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Abstract

We consider a new nonparametric evaluation of the time—varying risk—
related term in the relationship between spot and forward rates, suggesting
it as an instrument for an estimator which is compared to others present in
the literature. The nature of the time—varying term is discussed, focussing
on possible asymmetries in the perception of risk for different currencies in
a number of market situations approximated by standard trading strate-
gies. The results confirm the existence of asymmetries in the size and
magnitude of risk-related effects in exchange rate determination.
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1 Introduction

In the literature on foreign exchange markets, the reader is customarily briefed on
the largely documented untenability of the hypothesis which asserts that the for-
ward rate is an unbiased predictor of the future spot rate. In this paper we seek to
investigate the nature of the time—varying risk-related term often inserted in the
spot—forward relationship, in its possible links to market inefficiencies, bounded
rationality, or nonlinearities as reasons for the breakdown of the unbiasedness
hypothesis. We will concentrate in particular on the suggestions to evaluate this
risk-related term linking it to the conditional variance, exploiting some of the
recent developments in nonparametric and semiparametric estimation .

One suggestion advanced in evaluating the presence of this risk-related term
in the spot—forward relationship has been to consider an ARCH-M framework
where the autoregressive conditional variance term enters as its proxy in the
mean equation. Such a parameterization of the conditional variance may turn
out to be restrictive in that it imposes specific assumptions about how the in-
formation available can be processed to provide a measure of risk. In fact, the
empirical evidence provided by Domowitz and Hakkio (1985) with monthly data
and by Baillie and Bollerslev (1990) with weekly data has shown the weakness of a
parametric approach to the evaluation of risk—premium effects in a spot—forward
rates relationship and signals the need to explore other routes. As noted by Froot
and Thaler (1990), this approach belongs to the class of statistical models of risk
which are not derived from an asset pricing theory where time—varying risk is
related to intertemporal optimization and attitude towards risk. Nevertheless,
its adoption is usually justified on the grounds that risk is related to uncertainty,
and the latter to volatility. In our case, a measure of volatility in the market,
conditional on an information set and derived from weekly data without imposing
a specific parameterization, is used to reflect the prevailing level of uncertainty,
given the recent experience on the markets. The outcome is a flexible nonlinear
moving average where previous surprises relative to the spot—forward relationship
are processed nonlinearly.

There is no consensus as to whether the presence of a conditional volatil-
ity term in the mean equation should be referred to as a risk-premium or a
more generically as a risk-related term: the theoretical foundations of a model
with a risk—premium fade away when its testable implications need to be derived
(cf. Hansen and Hodrick, 1983); moreover, as shown by Backus and Gregory

! Although the presence of stochastic heteroskedasticity is largely documented in the ex-
change rate analysis, it is not clear whether conditional heteroskedasticity 1s a structural char-
acteristic of the data generating process, or, rather, is an effect of an incorrect linear specification
of the conditional mean function. A different stream of research suggests to seek for nonlin-
earities in the mean equation with nonlinear and chaotic models. Nonparametric estimates of
the conditional mean equation are proposed in Diebold and Nason (1990), Hsieh (1993) and
Mizrach (1993).



(1993), a monotonic, increasing relationship between conditional variance and
risk—premium cannot be derived in general. Apart from terminology, the essence
of the matter is that the trends prevailing in the short run on the markets are
surrounded by uncertainty. The presence of a large number of heterogeneous
agents is reflected at times by disparate (but evolving) beliefs about these trends
which may show up in clustering of volatility which affect the mean equation.
With this in mind, for ease of reference we will use either term as synonyms.

Moreover, the pure risk—premium argument would not explain the market
behavior such as the one allowing for periods of strong appreciations and sharp
depreciations of the US$ in the 1980s, as noted also by Froot and Thaler (1990).
Also, since the behavior of the exchange rates mirrors reputation as regards sta-
bility and credibility of monetary and fiscal policies, a working hypothesis is that
agents hold different attitudes toward observed periods of relative strength and
weakness of a currency. For currencies such as the Italian Lira, for example, for
which progressive devaluations vis—a—vis the major currencies in the 70s and the
80s have been the rule rather than the exception, some agents might maintain
expectations about a future depreciation even when the signals coming from in-
terest rate differentials would suggest otherwise. An interest rate differential of
about 2% between Eurodeposit rates on the Italian Lira and the Deutsche Mark
was the norm when the behavior of the Lira in the ERM of the European Mon-
etary System was fairly stable and was not accompanied by any expectation of
specific Lira movements. At other times higher differentials were seen as a sign
of distress for the Lira, in the presence of expectations of a depreciation. High
differentials do not imply necessarily an impending depreciation: in fact, such
a situation was observed between the DM and the US$ in the early 1990s, but
the former long maintained a position of relative strength when compared to the
latter.

The reputation accompanying each currency is related to many economic and
political elements under consideration by the markets, among which are the anti—
inflationary stances taken by monetary authorities. These elements vary across
countries and time, so that it is of interest to investigate the impact of the risk—
related term on the exchange rate movements in an attempt to isolate asymmetry
of behavior in some specific market situations. Here we will adopt three com-
mon trading rules (cf. Le Baron, 1993b) which provide signals of action, in an
effort to sift through the different attitudes held by market operators towards a
given currency as reflected in “buy” or “sell” actions on the market. To avoid
confusion, the trading rules are not examined here for their profitability or to
show possible market inefficiencies, but as indicators of situations which the mar-
ket may not interpret univocally. The movements in the conditional variance
(risk-related term) will then have different effects on exchange rate movements if
asymmetry is present. In fact, if symmetry in the reactions were to be assumed,
we would observe a sheer reversal of signs in the coefficient of the risk-related
term. Otherwise, we should interpret the evidence as a sign of the presence of



a “reputation” or “prejudice” effect attached to the currency which filters the
signals coming from the market. Note that in our analysis the only economic
fundamentals taken into considerations are the interest rate differentials, so that
there is no explicit reference to learning about changes in monetary policy as in
Lewis (1989). The evolution of beliefs concerning the credibility of the monetary
authority’s actions is taken to be reflected in the behavior of conditional volatility.

Our approach differs from previous parametric studies not only because of the
particular interpretation given to the conditional variance term, and the inter-
pretation given in this context, but also because, relative to Baillie and Bollerslev
(1990), we allow the MA coefficients to be freely varying, and we estimate the
risk term nonparametrically on a larger sample size of 1077 weeks (from 1973 to
1994)%. We differ from previous semiparametric estimations of the spot—forward
relationship (Pagan and Ullah, 1988; Pagan and Hong, 1991) in choice of estima-
tor and in provision of a comparison of the three methods.

The paper is organized as follows: after recalling some theoretical issues sur-
rounding the relationship between forward spot markets, the econometric treat-
ment of risk evaluation in the parametric case is presented in Section 3. Section
4 discusses the nonparametric estimation of the risk premium, suggesting an
original instrumental variable framework given the error—in—variable problem af-
fecting the use of generated variables for the risk term. A comparison with other
methods of choosing the instruments for the estimator at hand (Pagan and Ullah,
1988; Pagan and Hong, 1991) is discussed in Section 5 which leads to the empir-
ical application of the procedures to the bilateral exchange rate of five currencies
vis—a-vis the US$3.

