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ABSTRACT.

We propose a new explanation for the forward-premium and the delayed-overshooting puz-
zles. Both puzzles arise from a systematic under-reaction of short-term interest rate forecasts
to current innovations. Accordingly, the forward premium is always a biased predictor of future
depreciation; the bias can be so severe as to lead to negative coefficients in the “Fama” regres-
sion; delayed overshooting may or may not occur depending upon the persistence of interest rate
innovations and the degree of under-reaction; lastly, for G-7 countries against the U.S., these

puzzles can be rationalized for values of the model’s parameters that match empirical estimates.
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This paper proposes a new explanation for the forward premium and delayed overshooting
puzzles by demonstrating empirically how both puzzles can arise from a systematic under-reaction
of short term interest rate forecasts to innovations in current interest rates.

Over the past twenty years, a large body of empirical literature has documented the existence
of large biases in forward premia for predicting future changes in exchange rates.! This Forward
Premium Puzzle (FPP) implies typically that differentials between the domestic and foreign nominal
interest rates bear little predictive power for the future rate of change in spot rates. If anything,
forward rates and expected depreciation tend to move in opposite directions: a positive interest rate
differential is more often than not associated with a subsequent appreciation of the exchange rate,
not the depreciation that theory predicts. This empirical regularity implies significant predictable
excess returns in currency markets.

A lesser known puzzle, the delayed overshooting puzzle, has been uncovered more recently by
Eichenbaum and Evans (1995). These authors find that unanticipated contractionary shocks to U.S.
monetary policy are followed by (a) a persistent increase in U.S. interest rates, and (b) a gradual
appreciation of the dollar, followed by a gradual depreciation several months later. This ‘delayed

overshooting’ pattern is consistent with predictable excess returns and the forward premium puzzle:



for a while, U.S. interest rates are higher than their foreign counterparts, with an associated forward
discount, yet the dollar appreciates, yielding positive excess returns. This dynamic pattern is also
in contradiction with Dornbusch (1976)’s overshooting result, whereby the exchange rate should
experience an immediate appreciation, and then depreciate gradually towards its new long run
equilibrium value.

The existence of predictable excess returns, implied by these two puzzles, reflects time-varying
currency risk premia and/or expectational errors. The evidence we describe below indicates that
the former channel is not sufficient to explain the highly volatile predictable excess returns implied
by the puzzles. In fact Frankel and Froot (1989) find that expectational errors in foreign exchange
markets play a key role.

In this paper we investigate whether interest rate forecast errors observed in the data can ratio-
nalize simultaneously these two exchange rate puzzles. Our starting point is a setup where agents
constantly learn about the duration of interest rate shocks: transitory versus persistent.? In and
by itself, the fact that agents constantly learn about the duration of interest rate innovations is
not enough to rationalize the two exchange rate puzzles. Since rational agents cannot be system-
atically fooled, there cannot exist predictable excess returns, which are necessary for the delayed
overshooting and the forward premium puzzles.

However, using a unique survey data set on interest rate expectations, published by the Finan-
cial Times Currency Forecaster, with monthly observations from 1986 to 1995 for all G-7 countries,
we find substantial evidence of under-reaction to interest rate innovations. More specifically, we
find (a) no evidence of transitory shocks in the forward premium; (b) yet implicitly market par-
ticipants expect incorrectly a substantial share of interest rate innovations to be purely transitory.
This contrast is striking: the relative variance of transitory shocks implicitly assumed by market
participants is often significantly larger than one, indicating that most innovations are perceived
as transitory. These results mirror those of Campbell and Shiller (1991).

We will not take a stand on the origins of the forecasts’ short-run under-reaction. What we do
is develop a unified model that allows us to link interest rate forecast to the two puzzles alluded
to above. The only deviation from full rationality in the model is the misperception about second

moments implicit in interest rate forecasts. Given these forecasts, the exchange rate is determined



by the standard no arbitrage condition. We demonstrate that for typical values of the misperception,
the equilibrium exchange rate in the model exhibits both delayed overshooting and the forward
premium puzzle in its most extreme form —i.e., a negative Fama coefficient.

