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Abstract

This paper analyses the behavior of the foreign exchange risk premium using long-
horizon regressions. A long-horizon analysis may provide new evidence about three key
issues concerning the foreign exchange risk premium. The first issue is the relation-
ship between expected foreign exchange returns and expected returns on other assets.
Long-horizon regressions are able to explain a large portion of the variation of foreign
exchange returns using instruments that have been shown to predict domestic asset
returns. I undertake a careful small-sample study to examine the size of the statistics
and provide evidence of increased power. The second issue is the high variability of
the foreign exchange risk premium. Using the long-horizon regression results, I show
that Fama’s (1984) finding that the variability of the risk premium is greater than that
of the expected change in the spot rate holds even for horizons extending out to four
years and is, therefore, not the result of market frictions which would bind only in the
short run. The third issue is the economic model that can explain foreign exchange
risk premia. I show that both the length of the holding period and the inclusion of
global and local risk factors are important for tests of latent variable models.
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1 Introduction

The behavior of excess returns on foreign currency deposits remains one of the more puzzling
issues of study in international finance. Under the assumption of rational expectations,
the excess return can be decomposed into a time-varying risk premium plus an orthogonal
forecast error. A large number of papers employing a wide variety of theoretical models and
econometric techniques have tried to link the foreign currency risk premium to economic
fundamentals.! These efforts have failed as empirical estimates of the risk premium reveal
that it has a large variance while the economic variables used in theories of exchange rate
determination are not as volatile. As a result, some authors have suggested either that
the rational expectations hypothesis fails completely or that the expectations of market
participants are rational but appear to have systematic errors (Lewis (1995)).

If the predictable component of the excess return is a risk premium and if international
capital markets are not completely segmented, then the foreign exchange risk premium should
be related to risk premia on assets in other markets.? A number of studies have addressed
this question (e.g., Giovannini and Jorion (1987, 1989), Mark (1988), McCurdy and Morgan
(1991), Harvey (1991), Campbell and Hamao (1992), Cumby and Huizinga (1992), Korajczyk
and Viallet (1992), and Bekaert and Hodrick (1992)). Most of these studies concentrate on
examining moments of foreign and domestic asset returns over the short run (i.e., a one week
to three month horizon) and thus have ignored one of the striking empirical findings in the
recent finance literature: the long-horizon (i.e., out to four or five years) predictability of
domestic asset returns using certain instruments which are taken to be proxies for underlying
risk factors (e.g., Fama and French (1988, 1989), Campbell and Shiller (1988)). Tmportantly
for this paper, this long-horizon return predictability seems to have a common pattern across
countries. For example, Cutler, Poterba and Summers (1991) show that high current values
of dividend yields predict higher future stock returns in a number of countries. Harvey
(1991) shows that a common set of variables predicts equity returns in a large cross section
of countries.

In this paper, I adapt the empirical techniques from the domestic asset return prediction
literature to analyze long-run movements in foreign exchange excess returns. I maintain the
rational expectations assumption and interpret time-varying expected returns as risk premia.
A long-horizon analysis may provide new evidence about three key issues concerning the
foreign exchange risk premium. The first issue is the relationship between expected foreign

1See Hodrick (1987), Dumas (1994), Lewis (1995) and Engle (1996) for surveys.
2If the international capital markets are segmented, then assets with the same exposures to risks that
trade in different markets could have different expected returns. In contrast, if the capital markets are

integrated, then the assets should have the same expected returns.
3The notable exception is Bekaert and Hodrick (1992) which I discuss below.



exchange returns and expected returns on other assets. If the foreign exchange market
is integrated with domestic asset markets then instruments which predict returns in the
domestic markets should help explain returns in the foreign exchange market. Some of the
studies cited above have attempted to document such a relationship in the short-horizon
data. However, as the short-run data are quite noisy, the reported parameter estimates
are often imprecise and it is difficult to determine if common sources of predictability are
present. In contrast, the long-horizon technique used here produces clear, consistent results
for the selected instruments and countries examined. The degree of explanatory power is
quite striking: in many of the countries that I examine, over 40 per cent of the variation in
four-year excess foreign exchange returns is explainable using instruments that forecast stock
and bond returns. I argue that the strong results are due to the time series nature of the
foreign exchange risk premium. In particular, long-horizon regressions are a good method to
model the behavior of expected returns that are persistent and heteroskedastic (Campbell
(1994), Stambaugh (1993)).

The second issue is whether the large variability of the foreign exchange risk premium
that is found in the short-horizon analyses extends to longer horizons. In an often cited
paper, Fama (1984) shows that the risk premium is more volatile than the expected one-
period change in the future spot exchange rate. This finding has been termed a “puzzle”
as it is difficult for risk-based theories to explain. One possible explanation comes from the
domestic asset pricing literature. In this literature, market frictions (e.g. solvency constraints
or transaction costs) have been investigated as possible reasons for the failure of consumption-
based asset pricing models to explain (short-horizon) equity returns (e.g., He and Modest
(1995)). The frictions, while binding in the short run, may have less influence on returns in
the long run as investors have greater flexibility to adjust their portfolios. Empirical support
for this view comes from Daniel and Marshall (1997) who find that the consumption-based
asset pricing model can explain equity returns with reasonable coefficients of risk aversion
when the holding period of the investor is lengthened out to one year. Thus, the “equity
premium puzzle” appears to be a problem for the short-run data.

Motivated by these results, I examine whether frictions that may be present only in the
short run are responsible for Fama’s (1984) finding. Using the long-horizon regressions, I am
able to report a new finding: the foreign exchange risk premium remains more volatile than
the expected change in the spot exchange rate even at quite long horizons, suggesting that
frictions will not resolve this puzzle.

The third issue that I wish to address is the conflicting results in previous studies about
the economic model that can explain foreign exchange returns. These studies perform latent
variable tests of Merton’s (1973) intertemporal capital asset pricing model (ICAPM) at
relatively short horizons (i.e. one to three months). Huang (1989) and Lewis (1990) reject



a single latent variable model for currency returns at a one-month horizon, but not at a
three month horizon. In contrast, Cumby (1988) rejects a latent variable model at a three
month horizon. In this paper, I use long-horizon regressions to increase the power of tests
that classify the sources of risk premia. Testing the model using a system of long-horizon
regressions, I show that Eurocurrency returns respond to both global and local risk factors
and thus should not be modeled in a single latent variable framework.

The paper that is closest to mine is Bekaert and Hodrick (1992) who construct implied
long-horizon statistics for equity and currency returns from short-horizon vector autoregres-
sions (VAR). They show that currency returns are predictable over long horizons using the
forward premium (i.e. the spot exchange rate less the one-period forward exchange rate)
as the predictor. The forward premium has been shown to be able to predict currency re-
turns over short horizons in numerous studies. As mentioned above, it is far less certain
whether this predictability is related to time-varying risk premia in other markets. Thus,
in this paper, I show that currency returns are predictable over long horizons using a num-
ber of domestic asset market variables (e.g. dividend yields) as predictors. This provides
further evidence on the long-run linkages between markets. In addition, I examine several
reasons why the long-horizon regression test may have better statistical power to detect
time-varying expected returns than the VAR method of Bekaert and Hodrick (1992). This
additional power is important due to the relatively short time span of floating exchange rates.
Below, I present simulations to evaluate the additional power that results from increasing
the forecast horizon.

Both the VAR results in Bekaert and Hodrick (1992) and the long-horizon results in this
paper use asymptotic standard errors based on a Generalized Method of Moments (GMM) es-
timator. However, it is well known that these estimators may suffer from severe small-sample
problems.* Thus, while the long-horizon regression tests may have good power properties,
the size of the statistics may be suspect. I therefore undertake a careful small-sample study
that accounts for a number of potential econometric problems. I show that the statistical
significance of the asymptotic results presented here and in Bekaert and Hodrick (1992) are
overstated in some cases. However, I am able to reject the null hypothesis of no predictability
at standard significance levels for most returns.

The analysis presented here and in Bekaert and Hodrick (1992) is subject to two other
possible biases. First, Richardson (1993) notes that test statistics in long-horizon analyses
are not independent across forecast horizons. It is thus possible that a finding of return
predictability at some long horizon is the result of “specification mining” through many
horizons. To account for this possibility, I present tests that account for the correlation
of the test statistics across the horizons examined. Second, I am careful to choose my

4See, for example, the July, 1996 issue of the Journal of Business and Economic Statistics.



forecasting variables from other studies on domestic asset return prediction and thus cannot
be blamed for “data mining”. However, I could be accused of “data snooping” as the US
dollar currency returns are not independent of US dollar returns on the domestic assets. To
show that my results are robust to this bias, I present an analysis based on Foster et al.
(1997).

The rest of this paper proceeds as follows. Section 2 starts by presenting the results of
the long-horizon regressions for excess foreign exchange returns. However, long-horizon tests
are subject to a number of potential econometric problems that may affect the size of the
tests. Section 3 addresses these issues in a careful robustness evaluation. In Section 4, I
detail how the strong results obtained are likely due to the good power properties of these
regressions. | also examine the ability of the long-horizon regressions to shed light on the
persistence and volatility puzzles in international finance. Section 5 reports the tests of the
latent variable model. Section 6 concludes.

2 Long Horizon Regressions

2.1 Foreign exchange excess returns

In this section, I obtain a logarithmic version of the foreign exchange excess return from the
perspective of a US investor. The US investor: (i) borrows one US dollar for one period at

the risk-free interest rate Iﬁil; (ii) converts the US dollar into units of foreign currency j at

S/j

the prevailing spot exchange rate S , expressed in US dollars per unit of foreign currency

J; and (iii) invests the proceeds in a foreign currency deposit at rate Ig’ ++1- When the foreign
deposit matures, the investor converts the proceeds back into US dollars at the prevailing

S/J

spot rate of S, 7”. The one-period US dollar excess rate of return on the foreign currency

deposit ESM 41 is defined via:

j Us, Us, j
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I take logs and obtain:
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where small letters represent log values of the variables, i = In(1 + I) and es = In(1 + ES).
The excess return is composed of the capital gain on the foreign currency plus the foreign
interest income less the domestic interest cost. It has the convenient property that returns
aggregated over the forecast horizon k are the k-period sum of the one-period returns which
is denoted:

. k—1 .
j — j
€St 44k = § sg Ot trst1s (3)



Note that if covered interest parity (CIP) holds,® then:

65{,t+1 = Sgrsl/j - tl,/;:i/lj ) (4)
where ft[,{fi/lj is the (log) forward exchange rate in US dollars per unit of foreign currency j.
This is the same return as that on a no-finance strategy of contracting to buy a unit of
foreign currency of country j at time t for price ftlii/f to be paid next period and selling it
at the prevailing spot price sgi/ 3

The logarithmic version of the one-period foreign exchange excess return in (2) is the
basic unit of interest in this study. I impose the rational expectations hypothesis so that
the excess return can be decomposed into a time-varying risk premium plus an orthogonal
forecast error. Under the joint null hypothesis of CIP (i.e., no arbitrage), UIP (i.e., no risk
premium) and rational expectations, the forward exchange rate is an unbiased estimator of
the future spot exchange rate (the “unbiasedness hypothesis”). This implies the expected
value of (2) is zero. Tests of the null hypothesis can be conducted by regressing (2) on
instruments which are linked to time-varying risk premia.

If the predictable component of the foreign exchange excess return is a risk premium and if
international capital markets are not completely segmented from their domestic counterparts,
then expected foreign exchange returns should be linked to expected domestic asset returns.
Many studies have tested for common sources of risk in domestic and foreign asset markets
(Giovannini and Jorion (1987,1989), Mark (1988), McCurdy and Morgan (1991), Harvey
(1991), Campbell and Hamao (1992), Cumby and Huizinga (1992), and Korajczyk and
Viallet (1992)). These studies examine the predictability of excess foreign exchange returns
over short horizons (where k is one to three months in (3)) using instruments shown to have
power for domestic asset return prediction. Often the parameter estimates are imprecise
and may vary by the country examined. For example, Giovannini and Jorion (1987) show
that predictable excess dollar returns on both the US stock market and foreign currencies
are negatively related to US nominal interest rates and positively related to foreign interest
rates. The volatility of the risk premia for both series are positively related to nominal rates.
However, it is often not possible to reject the null of no relationship. One of the objectives of

. . . Us/j _ US/j ; o )
5Covered interest parity is the relation: f; +/1J — U5l = rf8 1 — i1, which is obtained when there

are no arbitrage opportunities in international currency and money markets. This condition is very likely
to hold in the Eurocurrency markets examined below as these markets contain few barriers to arbitrage. A
separate concept used below is that of uncovered interest parity (UIP) where the known value of the forward
exchange rate is replaced by the expected value of the future spot exchange rate. Uncovered interest parity
fails in the presence of the foreign exchange risk premium. UIP in levels (rather than in log form) will also
fail due to Jensen’s inequality (Siegel’s paradox). However, this effect is small empirically (Backus et al.,
1993).



this paper is to see if the apparently fragmented results that are reported in the short-horizon
studies can be improved upon in a long-horizon analysis.

2.2 Long-horizon regressions

There is a large body of literature which examines the degree of predictability of excess do-
mestic asset returns over horizons extending out to four or five years.® The stylized fact has
emerged that stock and bond market excess returns are predictable at long horizons using
instruments which act as proxies for unobserved state variables. Several econometric meth-
ods have been used to detect these long-run relationships. A common approach, and the one
adopted below, is to use a long-horizon regression where the aggregate excess return over
future periods (typically out to four years) is regressed onto current period instruments that
are believed to be related to risk premia. Overlapping observations are used and Hansen’s
(1982) Generalized Method of Moments methodology is employed to generate standard er-
rors for the coefficients that are asymptotically robust to general forms of autocorrelation
and heteroskedasticity. The typical result is that the regression coefficients increase in size
and significance and that the goodness-of-fit measure (R?) improves as the forecast horizon
lengthens.

In this paper, I use this methodology to provide evidence on the linkages between foreign
exchange returns and returns on domestic assets (stocks and bonds). My ability to model
these linkages depends on the variables selected as forecasting instruments. Variable selection
is an issue that remains contentious in any test of return predictability. In order to avoid
charges of “data mining”, my tests should use instrumental variables that are linked in a
plausible manner to the unobservable state variables. I select these variables from work
performed in other papers and am thus subject to a “data snooping” criticism. I show in
Section 3 below how robust my results are to this critique.

Previous studies that have examined domestic asset pricing across a variety of countries
suggest that the instrumental variables may be broken into two groups that represent either

4

“local” or “world” economic factors (e.g., Harvey (1991), Ferson and Harvey (1993,1994),
and Bekaert and Harvey (1997)). For example, Harvey (1991) examines the predictability
of stock returns in several countries and finds that “world” variables have more forecasting
power at one-month horizons. The world variables that can forecast local returns include
the lagged world excess stock return, the S&P 500 dividend yield, the slope of the US term
structure and a junk bond spread. The lagged own country stock return and the dividend
yield are the two local variables that have good forecasting power. Ferson and Harvey (1993)

find that the “global risk premium” appears to be the primary source of predictability in

6See Campbell, Lo and MacKinlay (1997, Chapter 2) for a survey.



stock returns from 18 countries. In contrast, Ferson and Harvey (1994) find that a set of
variables related to the “fundamental attributes” of the equities in the various countries
largely subsume the influence of the global variables. None of these studies have examined
the impact of global and local variables at different forecast horizons.

Other studies that do not adopt the “local” versus “world” dichotomy nevertheless use
similar instruments to predict returns. For example, Dumas and Solnik (1995) examine a
version of Harvey’s (1991) model to determine the influence of foreign exchange risk on equity
returns. They use the rate of return on a global portfolio of equities and US asset yields as
instruments to find that exchange rate risk is priced in an international setting. Campbell
and Clarida (1987) demonstrate the predictability of short-term foreign currency deposits
using the spread between three and one-month Eurocurrency interest rate differentials and
the interest differential between Eurodollar and other Eurocurrency deposits.

