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Abstract

In this paper we investigate whether the currency risk is priced in international stock
markets. We suggest a parsimonious version of the international capital asset pricing
model with an EGARCH-M(1,1) specification of the second moments’ dynamics of stock
and currency returns, assuming that the latter follow a multivariate ¢-distribution. This
specification allows for asymmetric responses of volatility to stock and currency news,
including leverage effects. Our results suggest that the currency risk is priced in
international stock markets, once asymmetries in volatility are taken into account. The
currency premium is found to be significant on both statistic and economic grounds. We
find that a dynamic portfolio strategy that hedges against currency changes provides
higher returns (as a reward for currency premium) than a strategy which ignores them.
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1. Introduction

Although it is well known that investors can earn significant benefits from international
diversification, investing in foreign markets entails exposure to currency risks for which
investors need to be compensated. This source of risks can be attributed to substantial
deviations from the purchasing power parity (PPP), and thus are also referred to as real
exchange rate risks. If PPP does not hold, the real return of any asset differs across
countries. Then, the standard (domestic) capital asset pricing model (CAPM) does not
constitute a correct model to price the expected return of any stock traded in international
markets. In this situation, an international CAPM (ICAPM), in addition to the market
covariance risk, should include currency covariance risks [see Adler and Dumas (1983),

and Dumas and Solnik (1995), inter alia].

Recently, there is a growing research effort to examine whether currency risk is priced in
international stock markets." The answer to this question has important implications for
portfolio management and hedging strategies, as any source of risk which is not
compensated in terms of expected returns should be hedged. Despite the plethora of
empirical studies (see fn 1), evidence does not give a clear cut answer whether or not the
currency risk is priced. Recently, De Santis and Gerard (1997, 1998), and Cappiello,
Castrén and Jaaskeld (2003) based on a multivariate-generalized autoregressive
conditional heteroscedasticity in mean (GARCH-M) econometric specification to
estimate a conditional version of the ICAPM, show that the currency risk is priced once
allowance is made for time-varying parameters of risk prices. The inadequacy of the
GARCH-M model with constant parameters to price the currency risk may be attributed
to a mis-specification of the GARCH-M to fully capture the dynamics of the conditional
variances and covariances of stock and currency returns. In particular, the GARCH
specification used in the above studies does not allow for leverage effects, or any other

asymmetries, on stock and currency volatilities (and, hence, on risk premia). In addition,

! Jorion (1991), Chan, Karoly and Stulz (1992), Dumas and Solnik (1995), De Santis and Gerard (1997,
1998), De Santis, Gerard and Hillion (1999, 2003), Cappielo and Fearnley (2000), Nilson (2002) and
Cappiello, Castrén and Jadskeld (2003), inter alia.



it relies on the assumption that the stock and currency returns are normally distributed.
The latter may lead to overrejection of the ICAPM model, if the returns’ distributions
have fat tails [see Zhou (1993), Campbell and Zhou (1993), and Kan and Zhou (2003)].
To this end, in our analysis we will replace the normality assumption with a ¢-

distribution.

In this paper, we re-examine the validity of the ICAPM model to price market and
currency risk by adopting Nelson’s (1991) exponential GARCH-M (EGARCH-M)
econometric specification for the conditional second moments of the returns which allow
for asymmetric effects of market news on the volatility function. Ignoring these effects
may explain the evidence of time-varying currency and market prices of risk found by De
Santis and Gerard (1997,1998). Using weekly data for four developed stock markets
(Germany, Japan, UK and US) and the world market from 1990 to 2002, the paper
provides clear cut evidence that both market and currency risk premia are priced in
international markets. Our results show that a significant part of the above premia can be
attributed to currency news (or crises) occurred in the nineties. These seem to have

influenced both the market and currency premia.

To evaluate the performance of the ICAPM with the EGARCH-M specification of the
second moments, the paper conducts two exercises. First, it examines the ability of the
model to forecast the densities of future expected returns on statistic basis. This is done
based on tests which account for the effects of higher dynamics of stocks and currency
returns on the forecasting performance of the model. The aim of the second exercise is to
examine the validity of the ICAPM on economic grounds. This is done by comparing two
different portfolio investment strategies: one which hedges against currency changes and
another which ignores them. The results of these two exercises support the EGARCH-
M(1,1) specification of the ICAPM on both statistic and economic grounds.

The paper is organized as follows. Section 2 introduces a parsimonious version of the
ICAPM, with one-index (factor) specification for the currency risk, and presents the

econometric framework. Section 3 carries out the estimation and discusses the results.



Section 4 evaluates the statistic and economic performance of the model. Section 5

concludes the paper.

2. The model

In this section we present a parsimonious version of the conditional ICAPM allowing for
market and currency risk premia. This model is in the spirit of Merton's (1973) two-factor
asset pricing model and Adler and Dumas' (1983) version of the ICAPM, which hedges
against adverse changes in exchange rates. These changes can be attributed to short run
systematic purchasing power parity (PPP) deviations (real exchange rates changes), and

they can affect investors’ invested wealth in international stock markets.”