In Section 6 we address the explicit question of asymmetric expectations when
periods are formed relative to three trading rules (LeBaron, 1993b): the first is
based on the interest rate differentials, the second on short—term and long—term
moving averages, and the third on short—term and long—term variances.

2 The Spot—Forward Relationship

The cornerstone of the analysis of foreign exchange market efficiency is the theory
of interest rate parity, which, in its covered form, conveniently provides a link
between spot and forward rates, and interest rate differentials.

ft,k — St = Z';k (1)

which is widely accepted and forms the pricing basis for the forward rates. In
its uncovered version, it establishes a relationship between spot and expectations

2We avoid altogether the sample selection problem which led Hansen and Hodrick (1983)
to exclude the years up to 1976 on the grounds that up to that point the free-float system was
still being perfected.

3Several studies have highlighted the rejection of a “dollar phenomenon” so that the results
would not be dependent on the choice of the numéraire.

4



about future spot rates and interest rate differential
Ly(seqr) — 50 =13, (2)

where f; is the (logarithm) of the forward exchange rate at time ¢ for deliv-
ery at time t + k; s; is the (logarithm) of the spot rate at time ¢ expressed as
units of foreign currency per unit of domestic currency; E; is the expected value
conditional on the relevant information set at time ¢,

ka = log(1 + ka) — log(1 + Z{k) ~ if,k - i{,ka

iik is the interest rate on the domestic currency between ¢t and ¢ + k; z{k is the
interest rate on the foreign currency on the same horizon and on foreign assets
perfectly substitutable with domestic ones.

Thus, according to the theory, 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 domestic currency (lucrating domestic interest
rates) and purchasing a forward contract or purchasing foreign currency (lucrating
foreign interest rates) right away.

The issues of whether the error term ¢ = s;yr — fir has a zero mean (un-
biasedness hypothesis), is uncorrelated, or has a constant variance have often
surfaced in the literature of the past fifteen years with a wide array of results
according to which currency was under consideration and for what period. In
sampling the data at a frequency higher than the interest rate maturity (for
example, 30-day contracts with weekly or daily data), an additional complica-
tion arises from the operation of matching data on the forward rates with the
corresponding future spot rates. This is not only a problem of determining the
appropriate timing of the contract (Fama, 1984, for example, incorrectly takes
Friday data for both spot and forward rates four weeks apart). Depending on the
actual terms of the problem, ¢ follows either a MA(k) process or a MA(k — 1)
(cf. Baillie and Bollerslev, 1990), because of the sampling at a higher frequency
than the maturity of the forward contract.

In empirical applications, the relationship is tested as?

3k
Sevk — St = a+ By,

or, which is the same,

Sty — S = a+ ﬁ(ft,k - 575)

The simple unbiasedness hypothesis (@ = 0,3 = 1) is seldom accepted in em-
pirical applications, despite the fact that it is widely recognized by now that

*The covered interest rate parity relationship is generally considered as valid, hence the
equivalence between the two formulations.



its rejection does not imply market inefficiency. In fact, using the Lucas (1982)
model of intertemporal asset pricing in a two—country world, it is often shown
(e.g. Hodrick and Srivastava, 1984) that uncertainty about the future purchasing
power of domestic and foreign monies, and about future marginal utility of the
domestic good translate into uncertainty about the intertemporal rate of substi-
tution of domestic currency between t and ¢ 4+ k. The presence of a conditional
covariance term between this rate of substitution (multiplied by the risk—free re-
turn) and the future spot rate is used to support the argument for the existence of
a time—varying risk—premium. Stockman (1978) was probably the first to stress
the sign changes in the influence of the risk—related factor, with a division of his
sample into sub—periods.

Various assumptions are needed to translate the Lucas’s economic model into
an empirically testable model (Hansen and Hodrick, 1983; Domowitz and Hakkio,
1985). Various statistical models have a less clearly interpretable economic foun-
dation, but aim at reproducing some stylized facts and at extracting an eco-
nomically interpretable signal from ¢, ;. The latent nature of this term calls for
appropriate econometrics (Pagan and Ullah, 1988, Pagan and Hong, 1991). The
definition and measurement of risk is the object of the present investigation, where
nonparametric measures of risk are taken into account. The empirical interest in
the present paper is to compare these alternative measures and, subsequently, to
investigate the importance that the risk term has in the relationship of the spot
exchange rate to forward rates. As noted by Cumby (1988), for example, the
error term contains both the uncertainty in ex ante profits relative to an infor-
mation set and the error—in—variable problem between the unobservable ex ante
profits and their realized counterparts. Starting from the expression

Eisyvp = RP g+ fin

where forward rate unbiasedness implies P, ;, = 0. By subtracting s, from both
sides we get a different expression

Stpk — St = RPrg + (for — 8¢) + €

where RP;; is taken to represent the risk premium of the theory, assumed to
be linked to the conditional variance in the €45, an MA(k — 1) pure forecast
error. As mentioned previously, a monotonic and increasing relationship between
conditional variance and risk—premium has been recently challenged by Backus
and Gregory (1993) who show that the convenient insertion of the conditional
variance in the mean equation has little theoretical foundation from existing
dynamic asset—pricing models, and that the use of the conditional variance as
a proxy for risk premium can be justified on the basis of a specific structure of
the economy, but is by no means general. With this caution, we will continue to
refer to the risk-related term as RP; ;. Nevertheless, the interpretation given in
the present context maintains a relationship between the evolution of conditional



volatility and the evolution of uncertainty on the markets and the perception of
risk.

This issue is quite separate from the motivation for a nonparametric treat-
ment of the risk-related term, which mainly stems from the limitations of a linear
specification for the mean equation in the ARCH-M model. A nonlinear map-
ping between the conditional variance and the information set is more likely to
be captured in a flexible context (cf. Pagan and Hong, 1991). Moreover, the per-
formance of the ARCH-M model by Domowitz and Hakkio (1985) is somewhat
unsatisfactory, failing to assess the importance of the risk—related term, although
the endogenous dynamics introduced does present some appealing elements. An
explicit parameterization of the risk term introduces uncertainty about the inter-
pretability of the results because of the possible misspecification of the model.

The change in the effects of the risk premium and the frequent changes in
sign discovered by Stockman (1978) were interpreted 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 which
is not derived from the theory anyway.

Traditionally, a number of suggestions have been advanced in the literature
(mostly without success) in this and other fields where risk plays a relevant role.
Moving variances have been proposed by French et al. (1987) to model inflation
risk; Pagan et al. (1983) derive measures of risk which highlight the relationship
between individual and aggregate prices; also, survey data on business expecta-
tion were used (Levi and Makin, 1979) to infer a measure of risk. Alternative
nonparametric measures of risk-related volatility are suggested by Pagan and
Schwert (1990).