In addition to using instruments which can predict domestic asset returns, it may be
important to include instruments which are specific to the foreign exchange market. For
example, Korajczyk and Viallet (1992) extract the latent factors which are capable of ex-
plaining movements in equity returns. While these factors help forecast foreign exchange
risk premia, the forward returns have components unrelated to the factors. In the extensive
literature on international asset pricing, the variable which appears to give the most power
to reject the null of a constant risk premium over a short horizon (one to three months) is
the forward premium.”

From these studies I have selected two groups of variables to use as instruments to predict
foreign exchange excess returns. To compare my results to earlier work, I also divide the
instruments into “local” variables and common or “world” variables. The local group of
instruments includes the foreign (country j) dividend yield (dy?), the term structure slope
in country j (sp!), and the forward premium on the foreign currency ( fpY 5/d ). The local
variable long-horizon regressions performed below are thus of the form:

365{,t+k =00+ 01 - sp] + 02 - dyi + 05 - fpgs/j + Vittk- (5)

The second group of world variables are the same across all countries. These variables
are the US dividend yield (dy"®) and slope of the US term structure of interest rates (spf®)
leading to long-horizon regressions of the form:

Sesi,m =0y +0: - SP?S + 0y - dyfs + Vitrk- (6)

The use of US variables as proxies for world risk premia seems intuitive given the relative
size of the US capital markets and the influence of the US economy.

"The forward premium is defined as the difference between the current spot exchange rate and the forward
US/j _ (US/i _ JUS/i
tt41 t

rate: fp; = . Under CIP, this is equal to the difference in short-term interest rates.
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I estimate (5) and (6) using OLS and compute the standard errors using the Newey-West
(1987) estimator of the residual variance-covariance matrix that is robust to general forms of
heteroskedasticity and autocorrelation.® I examine forecast horizons ranging from one month
to four years (kK = 1tok = 48). The null hypothesis is that the expected foreign exchange
excess return is constant and thus not related to the instruments (i.e., the unbiasedness
hypothesis holds up to a constant). If the null is true, then the selected instruments should
be statistically (and economically) insignificant and increasing the forecast horizon should
have little effect on the results. If the null is rejected in favor of the (unspecified) alternative,
then the ability of the regressions to model risk premia depend on the variables included.
Given that the instruments display a common pattern in predicting long-horizon domestic
asset returns, it is hoped that they display a common pattern in predicting long-horizon
foreign exchange returns. If foreign exchange risk premia are primarily related to “own
country” effects, then the local variables — which are related to local asset returns — will
have explanatory power. If foreign exchange risk premia share common sources of risk, then
they will be related to world (US) variables. Of course, some combination of these two effects
is likely.

2.3 Data

All data used in this paper are from Datastream. The exchange rates are supplied at a daily
interval in British pounds per foreign currency which I translate into US dollar equivalents.
I use the mid-market (average of bid and offer) observation on the last business day of each
month. The one-month mid-market Eurocurrency rate is used as the short-term risk-free
rate for all countries. Daily observation are supplied and I again select the last observation in
each month. The exact number of days between the last business day in each month is used
to translate the annual rates of return to monthly rates.® The one-month forward exchange
rate is generated by assuming that covered interest parity holds. The forward premium is in
logs. The excess returns on the foreign currency positions and the forecasting instruments
are quoted in continuously compounded monthly per cent rates.

The yield on the long government bond at the end of the month is supplied by the OECD.

8T use the Newey-West (1987) form of the estimated covariance matrix to ensure positive definiteness in
both the original OLS regressions and in their Monte Carlo counterparts. The autocorrelation correction is
of degree k — 1 which implicitly assumes that the explanatory variables capture all of the expected returns.
The Newey-West procedure may not be a good choice in a long-horizon regression as it gives little weight
to correlations at long horizons which may be particularly important in this framework. However, the small
sample analysis will provide exact standard errors.

9In Eurocurrency markets the compounding convention is actual number of days divided by 360 for all
currencies except the British Pound which uses a 365 day year.



The term structure slopes are estimated by subtracting the one-month Euro rates from these
yields. For dividend yields, I use the measure provided with the Datastream Global Stock
Market Indices. These indices are a market-value weighting of the largest stocks in each
country. As dividend payments can display a seasonal pattern, I construct a new dividend
yield series by calculating the sum of the actual dividends paid over the last 12 months
divided by the current price.

I have chosen six foreign countries with “well traded” currencies for the analysis. Germany
and Japan are chosen as they represent the major world economies besides that of the US.
The UK and France are also large economies with exchange rates that are likely more related
to European economic conditions. Canada is chosen as a small open economy with close
financial and economic ties to the US. In contrast, Switzerland is a small economy with close
ties to European economies.

Table 1 provides summary statistics of the data. While the average excess returns on the
foreign currencies are close to zero over a one-month forecast horizon, they are quite variable.
As mentioned above, it is this variability that may have confounded earlier searches for the
risk premium. The mean slopes of the term structures of interest rates are close to zero over
the period examined. Both the slope variables and the forward premia are quite variable
compared to the dividend yield measures. All of the instruments are persistent, but appear
stationary.

2.4 Long-horizon regression results

I start by examining the ability of the “local” variables to predict the foreign exchange excess
returns. The results of the long-horizon OLS regressions (5) are shown in Table 2. I report
the OLS estimate of the coefficient, the Newey-West standard error and the corresponding
asymptotic marginal significance level (p value). The local variables have significant explana-
tory power that generally increases with the forecast horizon. The regressions have relatively
small R? statistics (adjusted for degrees of freedom) at the shortest (one month) forecast
horizon for all of the countries except Switzerland (R? = 0.256). The best fit (maximum
adjusted R? statistic) is obtained at the four-year horizon for the German Mark and Cana-
dian dollar excess returns and at the three-year horizon for the UK Pound, French Franc
and Swiss Franc excess returns. At the four-year horizon, the degree of linear predictability
ranges from 0.202 for the Yen to 0.578 for the Mark, with an average near 0.4.

The coefficients on the slopes of the foreign countries’ term structure generally increase
with the forecast horizon out to three years, though the increase is not monotonic for the
Japanese Yen and Canadian dollar regressions. At the shortest horizon of one month, the
coefficient on the slope variable is statistically significant at the 10 per cent level in the



Canadian dollar regression only. At long horizons, the slope variables are significant at the
5 per cent level for all countries except Canada and Japan. The coefficients on the local
dividend price ratios become more negative as the forecast horizon lengthens. At the longest
horizon, the local dividend yield is significant at the 5 per cent level for all countries except
for Switzerland (p value of 0.092) and Japan (p value of 0.118).

The coefficients on the forward premia are statistically significant at short horizons for all
currencies except the German Mark. The coefficients on the forward premia are statistically
significant at the four-year horizon for all currencies except the Canadian dollar. As with
the dividend yield, the coefficients on the forward premia are negative and decrease with
the forecast horizon, with the Canadian dollar regressions again being the exception. The
negative sign on the forward premia at long horizons matches the short-horizon result found
in numerous other studies. It also matches the implied long-horizon coefficients from the
VARSs estimated by Bekaert and Hodrick (1992).

To the best of my knowledge, this is the first study to document such a consistent
pattern of foreign exchange return predictability based on domestic instruments at long
horizons. In previous tests, the short-horizon results were much more fragmented. For
example, the coefficient on the foreign country dividend yield is negative for UK Pound
and German Mark returns, but positive for Japanese Yen returns in Cumby and Huizinga
(1992). A similar difference is recorded in the monthly VAR estimates provided by Bekaert
and Hodrick (1992). The consistent results here suggest a pervasive relationship between
long-horizon foreign exchange and equity returns in different countries. The last column
in each panel shows the Wald test statistics of the null hypothesis that the coefficients on
the three forecasting variables are jointly equal to zero. The p-values associated with the
statistics show a statistically significant relationship for most of the countries and horizons
examined. Below, I argue that the strong findings are a result of the good power properties
of the long-horizon regressions.

Directly estimating expected long-horizon returns may have additional benefits over the
VAR approach. Neely and Weller (2000) have criticized the results of Bekaert and Hodrick
(1992) by showing that the parameters associated with the short-run VAR are not stable,
leading to poor long-horizon results. The instability appears to be associated with the
equity market parameters in the VAR while the currency return equations appear to be well
specified. In contrast, in this paper, the long-horizon currency return forecasts are obtained
directly from the regressions and the long-horizon coefficients are more stable than their
short-horizon counterparts. Karolyi and Stulz (1996) argue that the degree of international
market integration may be time varying, further complicating long-horizon tests. However,
the Eurocurrency markets examined here are largely beyond the control of the national
governments thus reducing the impact of changing national regulations that affect the degree

10



of integration.

The results of tests of the predictability by the world variables (6) are displayed in Table
3. As with the local variables, the adjusted R? statistics improve with the forecast horizon
reaching their maximum vales at 4 years for the Mark, Pound, and Swiss Franc excess returns.
Excluding the Canadian dollar returns, the degree of predictability at the four-year horizon is
relatively large with adjusted R? statistics ranging from 0.240 for the Japanese Yen to 0.488
for the Mark. The slope of the US term structure is generally insignificant at the shortest
horizon while it is significant at the four-year horizon for all countries except Canada. As with
the foreign country’s term structure, the coefficients on the US term structure are positive
and increasing. While the US dividend yield is generally not significant, the point estimates
of the coefficients generally decrease with forecast horizon out to three years, excluding the
Yen return regressions. The Wald (x?) test statistics of the null are significant at the one per
cent level at long horizons for the foreign exchange returns from all countries except Canada.

3 Robustness Issues

The strong results presented in Tables 2 and 3 could be a consequence of the good power
properties of the long-horizon regressions. However, the results could also arise due to size
distortions of the test statistics. The results could also be from several possible specification
biases. In this section, I show how my results are robust to these concerns.

There are several econometric issues that must be addressed when performing long-
horizon regressions. I start by examining a potential small-sample bias in the coefficients. 1
then examine how well the estimated asymptotic standard errors match their small-sample
counterparts. Both of these problems may be addressed by Monte Carlo simulations which
are presented below. Previous work on testing equilibrium relationships in the foreign ex-
change market has revealed that conditional heteroskedasticity is likely to be present. In
order to give the tests more power, I parameterize the time-varying heteroskedasticity in
the Monte Carlo simulations. As the assumption of Normally distributed errors is suspect,
I perform non-parametric bootstrap simulations where the distribution of the standardized
errors is determined by the data at hand. I also point out the importance of using “pivotal”
statistics in assessing the results of bootstrap simulations.

3.1 Sample size and coefficient bias

Previous work has uncovered a possible bias in the OLS coefficients in regressions such as
(5) and (6). As noted by Stambaugh (1999), Hodrick (1992) and Nelson and Kim (1993),
there is a potential for small-sample bias in the regression coefficient in the presence of an
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autoregressive, endogenous variable. Stambaugh (1999) considers the following system:

Yo = 7+ 0T+ ug u ~ tid (07 Ui) (7)
T, = i+ Ty + v v~ iid (0,07)
oup # 0,

where y; is the asset return being forecast and x; is the instrumental variable. Ordinary
least squares will product an asymptotically consistent estimate of ¢, but in small samples
the OLS estimator is biased, where the bias is proportional to that on the estimator of the
autoregressive coefficient of x:

E(8=8) = (0ua/0?) - (G~ 0). (8)

The result is that “the lagged value of x may appear to be a predictor of y even though it
has no predictive power” (Nelson and Kim, 1993).

In the regressions in this paper, many of the explanatory variables are persistent and
it is likely that all of them are endogenous. It is also likely that the error terms are con-
temporaneously correlated across asset markets. To account for the potential bias in the
coefficient estimates, I perform Monte Carlo simulations under the null hypothesis of no
return predictability.

3.2 Asymptotic versus small-sample standard errors

The second major problem with the long-horizon methodology is the possibility of poor
estimates of the standard errors. The GMM procedure is useful in regressions such as (5)
where the sampling interval of the data (monthly) is finer than that of the forecast interval
(one month to four years). Under the maintained hypothesis, the error term in a k period
forecast regression is serially correlated of degree k — 1. To account for this effect, I calculate
asymptotic standard errors following Newey and West (1987) where the autocorrelation
correction is of degree k — 1.

While the Newey-West procedure provides standard errors that are asymptotically con-
sistent, many authors have noted that there may be small-sample problems here as well;
i.e., the small-sample distribution of the coefficient’s standard error may not be well ap-
proximated by the asymptotic GMM distribution (e.g., Hodrick (1992) and Nelson and Kim
(1993)). The Monte Carlo procedure adopted below will provide an estimate of the small-
sample distribution of the coefficients in (5). I can then make small-sample inferences based
on these distributions.
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3.3 Monte Carlo simulations
3.3.1 Expected returns under the null

In order to account for the small-sample bias in both the coefficient and standard errors, I
follow the procedure of Hodrick (1992), Nelson and Kim (1993) and Mark (1995) and estimate
the small-sample distribution of the regression coefficients via Monte Carlo simulations. I
generate the small-sample distributions of the coefficients and test statistics in the “local”
variable regressions (5). The small-sample behavior of the forward discount variable at long
horizons is of particular interest as it provides a natural analogue to the short-horizon tests
of the unbiasedness hypothesis that are usually conducted.

I assume that the multivariate data generating process can be represented by a two-
country VAR:

. L .
Zl=b+) 67 +e (9)

where Z] = (es{,l’t, spl, dyl | fp 53 ). The first row of the VAR contains the dependent
variable (the one-month foreign exchange excess return). Under the null hypothesis, the
foreign exchange excess return is a constant. I estimate (9) under the null by restricting
the first row of the §; matrices to be zeros. The next three rows of the VAR contain the
explanatory variables from (5) for country j which are regressed onto L lags of the variables.
The lag length L of the VAR is set to two for each country as this removes the autocorrelation
effects in the residuals.

3.3.2 Conditional heteroskedasticity

The multivariate distribution of the error terms e;in (9) needs to be estimated. Tests
performed on the errors of (9) reveal that they display conditional heteroskedasticity.’® In
order to parameterize the heteroskedasticity, I make the simplifying assumptions that the
diagonal elements of the time-varying variance matrix H; can be modeled as a GARCH(1,1)
processes and that the time-varying covariances may be modeled in the constant correlation
framework of Bollerslev (1990):

hise = aoi+ o by + ;- 512,15—1: i = es, sp,dy, fp (10)
hige = iy (Pige - T a)*, i 7 j

where h; ;. is the 1, 4t element of H,. These assumptions allow a small number of parameters
to model the conditional heteroskedasticity and have been used in previous empirical tests

10T conducted Engle’s (1982) test for autoregressive conditional heteroskedasticity (ARCH) and found that
ARCH effects are present in many of the series. These results are not reported here to save space and are
available from the author upon request.

13



in the foreign exchange market (Bollerslev (1990), Baillie and Bollerslev (1990), Giovannini
and Jorion (1989)). I estimate the parameters of the GARCH(1,1) process by maximum
likelihood from the OLS errors of the two-country VAR systems.!! I perform Pagan-Sabau
specification tests for the GARCH(1,1) process and find that this parsimonious specification
fits the data well. The empirical distributions of the test statistics are then conditional on
this parameterization and the null hypothesis of no return predictability.

3.3.3 Non-normality

There is a large literature which shows that financial time series violate the Normality as-
sumption in both unconditional and conditional forms (e.g., Engle and Gonzalez-Rivera
(1991)). I perform Jarque-Bera tests for Normality on the residuals from the VAR regres-
sions (9) standardized by their GARCH(1,1) variances (10) (Etﬁ[l/ ?) and can reject the null
hypothesis of Normal innovations for almost all of the residuals.'? Thus, I assume that the
multivariate distribution of the errors is e, ~ F'(0, H) where F is an unknown distribution. I
follow Lamoureux and Lastrapes (1990) and perform bootstrap simulations where the errors
are drawn with replacement from the set of estimated standardized residuals (Etﬁ[ Y 2).