To gain some intuition for this result, consider the following experiment. Suppose that do-
mestic interest rates increase vis-a-vis constant foreign short rates, then return gradually to their
equilibrium value. If agents know the exact nature of the shock, the exchange rate immediately
appreciates relative to its long run value up to the point where the expected future depreciation
compensates for the interest rate differential. It then progressively reverts to equilibrium as the in-
terest rate differential declines. This is the interest rate effect: there is overshooting and uncovered
interest parity holds. Suppose now that agents misperceive the shock as transitory. On impact,
agents believe the domestic interest rate will revert to its equilibrium value fairly rapidly. The
exchange rate may initially appreciate moderately. In the next period, the interest rate is in fact
higher than agents expected, leading to an upward revision in beliefs regarding the persistence of
the shocks. This revision leads to an appreciation. This is the learning effect. However, the domes-
tic interest rate is also reverting to its equilibrium value, leading to a depreciation. If the learning
effect is strong enough so as to dominate the interest rate effect, there is a gradual appreciation of
the currency. Eventually, there is not much more to learn and the interest rate effect dominates.
Thus, the exchange rate reverts to its equilibrium value. Along this path, there are positive excess
returns in the domestic currency, and the forward premium is negatively correlated with expected
appreciation.

The previous intuition describing the conditional response to an interest rate innovation carries
over to an unconditional statement about the forward premium. While we show that the forward
premium bias always arises as soon as there is misperception, the most extreme form of this puzzle
(a negative Fama coefficient), as well as delayed overshooting, depend upon the parameters of the
model.

Intuitively then, hump-shaped exchange rate dynamics result from the interaction of the mis-
perception about the relative importance of interest rate shocks (transitory vs. persistent) and the
gradual mean reversion of interest rates. Note that whether there exists delayed overshooting and

a negative Fama coefficient in our model depends on misperceptions about second moments of the



interest rate process. Misperceptions about first moments play no role. Note also that in our model
predictable excess returns vanish at long horizons, and the Fama coefficient converges to one. This
is in line with the empirical evidence.

To sum up, we propose a model that links under-reaction of interest rate forecasts to the forward
discount and the delayed overshooting puzzles. We are successful along a number of dimensions: (i)
using a unique survey of interest-rate forecasts for the G-7 countries, we demonstrate empirically
a systematic under-reaction of forecasts to short term changes in interest rates;® (ii) according to
our model, the forward premium is almost always a biased predictor of future changes in the spot
rate; (iii) moreover, the model can accommodate the most extreme forms of the bias (negative
Fama coefficients) unlike most of the previous literature; (iv) depending upon the parameters of
the model, we may or may not obtain a delayed overshooting response of nominal exchange rates
to monetary shocks. This is empirically satisfying since delayed overshooting seems much less
prevalent and robust than the forward premium puzzle.

The next subsection describes the related literature. Section 1 presents a simple version of
the model. Section 2 documents the empirical evidence on the expectational and term structure
components of the forward discount, reproducing results from Frankel and Froot (1989). We also
present evidence on the systematic under-reaction of short rate forecasts. Section 3 presents the

model. Section 4 concludes. Most proofs are included in the appendix.

0.1. Related Literature. Delayed overshooting and the forward premium puzzle are both
statements about predictable excess returns. Yet they differ in subtle ways. The former is a
statement about the joint conditional response of nominal interest rates and exchange rates to a
common unanticipated monetary innovation. The later is an unconditional statement. Empirically,
the forward premium puzzle seems much more prevalent, albeit not always in its most extreme
form.*

In an accounting sense, there are two possible explanations for the forward premium puzzle:
time-varying risk premium and/or expectational errors. To see this, start from the standard log-

linearized arbitrage condition:
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where e; is the log of the domestic price of the foreign currency, r; and r} are respectively the
domestic and foreign one-period nominal interest rate, and (; is a domestic currency risk premium.
Here, £"ety1 represents the market expectation of next period exchange rate, which may differ
from statistical or rational expectations, denoted by &e;41. According to equation (1), the return
on the short domestic bond, 74, is equal to the return on a foreign bond of the same maturity,
ri, adjusted for the market’s expectations of depreciation £"e;11 — e;, as well as a risk premium
component ;.