From an econometric point of view, the use of proxy variables determines
an error—in-variable problem since the proxy variable is correlated with the dis-
turbance. A way to avoid this problem is to parameterize the second moment
according to a model of risk determination. Some authors model the conditional
variance as a function of some variable z;, as o = o 4 z]a, although the choice
is neither clear—cut for the set of variables, nor for the linearity of the functional
form. Since, as noted, economic theory is not clear as to what relationship the
predictable component of market volatility — thus of risk — has to the relevant
information set W,, referring to all publicly available information does not help
to determine which variables should be used in the empirical analysis. Below
we will adopt an information set limited to the spot and forward rates at one
maturity (one month), relying on the results by Hakkio (1981) in assuming that
further maturities would not add to the analysis in terms of surprises from other
forward premia.



3 The Nature of the Risk Premium

As noted before, the existence of a time-varying risk premium makes it possible
that the efficiency hypothesis of the speculative markets still holds. Domowitz
and Hakkio (1985) were the first to model this time-varying term within an
ARCH-M framework (Engle, Lilien and Robins, 1987), obtaining results which
point to the time variability of the influence of the risk premium, but fail to isolate
clearly its contribution in determining the magnitude of the forecast error. Their

Stak — St
St

model is

Fyp— St
St
RP, . = Bo+ Oheyy
Corr | Wi~ N(O, hyyr)

= RPLk + ﬁ1 + €14k (3)

P
hepr = a0+ i€ty
i=1
where W, is the information set available at time ¢.°
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. By its own nature, this term is
time—varying and lends itself to act as a risk term once the signs of 3y and 8 are
determined. In fact, given the structure of the model, and considering lowercase
letters as indicating the logs of the variables in eq. (3) we have that

ht-l—k = Uar(ﬁt+k|‘1’t+k—1)
= var(sipr — S¢|Wipp—1) + 0* var(hipy|Wipp—1)
—|—512 Uar(ft,k - 5t|‘I’t+k—1) — 20 COU(SH-k — S, ht+k|‘I’t+k—1)
+2 COU(St-I—k — S¢, ft,k - 5t|‘I’t+k—1)
+2081 cov(hyyrs frp — 5t/ Wigr—1)

thus stressing the dependence of the risk term on higher order conditional mo-
ments of the forecast error, and on conditional variances and covariances of the
exchange rate and the forward premium.

The ARCH-M model, in the formulation by Domowitz and Hakkio, allows for
testing some hypotheses about the behavior of the risk premium: in particular,
to test the hypothesis § = 0 means to verify the role played by the conditional

°In the expression for the conditional variance one needs to impose constraints to preclude
negative variances. A sufficient condition is ay > 0 and «; > 0; alternatively the specification
should be changed to read

P
log(hiyr) = ag + Z ai109(€t2+k—z’)'

i=1



variance in determining the difference between forward and expected spot rates.
Assuming that 8; = 1 and €4, is MA(k — 1), then 8y = 0 and 6 = 0 imply
absence of a risk premium; Gy # 0 and § = 0 implies the presence of a constant
risk premium, while Fy # 0 and 6 # 0 confirm the presence of a time-varying
risk term. Note that model (3) implies that the movements in the risk premium
can only be introduced through changes in the conditional variance. Moreover,
RP, . can be either positive or negative according to the values of 3 and 6. The
disappointing results of the analysis by Domowitz and Hakkio, which fail to
lend support to the relationship between conditional variance and risk premium,
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. Bollerslev (1990) and
Baillie and Bollerslev (1990), for example, use a multivariate GARCH model on
weekly data, but do not achieve strong results.

Pagan and Hong (1991) have proposed to estimate flexible forms for the
ARCH-M model, estimated 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
and the estimators proposed by Pagan and Ullah (1988) and by Pagan and Hong
(1991) are then compared using weekly data.

4 Semiparametric IV Estimation

4.1 A Suggestion

Formulated in more general terms, the problem at hand can be seen as:

Sevk — St = Bo + 51(ft - St) + 07:2+k5 + eyn, t=1,..71. (4)

We are interested in the estimation of (o, 31 and 0; o7, is unobservable
and must be estimated on the basis of the information at time t. As previ-
ously stressed, in recent years the general tendency has been that of specifying
a parametric model for o7, ;, the most popular choice being an ARCH process
(07 = hegr). This model can be efficiently estimated by maximum likelihood
under correct specification, but the estimator is inconsistent if the functional form
of 07, is misspecified, since o7, (or a function of it) is a constituent part of the
conditional mean of s;11 — s;.

Pagan and Ullah (1988) considered issues related to the estimation of a linear
model containing a risk term as a regressor. They questioned the form of the
mapping between risk terms and information set available to agents and suggested
the use of an instrumental variable estimator. As o7, is unobservable, assume

another variable ¢.y) exists, such that E(¢ur | ¥y) = Uf_l_k. In the ARCH-M
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model such a variable is given by the series of squared innovations €}, . Instead of
€/, some residuals €7, may be used, without affecting the asymptotic properties
of the estimator (Pagan and Ullah, 1988). By substitution we arrive at

Sepk — St = Po+ Bi(fe — s¢) + depnd + (07:2+k — G1k)0 + Ergk
= X8 + Grard + (04 — Gren)d + €epn (5)
= Ziib + Ui (6)

where x; = (L(ft - St))7 B = (50751)7 Zivk = (Xt7¢t+k), 0 = (575)7 Uitk =
(0752+k — G4k )0 + €y, and where E(xi¢i1p) = 0, E(@yreipr) = 0, E(drpruigr) # 0
and FE(ziyruirr) # 0, so that the OLS estimation of model (6) is inconsistent.
Pagan and Ullah show that, in the case of stationary time series, consistent and
asymptotically normal estimates can be obtained via nonparametric estimation
of the instruments (proposition 5, pag. 94).

Efficiency improvements are related to the choice of the instruments. The
definition of the instruments plays an important role in the instrumental variable
estimation of a parametric model. BNL2SLS (Best Nonlinear Two-Stage Least
Squares) and BNL3SLS (Best Nonlinear Three-Stage Least Squares), proposed by
Amemiya (1974, 1977), rely on the choice of optimal instruments minimizing the
asymptotic covariance matrix of the estimates. Computational problems, due
to the presence of nonlinear functions or unknown conditional distributions of
the endogenous variables, led to the development of semiparametric intrumental
variable estimation methods.

Recent results suggest the potential use of nonparametric regression tech-
niques to estimate the conditional expectation of the endogenous variables, which
appears in the Amemiya optimal instruments formulation. In Newey (1990) two
different kinds of nonparametric regression estimators are proposed. The first one
is based on a local approximation of the conditional expectation, using the Near-
est Neighbor method; the second relies on global approximation criteria using
series expansion techniques.