Under the above assumptions, in equilibrium we can write the expected excess return of a
stock 7, denoted as r;;, conditional on the current market information set €2, ; as

E,_ (r,,)=A,Cov,_ (1 ,,1y,)+ A Cov, (1;,,¢c,), i=12,.,N [1]

R

where E,;(.) and Cov.,(.) denote the conditional on £2,; mean and covariance of stock
returns, respectively, 7y, denotes the return on the world market portfolio of all traded
stocks in international stock markets (denoted as N), ¢, represents the rate of return of a

single currency factor (index) driving the real exchange rate changes, denoted as ¢, of

the US dollar (reference currency) against the exchange rates of foreign countries,

denoted by ;. 3

The asset pricing model given by equation (1) claims that the expected excess return of

any stock in the international stock markets must consist of two sources of risk premia.

> The PPP is assumed to hold as a long run relationship [see Culver and Pappel (1999), for recent
evidence].

Single index models for nominal, or real, exchange rates have been considered by many authors [see
Jorion (1991), Ferson and Harvey (1993), Bansal, Hsieh and Viswanathan (1993), Ng (2001), inter alia] in
order to reduce the second moments of equation (1). This methodology simplifies the econometric



The first, known as market risk premium, is due to the conditional covariance of the stock
return, r;, with the world market portfolio return, ), This premium is measured by

Ay Cov,_ (r,,,1y,), where A, is the market price of risk given in equilibrium as

£
————, where J,, and J,, are the first and second partial derivatives of the

derived utility of wealth function J(W(¢),c(2),t) with respect to a representative

JWW

investor’s wealth, W(?). The term — is the coefficient of relative risk aversion.

w

Since risk aversion implies J,, >0 and J,, <0, model (1) suggests a positive

relationship between expected returns, £, (r;,), and the market premium (i.e. 4,, >0).

The second source of risk premia in model (1) comes from the covariance of the stock

return with the real exchange rates index, c,. The magnitude of this risk premium is

JWC

given by A.Cov, _ (7,,,c,), where 1. =— is the currency price of risk, where J . is

N
w

the cross derivative of J(W (t),c(t),t) with respect to W(t) and the single currency factor,
c(t). This risk premium can be attributed to hedging motives of investors against real

exchange rates changes (PPP deviations).” If J,,. >0 and Cov, (r;,,c,)>0 [or J,. <0

and Cov, (r,,,c,)<0], then investors will demand lower expected returns on holding

Al
international stocks. In these cases, the stocks can be thought of as natural hedging

instruments against real exchange rates changes. If J,. >0 and Cov _ (r,,,c,) <0 [or

Jye <0 and Cov,_ (r,,,c,)>0], then investors will require higher compensation. If

estimation and testing procedure of (1), as it significantly reduces the number of second moments of (1),
otherwise we may run in estimation and identification problems [see Dellaportas and Pourhahadi (2002)].

it the PPP (in its relative form) does not hold, then real returns on any asset differ across investors from
different countries. To see this more rigorously, notice that the difference of the real return of a stock i
between the domestic and a foreign country (denoted by star) at a first order approximation is given by

*
el

no-r, ~c —(n,— ), where ¢, =

it it 6= Ae

o is the real exchange rate, e, is the nominal exchange

t
t

rate, and 7z, and 7, denote, respectively, the inflation rates of the domestic and foreign country, while P,

and P are their corresponding prices levels.



Jye =0, then the expected returns will solely depend on the market covariance risk. In

this case, the ICAPM relationship (1) reduces to the standard international CAPM
suggested by Solnik (1974).

2.1 Econometric specification

To complete the specification of the conditional ICAPM we need to set up an
econometric framework to represent the dynamics of the conditional second moments
involved in the model, namely the covariances and variances. To this end, we adopt a
multivariate-EGARCH-M specification. This is appropriate when the conditional
variances (volatilities) and covariances of stock returns respond asymmetrically to
positive (good) and negative (bad) news of stock or exchange rate market returns [see
Nelson (1991), inter alia]. Note that a negative relationship of the volatility of stocks
and/or currency returns with respect to market news is referred to as the leverage effect

[see, for instance, Black (1976), Schwert (1989) and Braun, Nelson and Sunier (1990)].°
The multivariate EGARCH-M(1,1) system that we adopt for the estimation of the

ICAPM consists of the following set of equations for the conditional mean of the

variables 7, i and c, :

Py = Ao + A Var, () + A:Cov, (rM,t ¢, )+ Epyo [4a]

L-1
> Note that the currency risk premium A.Cov,_(#,,c,) is equal to the sum z&j.CovH(rw,c 7¢)» Where L
=l

denotes the total number of countries and A, is the currency price of risk associated with j real exchange

rate changes. This can be easily seen by substituting the single index relationship

Cr =Vo, TV GtV with Vi~ 1ID(0, 0"5) and Cov(rj’,, vj,t) =0,

L-1
into Cov,,(r;,,c;,) . The resulting equation implies that 1. = Zyl,j/ij represents the aggregate price of
Jj=1
the individual countries prices of risk.
% Note that the standard GARCH-M model can not capture the leverage effect since it assumes that
conditional variances depends on the squared values of the past residuals. See Nelson (1991), for a more



