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Abstract

In this paper we reconsider the relationship between spot and forward 
rates, augmented by a term which contains a measure of conditional 
volatility. Previous parametric specifications such as the GARCH-M 
provided disappointing results possibly due to the degree of persistence 
on the estimated conditional volatility. Instead, we propose a semipara- 
metric estimator based on a nonparametric measure of the conditional 
volatility and we estimate the relationship with monthly data on six 
currencies vis-à-vis the Deutsche Mark . Another advantage of such a 
procedure is that data available at different frequencies can be used, as 
well as an indicator of market sentiment in the form of trading signals to 
purchase or sell a currency.

Keywords: Exchange Rates; Risk-Premium; GARCH-M; Semipara- 
metric Estimation; Technical Analysis.
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1 Introduction

The comparison between exchange rate movements and interest rate dif­
ferentials shows that the profile of the former is too much complex to 
be explained in terms of the latter alone. In fact, the statistical tests 
generally fail to support the hypothesis that the interest rate differen­
tials are an unbiased predictor of exchange rate movements (cf. Baillie 
and McMahon 1989). Among the explanations extensively studied in 
the literature, alternative theories have been proposed which call into 
discussion the issues of market efficiency, rational behavior, presence of 
a peso problem, and possible nonlinear dynamics being generated on the 
markets by the presence of heterogeneous agents.

Among the theoretical suggestions, the Lucas (1982) model of in­
tertemporal asset pricing in a two-country world was adapted to show 
(e.g. Hodrick and Srivastava 1984) that uncertainty about the future 
purchasing power of domestic and foreign monies, and about future mar­
ginal utility of the domestic good translates into uncertainty about the 
intertemporal rate of substitution of domestic currency between t and a 
future date t +  k. The presence of a conditional covariance term between 
this rate of substitution and the future spot rate is used to support the 
argument for the existence of a time-varying risk-premium.

One of the difficulties with this theoretical model is that the hypo­
theses entailed by it are not testable without paying the price of inserting 
strong assumptions in order to derive an estimable relationship. For ex­
ample, a proposed model for the spot/forward exchange rate relationship 
considers a measure of conditional volatility in the equation for the mean. 
The result is a statistical model with the goal of extracting an econom­
ically interpretable signal from the excess returns on forward positions. 
One puzzling aspect of this approach seems to be that conditional volat­
ility is always positive irrespective of the chosen numéraire, and does not 
refer to a risk-free asset as in the case of the CAPM model, challenging the 
possibility of giving it a risk-premium interpretation. A monotonie and
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increasing relationship between conditional variance and risk premium 
has been recently challenged by Backus and Gregory (1993) who claim 
that the use of the conditional variance as a proxy for the risk-premium 
can be justified on the basis of a specific structure of the economy, but 
is by no means general. In what follows, we will show how the impact of 
conditional volatility can indeed be positive or negative once additional 
information on the exchange rate behavior in different market situations 
is taken into account.

Domowitz and Hakkio (1985) have exploited the parametric ARCH- 
M specification in which the equation for the mean in the spot/forward 
relationship is augmented by a conditional variance term which is as­
sumed to follow an ARCH process. Their evidence (on monthly data) 
fails to give strong support to the existence of a risk-related effect on 
exchange rate movements. In this paper we will re-examine the reasons 
for this failure using monthly data ourselves providing an explanation for 
the disappointing performance of their model, in terms of the estimated 
persistence in the variance. The change in the size of the risk premium 
and the frequent changes in sign discovered by Stockman (1978) were in­
terpreted then as being related to the nature of the stochastic processes 
ruling the state variables. Adding to that the highly nonlinear nature of 
the transformations these processes undergo in the intertemporal asset 
pricing models, the adoption of a nonparametric measure of risk seems 
to buy a lot of flexibility relative to a parametric specification. For this 
reason we propose a semiparainetric estimator (derived from Generalized 
Method of Moments conditions) which exploits the local approximation 
properties of kernel estimators. Since the estimated conditional variance 
is based on the residuals of an auxiliary regression, one advantage is to 
reduce the degree of persistence. Also we have the possibility of using 
higher frequency data (say, weekly) in deriving the instruments for es­
timating the impact of the conditional volatility. A comparison between 
the evidence produced with the instruments estimated on monthly data 
and the ones estimated on weekly data (and then sampled at a monthly 
frequency) shows that the latter provides a more significant impact of 
the risk-premium term on exchange rate movements.

2
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In this context, the need for the measured conditional variance 
to reflect as much as possible recent market conditions is made even 
clearer when we consider the additional information provided by trading 
signals suggested by technical analysis. We label periods as “buy” or 
“sell” on the basis of the joint outcome of simple trading rules, and 
then we analyze the differentiated impact of the conditional volatility on 
exchange rate movements. We take the trading signals as an indicator 
of the market sentiment about the direction of a currency. In doing this 
we feel comforted by the high diffusion of technical analysis tools among 
traders reported by Taylor and Allen (1992) and by the results obtained 
by LeBaron (1993a,b) on the possibility of detecting profitability from 
adopting the signals as a trading strategy.

We show that the impact of conditional volatility on exchange rate 
movements changes sign across “buy” or “sell” periods and therefore gives 
a different interpretation to the question of time-varying/sign-changing 
risk-premium. Therefore, we are capable of motivating the interest in 
the impact of the conditional variance since it measures the perceived 
risk in detaining a currency when the currency is appreciating ( “buy” ) 
or depreciating ( “sell” ) vis-à-vis the numéraire. In a way, the approach is 
similar in spirit to the analysis by Engel and Hamilton (1990) who try to 
discover whether information about “long swings” in the exchange rates 
(long periods of appreciation or depreciation detected through a Markov- 
switching model) make a difference for the uncovered interest rate parity 
(UIRP) relationship. Also in the present case the answer is negative, 
in that UIRP is rejected: on the positive side, though, our suggestion 
provides a tool by which a “fad” on the market (a run on buying or 
selling a currency) can be assessed and its importance evaluated.

The structure of the paper is as follows: in section 2 we set the 
notation and discuss the risk-augmented specification in its paramet­
ric (G)ARCH-M form. In section 3 we propose the GMM-based semi- 
parainetric estimator. In section 4 we highlight the empirical limits of 
a parametric specification with reference to six currencies vis-à-vis the 
Deutsche Mark (French Franc, Italian Lira, British Pound, Japanese Yen, 
Canadian Dollar, and US Dollar) with monthly data from June 1973 to
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January 1994 (248 observations). In section 5 we propose the empir­
ical evidence for the six currencies from our monthly specification when 
the the impact of conditional variance is estimated either with monthly- 
based or with weekly-based instruments. Finally, the characteristics of 
“buy” and “sell” periods and the time profile of the impact of the condi­
tional volatility on exchange rate movements are presented in section 6 
where historical evidence for asymmetric effects is produced. Concluding 
remarks follow.

2 The Model

The theory of interest rate parity states that, in the absence of market 
frictions, transaction costs, capital controls, and so on, when faced with 
the need of availability of foreign currency k periods into the future one 
would be indifferent (in ex ante expected terms) between holding do­
mestic currency (lucrating domestic interest rates) and purchasing a for­
ward contract or purchasing foreign currency (lucrating foreign interest 
rates) right away.

In particular, uncovered interest rate parity (UIRP) is at the basis 
of many econometric models, although it has received very little empirical 
support in practice. The relevant relationship can be written as:

Et(st+k) -  st =  log( 1 +  idk) -  log( 1 +  i {k) «  iduk -  i{k =  i't k. (1)

where s( is the (logarithm) of the spot rate at time t expressed as units of 
foreign currency per unit of domestic currency; Et is the expected value 
conditional on the relevant information set at time t, idk is the interest 
rate on the domestic currency between t and t +  k; i {k is the interest 
rate on the foreign currency on the same horizon and on foreign assets 
perfectly substitutable with domestic ones. Consider that the interest 
rate differential is used to form the so-called forward premium (covered 
interest rate parity), f t k — st 4- i*t k, where f tk is the (logarithm) of the 
forward exchange rate at time t for delivery at time t +  k. and therefore 
provides the basis on which forward rates are determined in practice from

4
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spot rates. UIRP then becomes

Et(f>t+k) — St — ft,k — St-

Such a relationship is a convenient one because it avoids problems con­
nected to the possible nonstationarity of the exchange rate series when 
converted into an estimable/testable form

st+k ~ St — 00 +  A  (ft,k ~ St) +  Ut+k- (2)

As discussed by Froot and Thaler (1990), the issues of whether the dif­
ference Ht+k — ft,k (under the hypothesis (0,1) for (A , A )  from (2)) has a 
zero mean (unbiasedness hypothesis), is uncorrelated, or has a constant 
variance have received considerable attention in the literature obtaining 
results which vary a lot among themselves, according to which currency 
was under consideration and for what period.

