have used prewhitening option. The kernels are constructed
by taking powers of the Bartlett kernel. Further, in the Bandwidth selection we have ap-
plied Newey and West’s fixed bandwidth selection criterion.

As can be seen from Table 9 the model is rejected by the J-test at the 10
% significance level for all the test assets. So, there seems to be slight
evidence against the restrictions but only at the 10 % significance level.
The country-specific alpha parameter is in all cases significantly different
from zero at the 1 % level, which can be also interpreted as a rejection for
the model. More precisely, the asset specific intercepts indicate that world
CAPM model is not adequate to price the Danish, Norwegian and Swedish
market portfolios. The statistical significant intercepts might also indicate
that the global market portfolio is not efficient (see, e.g., Roll, 1977). The
CAPM theory suggests that the market portfolio should include all types of
assets that are held by investors as an investment. Unfortunately, such a
portfolio is an observable and investors substitute a stock index as a proxy

for the true market portfolio.

But, Stambaugh (1982) tests the CAPM using a range of market portfolios
that included, in addition to U.S. common stocks, corporate and govern-
ment bonds, preferred stocks, real estate, and other consumer durables.
According to the findings of Stambaugh, the tests of the CAPM are not
sensitive to expanding the market proxy beyond common stocks. Re-
cently, for example Elton (1999) pointed out that one large company may
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bias market proxy significantly. Particularly, this phenomenon can affect
our test results, since Scandinavian stock markets can be considered as

small and not perfectly liquid markets.

Nevertheless, there is strong evidence that the price of global market risk
is priced in the Scandinavian countries. Our model assumes that the price
of global market risk is constant but it is not restricted to be same across
countries in our estimation. Anyhow, according to the results in Table 6 the
variation in the magnitude of the global market risk is not wide. The com-
pensation for the global price of risk in Denmark is 5.34 and in Norway
5.53 whereas in Sweden 6.46. The results are consistent with the theory
that the price of global market should be positive. The highest price of
global market risk is found in Sweden — it also had the highest average
return in the sample period. Our results are somewhat same as the results
from earlier studies such as Harvey (1991). In the paper of Harvey (1991)
the price of global market risk is found to be 9.663 for Denmark and for
Norway 4.346 and for Sweden 8.381. For Denmark and Sweden the prices
of global market risk are clearly decreased since the study of Harvey. Un-
fortunately, we can only speculate on the reasons. One reason could be
that we have used partly different instruments than Harvey. Or it might be
that the markets have at some degree stabilized in Denmark and Sweden
since the sample period of Harvey and a representative U.S. investor does

not anymore demand so high compensation for these countries.

Furthermore, the equity risk premium can be derived easily since the
model implies, that the equity risk premium is the price of global market
risk times the conditional covariance between global and local market port-
folio returns. The average conditional covariances are provided in Table 9.
These values are the average values of the product of the innovations in
the conditional means of the assets returns and the world market portfolio
returns. The covariances are conditional on the common and the asset-
specific information set. Notice that the conditional covariances can have

positive or negative values, and therefore the model does not imply a posi-
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tive equity premium. Multiplying the average conditional covariance of
Denmark by the price of global market risk of Denmark we get the equity
risk premium of 0.51 percent per month for Denmark.® This implies an an-
nual continuously compounded premium of 6.12 per cent. Corresponding
values for Norway and Sweden are 0.66 per cent and 0.95 per cent per
month (7.92 per cent and 11.45 per cent per annum, respectively). Figure
2 presents the plot of the estimated equity premium for Denmark during

the sample period.
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Figure 2: Estimated equity market risk premium from February 1994 to June 2007

for Denmark.

As can be seen from Figure 2, the estimated equity market risk premium
for Denmark is highly unstable over time, especially between years 1998
and 1999. During the periods of 1996—-1997 and 2005—2006 the risk pre-
mium has substantially decreased. Note that there are also periods when
the risk premium has been negative. Figure 3 contains the plot of the esti-

mated equity risk premium for Norway.

® Notice that in Table 9 the prices of risk and the covariances are rounded to three deci-
mal places but the equity premiums are calculated on non rounded numbers.
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Figure 3: Estimated equity market risk premium from February 1994 to June 2007

for Norway.

