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Abstract

Previous work on the pricing of exchange-rate risk has primarily focused on US firms
and, surprisingly, found stock returns were not significantly affected by exchange-rate
fluctuations. In this paper we conduct an in-depth investigation that examines whether
exchange-rate risk is priced in the equity market of Japan using an intertemporal asset
pricing testing procedure that allows risk premia to change through time in response to
changes in macroeconomic conditions. Our multiperiod asset pricing tests show that the
foreign exchange-rate risk premium is a significant component of Japanese stock re-
turns. Specifically, the results suggest that currency-risk exposure commands a signifi-
cant risk premium for multinationals and high-exporting Japanese firms. The currency-
risk factor is found to be less influential in explaining the behavior of average returns for
low-exporting and domestic firms. However, it is shown to exhibit large return volatility
that is likely to be perceived by investors, who wish to control portfolio risk, as an
important underlying source of risk. Furthermore, Japanese stock returns are found to
be related to the relative distress and size factors above and beyond the covaria-
tion explained by the currency-risk factor. © 1999 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Since the introduction of the floating exchange-rate regime in 1973, ex-
change-rate volatility has increased markedly, and with it, the levels of foreign
exchange risk. In fact, foreign exchange risk has become of increasing concern
to firms as it is generally believed that exchange-rate uncertainty impacts on the
return and the riskiness of a firm’s cash flows. For example, Kyocera, a Jap-
anese ceramics maker, reported unconsolidated pretax profit for the year ended
31 March 1996 of 163.77 billion yen ($1.53 billion), more than double the year-
earlier 87.18 billion yen. But consolidated, or parent-company, results fell short
of expectations, which Kyocera executives attributed to the strong yen. ! The
financial press provides ongoing anecdotal evidence on the effects of exchange-
rate movements. > In response to increased exchange-rate volatility financial
managers have turned to active currency-risk management strategies in the
foreign exchange market. The growing emphasis on exchange risk management
and the extensive use of foreign currency derivatives and other hedging in-
struments by corporations to protect firms’ foreign currency denominated cash
flows from unexpected exchange-rate movements, suggests that firm’s market
value is sensitive to exchange-rate uncertainty.

Previous work on the pricing of currency-risk in the US appears to be in
sharp contrast with the view that exchange-rate risk is priced in the stock
market. Jorion (1991), using the multifactor model of Chen et al. (1986), re-
ports that exchange-rate risk is not priced in the stock market. His empirical
tests, however, rest on the maintained assumption that the price of exchange
risk is constant through time. In other words, they rely on the assumption of a
nonzero unconditional risk premium. The reliance of currency tests on the
assumption that currency-risk is constant through time is in contrast with the
increasing evidence that the foreign exchange market is characterized by

! The Wall Street Journal, 20 May 1996.

2 For instance, on 3 May, 1991, the Wall Street Journal writes: “Caterpillar sees gains in
efficiency imperiled by the strength of dollar: Japanese rival (Komatsu) wins an edge”. From
August 1985 to May 1994, the yen’s surge against the US dollar made Japanese exports more
expensive for foreign buyers and raised Japanese exporters’ concerns about losing key foreign
markets (Economist, 4 June 1994). For the 40% depreciation of the yen against the US dollar over
the June 1995-November 1996 period Business Week (11 November 1996) writes: “Detroit is
getting sideswiped by the yen: the big three have taken their case to Washington. Will it fall on deaf
ears?”’.
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nonzero conditional risk premia. *> Recent empirical evidence on the pricing of
currency-risk is also inconsistent with the US based results of Jorion. Dumas
and Solnik (1995), and De Santis and Gerard (1998) show that time-varying
exchange risk receives a statistically significant price in international capital
markets, consistent with the International Capital Asset Pricing Model
(ICAPM) of Solnik (1974), Sercu (1980), Stulz (1981), and Adler and Dumas
(1983). These results imply that investors are sensitive to currency-risk expo-
sure and therefore are expected to be compensated from bearing currency-
risk. *° It should be noted, however, that these asset pricing tests were con-
ducted at the aggregate national stock market level for Germany, Japan, the
UK and the US.