3.3.4 The small-sample algorithm

Each equation in the VAR is estimated by OLS using monthly data over the period 1975:6
to 1997:6 (a total of 269 observations). The parameters of the GARCH(1,1) process (10)
are estimated numerically from the OLS errors. With the resulting estimates (;5\, ﬁt), the
non-parametric bootstrap simulations can be conducted as follows:

(i) For each bootstrap simulation i, draw 1000 (an arbitrary large number) observations
~—1/2
with replacement from the estimated standardized error term vector €; H; /
(ii) Using initial estimates of ﬁo and €p,'® obtain H 1 and €;. Iterate until 1000 error terms
have been obtained.

(iii) Simulate the VAR equations (9) using the hypothetical error terms over 1000 peri-
ods. Drop the first 731 observations (to avoid any “start-up” problems) leaving 269
observations of pseudo-data.

(iv) Aggregate the pseudo monthly excess returns to obtain their long horizon values (the
dependent variables for different horizons k in regressions (5)).

' The variables in the GARCH model are constrained to be positive.
12 Again, these results are available upon request.
13T set Hy equal to the unconditional estimator H and & equal to zero.
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(v) Regressions as in (5) are performed on T'— k observations of the pseudo-data, generating
estimates of the coefficients and the test statistics for each simulation.

(vi) From the ¢ = 1,...10, 000 simulations, the small-sample distributions of the coefficients
and test statistics can be obtained.

3.3.5 Pivotal statistics

One issue that has not received enough attention in the empirical asset pricing literature
is the importance of using pivotal statistics when conducting Monte Carlo and bootstrap
simulations. A statistic that is a function of both the data and unknown parameters is
“pivotal” if it has the same distribution for all values of the unknown parameters. The
statistic is “asymptotically pivotal” if it has a limiting distribution that does not depend on
the unknown parameters (Hall (1992)). A number of studies have shown that it is vital to
use pivotal statistics in conducting small-sample tests in time series data (Li and Maddala
(1996)). If pivotal statistics are not used, the small-sample inference can be very misleading.

The importance of using pivotal statistics in the current bootstrap simulation can be seen
by the following. Consider comparing the asymptotic significance of the regression coeffi-
cients # in (5) to their small-sample significance obtained from the bootstrap distribution.
Using the original data, the distribution of the estimated 6 coefficients depends on the true
volatility process for the data which we do not observe. Similarly, in each of the bootstrap
simulations using generated data, the distribution of the estimated 6 coefficients depends on
the estimated volatility process. The latter is a function of the heteroskedasticity coefficients
in (10), a set of “nuisance parameters” which differ from their true values. Aggregating across
all bootstrap simulations results in a small-sample distribution of the simulated 6 statistics
which depends on the nuisance parameters in an unknown manner. Thus, for example, it
would not be correct to compare the estimated 6 coefficient obtained from the data directly
to its “ranking” in the small-sample distribution. The estimated coefficient is a function
of the true volatility parameters while the small-sample distribution is a function of the
estimated heteroskedasticity coefficients.

The solution is to use statistics that do not depend on unknown parameters. In the
asymptotic significance tests, the influence of the (unknown) volatility process is minimized
by constructing the standard ¢ statistic where the estimated value of the coefficient is divided
by its estimated standard deviation. In the bootstrap simulations, the t statistic associated
with each of the coefficients standardizes the distributions for the estimated variances. Thus,
the ¢ statistic is (asymptotically) pivotal and in the results below, I report their small-sample
distributions.* The Wald statistic that tests the joint significance of the three forecasting

14Tn general, statistics that are asymptotically Normal or y2 are pivotal.
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variables is also pivotal.

3.4 Non-parametric bootstrap results

The results of the 10,000 nonparametric bootstrap simulations of regression (5) are presented
in Table 4. The first number in each cell in Table 4 repeats the OLS point estimate from
Table 2 for convenience. The second number is the average value of the estimates from
the 10,000 simulated regressions. Under the null hypothesis, this number should be zero; it
may differ from zero due to the small-sample bias problem. The third number is the small-
sample marginal significance level (a two-sided p value) of the ¢ statistic associated with the
parameter estimate.

In general, the pattern of statistical significance of the estimated coefficients from the
small-sample distributions matches that of the asymptotic distributions in Table 2. The
match is particularly close at the one-month horizon where the number of effective data
points is the largest. As the forecast horizon lengthens, the statistical significance of some the
coefficients appears to be overstated. For example, the statistical significance of the foreign
term structure slope variable appears to be significantly lower than that of its asymptotic
representation at long horizons for the Swiss Franc returns. The foreign country’s dividend
yield significance may be overstated for the German Mark excess return. According to the
small-sample distributions, the forward premia are significant at the shortest horizon for all
of the countries except Germany which matches the asymptotic results. However, the forward
premium is significant at the four-year horizon for French France returns only. This suggests
that the long-horizon asymptotic results presented in Table 2 and in Bekaert and Hodrick
(1992) may be overstated for this variable.!> The bias in the estimated coefficients does not
appear to be a major problem as the average values of the coefficients generated under the
null in the bootstrap distributions are usually much smaller than the original coefficients
generated from the data. The bias does appear to increase with the forecast horizon as the
effective number of data points is reduced.

Under the null hypothesis of no return predictability, the average adjusted R? statistics
from the bootstrap distributions are small at short horizons. The average values of the
statistics rise as the forecast period lengthens to about 25 per cent at the four-year horizon.
As a result, the marginal significance levels of the statistics initially deteriorate then improve.

5Meredith and Chinn (1998) test for long-horizon UIP where the change in the exchange rate over a
forecast horizon of k periods is regressed on the difference between domestic and foreign interest rates on
assets of the same horizon (e.g. 5 and 10 year bond yields). Interestingly, they find that UIP holds; i.e.
there does not appear to be a foreign exchange risk premium. Given the limited time span of available data
and the even greater degree of overlap implicit in their tests, it would be interesting to subject their tests to
the robustness procedures presented here.
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The marginal significance level of the y? statistic test of the null generally decreases with
the forecast horizon. At the three-year horizon the test statistic is significant at the 10
per cent level for German Mark, Japanese Yen, and French Franc returns. The marginal
significance level on the UK Pound return regression is 12.6 per cent while the Swiss Franc
and Canadian Dollar return regressions have poor long horizon results (31.8 and 57.2 per
cent at the three-year forecast horizon, respectively).

There are two issues to keep in mind while deciding upon the overall significance of these
results. The first is that a standard significance level (e.g., a 5 per cent test) may not be an
appropriate criterion given the large degree of overlap of the data. Mark (1995) makes this
point in his analysis of long-horizon exchange rate movements over the floating exchange rate
period. The common pattern of the coefficients across all of the countries examined suggests
that some economic relationship is present; however, the ability of the selected instruments
to capture this phenomenon may be limited by the relatively short span of the data. As the
forecast horizon lengthens, the excess return (3) will be persistent. Differentiating among the
effects of the individual instruments is problematic as the instruments are also persistent.

The second issue is that there can be a large difference between “statistical” and “eco-
nomic” significance. For example, Bauer (2001) shows that the relatively “weak” statistical
results translate into strong implications for international portfolio allocations. A US in-
vestor is able to choose currency hedged portfolios of foreign and US stocks according to the
current value of the US dividend yield, the foreign dividend yield, or the forward premium.
The portfolios are chosen to maximize expected utility and an indication of the economic
significance of the instrumental variables may be obtained from the portfolio’s certainty
equivalent return. As the current values of the forecasting instruments change, the certainty
equivalent return can vary a lot. These results, which show a large degree of economic sig-
nificance, can be compared to those small-sample p values in Table 4 that indicate statistical
insignificance at traditional levels.

3.5 “Snooping” biases
3.5.1 Snooping across forecast horizons

There are two potential biases in the above analysis that involve “snooping” of the data. The
first bias is that a correct test of the null hypothesis involves testing the regression coefficients
to determine if they are jointly equal to zero across all of the forecast horizons. Richardson
(1993) notes that the finding of improved forecastability at certain long horizons (e.g., three
or four years) may simply be due to a search over all possible horizons (i.e., “specification
mining”). Mark (1995) performs a test that accounts for the relatively low power of short-
horizon return regressions and the relatively large power of long-horizon return regressions
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to detect the persistent alternative. The test statistic is the maximum value of the t statistic
across all of the forecast horizons for each of the variables examined. In this paper, the
distribution of this statistic can be determined by the bootstrap simulations.

Table 5 gives the marginal significance levels obtained. Although a few of the statistics
appear to have relatively large marginal significance levels, overall this test suggests rejecting
the null. The last column of Table 5 is the marginal significance level of the maximum
Wald (x?) statistic. The null can be rejected at approximately 10 to 20 per cent levels for
the German Mark, Japanese Yen, British Pound and French Franc. The Swiss Franc and
Canadian dollar return regressions reject the null at approximately the 42 per cent level,
reflecting the poor results found in the single predictive regressions.

3.5.2 Variable selection snooping

The second potential snooping bias comes from choosing instrumental variables that have
been shown to predict US stock and bond returns in numerous other studies. As the excess
currency returns used in (5) and (6) are also denominated in US dollars and thus correlated
with US stock and bond returns, the tests performed here are not independent of previous
tests.

To examine how robust my results are to this criticism, I compare my long-horizon
foreign exchange return regression results to those from a long-horizon regression to predict
excess returns on US stocks.'® T use the US equity return as my “original data set” as these
returns have been data mined more than most data sets. Also, I focus on the predictability
using the global instruments (the US term structure slope (spV®) and US dividend yield
(dyU®)) which have been shown to predict excess returns on US stocks in numerous other
studies. Following Foster et al. (1997), I determine the amount of variable snooping bias
that is present in my analysis by examining the ratio of the (adjusted) R? test statistic on
the foreign exchange excess return regression (6) to the (adjusted) R? test statistic from a
similar regression predicting US equity returns. If the original data had been snooped so
that the global variables predicted US equity returns well only by chance, then the R? test
statistic on the foreign exchange excess return regression should be smaller. Thus, the R?
ratio should be less than one. The extent to which the ratio is less than one depends on the
correlations between the foreign exchange returns and the US equity returns.

To estimate this correlation as well as accounting for the other statistical problems present
in long-horizon regressions, I undertake a small-sample study based on a modified version of
the non-parametric bootstrap procedure given above. I estimate a new VAR which includes
the excess return on the foreign currency (es’), the excess return on the US stock market

16T yse the Datastream US stock market index and subtract the US dollar Eurodeposit rate.
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(erV5), the US term structure slope (spV¥) and US dividend yield (dyY®). I impose the null

hypothesis that neither es’ nor er?*

can be predicted by the two instruments. I then simulate
the data using the same non-parametric bootstrap procedure as outlined above. Using the
10,000 iterations of the simulated data, I can determine the small-sample distribution of the
R? ratios under the joint null hypothesis that neither excess foreign exchange nor excess
equity returns are predictable using the given instruments.

Table 6 presents the results. The first number in each cell is the ratio of the R? statistic
from the foreign exchange return regression at horizon k to the R? statistic from a similar
regression predicting US equity returns. For most forecast horizons and currencies, the ratios
are above 1.00 indicating that the foreign exchange returns are more predictable than the US
equity returns. The second number in each cell is the ratio of the average R? statistic from
the 10,000 simulated foreign exchange return regressions to the average R? statistic from
the 10,000 simulated stock return regressions. Under the null hypothesis, both statistics
should be zero, but the potential biases outlined above inflate these values. The average
values of the R? ratio statistics generated under the null increase at the 12 month forecast
horizon then remain relatively flat. In most cases, the estimated values of the ratios obtained
from the data are well above their average values generated under the null hypothesis. The
notable exception is the Canadian dollar returns. Thus, according to this metric, the amount
of variable selection bias in my regressions appears to be very small.

The third number in each cell is the marginal significance level (p value) of the R? ratio
statistics according to the bootstrap simulations. At long horizons, the marginal significance
level of the statistic is often below 10 percent. The indicates that foreign exchange returns are
predictable using domestic instruments even after accounting for the degree of predictability
exhibited by domestic asset returns. There appears to be long-run linkages between domestic
and international asset markets.

4 Implications of Long-Horizon Tests for the Persis-

tence and Volatility Puzzles

The results presented above suggest that the long-horizon regression test has good statistical
power to detect time-varying foreign exchange risk premia. In this section, some potential
explanations for the results are explored. I also examine the implications of these tests for
two well known puzzles in the literature.
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4.1 Power at long horizons and the “persistence puzzle”

Campbell (1994) and Stambaugh (1993) have shown that lengthening the forecast horizon
may increase the power to detect time-varying expected returns. Both authors measure
the asymptotic power of a test statistic by its “approximate slope”.!” To calculate the
approximate slope of a test statistic, an alternative hypothesis is fixed and assumed to be
true. The power of the test statistic against the alternative is also fixed. As the sample size
(T') increases, the significance level (s) of the test falls and it becomes easier to reject the
null in favor of the alternative. The approximate slope is defined as the limit of —21log (s) /T
as ' — oo.

Campbell (1994) compares the approximate slope of long-horizon tests to those of other
tests that have been proposed to detect predictable returns. He gives two criteria for the long-
horizon regression to have greater approximate slope than other methods. The first criterion
is that the expected portion of the return (the risk premium given rational expectations)
be persistent (i.e. positively autocorrelated but stationary). The second is that the return
innovations must be negatively correlated with expected returns.

Both of these criteria are satisfied in foreign exchange returns. The persistence of the
risk premium has been noted before (e.g., Fama (1984), Macklem (1991), Eichenbaum and
Evans (1995), Bekaert (1996)). To see this, observe that the forward premium ( ﬁi/f _ Ul ),
which is positively serially correlated as shown in Table 1, may be decomposed as:

US/j US/j US/j US/j US/j US/j
t,t+/1] — 5 7= ( t,t+/1] - Et3t+1/]> + (EtStJrl/J — St /]) : (11)

The persistence of the forward premium implies that either the foreign exchange risk premium
or the expected change in the spot rate (or both) is persistent.!® However, both the realized

fUS/j US/j

return on foreign deposits (f, )i — s, ) and the actual change in the spot exchange rate

(sgi/ U 53 ) display small first order autocorrelations. Bekaert (1996) labels this finding
as the “persistence puzzle”. This apparent contradiction implies that noise may be obscuring
the autocorrelation of either the risk premium or the expected change in the exchange rate
(or both).

A large number of studies have examined the time series property of nominal exchange
rates and found that the random walk model fits the data well at short-horizons (e.g., Meese
and Rogoff (1983)). Under this model, the last term in (11) is a white noise error term,
and the risk premium is the persistent component which would be detected by long-horizon

regressions, as shown by the results in Tables 2 and 3. However, Mark (1995) demonstrates

17This concept was developed by Bahadur (1960) and extended by Geweke (1981).

18Taking autocorrelations of both sides of (11) yields a cross product term. However, if the risk premium
and/or the expected depreciation are persistent, then the cross product term is likely to be negative in line
with Fama’s (1984) finding for the contemporaneous covariance term.
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that a long-horizon regression model can provide better forecasts of the change in the nominal
exchange rate than those from the random walk model as the forecast horizon lengthens
using a combination of domestic and foreign money supplies and real incomes as forecasting
variables.!®

A test for a persistent component in the foreign exchange rate can be performed by
regressing the change in the spot exchange rate on the set of local instruments:

dsy /L =00+ 01 sp] + 0z dyl + 05 9" + vy (12)
where dsg tSJr/,]c = sgi/j — sf 515 To preserve space only the long-horizon (k = 48 month)

results are shown in Table 7; the rest of the results are available on request. In general, the
instruments explain movements in the total foreign exchange excess return slightly better
than they do long-run changes in the exchange rate according to the R? test statistics.
However, the common pattern of the coefficients remains the same. The slope of the foreign
country term structure is positive and increasing as with the excess return equation results.
The coefficient is larger at the long horizon for all countries except Japan. The coefficients
on the dividend yield and forward premia are negative. Thus it appears that both the foreign
exchange risk premium and the expected change in the spot exchange rate contain persistent
components.