By looking at Figure 3 we notice again a sharp peak between the years
1998 and 1999. This is consistent with the intuition since the Norwegian
stock markets had a sharp drop (—32.86 per cent) in stock prices on Au-
gust to September 18, 1998 (—12.25 per cent, and —16.92 per cent in Den-
mark and Sweden, respectively) which could explain the higher expected
market risk premium over that period. Namely, when financial market risks
are high the equity premium demanded by investors should also be high
according to the theory, although this is in contrast with the observed find-
ings (see, e.g. Welch, 2001). The peak in the estimated risk premium has
been more than twice larger in Norway than in Denmark. Further, the es-
timated market risk premium has been quite large during the stock market
downturn from 2001 to 2003. Figure 4 displays the estimated equity mar-
ket risk premium for Sweden.
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Figure 4: Estimated equity market risk premium from February 1994 to June 2007

for Sweden.

Figure 4 shows quite clearly, that during the stock market downturn from
2001 to 2003 the estimated market risk premium has been higher level on
average. Furthermore, the estimated equity market risk premium is every-
thing but constant trough time. This phenomenon is observed for all the
Scandinavian countries. Usually, the instrumental variables method pro-
duces pretty sharp variations in the estimates, just like in our case.

According to the results, it seems that our formulation is able to produce
quite realistic estimates for the equity market risk premiums for the Scan-
dinavian countries. In the study of Welch (2001) the mean forecast of fi-
nancial economists was 5.5 per cent per annum over a 30-year horizon for
the average annual market risk premium. The key finance textbooks have
on average suggested a premium of 8.0-8.5 per cent per annum (Brealey
and Myers, 2000; Bodie and Merton, 2000; Ross et al., 1993). However, in
our sample there are periods when the estimated equity market risk pre-
miums are negative. This is highly inconsistent with the finance theory
since investors can not have expected or required a negative return for

assuming risk.
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4.2 Constant prices of global and exchange rate risk

The next stage of our empirical study involves estimating a version of the
two-factor world asset pricing model in which the prices risks are assumed
to be constant whereas the expected returns and conditionals covariances
are assumed to vary through time. We take into considerations the impli-
cation of world asset pricing model with the absence of the purchasing
power parity (PPP) by adding the currency risk factor into our model. If
there are deviations from PPP, we expect to find significant prices of risks
on the currency component. As a proxy for the currency risk we use the
continuously compounded change in the U.S dollar value of DKK, NOK, or
SEK, depending on which country is analyzed. The tests are performed
one country at a time and an alpha parameter is included into the model
for each test assets. Table 10 reports the results on the GMM estimation
from the two-factor asset pricing model.

The results show that the test of overidentifying restrictions (J-test) can not
reject the model for any test assets (p-values 0.136, 0.118, 0.114), so we
are able to test other implications of the model. Firstly, we turn our atten-
tion to the prices of global risk. The results indicate that the price of global
market risk is significantly different from zero at the 1 % level for all the
test assets. Each of these coefficients are positive and the magnitude of
the coefficient ranges between 4.35 (Denmark) and 8.26 (Norway). In case
of Denmark the price of global market risk falls quite smoothly in the range
of what has been traditionally found acceptable by the finance theory —
less than five (see, e.g., Vaihekoski, 2007). For Norway and Sweden it is
slightly higher than we would expect by the theory. The variation in the
magnitude of the price of global risk has increased compared to the results
from the world CAPM model. Our findings are consistent with the intuition
in that part that the Norwegian has the highest price of global market risk.
Namely, one might states that Norway has not so closer ties to the global

economy than Denmark and Sweden since Norway is not a member of the
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EU. This could explain the higher price of global risk in Norway from U.S

investors’ point of view but this is only speculation.

Secondly, we turn our attention to the prices of currency risk. The results
from the pricing test of currency risk indicate that the exchange rate risk is
not priced in the Scandinavian countries, except in Sweden at the 10 %
significance level. This is in line with the study of Patro et al. (2002) who
find that the currency is priced in Sweden but no in Denmark or Norway.
Our results are also partly consistent with the results of De Santis and
Gérard (1998) since they were also unable to find a constant price of ex-
change-rate risk. Moreover, the negative price of exchange-rate risk is
consistent with the study of De Santis and Gérard (1998). They found that
the sample means for the prices of currency risk were equal to -1.87 and -
0.05 for Deutsche mark and British pound, respectively. However, Vaihe-
koski found (2007) that the currency risk is significantly priced in the Fin-
nish market portfolio. As mentioned earlier, only for Sweden there is slight
evidence that the currency risk is priced in our study. Thus, the results
seem to indicate that U.S investors should take the exchange rate risk into
consideration only when investing in the Swedish equity markets in Scan-

dinavian.
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Table 10. The world asset pricing model with currency risk