= /1i,0 + 4,,Cov, (ri’t ,rM,t) +A.Cov,_(r,,,c)+é&, 5 i=1,2,..,N, [4Db]
and

¢, = /IC,O + A,,Cov, ,(c,, rM,,) + A Var, (c,)+ Ecy - [4c]

where the intercepts A, , (k =M,i,C) are assigned to capture any remaining specific
risks or market imperfections. The error terms ¢,, (k =M,i,C) in equations (4a)-(4¢)

have conditional on the information set £J.; variance functions given by

In(0?,) = o, + g, (z,,, )+ Blln(o,, ) -w,] (k=M.ie), [5]
where
Er -

- E‘Zk,tfl‘)—i_ & Zy>  with z = ) [6]

O

&k (Zk,t—l ) =7k qzk,t—l

captures the effects of the innovation (market news) z,,, on the conditional variance
o;,. The terms 9, z,,, and 7, QZM_I‘ _E‘Zki,t—l‘) in the innovation function g, (zk,t_l)
allow the conditional variance af,t to respond asymmetrically to positive and negative
returns in terms of sign and magnitude. In particular, the & z,,, term allows for
leverage effects. When &, <0, U,it tends to rise (fall) following market bad (good)
news. When &, <0 and y, >0, the term y, QZ kH‘ -E ‘z ki,H‘) implies that the magnitude

of the leverage effect is larger than expected. To complete the EGARCH specification of
the second moments, we assume that the conditional covariances are calculated as
O = P00, fork #s. This assumption implies that the correlation coefficients of

s,t2
the disturbance terms ¢,, are constant. It is made for estimation reasons, in order to

restrict the number of unknown parameters of the multivariate EGARCH, otherwise the

model may be over parameterized [see Bollerslev (1990), inter alial.

complete discussion about the potential benefits of the EGARCH model, compared with the GARCH
model.



3.  Empirical Analysis
3.1 Data

We use continuously compounded weekly returns (in excess of the risk-free rate) on
stock indices for the four largest markets: United States (US), United Kingdom (UK),
Germany (GE) and Japan (JP), and on the world market portfolio index. All stock indices
are from Morgan Stanley Capital International (MSCI) and are measured in terms of US
dollar (USD), which is the reference currency. To calculate the excess returns on the

indices, we use the one-month US Treasury bill rate as a risk-free rate.

Our data cover the period from January 5™ 1990 to August 16", 2002.7 During this
period, a number of turbulent events occurred in currency markets: the Gulf War in 1990-
1991, the turmoil of the European Exchange Rate Mechanism (EMS) in 1992-1993, the
Peso crisis in 1994, the Asian crisis of 1997-1998, the Russian crisis in August 1998 and
the LTCM collapse in October of the same year. In addition to these, our sample covers
recent turbulent stock market events, such as the burst of the equity bubble, began in the
spring of year 2000, the terrorist attach of September 11"™ 2001 and the collapse of the
Enron and WorldCom corporations. All the above events are expected to substantially

influence both market and currency risk premia.

To calculate the return on the currency index, ¢;, we use log changes of an index
calculated as the weighted average of the British Pound (GBP), Deutsche Mark (DEM)
and Japanese Yen (JPY) nominal exchange rates, measured as the US dollar price per
unit of foreign currency [see also Jorion ( 1991)].8 The weights employed to construct the

exchange rate index correspond to those used to construct the New York Board of Trade

7 With weekly observations, we can mitigate potential biases on our estimates arisen from non-synchronous
trading while, at the same time, we have high enough frequency of data to obtain a better picture of the
movements of markets returns.

¥ This can be justified by the very high estimates of the correlation coefficients between nominal exchange
rates and the currency index return.



(NYBOT) US dollar index.” These weights adjust the nominal exchange rates according
to the trade competitiveness of each country, and thus can capture the effects of short-

term real exchange changes (PPP deviations) on the currency index.

Summary statistics for all series are given in Table I, see Panels A and B. Panel A reports
sample estimates of the unconditional mean, standard deviation, the coefficients of
skewness and excess (over the normal) kurtosis and the LM statistic for ARCH effects,

with five lags. Panel B reports the correlation coefficients among all series.

Table I: Summary statistics

Panel A: Descriptive statistics

World UsS UK Germany Japan FXI
Mean -0.03 0.06 -0.01 -0.05 -0.21 -0.01
Std. Dev 1.97 2.18 2.26 2.99 3.34 1.21

Skewness  -0.25 (0.01)  -0.50 (0.00)  0.17(0.08)  -0.35(0.00)  0.33(0.00)  0.09 (0.35)
Kurtosis  2.19 (0.00) 3.05 (0.00)  1.90 (0.00) 2.22(0.00) 1.21(0.00)  0.87 (0.00)
ARCH(5)  41.11(0.00)  48.73 (0.00) 23.50 (0.00)  91.46 (0.00) 36.86 (0.00) 15.15 (0.01)

Panel B: Correlation coefficients

World uUsS UK Germany Japan GBP DEM JPY FXI
World 1.00 0.84 0.72 0.72 0.61 0.09 0.09 0.17 0.15
USA 1.00 0.50 0.50 0.23 -0.08 -0.10 -0.07 -0.11
UK 1.00 0.62 0.34 0.35 0.16 0.10 0.23
Germany 1.00 0.33 0.20 0.30 0.13 0.28
Japan 1.00 0.12 0.16 0.51 0.34
GBP 1.00 0.68 0.22 0.75
DEM 1.00 0.37 0.90
JPY 1.00 0.69
FXI 1.00

Notes: Std. Dev stands for standard deviation, p-values are in parentheses.