Robinson (1991) proved that the optimal instruments can be estimated using
a (not necessarily random) sampling without replacement from the empirical
distribution of the residuals of a preliminary consistent estimation. Therefore it
seems worthwhile to rely on a semiparametric specification of models containing
risk terms (the ARCH-M model in this particular case) to allow for a flexible
form in modelling the risk premium. Since

L (u(zi14,0) | ¥4) = 0,

where u is the residual vector from (6), there will be a function of the information
set g(W,) such that

E(u(ziix,0)g(¥:)) = 0.

An optimal choice of instruments is given by

g(¥) = (2,)7'Q..
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where o 0)

_ U(Z¢ 4k,
Qi = £ 00

Q= E(u(2ze1k, 0)u(2ze1x,0) | )

6

| W)

Both these conditional expectations® can be estimated in a nonparametric way.
In particular, instead of the Nearest Neighbor method suggested by Newey, we
prefer the Kernel method, using the Nadaraya-Watson Kernel regression esti-
mator in the leave-one-out version. This kind of regression estimator is based
on a linear combination of the response variable with coefficients depending on
a differentiable kernel function and a bandwidth parameter. Robinson (1983)
proved consistency and asymptotic normality of such an estimator in a time se-
ries context, under weak conditions, which are likely to be satisfied in our case 7.
Comparable results are not yet available for the Nearest Neighbor method.

Let us consider now the specific heteroskedastic regression model, which con-

tains a risk term among the regressors:

k—1
St-|—k — S = RPt7k —I_ ﬁl(ftk — St) —I‘ 67,‘-|—k —I— Z Vjét-l-k—j (7)
7=1
RP.y. = fo+ 002,
07:2+k = VC”"[QM | ‘I’t] = g(ét, €t lyenny et_p).

The conditional variance, o7, is a measure of the predictable component of market
volatility, and is used to approximate the time—varying risk term.

Note that, upon substitution of the various terms in (7), the right—hand side
contains, besides the forward premium, the time ¢ + k disturbance, a linear func-
tion of the past disturbances, and a nonlinear function of the past disturbances,
with only the latter entering the risk term. Independently of the overlapping
observations problem (where the linear MA term appears explicitly), the inter-
pretation of the conditional variance as reflecting the level of uncertainty on the
markets shows that in this model the past forecast errors exert their effects in a
nonlinear way. Thus the model could be interpreted as a nonlinear MA model.

5Note that they have subscript ¢ as the information set on the basis of which they are
calculated.

"With the help of higher order kernels (Bartlett, 1963) and the device to trim out small
density estimates, under suitable regularity conditions a reasonable conjecture is that

T=3(6—6)< N(0,& )
é = é — (Z 2tZ;)_1 Zzltlllt
t t

where 6 is a preliminary consistent estimate of 8, z; is the nonparametric regression of z; on the
information set, the 11; are the residuals of that regression, and ® ! achieves the semiparametric

efficiency bound (Chamberlain, 1987).

11



Its specific form is left unspecified in our case to allow for the consideration of the
various ways in which the relevant information is processed to forecast market
volatility.

Following the semiparametric approach suggested in Pagan and Ullah (1988),
an observed (or consistently estimated) series can be used instead of o7. It turns
out that

k—1

Stk — St = Po + ‘90752+k + B1(fer — 8t) + €pr + Z Yj€tk—g (8)
7=1
becomes
k-1
Sipk — St = Bo + ‘967?+k + B1(fer — 8t) + Ugr + Z Vi €tpk—j
7=1

2 2
Utk = 0(0t+k - 6t+k> + €tk

where the error term and the new regressor are correlated. The instrumental
variable estimation procedure is implemented here using three types of nonpara-
metric instruments:

1. the estimated conditional variance is obtained as a nonparametric regres-
sion function of éf_l_k, given €;,€;_1,...,€_gr1, where € are the consistent
residuals of a preliminary OLS parametric regression and ¢é? are used as ¢;

2. the conditional expectation of y; = (s¢46—5¢)—(frr—s:) given Wiy = {ys_1,
Yi—2y- - Y1} 18 computed, the square nonparametric residuals are then
used as ¢, and the conditional variance is obtained as F(y? | ,_y)—(E(y; |
W, ,))?. This way of proceeding corresponds to imposing 5; = 1 in the
model of risk determination, as in Pagan and Ullah (1988);

3. without imposing 3; = 1, the same procedure as in 2 is carried out, cal-
culating the nonparametric conditional expectation of (s;44 — s¢) given its

lagged values and (fir — s;) (Pagan and Hong, 1991).

4.2 A Comparison among Estimators

The purpose of this section is to evaluate the importance that the risk term has
in the spot—forward relationship, and to outline the differences in the various
nonparametric estimation methods, deferring to the following section the issues
related to the possible asymmetries of risk-related effects.

We have considered weekly spot and 30-day forward rates from June 1973
to February 1994 relative to five currencies the French Franc (FF), the Italian
Lira (ItL), the Japanese Yen (JY), the British Pound (BP) and the Deutsche
Mark (DM), all against the US Dollar. The data are 12 noon bid (spot) and ask

12



(forward) prices® from the New York Foreign Exchange Market for a total of 1077
observations. We have decided to use the definition of foreign currency over US$
for all currencies (there including the BP for comparison’s sake).

As customary, the forward rates taken on Tuesday refer to the spot rates four
weeks and two days later on Thursday (referred to as f; and s;1). An MA(4)
term is inserted in the conditional mean equation, but, contrary to Baillie and
Bollerslev (1990), we do not impose the values found under the hypothesis that
the (continuous time) data generating process for the spot rate is a Brownian
9 In what follows, the order of the ARCH process is assumed equal to
four throughout.

motion

In Table 1 the results of a preliminary maximum likelihood estimation in
the absence of a risk term are reported to be used as a benchmark to show the
departure from the efficiency hypothesis. Note that some of the coefficients on
the forward term are not significant, and that the joint hypothesis 3y = 0 and
1 = 1 can be rejected. The diagnostics on autocorrelation, heteroskedasticity
and ARCH confirm earlier findings on the model’s inadequacy.

The subsequent tables (2-4) are devoted to the presentation of the results
of instrumental variable estimation using the different methods of estimating
o, previously outlined. The coefficient of the risk term can be interpreted as
reflecting the marginal impact of volatility on the currency, or the degree of the
prevailing marginal risk aversion towards the currency: if positive, an increase
in volatility would push towards an appreciation of the US$, if negative, the
opposite would apply.

Although our suggestion relies on a principle of optimal choice of the instru-
ments'®, we can comment on the economic interpretation of the results for the
various currencies. In fact, Method (1) detects the presence of a significant effect
of the risk term for all currencies, whereas the other two methods produce more
mixed results, with a change reversal for the French Franc and the Deutsche Mark
and non-significant effects for the French Franc and the Italian Lira for Method

(3).

8Alan Kirman has pointed out to us that these quotes, although widely used, are not nec-

essarily equilibrium prices and might entail a higher measured volatility of returns than the
actual ones on the markets.

In fact, the empirical evidence (not shown but available upon request) suggests that the
values for the MA coefficients are quite far from the values implied by the Baillie and Bollerslev
model.