Panel A shows summary statistics for estimated prices of risks and alpha (pricing error)
estimates from the GMM estimation® of the conditional world CAPM model. The risk fac-
tors are global market factor and analyzed country’s bilateral exchange rate against the
U.S dollar (USD/SEK, USD/DKK, and USD/NOK). The prices of risks are assumed to be
constant. Expected risk factors returns and covariances are conditional on the common
and country-specific instrumental variables Z*°. The tests are performed one asset at a
time. T-values are shown in parenthesis, and the J-test shows the p-value from the test of
overidentifying restrictions. The sample size is 161 monthly observations from February
1994 to June 2007. The asterisk sympol *, **, *** denote statistical significance at the 10
%, 5 %, and 1 % levels, respectively. Panel B reports the implied monthly risk premiums
for the test assets.

Test asset Am Atx Qm Cov(eir) Cov(eiri)
[Am] [A]

Panel A: Implied price of risk

Denmark 4.346™** -1.008 0.011*** 0.001 -0.0003
(2.849) (0.675) (6.440)

Norway 8.259"** -1.381 0.003*** 0.0012 -0.0006
(4.879) (0.513) (3.020)

Sweden 7.331"** -4.630" 0.003*** 0.0015 -0.0006
(4.911) (-1.824) (3.381)

Denmark Norway Sweden
J-test: 0.136 0.118 0.114

Panel B: Implied monthly risk premium
Risk premium for Denmark

World Currency Total
component component risk
0.420 % 0.033 % 0.452 %

Risk premium for Norway

World Currency Total
component component _risk
0.967 % 0.084% 1.052 %

Risk premium for Sweden

World Currency Total
component component risk
1.074 % 0.243 % 1.316 %

% In the GMM estimation we have used prewhitening option. The kernels are constructed
by taking powers of the Bartlett kernel. Further, in the Bandwidth selection we have ap-
plied Newey and West’s fixed bandwidth selection criterion.

In addition, we find again less encouraging results when we focus on the
pricing errors. The alpha parameters are in all cases significantly different
from zero at the 1 % significance level. Both the Norwegian and Swedish
market portfolios have clearly lower average pricing error (0.003) than the
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Danish (0.011) portfolio have. Since the country-specific pricing error is
significant for all the test assets, the data seems not to give support for the
world asset pricing model with the currency risk to price the Scandinavian
countries’ market portfolios. For example, De Santis and Gérard (1998)
and Vaiheskoski (2007) interpreted the country-specific constant as an
average measure of other factors that can not be captured by a model or

as a measure of mild segmentation.

Panel B in Table 10 shows the estimates of each risk premiums as aver-
ages over the whole sample period. As earlier, the risk premiums are es-
timated by using constant prices of risks and conditional covariances. The
results show that the monthly world market risk premium is somewhat
similar between Norway and Sweden (0.97 per cent and 1.07 per cent),
respectively) but substantially lower in Denmark (0.42 per cent). Corre-
sponding per annum values are 5.04 per cent for Denmark, 11.76 per cent
for Norway, and 12.84 per cent for Sweden.

In Panel B of Table 10 the total risk premium (equity risk premium) is
measured as the sum of the world market risk premium and the currency
risk premium. The averages of the premium linked to exchange rates are
quite small in the all cases. Thus, the average values of the premiums for
world market risk premiums are close to the average values of the total
premiums. Moreover, since the price of currency risk was not found to be
significant for Denmark and Norway it would be misleading to analyze the
importance of currency risk premium for those countries’ total risk pre-
mium. For Sweden the total risk premium is largely driven by the world
market risk component. The fraction of the total risk premium that can be
addressed to the world risk premium is equal to 81 per cent for Sweden
(calculated as the world component divided by the total risk component).

The two-factor international asset pricing model implies a monthly equity
market risk premium of 0.45 per cent (5.40 per cent per annum) for Den-
mark, 1.05 per cent (12.60 per cent per annum) for Norway, and 1.32 per
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cent (15.84 per cent per annum) for Sweden. Comparing our estimates to
what earlier empirical studies have found, we notice that only for Denmark
the estimated risk premium is more realistic forecast than the historical risk
premium (11.04 per cent per annum). However, remember that our esti-
mates might be at some level tenuous since the estimated equity risk pre-
miums have been calculated with both the global risk and the currency
risk, although the price of currency risk was not found to be significant.