With the exception of the United States, the results of the table show that the expected
excess returns are negative which may be explained by the substantial falls of
international stock markets over the last period of our sample and by the over-evaluation
of the USD over the whole sample. The latter can also explain the negative value of the
expected return of the currency index. The positive estimates of the skewness coefficient
and the highest value of the standard deviation for the Japanese stock market return,

compared with the other markets, may reflect the prolong depression of this market, over

? The NYBOT index computes a US Dollar based exchange rate index for the following currencies: Euro,



our sample. The estimates of the kurtosis coefficient and the ARCH statistic indicate that
dynamic second moments are present in the stocks and currency index returns. Finally,
taking together the estimates of the skewness and kurtosis coefficients reveal that the

returns are not normally distributed.

The estimates of the correlation coefficients, reported in Panel B of the table, indicate
that, with exception the US market, the exposure of the stock markets to the currency
changes (denoted FXI) is positive. This suggests that US investors should hold foreign
stocks for hedging purposes. Conversely, the negative exposure of the US stock market
return to currency index changes indicates that there may not exist hedging benefits for
the US investors to hold domestic stocks. Finally, the high positive values of the
correlation coefficients for the GBP, DEM and JPY exchange rate returns with the
currency index return suggest that the latter can substantially capture the nominal

exchange rate changes, for all countries.

3.2 Estimation of the ICAPM

In Table II(a), we present the estimation results for the ICAPM with the multivariate
EGARCH-M(1,1) econometric specification, given by equations (4)-(5).'° To capture the
degree of excess kurtosis appeared in the data (see Table 1), in the estimation procedure

we assume that the standardised errors ¢, ,, ¢, and ¢, follow a multivariate ¢

it
distribution with degrees of freedom, denoted as DF, which are estimated by the
maximum likelihood procedure. In Table II(b), we present estimates of the I[CAPM
based on a GARCH-M(1,1) specification of the variance functions (5), often used in
practice to estimate the second moments of the ICAPM [see De Santis et al (1997,
1998)]. The comparison of the results of Table II(a) with those of Table II(b) enable us to

evaluate whether the EGARCH-M(1,1) model can better represent the dynamics of the

Japanese Yen, British Pound, Canadian Dollar, Swedish Krona and Swiss Franc.

1% Our estimates are obtained based on Broyden, Fletcher, Goldfarb and Shanno's (BFGS) algorithm [see
RATS 5.0 manual].

10



second moments of the returns. To this end, in the tables we report estimates of the

Akaike and Schwarz information criteria.

The results of the tables indicate that the EGARCH-M(1,1) specification of the ICAPM
constitutes a more accurate description of the data than the standard GARCH-M(1,1)
model. This can be justified in terms of the maximum log-likelihood function value,
which is found to be higher for the EGARCH-M(1,1) specification, and on the estimates
of the information criteria. The parameter estimates and their standard errors (reported in
parentheses) of the EGARCH-M(1,1) specification show that the price of risk coefficients
A,, and A are different from zero, thus implying that both market and currency risks are
priced in international financial markets. The sign of the market price of risk coefficient

is positive, which is in accordance with the predictions of the theory [see Section 2].

Table II(a): Estimation of the multivariate EGARCH-M(1,1) with z-student distribution

World us UK Germany Japan FXI
2 -0.288 -0.371 -0.145 -0.114 -0.279 0.329
w0 (0.103) (0.122) (0.101) (0.126) (0.102) (0.085)
1 0.090
M (0.024)
-0.201
Ae (0.036)
o 1.551 1.759 1.862 2.329 4.718 -3.225
! (0.065) (0.054) (0.065) (0.077) (0.570) (0.827)
; 0.971 0.903 0.894 0.909 0.998 1.002
! (0.005) (0.021) (0.045) (0.039) (0.000) (0.001)
g -0.023 -0.046 -0.062 -0.064 -0.050 -0.017
! (0.004) (0.011) (0.027) (0.026) (0.003) (0.010)
0.009 -0.030 0.022 0.069 -0.006 0.069
i (0.004) (0.009) (0.033) (0.026) (0.002) (0.012)
4.260
DF (0.049)
Akaike 12901.6
Schwarz 13117.1
Log-Lik -6402.81

Notes: The estimates of the correlation coefficients are omitted for reasons of space. These are found to be
close to their unconditional estimates, presented in Table I.