10As suggested by a referee, a Monte Carlo experiment would provide better guidelines as
to which estimator performs better. However, note that this is not a straightforward exercise
due to the difficulty in devising an “impartial” data generating process and therefore it is not
performed here.
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Table 1: Estimation with unrestricted MA(4)

Exch. | Constant | fip —s; | AC HS | ARCH
Rate x 103 (12) (4)
FF/$ 0.6981 0.3466 | 106.9 | 0.6 37.5
(5.4220) | (0.0293) | [0.000] | [0.438] | [0.000]
ItL/$ 3.2135 0.2970 | 136.2 | 9.5 71.6
(0.6145) | (0.0551) | [0.000] | [0.002] | [0.000]
JY/$ -4.2055 0.0894 | 56.1 1.7 43.3
(0.4130) | (0.0470) | [0.000] | [0.192] | [0.000]
BP/$ 2.4703 0.0234 | 19.5 | 14.8 27.9
(0.4992) | (0.0502) | [0.077] | [0.000] | [0.000]
DM/$ | -1.0471 0.4234 | 151.4 1.4 50.8
(0.5520) | (0.0606) | [0.000] | [0.236] | [0.000]

Standard errors of coefficients in parentheses; p-values for tests in square brackets.

AC (12): Ljung-Box Test for autocorrelation (
HS: White Test for heteroskedasticity, Xl2’ =

ARCH (4): Test for ARCH (4) effect (x3)

2

Xi2)

P(1P2+1) (
2 bl

p=number of regressors)

Table 2: IV MA(4). Instruments chosen according to our method.

Exch. | Constant | fi, — s¢ é2 AC HS | ARCH
Rate x 103 (12) (4)
FF/$ 3.8603 0.3228 | -2.5532 | 28.0 9.7 12.4
(0.8308) | (0.0566) | (0.4888) | [0.005] | [0.021] | [0.014]
ItL/$ -1.7363 0.4118 3.6192 24.2 8.5 10.7
(0.7604) | (0.0521) | (0.3588) | [0.019] | [0.036] | [0.039]
JY/$ 1.7736 0.4163 | -4.8256 | 24.7 9.9 12.3
(0.7256) | (0.0568) | (0.4004) | [0.016] | [0.019] | [0.015]
BP/$ -4.2734 0.3710 | 5.2676 | 83.1 10.8 30.8
(1.6649) | (0.0761) | (1.1232) | [0.000] | [0.012] | [0.000]
DM/$ 0.5945 0.2945 | -1.2584 | 22.8 11.0 13.1
(0.7720) | (0.0541) | (0.4524) | [0.029] | [0.011] | [0.010]

Standard errors of coefficients in parentheses; p-values for tests in square brackets.

AC (12): Ljung-Box Test for autocorrelation (}@2)

HS: White Test for heteroskedasticity, Xl27 = ﬂ%l, (p=number of regressors)

ARCH (4): Test for ARCH (4) effect (x3)
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Table 3: IV MA(4). Instruments chosen according to Pagan and Ullah (1988).

Exch. | Constant | fi 5 — s¢ é2 AC HS | ARCH
Rate x 103 (12) (4)
FF/$ 2.8940 0.4750 | -5.5120 | 35.1 10.8 13.0
(1.5209) | (0.0672) | (2.7040) | [0.000] | [0.012] | [0.011]
ItL/$ -1.8841 04642 8.6116 29.7 12.4 10.2
(1.1298) | (0.0628) | (1.8824) | [0.003] | [0.006] | [0.040]
JY/$ 0.1277 0.4740 |-11.2840 | 31.0 11.9 9.9
(1.9886) | (0.0692) | (4.7892) | [0.001] | [0.007] | [0.042]
BP/$ | -2.2013 0.3618 7.0252 89.7 | 14.3 22.0
(0.9758) | (0.0643) | (1.4040) | [0.000] | [0.002] | [0.000]
DM/$ | -6.8065 0.4632 | 12.8700 | 34.6 | 14.0 17.1
(3.2817) | (0.0765) | (6.5624) | [0.000] | [0.002] | [0.001]

Standard errors of coefficients in parentheses; p-values for tests in square brackets.
AC (12): Ljung-Box Test for autocorrelation (}@2)
HS: White Test for heteroskedasticity, Xl27 = ﬂ%l, (p=number of regressors)
ARCH (4): Test for ARCH (4) effect (x3)

Table 4: IV MA(4). Instruments chosen according to Pagan and Hong (1991).
Exch. | Constant | fi — s¢ é2 AC HS | ARCH
Rate x 103 (12) (4)
FF/$ 1.4540 0.1084 | -0.1508 | 37.0 11.2 13.4

(1.0011) | (0.0497) | (1.1232) | [0.000] | [0.010] | [0.011]
ItL/$ 3.5500 0.1405 | 0.8372 | 28.9 15.6 10.8
(0.7981) | (0.0483) | (0.8060) | [0.004] | [0.001] | [0.001]
JY/$ -0.2120 0.4863 | -6.6404 | 30.7 13.2 18.1
(1.6049) | (0.0630) | (2.4336) | [0.004] | [0.004] | [0.004]
BP/$ -1.6873 0.3045 | 4.3940 | 79.4 12.0 20.2
(1.4067) | (0.0633) | (1.4612) | [0.000] | [0.007] | [0.000]
DM/$ | -5.3237 0.3926 | 5.8396 | 25.5 11.8 12.6
(1.9147) | (0.0684) | (2.3764) | [0.012] | [0.008] | [0.013]

Standard errors of coefficients in parentheses; p-values for tests in square brackets.
AC (12): Ljung-Box Test for autocorrelation (x3,)
HS: White Test for heteroskedasticity, Xl27 = ﬂ%l, (p=number of regressors)
ARCH (4): Test for ARCH (4) effect (X?l)

The analysis was repeated by adding a term (f;x — s;)* in order to check for
possible nonlinear effects captured by the squared forward premium. The only
currencies for which the addition was relevant were the French Franc, for Pagan
and Ullah’s method, and the British Pound, for our method. The changes in the
other coefficients were not such as to change the sign of the risk term, or the

15



significance of the estimates.

The impact of volatility as captured by the measured risk term shows that
there is an alternance of positive and negative values, as discussed by Stockman
(1978) and Domowitz and Hakkio (1985). In fact, the French Franc, the Yen, and
the Mark have a positive constant and a negative slope coefficient, while the Lira
and the Pound show reversed signs. The range within which the risk-related term
varies shows different values for the various currencies, stressing how differently
the various currencies are affected by time—varying volatility. In fact, on the basis
of our estimates, the same three currencies that have a negative slope coefficient
on the risk term exhibit a moderate positive impact (0.17% for the Yen, 0.38%
for the Franc, and 0.59% for the DM), and a wider range on the negative side
(—1.74% for the DM, —4.30% for the Franc, and —8.47% for the Yen). The
two “weaker” currencies are the Lira (ranging from —0.17% to 13.26%) and the
Pound (ranging from —0.42% to 16.86%), for which the impact of volatility on
the positive side reached quite strong levels in the direction of their depreciation
vis—a—vis the US$ dollar.