In light of this conflicting evidence, there is a compelling need to examine
three related issues. First, whether currency-risk is priced at the firm level in
Japan. Second, if currency-risk is priced, it becomes important to determine if
investors’ compensation for currency-risk varies across firms with different
international trade characteristics. Third, whether the currency-risk factor
accounts for systematic return commovements. Apparently, the results of this
investigation have direct implications for currency hedging strategies, because
if currency-risk is not compensated in terms of expected returns, must be
hedged. The choice of country is dictated as a partial safeguard against data-
snooping, the weak evidence of previous studies on the pricing of currency-risk
in US, the growing importance of the Japanese economy in terms of interna-
tional trade, and that many Japanese firms are internationally involved that are
likely to be more sensitive to unanticipated exchange rate movements. There-
fore, the nature of our sample is expected to reduce the noise into the analysis
because Japanese firms are more likely to be susceptible to unexpected ex-
change-rate movements. ¢ Finally, given Japan’s reliance on foreign markets
and dependence on foreign inputs of production, the analysis of the pricing of
the exchange-rate risk in the Japanese stock market is overdue.

Consistent with Dumas and Solnik (1995), and De Santis and Gerard
(1998), our tests rely on the assumption that the foreign exchange market is
characterized by nonzero time-varying risk premia which avoid the limitations

3 See Fama (1984), Korajczyk (1983) and Giovannini and Jorion (1989) for evidence in support
of the view that the foreign exchange market is characterized by nonzero conditional risk premia.

* The security risk is measured by the covariance of each security with exchange rates.

5 Hamao (1988), however, shows that exchange-rate risk is not recognized by investors in the
stock market of Japan over the 1975-1984 period.

¢ Bartov and Bodnar (1994) argue that failure of previous studies to control for firms’ linkages to
international conditions may have been the reason why they could not document a significant
relationship between exchange rate changes and stock returns.
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of previous studies that fail to account for investors’ changing currency-risk
perceptions and information that is available at any given point in time. ’ The
use of an intertemporal asset pricing model which allows risk premia to change
through time in response to predetermined information should permit us to use
the appropriate measure of currency exposure and re-examine accurately the
relation between exchange-rate changes and equity value. To the best of our
knowledge, currency-risk pricing tests, are the first to be carried out on a firm-
specific, as opposed to aggregate, dataset of 1079 Japanese firms. Furthermore,
our approach builds on Fama and French’s (Fama and French, 1996) work in
the sense that it accounts for the sensitivity of returns to the difference between
the return on a portfolio of small stocks and the return on a portfolio of large
stocks (small minus large factor), the difference between the return on a
portfolio of high-book-to-market stocks and the return on a portfolio of low-
book-to-market stocks (high minus low factor), including a residual market
factor orthogonal to other factors. 8

Using monthly returns on portfolios of domestic, low-exporting, high-ex-
porting and multinational firms for the period January 1975 to December 1995,
we find that exchange-rate risk is priced in the Japanese stock market. The
pricing of the exchange-rate risk, however, appears to be stronger for firms
with broad foreign trade linkages and operations. The pricing of the contem-
poraneous exchange-rate risk supported by our asset pricing tests suggests that
currency-risk is of hedging concern to investors in Japan.

The remainder of the paper is organized as follows: Section 2 describes the
data. Section 3 presents the intertemporal asset pricing model and the econo-
metric methods used in our analysis. Section 4 presents the empirical results on
the pricing of the currency-risk and the other factor-mimicking portfolios in
Japan. Section 5 concludes.

2. Data description

Monthly time-series of stock returns (inclusive of dividends) for 1079 Jap-
anese firms traded on the Tokyo Stock Exchange for the period from January
1975 to December 1995 are used in this study. Returns data were obtained
from Worldscope, 1996, Datastream, and the Pacific Basin Capital Markets

7 Recent international finance literature, summarized by Giovannini and Jorion (1989), suggests
that unconditional expected returns from forward market speculation are generally rather small.