Given that there is a positive correlation between stock and currency returns for the
foreign countries [see Table I], the negative sign of the currency price of risk coefficient

implies that J,. >0, which means that foreign stocks constitute natural hedgers against

11



real exchange rates movements [see Section 2]. This is consistent with evidence provided
by other studies [see De Santis (1998) and Cappiello, Castrén and Jaédskeld (2003), inter
alia]. It means that US investors will demand a lower risk premium for holding foreign
stocks. Finally, the small value of the estimated DF coefficient justifies the need to

estimate the conditional second moments of the returns based on the #-distribution.

In contrast to Table II(a), the results reported in Table II(b) (based on the GARCH-
M(1,1) specification) indicate that both estimates of A,, and A. are not different from
zero at 5%, even though their sign is consistent with that of the EGARCH-M(1,1)

specification.

Table II(b): Estimation of the multivariate GARCH-M(1,1) with z-student distribution

World us UK Germany Japan FXI
1 -1.540 -1.611 -1.135 -1.299 -1.576 0.321
w0 (1.021) (1.000) (0.873) (1.149) (1.104) (0.298)
1 0.377
M (0.224)
-0.270
Ae (0.145)
o 0.954 2.816 1.898 2.082 7.852 0.063
! (0.208) (0.418) (0.809) (1.457) (2.921) (0.040)
u 0.024 0.022 0.049 0.040 0.094 0.028
! (0.013) (0.014) (0.029) (0.021) (0.052) (0.017)
b 0.773 0.509 0.672 0.766 0.329 0.949
! (0.048) (0.062) (0.135) (0.133) (0.240) (0.028)
4.259
DF (0.044)
Akaike 13199.9
Schwarz 13388.4
Log-Lik -6557.95

Notes: The GARCH-M(1,1) variance functions are given by O',f’, =, + akg,f’,fl + b,(a,fH (fork=M,i,C).

These differences can be attributed to the fact that the GARCH-M(1,1) does not
adequately capture the dynamics of the second moments of the data, as argued before.
The estimates of the EGARCH-M(1,1) specification indicate that there exist strong
leverage effects in the variance functions, as the estimates of &, , for (k =M ,i), are
negative and different from zero. Note that, although the positive sign of &, for the

currency index return reveals an asymmetric effect of news on the currency volatility (for

12



instance, a currency depreciation), this is not theoretically justified as reflecting leverage

effects. The positive and statistically different from zero estimates of the y,, for

(k:M ,i) coefficients, capturing the magnitude effect of the market news on the

variance functions, reveal that the leverage effects are larger than expected for most

markets, with the exception of US and Japan.

Apart from affecting the estimates of the risks price coefficients, A,, and A, ignoring

the leverage effects seems to influence the degree of persistency of the markets’
volatility. The comparison of the estimates of the persistency coefficients S, for the
EGARCH-M(1,1) specification and (a, +b,) for the GARCH-M(1,1) model indicates
that the former is much higher. This should be expected because the GARCH-M(1,1)
specification does not capture the component of the stock markets' volatility coming from
the leverage effects, or the other asymmetries in the variance function. Note that for the
currency index return the estimate of the persistency coefficient, ., is not statistically

different from unity, which implies that the currency volatility is an integrated process of

order one. This can be attributed to the currency crises occurred during our sample.

Overall, the results of our empirical analysis indicate that both the market and the
currency sources of risk are priced in equilibrium expected returns. The strong leverage
effects, which are present in both stock and currency markets, seem to critically affect the
dynamics, the persistency and the asymmetry of markets volatility, and hence the market

and currency risk premia.

Next, we present in-sample, point ¢ estimates of the market and currency premia, as well
as the total premia, with the aim of investigating the effects that currency episodes had on
equity and currency markets. These estimates are plotted in Figures 1-6. The market

premia (measured on the left vertical axis) are calculated as MP,, | = 1,,Cov,_, (7, ,,7y,,)

while the currency premia (measured on the right vertical axis inverted) are calculated as

CP.,., = A:Cov, (1;,,c,), for k=(M,i,C). These are based on the EGARCH-M(1,1)

13



estimates, reported in Table II(a). In Figures 7-12, we present the total risk premia, which

is computed as 7P, , =4, , + MP_,, +CP, .
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Inspection of the above figures leads to the following conclusions. First, the currency
premium constitutes an important component of the total premium (i.e. the expected
excess return). The big variations of the currency premia seem to be connected with the
currency crises occurred within our sample, namely the 1992-1993 ERM crisis, the 1995

peso crisis and 1998 currency crises in Russia and Japan [see Figure 6].
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These crises have also critically influenced the volatility of the stock markets. The effects
of these crises were more profound for the UK, German and Japanese stock markets
volatility, compared with the US market. Note that, for Germany and Japan, the market
premia move very closely with the currency ones. The above results suggest that the

currency crises have significantly influenced the stock market premia.
The second conclusion that can be drawn from the figures is that the total premium
dramatically changes, over our sample. It fluctuates between negative and positive

values. The negative sign of the total premia for the non-US markets, driven by the
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currency hedging attitude of the investors, corresponds to periods in which the US dollar
was strong (e.g. during currency crises). Finally, the positive, upward sloping movements
of the total premia towards the end of the sample may be attributed to the stock markets
crises, e.g. the September 11th terrorist attack and the Enron and WorldCom corporations

collapses.