However, the fraction of the total risk premium that can be addressed to
the currency risk was so small for all the test assets, that next we show the
time series development of the monthly equity premiums. Figure 5 visual-
izes how the estimated equity market risk premium has evolved for Den-
mark during the sample period.
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Figure 5: Estimated equity market risk premium from February 1994 to June 2007
for Denmark.

As can be seen from Figure 5 there are again wide variations over time in
the equity risk premium. But compared to the premiums of the world
CAPM model the variation seems to decrease slightly. For example, the
highest peaks in Figure 5 are somewhat lower level than they were in Fig-
ure 2. Figure 6 displays the estimated equity market risk premium for Nor-

way.
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Figure 6: Estimated equity market risk premium from February 1994 to June 2007
for Norway.

By looking at Figure 6 we can conclude, that during the stock market
downturn from 2001 to 2003 the estimated market risk premium for Nor-
way has been clearly higher level on average. The development of the risk
premium has been very similar in the both models for Norway as can be
seen by comparing Figures 3 and 6. Figure 7 contains plot of the equity

risk premium for Sweden.
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Figure 7: Estimated equity market risk premium from February 1994 to June 2007
for Sweden.

As can be seen from Figure 7 the estimated equity risk premium is again
highly unstable over time. During the period of 1994—2000 the estimated

equity risk premium has been quite small if few peaks are excluded from
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the analysis. As stated before, the Swedish equity market displays a sig-
nificantly larger exchange-rate premium throughout the whole sample pe-
riod. The average fraction of the equity risk premium that can be imputed
to the currency risk was equal to 19 per cent for Sweden. However, it is
clear that the equity risk premium is mostly explained by the world risk

premium even the case of Sweden.

According to our results, it seems that the-two factor international asset
pricing model is unable to produce realistic estimates for the equity market
risk premiums in the sample period. However, this is only the half-truth,
since if we compare the estimates to the historical averages (11.04 per
cent, 10.32 per cent, and 12.00 per cent) the results seem to give better
estimates. But, the annual equity risk premiums of 12.60 per cent and
15.84 per cent are hard to justify from a theoretical point of view. It seems
that only for Denmark the estimated equity risk premium (5.4 per cent per
annum) is consistent with the theory and the earlier findings. In the study
of Dimson et al. (2003) the annual equity risk premium is 3.8 per cent for
Denmark and 7.5 per cent for Sweden. But, as we mentioned earlier, that
despite of the fact the currency risk was not priced expect for Sweden the
price of currency risk has been used in our calculation of the total equity
premiums. Consequently, part of the variation may be pure noise in the

calculated risk premiums.

4.3 Constant prices of global, local and exchange rate risk

Finally, we employ the segmented three-factor asset pricing model where
not only the currency risk factor is added into the world CAPM model but
also the local market risk factor. Adding the local market risk factor into
model we can test underlying assumption of full integration in the model.
As in the previous models, all prices of risk are assumed to be constant
(unconditional) and expected returns and conditional covariances are as-

sumed to vary over time conditional on the common and the country-
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specific local information variables. The tests are performed with an alpha

parameter. Table 11 summarizes results from the GMM estimation.

The results in Table 11 reveal that the test of overidentifying restrictions (J-
test) can not reject the model for any test assets, suggesting that our
model is suitable to test other implications of the model. The results show
that the prices of world and currency risk are significantly different from
zero at the 1 % significance level for Denmark and Sweden. But, accord-
ing to our findings the currency is not priced for Norway. The magnitudes
of the prices of global risk are 6.79 for Denmark, 5.53 for Norway, 5.28 for
Sweden. It seems that the price of global market risk is somewhat at the
same level as before in the world CAPM model where it has varied from
5.34 (Denmark) to 6.46 (Sweden).