The second statistical requirement given by Campbell (1994) for the superior asymptotic
power of long horizon regressions is a negative correlation between expected return innova-
tions and future returns. A recent study provides empirical evidence that this is found in
the foreign return data. Cheung (1993) estimates a state-space model of the realized and
expected excess foreign exchange return processes:

US/j US/j US/q US/j
t,t+/1] - 3t+1/j = t,t+/1] - Et5t+1/j) + Vi1 (13a)
US/j US/j US/j US/j
(Fo — Esiely = o (£ — Bias!™) + a. (13b)

The realized return is the observed variable in the measurement equation (13a) while the
dynamics of the unobserved expected excess return (the foreign exchange risk premium)
compose the transition equation (13b). The advantage of this state-space model framework
is that it is able to provide estimates of the time series properties of the (unobserved) risk
premium using only the return data themselves. Thus, this finding does not result from

9Mark’s results have been criticized due to potential problems with non-stationary variables. Both the
exchange rate and his fundamental variable contain unit roots (i.e. the time series are integrated of order 1)
which implies that a long run relationship will only exist if the variables are cointegrated. Several authors
have suggested that these variables are not cointegrated and thus Mark’s results are spurious. These problems
do not affect my results as all of the variables that I use (foreign exchange excess returns, dividend yields,
term structure slopes, etc.) will be stationary according to economic theory.
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a search for appropriate instrumental variables. Cheung estimates this system using the
Kalman filter on the excess returns to the British pound, German Mark and Japanese Yen
over the 1973 to 1987 period. He finds that the risk premium is persistent (though stationary)
and that the covariance of the unexpected change in the spot rate and the unexpected change
in the risk premium are negative (i.e., cov(as,v;) < 0) for all three currencies examined.
Both of these empirical facts meet Campbell’s requirements for superior asymptotic power
in long-horizon regressions.

Campbell’s (1994) analysis assumes that the actual and expected return processes have
homoskedastic innovations. Stambaugh (1993) analyses the approximate slope advantages
of long-horizon regressions under heteroskedasticity. Imposing a GARCH(1,1) model of in-
novation variance, he shows that long-horizon regressions have large asymptotic power in the
presence of conditional heteroskedasticity and persistence in expected returns. The problem
of time-varying heteroskedasticity is pervasive in studies of foreign exchange parity relations
(e.g., Cumby and Obstfeld (1984), Hodrick (1987)). As well, Stambaugh compares the pre-
cision of the regression coeflicient estimators obtained from long-horizon (OLS) regressions
and those obtained from the VAR approach. The former are more precise when the data are
leptokurtotic and the variance is persistent. Both of these effects are found in international
asset returns (e.g. Bollerslev, Chou and Kroner (1992)).

Both Campbell and Stambaugh note that their results are asymptotic and that the
small-sample power properties of a given data set should be evaluated via simulations. The
small-sample power of the foreign exchange regressions used in this paper may be assessed
by undertaking simulations similar to the ones performed above to evaluate the size of the
statistics. In those non-parametric bootstrap simulations, the parameters in the first (foreign
exchange return) equation in the VAR (9) were constrained to be zero. Thus the simulations
generated data under the null hypothesis. To evaluate power, the same parameters are
set equal to their OLS values. These new simulations generate data under the alternative
hypothesis that is evaluated as being most likely.

For any statistic that has a x? distribution under the null, Geweke (1981) shows that the
approximate slope of the statistic is equal to the probability limit of the statistic under the
alternative hypothesis divided by the sample size. For the long-horizon regressions performed
here, the Wald test of no joint predictability of the three forecasting variables has a y? null
distribution. Thus the measure of power evaluated here is

c(k) = x4(k)/T (14)

where x4 (k) is the value of the Wald statistic under the alternative at forecast horizon k.
The ratios c¢(k)/c(1) then measure the increase in power as the forecast horizon is lengthened
from one month out to k£ months.
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Table 8 presents the median and the 5th and 95th percentiles of the simulated ratios.
The median values of the ratios are above 1.00 for a forecast horizon of £ = 12 months for
five of the six currencies examined (the Canadian dollar is again the exception) suggesting
that increasing the forecast horizon improves the power of the tests. Beyond 12 months, the
results are less conclusive with the German Mark regression having increased power at 24
months while the Japanese Yen, French Franc and Swiss Franc regressions appear to have
increased power at even longer horizons. It should be noted, however, that many of the
ratios show a high degree of variability as they are not pivotal, making strong conclusions
problematic.

4.2 The “excess volatility” puzzle at long horizons

Another interesting issue of study is the variance of the foreign exchange risk premium.
Fama (1984) uses a decomposition of the results obtained from return prediction regressions
to show that the expected excess forward exchange rate return (the risk premium given
rational expectations) must be more variable than the expected change in the spot rate:

var (Etes{’tﬂ) > var (Etsff{j — U5 ) . (15)

He also shows that the covariance between the risk premium and the expected rate of depre-
ciation is negative. This finding is termed the “excess volatility” puzzle as it is difficult for
standard complete markets models to generate risk premia that are sufficiently volatile. How-
ever, all of the analyses that have corroborated Fama’s initial findings have been conducted
on short-horizon data.

As noted by He and Modest (1995), there are many market frictions which may affect
asset prices in equilibrium. These include borrowing and solvency constraints as well as
transactions costs. One hypothesis is that the frictions are likely to be binding in the short
run but less so in the long run. To test this Daniel and Marshall (1997) extend the holding
period of an investor out to one year in a consumption based asset pricing model. They
find that a version of the model is able to explain equity returns much better with long-run
holding periods that short ones. Thus, the “equity premium puzzle” appears to be a problem
for the short-run data.

In the Eurocurrency markets examined in this paper, transactions costs are very small
and are unlikely to be responsible for the excess volatility.? However, other constraints
on investors’ portfolios may be preventing sufficient trading in foreign exchange markets
leading to the high degree of short-run volatility. It is possible that the frictions will be less

20Cornell (1989) and Bekaert and Hodrick (1993) find that transactions costs do not account for the finding
of foreign exchange return predictability.
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binding over longer holding periods as investors have more flexibility in their portfolio choice.
Thus, the relatively high volatility of the foreign exchange risk premium may diminish as
the forecast horizon is lengthened.

To test this, a long-run counterpart to (15) can be estimated using the results of the
long-horizon regressions. The regressions performed in (5) yield the expected value of the
excess foreign exchange returns over a k-period horizon while the regressions performed in
(12) yield the expected value of the long-run change in the exchange rate. The long-horizon
variance ratio can thus be calculated as:

var(Et{eng + es{Jr2 4+ 4 es{+k})

var(E{sl 57 — s7°1Y)

J _
Uy ek —

: (16)

conditional on the parametrization of the regressions.

Table 9 shows the values of these ratios. In addition to the point estimates, the table
provides the 75th and 95th percentiles of the empirical distribution of the ratio as determined
by the small-sample simulations that generated data under the null hypothesis.?! The ratios
appear to decline slightly with the forecast horizon out to three years. At the four-year
horizon there is a jump in the statistics due to the relatively weaker results of the four-
year regression on the change in the exchange rate. With the exception of the ratio on
the French Franc returns, the Fama (1984) finding that the variance of the expected excess
return exceeds the variance of the change in the exchange rate appears to remain even over
quite long horizons. Thus, unlike the domestic asset pricing literature, the “excess volatility
puzzle” does not disappear in the long-horizon data.

5 Testing Latent Variable Models at Long Horizons

The results presented above suggest that the selected forecasting variables are able to forecast
foreign exchange risk premia at long horizons. In this section, I examine whether these results
are consistent with a version of the intertemporal capital asset pricing model (ICAPM).

5.1 Latent variable model and tests

In Merton’s (1973) ICAPM, the expected return on an asset is driven by the covariances
of the asset’s return with the returns on a number of factors. The return on the market

21The VARs used in the next section provide forecasts of both the excess return (under the null that it is
a constant) and the forward premium. I use both to generate a forecast of the change in the spot exchange
rate. The regressions in (5) and (12) are performed which give forecast values. I report fractiles of the
small-sample distributions as this is not a statistical test per se and thus marginal significance levels do not
seem appropriate.
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portfolio is assumed to be the first factor. The other factors arise from investors’ demands
to hedge shifts in the investment opportunity set. The total number of factors is assumed to
be small relative to the number of assets being examined. In empirical tests of the model,
the factors can either be observable (i.e., based on pre-specified variables) or unobservable
(i.e., latent). In the latter case, a number of instrumental variables are used to forecast
returns. As the number of latent variables is smaller than the number of instruments, cross-
equation restrictions are imposed on the parameter space of the equations used to forecast
returns. The latent variable test methodology is applied to international asset returns in
Huang (1989), Lewis (1990), Bekaert and Hodrick (1992) and Campbell and Hamao (1992).

Latent variable tests using international asset returns differ from their counterparts that
use domestic asset returns as the former require the additional hypothesis that international
capital markets are integrated. If international asset markets are integrated, then assets with
identical risk characteristics will have the same expected returns regardless of where they
are traded (Campbell and Hamao (1992)). If the latent variable model is rejected by the
data, then either the markets are not integrated or the model does not fit the data. This joint
hypothesis problem suggests applying the model to Eurocurrency returns. The Eurocurrency
market has small transaction costs and is generally free from government regulations that
prevent trading.?? Thus, Eurocurrency returns are likely to be integrated with each other
(Jorion (1992)) and this integration will not change over time. Also, recall that the long-
horizon variance ratios (16) in Table 9 support the view that frictions are not likely to be
responsible for the existing puzzles with the moments of the risk premia. Thus, in the tests
undertaken below, if the joint null hypothesis is rejected, the specification of the model is
more likely to be the cause of the rejection rather than segmented markets.

There have been a number of latent factor models proposed for their ability to model
Eurocurrency returns; Engle (1996) has a summary. These studies provide contradictory
evidence on the relationship between the investor’s holding period and the number of latent
variables required to explain returns. Huang (1989) estimates a single latent variable model
for returns on nine currencies across four forecast horizons ranging from one month to one
year. Using instruments specific to the foreign exchange market (i.e. forward discounts), he
finds that the single factor model is rejected at the one-month horizon but not at any of the
other horizons. Lewis (1990) also finds that statistical tests of a single latent variable model
on Eurocurrency returns are sensitive to the holding period examined. She shows that the
single latent variable model is rejected at the one-month horizon, but not at the three month
horizon. Her instrument list includes forward premia and differences between one and three
month interest rates in the countries examined. In contrast, Cumby (1988) rejects a latent

22Marston (1995) provides a survey of issues involved in the integration of Eurocurrency markets and some
new tests.
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variable model using three month returns and a wider variety of instruments.

The long-horizon analyses performed above suggest three modifications to the existing
latent variable tests which may help explain the contradictory results found in the earlier
studies. The first modification is that is that the forecasting variables for returns should
include instruments related to risk premia in other markets. Given the strong explanatory
power of these instruments in the tests performed above, it is likely that factors which
influence bond and stock returns are also likely to influence currency returns.

The second modification is that the tests may be more powerful if they distinguish be-
tween global and local sources of risk. If the local instruments used above represent local
risk factors, then Eurocurrency returns are not driven solely by global risk factors. Thus,
previous tests of the ICAPM that posited only global risks (i.e. risks that affect all returns)
may be misspecified. In the long-horizon regressions performed above, as the holding pe-
riod lengthens, the foreign exchange risk premium appears to be captured better by both
the world and local instruments. The correlation among the variables in the two sets of
instruments would make it difficult to differentiate between global and local risk factors in
an unrestricted forecasting regression. However, imposing the additional structure from an
economic model may help separate the effects of the two sources of risk.

The third modification is that the tests should be conducted over both short and long
forecast horizons. The effect of different forecast horizons on the tests has been noted before.
Lewis (1991) suggests that, at short horizons, the covariance of the return on the latent factor
with that on the Eurocurrency may move idiosyncratically due to several possible sources
of heteroskedasticity. Over longer holding periods, heteroskedasticity in asset returns is less
strong so that the latent variable null would be not be rejected.

The long-horizon analysis above gives another perspective on these tests. At short hori-
zons, the coefficients in the forecasting regressions are not estimated very precisely and may
even have different signs across different returns. As the forecast horizon lengthens, the esti-
mated coefficients are estimated more precisely as shown in Tables 2 and 3. Thus, contrary
to Lewis (1991), the covariance between the returns could be proportional at all horizons and
yet a long-horizon regression may be able to reveal a finding in favor of the latent variable
model and international asset market integration.

In this section, I undertake tests of the latent variable model of Eurocurrency returns that
account for these three additional effects.?® T assume that the returns are driven by both local
and world risk factors and that these factors can be captured by the instruments used above.
In particular, there is a mean-variance efficient global “benchmark” portfolio that captures

23 A more formal derivation of a latent variable tests can be found in Hodrick (1987), Lewis (1991), and
Jorion (1992) and is not repeated here in the interest of brevity.
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the influence of the world factor.?* As I do not wish to specify a particular market portfolio
as being mean-variance efficient, I assume that the expected excess return on the benchmark
can be modeled as a linear projection on the world variables used above (the US term
structure slope and dividend yield). I also assume that the coefficients linking Eurocurrency
returns to the global benchmark return are proportional across different currency returns at
each forecast horizon. The local risk factors are priced internationally but are assumed to
influence only the own currency returns.?® I assume that the influence of the local factors
can be captured by the forward premium for each currency.?®

Under these assumptions, the effects of both global and local risk factor can be incorpo-
rated into a model of expected Eurocurrency returns by estimating a system of long-horizon
regressions:

363%,t+k = g0 W+ fpfs/l + Utl,t+k: (17)

363?,t+k = 55 cO- W, + AP fp?S/E) + U?,Hk;?

where W, is the vector of world variables (US dividend yield, US term structure slope and a
constant) at time ¢ and O is the vector of common coefficients. Thus the linear combination
of © - W, represents the return on the (unobservable) global benchmark portfolio. The (3’
parameters capture the different effects of the benchmark portfolio across the Eurocurrency
returns. The (unrestricted) A’ parameters capture the influence of the local risk factor (the
forward premium for each country). I test the system (17) on Deutsche Mark, Japanese Yen,
UK Pound, French Franc and Swiss Franc returns (ses{vt ., Where j = 1,...5 respectively).
The Canadian dollar returns are excluded because of their poor long-horizon performance.
The system is estimated separately for each forecast horizon k, using the same values of k as
in the long-horizon regressions above. The system (17) is not identified in its present form
and I follow the standard procedure in identifying ' = 1.00.

The system is estimated using GMM. The same form of the Newey-West (1987) cor-
rections undertaken in the unrestricted long-horizon regressions are used to calculate the

24 A setting such as this could arise from the intertemporal capital asset pricing model where the benchmark
portfolio is the mean-variance efficient portfolio which has the maximum correlation with the intertemporal
marginal rate of substitution (Lewis (1991)). An alternative could be to use the classic CAPM in an
international setting which assumes that the price of exchange risk is zero (Dumas and Solnik (1995)). It
should thus be stressed that the latent variable test is not a test of a particular economic model, but rather
should be regarded as a parsimonious way of describing the data.

25The local factors will be priced internationally if their influence cannot be diversified away. The model
presented tests this proposition by including the local factor returns along with the global benchmark portfolio
returns.

26Robustness checks on these assumptions are undertaken below.
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optimal weighting matrix for the system of equations at each k.2 The model’s null hy-
pothesis of a single global benchmark portfolio imposes over-identifying restrictions on the
parameters in the separate equations. Hansen’s (1982) J statistic is used to reject or not re-
ject the null. It is distributed chi-squared with degrees of freedom equal to the total number
of orthogonality conditions (20) less the number of parameters (12).