4. Economic evaluation of the ICAPM

The results of Section 3 reveal that the currency premium is priced in international
financial markets and constitutes an important component of foreign expected returns. If
this is the case, then Merton's modern portfolio approach suggests that investors should
hold, in addition to the market portfolio, another portfolio which will hedge their invested
wealth for adverse effects from currency changes. The goal of this section is to evaluate
the above theoretical prediction on economic grounds. To this end, we will compare the
economic profits (reflecting risk premia effects) of two portfolios: one which counts for

currency effects and another which does not.

Specifically, modern portfolio theory in a dynamic set up implies the following optimal

portfolio allocation

J _ J _
Wi = (_ WI:/WJZMI lEtfl (rt ) + (_ WJW;W Jzttl lct\t—l P [7]
where w,, , denotes the /-period (NXT7)-vector of the optimal weights for N risky stocks

(here N=4) at time ¢/, X, , stands for the f-period (NXN) conditional variance-

tle—

covariance matrix of the stock returns, with elements Cov, (r,,7;,) {i,j} =12,..,N,

e

6, stands for the (NX7) vector of the conditional covariances of the stocks returns with

the changes of the currency index return, ¢, with elements Cov, (7;,,c,), and E,_ (r,) is
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the (NXT7) vector of the conditional expected excess returns, with elements E,_ (7).

Writing equation (7) as

Wit =V uWargmt TVeWe s (8]

= J I .
where w,, ., =X, E_ (), Wy, =06,,E (), 7y :( = j: is the

Wy ) A
J A
inverse of the market price of risk coefficient and . = (— LCJ = -2 we can see
WJWW /1M

that the ICAPM predicts that investors in equilibrium should hold a portfolio w,,, which
consists of two other portfolios: the portfolio w, ,, (the market portfolio),
compensating investors for bearing the market source of risk and the portfolio w.,,

(the hedge portfolio) compensting investors for wealth losses coming from currency

changes.

The optimal portfolio allocation implied by equation (8) should generate higher realised
profits (excess returns) per unit of risk than a portfolio allocation which assumes only the
market source of risk, i.e. 4. =0. Before assessing the validity of the above statement,
we need to evaluate the forecasting performance of the EGARCH-M(1,1) specification of
the ICAPM. This is necessary because the economic evaluation of the model requires that

its statistical specification provides unbiased forecasts of the realised returns which are

use to determine the optimal weights w,, .

4.1 Forecasting performance
In this subsection, we evaluate the forecasting performance of the EGARCH-M(1,1)

specification of the ICAPM based on density forecast testing procedures [see Diebold,
Gunther and Tay (1998), inter alia]. These methods can account for the effects of higher
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order dynamics on evaluating the ability of the model to accurately predict many
percentiles of the empirical distributions of the expected stock and currency returns.
Since, in general, tests for forecasting ability can be used as tests for the structural
stability of a model, the above methods can be also thought of as testing whether the
estimates of the parameters of the EGARCH-M(1,1) specification (4)-(6) are subject to

structural changes.

The general idea behind density forecast evaluation is that the conditional density
probabilities of the returns, denoted by p(rk),|Q,_1) k =(M,i,c), should correspond to
the true conditional density implied by the EGARCH(1,1)-M model (4), denoted as

f(rk,t|QH ), i.e.

p(rk,t|Qt—1) :f(rk,t|Qt—1) .

Then, the probability integral transforms of the actual realisations of the returns over the

forecast period with respect to the model’s forecast densities ( p(rk,r|Q,_1)) should be

IIDU[0,1], i.e.
Z,, = j Py, Wdu ~ 1IDU0,1], [9]

where z,, denotes the probability transform variable and U[.] stands for the uniform

distribution.

The result of equation (9) implies that the cumulative distribution of z,, should lie on the

45° line (which is the theoretical cumulative distribution function - CDF) and that the

inverse function of z,, [say y,, = O (z4,)11s IIDN(0,1). These two implications can

11}/ _|_ Jwe — _ﬁJ_W :_ﬁ
‘ Wy Sy Wy Ay
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be exploited to assess the forecasting performance of the EGARCH(1,1)-M specification

of the ICAPM (1). To this end, we carried out an in-sample-forecasting exercise for the

period from 21% of May 1999 to the end of the sample, 16" August 2002. This period

covers two regimes of the international stock markets: the bull and the bear, started in the

spring of year 2000. Thus, it allows us to see if the forecasting performance of our model

remains robust to the above market regime changes.

Figure 13: World

Figure 14: US
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Figure 15: UK

Figure 16: Germany
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Figure 17: Japan

Figure 18: FXI
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In Figures 13-18 we graphically present the empirical distribution of z, , vis-a-vis the 45°

line, for all the realised returns. The figures indicate that the empirical cumulative
distributions are very close to the 45° line. The only exception is for the Japanese stock
return, where the empirical distribution substantially deviates from its theoretical CDF.
This can be attributed to the fact that the conditional variance of the Japanese stock return

seems to follow a non-stationary, explosive pattern [see Figure 5].