Of course, as it stands this arbitrage relationship has no empirical power since both market
expectations and the risk premium are unobservable. Empirical tests make two additional assump-
tions: (a) expectations are rational in the sense that £™e;41 = Erery1; (b) the risk premium ¢ is
constant or uncorrelated with the forward premium r; — r;. Tests of (1) under these assumptions
fare quite badly (Fama (1984)): regressions of the form e;1 —er = a+ 5 (ry — rf) +u1 (the ‘Fama
regression’) typically find a [ significantly smaller than 1, and often negative. Table 1 reports the
results from such a regression.® The results are typical of the literature: at short horizons, the
Fama coefficient 3 is often significantly negative. At longer horizons, § is often not statistically
different from 1. This ‘forward premium puzzle’ or ‘Fama puzzle’ implies time-varying predictable

excess returns defined as:

(2) § = (re— 1) — (e —er) = (Eer1 — Erergr) + ¢

According to equation (2), predictable excess returns result from expectational errors and/or a
currency risk premium. The time-varying risk premium school of thought argues that expectations
are rational, markets efficient, and fluctuations in the forward discount reflect changes in underlying
risks. As Fama (1984) points out, the typical estimated bias in the forward premium implies that the
currency risk premium ¢; must be more volatile than predictable excess returns &,. In equilibrium
models, the currency risk premium fluctuates with relative asset supplies, conditional variances,
and risk aversion. It is difficult to reconcile the low volatility of the above-mentioned variables with
the high volatility of predictable excess returns, unless one invokes unrealistically high risk aversion
coefficients.®

A more recent line of research, using affine models, characterizes directly restrictions on the



time-series properties of pricing kernels and the underlying risk factors consistent with the forward
premium anomaly (see Backus, Foresi and Telmer (1998) and Sa’a-Requejo (1994)). While of great
interest to the practitioner, it is difficult to establish equilibrium foundations for the implied pricing
kernels.

Maybe the best empirical evidence is provided by Frankel and Froot (1989). Using survey data
on exchange rate forecasts, Frankel and Froot decomposed predictable excess returns into their
currency risk premium and expectational error components. Their results indicate clearly that (a)
at short horizons, almost none of the forward premium bias can be attributed to currency risk
premium fluctuations and (b) changes in the forward premium reflect almost one for one changes
in expected appreciation/depreciation. Table 2 reproduces their analysis over the period 1986-
1995, with substantially similar results.” The direct conclusion is that expectational errors must
be responsible for a large part of the forward premium puzzle.

Learning about a one-time change in regime has been analyzed by Lewis (1989a) and (1989b). In
that model, following a change in regime, agents gradually update their beliefs about the current
state of the world, generating systematic forecast errors during the transition. These learning
models can explain some part of the exchange rate mispredictions implied by the forward premium
bias, although not the more extreme form where expected depreciation and forward premium move
in opposite directions. In general, models of learning about infrequent regime shifts have a difficult
time matching the size of the bias and do not account for the fact that predictable excess returns
do not appear to die out over time between infrequent regime switches.® Further, since regime
shifts generate forecast errors that die out over time, models based on learning about a one-time
change in regime cannot be expected to deliver neither hump-shaped exchange rate dynamics, nor
negative coefficients in the Fama regression.

There is an interesting parallel between our results and well established empirical regularities
on asset returns. A large volume of empirical work has documented various ways in which asset
returns -especially stock returns- are partly predictable based on publicly available information.
Of particular interest to us, numerous studies have documented that asset prices under-react to
news in the short run. Cutler, Poterba and Summers (1991) show that aggregate indices tend to

be positively serially correlated at short horizons, while Jegadeesh and Titman (1993) and Fama



and French (1992) present similar evidence on cross-sections of individual stocks. Stock returns
also under-react to announcements of public information (such as earnings, see Bernard (1992), or
Chan, Jegadeesh and Lakonishok (1995)).? Thus under-reaction to publicly available news seem to
be a prevalent fact.

Paralleling research in International Finance, the consensus in Finance is that the short term
under-reaction cannot be explained in terms of risk. Instead, recent models in Behavioral Finance
attempt to rationalize asset price puzzles in terms of optimal strategies of boundedly rational
agents.'® Unlike these behavioral models, we will not take a stand on the origins of the under-
reaction. We leave it for future research to investigate the conditions under which such behavior
might arise in equilibrium. In particular, we do not rule out that measured expectations reflect
statistical expectations conditioned upon a subset of the publicly available information, although

we have some doubts as to whether this is a valid research strategy.