The overall residual diagnostics show that there is still some information left
in the residuals; normality tests (not reported) reject the null in all cases. There-
fore, we need to look for alternative specifcations which might capture this extra
structure contained in the residuals.

The question we turn to now is whether it is possible to discern more recog-
nizable patterns in the behavior of the risk term using a classification of regimes
under which the agents’ reactions can be expected to be different.

5 Asymmetries in Risk Effects

As noted in Section 2, if interest parity theory were to hold, market operators
should be indifferent between purchasing a forward contract or foreign currency
right away. However, it is often remarked that a common rule when one facing a
need for currency at a future date, for example (cf. Froot and Thaler, 1990), is
to invest the money where the interest rate is higher. This, as other trading rules
examined below, seems to provide a profitable outcome (cf. LeBaron, 1993a and
1993b), in apparent contradiction to the theory.

Technical analysis is receiving considerable attention in the academic litera-
ture, as the focus shifts from a representative individual to heterogeneity of beliefs
in the markets. The results reported by Taylor and Allen (1992), for example,
show that there is a high proportion of traders relying on technical analysis to
determine their position on the markets. The main focus of recent research is the
expectation formation process and the possibility of expectational errors, or of
fads as the results of mutual influence by participants in the markets (Lehmann,
1990; Kirman, 1993). In particular, the signals hitting the markets require in-
terpretation and translation into actions which, in turn, will affect the exchange
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rate movements.

As noted before, the risk—premium argument for reconciling the untenabil-
ity of the unbiasedness hypothesis relies on inflation expectations, as the term
derived from the Lucas model involves expectations on relative real returns as
contributing to the asset price. Higher interest rates may mean expectations of
higher inflation and, hence, of a loss of purchasing power, but may also reflect
the result of a strong anti-inflationary stance by the monetary authority. The
strength and weakness of the US$ during the early 1980s occurred in a situation
of constantly higher US$ interest rates and thus a switch in expectation formation
must have not surfaced in the forward premium. In this respect, the uncertainty
is actually about future monetary policy and the way the monetary authorities
will react to nominal or real shocks.

In our model the only fundamentals considered are the interest rate differ-
entials, and so what enters the information set is the filtered outcome of the
combined effect of interventions (which build reputation) and of expectations
(which reflect that reputation). However, given our heterogeneous world view,
we assume that, in forming expectations, traders influence one another through
their interactions. The clustering of volatility observed in the exchange rate re-
turns can be interpreted as the outcome of contrasting beliefs since the RFP;
term is measured as a constant plus a time—varying portion which measures the
effect of an increase in one percentage point of volatility on exchange rate move-
ments. If disparate beliefs are present among agents, their effects may be exerted
differently according to the specific situation on the market.

Clearly, the question is more complex than the mere assessment of the pres-
ence or absence of a risk-premium term in the spot—forward relationship, and
this is so not only due to the difficulties of interpreting the time—varying term
as the risk premium in theoretical models. The empirical interest in the present
analysis is, rather, focussed on the presence of uncertainty and on the perception
of risk, and hence to the (possibly nonlinear) effects that risk has on exchange
rate determination. In order to extract these effects, we characterize various mar-
ket situations on the basis of signals referred to by technical analysts as “buy”,
“sell”, or “hold the position” and which give rise to actions, when meshed with
the agents’ perceptions of the market trends. The various trading rules need
not provide the same signal, as we will also see from the empirical results: in
fact, these (at times contradictory) signals received by the agents have to be ac-
companied by a process of further information gathering where reputation about
strength and weakness of a given currency plays also a role.

Another way of justifying the importance of a currency’s reputation derives
from analysis of the impact that the conditional volatility has in correspondence
to a “buy” or “sell” signal. If this perception were irrelevant, the risk-related
term would have the same impact irrespective of the nature of the signal. To
perform this evaluation we apply the previous analysis defining various regimes
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in accordance to three trading rules '

1. The first rule selects Regime 1 when the foreign interest rate is higher than
the numéraire (in our case the US$). It provides a “buy” signal for the
higher interest rate currency. Neglecting, for simplicity’s sake, the rare
instances when the interest rate differential is exactly zero, expression (8)
is modified as:

Stk — 8¢ = Bo + ﬁéDlt + (90752_% -+ (910752+le7:
+51(fre — s¢) + ﬁi(ftk —s¢)Dyy

plus the MA error term. D;; = 1 characterizes the periods when 7 > 0,
i.e., domestic rates are higher than the US$. Under the null hypothesis of
symmetry, of course, 33 = 0' = 3] = 0. Also, if there is a mere switch of
sign, but the effect stays the same, we should have that  + ' = —0.

2. The second rule is based on the comparison between short— and long—term
moving averages of exchange rates, s;, and selects as belonging to Regime
1 the periods characterized by a short—term moving average that is higher
than that found in the long—term. Usually the short—term contains just
the observation itself and the long—term is chosen here to contain 10 ob-
servations. Its occurrence is interpreted as an unusual depreciation of the
currency relative to the US$ and hence as a buy signal for the US$. Also
in this case the regimes are considered as mutually exclusive. The same
interpretation for the coefficients follows.

3. The third rule is based on short— and long—term moving variances of the
exchange rate returns defined in our case as

9

1
MV5S, = 0 D (simj = fimjm1)?,

7=0

respectively,
99

1
MVLt = m;(st_]‘ - ft_]‘_l)z
Action is called for when MV S, < MV L, i.e., the short-term volatility
is lower than the long—term one. Regime 1 is characterized by periods
when the previous return was positive (hence appreciation of the US$), and

UFor all rules, a band of neutrality can be built implying stronger signals before they are
considered as impetus to action. Also, other existing trading rules can be applied or others may
be devised based on whether the exchange rate is above or below the PPP level or on current
account levels.
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Regime 2 by periods when the previous return was negative. In this case
we will have a base period assumed as neutral, and the two regimes:

Styk — St = [Bo+ 53D1t + ﬁgth
+01(fere — s¢) + ﬁll(ftk —s1) D1 + ﬁlz(ftk — 8¢) Doy

plus the MA error term. Dy; = 1 characterizes Regime 1 and Dy, = 1
characterizes Regime 2.

6 The Empirical Evidence

The main empirical results derive from the estimation of the spot—forward re-
lationship, including in the analysis appropriate dummies corresponding to the
regimes. Tables 5 to 9 contain the estimated coefficients with the appropriate
standard errors for each currency. We omit the results for the MA coefficients
as they are of no interest in this context, despite their being highly significant.
Since a differentiation of the coefficient on the forward premium across regimes
turned out to be not significant, the reported estimates are obtained restricting
the coefficient on the forward premium to be the same.

The results for overall significance of the discrimination across regimes on the
risk term show that the interest rate differential rule is uninteresting. In fact,
only the French Franc exhibits a slope different from zero in Regime (1) while all
the other currencies would see the two regimes as not distinguishable from one
another. This is not surprising given the high number of switches from one regime
to another (which would imply changing position and incurring into transaction
costs), and the fact that, as previously noted, an interest rate differential of a
certain sign can be consistent with both an appreciation and a depreciation of
the foreign currency. The other two regimes are significant on the basis of a joint
test on the coefficients.