5.2 Latent variable test results

Table 10 provides estimates of the beta coefficients from (17) and the test statistics of the
model for each of the forecast horizons examined. The estimated beta coefficients do not
change a lot as the forecast horizon lengthens except for those on the Japanese Yen returns.
The asymptotic standard errors of the coefficients decline due to the increased power of the
long-horizon regressions. However, the J statistics of the over-identifying restrictions indicate
that the model is rejected at standard significance levels at all of the forecast horizons. Thus
it appears that a single latent variable model augmented with a local risk factor is not capable
of explaining currency returns at all horizons.

However, an examination of the impact of the model’s restrictions on the instruments’
ability to explain returns reveals another story. Table 11 shows three variance ratio statistics.
The first (VR-Mod.) is the ratio of the forecast variance from the restricted model (17) to
the forecast variance from an unrestricted OLS regression using the same variables. If the
ratio is far below 1.00, then the restrictions imposed by the latent variable model are causing
a large drop in forecast power.?® The second (VR-Res.) is the ratio of the variance of the
restricted model’s residuals to the forecast variance of the same OLS regression. If VR-Res.
is large compared to VR-Mod., then the forecasting ability of the instruments is not being
captured by the model.

At the shortest horizon, the VR-Mod. ratios are large both in absolute magnitude and
in relationship to the VR-Res. ratios for all currencies except the UK pound. This suggests
that the model is capturing most of the predictable variation well. As the forecast hori-
zon lengthens, the story becomes more complicated. The long-horizon (four year) VR-Mod.
statistics are similar for the German Mark and Swiss Franc returns (0.627 and 0.791, re-
spectively). Also, the portion of the predictability captured by the residual is small. These
results indicate that the two currencies share similar risk factors. This is not too surprising

27Qccasionally, this leads to convergence difficulties in the algorithm and a longer lag structure must be
chosen. While it would be interesting to calculate the small-sample distribution of the test statistics, this
would be very difficult given the large number of variables in each system. Also, the rejections of the model
given below are so extreme (i.e. the p-values are so small) that small-sample results would not likely change

the inference too much given the unrestricted regression results presented above.
28This statistic is widely used in tests of latent variable models (e.g. Campbell and Hamao (1992)).
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given the closeness of the two economies. The VR-Mod. statistics for the UK Pound and
French Franc returns are closer in value to the VR-Res. statistics indicating that the model
explains less of the long-horizon movements in these currencies’ returns.

The large values of the VR-Mod. and VR-Res. statistics for the Japanese Yen returns
indicate that the combination of the (restricted) global and (unrestricted) local variables are
not explaining Yen returns well. An examination of the global factor regressions in Table 3
reveals the reason. The coefficients on the US dividend yield in the Japanese Yen regressions
are large and positive while they are large and negative in the regressions for the other
currencies. The latent variable restrictions impose a common coefficient on this variable in
all of the equations, leading to the poor results for the Yen.

The third statistic presented in Table 11 (VR-Loc.) is the portion of the variance of
estimated currency returns that is due to the local risk factor:

var(\' - ")
var(ﬁj O W+ N fpgs/j)’

where the estimated coefficient values are from (17). As can be seen, the variance ratios
indicate that the local risk factor can have a large influence on returns. At the shortest
horizon, only the UK Pound is strongly influenced by its local factor. However, at long
horizons the local risk factor can exert a large influence. Movements in long-horizon Japanese
Yen returns are almost completely driven by the local risk factor, explaining the poor results
detailed above. The local risk factors are also important for the Pound and French Franc
returns.

While the model is formally rejected according to the statistical test, it is interesting
to see if the rejections are economically significant. Cumby and Huizinga (1992) suggest
an alternative test statistic to capture this. They show that the (non-centered) correlation
coefficient (p) of the fitted values from any two returns in (17) will go to plus one or minus
one in large samples if and only if the null hypothesis of a single (global) risk factor is true.
This approach to testing the null allows much more economic information to be revealed.
For example, the correlation coefficient could be quite high (p ~ 0.9) and yet be estimated
very precisely so that the null would be rejected. However, the data would be showing a large
degree of integration. Conversely, the degree of correlation between the excess returns could
be much lower and yet a single latent variable test may not reject the null if the standard
error were large enough. Cumby and Huizinga stress that this is not a formal test of the null
as the distribution of the test statistic under the null is not known. It should be noted that
the correlation will only be perfect in the model used here if the single global risk factor is
present and if the local risk factors are not priced.

Table 12 presents the estimated correlation coefficients between each pair of currencies at
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all horizons. The correlations are high (i.e. > 0.80) for many of the currencies and horizons
examined. The correlations tend to fall as the horizon lengthens for any pair involving Yen
or French Franc returns. Thus even though the model is being formally rejected, it appears
that the influence of a single (global) source of risk in Eurocurrency returns is large.

Additional analysis reveals the cause of the differences between the statistical and eco-
nomic significance of the model. The results do not arise from either the instrument sets
used or the currencies examined. Additional estimations (not shown) using a variety of in-
struments for the global and local factors reveal the same results. The model is still rejected
if the Yen returns are excluded; other results indicate that the p values of the .J statistics are
still very small. Thus the statistical results presented above are not simply the result of the
model not describing Yen returns. What appears to be driving the statistical rejection of
the model is the inclusion of the local risk factors, represented by the forward premia. Table
13 provides estimates of (17) where the coefficients on the local risk factors have been set to
zero. The model of a single global source of risk is not rejected at any of the forecast hori-
zons. However, the VR-Loc. ratios of Table 11 show that the model is missing a significant
source of return predictability.

Thus it appears that the combination of global and local sources of risk is important
economically. While a basic version of the model that includes only the global risk factor
cannot be rejected statistically, the model does not have the large degree of explanatory
power of the unconstrained long-horizon regressions. When local risk premia are included,
the degree of explanatory power is large and this power increases at long horizons. When
both global and local risk factors are included, the power of the statistical tests rise leading
to a rejection of the over-identifying restrictions. However, the rejections do not appear to
be economically significant, according to the correlation coefficient metric used here.

6 Conclusions

Previous studies of the deviation from uncovered interest parity have concentrated on the
short-run movement of the excess currency return and its relationship to excess returns in
the stock and bond markets. In these short-horizon analyses, it is difficult to extract common
patterns of return prediction from noisy data. In this study, I have adopted a long-horizon
approach which has greater asymptotic power to reject the null of a constant risk premium
in favor of a persistent alternative specification. As a result, while the relationship between
the foreign exchange returns and the instruments that are associated with domestic asset
risk premia are not very strong in the short-horizon (monthly) regressions performed here
(as elsewhere), when I extend the forecast horizon I obtain a consistent pattern of coefficients
across countries. Long-horizon regressions thus reveal a persistent component of expected
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returns on foreign currency deposits that is related to expected returns on domestic assets. I
interpret this expected component as a time-varying rational risk premium, though I realize
other interpretations are possible. In addition, I extend Fama’s (1984) finding and reveal
that the foreign exchange risk premium remains more volatile than the expected change
in the spot exchange rate even at quite long horizons. This suggests that various market
frictions — which would likely influence portfolio and consumption decisions in the short but
not long run — will not be responsible for Fama’s excess volatility puzzle.

Both the power and size of my tests are examined. Other authors have suggested that
long-horizon regressions have good asymptotic power properties provided that the return
data display certain time series characteristics. I show that the foreign exchange return data
do indeed display these characteristics. Using a detailed, small-sample study, I demonstrate
that the pattern of return prediction is robust to a variety of potential size distortions,
though not all of the tests statistics are significant at standard levels.

I examine whether the a version of the ICAPM can provide the economic causes of the
long-horizon regression results. A latent variable model augmented with a local risk factor
is able to explain long-horizon returns on the European currencies examined. However, the
model is not able to capture Japanese Yen returns simultaneously with the FEuropean ones.
These results suggest that both local and global risk factors need to be used in subsequent
modeling efforts. However, it remains an open question as to the underlying economic forces
that give rise to global and local risk premia with high degrees of volatility even at long
horizons.
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Table 1
Summary Statistics

The table shows summary statistics of the excess foreign exchange return series (es), slope of the
term structure (sp), dividend yields (dy) and forward premia (fp) for the six foreign countries
(Germany, Japan, UK, France, Switzerland and Canada) and the US. All of the series are expressed
in monthly per cent continuously compounded form. The sample period is June, 1975 to June, 1997.
The three estimated autocorrelations of the series are for a one, six and twelve month lag,
respectively.

Standard Autocorrelation
Variable Mean Deviation 13, Ds P12

esCermany -0.051 3.413 -0.005 -0.061 0.016
57 0.114 3.490 0.091 -0.117 0.096
es® 0.091 3.339 0.100 -0.080 -0.008
estrance 0.045 3.263 0.001 -0.057 0.013
g Smitzerland -0.101 3.832 0.047 -0.090 0.025
g Canada -0.004 1.339 -0.028 -0.032 -0.070
sp® 0.065 0.188 0.934 0.734 0.604
splerman 0.116 0.150 0.945 0.786 0.537
sp’P 0.087 0.151 0.829 0.556 0.313
spk 0.022 0.202 0.924 0.659 0.380
splrenee 0.028 0.239 0.592 0.216 0.046
spizertand 0.029 0.160 0.923 0.733 0.491
spCanada 0.076 0.170 0.931 0.642 0.392
dy” 0.309 0.088 0.980 0.881 0.773
dyeman 0.215 0.067 0.980 0.879 0.772
dy’ " 0.099 0.050 0.988 0.916 0.837
dy”® 0.367 0.063 0.943 0.722 0.607
dy e 0.332 0.128 0.983 0.886 0.744
dySiertand 0.200 0.044 0.968 0.800 0.636
dyade 0.276 0.081 0.951 0.658 0.471
fpUs Germany 0.164 0.275 0.951 0.810 0.717
fyUS Japan 0.241 0.269 0.920 0.578 0.371
fpUSUK -0.214 0.256 0.908 0.530 0.255
fpUs France -0.185 0.310 0.709 0.401 0.262
AprS/Switzerland 0.306 0.329 0.961 0.820 0.737

fpV/s/Canada -0.107 0.153 0.843 0.509 0.258




1100 811°0 $96°0 700°0 010°0 0000 0000 0000
6£0°0 wr8er)  (960°26)  (SS6°67) (001°0) 000°0 worer)  (1s9'6¢)  (s9ss1)  (180°0)
$8¢'8 7020 €61°GE- P96 EYI- 70€°1- €I€0 17876 8LS°0 TTSPE- 995¥9T-  0£€06 $86°0 8t
000°0 L0 0v6°0 ¥L0°0 900°0 7000 000°0 €000
0000 (Loge)  (Lecoor) (zszee)  (Tiro) 0000 (6zeer)  (s189¢9)  (61€L1)  (1€1°0)
€S6°SH IvT0 €PESH-  SE0°EE- ST 0020 ILTTL vIS0 695°9¢-  YOC'SLI-  9SP'SS 76€°0 9¢
0000 6760 SL90 101°0 €200 $80°0 9000 880°0
000°0 (reor)  (orgoL)  (9vzog)  (€80°0) 000°0 (8sz1)  (s1579)  (61¥°81)  (OP1°0)
9858t 8570 9IS b~ 6LT9- ¥89°C1 SE1°0 98Lb¢ $TE0 8€6°ST-  TYL'LOT-  00T°0S 6£7°0 v
0000 LL9O T6L°0 96L°0 890°0 SST1°0 ¥60°0 ¥ST°0
000°0 (scrs)  (gsyge)  (810¢r)  (1¥0°0) 0000 P9L9)  (zrgge)  (0s¢1r)  (S80°0)
101 vP 90£°0 90$°C¢- 11091 9TY'€ TLO0 866°61 €LTO 0SECI-  T8YHS- 6L0°61 121°0 71
000°0 6SL°0 866°0 0€1°0 SLT'O 991°0 S8€°0 L9T°0
100°0 (6L8°0) (so1'v) (659°1) (500°0) 611°0 (990°1) (€L0°¢) (62v'1) (L00°0)
$88°91 800 091°¢- 09C'1 ¥00°0- L000 098°S S10°0 LY - 85T V- YTl 0100 I
onfea-d A onpea-d onpea-d onpea-d onpea-d onpea-d A onpea-d onpea-d onpea-d onpea-d @)
X (o's) (o°s) (o's) (o'5) X (a°5) (o's) (o°s) (o's)  uozuoy
1Y p Jds JUBISUOD s Y HMAp s JUBISUOD  )SBIIOS
SJUAIDFI0)) SJUAIDIFO0))
uo  osoueder SIBJA] UBULIOD)

-onyea-d sy yym 3uoge ((g) %0 uwn[oo JY) Ul umoys st 010z o) [enba Apjurof axe sojqerrea K1ojeue[dxo oY) UO SJUSIIIIFI0D
oyy Jey) sisaypodAy [nu oYy Jo 1S3} PIEA SU) YIM PIJEIDOSSE ONSIE)S 150) porenbs-1yo oy Jo dNJeA Y] WOPIAL JO $22I50P 10F paysnfpe d1e sonsnels y YL
"SOJBUINISO AU} MO[Oq UMOYS dIe (sonjea d) s[oad] doueoijiugis [eurdrew onoydwAse oy 'ss9001d 10110 o) Ul SWId} 7-¥ Jo deroao ue Sununsse poje[no[ed a1e (‘o°s)
SI0LId pIepue)s 159 M -KamaN “((;,'d/) wniwaid premioy ayy pue ‘(/4p) p[aIk puspiAlp ayy “(/ds) adofs amjonns wis) dy)) ANUN0D Jey) YIIM PIJLIOOSSE SJUANNSUL
[B90] JO 39S Ay} uo (¥+'7s525) ¥ UOZLIOY }SBIAI0J IOA0 [ ANUNOd Ul UINJAI 9jel dUBOXS $SI0Xd AU} JO UOISSAIZAI UOZLIOY-3UO] B JO S)NSAI SMOYS d[qe} d L,

SJUSWINIISUJ [8I07] UO SWINJIY ISUBYIXT USIII0 SSIIXH JO SUOISSIIFIY UOZLIOH-3U0|
¢3Iqe L



000°0 800°0 100°0 L9070 11070 000°0 000°0 000°0
0000 (906'17)  (6€1°LE)  (svz00)  (ST1°0) 0000 (rrzer)  (oogz9)  (19szr) (8970
$91°8¢ v6£°0 €65 18- YIT 66" YLTOL 6220 €80t 7150 617°0S-  6SESLT-  LLOLS $66°0 8t
000°0 000°0 000°0 120°0 7000 000°0 120°0 000°0
0000 (rzos1)  (6z181)  (g18'61)  (T80°0) 0000 (6cTv1)  (zeres)  (Lzien)  (ovT0)
S€T'99 6510 97S'9L-  TI8'88- 89.°9L 681°0 SLY 1Y 8150 9I¥'€h-  0T1'9€C- TICHY 8€8°0 9¢
100°0 000°0 600°0 ¥20°0 000°0 000°0 161°0 100°0
000°0 (servn)  (199:81)  (8ze91)  (6L0°0) 0000 (c6L9)  (LLovy) (1zeor)  (TL10)
986°I¢ 12€°0 020°S-  €0€1L- LTy 8LT0 705°6€ LOVO €ELEE- S69°091-  9vEIT LSS0 v
€00 100°0 0 020°0 11070 000°0 ¥96°0 000°0
000°0 (8sL'L)  (¢Lren)  (g7€6) (150°0) 000°0 (868'9)  (z66'10)  (9pz0o1)  (180°0)
169°61 991°0 $69°91- %0 Ch- 16€T1 0210 91T 1820 6TV LT-  986't6" S9p°0- 62€°0 71
8500 7000 6190 8500 800°0 120°0 161°0 1S0°0
(z10°0) 9z 1) F9r 1) (sL9'1) (900°0) 0000 (¥68°0) (so1°¢) (zo1'1) (z10°0)
$88°01 €€0°0 S6¢°T 8Ly - 19L°0 11070 LEO'ST 960°0 1LET 981°L- 1281~ €20°0 I
onfea-d A onfea-d onfea-d onfea-d onfea-d onfea-d A onfea-d onfea-d onfea-d onfea-d @)
X (o's) (o°s) (o's) (o'5) X (o's) (o's) (o's) (o's)  uozuoy
1Y p Jds uRISUO)) sy HMAp s JURISUOD)  1SBIJI0Y
SJUAIDIFI0)) SJURIDIFO0))
ouelq youarg punod N