The evaluation of the density forecasts made above is informal. Therefore, in Table III
we present the results of two formal test statistics for density forecast evaluation. The
first is the well known Kolmogorov-Smirnof test statistic, denoted as KS. This statistic

measures if the maximum distance of the empirical cumulative distribution of z, , from

its theoretical (45° line) is not statistically significant. The second is a parametric test

statistic suggested by Berkowitz (2001), denoted as BK, build up on the result that the

inverse function of z,, [see y,, =®'(z,,) above] is JIDN(0,1). This has the following
testable implications: there will be no systematic deviations of y,, (and hence z,,) and
that the unconditional mean of y,, will be zero. These can be jointly tested using the

following auxiliary regression
Vi =0 T i Vit + S [10]

which can be used to test for the null hypothesis H, :a, =a, =0.

Table II1: Formal tests

World SN UK Germany Japan FXI
KS 0.08 0.10 0.08 0.09 0.17 0.09
BK 2.95 6.93 3.08 5.49 4.61 0.15
(0.23) (0.03) (0.21) (0.06) (0.10) (0.93)

Notes: The critical value for the KS test is 0.1048. BK is a Wald test statistic of the null hypothesis
H,:a, =a, =0. p-values in parentheses.

The results of the table indicate that the overall density forecasting performance of the

EGARCH-M(1,1) specification (4) is satisfactory and remains robust across the two market
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regimes of the forecasting interval. Both the KS and BK statistics show that the deviations

of the empirical distribution of the returns series 7, , are not significant and systematic, at

5% level. Note that for US the BK statistic cannot reject the null at 3% level. For Japan, the
two test statistics lead to different conclusions. The BK statistic cannot reject the null,
whilst the KS clearly reject it. Given the substantial deviation between the empirical and
theoretical CDFs of z,, in the case of Japan [see Figure 17], this difference may be
attributed to the low power of the BK statistic in the presence of the non-stationary

behaviour of the second moments, documented for Japan [see Figure 5].

4.2 Economic performance

Having found that the EGARCH(1,1)-M specification of the ICAPM can provide
satisfactory density forecasts of the returns, we next turn into evaluating its economic
performance. In Figure 19 we present estimates of the cumulative profits implied by the
ICAPM of a $1 investment in May 21% 1999 under two dynamic investment strategies:
first, when the market portfolio is hedged against currency changes (referred to as H-

strategy) and, second, when currency changes are ignored, i.e. 4. =0, (referred to as

NH-strategy). In Figure 20, we present the difference of the two cumulative profit series.

To calculate the profits, we work as follows. At any point of our forecast interval, we
estimate the expected returns and their conditional second moments for one-period ahead.
These estimates are used to compute the optimal portfolio weights and the cumulative
profits, under each strategy. For the H-strategy, the optimal weights are calculated based

on equation (8), where y,, and y. are estimated using the values of 4,, and A, reported

in Table II(a). For the NH-strategy, the optimal weights and A,, are estimated based on a
EGARCH-M(1,1) specifications of the [ICAPM which does allow for currency risk. The

results of the figures indicate that the cumulative profits of the H-strategy outperform the

ones of the NH-strategy, almost at each point of the forecast interval.

21



This can be formally confirmed by summary statistics presented in Table V, reporting the
mean, the standard deviation and the test statistic of difference in means for the two
cumulative profit series. These statistics clearly show that the H-strategy has a higher
mean and lower volatility than the NH-strategy, and that the mean-difference between the

two profit series is different from zero.

Figure 19: Cumulated Profits Figure 20: H-Strategy Outperformance
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Table IV: Statistics on the cumulative profits
H-Strategy NH-Strategy
Average 0.962 0.912
St. deviation 0.073 0.082
Statistic of difference in mean 5.494

Note that, under both strategies, Figure 19 reveals that the cumulative profits start
declining after the beginning of year 2000. This can be attributed to the burst of the
international stock markets bubble in spring of 2000 and to a series of exogenous events
that affected the the markets, such as the terrorists attack in September 2001 and the
collapse of the Enron and WorldCom corporations. These effects can not be predicted
and, thus, hedged under the ICAPM. However, even for this period of events, Figures 19-
20 indicate that the H-strategy outperforms the NH-strategy.

5. Conclusions

In this paper we suggest a parsimonious version of the ICAPM in the spirit of a two-

single factors asset pricing model of Merton with the aim of examining whether or not
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the currency risk is priced in international stock markets. To estimate the first and second
conditional moments of the model, we use an EGARCH-M(1,1) specification for stocks
and currency returns. This specification enables us to better represent the dynamics of the
returns’ volatility, as it can capture leverage effects or any other asymmetries due to stock

and/or currency market news.

Our analysis provides a number of interesting results. First, it shows that the currency
premium is priced in international stock markets and that it constitutes an important
component of expected stock returns. Second, it shows that the volatility of both market
and currency premia critically depend on currency news. Third, it shows that the
EGARCH-M(1,1) econometric specification of the ICAPM provides accurate density
forecasts of the stock and currency returns. Finally, in assessing the economic
implications of our results, it finds that a dynamic portfolio investment strategy hedging
against currency risk outperforms one which ignores currency changes, thus implying an

economically significant reward for the currency premium.