When considering the graphical evidence of the behavior of the two 
variables with respect to time (reported in the top panel of Figure 1 for 
the French Franc/Deutsche Mark exchange rate as an example) one can 
see that the signal contained in the forward premium f t]k — st is smooth 
relative to the dynamics exhibited by the exchange rate movements st+k — 
st. In particular, a fairly stable interest rate differential (positive for the 
French Franc for most of the period under exam) is accompanied by wide 
swings in the exchange rate showing that other elements are at work and 
should be investigated. For the exchange rate at hand, in particular, we 
inserted vertical bars in correspondence to the inception of the Exchange 
Rate Mechanism of the European Monetary System (March 1979) and 
to realignments of central parities. The date of the exit from the ERM 
by the Lira and the Pound (September 1992) is reported for the French 
Franc since it marked a period of crisis for that currency as well.

A similar picture emerges from a different representation of the 
same data in a cross-scatterplot (bottom panel of Figure 1), where the 
points corresponding to the realignment dates are marked with a cross. 
Somewhat surprisingly, some of the crosses lie deeply around the origin 
of the plot suggesting that there was no message about the possibility 
of a realignment in the interest rate differentials at the end of the month

5
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prior to the realignment. This is due to the speed at which the crises 
have occurred, with interest rate differentials exploding just for (at most) 
a few days prior to the establishment of a new central parity. Since the 
behavior of the exchange rate is constrained by institutional mechanisms 
within the ERM, the issue was raised by several Authors (e.g. Svensson 
1993) about the presence of a dichotomy between expected rate of change 
within the band and without which should be considered when evaluating 
the ERM credibility. In that stream of literature, interest rate differen­
tials are taken to be a good approximation to the expected rate of change 
in exchange rates. In this paper we take quite a different stance, arguing 
that the information contained in the interest rate differential in itself 
does not convey enough message about the perception of the risk in­
volved in detaining a certain currency and can be supplemented by other 
elements which play a more important role in practice.

In what follows, we will propose a different way of processing in­
formation, pursuing the argument which focuses on the effects of higher 
moments on the mean, relating what is left in the exchange rate move­
ments (after the forward premium is taken into account) to a risk inter­
pretation.

Although the links with economic theory are tenuous, the risk- 
related explanation of why (2) does not hold has received empirical at­
tention since the seminal paper by Stockman (1978), who pointed out the 
presence of a time-varying risk premium, and the frequent change in sign 
when the estimation period was divided up into sub-samples. The lack of 
a theoretical model which can be translated into empirical testability is 
at the basis of the various statistical models of risk where the goal of the 
analysis becomes one of extracting an economically interpretable signal 
from ut+k.

In fact, in order to investigate the relevance of the risk-related 
argument let us keep separate within ut+k two terms, one which we will 
label BPt k representing the risk-premium of the theory and the other a 
random disturbance et+k. We have the expression

St+k — $t — BPt,k +  $1 (ft,k — ÿt) +  tt+k- (3)

6
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RPt k is assumed to be linked to the conditional variance in the et+k-

f t ~ s t
Figure 1: French Franc: Exchange Rate Movements and Forward Premia 1973-1994.

3 A  Generalized Method of Moments Ap­
proach

Let us rewrite (3) considering, for the sake of simplicity, the case of one- 
month maturity on forward contracts and monthly growth rates for the 
exchange rates (to simplify notation f t will stand for / (il) and let us con­
sider an unobservable volatility term af+l  ̂conditional on the information

7
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A*i+i = A) 4- Pi{ft — St) + + €t+i- (4)

This model requires a special treatment from an econometric point 
of view. Among the solutions suggested, the ARCH-M model employed 
by Domowitz and Hakkio (1985) consists in adopting a parametric spe­
cification for the conditional variance. Following Engle, Lilien and Robins 
(1987), the risk term RPt,i is specified as being a linear function of the 
conditional variance of the error term of the type

PPt, i — 3o +  Sht+l

where h(+1 is defined from the conditional distribution of

et+i | <I>< ~  iV(0, ht+i)

and follows a general ARCH(p) representation as

p

ht+\ — «0 +  a i'e(+i_i +  zt(j), 
i=l

is the information set available at time t and is a vector of vari­
ables belonging to the information set of interest for the analysis (for 
example, dummies). In such a model the conditional variance is evolving 
as a function of its own past and enters the equation for the mean as 
well through RPt,\- In the empirical section we will also consider the 
GARCH-M model as an extension in which the conditional variance can 
be expressed as

<? p

ht+ i =  « 0  +  a i€t+ i - i  +  I j h t + i - j  +  Zt<!>-
i= 1 ;=1

By its own nature, this term is time-varying and lends itself to 
act as a risk term once the signs of do and S are determined. Remark 
that opposite signs of J0 and S are capable of providing a risk-premium 
which would switch sign through time as a consequence of the size of the 
estimated conditional volatility.

set to be inserted in the spot/ forward relationship

8
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The disappointing results of the analysis by Domowitz and Hakkio 
(failing to lend support to the importance of conditional variance in the 
explanation of exchange rate movements) have been attributed to the 
use of monthly data; other authors think that the univariate framework 
is too restrictive, while in a multivariate framework one could take into 
consideration not only the conditional variances but also the covariances 
among the various currencies in the market. Yet, Bollerslev (1990) and 
Baillie and Bollerslev (1990), for example, use a multivariate GARCH 
model on weekly data, but do not achieve strong results.

The nonparametric treatment of the conditional variance 0f+1|< is 
motivated by the limitations of a linear specification for the mean equa­
tion in the ARCH-M model. A nonlinear mapping between the condi­
tional variance and the information set is more likely to be captured in 
a flexible context (cf. Pagan and Hong, 1991). An explicit parameteriz­
ation of the risk term introduces uncertainty about the interpretability 
of the results because of the possible misspecification of the model, or of 
some undesirable properties (such as persistence in the present context) 
in the estimated conditional variance.

Pagan and Hong (1991) have proposed to estimate flexible forms 
for the ARCH-M model in a nonparametric fashion on monthly data. 
In what follows we will discuss the instrumental variable procedure and 
suggest an alternative way to select the instrument for the risk-related 
term. Our suggestion differs from the estimators proposed by Pagan 
and Ullah (1988) and by Pagan and Hong (1991) in that we motivate 
our estimator on the ground of orthogonality conditions. Accordingly, 
<Tf+11( can be substituted by an estimable counterpart 4't+\ such that 
E(4>t+i\^t) =  of+i|t. In particular, some residuals e*+1 can be used as 
4>t+1 , without affecting the asymptotic properties of the estimator (Pagan 
and Ullah, 1988). By so doing, though, we will incur in the generated 
regressor problem (Pagan, 1984) since, by appropriate algebra, we see 
that

A s(+i =  0o +  @i {ft ~  St) +  St2t+1 +  (of+il* -  f(+i)<  ̂+  e<+ii (5)
that is,

As(+i =  0o + 0i(ft — St) + <5€(+1 4- f(+1.
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It is clear that the OLS estimator is inconsistent, and that appropriate 
instruments are to be sought.

The solution for a model with a risk term requiring instrumental 
variable estimation was first suggested by Pagan and Ullah (1988) where 
a nonparametric estimate of the variance is used as an instrument for 
ejr+1. The relevant issue becomes then one of the choice of optimal in­
struments. A semi-parametric instrumental variable estimator can be 
derived following Xewey (1990) or Robinson (1991).

In a Generalized Method of Moments framework, the question can 
be posed in terms of deriving the appropriate conditions for the condi­
tional first moment in our model. Given the equation for the mean this 
can be written as

E(u(A«t+1;A , /M | * t) ) = 0

where u is to be seen here as the disturbance term from our model, upon 
conditioning on the relevant information set In unconditional terms 
this relationship postulates the existence of some function w(4'() such 
that the following orthogonality conditions hold

£(u(Asf+i;/3o,/?i,<S)w(^t)) = 0

The optimal (relative to a class imposing restrictions just on the first 
moment -  cf. Newey 1990) instruments are chosen as

W°P< “  where ut -  E(u(-)2\'f>l) and q, =  E I

( 6)

with O' — (ff0 0\8). The estimation strategy then would follow three- 

steps:

1. we first estimate the spot/forward relationship (without risk term) 
by OLS. obtaining the residuals on which a nonparametric estima­
tion of the conditional variance is based (we defer to the Appendix 
some technical details about how this is performed);
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2. the second step is a first round of GMM estimation, choosing uit =  1 
and deriving a robust variance-covariance matrix of the parameter 
estimates;

3. finally, we can derive an efficient GMM estimation, using estimated 
ujt constructed on the basis of estimated residuals at step 2.

It is of course possible to think of imposing further restrictions (on 
conditional second moments, but also on third, fourth) thus enriching 
the set of orthogonality conditions on the basis of which the estimated 
G is derived. By verifying the analytical conditions provided by Newey 
(1993) it would be possible to analyze the relative gain in efficiency for 
the parameters of the mean equation. This is not pursued here, though.