8 This method is suggested by McElroy and Burmeister (1988). They argue that this procedure
gives 1 degree of freedom in specifying the factors. Further it permits the CAPM to be a simple
parametric restriction of the Arbitrage Pricing Theory (APT). Considering the residual market
factor as a latent variable in the analysis, this model is consistent with the multibeta framework of
Shanken (1987).
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(PACAP) Database. ° Worldscope is additionally used to identify the firm’s
primary SIC code, market value, and percent of foreign to total sales. The
Directory of Multinationals (Stopford, 1992) is used to determine firms’ mul-
tinational status. Firms are classified as multinationals (MNCs) when they
meet the following criteria set by the Directory: (a) firms have a minimum of
25% of the voting equity of manufacturing or mining companies in at least
three foreign countries; (b) firms have a minimum of 5% of consolidated sales
or assets attributable to foreign investments; and (c) firms have a minimum of
7.8 billion yen in sales generated by foreign production operations. Sixty-two
(62) firms from our sample were classified as MNCs based on these criteria
with complete stock return and dividend information. We have formed three
additional samples of firms according to their foreign to total sales ratios. The
second sample consists of 260 firms with reported foreign sales to total sales in
excess of 20% (i.e., high-exporting firms). The third sample is composed of 281
firms with reported foreign to total sales in excess of 0%, but less than 20% (i.e.,
low-exporting firms). The last sample consists of 476 firms with no reported
foreign sales to total sales (i.e., pure domestic firms). A close investigation of
the business activities of these firms confirmed that they did not have any direct
foreign operations. The use of this type of firm in the analysis permits us to
examine whether domestic firms are indirectly (i.e., through changes on ag-
gregate demand, or on the cost of imported inputs or competition by importing
firms) exposed to unexpected exchange-rate volatility. Furthermore, the in-
clusion of firms with no direct linkages to international conditions (i.e., non-
exporting firms or firms with no foreign activities) is motivated by the
argument that the failure of previous studies to identify significant exchange-
rate exposures is due to their poor sample selection procedures used. The
nonexporting type of firm, then, allows us to test this hypothesis. Unlike
previous studies our sample includes not only MNCs and large exporting firms,
but small exporting firms as well as firms with no linkages to the international
environment. '® This selection procedure, undoubtedly, yields a sample of
firms that (a) contains firms that are not uniformly involved in the interna-
tional environment, and (b) are unlikely to hedge their foreign currency ex-
posures uniformly.

The 1079 sample firms are from 25 different two-digit standard-industrial
classification (SIC) industries, hence a broad cross-section of industries is
represented in the sample. The monthly return spread between a portfolio of

® Worldscope is a database distributed by Compaq Disclosure and is updated annually.
Datastream is an on-line database distributed by Datastream International and is updated daily.
The PACAP Database is distributed by the University of Rhode Island.

19 Jorion (1991) and Amihud (1993) consider only US multinational firms with reported foreign
operations and large US exporting firms, respectively.
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Japanese value stocks (i.e., high book-to-market) and a portfolio of Japanese
growth stocks (i.e., low book-to-market), and the monthly return spread be-
tween a portfolio of Japanese small-capitalization stocks and a portfolio of
Japanese large-capitalization stocks were obtained from Boston International
Advisors (BIA). BIA creates value and growth indexes market-by-market. It
ranks stocks by their book-to-market ratio. BIA selects the highest book-to-
price stocks one-by-one from the top of the list of stocks tracked in each
country including Japan until half of the capitalization of each market has been
accumulated. These stocks, then, become the constituents of the value index
and the remaining stocks become the growth index. This implies that when the
performance of value and growth index series is compared, the two investment
strategies have equal liquidity characteristics and therefore are equally viable
for large institutional investors. The division is performed every January, based
on data available at year-end. Each index is estimated based on the companies
that are in the Morgan Stanley comprehensive database, as of the rebalance
date. The monthly return for each index (value or growth) is computed by
taking a weighted average of total returns (price change plus dividends) on the
underlying stocks, using outstanding total market capitalization (price per
share times number of shares) as weights. Large-capitalization and small-
capitalization return series are created in a similar fashion. However, stocks are
ranked by their capitalization and the market is split 70/30. The large-capi-
talization index encompasses 70% of the total market capitalization while the
small-capitalization index covers the bottom 30%. These index series are
market-capitalization weighted. The procedure used by BIA in creation of
these indexes are similar to those used by Lakonishok et al. (1994), and Fama
and French (1996).