Additionally, by adding the local market risk factor into model we have
tested underlying assumption of full integration in the model. Interestingly,
the price of local market risk is found to be significant at the 1 % level for
all the test assets. The price of local market risk is equal to 49.66 for Den-
mark and it is clearly higher than what we have been found for Norway
(5.34) and Sweden (5.42). This is robust indication of the mild segmenta-
tion. It seems that the model of Errunza and Losq (1985) could be the
most appropriate model for the pricing of Norwegian stocks. For Denmark
and Sweden the model should be augmented additionally with the cur-
rency risk.
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Table 11. The world CAPM with local and currency risk

Panel A shows summary statistics for estimated prices of risk and alpha (pricing error)
estimates from the GMM estimation® of the conditional three-factor international asset
pricing model. The risk factors are global and local market risk factors and analyzed
country’s bilateral exchange rate against the U.S dollar (USD/SEK, USD/DKK, and
USD/NOK). The prices of risk are assumed to be constant. Expected risk factors returns
and covariances are conditional on the common and the country-specific instrumental
variables Z°°. The tests are performed one asset at a time. T-values are shown in paren-
thesis, and the J-test shows the p-value from the test of overidentifying restrictions. The
sample size is 161 monthly observations from February 1994 to June 2007. The asterisk
symbol * denotes statistical significance at the 1 % level. Panel B reports the implied
monthly risk premiums for the test assets. In Panel B the median values for the total eg-
uity risk premium are shown in parenthesis.

Assets Am Aix N Om Cov(eir) Cov(eir) Cov(eir)
[Am] [An [M]

Panel A: Implied price of risk

Denmark 6.792* 5.644* 49.659* -0.025* 0.0009 -0.0004 0.0031
(4.643) (2.660) (16.820) (-2.716)

Norway 5.534* -0.538 5.337* -0.005* 0.0012 -0.0006 0.0042
(4.270) (-0.494) (5.664) (-3.413)

Sweden 5.280" 7.502* 5.418* -0.006* 0.0015 -0.0007 0.0054

(5.534) (5.685) (9.866) (-3.302)
Denmark Norway Sweden
J-test: 0.159 0.118 0.144

Panel B: Implied monthly risk premium

Risk premium for Denmark

World Currency Local Total

component component component risk
0.620 % -0.205 % 15.124 % 15.539 %
(4.065 %)

Risk premium for Norway

World Currency Local Total

component component component _risk
0.669 % 0.033 % 2.244 % 2.945 %
(1.229 %)

Risk premium for Sweden

World Currency Local Total

component component component risk
0.781 % -0.486 % 2.922 % 3.216 %
(0.853 %)

 In the GMM estimation we have used prewhitening option. The kernels are constructed
by taking powers of the Bartlett kernel. Further, in the Bandwidth selection we have ap-
plied Newey and West’s fixed bandwidth selection criterion.

Worth noticing in the estimation procedure is that, there were some evi-
dence on that the three-factor model becomes too unstable for Denmark to
be estimated reliably using the GMM. So, it is highly probably that the so-
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lution has not converged to the global minimum in the case of Denmark.
This could explain so much higher price of local market risk for Denmark.
While, for Norway and Sweden we were able to find our estimates to be
more stable and the convergence was easily attained with reasonable val-

ues.

Unfortunately, as can be seen from our results the alpha parameter is
again in all cases significantly different from zero at the 1 % significance
level, indicating that the results tend not to favor the model. The magni-
tudes of the country-specific pricing errors are pretty small for Norway (-
0.005) and Sweden (-0.006). All in all, the country-specific pricing error
has been statistically different from zero in all models analyzed here. So,

none of the models can price the test assets efficiently.

Panel B in Table 11 reports the estimates of each total risk premium and
its decomposition into the world, currency and local component as aver-
ages over the whole sample period. The three-factor model implies the
highest monthly equity market risk premium of 15.54 per cent (186.48 per
cent per annum) for Denmark and the lowest premium of 2.95 per cent
(35.40 per cent per annum) for Norway. For Sweden the model implies
monthly equity risk premium of 3.22 per cent (38.64 per cent per annum).
These estimates are substantially higher than previous studies have sug-
gested as equity market risk premium. However, Vaihekoski (2005) find an
annual continuously compounded premium of 34.55 per cent for the Fin-
nish market by using GMM in the framework of the world CAPM model.
So, our surprisingly high estimates might due to the method used. The
average fractions of the total premium that can be addressed to the local
market risk are equal to 97 per cent for Denmark, 76 per cent for Norway,
and 91 per cent for Sweden. Clearly, in this case, the equity risk premiums
are mostly explained by their local market risk components.