4 The Limits of the Parametric Specific­
ation

The parametric specification of the GARCH class of models for the prob­
lem at hand is based on the information contained in the data sampled 
at a single frequency (e.g. weekly or monthly). Moreover, when the 
data are sampled at a higher frequency than the maturity of the forward 
contract, the error term in the relationship can be shown to follow an 
MA process of order equal to the number of sample periods included 
in the maturity, implying the need for a modification in the estimation 
procedure (cf. Gallo and Pacini 1995).

This may be seen as a downside of the methodology, particularly 
when applied to financial series where the flow of information available is 
continuous. Working with monthly data, as we do here, reflects a peculiar 
view of the mechanisms at work on the markets, whereby the most recent 
point of reference in an autoregressive framework is a month earlier and 
what occurs within the month would not affect the agents’ perception 
of the situation and their decisions. We will return on this limitation in 
the next section, where we discuss the expansion of *die information set
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to include within-month measures of volatility and trading signals from 
technical analysis.

The first set of results (cf. Tables 1 to 6 show the estimates with 
standard errors in parentheses) refers to a parametric specification for the 
six currencies (French Franc, Italian Lira, British Pound, Japanese Yen, 
Canadian Dollar, and US Dollar vis-à-vis the Deutsche Mark), where 
the simple spot/forward relationship is first estimated by OLS and a 
remaining structure (ARCH(l)) in the residuals is tested for by means of 
a Lagrange multiplier test (critical value at 5% =  3.84). The parameters 
are all insignificant across currencies, with the coefficient for the forward 
premium being different also from 1 (with the exception of the Yen). A 
Ljung-Box(12) statistic (critical value at 5% =  21.02) is computed to 
check autocorrelation in the residuals. The OLS results signal the need 
for a richer dynamic specification for the Franc, the Lira and the Yen.

For all the currencies is the null of no ARCH rejected, so that 
the specification is augmented by ARCH and GARCH structures for 
the error term on the one hand, and then extended to a specification 
where the conditional volatility term is included in the equation for the 
mean. The results for the (G)ARCH models show that the constant and 
the forward premium become significant for the French Franc only, with 
the coefficient for the forward premium getting closer tc one. As for the 
(G)ARCH-M specifications, the addition of the conditional variance term 
in the mean does not add significantly to the likelihood function, and in 
any case, the resulting coefficients are far from the (0,1) null hypothesis 
implied by the theory (with the exception, again, of the Yen. due to the 
imprecise estimation). Three parameters on the forward premium are 
negative (Pound, CAS and USS). The estimated skewness and kurtosis 
(not reported) are such that normality is rejected for all currencies, even 
after taking ARCH effects into consideration.
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Table 1: French Franc/DM
OLS ARCH(l) GARCH(1,1) ARCH-M(l) GARCH-M(1,1)

Constant -0.03 -0.35 -0.31 -0.34 -0.32
(X102) (0.14) (0.08) (0.06) (0.08) (0.06)
( f t  -  »t) 0.34 0.78 0.76 0.08 0.68

(0.16) (0.08) (0.08) (0.10) (0.08)
Cond. Volat. -0.08 0.41

(0.13) (0.45)
« 0 0.04 0.005 0.04 0.004
(X103) (0.004) (0.001) (0.004) (0.001)
«1 1.20 0.71 1.22 0.74

(0.16) (0.14) (0.16) (0.03)
7i 0.27 0.24

(0.06) (0.05)
Loglik 695.39 743.50 755.02 744.16 755.29
MSE (xio4) 2.14 2.18 2.17 2.16 2.22
AR(12) 43.00 15.72 13.41 16.02 12.65
ARCH(l) 13.28 0.28 0.78 0.61 0.43

Table 2: Italian Lira/DM
OLS ARCH(l) GARCH(1,1) ARCH-M(l) GARCH-M( 1,1)

Constant 0.21 -0.16 0.004 -0.02 -0.10(XIO2) (0.22) (0.21) (0.23) (0.20) (0.29)
( f t - s t ) 0.26 0.39 0.34 0.52 0.29

(0.18) (0.22) (0.22) (0.20) (0.20)
Cond. Volat. -0.50 0.49

(0.27) (0.43)
«0 0.23 0.03 0.24 0.03
(xio3) (0.009) (0.007) (0.009) (0.006)
a  i 0.57 0.80 0.45 0.80

(0.12) (0.06) (0.10) (0.03)
7i 0.09 0.09

(0.02) (0.02)
Loglik 594.30 616.32 620.98 617.48 620.54
MSE (xio4) 4.82 4.92 4.86 5.50 4.76
AR(12) 21.65 10.93 8.14 10.16 8.77
ARCH(l) 4.85 0.21 0.92 0.25 0.47
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Table 3: British Pound/DM
OLS ARCH(l) GARCH(1,1) ARCH-M(l) GARCH -M (l.l)

Constant 0.59 0.45 0.40 0.15 0.32
(X102) (034) (0.34) (0.40) (0.51) (0.60)

( /* - • « ) -0.77 -1.01 -0.76 -1.04 -0.82
(0.61) (0.69) (0.80) (0.69) (0 80)

Cond. Volat. 0.35 0.13
(0.46) (0.51)

«0 0.53 0.18 0.56 0.19
(X 103) (0.04) (0.05) (0.04) (0.06)
a i 0.35 0.57 0.32 0.55

(0.11) (0.10) (0.10) (0.11)

7i 0.20 0.20
(0.06) (0.07)

Loglik 520.06 529.31 527.75 529.81 528.03
MSE (xio4) 8.82 8.90 8.86 8.74 8.83
AR(12) 17.85 18.75 18.50 18.56 18.51
ARCH(l) 4.59 0.27 3.06 0.41 3.46

Table 4: Japanese Yen/DM
OLS ARCH(l) GARCH( 1,1) ARCH-M(l) GARCH-M(1,1)

Constant -0.31 -0.32 0.32 5.31 0.25
( X 102) (0.20) (0.20) (0.19) (13.51) (0.85)

(ft  — •Si) 0.64 0.65 0.71 0.60 0.67
(0.52) (0 54) (0.58) (0.53) (0.55)

Cond. Volat. -4.45 -0.50
(10.75) (0.73)

«0 0.96 0.67 1.01 0.06
(xio3) (0.09) (0.65) (0.10) (0.05)

«1 0.06 0.86 0.03 0.87
(0.06) (0.08) (0.07) (0.07)

7i 0.06 0.06
(0.03) (0.03)

Loglik 495.37 496.04 500.22 497.30 500.53
MSE (xio4> 10.77 10.77 10.77 10.62 10.69
AR(12) 21.33 19.71 17.75 19.00 17.54
ARCH(l) 0.72 1.11 1.81 0.48 1.92
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Table 5: Canadian Dollar/DM
OLS ARCH(l) GARCH(1,1) ARCH-M(l) GARCH-M(1,1)

Constant 0.51 0.46 0.60 -0.63 1.35
(X102) (0.32) (0.32) (0.32) (1.47) (1.36)
( f t - a t ) -0.87 -1.01 -1.17 -0.88 -1.24

(0.76) (0.75) (0.76) (0.74) (0.75)
Cond. Volat. 0.69 -0.48

(0.93) (0.88)
Qo 1.05 0.42 1.09 0.400
(XlO3 ) (0.14) (0.45) (0.14) (0.41)
a  l 0.17 0.56 0.14 0.57

(0.11) (0.41) (0.10) (0.37)
7 i 0.11 0.10

(0.09) (0.08)
Loglik 470.85 472.52 472.58 472.63 472.74
MSE (xio4) 13.13 13.13 13.13 13.09 13.14
AR(12) 16.54 15.74 16.91 16.16 17.13
ARCH(l) 1.17 0.54 0.57 0.22 0.95

Table 6:: US Dollar/DM
OLS ARCH(l) GARCH(1,1) ARCH-M(l) G A R C H -M (U )

Constant 0.28 0.34 0.20 -0.36 -0.12
(XlO2) (0.25) (0.25) (0.25) (1.65) (2.46)
(ft  ~  a,) -0.81 -1.27 -0.73 -1.22 -0.86

(0.63) (0.68) (0.64) (0.66) (0.66)
Cond. Volat. 0.49 0.24

(1.13) (1.68)
« 0 1.05 0.15 1.06 0.14
(XIO3) (0.12) (0.33) (0.12) (0.37)
«1 0.12 0.82 0.11 0.84

(0.11) (0.32) (0.10) (0.34)

71 0.03 0.02
(0.05) (0.04)

Loglik 476.59 477.58 477.12 477.70 477.28
MSE (xio4) 12.53 12.54 12.52 12.51 12.51
AR(12) 15.87 16.01 14.46 16.08 14.62
ARCH(l) 1.66 2.12 2.15 1.81 1.83

The coefficients of the risk term are never significant, a result which 
is consistent with the outcome of the ARCH-M specification chosen in
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the paper by Domowitz and Hakkio (1985). In fact, their evidence is 
very similar to the one produced above (in their case, monthly data 
vis-à-vis the US$), since the parameters are characterized by an overall 
lack of significance for the mean equation, even after accounting for the 
ARCH specification for the error term and the inclusion of the conditional 
variance in the mean equation.