Descriptive statistics for the entire sample of Japanese firms and for each
category of firms are displayed in Table 1. The sample includes 1079 firms
representing 25 industries and they are classified into MNCs, high-exporting,
low-exporting, and domestic firms. As expected, the sample of MNCs consists
of very large firms compared to high- and low-exporting firms with a mean
(median) value of market capitalization of 12.15 (18.12) billion yen. MNCs’
foreign sales to total sales is also exceeding that of the other two types of ex-
porting firms in the sample because of their greater involvement in foreign
operations and trade. MNCs, however, seem to have a somewhat smaller le-
verage than the high-exporting firms. The debt to asset ratio data evidence that
domestic firms are more levered than any of the other firms in the sample. This
finding may reflect the large number, 83, of depository institutions included in
this sample. Finally, MNCs’ profitability, estimated by the return on equity
and the return on asset measures, exceeds that of the rest of the Japanese firms.

The end-of-month exchange rate for the Japanese yen against the US dollar
(bilateral exchange rate — BXR) and a real, moving, trade-weighted exchange
rate (multilateral exchange rate — TWXR) published by the Bank of England
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Table 1

Descriptive statistics
Type of firm Foreign Market Debt/ Return Return

sales/Total capitalization® Asset on equity on assets
sales (yen 000s) ratio (ROE) (ROA)

All firms
N=1079
Mean 0.2223 346,189 0.3617  —0.0431 0.0141
Median 0.1800 501,412 0.3412 0.0109 0.0163
Standard deviation 0.1987 646,050 0.1975 0.1069 0.0302
Minimum 0.0100 89,213 0.0100  —0.1768 —0.2006
Maximum 1.000 76,420,556 0.8895 0.2945 0.1602
MNCs
N=62
Mean 0.4163 12,155,853 0.3404 0.0127 0.0203
Median 0.4400 18,128,396 0.3506 0.0186 0.0223
Standard deviation 0.1226 13,022,241 0.1191 0.0567 0.0175
Minimum 0.2200 709,825 0.0664  —0.1768 —0.0581
Maximum 0.7400 76,420,556 0.5786 0.1797 0.0638
High exporters
N=260
Mean 0.4037 3,055,326 0.3954  —0.0902 0.0127
Median 0.3800 5,468,617 0.3762  —0.0216 0.0146
Standard deviation 0.1991 4,970,051 0.2213 0.0333 0.0381
Minimum 0.2000 189,461 0.0100  —0.1333 —0.2006
Maximum 1.000 36,728,726 0.8795 0.0572 0.0881
Low exporters
N=281
Mean 0.1266 1,780,756 0.3383  —0.0153 0.0138
Median 0.1100 2,317,880 0.3426 0.0010 0.0164
Standard deviation 0.0419 2,351,635 0.1870 0.0201 0.0246
Minimum 0.0100 118,051 0.1100  —0.0628 —0.0911
Maximum 0.1900 14,660,415 0.8895 0.0510 0.1314
Domestic firms
N=476
Mean NAP 533,612 0.3968  —0.0388 0.0183
Median 413,214 0.4237 0.0093 0.0191
Standard deviation 612,920 0.1432 0.0152 0.0212
Minimum 89,213 0.0100  —0.0538 —0.1063
Maximum 13,263,021 0.7966 0.2945 0.1602

The sample includes 1079 Japanese firms representing 25 industries in the period 1975-1995.
#Year-end market value of common stock times number of outstanding shares.
®This sample consists of firms with zero reported foreign sales to total sales.