1. A SivPLE CASE

In this section we present a simplified version of the model of Section 3. Suppose that agents are
risk neutral ({; = 0) so that all predictable excess returns arise from expectational errors. Iterating
equation (2) forward, we can express predictable excess returns as function of the sequence of

forward premium (x; = r; — rf) expectational errors:

&=~ Z:il (& ey — S xers) + (& — Eerra)

where é; = limp_, o, E"e1 1 defines the long run equilibrium value of the exchange rate that satisfies
E"err1 = €. This makes clear that in the absence of currency risk premium (¢, = 0), the forward
premium puzzle can be rationalized only if market expectations of interest rate differentials
differ from their statistical expectations, at least at some horizon, or if forecasts of the long run
equilibrium exchange rate are incorrect. In this paper we focus on interest rate forecast errors, as
demonstrated by the existence of short term under-reaction of forecasts of interest rate differentials
between the US and the other G7 countries. We abstract from long run forecast errors by assuming

~ _ s 11
5t€t+1 = €¢.



To see whether this forecast under-reaction can explain delayed overshooting and the more
extreme form of the forward premium puzzle (a negative coefficient in the Fama regression), let us
represent our empirical findings in the following way. Suppose that the forward premium follows

an AR process with autocorrelation A:
(3) T =2 = Az—1 + €
However, assume that agents perceive instead that the forward premium is given by:

(4) T =2t + v

2

where the shocks € and v; are i.i.d. normal variables with mean zero and respective variances o

and o2. That is, agents erroneously perceive that, in addition to the persistent component z;, the
forward premium also contains a transitory component ;.

Given their perceptions, agents form their forecasts and choose their portfolio optimally. Taking
the forward premium process (3)-(4) as given, agents solve a standard signal extraction problem

using Bayes law. As we show in Section 3, the agents’ forecast of the forward premium &™xy1is

given by:
(5) an.Tt+1 - (]. - k) )\gﬁlxt + kX Tt
2 2 2
The weight given to current observations relative to past expectations is k = ﬁ?, where o2

is the variance of the estimate £ x¢11.'? Note that when 02 = 0, we have that k = 1 and market
expectations &™xyy1 correspond to statistical expectations. In contrast, when agents misperceive
shocks to be more transitory than what they actually are (02 > 0), we have that k < 1.

Given agents’ expectations (5), the no-arbitrage condition (1) implies that the exchange rate

satisfies
_ T 1
(6) e =€ — 7 _t)\ + m[ffﬂtﬂ — & wi11]
where the stochastic trend é; satisfies &; = &éi41. It follows from (6) that there are positive

predictable excess returns (£, > 0) when the expected forward premium falls short of its statistical
expectation (E"xiy1 < 1), i.e. when short term interest rate forecasts systematically under-

react
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§t = (1 + m) [Stth — 5Zn90t+1]

Notice that under rational expectations agents know that there is no transitory component in the
forward premium (i.e., & = 1). Thus, the exchange rate follows: e; = & — 15 and there are no
predictable excess returns.

The response at time ¢t + j to an interest rate innovation € > 0 at time ¢ is:

Ne .
L — _ _ 1.\J+1
(7) R A[1 A(L— k)|
_ £ i+1 i+1
Sj = TN T A-RT 20

From this, we see that (a) there are positive predictable excess returns when agents misperceive
shocks to be more transitory than what they actually are (k < 1); (b) delayed overshooting at

horizon 7 (i.e., |et4r — Et€ryr| > |€t4r—1 — Et€ryr—1]) occurs if and only if:

(8) T<ln<%>/ln(l—k);

and (c) the probability limit of 5 in the Fama regression is always smaller than 1 and may even be

negative:
IT+NA=AXA—-k)AX1—k) <1

limp=1—
plim 3 1 (1 k)2 =

Notice that there can be positive predictable excess returns on the domestic currency (£;,; > 0),
even if there is no delayed overshooting.

Figure 1 shows the path of the exchange rate in response to an unanticipated decrease in the
interest rate at t = 0. The exchange rate depreciates for about 10 periods before reverting back to
its long run value. If one interprets each period as a week or a month, this graph resembles the
impulse response functions estimated by Clarida and Gali (1994), Eichenbaum and Evans (1995)
and Grilli and Roubini (1994). The duration of each period should depend on the frequency with
which one believes that investors receive “new and relevant” information.