To a closer inspection, though, the degree of persistence in the es­
timated conditional volatility can be recognized as being very high, mak­
ing the GARCH specification estimated here of the integrated type or 
close to it. Since the dependent variable is covariance-stationary (and a 
very short-memory cue), this could account for the lack of significance of 
the risk term in the mean equation here and in Domowitz and Hakkio’s 
case. Whether this is due to the autoregressive structure of the para­
metric specification, the presence of regime shifts (cf. Lamoureux and 
Lastrapes, 1990) or the assumption of normality for the disturbances will 
not be analyzed here, since we will shift the attention to the nonparamet- 
ric estimation of the conditional variance which will avoid all the above 
problems.

5 The Evidence from the Semiparametric 
Specification

It is by now established in the literature (cf. for example Hamilton 
and Susmel 1994) that the (G)ARCH specification, in any of its many 
versions entails a degree of persistence in the conditional variance which 
is too high to be adequate, for example, to represent forecast confidence 
intervals for conditional volatility, since the effect of a high shock dies 
out too slowly, when compared with subsequent measures of historical 
volatility.

Contrary to a (G)ARCH-M specification, a nonparametric meas­
ure of conditional volatility allows us to exploit the local approximation 
properties of the kernel estimator, not forcing the evolution of the condi­
tional volatility to follow a difference equation with estimated roots close

16

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



to one.

The results obtained are presented in Table 7 where the risk term 
is estimated on the basis of residuals obtained from the spot/forward 
relationship estimated with monthly data. The number of lags included 
in the nonparametric regression, selected on the basis of information cri­
teria, is also reported. Below each coefficient we report the robust stand­
ard errors computed on the basis of the estimator’s variance-covariance 
matrix

asy?var(0) =  ((W 'X ) (W 'Q W )-1 (X 'W ))_1

where W  is the matrix of instruments, the f-th row of which was derived 
in (6), and the u/<’s in (6) are the diagonal elements of the Cl matrix.

On the basis of these standard errors, the only currencies which 
exhibit a significant risk-related effect are the Pound and the Yen. All the 
other coefficients are not significant. Some problems with autocorrelation 
and ARCH effects are still present for Franc and Lira, together with a 
rejection of normality (not reported) for all currencies.

Table 7 : Semiparametric Specification 
Instruments Estimated on Monthly Data

FF Lit B P JY CAS u ss
Constant (xio2) -0.13 0.30 -1.23 0.99 -1.31 -1.46

(0 .1 0 ) (0 .4 4 ) (0 .9 6 ) (0 .6 7 ) (3 .3 5 ) (1 .7 7 )

(/« -  *.) 0.17 0.19 -1.60 0.37 -1.24 -1.18
(0 .4 2 ) (0 .3 5 ) (1 .2 9 ) (0 .3 3 ) (1 .7 5 ) (1 .3 5 )

Cond. Volat. 0.75 0.04 2.17 -1.04 1.29 1.16
(0 .7 0 ) (0 .6 5 ) (0 .6 8 ) (0 .5 1 ) (2 .1 5 ) (1 .1 7 )

MSE (xio4) 1.67 4.20 22.99 12.90 24.95 22.49
AR(12) 57.8 29.5 8.3 8.9 7.5 9.2
ARCH(l) 39.54 8.21 0.15 0.004 0.18 0.27
Lags in Nonpar. 
Regression

1 2 2 1 2 1

The performance on the semiparametric specification adopted is 
slightly better than the parametric one but (with the mentioned excep­
tions) there is not a clear cut evidence of the relevance of a risk-related 
term in the spot/forward relationship. This leads us, as mentioned be-
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fore, to investigate another aspect of the problem, that is the amount of 
information contained in a series sampled at a relatively low frequency 
such as the monthly one. In fact, an advantage of our semiparametric 
estimator is that we can adopt an instrument for derived nonpara- 
metrically from data sampled at a different frequency from the one for the 
main model. The results with the instrument estimated at the higher fre­
quency (weekly) and sampled at monthly intervals are reported in Table 
8 .

Table 8: Semiparametric Specification 
Instruments Estimated on Weekly Data

FF Lit BP JY CA$ US$
Constant (xio2) -0.12 0.006 0.04 0.37 0.54 0.22

(0.10) (0.39) (0.36) (0.28) (0.55) (0.41)

{ft ~ st) 0.01 0.13 -1.03 0.50 -0.96 -0.87
(0.24) (0.43) (0.71) (0.32) (0.98) (0.86)

Cond. Volat. 1.05 0.59 0.66 -0.55 -0.01 0.003
(0.003) (0.28) (0.18) (0.25) (0.31) (0.30)

MSE (xio4) 1.63 4.38 8.65 10.89 13.09 12.53
AR(12) 63.1 23.5 17.2 13.4 18.0 16.9
ARCH(l) 33.72 0.31 1.82 0.002 2.18 1.46
Lags in Nonpar. 1 1 1 3 1 1
Regression

In spite of the lack of significance of the constant and the parameter 
on the forward premium, the picture on the risk term is much sharper 
now, since the parameters for four out of the six currencies are signific­
ant (CA$ and US$ being the exceptions), and of comparable size. This 
result is not surprising for the European currencies, since the overall his­
torical behavior of these currencies vis-à-vis the Deutsche Mark followed 
a secular trend which strengthened the German currency over the years, 
contributing to its reputation as a safe haven within Europe. From these 
results one would tend to conclude that there is no fixed component of 
the risk premium, but just the time-varying one. The lack of signific­
ance of the risk-premium for the North American currencies is somewhat 
puzzling since we know that there have been periods in the sample con­
sidered when they have been strongly appreciating or depreciating. The

18

©
 T

he
 A

ut
ho

r(s
). 

Eu
ro

pe
an

 U
ni

ve
rs

ity
 In

st
itu

te
. 

D
ig

iti
se

d 
ve

rs
io

n 
pr

od
uc

ed
 b

y 
th

e 
EU

I L
ib

ra
ry

 in
 2

02
0.

 A
va

ila
bl

e 
O

pe
n 

Ac
ce

ss
 o

n 
C

ad
m

us
, E

ur
op

ea
n 

U
ni

ve
rs

ity
 In

st
itu

te
 R

es
ea

rc
h 

R
ep

os
ito

ry
.



hypothesis that the estimated coefficients capture a sort of average effect 
is investigated in the next section.

6 Trading Signals and Risk Perception

The evaluation of the impact of the risk-premium on exchange rate move­
ments thus far has shown that interest rate differentials seem to play 
little or no role in the short-run. However, the question of how risk is 
perceived across periods remains still open given that in the floating ex­
change rate experience since 1973 currencies have often alternated phases 
of strength and weakness which should correspond to a different risk 
perception about detaining a certain position. As Engel and Hamilton 
(1990) have shown, however, even when these long-term movements are 
taken into account the interest rate differential does not seem to convey 
a relevant message about future movements.

The mechanisms at work in the markets have received an increas­
ing attention in the academic literature, since the lack of support for 
an expectation-based theory such as uncovered interest rate parity has 
raised the question as to whether considering heterogeneity is likely to 
make a difference when the hypothesis of rational behavior are invest­
igated. In this respect, it is interesting to see whether certain “fads” 
which are generated on the markets reflect a consensus of opinions about 
the direction (appreciation or depreciation) taken by a currency in the 
short-run.

Technical analysis consists of several statistical techniques and rules 
of thumb which are widely followed by traders to determine their short- 
run position on the markets (Taylor and Allen 1992). The consequences 
of this “habit” is that the process of expectation formation relies much 
more on asymmetric information and the possibility of expectational er­
rors, or of waves of herding mechanisms as the outcome of reciprocal 
influence by markets’ participants (Lehmann 1990; Kirman 1993). Per­
haps oversimplifying the situation, the trading rules (or filters) suggested 
by technical analysis translate into advice to buy or sell. Whether these
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signals are followed or not in practice depends on the complete set of 
information available to traders, and, ultimately, on what is defined as 
market sentiment, i.e. a sort of collective feeling about what is likely to 
happen.

In the present context, we are not pursuing a strategy of detecting 
possible pockets of profitability on the foreign exchange markets, but we 
want to investigate whether the analysis of trading signals helps us in 
identifying periods marked by a definite (and recognizable) tendency of 
the currency. Across periods with different tendencies the perception 
of risk relative to that currency must change and should be empirically 
detectable.