are retrieved from Datastream. This exchange-rate index is measured in yen per
unit of foreign currencies (17) in period ¢. The method of estimation and rel-
ative weights used are similar to those the IMF uses to estimate its Multilateral
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Exchange Rate Model (MERM) exchange-rate index. In this form, an increase
in the index represents a depreciation of the Japanese yen. The data for the
macroeconomic variables are obtained from the International Financial Sta-
tistics (IFS). The choice of fundamental factors that explain equity risk premia
relies on the work of Chen et al. (1986) and Hamao (1988) who find some
evidence that the factors identified for the US have some validity in Japan.
These factors are: (a) IP, the Industrial Production growth series, constructed
as the logarithm of price relatives of the seasonally adjusted index of industrial
production reported by the IMF; (b) UI, the Unexpected Inflation series, es-
timated by subtracting the expected inflation at month 7—1 from the realized
inflation (CPI) rate during month #; (¢) UTS, the Term Structure series, is
constructed from the difference between Japanese long-term government bond
series and short-term bonds; (d) MS, the Money Supply series, is the monthly
change in the Japanese money supply; (e) UJS, the US—Japan Interest Rate
Spread, is the monthly return difference between US and Japanese short-term
bill rates; and (f) XM, the Trade Balance series, is the monthly logarithmic
difference between exports and imports. The market rate of return, Ry, is the
value-weighted index of all firms included in the Nikkei 225 index.

3. The pricing of exchange-rate risk

Previous empirical tests by Jorion (1991) on the pricing of currency-risk in
the US stock market were conducted based on the assumption that the cur-
rency-risk premium is constant over time. Using a variation of the asset pricing
methodology originally proposed by Chen et al. (1986), he finds that the price
of currency-risk is not different from zero and, therefore, investors are not
sensitive to firm’s currency exposure. Dumas and Solnik (1995) and De Santis
and Gerard (1998), however, using conditional versions of the ICAPM pro-
posed by Harvey (1991), find that the price of currency-risk is significantly
different from zero. Hence, the findings of these two studies strongly support a
model of international asset pricing which includes both market and foreign
exchange risk. While these results are very interesting in the sense that they
document exchange-rate risk as a priced factor at the aggregate level in in-
ternational capital markets, they are in sharp contrast with the existing em-
pirical evidence at the firm level. We attribute the different pricing of currency-
risk results between aggregate and disaggregate studies to the unconditional
testing methodology used in the latter tests (Jorion, 1991). The more recent
aggregate-based currency pricing tests, however, have several limitations. First,
they are conditional versions of ICAPM designed to investigate whether
market risk, or currency-risk, or both are priced factors without accounting for
other factors such as size and financial distress that have been documented in
the asset pricing literature (see, Fama and French, 1996; Arshanapalli et al.,
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1998). Second, tests such as the Dumas and Solnik (1995) do not specify the
dynamics of the conditional second moments and, therefore, they cannot
measure the magnitude of exchange-rate risk relative to the market premium.
Third, without second moments, estimates of interest to investors such as
correlations, betas and hedge ratios cannot be measured. Fourth, these tests
should be interpreted as tests of some of the unconditional implications of the
conditional CAPM rather than a direct test of the conditional model. Fifth, the
empirical findings of these tests are limited to the use of the aggregate data and,
therefore, there is no knowledge whether currency-risk is priced at the firm
level. Finally, if currency-risk is priced, it is not known if the magnitude of the
currency-risk premia vary across different type of firms.

In this paper we use a multifactor asset pricing framework to test whether
exchange-rate risk is priced in the context of an intertemporal asset pricing
model which allows risk premia to change through time in response to mac-
roeconomic factors. Specifically, we test the hypothesis that exchange-rate risk
is not priced (i.e., obtains a zero value) against the alternative that it is priced in
the stock market of Japan. That is, we are interested to examine whether
currency-risk reflects other effects. To the extent that currency-risk is not just a
manifestation of other effects, Japanese stock returns should load significantly
on the currency-risk factor when considered together with other underlying
factors. The approach used in this paper prespecifies a small set of macro-
economic factors including a residual market factor (f,), orthogonal to the
currency-risk (f5,) and other factors (f;). Following Fama and French (1996),
the other two risk factors comprise the difference between the return on a
portfolio of Japanese value (high-book-to-market) stocks and the return on a
portfolio of Japanese growth (low-book-to-market) stocks (f.g), the difference
between the return on a Japanese portfolio of small capitalization stocks and
the return on a Japanese portfolio of large capitalization stocks (fy). The in-
tertemporal version of this asset pricing model implies that the risk factors will
themselves depend on a set of instrumental variables (see, for example, Brown
and Otsuki, 1993). Since asset pricing models do not specify the choice of in-
strumental variables, in any empirical work of this kind the choice of which
variables to include is bound to be somewhat arbitrary. Our choice of instru-
mental variables was guided by the variables used in previous studies. The first
step, then, of this procedure requires the estimation of the following set of
regressions to form the four residual risk factors, (f;,):