We now describe the intuition behind these results. There are two effects:



e Interest rate effect. After an initial downward jump, domestic interest rates follow an
increasing path. This induces the exchange rate to experience an immediate depreciation
followed by a gradual appreciation to ensure that uncovered interest parity holds. This effect

is captured by the term in M in (7): the speed at which the initial disturbance fades away.

e Learning effect. When the shock takes place at time ¢ agents only observe a reduction in
and gradually lower their belief about z;; using updating equation (5). A downward revision
of & x4y j+1 generates depreciating pressures on the exchange rate. This effect is captured

t+j

by the term in (1 — k)’** in (7). When there is no misperception (k = 1), this term vanishes.

According to (8), a smaller A (less persistence) increases the second term proportionally more
than the first one, making delayed overshooting less likely. This means that an economy converging
more rapidly to its long run equilibrium is less likely to exhibit delayed overshooting. The quicker
convergence occurs, the more persistent shocks look like transitory ones. Thus, little weight is given
to past observations, weakening the learning effect.

Changes in k (the degree of misperception) have more complex effects. For a sufficiently large
k, the learning process works efficiently and beliefs converge to the true value of the persistent
component of the interest rate very rapidly. As a consequence the subsequent upward revision of
beliefs is very small. Therefore, the learning effect is dominated by the interest rate effect and
there is no delayed overshooting. In other words, since beliefs have almost converged at time
0, market participants bid the exchange rate up until it is back on the full information rational
expectations path. For sufficiently small k, learning occurs very slowly and interest rates convey
little information about their persistent component. Thus, the market forecast £y increases
very little at the time of the shock. Afterwards, although &£"z;41 is updated upwards, the learning
effect is too small to dominate the interest rate effect.

We now turn to the issue of the length of time over which the exchange rate moves in the
“wrong” direction. Condition (8) defines a ‘delayed overshooting’ region at horizon 7, D, in terms
of the parameters A and k.!3 Figure 2 reports the lower boundary of this delayed overshooting
region as we vary 7 from 1 to 10 periods. As we increase the peak date 7, the conditions on A and

k become more stringent: the frontier of D, shifts up, as seen in Figure 2. As expected, delayed
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overshooting obtains for high persistence and low, but not too low, values of k.

Figure 3 reports the contour plot of the coefficient from the Fama regression as a function of
A and k. The Fama coefficient can be negative for small (but not too small) values of k and large
values of A. The contour plot reveals that the region for negative Fama coefficients coincides roughly
with the region for delayed overshooting.

Note that the empirical evidence presented in Table 1 shows that the Fama coefficients are
increasing with the horizon. In fact, they are close to one for a number of currencies at horizons
of 12 months. This indicates that predictable excess returns disappear as the horizon increases.
Figure 4 shows that our model is consistent with these facts. It depicts the limit of the Fama
coefficient (3,, as a function of the regression horizon n : e;yp, — €, = o + B, nry + €4, where ry
is the continuously compounded yield on a n — period zero coupon bond. This figure makes clear
that in our model economy the Fama coefficient can be substantially negative at short horizons,
but that it eventually converges to one.

To sum up, our analysis has strong cross-sectional implications. Countries should exhibit un-
conditional delayed overshooting and the forward discount puzzle in its most extreme form (i.e., a
negative Fama coefficient), if (a) monetary shocks have high conditional persistence (), resulting,
for instance, from a low interest elasticity of money demand, and (b) the degree of misperception
(1 — k) is high, but not too high. Further, our analysis indicates that there are always positive

predictable excess returns at short horizons (£, > 0), even if there is no delayed overshooting.

2. AN EMPIRICAL EXPLORATION OF INTEREST RATE FORECASTS

The previous section highlighted the key insight of the model: delayed overshooting and the forward
premium puzzle can arise in equilibrium from a systematic under-reaction of interest rate forecasts.
In this section, we demonstrate that this under-reaction is present in the data. More specifically,
using a state space model that provides the foundation for equation (5), we establish that interest

rate forecasts systematically under-react to interest rate innovations.
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2.1. Modelling the Interest Rate Differential. To characterize the interest rate process,
we adopt the following state-space representation. The interest rate differential between any two

countries (x;) consists of a persistent (z;) and a transitory (v;) components, as well as a constant