We look at these effects by characterizing various market situations 
on the basis of signals referred to by technical analysts as “buy” , “sell” , 
or “stay neutral” and focusing to the exchange rate movements according 
to which signal was prevalent on the market at each point in time. In 
what follows we have chosen two simple rules known as Moving Average 
(MA) and Moving Variance (MV) selecting periods of “buy” or “sell” 
when both rules signaled the same advice, and gathering into a hold-the- 
position period all the others (hence pooling neutral and mixed signals 
periods). Other, more complex, trading rules could be chosen but for the 
purpose of the present paper we prefer to show how even with a simple 
combination of signals the ensuing regimes selected have an economic 
interpretation.

In detail the two rules are built as follows:

1. The first rule gives out a “sell” signal (for the currency and a buy for 
the DM) when the period is characterized by a short-term moving 
average of st that is higher than the long-term one, and the other 
way around for a “buy” signal. Here we used the observation itself 
as the short-term average while the long-term is chosen here to 
contain 10 observations, although historical profitability may sug­
gest the selection of an optimal length of the averages.

2. The second rule is based on short- and long-term moving variances
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of the exchange rate forward returns defined in our case as

1U j=0
, M V L t =

i 99

Action is called for when M V  St < (1 +  a)M V L t, i.e., the short­
term volatility is lower than the long-term one up to a propor­
tionality factor a. The number of terms in each moving variance 
and the choice of a  can be optimized (in ex post terms) when the 
profitability of the rule is being investigated. In this context our 
empirical results are based on a value of a =  0, since experiments 
with a different threshold did not provide an appreciably different 
selection of periods. Again, a “sell” regime is characterized by peri­
ods when the previous return was positive (hence depreciation of 
the currency vis-à-vis the DM), and a “buy” regime by periods 
when the previous return was negative. Contrary to the previous 
one, for this trading rule there exist “neutral” periods as well where 
one should hold the position. For the purpose of the present ana­
lysis we computed the trading signals on the basis of weekly data, 
in order to characterize a “within-month” market situation and to 
lose less data at the beginning of the sample period.

In our analysis, we pool the signals from the two filters by assuming 
“sell” or “buy” periods characterized by consensus from the technical 
analysis instruments. The periods where the two signals disagree are 
labeled as “neutral” . In order to give an idea about their characteristics 
we report in Table 9 some descriptive statistics by currency computed 
on each of the two types of periods, to be compared with each other and 
with the values of the whole sample period.

The descriptive results show that the differences in returns across 
regimes are considerable, being positive for sell periods (depreciation) 
and negative for buy periods (appreciation). The returns in the neutral 
period are hidden inside the overall effects which is a weighted average 
of the three types of periods. However, the exam of the minimum and 
maximum shows that the overall highest returns (in absolute value) oc­
curred in a neutral period. This is not surprising because the moving
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variance trading rule suggests action in correspondence to a lower than 
usual level of recent unconditional variance, thus showing a preference 
for less volatile periods. This is also appreciable by the measure of vari­
ability of returns since the standard deviations are lower for the buy and 
sell periods relative to the overall values. The correlations between the 
forward premium and the conditional volatility term are very low giving 
support to the idea that the latter adds new information relative to the 
interest rate differential. Finally, the last rows of Table 9 show that the 
number of selected subperiods is fairly relevant adding up to more than 
a third of the total sample size, and that there is considerable movement 
in and out of each type of period (switching).

Table 9: Descriptive Statistics.
Exch.Rate Returns FF Lit BP JY CA u s

Mean (S) 0.90 2.42 2.04 1.43 2.89 2.34
Mean (B) -0.35 -0.32 -0.87 -1.99 -1.71 -2.16
Overall 0.14 0.45 0.28 -0.32 0.20 0.06
Std (S) 1.04 1.85 2.04 1.44 2.21 2.23
Std (B) 0.79 0.79 1.83 2.24 2.60 2.80
Overall 1.47 2.20 2.98 3.30 3.64 3.55
Min (S) -0.50 -0.72 -1.47 -1.31 -2.32 -2.43
Min (B) -3.47 -2.95 -6.76 -9.97 -10.20 -8.84
Overall -4.26 -9.84 -9.39 -9.97 -10.85 -11.76
Max (S) 4.55 6.15 7.92 5.01 7.91 8.01

Max (B) 1.06 1.54 2.76 2.38 5.48 5.39
Overall 6.15 12.56 11.91 10.39 10.30 8.24
Correlations

(/*.*’ -  ■»<)>*? (S) 0.19 0.32 0.31 -0.13 0.16 -0.04

( /« ,*  -  (B) 0.10 -0.06 -0.16 0.03 0.21 -0.05
Overall 0.39 0.03 0.08 -0.11 -0.09 0.08
Months in regime (S) 28 22 34 49 49 51
Months in regime (B) 69 72 58 60 48 52
Switching to (S) 21 19 25 32 33 36
Switching to (B) 45 43 38 37 31 25
Switching to (N) 60 56 54 59 57 55

All reported statistics are multiplied by 100.
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The relevance of the selecting subperiods on the basis of the trading 
signals can be analyzed by estimating the separate effects of the three 
regimes (neutral -N-, buy -B-, and sell -S-) through some appropriate 
dummy variables. The model (4) becomes

s t + i  ~  s t — f t o D Nt +  P l D s t  +  P i D Bt

+ ^ a t + l \ t ^ N t  +  f i l a t + l \ t D s t  +  <520-(2+1|(D B(

+Pi(ft, 1 — spDut +  — st)Dst +  — st)Dst +  f ( + i  •

In order to improve the readability of the results, we report only the val­
ues of the estimated coefficients for the buy and sell regimes due to the 
residual nature of the neutral period. Table 10 summarizes the results 
obtained with our estimator when the instruments are derived on the 
basis of weekly data (the results obtained with the instruments estim­
ated on monthly data are less sharp, although similar, and are available 
upon request). The first remark relates to the constant components of 
the risk-premium: for each currency there is just one coefficient which is 
different from zero (Lira, Pound, CAS, USS for the sell regime i.e. when 
the currency has a recognized tendency to depreciate, and FF and Yen 
for the buy regime). This might be interpreted as a sort of reputation 
effect of the currency by which either sort of signal entails an instant­
aneous perception of the risk (respectively, the advantage) connected to 
holding the currency when it is depreciating (respectively, appreciating).
The coefficients of the forward premium are seldom different from zero, 
the only notable exception being the Yen, for which both regimes have 
significant coefficients which are also not significantly different from 1.

Most importantly, for the goals of the present analysis, the coef­
ficients on the conditional volatility are all significant and opposite in 
sign across regimes. The coefficients on the sell signal are very similar 
to each other, varying from 1.15 (USS) and 2.26 (FF); the confidence 
intervals around each of them have a nonempty intersection around 1.5.
As for the coefficients for the buy signal they are negative (in coincidence 
with expectations since a buy period should be characterized by an ap­
preciation of the currency) and range from —1.29 (Yen) to —2.77 (Lira).
In this case, though the confidence intervals overlap separately for the
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group of European currencies (for values of the coefficient below — 2) and 
for the group of non-European currencies (for values of the coefficient 
around —1.2). The difference in the impact of conditional volatility is 
interpreted as evidence of asymmetry of the time-varying component of 
the risk-premium. In fact, a psymbol by column means that the sell 
coefficient is significantly different from the buy coefficient in modulus.

Table 10 : Analysis with Trading Signals
FF Lit BP JY CA$ US$

Constant : ❖
Sell Regime (xio2) 0.26 0.75 0.82 0.19 1.95 0.88

(0.18) (0.31) (0.27) (0.18) (0.23) (0.39)
Buy Regime (xio2) -0.30 -0.06 0.40 -0.83 -0.53 0.30

(0.07) (0.13) (0.28) (0.20) (1.10) (0.82)
Forward Premium :
Sell Regime 0.55 0.15 -0.05 0.85 2.19 -0.35

(0.65) (0.52) (0.80) (0.32) (0.62) (0.68)

Buy Regime 0.48 0.18 -0.06 1.56 3.38 -0.10
(0.16) (0.14) (0.66) (0.34) (4.70) (1.08)

Conditional Volatility : ❖ 0 ❖ O
Sell Regime 2.26 1.80 1.40 1.98 1.15 1.26

(0.47) (0.31) (0.28) (0.28) (0.17) (0.26)
Buy Regime -2.38 -2.77 -2.14 -1.29 -2.16 -1.62

(0.13) (0.39) (0.19) (0.17) (0.94) (0.32)
MSE (xio4) 1.22 3.65 6.94 8.91 10.77 9.44
AR(12) 20.72 17.92 10.68 12.17 12.03 15.55
ARCH(l) 3.70 0.28 0.77 0.008 0.09 0.96

0  Asymmetry Test: Sum o f two regime coefficients significantly different from zero 
at 5% sig. level.

The results for the risk term obtained in Table 10 can be evaluated 
(Figures 2 to 7) by showing the time profile of the risk-premium relative 
to the “buy” and “sell” periods. The series depicted are computed on the 
basis of the estimated coefficients according to the following expression:

RPtSi =  ( Ü + S lê*t+1)DSI if t =  sell 
PPu  =  (do +  P f2t+l)D Bi if t =  buy

with Dst =  1 when t is a “sell” period and 0 otherwise and analogously
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for D bi• Note that on the basis of the estimated coefficients RPtsl is 
always greater than zero while RPtB{ is always less than zero.