7 3
st = Qo Z (f)jsIV_itfl + Z BisRit—1 + fss (la)
=1 i=

J 1

7 3
Fegr = Doy + Z Gjuel Vi1 + Z BiveRic1 + foer, (1b)
= i
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7 3

rar = Pog + Z Gl Vi1 + Z BisiRic-1 + fa, (Ic)
j=1 i=1
7 3

P = Pom + O SuIVict + > BimRi—t + fons 2)
Jj=1 i=1

where the left-hand side variables represent: the foreign exchange risk premium
(rs;) defined as the one-month Eurodollar interest rate compounded by the yen
variation relative to the US dollar minus the one-month Japanese risk free rate
of return ' (r,), the Fama and French (1996) type value minus growth (r.g)
and small minus large (ry,) return spreads, and the market rate of return (ry,,).
R; i represents lagged values of these macrovariables, and IV;,_; represents
the instrumental variables, described earlier. The dependence of expected risk
premiums on the information set available to investors at the beginning of each
period, represented by the lagged information variables (1) and (2), permits
equity risk premiums to vary through time. The residuals from regressions
(1a)—(1c) define the unanticipated components of a set of risk factors (f;; which,
along with a residual market factor (f,,,) obtained by estimating the market
regression (2), are used to estimate equity risk premia from the following re-
gression:

7 4
ot = Pop T Z pijVﬁ + Z Bip it T Upts (3)

J=1 i—1

where ry, represents the equity return on a Japanese portfolio in excess of the
short-term bill rate, IV,’s are the predetermined macroeconomic variables
which explain equity risk premia and f; represents the set of four risk factors
obtained from Egs. (1a)—(1c) and (2). In this asset pricing model, the observed
risk premium contains the elements of expected risk premium and a set of risk
factors. The asset pricing Eq. (3) describes how excess equity returns relate to
instrumental variables and the four risk factors. The rho coefficients in (3)
capture the information about expected returns in the premium for state
variables (IV) (i.e., they determine the way expected returns vary systematically
through time '%) that is not captured by the market premium, the premiums

"' The foreign exchange risk premium variable used in our analysis is the currency adjusted
return on a foreign currency deposit in excess of the domestic risk free rate as in Dumas and Solnik
(1995)

12 This system of equations is similar to one provided by Ferson (1990). A difference is that
Ferson prefers a reduced form of Eq. (6) and defined in terms of k reference assets, where k defines
the number of factors. Our Eq. (6), however, is simpler to estimate using standard numerical
maximum likelihood or GMM procedures.
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associated with currency-risk and the FF factors. The beta coefficients measure
how returns depend on the currency-risk factor and the other three factors
defined in Eqgs. (1a)-(1c) and (2); that is, the sensitivity coefficients to these
macroeconomic risks determine investors’ expected risk premium for bearing a
company’s exposure to these sources of underlying risk. Therefore, if currency-
risk, size and book-to-market represent a set of state variables of hedging
concern (priced), state variables such as the market portfolio should have no
additional information about expected returns. Therefore, the intercepts and
the rho coefficients in (3) must be zero. Hence, our approach of identifying
whether currency-risk is priced along with the two FF factors centers mostly on
the intercepts and rho coefficients in (3), not on the expected excess returns on
the explanatory portfolios. However, examining the behavior of the explana-
tory (mimicking) portfolios’ returns helps to determine whether the underlying
factors represent the sources of systematic return comovement. If a factor is
found to exhibit large return volatility, it would imply that such a factor
contributes substantially to return movements that investors perceive as im-
portant in managing portfolio risk. If a factor is found (i) to explain well the
behavior of stock returns and (i) account for substantial return comovement
this would identify a source of risk that is more likely to be important for the
expected stock returns. Hence, a factor that has high (low) explanatory power
for the comovement in stock returns it is likely that it would require a high
(low) premium.