It seems that the three-factor model is unable to calculate realistic esti-

mates for the equity market risk premium. However, the arithmetic mean
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could be a misleading estimate in the presence of outliers. To clarify this
issue, we show the plot of the estimated equity premium for the analyzed
countries during the sample period. Figure 8 shows how the equity market
risk premium has evolved for Denmark during the sample period.
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Figure 8: Estimated equity market risk premium from February 1994 to June 2007
for Denmark

As can be seen from Figure 8, the three-factor model is obviously unable
to model the true nature of the equity risk premium for Denmark. There are
several peaks (outliers) in the Figure which are substantially higher than
what earlier studies have suggested as equity market risk premium. Since
the variation of the premium is so large, the average value computed over
the entire sample could be a very misleading statistic. Figure 9 contains
the plot of the equity market risk premium for Norway.
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Figure 9: Estimated equity market risk premium from February 1994 to June 2007
for Norway.

By looking at Figure 9 we can easily conclude that the estimated equity
risk premium for Norway has increased since the results from the two-
factor model. The estimated values for Norway are much more reasonable
than they were for Denmark. But again, they are clearly higher what has
been traditionally found acceptable by the finance theory. Figure 10 shows
that also in the case of Sweden the total equity risk premium is highly un-
stable with surprisingly high single values.
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Figure 10: Estimated equity market risk premium from February 1994 to June 2007

for Sweden.

To clarify more the issue of how biased estimate the arithmetic mean is, in

the presence of outlier values, we have calculated probability density func-
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tions for the estimated risk premiums. Appendix 2 shows that particularly
the estimated risk premiums by the three-factor model are everything but
normally distributed. Both the statistics and the graphs do not support the
null hypothesis of a normal distribution. The mass of the distributions is
concentrated on the left of the Figures. This indicates that the distributions
have a few relative high values which mean that they are right-skewed
(positive-skewed). In the right-skewed distribution the mean is farther out
in the long tail than is the median. Obviously, in our case the median
should be seen as a better indication of central tendency than the arithme-
tic mean since the mean is greatly influenced by outliers. Consequently,
we provided also the median values of the estimated risk premiums by the
three-factor model in Panel B of Table 11. As can be seen from the Panel
B, the median values are much more realistic forecast as market risk pre-
miums than the average estimates. The median values are equal to 4.07
percent for Denmark, 1.23 per cent for Norway, and 0.85 per cent for
Sweden. The corresponding per annum values are 48.84 per cent, 14.76
per cent, and 10.20 per cent.

Overall, the point estimates for the Scandinavian countries that we obtain
by using different international asset pricing models are highly volatile and
caused by the method that we have used. Especially, this is the case in
the three-factor model. As a consequence, if one wants to employ the es-
timates in practice the different filters have to use to apply them. The at-
tention should be paid to the general trend in each premium rather than to
the plotted values at each point time. We also provided the evidence on
that one should pay attention to the median values rather than the average
values when applying the GMM test. As Vaihekoski (2005) has pointed out
that the short time increase in the variance or in the covariance does not
necessarily turn into higher risk premium requirement when investors
weight into their requirement the longer term prospects. In addition, we
have used quite short time period in our study (1994-2007). So, it might
be that this sample period is too short for good and bad luck to cancel out,

or for drawing inferences about investors’ expectations as Dimsom et al.
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(2003) have pointed out. To understand the true nature of the risk pre-

mium we should examine periods that are much longer than a decade.
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5. CONCLUSIONS

This study examines whether the global and local market risks as well as
the currency risk are priced in the Scandinavian equities market using the
aggregate market indexes data from 1994 to 2007. In addition, this paper
explores whether these equity markets have become integrated with the
world market. Furthermore, this study evaluates whether the equity premi-
ums are time-varying for the analyzed markets. These objectives were met
through conditional international asset pricing models by applying the
generalized method of moment methodology. The research took the per-

spective of a US investor.

Using the traditional world CAPM model we find partially support for the
market integration. For all Scandinavian countries we find strong support
for the pricing of global market risk. On the other hand, the findings also
suggest that the global market benchmark alone is not fully adequate to
price the Scandinavian countries’ market portfolios. According to the J-test
there is also slight evidence against the whole validity of model. These
findings might be due to that we use mainly US based data to model in-
vestors’ conditional expectation. However, the estimated risk premiums for
the Scandinavian countries are quite realistic forecast although slightly
higher than what has been found acceptable by the finance theory. If we
take the presence of outliers into consideration our estimates are in line
with the acceptable value. Particularly for Sweden, the estimates are
highly positive-skew indicating that the arithmetic mean is much higher
than the medium value. Given that, one should attempt to overcome this

problem by focusing on the median values rather than the means.