According to the results (examined by currency), the sign reversal in the
measure of the impact of the conditional volatility on the exchange rate returns
is by no means preserved. For example, for the French Franc in Regime 1 it has
a purely positive impact of the MA and MV rules and a purely negative one for
the MA in Regime 2. Also, the size of the impact changes remarkably. For the
Italian Lira the maximum impact of the volatility in the so—called neutral period
of the MV rule increases to 15.41% (from 13.26% derived from Table 2) but the
minimum goes from —0.17% to —31.3% in Regime 2. Similar occurrences appear
for the other currencies as well and will be pointed out below when the regimes
will be analysed in greater detail. In general we can rule out symmetry when
we observe a significance of the regime coefficients, but, most importantly, when
the sum of the two regime coefficients is significantly different from zero implying
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that the same conditional volatility would have a different impact on the foreign
exchange returns.

The coefficient on the forward premium changes considerably relative to the
constrained counterpart under the absence of regimes (Table 2). In fact, it de-
creases (to the point of being negative, although insignificant for the Yen) under
rule MA, with more mixed behavior under rule MV.

Note that the residual diagnostics signal an improvement of the specification
with some occasional problem occurring for some currency. Normality of the
residuals are still rejected for all currencies.

The comparative analysis by rule is best illustrated by depicting graphically
the joint range of impact of the risk—related term on the foreign exchange returns,
where each axis corresponds to a regime. This analysis ignores the neutral period
for the MV rule and clearly there is no temporal correspondence between the
minima and the maxima in each regime. Also the usual word of caution applies
regarding the unequal scale between axes in some pictures.

Each box corresponds to a different currency, with the sides representing
the range between the minimum and the maximum impact of the conditional
volatility. Ruling out symmetry on the basis of the analysis of the coefficients
implies that the constants (minimum impact) and the slopes (marginal impact)
are different across regimes. In practice, the analysis must be complemented by
the inspection of the various situations, once the actual values of the conditional
volatility are considered. In fact, it would be possible that the higher coefficients
(in absolute value) are associated with lower values of conditional volatility, thus
re-equilibrating the overall effect.

We start by commenting on Figure 1 where the interest rate differential rule
is reported. Recall that for this rule regime coefficients do not achieve statistical
significance. In fact, the picture shows a clustering of the various currencies
around the origin, with different shapes and sizes, the smallest corresponding to
the French Franc the largest to the Pound.

More interestingly, Figure 2 corresponding to the MA rule shows that the
currencies all belong to the second quadrant, i.e., there is a positive impact of
volatility (i.e., towards depreciation of the foreign currency) when the signals
relate to selling the currency and buying Dollars (short—term MA above long—
term MA) and a negative impact of volatility for the other regime. Note, however,
that the impact of the volatility is not symmetric, the clearest case in point being
the Pound for which the volatility impact in Regime 2 is just a fraction of the
impact in Regime 1. Note how similar the impacts are for the Yen and the
Pound in Regime 1 and how different they are in Regime 2. However, the ranges
of impacts for the Franc and the Mark are fairly similar in the two regimes, while
for the Italian Lira the appreciating impact of the volatility in Regime 2 is much
higher (in absolute value) than the depreciating one in Regime 1.

The MV rule exhibits (Figure 3) a similar range of outcomes, in that also
in this case all currencies belong to the second quadrant, with minuscule sign
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reversals for the Franc and the Mark (Regime 1) and the Lira (Regime 2). The
striking feature of the results is the wide response range across currencies. The
Lira and the Pound have the largest effects in the two regimes, although the
largest impact is had for different regimes. The impact for the Franc is small in
Regime 1 due to an insignificant slope coefficient, but it is quite high for Regime
2. We interpret this as if in periods of low volatility (characterizing the MV rule)
the signals leading to Regime 1 (previous forward excess return greater than
0, that is, a surprise depreciation) were received less clearly (hence the smaller
impact had) than in Regime 2.

Table 5: French Franc/USS$: Analysis by Regimes.

Model with constrained (f;x — s¢)
iy MA MV

Constant x10° 4.8140 -0.7203 3.6193

(1.5250) (1.1384) (1.6753)
Dummy (1) x10? -2.9969 & 5.8383 & 2.2104

(1.9594) (1.5255) (3.0209)
Dummy (2) x10? 2.5710

(2.8750)

(fe e — 5¢) 0.1942 0.1759 0.4423

(0.0761) (0.0481) (0.0752)
Risk Term -0.7067 -13.0732 -0.6893

(0.8561) (0.6903) (0.7277)
Risk Term (1) 3.5971 & 22.1599 & 0.3892

(1.0129) (0.8422) (3.1237)
Risk Term (2) -15.9962 Q

(2.5787)

Fraction spent in (1 0.6729 0.5216 0.2833
Fraction spent in (2 0.3215 0.4784 0.2782
Switching 411 159 133
AC(12) 21.5 [0.043] 20.1 [0.065] 19.0 [0.088]
HS 25.7 [0.011] 23.1 [0.026] 42.9 [0.004]
ARCH(4) 9.1 [0.058] 8.9 [0.063] 8.4 [0.077]

Standard errors of coefficients in parentheses; p-values for tests in square brackets.
©  Two regime coefficients significantly different from each other at 5% sig. level.
& Sum of two regime coefficients significantly different from zero at 5% sig. level.
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Table 6: Italian Lira/US$: Analysis by Regimes.

Model with constrained (f;x — s¢)

7 MA MV
Constant x10° -2.8174 -2.9156 1.0012
(1.4612) (1.2354) (1.5071)
Dummy (1) x10° 23620 o 8.7736 11478 ¢
(1.9025) (1.6130) (2.5759)
Dummy (2) x10? 5.3625
(2.2358)
(fr ke — 5t) 0.3824 0.3407 0.3750
(0.0690) (0.0536) (0.0628)
Risk Term 3.8312 114842 1.7138
(0.6431) (0.8369) (0.5205)
Risk Term (1) -0.9276 & 19.4250 & 5.8428
(0.7707) (0.9378) (2.1581)
Risk Term (2) -18.0806 Q
(2.1968)
Fraction spent in (1 0.7596 0.5461 0.2669
Fraction spent in (2 0.1976 0.4539 0.3069
Switching 322 157 127
AC(12) 17.9 [0.118] 18.0 [0.115] 17.5 [0.131]
HS 158 [0.200] | 19.9  [0.069] | 300  [0.118]
ARCH(4) 8.7 [0.069] 7.5 [0.111] 7.6 [0.107]
Standard errors of coefficients in parentheses; p-values for tests in square brackets.
©  Two regime coefficients significantly different from each other at 5% sig. level.
& Sum of two regime coefficients significantly different from zero at 5% sig. level.
Table 7: Japanese Yen/US$: Analysis by Regimes.
Model with constrained (f;x — s¢)
7 MA MV
Constant x10° 1.1057 -1.9504 2.3773
(1.0855) (0.9756) (1.4568)
Dummy (1) x10? 1.9905 & 1.3849 -0.9250
(1.7819) (1.5635) (2.2816)
Dummy (2) x10? -1.8855
(2.3542)
(For — 52) 0.3087 0.0615 0.3955
(0.0789) (0.0501) (0.0731)
Risk Term 14426 115259 ~6.7304
(0.5038) (0.3949) (0.5585)
Risk Term (1) 12340 o 26.0993 o | 138318 ¢
(0.8406) (0.9721) (2.1276)
Risk Term (2) -4.5727
(1.4772)
Fraction spent in (1 0.4287 0.4934 0.3336
Fraction spent in (2 0.5555 0.5066 0.2710
Switching 438 166 137
AC(12) 187 [0.096] | 148 [0252] || 142 [0.289]
HS 922.1  [0.036] | 215  [0.043] || 337  [0.052]
ARCH(4) 7.6 [0.107] 45  [0.342] | 3.4 [0.493]