The main innovation of our approach, is that it checks whether the cur-
rency-risk factor (i) generates a nonzero risk premium by looking at the z-
statistic for the hypothesis that the time-series mean of fi5 equals zero and (ii)
whether it is important for explaining return covariation (i.e., the volatility of
the currency factor is large). Furthermore, the residuals that proxy for the risk
factors are time-varying and the risk premia are themselves functions of vectors
of instruments, known as of the beginning of each month. '*'* Unlike previous
studies, the risk premiums in our analysis capture the impact of changing
business conditions and investors’ changing risk perceptions over time. Hence,
this approach takes into account information from security returns that may be
useful in estimating these innovation processes.

13 Mei (1992) considers another extension of this model where there is more than one latent
market factor as well.

14 For a comprehensive discussion of the relationship of the approach used here with the APT
and CAPM models, see McElroy and Burmeister (1991).



12 J. Doukas et al. | Journal of Banking & Finance 23 (1999) 1-20

4. Intertemporal asset pricing tests of exchange-rate risk

Following McElroy and Burmeister (1988), the asset pricing model is esti-
mated using the Iterated Nonlinear Seemingly Unrelated Regression Equation
(INSURE) procedure. This estimation procedure uses all available information
to estimate both factor sensitivities and risk premia. Furthermore, this ap-
proach permits residuals to be cross-sectionally correlated. '° Table 2 presents
results of the pricing tests from estimating Eq. (3). The results in Panel A show
regression coefficients of the risk-factor Egs. (1a)—(2). The results reported in
the last column of Panel A represent likelihood ratio statistics associated with
the hypothesis that the slope coefficients of the right-hand side variables al-
lowing time variation in risk premiums are jointly equal to zero. These sta-
tistics are distributed as a chi-square with n degrees of freedom. The chi-square
values indicate that these variables are significantly associated with all four
macro-risk factors. Hence, there is evidence of significant time-varying risk
premiums for exchange-rate risk, market risk, and the FF risk factors. This
result is in sharp contrast with the evidence of previous currency pricing tests
which relied on the assumption of unconditional (i.e., time-invariant) premium
for currency-risk.

The main results are reported in Panel B. An alternative testing of whether
risk premiums are time-varying requires that we constrain the impact of the
lagged information variables, which proxy for equity risk premiums, to be the
same across all excess return series. As in the earlier Panel A, the chi-square
tests strongly suggest that there is evidence of significant time-varying premi-
ums for all risk factors. The last column of Panel B shows that the rho coef-
ficients are jointly equal to zero, implying that the risk premium factors explain
a large fraction of the variation of Japanese excess stock returns in our sample
of 1079 firms.

The results listed in Panels B1 and B2 show that the coefficient of the cur-
rency-risk factor, fis, is positive and significant, at the 5% level, for both periods
implying that investors, on average, require a higher rate of return for bearing
currency-risk. MNCs and high-exporting firms’ currency exposure, however,
commands a higher risk premium in the Japanese stock market than low-ex-
porting and domestic firms. The risk premium coefficient representing the
pricing of exchange-rate exposure for low-exporting and especially domestic
firms is small and not significant at conventional levels. Overall, our results are
consistent with those of Dumas and Solnik (1995), and De Santis and Gerard

15 The system-estimation approach yields efficient estimates (see McElroy and Burmeister, 1988)
which eliminates several of the problems associated with measurement errors in the cross-sectional
analysis (see Ferson and Harvey, 1993), factor analysis techniques and/or the conventional two-step
estimation method based on Fama and MacBeth (1973).
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(1998) who find that exchange risk is priced in the international financial
market using a conditional asset pricing model. Our findings, however, are in
sharp contrast with the evidence on the pricing of currency-risk in the US
market reported by Jorion (1991). Based on a sample of 20 US industry-
portfolios over the 1971-1987 period, Jorion (1991) finds that the exposure of
US common stocks to exchange-rate risk is not systematically related to ex-
pected returns. That is, US investors do not appear to require compensation
for bearing foreign currency-risk.