-onyea-d sy yym Suoge ((g) %0 uwn[oo JY) Ul umoys st 019z o) [enba Apjurof axe sojqerrea K1ojeue[dxo oY) UO SJUSIDIFI0D
oyy ey s1saypodAy [nu oy Jo 1S3} PIEA U} UM PIJEIDOSSE ONSHEIS 159} parenbs-1yd Ay JO onfeA AL WOPIAY JO $o0IZop 10§ pajsnipe ore sonsnels Ly YL
"SOJBUINISO AU} MO[Oq UMOYS dIe (sonjea d) s[oad] doueoijiugis [eurdrew onoydwAse oy, 'ss9001d 10110 o) Ul SWId} 7-¥ Jo deroao ue Sununsse poje[no[ed a1e (‘o°s)
SI0LId pIepue)s 159\ -KamaN *((;,'d/) wniwald premioy oy pue ‘(/4p) p[oIk puapIAlp Yy “(/ds) adofs amjonns wia) oY1) ANUNOD Jey) YIIM PIJLIOOSSE SJUANNSUL
[B90] JO 39S Ay} uo (¥+'7s525) ¥ UOZLIOY }SBIAI0J IOAO [ ANUNOD Ul UINJAI 9jel dUBOXS $SI0Xd AU} JO UOISSAIZAI UOZLIOY-3UO] B JO S)NSAI SMOYS d[qe) d L,

SJUSWINIISUJ [8I0] UO SWINJIY ISUBYIXT USIII0 SSIIXH JO SUOISSIIFIY UOZLIOH-3U0|
panunuod ‘g dqe],



8rE0 €100 069°0 1¥0°0 ¥00°0 760°0 LS00 7100
€80°0 st (soLve) (81601  (FET°0) 0000 (cergn)  (T18€9)  (66TL1)  (LPI0)
0,99 6LT0 €eL Yl TTE98- ISEY YLT0 €%8°9C ¥9€°0 18€°CS-  6SSLOT-  L88°TE 0LE0 8t
£rE0 010°0 8670 LEOO 000°0 ¥1S°0 120°0 1120
000 (9sL711)  (62L°LD)  (8ST°6) (L01°0) 0000 (L9671 (Wes'1ID)  I€10)  (FET0)
70€°8 6220 €LTTT YU 1L~ ¥9€01- vZT0 6€L°1T 9LE0 SPE6t-  0SLTL- cer6y €62°0 9¢
1¥9°0 LT0°0 0v0°0 790°0 100°0 9160 001°0 8€T°0
LS00 (8889)  (0zsel)  (LLEL) (2L00) 000°0 (oLgor)  (Ls6'96)  (g1061)  (161°0)
01SL 0L1°0 SPI'y ST 6SISI- SEI'0 0vE8T 0LT0 068°€E-  LS6T9- 9€T 1€ STT0 v
SEV0 20 LEOO 69€°0 S00°0 Shh 0 w0 1ST0
$60°0 (zeoy)  (govzD)  (1ZEd) (8€0°0) 000°0 (L96's) (86579 (62911  (gT1°0)
89¢€°9 ¥01°0 Ly1°¢- 16811~ S10°6- S€0°0 60€°€T 091°0 06S°91-  08L'Lt- £9¢°8 710 4
7000 8LT0 LS00 S€S°0 0S0°0 08L°0 1SS0 SIP0
000°0 ($65°0) (crrn (295°0) (£00°0) 98t°0 (866°0) (s28°9) (LLy' 1) (010°0)
vr0 €T L90°0 LES'T- 90T’ I~ 1L0'T- 7000 9L8L 9670 1961~ ws'I- 088°0- 8000 I
onfea-d A onfea-d onfea-d onfea-d onfea-d onfea-d A onfea-d onfea-d onfea-d onfea-d @
X (o's) (o's) (o's) (o) X (o's) (o's) (o'5) (o's)  uozuoy
1Y p Jds uRISUO)) sy HMAp s JUBISUOD  )SBIIOS
SJUAIDFI0)) SJUAIDIFO0))
Ie[[o( ueIpeuR) JueIq SSIMS

-onyea-d sy yym Suoge ((g) %0 uwn[oo JY) Ul umoys st 010z o) [enba Apjurof axe sojqerrea K1ojeue[dxo oY) UO SJUSIDIFI0D
oy} jey sIsapodAy [[nu Ay JO 159} PlEAY OY} YHM PIJBIDOSSE ONSIEIS 159} Parenbs-1yd Ay Jo onjeA oY, WOPADIY JO SAITOP 10§ pajsnipe de soNSNEIS Y YL
"SOJBUINISO AU} MO[Oq UMOYS dIe (sonjea d) S[oad] doueoljiugis [eurdrew onoydwAse oy, 'ss9001d 10110 o) Ul SWId} 7-¥ Jo deroao ue Sununsse poje[no[ed a1e (‘o°s)
SI0LId pIepue)s 159\ -KamaN *((;,'d/) wniwald premioy oy pue ‘(/4p) p[oIk puapIAlp Yy “(/ds) adofs amjonns wia) oY1) ANUNOD Jey) YIIM PIJLIOOSSE SJUANNSUL
[B90] JO 39S Ay} uo (¥+'7s525) ¥ UOZLIOY }SBIAI0J IOAO [ ANUNOD Ul UINJAI 9jel dUBOXS $SI0Xd AU} JO UOISSAIZAI UOZLIOY-3UO] B JO S)NSAI SMOYS d[qe) d L,

SJUSWINIISUJ [8I0] UO SWINJIY ISUBYIXT USIII0 SSIIXH JO SUOISSIIFIY UOZLIOH-3U0|
panunuod ‘g dqe],



7850 €100 0v9°0 10S°0 100°0 $$S°0
100°0 (szrrren)  (8L6'ce)  (68€0) 0000 (psss6)  (zzogn)  (10€°0)
8TS'€1 0vz0 £09°99 89.'t8 781°0- 8.7°9T 8810 SYEH9- 98526 8LT°0 8t
L8S0 L000 £€9°0 69t°0 ¥10°0 780
100°0 (Lsv'101)  (€69'67)  (8€€0) 0000 (coss6)  (v9c0g)  (01€0)
610°ST 8670 91°SS 9€6°'6L 191°0- S0€°0€ LLYO LET 69" 0LE VL 661°0 9¢
Yro 7000 Hh 0 L0 9200 818°0
000°0 (Lsy'ir) Q1) (Tveo) 0000 (ovv1L)  (6L6v7)  (LTTO)
00£°02 6220 991°LS 86999 981°0- STI°€E LIEO 829°€T- 0SS°SS 7500 v
S0Z°0 ¥00°0 61°0 789°0 €L0°0 99L°0
6000 (Ler9g)  (s19°61)  (121°0) 100°0 (8zLve)  (1oocr)  (Tiro)
6156 0120 0r8 Sy 8SE°SY LSTO" 078°¢l 8€1°0 6vTyI- LTE€T €€0°0 71
L6E0 6100 LIE0 6180 €TI0 969°0
1S0°0 (P0g€) F19°1) (110°0) 90 (192 (Lz9'1) (600°0)
1S6°S €200 86L°C S6L°€ 010°0- ¥08°'C 6000 L8S0 60S°C ¥00°0- I
onfea-d A onfea-d onfea-d onfea-d onfea-d A onfea-d onfea-d onfea-d @)
@ X (o's) (o's) (o) @ X (o's) (o°s) (o's)  uozuoy
‘ bc@ B bim JUBISUOD ‘ bc@ B bim JUBISUOD  ISBIIO,]
SJUAIDFI0)) SJUAIDIFI0))
uo x osoueder SIBJA] UBULIOD)

-anpea-d sy ynm 3uore ((7) %0 uwn[oo Y} Ul umoys SI 019z 0} [enba Apjurol are sojqerrea
K1oreue[dxo oy} UO SHUSIONF0D Oy ey SISAYIodAYy [[nu oy} JO 1S9} PleA) OUI I POJBIOOSSe OIISIeIs 1S9} patenbs-1yo oy Jo onjea dY], "WOPAIJ JO SOIFop
103 paysnipe ore soUSHES 3 AU SOILWNSS AU MO[O] UMOYS AIE (SOn[eA d) S[OAS] douBdHIUSIS [eurdiewr onoydwAse oy, "sso00id JOLID oY) Ul SULIA} [-Y JO
dej1oA0 ue Jurunsse paje[no[ed dle (*0's) SIOLId prepuels 1S9 M -KamaN “((g,p) PIOIA PUSPIAIP S Ay pue (,'ds) SN Yy ul odofs dIMINIS ULId) oY) SHUSWNLSUL
PHOM JO 39S 9y} uo (*+/7s28) y UOZLIOY }SBII0J IOAO [ AUNOD Ul UINIOI dJel OFUBYIXD SSIIXd AU} JO UOISSAIFOl UOZLIOY-FUO[ B JO S)NSAI SMOUS J[qe) Y],

SJUSWINIISUJ P[IOAA UO SUINIIY dFUBYIXH USIII0] SSIIXT JO SUOISSIAFIY UOZIIOH-3U0|
¢€9IqeL



LELO 100°0 999°0 €6L°0 000°0 LYLO
0000 (ozL'00r)  (09L'80)  (F1€0) 0000 (pszL9) (6L 10)  (S€T°0)
wsve L9Y'0 788°¢¢- 881°86 SET°0 6LL6T 99t°0 vE9LI- 776'96 9L0°0 8t
LS9°0 900°0 9790 ¥9L°0 ¥00°0 ¥TL0
0000 (6c1v6)  (6LT08)  (S0€0) €000 (opLs8)  (zirve)  (SLTO)
ST1°8T S8Y°0 €9L 11~ 18578 6v1°0 6TS'TI LYE0 ¥69°SC- €16'89 L60°0 9¢
968°0 11070 7680 ¥$9°0 091°0 98670
000°0 (981°69) (89L€0)  (61T°0) €710 (rre's9)  (oss'zo)  (g0T0)
8T Y€ LYE0 S00°6" $%9°09 0€0°0 Z8 ¥S1°0 L1S 6T ¥69°1€ 1110 v
¥9L°0 790°0 SLLO 9LT°0 888°0 €220
7000 (ozrve)  (svren)  (011°0) 0S€°0 (zrrog)  (ocv9r)  (L60°0)
$99°71 Iv1°0 6vT 01~ 11$%¢ 1€0°0 860°C W00 66L7T¢" €1€T 811°0 71
0SL°0 $60°0 0L9°0 620 ¥L9°0 €EY°0
LOT0 (8€9°0) (Tos'1) (600°0) 9¢t°0 (Ivv'0) 967 1) (800°0)
293 010°0 ws'0 LOS'T ¥00°0- 799°1 700°0~ 0€6'T- 6290 900°0 I
onfea-d A onfea-d onfea-d onfea-d onfea-d A onfea-d onfea-d onfea-d @)
@ X (o's) (o's) (o) @ X (o's) (o°s) (o's)  uozuoy
‘ bc@ ‘ DSW uBISU0)) ‘ bc@ B bim JUBISUOD)  ISBIAIO,
SJUAIDFI0)) SJUAIDIFI0))
ouel1q youarq punod N

-anpea-d sy ynm 3uore ((7) %0 uwn[oo Y} Ul umoys SI 019z 0} [enba Apjurol are sojqerrea
K1oreue[dxo oy} UO SHUSIONF0D Oy ey SISAYIodAYy [[nu oy} JO 1S9} PleA) OUI I POJBIOOSSe OIISIeIs 1S9} patenbs-1yo oy Jo onjea dY], "WOPAIJ JO SOIFop
103 paysnipe ore soUSHES 3 O SOILWINSD AU} MO[O] UMOYS AIE (SOn[eA d) S[OAS] douBdHIUSIS [eurdiewr onoydwAse oy, "sso00id JOLID Oy} Ul SULIA} [-Y JO
dej1oA0 ue Jurunsse paje[no[ed dle (*0's) SIOLId prepuels 1S9 M -KamaN “((g,p) PIOIA PUSPIAIP S Ay pue (,'ds) SN 9y ul odofs dIMINIS ULId) oY) SHUSWNLSUL
PHOM JO 39S 9y} uo (*+/75a8) y UOZLIOY }SBII0J IOAO [ AUNOD Ul UINJOI dJel OFUBYIXD SSIIXd AU} JO UOISSOIFOl UOZLIOY-FUO[ B JO S)NSAI SMOUYS J[qe) Y],

SJUSUWINIISUJ P[IOAA UO SUINIIY dFUBYIXH USIII0] SSIIXT JO SUOISSIIFIY UOZIIOH-3U0|
panunuod ‘¢ dqe],



SLS0 SEV0 8+9°0 Ly 0 0000 €LS0

L19°0 (8sv'8¢)  (609°11)  (¥ST1°0) 0000 (svzee) (160970  (06T°0)

996°0 St0°0 €LS 1T ¥$0°6 0L0°0 vLTSE €050 €68°0L- 1P €6 91°0 37
161°0 L8S0 6LT0 Py 0 S10°0 8€S°0

S1¥°0 (z6s'60)  (117°6) (811°0) 0000 (929°66)  (985'1¢)  (TTE0)

LSL'T ¥70°0 LLY8E- 000°S- LT1°0 66011 650 681°9L- 9St'9L 661°0 9¢
7200 L80°0 ¥$0°0 969°0 1¥0°0 69L°0

0S0°0 (cresr)  (8TsL) (€L0°0) 0000 (966'6L)  (s18970)  (€vT0)

110°9 860°0 0S0°Ch-  T68°TI- 10 S1$°9¢ €82°0 889°¢¢- 9L8'VS 1L0°0 v
SY0°0 8€0°0 6S0°0 €890 PET°0 S08°0

650°0 (rv6) (#99°¢) (#£0°0) 100°0 (zov'1y)  (Lszs)  (9€1°0)

0L9°S 0L0°0 658°81- €79°L- £90°0 SLLYT LOT0 7691~ TL8°TT ¥€0°0 4
9Lt°0 w90 187°0 €260 791°0 LTLO

89L°0 wrrn (655°0) (#00°0) 80€°0 (620°¢) (6£8°1) (010°0)

8750 900°0- v6L°0- 092°0- £00°0 €6€T L000 162°0 0LST ¥00°0- I

onpea-d A onpea-d onpea-d onpea-d onpea-d A onpea-d onpea-d onfea-d @)

«QN& (-o9) (-os) (-os) X (-o9) (-o9) (-o9) UOZLIOH

c bcnc < :iw JuRISUO)) c bcnc < :iw JUBISUOD  ISBOAIO,]
SJUSIDIJJO0) SJUSIDIIJO0)D)
Ie[[o(  ueipeue)) ouelq SSIMS

-onpea-d sy ypm 3uofe ((7) %O uwnjoo 9y} Ul umoys sI 010z 0} enba Apjurol a1e sojqerrea
A101euE[dXd 9} UO SJUSIDIFO0D Y} Jey) SISAYI0odAY [[nu oy} JO 1S9} P[EA\ 9YI UM PIILIOOSSE ONSNRIS 1$9) parenbs-Iyd oy} JO oN[eA JYJ, WOPIAIJ JO SAIIFop
103 poysnipe ore SOUSHES 3 AU SOILWNSD AU} MO[O] UMOYS AIE (SON[eA d) S[OAS] doudHIUSIS [eurdiewr onoydwAse oy, "sso00id 0L Oy} Ul SULIA} [-Y JO
de[10A0 UE SUIUNSSE PAJR[NO[ED d1E (*0°S) SIOLId PIepuBls 159 M-KomaN “((g,p) PIRIK PUopIAIp S oY) pue (( 'ds) S oy Ul 9do[s 2IIONNS UL} YY) SJUAWNLSUT
pHoM JO 39s oy} uo (*+7sa8) y UOZLIOY }SBII0) IOAO [ ANUNOD Ul UINIOI dJel OFUBYIXD $SI0XO QYY) JO UOISSAISAI UOZLIOY-FUO[ B JO S)NSAI SMOYS J[qe) YL

SHUSWINI)SUT PLIOAA UO SUINIIY ISUBYIXT USIIA0] SSIIXT JO SUOISSIIFIY UOZLIOH-FU0|
panunuod ‘g J[qe].