We have divided up the presentation of the trading signals for 
the currencies under investigation in two groups (European and Non 
European) since for the former the trading signals may shadow actions 
by the markets right before or after an institutional realignment. Figures 
2 to 4 represent the occurrence of such trading signals for the European 
group, where we superimposed the first vertical bar in correspondence to 
the inception of the ERM mechanism and subsequent ones representing 
the dates of the central parity realignments (or crises). A pattern can be 
isolated, where following a realignment there is a tendency to have “buy” 
signals (to ripe the benefits of speculative attacks) and in some instances 
(for the French Franc and the Italian Lira) the “sell” signal occurs at the 
same time as the realignment. Experiments with our model considering 
the different periods between successive realignments did not signal any 
significant difference across periods in any of the groups of coefficients. 
However, from the graphs it is interesting to note the stabilizing effect of 
the ERM: the impact of the risk-premium on the currency movements is 
much higher for the FF and the Lira prior to the institution of the ERM, 
while for the Lira and the Pound the exit from the ERM has determined 
a considerable increase in the impact of volatility.

For the other group we report with vertical bars the periods of high 
appreciation and depreciation detected by Engel and Hamilton (1990). 
It is interesting to notice (Figure 7) how the herding behavior in fa­
vor or against the USS occurred in the mid-1980’s with the buy signals 
clustered between 1981 and 1985. Interestingly enough, the buy signals 
(of the currency, i.e. sales of DM) tend to repeat themselves for the same 
period both for the Yen (Figure 5) and the Canadian Dollar (Figure 6). 
Although, for the sake of brevity, we do not present the complete cor­
relation table among sell and buy signals, we can report that there is 
a high correlation (0.67 for the sell and 0.62 for the buy, respectively) 
between the Canadian and the US Dollars. For the other currencies the 
correlations are much lower (just for the buy signal 0.34 between Yen 
and CAS and 0.35 between Yen and L'S$). From a graphical point of
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view, while the occurrence of signals for the Canadian Dollar follows the 
US Dollar more closely, it is interesting to notice that in correspondence 
of the sell signals ( “talk the dollar down” ), there is a time (beginning 
of 1986) of buy signals for the Yen. We interpret the evidence (both 
graphical and based on simple correlations) as pointing to the presence 
of shifts in currency portfolio composition.

7 Conclusions

The hypothesis asserting that the forward exchange rate is an unbiased 
predictor of the future spot rate has seldom received empirical support, 
once the nonstationarity of exchange rates is adequately taken into con­
sideration. Among the various explanations proposed in the literature 
for this failure, here we have adopted the time-varying risk-augmented 
relationship between exchange rate movements and the forward premium.

As noted, the possibility of excessive persistence in estimated condi­
tional volatility may be one of the reasons why the ARCH-M specification 
used by Domowitz and Hakkio (1985) was so disappointing in proposing 
the risk term as a relevant variable in the relationship. In this respect a 
nonparametric estimation of the conditional variance allows us to exploit 
the local approximation properties of the kernel estimator thus providing 
a much less persistent estimate of the variance. At the same time, we may 
use data at different frequency (in our case weekly data for the monthly 
model) to estimate noparametrically the instruments on the conditional 
volatility term. One of the results of this paper is to show that the is­
sue of timing of the information availability is a crucial one when trying 
to evaluate risk-related effects or the perception of risk on the markets. 
In fact, we obtain a sharper picture using the instruments estimated on 
higher frequency data.

However, the mechanisms at work on the markets are much more 
complicated than what is entailed by a partial analysis based on forward 
premium and conditional volatility alone. Opinions on where currencies 
are going are exchanged continuously on the markets at a much higher
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frequency than the one at which we examined the issue in this context. 
Intuitively, though, the time-varying nature of the risk-premium and its 
frequent change of sign when evaluated on exchange rates show that the 
perception of the risk attached to holding a specific currency changes 
whether the currency is being perceived as appreciating or depreciating. 
In order to derive a measure of this perception we borrowed from tech­
nical analysis two simple trading rules which were combined together to 
form consistent signals to buy or to sell. On this basis we were able to 
estimate the effects of the risk-premium keeping separate the periods of 
perceived appreciation (buy) from the periods of perceived depreciation 
(sell). Our results show that this distinction meets an empirical support, 
at least as far as the impact of conditional volatility is concerned. We 
obtain significant coefficients (and opposite in sign across regimes) for 
all currencies and evidence of asymmetric effects in four out of the six 
currencies considered. On the other hand, the uncovered interest rate 
parity theory is once again not supported by the data not delivering the 
needed values of the coefficient on the forward premium.

The relevance of the approach considered here can be pursued fur­
ther. The evidence of profitability of the rules and the evidence produced 
here should be combined together to provide a measure of risk percep­
tion which should be used for forecasting purposes. In this respect, it 
would also be interesting to evaluate different suggestions for nonpara- 
metric evaluation of conditional volatility in this context (Pagan and Ul- 
lah, 1988; Pagan and Hong, 1991) since the results on estimation alone 
performed in a previous version of this paper do not provide a clear- 
cut evidence on the superiority of either approach, other than a greater 
stability of the coefficients in the case of our approach.
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A  Nonpararnetric C V  Estimation

Given the model yt — x'tf3 +  et, the nonpararnetric estimation of the 
conditional variance of et (conditioning on the information set \&(_i) can 
be performed either as a regression function

E ((y t - x ' t̂ )2\<bt̂ )

or as a functional of regression functions

E ( y l l * , - , )  -
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which have equivalent properties.

Given a sequence of observations (yt, x t), 1 <  t < T ,  the goal of non- 
parametric regression is to find m(x*) =  Zi(y|x =  x ‘ ), where m (•) is 
unknown. The estimation would be

T

rht(x*) =  '*Tytut(x*),
( = i

which can be interpreted as a weighted local average, where the choice of 
the weights w/(x) depends on the selected method of local approximation.

The adopted estimation method is the Nadaraya-Watson kernel es­
timator with

w((x*,A )

K<(X*)

_  «<(x*)
Etel K<(X*)

=  (r lA l)-1« ( A -1 ( x * - x « ) ) ,

where /c(-) is a differentiable multivariate kernel function interpretable as 
a density function (in our case Gaussian) and A  is the bandwidth matrix 
which rules the degree of smoothness of the estimator (trade-off between 
variability and bias). It can be determined optimally; in our case we 
chose the bandwidth as proportional to the sample standard deviation 
(proportionality factor T _1'(4+p), where p is the number of explanatory 
variables), following the heuristic rule suggested by Silverman (1986).

B Data Issues

In determining the correct day for the future spot rate predicted by the 
one-month forward rate at time t. measurement error is a potential source 
of bias for the conclusion that forward rates fail to predict future spot 
rates.

In this context we used both weekly and monthly data starting 
from 12:00 noon quotes on the London market. For the weekly data 
(1079 observations, from June 1973 to January 1994), we follow Bekaert 
and Hodrick (1991) in selecting Fridays as the day of the week for the
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forward buy transaction. We determine the correct spot transaction date 
in the next month taking into consideration the technical aspects of the 
contract detailed in Bekaert and Hodrick (1991). Accordingly, monthly 
data (248 observations) are obtained extracting the last business day of 
the month as the value date which determines the corresponding spot 
transaction day.
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P rice  In d ex ed  D eb t In c rease  M em bersh ip  
W h en  D em an d  Increases

ECO No. 94/2
T ilm an  E H R B E C K /R o b ert 
W A L D M A N N
C an  F o rec a s te rs ’ M o tiv e s  E xp lain  
R ejec tio n  o f  the  R atio n a l E xpec ta tions  
H y p o th e sis?