The use of the trade-weighted exchange rate in place of the yen/US dollar
rate in Panels C1 and C2 yields very similar results. '® Hence, the results are
not sensitive to the choice of currency-risk measure. It is interesting to note
that most regressions produce slopes on the market portfolio close to one.
This implies that the sensitivity to the market factor does not explain much
of the variation in average returns across firms. Essentially, these results
suggest that the market factor explains why average stock returns exceed the
risk free rate. In light of these results, the relative distress, size and exchange
risk variables appear to represent underlying risk factors of special hedging
concern to investors. This evidence complements and extends that of Fama
and French (1996), Arshanapalli et al. (1998) time-series evidence, in which
they identify three factors (i.e., relative distress (VG), size (SL) and the
market portfolio) that help explain the common variation in stock returns in
the US and internationally, respectively. By introducing the currency-risk
factor in our intertemporal asset pricing tests we are able to show that the
residual currency-risk is systematically related to expected returns. The ex-
change-rate exposure of Japanese firms, especially MNCs and firms with
higher involvement in foreign operations or trade, appears to be of special
hedging concern to Japanese investors. Therefore, lack of shareholders’ in-
difference to the firms’ currency-risk exposure coupled with managers’ risk
aversion, especially if they hold a relatively large stake in the firm’s
stock, can explain why firms may elect to actively manage foreign exchange
risk.

The results from the pricing tests of exchange-rate risk across different time-
intervals, as shown in Panel D, indicate that the currency-risk exposure com-
mands a significant risk premium that varies predictably through time. These
results also show that the Japanese equity returns have a reliable and stable
covariation with the other three risk factors across subperiods which confirm
the results obtained for the pre and post-Plaza Accord periods.

Finally, summary statistics for the time series of each factor return from Eq.
(3) for the entire sample period, reinforce the view that the currency factor,

16 Jorion (1991) and Ferson and Harvey (1993) report results using a similar measure of
exchange-rate risk.
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found to be associated with large return differential, is also important for ex-
plaining return covariation. For instance, the z-statistic for the mean premium
on the currency factor is 1.97 and the volatility of its mimicking portfolio re-
turn is the second highest (0.022) among the four considered in this study,
imlpying that it is important for investors interested to control portfolio risk.
The FF factors also contribute a substantial common component to return
comovements with high z-statistics and and volatilities. The volatility of the size
mimicking portfolio is the highest(0.046), while the volatility of the distress
mimicking portfolio is ranked third (0.020). The market portfolio, however,
has the lowest volatility (0.018) with a ¢-statistic of 1.42 for its mean premium,
indicating that the bulk of return covariation is explained by the currency-risk
factor and the FF factors.

5. Conclusion

This paper tests whether foreign currency exposure is priced in the capital
market of Japan using an intertemporal multifactor asset pricing model that
relies on the assumption that the currency-risk premium changes through time
in response to changes in business conditions and investors’ perception of risk.
Our results show that Japanese stock returns are associated with significant
risk premia. Specifically, we find currency-risk exposure to command a sig-
nificant risk premium for MNCs and high-exporting Japanese firms. Although
the currency-risk factor is found to be less influential in explaining the be-
havior of average returns for low-exporting and domestic firms, it is shown to
exhibit large return volatility that is likely to be perceived by investors, who
wish to contol portfolio risk, as an important underlying source of risk.
Overall, our results are consistent with those of Dumas and Solnik (1995), De
Santis and Gerard (1998) who find foreign exchange-risk premia to be a sig-
nificant element of securities rates of return in international financial markets
using a conditional asset pricing testing procedures. Our analysis also shows
that there is a covariation in Japanese returns related to the relative distress
(value minus growth return spread) and size (small minus large return spread)
factors. These results complement and extend those of Fama and French
(1996), and Arshanapalli et al. (1998) in the sense that they confirm the validity
of a multifactor asset pricing model for Japanese equity returns and that
currency-risk is identified as one of the factors being of special hedging con-
cern to investors in Japan. In brief, our results favor the existence of an
equilibrium pricing model that is consistent with a four-factor version of
Merton’s (Merton, 1973) intertemporal CAPM or Ross’ (Ross, 1976) APT.
Whether these results carry to the pricing of exchange-rate risk along with the
other three factors in other stock markets remains an open question, which is
left for future research.
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