Consistent with the results of Jorion (1991) and De Santis and Gérard
(1998) we are also unable to find strong support for the constant price of
currency risk by using the specification of the international asset pricing
model that includes both market risk and foreign exchange risk. However,

there seems to be slightly evidence on that the currency risk is priced in
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the Swedish stock market. This finding is in line with the findings of Patro
et al. (2002). Our results indicate that an US investor should take account
the exchange-rate risk when investing in the Swedish stock market. But
even in the case of Sweden, the global market risk and currency risk are
not sufficient to explain asset returns perfectly. The estimated risk premi-
ums by using the two-factor asset pricing model are also everything but
constant and they are slightly higher than the premiums of the world
CAPM model. However, as the plots of the equity risk premium revealed,
the arithmetic averages values computed over the sample can be again a
very misleading statistic due to the peak values.

Using the three-factor asset pricing model that includes the global, cur-
rency and local risks, we find strongly support for that the local market risk
is priced for the Scandinavian countries. This finding suggests that the
Scandinavian equity markets are mildly segmented. Consequently, US
investors can not ignore the local source of risk as far as the Scandinavian
countries’ market portfolios are concerned. Surprisingly, the currency risk
is found to be significantly priced for Denmark and Sweden in the three-
factor model. The estimated equity risk premiums using the three-factor
model are highly unstable. There are several outliers in the estimated
premiums which bias the findings informative for investors. Clearly, inves-

tors should apply different filters to create value with them in practice.

All in all, as mentioned earlier, best to our knowledge there are no previ-
ous studies on the pricing of global, local and currency risk for the Scandi-
navian countries in the sample period 1994-2007. So, we do not have a
direct benchmark study to compare our findings. Notice that the Scandina-
vian countries were included in the study of Patro et al. (2002) but the
sample period was different. However, our results are somewhat line with
that study despite of the different sample period. Additionally, our findings
are interesting since in the paper of Koedijk et al. (2002) the global market
index as well as the exchange rate factors become insignificant for the

vast majority of corporation when they incorporate the domestic market
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index in the regression. While in our case, both the price of global and the
currency risk become significant when the local market risk is added into
model. However, we have utilized the aggregate stock returns not individ-
ual securities or industry in our study. Consequently, we had to use the
orthogonalized market proxy as a local market risk since it that case the
three-factor model applies even if the local market portfolio is also used
the test asset. But, it might be that the three-factor model not account ap-
propriately for the nature of the local market risk. And finally, the choice of
instrumental variables does make a difference to the results. Our results
are not fully comparable to earlier studies since we were unable to use all

the instruments used in previous studies.

This paper has concentrated on constant (unconditional) prices of risk ap-
proach but several studies have shown that the prices of risk are also
time-varying just like equity risk premiums. An obvious extension to our
study would be to examine whether the prices of global, local and currency
risk are time-varying. This can be easily testable if additional assumptions
are introduced. However, if the prices of risk are allowed to vary over time
there are more parameters to estimate and the models become much
more sensitive to the choice of instruments. Notice, we had already now
lightly problems to achieve reasonable values by using the GMM method
in the framework of the conditional three-factor asset pricing model. How-
ever, another possible method to study this issue is the time-series fore-
casting method. It would be interesting for a further study to utilize a multi-
variate GARCH-In-Mean (Generalized Autoregressive Conditional Hetero-
scedasticity) approach to model the conditioanal expectations, variances,
and covariances. Moreover, by using GARCH-type models a system of
equations can be estimated more reliable for all assets at the same time
than by the GMM approach. In such a setting, the power is not lost in the
testing procedure, since the cross-section restrictions of the model can be

exploited.
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APPENDICES

Appendix 1: Results of the Augmented-Dickey-Fuller unit root test for
instrumental variables

This table shows the results of the Augmented Dickey-Fuller (ADF) unit root test for the
instruments. The statistics are based on monthly data from January 1994 to May 2007,
including 161 monthly observations. The optimal lag length for the ADF tests is selected
with the Akaike Info Criterion and maximum lag is set to 13. The lag lengths used are in
parentheses. The statistic 1, denotes ADF test model without constant and time trend, 7,
denotes with constant but without time trend, while 1, incorporates both constant and time
trend in regression. The asterisk symbol *, and ** indicates statistical significance at 5 %
and 1 % levels respectively.