0690 €rs o c6T0 (4440 96L°0 ¥6C°0 0600 8L00 ¥6C°0 8€0°0 6200 0€0°0

6SY°6¢C LYT0 8YS'¢- 260179 L99°CI 2900 789°L¢E 16C°0 ¥10°L- 06C v L89°C- 8500

G8¢'8 c0T0 €61°S¢ 796°¢v1- [l €Ieo 17816 8LS0 (449 4% 996 v9¢C- 0€€06 G850 8y
960°0 19€°0 8¢0°0 99L°0 108°0 LOS0 0900 6900 €10 1120 €€0°0 SITO0

5661 01C0 LSV V- L86'IS 11601 ¥$0°0 9€T €T SYTo YL S ¥66'9¢- 961°C- LY0°0

€56°SY Y0 eve St Se0ce- s’ 0020 ILTIL YIS0 696°9¢- Y0C'8LI- 9Sy°S8 26€°0 9¢
$€0°0 961°0 S00°0 6S8°0 296°0 69%°0 6800 IST°0 8€T0 910 6¢C1°0 8¢v0

eriel 191°0 (44 4% €9Y°LE SET'8 8200 €So'v1 S81°0 ¥26°¢- L89°8C- 8081~ LEO0

98¢°8Y 8ST0 oS- 6LT9- ¥89°CI Se10 98LV¢ §gzeo 8€¢°CT L LOT- 00C°0S 6€C0 T
800°0 6100 100°0 0880 7860 8C€0 760°0 061°0 CLT0 9610 SYTo 9Py 0

¢SE8 £€60°0 YN 1160C 69L'Y €100 L68'8 701°0 9¢0°C- S90°LI- 9ty 1- €200

101°v¥ 90¢€°0 906°C¢- 11091 9Ty’ ¢ cLO0 66661 €LT0 0seTI- (43445 6L0°61 121°0 Cl
2000 2000 100°0 198°0 6980 681°0 SS1°0 0800 ceT0 98C0 LLEO 89T°0
16C°¢ 0000 981°0- £€86°1 €150 1000 wee 0000 L0T0- 2691~ 9¢1°0- 2000

$8891 8700 091°¢- 09¢C'1 +00°0- L0000 098°¢ S10°0 LYY 1- 8ST V- vl 0100 I

onfea-d onfea-d onfea-d onfea-d onfea-d onfea-d onfea-d onfea-d onfea-d onfea-d onfea-d onfea-d [€N)
‘3Ae B IN N N B ING 3Aay B ING B IN B IN B IN B IN NG UOZLIOH
( QNN A ,\SSN fap ,\% JUB)JSUOD ( QNN A ,\SSN fap ,\% JURISUOD  JSBIAIO

SIUQIOLFO0)) SIUQIOIJFO0))
uo X osoueder SIBJA] UBULIOD)

“UMOUS Os[e aIe suonnqrysip s[duwes [[ews Yy} WolJ (sonjea-d) S[OAS] 90ULOIIUSIS [eUISIEW pue sonjeA 9FeIoA. oy} SONSIE)S 10)e] 9SoY)
30 1poq 10 * () X) uwmnjod ay) ul umoys st 010z 03 Jenbo Apurof are sojqerres A1ojeue[dxs oy UO SJUAIOLFE0D Ay ey SISAYOAY [[NU By} JO 150} PIEA\ Y} YHM
PAJRIO0SSE O1ISIIE)S 159) PAIenbs-1Yd Ay} JO AN[EA A, "WOPIJ JO S3IFIP 10} pajsnipe axe sonsnels y Y, 'ss2901d 10112 oy Ul suLid) /-y Jo deIoao ue Sununsse
SIOLID PIEPUB)IS 1SO A -AOMON 3 SuIsn sonsne)s 7 ay) Jo S[9AJ] ooueoyrusis [eurdrew opdwes-[ews ay) e (sonea-d) oy ‘suonemnuis densjooq supowered-uou
000°0T 9y} UI JUSIDYJI0D A} JO ANJEA SFLIIAL AU} ST IOQUINT PUOIIS A, 'T J[qEL, WOIF dN[EA SO A} ST [[99 Yord Ul xoquinu Ity A, *((,,'d/) wumrward premioy
oy} pue ‘(/Ap) pIoIA PuapIAIp oy ‘(/ds) ado[s aImjonns WA} AY}) ANUNOD By} )M PIJRIOOSSE SJUSWINJSUL [BIO] JO 39S 9y} uo (Y+7525) ¥ UOZLIOY }SBIIO0) IOAO
£ Anunos ur wimjar a1l 93uBYIXD SSIIXD ) JO UOISSAITAI UOZLIOY-SUO[ B UL SIOSSAIFAI 9} UO SIUIIOLJ00 dY) JO suonnqrusip sjdwres [[ews ay) SMOys d[qel YL,

SHUSWINI)SU] [€I0'] UO SWINIIY AFUBYIXT USIAI0] SSIIXT JO SUOISSIIZIY UOZLIO-3U0 Woij siojewysy Jo suonnqrysi(q djdweg [ews
palqel



191°0 911°0 #80°0 LETO 8L0°0 LLY0 Sv10 8L0°0 8¢C0 L80°0 290°0 161°0
9L8°¢C 761°0 080°0 8C¢0- o 6€0°0 8CS0¢ 6€£C°0 96S°0- [4Ya’s YT 0- 60°0
S91°8¢ 76€°0 €657 18- ¥CC66- VLT OL 6CC0 £€80°%S (450 61C0¢- 6SESLT LLO'LS S66°0 8y
€00 8¢0°0 7200 9¢0°0 6£0°0 €670 9CI'0 8¢0°0 0c1ro 0800 61C0 €91°0
60v'91 S91°0 L20°0 9¢C0- 19T°0 0€0°0 VLY 1T 700 L8T0- 98¢C'¢- 8¢S0- €L0°0
SE€ET99 650 9CS9L- 1888 89L°9L 681°0 SLY' 1Y 8IS0 9y € 0C1'9¢T- (485 4% 8¢8°0 9¢
€900 990°0 cL00 9%0°0 101°0 6€£C°0 L90°0 Sv0°0 9%0°0 290°0 11¥°0 0€1°0
PoOr 11 LT1°0 06C°0 ¢Se0- 090°0- 1200 S90v1 LST0 681°0- P18°¢- SES0- 0S0°0
98¢S°1¢ 12¢0 0C0°Sy- €0¢ 1L rLTy SLI°0 c05°6¢€ LOY'0 ceLee $69°091- 9Ye1¢C LSS0 T
cL00 901°0 6110 ¥10°0 08¢0 ¢€S1°0 0€0°0 82¢0°0 010 110°0 686°0 cco00
LILL ¥L0°0 I1¢0 86T 0~ i o 1100 CI8'8 600 ¢Iro- 60¢°C €0v0- 9¢0°0
16961 9910 S6991- Iv0°Cv- 16€°11 0clo Iv1'TE 18C°0 6Cy LI 98616~ SOV 0- 6C€0 Cl
120°0 0100 2900 €00°0 8790 $80°0 2000 100°0 11070 0€0°0 01C0 ¥01°0
L8T' € 0000 €00 910°0- ¥10°0- 100°0 evee 0000 910°0- 1€C0- 6£0°0- 2000
8801 €€0°0 S6¢€°C SLY V- 19L°0 110°0 LEO'8I 9500 1LET 981°L- ¢S 1- €200 I
onpea-d onpea-d onpea-d onpea-d onfea-d onpea-d onpea-d onpea-d onpea-d onpea-d onpea-d onpea-d @)
‘3w ‘3w ‘3w ‘3w ‘3w 3ay ‘3w ‘3w ‘3w ‘3w ‘3w ‘3w UOZLIOH
( QNN A ,\SSN fap fds TUBISUO)) ( Q%N A ,\SSN fap /ds JURISUOD  )SBODIO]
SJUSIDIJ0)) SJUSIDIJ0))
JuBI Youdl punod 3N

"‘umoys os[e are suonnqrysip oyduwres [[ews Yy Woyy (sanjeA-d) S[OA9] 0UBIJIUSIS [EUISIEW PUB SINJBA 9FBIJAR O} SOIISIIE)S 19118 9SAY)
Jo yoq 104 * ((€) %0 uwn[oo Ay} Ul umoys si 019z 0} [enbs Apjurol are sa[qerrea K1ojeue[dxo oy} UO SJUIIOYFO0 Y Jeyp sisoypodAy [[nu a3 JO 1S3 Plep\ U Yim
PRJEIDOSSE ONSIIES 189} Parenbs-1yd ) JO dN[eA AU, ‘WOPIIIF JO $20130p 10§ pajsnipe are sonsne)s y Sy "ssa001d J0110 oY) UI SWId) /-y Jo defIoro ue Surunsse
SIOIIO PIEPUE)S 1SOA\-AOMON AU} Suisn sonsnels 7 dyj Jo S[oAd] doueoyrusis [eurSrew ojdwes-[jews ay} aIe (sonfea-d) oy], ‘suonenus densjooq oryowered-uou
000°0T 9y} UI JUSIDYJI0D A} JO ANJEA SFLIIAL AU} ST IOQUINT PUOIIS A, 'T J[qEL, WOIF dN[EA SO A} ST [[99 Yord Ul xoquinu Ity A, *((,,'d/) wnrnward premioy
oy} pue ‘(/Ap) pIoIA PuapIAIp oy ‘(/ds) ado[s aImjonns WA} AY}) ANUNOD JeY) )M PIJRIOOSSE SJUSWINJSUL [BIO] JO 39S 9y} uo (Y+7525) ¥ UOZLIOY }SBIAIO0) IOAO
£ Anunos ur wimjal a1l 93uBYIXD SSIIXD ) JO UOISSAITAI UOZLIOY-FUO[ B UL SIOSSAIFAI 9} UO SIUIIOLJ00 dY) JO suonnqrusip sjdures [[ews oY) SMOys d[qel YL,

SJUSUWINIISUJ [8I0] UO SUINIIY ISUBYIXY USIII0,] SSIIXT JO SUOISSIIFIY UOZIIOH-SU0] WO.1J S.10)ew)sy Jo suonnqrysi(q djdweg [jewis
panunuod ‘¢ dqe],



8890 IvT0 LI¥0 0v¥co 0260 6vC0 §se0 670 §sT0 ILS0 L6T0 (4350

eSYve 610 90T ¢~ ¥9¢C 026'1 610°0- SLIYE €LT0 8Y's- S9¢ 8- LELL- 8700

0L9°9 6LC0 eeLyl CCe98- [SEy vLTO €v8'9C ¥9¢°0 [8€°CS-  6SS°LOI- L88'CE 0LE0 8P
950 €8¢C0 81¥°0 610 LOV'0 661°0 81€°0 981°0 010 L68°0 c6l'0 009°0

6v6'L1 LT [43 %% LIL'] (455! v10°0- ¥99°CC vET0 LTSV 81C0v- 0¥6°9- ¥70°0

0€'8 6CC0 ELT'TT evi'iL- v9€01- 1444\ 6EL’1C 9LE0 Sveor- 0sLcL- cel'or €6C°0 9¢
§Tso Ive0 190 L0T0 L1ro 6020 0€1°0 9CT0 ¥01°0 0980 €870 89570

Lyel evl’o 0881~ el Y101 0100~ 68L V1 I81°0 0€r e 609°0¢- 98L'S- 9¢0°0

0ISL 0LT°0 Svi'y ST ey 6S1°SI- SEro 0¥e8¢ 0LT0 068°¢¢- LS6'CY- 9eT’1E §CC0 ¥C
9810 9re0 (U7 0610 9¢1°0 LTY0 §90°0 (4440 860°0 8YL0 8¢S0 6150

096°8 060°0 9T’ 1- 870°1 £65°0 900°0- 0€8'8 ¥01°0 v19°1- §eE8I- 8Y6'¢- €200

89¢9 Y01°0 Lyl'e- 16811~ S10°6- $e0’0 60€°¢€T 091°0 06591~ 08L°Ly- £9¢°8 Iv1°0 4!
000°0 000°0 900°0 §ST0 6v0°0 €0v'0 0L0°0 ¥20°0 9L0°0 ¥56°0 189°0 0250

viee 000°0 Ly1'0- 991°0 890°0 100°0- 6vee 100°0 091°0- 9061~ 6Sv°0- €000

vr0°€C L90°0 LES'T- 90T~ [L0°T- <00°0 9L8'L 9200 196°1- ws'l- 088°0- 800°0 !
onfea-d onea-d onea-d onfea-d onfea-d onea-d onea-d onea-d onea-d onjea-d onfea-d onrea-d @
3ay ‘3Ae Ay ‘3Ae ‘3w ‘3Ae ‘3w ‘3w ‘3w ‘3w ‘3w ‘3w UOZLIOH
X A s Y fap fds JUL)SU0D (%4 A s Y fap fds JUBJSUOD  )SBODIO ]

SIUDIOIIJA0)) SIUDIOIIJA0))
Ie[[o(] UBRIPBUR)) JuRIj SSIMS

"‘umoys os[e are suonnqrysip oyduwres [[ews Yy Woyy (sanjeA-d) S[OA9] 0UBIJIUSIS [EUISIEW PUB SINJBA 9FBIJAR O} SOIISIIE)S 19118 9SAY)
Jo yoq 104 * ((€) %0 uwn[oo Ay} Ul umoys st 019z 0} [enbs Apjurol are sa[qerrea K1ojeue[dxo oy} U0 SJUIIOYFO0D Y Jerp sisoyodAy [[nu ) JO 1S3 Plep\ Uy Yim
PRJEIDOSSE ONSIIES 189} Parenbs-1yd ) JO dN[eA AU, ‘WOPIIIF JO $20130p 10§ pajsnipe are sonsne)s y Sy "ssa001d J0110 oY) UI SWId) /-y Jo defIoro ue Surunsse
SIOIIO PIEPUE)S 1SOA\-AOMON AU} Suisn sonsnels 7 dyj Jo S[oAd] doueoyrusis [eurSrew ojdwes-[jews ay} aIe (sonfea-d) oy], ‘suonenus densjooq oryowered-uou
000°0T 9y} UI JUSIDYJI0D A} JO ANJEA SFLIIAL AU} ST IOQUINT PUOIIS A, 'T J[qEL, WOIF dN[EA SO A} ST [[99 Yord Ul roquinu Ity A, *((,,'d/) wnrward premioy
oyl pue ‘(/Ap) pIoIA PuapIAIp 9y ‘(/ds) ado[s aImionns WA} AY}) ANUNOD JeY) )M PIJRIOOSSE SJUSWINJSUL [BIO] JO 39S 9y} uo (Y+7525) y UOZLIOY }SBIAIO0) IOAO
£ Anunos ur uimar a1l 93uBYIXD SSIIXD ) JO UOISSAIToI UOZLIOY-FUO[ B UL SIOSSIIFAI 9} UO SIUIIOLJ00 dY) JO suonnqrusip sjdures [[ews oY) SMOys d[qel YL,