REFERENCES

Adler, M., Dumas, B., 1983. International portfolio choice and corporation finance: A
synthesis. Journal of Finance 38, 925-984.

Bansal, R., Hsieh, D., Viswanathan, S., 1993. A new approach to international arbitrage
pricing. Journal of Finance 48, 1719-1747.

Black, F., 1976. Studies of stock price volatility changes. Proceedings from the American
Statistical Association, Business and Economic Statistics Section, 177-181.

Berkowitz, J., 2001. Testing Density Forecasts with application to Risk Management.
Journal of Business and Economic Statistics 19, 465-474.

Bollerslev, T., 1990. Modelling the coherence in short-run nominal exchange rats: a
multivariate generalised ARCH approach. Review of Economics and Statistics 72,
498-505.

Braun, P.A, Nelson, D.A., Sunier, A.M., 1995. Good News, Bad News, Volatilites and
Betas. Journal of Finance 50, 1575-1603.

Harvey, R.C, Zhou, G., 1993. International asset pricing with alternative distributional
specificatios. Journal of Empirical Finance 1, 107-131.

Cappiello, L., Fearnley, T.A., 2000. International CAPM with Regime Switching
GARCH Parameters. FAME Working Paper

23



Cappiello, L., Castrén, O., Jadskeld, J., 2003. Measuring the Euro Exchange Rate Risk
Premium: The Conditional International CAPM Approach. ECB Working Paper.
Chan, K.C., Karolyi, G.A., Stulz, RM., 1992. Global financial market and the risk

premium on U.S. equity. Journal of Financial Economics 32, 137-168.

Culver, S.E., Pappel, D.H., 1999. Panel evidence of purchasing power parity using
intranational and international data. Manuscript.

Dellaportas, P., Pourahmadi, M., 2002. Contemporaneous ARMA structures for time-
varying covariances with applications to finance. Mimeo, Department of Statistics,
Northern Illinois University.

De Santis, G., Gerard, B., 1997. International asset pricing and portfolio diversification
with time-varying risk. Journal of Finance 52, 1881-1912.

De Santis, G., Gerard, B., 1998. How big is the premium for currency risk?. Journal of
Financial Economics 49, 375-412.

De Santis, G., Gerard, B., Hillion, P., 1999. International Portfolio Management,

Currency Risk and the Euro. Finance, Paper 16-99.

De Santis, G., Gerard, B., Hillion, P., 2003. The Relevance of Currency Risk in the EMU.
Journal of Economics and Business 55, 427-462.

Diebold, F.X., Gunther, T.A, Tay, A.S, 1998. Evaluating Density Forecasts. International

Economic Review 39, 863-883.

Dumas, B., Solnik, B., 1995. The world price of foreign exchange risk. Journal of
Finance 50, 445-479.

Ferson, W., Harvey, C.R., 1993. The Risk and Predictability of International Equity
Returns. Review of Financial Studies 6, 527- 566.

Giovannini, A., Jorion, P., 1989. The time variation of risk and return in foreign
exchange and stock markets. Journal of Finance 44, 307-325.

Jorion, P., 1991. The pricing of exchange risk in the stock market. Journal of Financial
and Quantitative Analysis 26, 632-376.

Kan, R., Zhou, G., 2003. Modeling non-normality using multivariate ¢: Implications for
asset pricing. Washington University in St Louis, mimeo.

Merton, R.C., 1973. An intertemporal asset pricing model. Econometrica 41, 867-888.

Nelson, D.B., 1991. Conditional heteroskedasticity in asset returns: a new approach.
Econometrica 59, 347-370.

Ng, D.T., 2001. The international CAPM when Expected Returns are Time-Varying.
forthcoming, Journal of International Money and Finance.

Scruggs, J.T., 1998. Resolving the puzzling intertemporal relation between the market
risk premium and conditional market variance: A two-factor approach. Journal of
Finance 53, 575-603.

Sercu, P., 1980. A generalization of the international asset pricing model. Revue de
I’ Association Frangaise de Finance 1, 91-135.

Solnik, B., 1974. An equilibrium model of the international capital market. Journal of
Economic Theory 8, 500-524.

Schwert, G.W., 1989. Why does stock market volatility change over time? Journal of
Finance 44, 1115-1153.

Zhou, G., 1993. Asset-pricing tests under alternative distributions. Journal of Finance 5,
1927-1942.

24



‘Qs’ Queen Mary

University of London

This working paper has been produced by
the Department of Economics at
Queen Mary, University of London

Copyright © 2004 Francesco Giurda and Elias Tzavalis
All rights reserved.

Department of Economics

Queen Mary, University of London

Mile End Road

London E1 4NS

Tel: +44 (0)20 7882 5096 or Fax: +44 (0)20 8983 3580
Email: j.conner@qmul.ac.uk

Website: www.econ.qmul.ac.uk/papers/wp.htm