Instrument Level First difference
(2 Tﬂ T, T Tﬂ T,
MSCI World -12.89** -13.02** -12.98** -8.07** -8.05** -8.03**
(0) (0) (0) (13) (13) (13)
Default spread -0.30 -2.30 -2.72 -10.69** -10.67** -10.63**
(1) (1) (1) (0) (0) (0)
US short-term yield -3.15** -3.57** -3.57* -10.83** -10.80** -10.77**
spread 2) 2) 2) ) 2) 2)
US inflation -0.76 -3.12* -3.22** -5.89** -5.87** -5.84**
(11) (12) (12) (10) (10) (10)
Swedish inflation -5.56** -5.61** -5.66™* -7.76** -7.74* -7.76**
(3) 3) (3) (8) (8) (8)
Danish inflation -11.30** -11.31** -11.42** -8.43** -8.40** -8.42**
(0) (0) (0) (8) (8) (8)
Norwegian inflation -12.23** -9.84™* -9.85™* -7.36™* -7.33* -7.33**
(0) (1) (1) 9) 9) 9)
MSCI Denmark -4.10** -14.60** -14.70** -7.48** -7.47* -7.44**
4) (0) (0) ) 7) )
MSCI Norway -4.22** -4.50** -4.83** -4.20** -4.18** -4.18**
(5) (5) (5) (13) (13) (13)
MSCI Sweden -8.06™* -8.22** -8.19** -9.85** -9.82** -9.79**

(1) (1) (1) 4) (4) 4)
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Appendix 2: Probability density functions of the estimated risk pre-
miums

0.30 — Denmark 1-factor

—— Normal curve

Relative frequence

Jarque-Bera: >999
p-value: <0.000
Skewness: 3.329

-2.9 % -1.4 % 0.2 % 1.8 % 3.3 %

Risk premium

0.30 - ——Norway 1-factor
—— Normal curve

Relative frequence

Jarque-Bera: >999
p-value: <0.000
Skewness: 8.546

-6.2 % -3.1 % 0.0 % 3.1 % 6.3 %

Risk premium

0.35 - —— Sweden 1-factor

0.30 | ——Normal curve

Relative frequence
o
N
o
|

0.05 - Jarque-Bera: >999
' p-value: <0.000
0.00 I L R L L — L R Skewness: 3.561

-5.2 % 2.4 % 04 % 3.2 % 6.0 %

Risk premium

75



Relative frequence

Relative frequence

Relative frequence

0.35

0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -
0.00

— Denmark 2-factor

—— Normal curve

-2.3 % -1.1 % 0.2% 1.5 % 2.7 %

0.35

Risk premium

0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -
0.00

—— Norway 2-factor
—— Normal curve

-9.4 % -4.6 % 0.1% 4.8 % 9.6 %

0.35

Risk premium

0.30 -
0.25
0.20 -
0.15
0.10 -
0.05 -

— Sweden 2-factor
——Normal curve

0.00

-6.1 % 2.7 % 0.6 % 4.0 % 7.4 %

Risk premium

Jarque-Bera: >999
p-value: <0.000
Skewness: 3.022

Jarque-Bera: >999
p-value:<0.000
Skewness: 8.546

Jarque-Bera: >999
p-value: <0.000
Skewness: 3.403

76



Relative frequence Relative frequence

Relative frequence

0.35
0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -

— Denmark 3-factor
—— Normal curve

0.00 ‘
-58.0 %

0.50

-24.6 %

8.9 % 42.3 % 75.7 %

Risk premium

0.45 -
0.40 -
0.35 -
0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -
0.00 ‘

—— Norway 3-factor

—— Normal curve

-17.6 %

1.1% 10.4 % 19.8

%

Risk premium

0.40
0.35 -
0.30 -
0.25 -
0.20 -
0.15 -
0.10 -
0.05 -

— Sweden 3-factor
——— Normal curve

0.00 ‘
-13.6 %

-5.9 %

1.7 % 9.3 % 17.0 %

Risk premium

Jarque-Bera: 346
p-value: <0.000
Skewness: 2.268

Jarque-Bera: >999
p-value: <0.000
Skewness: 9.215

Jarque-Bera: >999
p-value: <0.000
Skewness: 3.183

77



78