SJUSUWINIISUJ [8I0] UO SUINIIY ISUBYIXY USIII0,] SSIIXT JO SUOISSIIFIY UOZIIOH-SU0] WO.1J S.10)ew)sy Jo suonnqrysi(q djdweg [jewis
panunuod ‘¢ dqe],



Yy o 091°0 9L1°0 9¢L’0 Te[jo( uelpeuer)

LTV 0 Soro 10 SLT0 ouel] SSImg
160°0 820°0 8¢0°0 8700 ouel] {ousai
¥81°0 8L0°0 190°0 Sv0°0 punod 3
v0CT0 0200 €870 69L°0 ud X osoueder
Soro 661°0 1€0°0 6100 IR UBULIST)
()X 1Y fap fds Koua1m))

" 9]qe [, u1 pasn suone[nwis densjooq ojdwes-[fews oyj Aq poUILLINNGP SI [9AJ] d0ULBDIJIUSIS
[euISIewW AU, SO[QELIEA OU) JO AOUBOYIUTIS Jurof a1 JO 1893 Ay JO dNSHE)S Parenbs-1yo oyl ST uMoys os[y  “(,,'d/) wniwaid premioy pue
(Ja1p) pIo1& puapIAIp ‘(/ds) ammonns we) s,ANunod usra1of ay) Jo 9dofs oy} o1 S9[qeLIBA O, " [qBL UI UMOYS S9[qeliea A1ojeue[dxd oy} U0
SJUQIOIIJO00 Ay} JOJ onsIyeIs-7 31sog1e] oy Jo suonenwis densjooq omowreed-uou oy) wolj (sonjea d) S[OAJ] 9ouedIUSIS [BUISIEW dTe SALNUY

SUOZLIOY }SBIAI0] [[& SS01de SIsay)odAy ( Ssoupaseiqun,,) [[NU Jo §)sd) juiof
SolqeL



Table 6
Variable Selection Bias in Long-Horizon Foreign Exchange Return Regressions

The table shows the R’ ratio test statistics of the variable selection bias associated with the long-horizon
regressions using world variables (7). Each R’ ratio test statistic is the ratio of the R® statistic from the long-
horizon foreign exchange return regression to the R’ statistic from a long-horizon US equity return
regression. The small sample distribution of this statistic is derived using a non-parametric bootstrap
procedure that is similar to the one used in Table 4. The avg. is the ratio of the average R’ statistic from the
long-horizon foreign exchange return regressions in the simulations to the average R’ statistic from the
long-horizon US equity regressions in the simulations. The small-sample marginal significance level (p-
value) is the percent of the small sample distribution that is larger than the statistic calculated using the
original data.

Forecast horizon k

1 12 24 36 48

German Mark R ratio 1.115 1.145 2.395 2.475 3.581
avg. 0.024 0.661 0.689 0.704 0.710

p-value 0.110 0.137 0.062 0.039 0.070

Japanese Yen R’ ratio 2.714 1.743 1.734 1.337 1.764
avg. -0.008 0.650 0.679 0.690 0.692

p-value 0.019 0.043 0.147 0.204 0.309

UK Pound R’ ratio -0.236 0.348 1.166 1.797 3.419
avg. 0.034 0.673 0.698 0.711 0.712

p-value 0.480 0.526 0.294 0.116 0.082

French Franc R’ ratio 1.198 1.171 2.624 2.513 3.429
avg. 0.002 0.625 0.637 0.645 0.648

p-value 0.095 0.148 0.060 0.051 0.113

Swiss Franc R’ ratio 0.880 0.886 2.138 2.379 3.696
avg. 0.084 0.663 0.688 0.701 0.711

p-value 0.146 0.220 0.091 0.043 0.059

Canadian Dollar R ratio -0.685 0.584 0.739 0.227 0.333
avg. 0.044 0.672 0.697 0.701 0.704

p-value 0.782 0.364 0.455 0.760 0.800




Table 7
Long-horizon (48 month) regressions of change in spot exchange rate on local instruments

The table shows results of a long-horizon regression of the change in the spot exchange rate in country j over a 48
month forecast horizon (ds’ 1+48) on the set of local instruments associated with that country (the term structure
slope (sp/), the dividend yield (dy/), and the forward premium (fp,”)). Newey-West standard errors (s.c.) are
calculated assuming an overlap of 47 terms in the error process. The asymptotic marginal significance levels (p
values) are shown below the estimates. The R’ statistics are adjusted for degrees of freedom. The value of the
chi-squared test statistic associated with the Wald test of the null hypothesis that the coefficients on the
explanatory variables are jointly equal to zero is shown in the column ()(2 (3)) along with its asymptotic marginal
significance level (p-value).

Coefficients
constant sp/ div/ ﬁ),USj
(s.e.) (s.e.) (s.e.) (s.e.) 203
Currency p-value p-value p-value p-value R’ p-value
German Mark 0.404 103.045 -169.221 -20.252 0.480 69.957
0.111) (12.879) (45.537) (13.697) 0.000
0.000 0.000 0.000 0.139
Japanese Yen 0.300 -0.259 -37.195 -27.251 0.105 8.004
(0.090) (24.880) (78.168) (11.939) 0.046
0.001 0.992 0.634 0.022
UK Pound 0.653 61.608 -206.945 -41.825 0.485 57.944
(0.252) (9.046) (55.219) (16.888) 0.000
0.009 0.000 0.000 0.013
French Franc 0.112 86.325 -100.634 -92.465 0.452 49.596
(0.110) (18.248) (31.013) (21.598) 0.000
0.305 0.000 0.001 0.000
Swiss Franc 0.187 59.642 17.177 -34.489 0.238 45.811
(0.153) (12.396) (69.025) (16.808) 0.000
0.222 0.000 0.803 0.040
Canadian 0.146 8.763 -60.126 19.299 0.253 7.278
Dollar (0.107) (8.290) (27.523) (13.652) 0.064

0.175 0.290 0.029 0.157




Table 8

Simulated Approximate Slope Ratios from the Long-Horizon Regressions

The table shows the ratio of the measure of approximate slope at forecast horizon £, c(k), to
the measure at a one-month forecast horizon ¢(7). The approximate slope measure c(k) is
equal to the % statistic of the Wald test -- that the three “local variables” as shown in Table 2
have no explanatory power in a long-horizon regression at forecast horizon k -- divided by the
sample size 7. When the ratio is above 1.00 it indicates that the long-horizon regression has
better explanatory power at forecast horizon k than at the one-month forecast horizon,
according to the approximate slope measure of power. The distribution of the ratio is
calculated using the same non-parametric bootstrap procedure as in Table 4 except that the
VAR is simulated under the alternative hypothesis. The median, 5™ and 95" percentiles (5 pc
and 95 pc, respectively) of the ratios are shown.

Forecast horizon k

12 24 36 48
German Mark c(k)/c(l) 9.078 1.487 0.875 0.382
5 pe. 4.295 0.521 0.240 0.075
95 pc. 20.033 4.488 3.346 1.837
Japanese Yen c(k)/e(l) 1.387 0.976 2.470 1.552
5 pe. 0.242 0.062 0.261 0.092
95 pc. 7.544 8.985 27.464 20.852
UK Pound c(k)/e(l) 2.017 0.674 0.881 0.366
5 pe. 0.631 0.089 0.160 0.021
95 pc. 5.823 4.030 5.869 3.924
French Franc c(k)/c(l) 1.446 1.044 1.811 1.195
5 pe. 0.252 0.092 0.208 0.072
95 pc. 6.619 7.642 16.019 13.904
Swiss Franc c(k)/c(l) 1.641 1.380 2.823 1.794
5 pc. 0.352 0.138 0.331 0.139
95 pc. 6.407 9.081 21.140 17.576
Canadian c(k)/c(l) 0.116 0.033 0.045 0.024
Dollar 5 pc. 0.008 0.002 0.002 0.001

95 pc. 0.899 0.422 0.596 0.425




Table 9

Implied Fama (1984) Variance Ratios from the Long-Horizon Regressions

The table shows the ratio of the variance of the expected foreign exchange excess return (the risk
premium given rational expectations) to the variance of the expected change in the exchange rate (vr).
Expectations are calculated using a long-horizon regression model where the return or change in the
exchange rate is regressed on the set of local instruments associated with that country (the term structure
slope (sp?), the dividend yield (dy/), and the forward premium (fp,”*’)). The 75" and 95™ percentiles (75
pc and 95 pc, respectively) of the ratio are also shown as generated by the non-parametric bootstrap
simulations.

Forecast horizon k

1 12 24 36 48
German Mark vr 2.197 1.737 1.568 1.464 1.593
75 pc. 1.054 1.045 1.039 1.036 1.034
95 pc. 1.184 1.148 1.132 1.129 1.126
Japanese Yen vr 2.135 1.731 1.683 1.687 2.612
75 pc. 1.045 1.035 1.028 1.024 1.021
95 pc. 1.135 1.107 1.094 1.086 1.081
UK Pound vr 1.639 1.415 1.402 1.354 1.454
75 pc. 1.079 1.072 1.076 1.077 1.076
95 pc. 2.009 1.805 1.794 1.792 1.847
French Franc vr 1.467 0.879 0914 0.885 0.828
75 pc. 1.059 1.051 1.049 1.047 1.045
95 pc. 1.196 1.161 1.157 1.159 1.160
Swiss Franc vr 3.107 3.382 2.392 1.943 2.370
75 pc. 1.060 1.051 1.043 1.038 1.034
95 pc. 1.186 1.158 1.142 1.131 1.126
Canadian vr 2.326 1.838 1.400 1.473 1.480
Dollar 75 pc. 1.107 1.060 1.035 1.023 1.018

95 pe. 1.305 1.198 1.149 1.125 1.117




Table 10

Parameter Estimates and Tests of a Single Latent Variable Model for Eurocurrency

The table shows the estimated beta parameters of the latent variable model augmented by a local risk factor
(17). The betas are the coefficients on the global risk factor which is a linear combination of the US
dividend yield, US term structure slope and a constant. The coefficients on these variable are the same for
each country so the linear combination represents a global risk factor. The beta for Germany is normalised
to unity for identification. The local risk factor is the forward premium on the currency of the associated
country. The asymptotic standard errors are reported below the parameter estimates. The system is
estimated using GMM as in Tables 2 and 3. The test statistic for the over-identifying restrictions of the
model is presented at the bottom and is distributed as chi-squared with 8 degrees of freedom. The

Returns With One Local Risk Factor

asymptotic marginal significance level (p-value) is presented below the test statistic.

German Mark

Japanese Yen

UK Pound

French Franc

Swiss Franc

Test of model

(s.e.)

(s.e.)

(s.e.)

(s.e.)

X

p-value

Forecast horizon k

1 12 24 36 43
1.00 1.00 1.00 1.00 1.00
1.606 2.637 2.343 0.510 1.651

(0.175) (0.129) (0.043) (0.018) (0.024)
0.648 0.811 0.847 0.480 0.450

(0.143) (0.039) (0.022) (0.008) (0.010)
1.088 0.860 3.140 0.525 0.356

(0.095) (0.031) (0.076) (0.007) (0.006)
1.128 0.580 1.520 0.701 0.871

(0.083) (0.039) (0.015) (0.007) (0.004)

45.448 567.984 2479451 7465968  3965.815

<0.001 <0.001 <0.001 <0.001 <0.001




Table 11

Variance Ratio Statistics of a Single Latent Variable Model for Eurocurrency
Returns With One Local Risk Factor

The table shows variance ratio statistics of the latent variable model augmented by a local risk factor (17).
The estimated parameters of the model are presented in Table 9. The first (VR-Mod.) is the ratio of the
forecast variance from the restricted latent variable model to the forecast variance from an unrestricted OLS
regression using the same variables. The second (VR-Res.) is the ratio of the variance of the restricted
model's residuals to the forecast variance from the same OLS regression. The third (VR-Loc.) is the ratio of
the variance of the local risk factor to the forecast variance from the restricted latent variable model .

Forecast horizon &k

1 12 24 36 48
German Mark VR-Mod. 2.474 0.912 0.841 0.400 0.627
VR-Res. 0.545 0.208 0.263 0.189 0.069
VR-Loc. 0.030 0.000 0.161 0.145 0.143
Japanese Yen VR-Mod. 1.691 1.494 2.560 0.137 3.060
VR-Res. 0.846 2.402 0.672 0.769 2.061
VR-Loc. 0.000 0.120 0.020 0.536 0.978
UK Pound VR-Mod. 0.337 0.977 0.677 1.553 0.659
VR-Res. 1.541 0.430 0.282 0.606 0.254
VR-Loc. 0.170 0.028 0.016 0.573 0.262
French Franc VR-Mod. 2.289 0.739 2.971 0.383 0.434
VR-Res. 0.735 0.259 0.825 0.339 0.357
VR-Loc. 0.000 0.048 0.213 0.221 0.337
Swiss Franc VR-Mod. 1.251 0.656 1.552 0.400 0.791
VR-Res. 0.774 0.186 0.147 0.153 0.016

VR-Loc. 0.040 0.189 0.106 0.022 0.002




Table 12

Correlation Coefficients of Fitted Values from Single Latent Variable Model for
Eurocurrency Returns With One Local Risk Factor

The table shows the correlation coefficients between the fitted values for two Eurocurrency
returns. The fitted values come from the latent variable model augmented by a local risk factor
(17). The coefficients are one way of estimating the economic content of the model. Cumby
and Huizinga (1992) show that the correlation coefficients should be plus or minus one when a
single risk factor is the only source of risk. Here the coefficients will deviate from one due to
the inclusion of a local risk factor.

Forecast German Japanese UK Pound French
horizon k Mark Yen Franc
Japanese Yen 1 0.991
12 0.940
24 0.949
36 0.856
48 0.794
UK Pound 1 0.892 0.920
12 0.985 0.889
24 0.944 0.995
36 0.667 0.394
48 0.824 0.509
French Franc 1 0.990 1.000 0.923
12 0.970 0.889 0.961
24 0.779 0.870 0.868
36 0.849 0.750 0.668
48 0.766 0.631 0.736
Swiss Franc 1 0.997 0.988 0.885 0.987
12 0.968 0.862 0.972 0.961
24 0.985 0.972 0.969 0.833
36 0.945 0.806 0.772 0.901

48 0.966 0.754 0.900 0.831




Table 13

Parameter Estimates and Tests of a Single Latent Variable Model for Eurocurrency
Returns With No Local Risk Factor

The table shows the estimated beta parameters of the latent variable model (17) with the coefficients on the
local risk factor set to zero. The betas are the coefficients on the global risk factor which is a linear
combination of the US dividend yield, US term structure slope and a constant. The coefficients on these
variables are the same for each country so the linear combination represents a global risk factor. The beta
for Germany is normalised to unity for identification. The asymptotic standard errors are reported below
the parameter estimates. The system is estimated using GMM as in Tables 2 and 3. The test statistic for the
over-identifying restrictions of the model is presented at the bottom and is distributed as chi-squared with 8
degrees of freedom. The asymptotic marginal significance level (p-value) is presented below the test
statistic.

Forecast horizon k

1 12 24 36 48
German Mark s 1.000 1.000 1.000 1.000 1.000
Japanese Yen g 1.537 1.670 1.348 0.486 0.410
(s.e.) (0.710) (0.372) (0.142) (0.089) (0.070)
UK Pound s 0.612 0.567 0.712 0.722 0.914
(s.e.) 0.412) (0.203) (0.094) (0.128) (0.070)
French Franc s 0.980 1.047 1.106 0.945 0.841
(s.e.) (0.116) (0.045) (0.055) (0.024) (0.022)
Swiss Franc s 0.986 0.957 1.044 1.041 1.076
(s.e.) (0.207) (0.100) (0.033) (0.021) (0.016)
Test of model x(8) 4.619 4.424 4.129 5.964 4.166

p-value 0.797 0.817 0.845 0.651 0.842
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