ECO No. 94/3
A lessan d ra  P E L L O N I
P u b lic  P o licy  in a  T w o  S ec to r M o d el o f
E n d o g e n o u s  G ro w th  *

ECO No. 94/4
D av id  F . H E N D R Y
O n  the In te rac tio n s  o f  U n it R o o ts  and
E x o g en e ity

ECO No. 94/5
B ern ad e tte  G O V A E R T S /D av id  F. 
H E N D R Y /Jean-F ran< ;o is  R IC H A R D  
E n co m p assin g  in S ta tio n a ry  L in ea r 
D y n am ic  M odels

ECO No. 94/6
L u ig i E R M IN I/D o n g k o o  C H A N G  
T e s tin g  th e  Jo in t H y p o th esis  o f  R atio n a l­
ity  and  N eu tra lity  u n d e r  S easo n a l C o in ­
teg ra tio n : T h e  C ase  o f  K orea

ECO No. 94/7
G a b rie le  F IO R E N T IN I/A g u s tm  
M A R A V A L L
U n o b se rv e d  C o m p o n e n ts  in  ARCH 
M odels: A n  A pp lica tion  to  S easonal 
A d ju s tm en t *

ECO No. 94/8
N ie ls  H A L D R U P /M ark  S A L M O N  
P o ly n o m ia lly  C o in teg ra ted  S y stem s and  
th e ir  R ep resen ta tio n s: A  S yn thesis

ECO No. 94/9
M ariu sz  T A M B O R S K I
C u rren cy  O p tion  P ric ing  w ith  S tochastic
In te re s t R ates  and  T ran sac tio n  C osts:
A  T heo re tica l M odel

ECO No. 94/10 
M ariu sz  T A M B O R S K I 
A re  S tan d ard  D ev ia tio n s  Im p lied  in 
C u rre n c y  O p tio n  P rice s  G o o d  P red ic to rs  
o f  F u tu re  E x ch an g e  R ate  V o la tility?

ECO No. 94/11
John  M IC K L E W R IG H T /G y u la  N A G Y  
H ow  D oes the  H u n g a rian  U n e m p lo y ­
m en t In su ran ce  S ystem  R ea lly  W o rk ?  *

ECO No. 94/12
F rank  C R IT C H L E Y /P au l 
M A R R IO T T /M ark  SA L M O N  
A n  E lem en ta ry  A cco u n t o f  A m a ri’s 
E xpec ted  G eo m etry

ECO No. 94/13
D o m en ico  Ju n io r M A R C H E T T I 
P ro cy c lica l P ro d u ctiv ity , E x tern a lities  
and  L a b o r H oard ing : A  R eex am in a tio n  o f  
E v id en ce  from  U .S . M an u fac tu rin g

ECO No. 94/14
G io v an n i N E R O
A  S tructu ra l M o d el o f  In tra -E u ro p ean  
A irline  C om petition

ECO No. 94/15
S tephen  M A R T IN
O ligopo ly  L im it P ricing : S trateg ic
S ubstitu tes , S tra teg ic  C o m p lem en ts

ECO No. 94/16
E d  H O P K IN S  
L earn ing  and  E v o lu tio n  in a 
H e tero g en eo u s  P o p u la tio n

ECO No. 94/17
B erth o ld  H E R R E N D O R F  
S eign io rage , O p tim a l T ax a tio n , and  T im e  
C o n sis ten cy : A  R ev iew

ECO No. 94/18
Frederic  P A L O M IN O
N o ise  T rad in g  in Sm all M ark e ts  *

ECO No. 94/19
A lex an d er S C H R A D E R
V ertica l F o rec lo su re , T ax  S p in n in g  and
O il T ax a tio n  in O ligopo ly

ECO No. 94/20
A ndrze j B A N IA K /L o u is  P H L IP S  
L a  P lé iad e  an d  E x ch an g e  R ate  Pass- 
T h ro u g h

E C O  N o . 9 4 /2 1  
M ark  S A L M O N
B o u n d ed  R atio n a lity  and  L earn in g ; 
P rocedu ra l L ea rn in g
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ECO No. 94/22
Isabelle  M A R E T  
H etero g en e ity  and  D y n am ics  o f  
T em p o ra ry  E qu ilib ria : S h o rt-R u n  V ersus 
L o n g -R u n  S tab ility

ECO No. 94/23
N ik o lao s  G E O R G A N T Z IS  
S h o rt-R u n  an d  L o n g -R u n  C o u rn o t 
E q u ilib ria  in  M u ltip ro d u c t In d u strie s

ECO No. 94/24
A lex an d e r S C H R A D E R
V ertica l M erg ers  an d  M ark et Foreclosure:
C o m m en t

ECO No. 94/25
Je ro en  H IN L O O P E N  
S u b s id is in g  C o o p era tiv e  and  N on- 
C o o p era tiv e  R & D  in D u o p o ly  w ith  
S p illo v ers

ECO No. 94/26
D eb o ra  D I G IO A C C H IN O  
T h e  E v o lu tio n  o f  C o o p era tio n : 
R o b u stn e ss  to  M istak es  and  M utation

ECO No. 94/27
K ris tina  K O S T IA L
T h e  R o le  o f  the  S ig n a l-N o ise  R atio  in
C o in teg ra ted  S ystem s

ECO No. 94/28
A gustfn M A R A V A L L /V Ic to r G f)M E Z  
P rog ram  S E A T S  “ S ignal E x trac tio n  in 
Arima T im e  S eries”  - In s tru c tio n s  fo r 
th e  U se r

ECO No. 94/29
L uig i E R M IN I
A  D iscrete -T im e  C o n su m p tio n -C A P  
M o d e l u n d e r  D u rab ility  o f  G o o d s, H ab it 
F o rm atio n  and  T em p o ra l A ggrega tion

ECO No. 94/30
D eb o ra  D I G IO A C C H IN O  
L earn ing  to  D rink  B ee r  by  M istake

ECO No. 94/31
V icto r G fIM EZ/A gusU 'n M A R A V A L L  
P rog ram  T R A M O  ‘T im e  Series 
R eg ress io n  w ith  ARIMA N o ise , M iss in g  
O b se rv a tio n s , and  O u tlie rs”  - 
In s tru c tio n s  fo r the  U se r

ECO No. 94/32
A k o s V A L E N T IN Y I
H ow  F in an c ia l D e v e lo p m en t and
In fla tio n  m a y  A ffec t G ro w th

ECO No. 94/33 
Stephen  M A R T IN
E u ro p ean  C o m m u n ity  F o o d  P ro cessin g  
In d u s trie s

ECO No. 94/34
A gustln  M A R A V A L L /C hristophe  
P L A N A S
E stim a tio n  E rro r and  th e  S pec ifica tion  o f  
U n o b se rv ed  C o m p o n e n t M o d els

ECO No. 94/35 
R o b b in  H E R R IN G
T h e  “ D iv e rg en t B elie fs”  H y p o th esis  and 
the  "C o n trac t Z o n e”  in F inal O ffe r 
A rbitration

ECO No. 94/36 
R o b b in  H E R R IN G  
H iring  Q uality  L ab o u r

ECO No. 94/37 
A n g e l J. U B ID E
Is th e re  C o n su m p tio n  R isk  S h arin g  in the 
E E C ?

ECO No. 94/38
B erth o ld  H E R R E N D O R F  
C red ib le  P u rch ases  o f  C red ib ility  
T h ro u g h  E x ch an g e  R ate  P egg ing :
A n O p tim a l T axation  F ram ew ork

ECO No. 94/39
E nrique  A L B E R O L A IL A  
H ow  L o n g  C an  a  H o n ey m o o n  L ast?  
In s titu tiona l and  F u n d am en ta l B elie fs  in 
th e  C o llap se  o f  a  T a rg e t Z one

ECO No. 94/40
R obert W A L D M A N N  
In eq u a lity , E co n o m ic  G ro w th  an d  th e  
D eb t C ris is

ECO No. 94/41
Jo h n  M IC K L E W R IG H T /
G y u la  N A G Y
F lo w s to  an d  fro m  In su red
U n e m p lo y m en t in H u n g ary
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ECO No. 94/42
B arb a ra  B O E H N L E IN
T h e  S oda-ash  M ark e t in  E urope:
C o llu s iv e  and  C o m p e titiv e  E quilib ria  
W ith  and  W ith o u t F o re ig n  E n try

ECO No. 94/43
H an s-T h eo  N O R M A N N  
S ta c k e lb e rg  W a rfa re  as  an  E q u ilib r iu m  
C h o ice  in  a  G am e  w ith  R ep u ta tio n  E ffects

ECO No. 94/44
G io rg io  C A L Z O L A R I/G ab rie le  
F IO R E N T IN I
C o n d itio n a l H e tero sk ed astic ity  in 
N o n lin e a r  S im u ltan eo u s  E q u a tio n s

ECO No. 94/45
F rank  C R IT C H L E Y /P au l M A R R IO T T / 
M ark  SA L M O N
O n  the  D ifferen tia l G eo m etry  o f  th e  W ald  
T e s t w ith  N o n lin ea r R estric tio n s

ECO No. 94/46
R en z o  G . A V E S A N I/G iam p ie ro  M . 
G A L L O /M ark  SA L M O N  
O n  th e  E v o lu tio n  o f  C red ib ility  and  
F lex ib le  E x ch an g e  R ate  T a rg e t Z o n es  *

ECO No. 95/1 
P au l P E Z A N IS -C H R IS T O U  
E x p erim en ta l R esu lts  in  A sym m etric  
A u c tio n s  - T h e  ‘L o w -B a ll’ E ffec t