Standard errors of coefficients in parentheses; p-values for tests in square brackets.
©  Two regime coefficients significantly different from each other at 5% sig. level.
& Sum of two regime coefficients significantly different from zero at 5% sig. level.
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Table 8: British Pound/US$: Analysis by Regimes.

Model with constrained (f;x — s¢)

7 MA MV
Constant x10° -3.8009 -7.7332 -5.4812
(2.4331) (2.3716) (3.8470)
Dummy (1) x103 -1.0064 & 6.9898 & 6.3644
(3.5002) (2.6424) (5.2258)
Dummy (2) x103 3.0099
(4.5187)
(For — 52) 0.2001 0.3353 0.4859
(0.1026) (0.0636) (0.0812)
Risk Term 4.0510 0.4342 4.5824
(1.2921) (1.8605) (1.6714)
Risk Term (1) 2.5244 & 7.4856 & 2.4530
(2.2382) (1.9600) (3.9958)
Risk Term (2) -11.5195 Q
(3.4154)
Fraction spent in (1 0.6636 0.5160 0.2792
Fraction spent in (2 0.3346 0.4840 0.3244
Switching 431 173 129
AC(12) 200 [0.065] || 194 [0.087] ]| 17.8 [0.121]
HS 24.5 [0.017] 22.3 [0.034] 36.4 [0.027]
ARCH(4) 95  [0.049] || 8.8  [0.066] | 82  [0.084]
Standard errors of coefficients in parentheses; p-values for tests in square brackets.
©  Two regime coefficients significantly different from each other at 5% sig. level.
& Sum of two regime coefficients significantly different from zero at 5% sig. level.
Table 9: Deutsche Mark/US$: Analysis by Regimes.
Model with constrained (f;x — s¢)
7 MA MV
Constant x10° 1.2900 -4.2945 7.0817
(1.1535) (0.9914) (1.5231)
Dummy (1) x10? -1.2173 6.9466 -9.9169
(1.9060) (1.4533) (2.6262)
Dummy (2) x10? -8.5539 Q
(2.4080)
(For — 52) 0.3363 0.3348 0.3408
(0.0781) (0.0492) (0.0652)
Risk Term 14016 9.0723 ~3.2556
(0.5789) (0.5740) (0.6508)
Risk Term (1) 0.1101 o || 19.0692 12.0268
(0.9323) (0.7760) (2.7309)
Risk Term (2) -4.3846
(1.7185)
Fraction spent in (1 0.4315 0.4859 0.2720
Fraction spent in (2 0.5610 0.5141 0.2823
Switching 479 149 124
AC(12) 20.7  [0.065] || 17.2 [0.148] ]| 13.0 [0.369]
HS 24.1  [0.019] | 196 [0.075] | 26.9  [0.215]
ARCH(4) 9.1  [0.058] || 24  [0.662 || 51  [0.277]

Standard errors of coefficients in parentheses; p-values for tests in square brackets.
©  Two regime coefficients significantly different from each other at 5% sig. level.
& Sum of two regime coefficients significantly different from zero at 5% sig. level.
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Figure 1: Risk Impact on Exchange Rate Returns. Interest Rate Differential Rule.
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Figure 2: Risk Impact on Exchange Rate Returns. Moving Average Rule.
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7 Concluding Remarks

In line with several studies on the subject, the research question addressed in
this paper aims to explain failure of the unbiasedness hypothesis in the foreign
exchange market even when conditional volatility is inserted among the regres-
sors. In the present analysis we suggest an instrumental variable estimator which
accounts for the unobservability of the risk-related term. The comparison of
its performance to two other semiparametric estimators shows that our method
appears to be more stable across countries and provides a better economic inter-
pretation of the outcomes, pointing to the importance of the conditional volatil-
ity term. A simulation exercise would be required to fully evaluate the different
properties of each method.

A more substantial question was asked as to whether the information set that
is customarily used for testing the relevance of a risk-related term should be
supplemented by elements which could highlight the different attitudes of agents
with respect to market situations, or their different signal processing. We think
it is natural to consider that asymmetries might exist in relation to economic and
political factors, such as the reputation attached to the anti-inflationary stances
of the monetary authorities. While we do not propose a model in which reputation
emerges in its effects on foreign exchange determination, we select a number of
market situations likely to determine different attitudes on the markets. These
situations are characterized as signals based on the observed behavior of the
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exchange rates in their relationship to interest rate differentials, moving averages
of levels, or moving variances of excess returns. Signals of “buy” or “sell” from
each rule may be contradictory and may not be received uniformly on the markets
due to a disparity of expectations. The reputation effect which we have in mind
would then filter the signal in a non-homogeneous way, giving rise to clusters
of volatility. The analysis of the behavior of the risk-related term on foreign
exchange returns then mirrors this disparity in translating the signals into action.

The results show that in the case of the interest rate differential rule there
is no significant change in the impact of the risk term with respect to regimes.
This is not surprising given the coexistence of consistently positive (or negative)
differentials and expectations of appreciation or depreciation of a currency. Al-
though there is no difference between the regimes, the overall effect shows a sign
reversal implying the existence of a threshold beyond which a higher volatility
produces an inversion of tendency. This inversion of tendency is absent for the
moving average rule where there is a certain homogeneity of behavior in accor-
dance to the definition of the regimes, but quite a difference in the measured
impact across currencies. A more differentiated behavior of the risk-related term
arises in the moving variance rule with the impact varying across regimes and
across currencies.

Even if the unbiasedness hypothesis is still rejected, the evidence is in favor
of the relevance of a risk-related term which behaves asymmetrically according
to various situations on the markets. The analysis performed here used the US$
as numéraire. Although previous studies have excluded the dependence of the
results on such a choice, further insights on the nature of the risk-related term can
be gained by applying the same methodology to the Exchange Rate Mechanism
in the EMS using the DM as a reference, to investigate the evolution and the
impact of the risk term relative to the position of the exchange rate in the band.
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