ECO No. 95/2
Je ro en  H IN L O O P E N /R ien
W A G E N V O O R T
R o b u st E stim ation : A n  E xam ple

ECO No. 95/3
G iam p ie ro  M . G A L L Q /B arb a ra  P A C IN I 
R isk -re la ted  A sy m m etrie s  in F o reign  
E x ch an g e  M arkets

ECO No. 95/4
S antanu  R O Y /R ien  W A G E N V O O R T  
R isk  P referen ce  and  In d irec t U tility  in 
P o rtfo lio  C h o ic e  P ro b lem s

ECO No. 95/5 
G io v an n i N E R O
T h ird  P ack ag e  an d  N o n co o p era tiv e  
C o llu s io n  in  the E u ropean  A irline  
In d u s try

ECO No. 95/6
R en zo  G . A V E S A N I/G iam p ie ro  M . 
G A L L O /M ark  S A L M O N  
O n the N ature  o f  C o m m itm e n t in  F lex ib le  
T a rg e t Z ones  and  th e  M easu rem en t o f 
C red ib ility : T h e  1993 E R M  C ris is  *

ECO No. 95/7
Jo h n  M IC K L E W R IG H T /G y u la  N A G Y  
U n em p lo y m en t In su ran ce  and  In cen tiv es  
in  H u n g ary

ECO No. 95/8
K ristina  K O ST 1A L
T h e  F u lly  M o d ified  O L S  E s tim a to r as  a 
System  E stim ato r: A  M o n te-C arlo  
A nalysis

ECO No. 95/9 
G u n th e r R E H M E
R edistribu tion , W ea lth  T a x  C o m p e titio n  
and  C ap ita l F lig h t in  G ro w in g  
E conom ies

ECO No. 95/10
G ray h am  E . M IZ O N  
P ro g ress iv e  M o d ellin g  o f  
M acroeconom ic  T im e  Series: T h e  L S E  
M eth odo logy  *

ECO No. 95/11
P ie rre  C A H U C /H u b e rt K E M P F  
A lte rna tive  T im e  P atte rn s  o f  D ecisions 
and D ynam ic  S tra teg ic  In te rac tions

ECO No. 95/12 
T ito  B O E R I
Is Jo b  T u rn o v e r  C o u n te rcy c lic a l?

ECO No. 95/13
L u isa  Z A N F O R L IN
G ro w th  E ffec ts  fro m  T rad e  and
T echno logy

ECO No. 95/14
M iguel JIM IiN E Z /D o m en ico  
M A R C H E T T I, jr .
T h ick -M ark e t E x te rn a litie s  in  U .S . 
M anufac tu ring : A  D y n am ic  S tudy  w ith  
Panel D ata

ECO No. 95/15
B ertho ld  H E R R E N D O R F  
E x ch an g e  R ate  P eg g in g , T ran sp a re n cy , 
and  Im ports  o f  C red ib ility

♦out of print
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ECO No. 95/16 
G ü n th e r  R E H M E
R ed istr ib u tio n , In co m e  cu m  In v es tm en t 
S u b sid y  T ax  C o m p e titio n  an d  C ap ita l 
F lig h t in  G ro w in g  E co n o m ies

ECO No. 95/17
T ito  B O E R I/S tefan o  S C A R P E T T A  
R eg io n al D im en sio n s  o f  U n em p lo y m en t 
in  C en tra l and  E aste rn  E urope  and  Social 
B arrie rs  to  R estru c tu rin g

ECO No. 95/18
B ern h ard  W IN K L E R  
R ep u ta tio n  fo r  E M U  - A n E co n o m ic  
D efence  o f  the M aastrich t C rite ria

ECO No. 95/19
E d  H O P K IN S
L earn in g , M atch in g  and  A ggrega tion

ECO No. 95/20
D orte  V E R N E R
C an  the  V a riab les  in  an E x ten d ed  S o low  
M o d el be T rea ted  as E x o g en o u s?  
L ea rn in g  from  In te rn a tio n a l C o m p ariso n s  
A cro ss  D ecades

ECO No. 95/21
E nrique  A L B E R O L A -IL A  
O p tim a l E xchange  R ate  T arge ts  and  
M acroeconom ic  S tabilization

ECO No. 95/22
R obert W A L D M A N N
P red ic tin g  the  S ig n s  o f  F o rec a s t E rro rs

ECO No. 95/23
R obert W A L D M A N N
T h e  In fan t M orta lity  R ate  is H ig h e r
w h e re  the R ich  a re  R ich er

ECO No. 95/24
M ich ae l J. A R T IS /Z en o n  G. 
K O N T O L E M IS /D en ise  R. O S B O R N  
C la ss ica l B u sin e ss  C y c le s  fo r  G 7  and  
E u ro p ean  C o u n trie s

ECO No. 95/25
Je ro en  H IN L O O P E N /C h arle s  V A N  
M A R R E W U K
O n  the  L im its  and  P o ssib ilitie s  o f  the 
P rincip le  o f  M in im um  D ifferen tia tion

ECO No. 95/26
Je ro en  H IN L O O P E N  
C o o p era tiv e  R & D  V ersus  R & D - 
S u b sid ies: C o u rn o t and  B ertran d  
D u o p o lie s

ECO No. 95/27
G iam p ie ro  M . G A L L O /H u b e rt K E M P F  
C o in teg ra tio n , C o d ep e n d e n c e  and  
E co n o m ic  F lu c tu a tio n s

ECO No. 95/28
A n n a  PE  11 IN I/S te fano  N A R D E L L I 
P ro g re ss iv e  T a x a tio n , Q u a lity , and  
R ed istr ib u tio n  in K ind

ECO No. 95/29
À kos V A L E N T IN Y I
R u les  o f  T h u m b  and  L o ca l In te rac tion

ECO No. 95/30
R obert W A L D M A N N  
D em o cracy , D e m o g rap h y  and  G ro w th

ECO No. 95/31
A lessan d ra  P E L L O N I
N o m in a l R ig id itie s  and  Inc reasing
R etu rn s

ECO No. 95/32
A lessan d ra  P E L L O N I/R o b ert 
W A L D M A N N
Inde te rm inacy  and  W elfa re  Inc reasing  
T a x es  in a  G ro w th  M o d e l w ith  E lastic  
L a b o u r S u pp ly

ECO No. 95/33
Jero en  H IN L O O P E N /S tep h en  M A R T IN  
C o m m e n t o n  E s tim a tio n  and 
In te rp re ta tio n  o f  E m p irica l S tud ies  in  
Industria l E co n o m ics

ECO No. 95/34 
M .J. A R T IS /W . Z H A N G  
In te rn a tio n a l B u sin e ss  C y c les  an d  th e  
E R M : Is th e re  a  E u ro p ean  B u sin ess  
C ycle?

ECO No. 95/35 
L o u is  P H L IP S
O n the  D e tec tio n  o f  C o llu s io n  and  
P reda tion

ECO No. 95/36 
P ao lo  G U A R D A /M ark  S A L M O N  
O n the  D e tec tion  o f  N on linearity  in 
F o reign  E xchange  D ata
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ECO No. 95/37 
C h ia ra  M O N F A R D IN I 
S im u la tio n -B ased  E n co m p assin g  fo r 
N o n -N ested  M odels: A  M o n te  C arlo  
S tu d y  o f  A lte rn a tiv e  S im u la ted  C o x  T est 
S ta tis tic s

ECO No. 95/38 
T ito  B O E R I
O n  th e  Jo b  S earch  an d  U n em p lo y m en t 
D ura tion

ECO No. 95/39
M assim ilian o  M A R C E L L IN O  
T em p o ra l A ggrega tion  o f  a  V A R IM A X  
P ro ce ss

ECO No. 95/40
M assim ilian o  M A R C E L L IN O  
S o m e  C o n seq u en ces  o f  T e m p o ra l 
A g g reg a tio n  o f  a  V A R IM A  Process

ECO No. 95/41
G io v an n i N E R O
S p a tia l M u ltip ro d u c t D u o p o ly  P ric ing

ECO No. 95/42 
G io v an n i NERO
S p ad a i M u ld p ro d u c t P ricing : E m pirical 
E v id en ce  on  In tra -E u ro p ean  D uo p o ly  
A irline  M arkets

ECO No. 95/43 
R o b ert W A L D M A N N  
R atio n a l S tu b b o rn n ess?

ECO No. 95/44
T ilm an  E H R B E C K /R o b ert 
W A L D M A N N
Is  H o n e s ty  A lw ay s  the  B es t P o licy ?  

ECO No. 95/45
G ia m p ie ro  M . G A L L O /B arb a ra  P A C IN I 
T im e-v a ry in g /S ig n -sw ite h in g  R isk  
P e rcep tio n  o n  F o reign  E x ch an g e  M arkets
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