(9) Ty =+ 2+ vt

In addition, we assume that the persistent component, z;, follows an AR(q) process:
(10) A (L) Zt — €t

with A (L) = 1-3"%_, \;L%. The transitory and persistent innovations are independent and normally
distributed with mean 0 and variance o2 and o2 respectively. For future reference, we define the
noise to signal ratio n = 2—2.15

One possible justification for our interest rate representation lies in its flexibility: depending
on the underlying parameters, this representation can accommodate an integrated process -where
some of the roots of A lie on the unit circle- as well as a white noise.'6

A more structural interpretation is also possible. Following Dornbusch (1976), we can interpret
the transitory shock vy as a relative velocity shock, and the persistent shock €; as a permanent
relative money supply shock. In the presence of sticky prices in the short run, a permanent reduction
(increase) in the nominal money stock leads to an increase (reduction) in the domestic interest
rate. As prices adjust slowly over time, real money supply increases and the interest rate declines
gradually until it reaches its steady state value. This interpretation is consistent with the empirical
findings of Eichenbaum and Evans (1995): an exogenous shock to the US money supply induces a
persistent change in the US interest rate in the opposite direction.”

Lastly, we want to emphasize that vy and €; can capture the uncertainty surrounding the conduct
of monetary policy. Both the monetary policy target and the information set upon which Central
Banks act are imperfectly known to the market.'® Thus, transitory shocks may arise when the Fed
acts on inaccurate forecasts or to reflect balance of power adjustments among the Open Market

Committee members. Both elements are not observed by market participants who have then to

infer the motivation behind recent policy decisions.
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2.1.1. Maximum Likelihood Estimation of the Interest Rate Process. The system
(9) -(10) can be estimated by Maximum Likelihood of the associated Kalman Filter. The procedure
is standard and summarized in appendix A.3.'® Our data set consists of monthly observations of
the 3 months eurorates for Canada, France, Germany, Italy, Japan and the U.K. evaluated against
the 3 months eurodollar.?? The sample period is 1974:1 to 1995:12.2! The results are presented in
Table 3, for various autoregressive orders.

A quick glance through the table indicates that (a) there is a strong persistent component,
already largely documented in the literature, and (b) there is no sign of transitory component, as
measured by the noise to signal ratio 7. Innovations to the persistent component of interest rate
differentials disappear extremely slowly. The long run autocorrelation ranges from 0.85 for France
against the U.S., to 0.99 for Italy against the U.S. The short run autocorrelation is higher than one
for the U.K., Germany and Japan against the U.S., indicating further deviations from equilibrium
after the initial shock. The table also reports the results of two Phillips-Perron Z; tests of a unit
root in interest rate differentials. The results indicate that we cannot reject the hypothesis of a
unit root at conventional levels of significance for Canada, Germany Italy and Japan. Thus, the
interest rate differential for those countries against the U.S. does not appear co-integrated.

For all countries and all specifications, the noise to signal ratio is not statistically significant.??
In only two cases (Italy-US AR1 and Canada-US AR4) is the constraint on the noise to signal ratio
non-binding. It is interesting to note that in both cases the associated long run autocorrelation is

also much higher than for other specifications.??

2.1.2. Survey Data. To measure market forecasts, we use consensus data from the Finan-
cial Times Currency Forecaster on Eurorates forecasts at 3, 6 and 12 months. The data is available
monthly from August 1986 to October 1995. Contributors include multinational companies as well
as forecasting services from major investment banks, i.e., the most active players on the fixed in-
come and foreign exchange markets.?* The monthly publication collects interest rates and their
forecasts and reports a “market average” weighting individual forecasts according to their relative
importance. This data set is unique in its coverage and consistency. We have not found any other

source of interest rate forecasts prior to 1986 covering all G-7 countries. While survey data on
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monthly money market rates are available for the US, and have been used in previous studies, we
were unable to find similar survey forecasts for foreign countries.?®> As an alternative to market fore-
casts, one could use forward rates implicit in the term structure. This would be incorrect however,
if the term structure contains a significant time varying component. In the working paper version of
this paper, we replicate Froot (1989)’s results and demonstrate that this is indeed the case. Thus,
we conclude that it is better to use direct consensus forecasts to measure market expectations.

One should still be cautious when using survey data. First, there is probably substantial hetero-
geneity in forecasts.?® Nonetheless, “market expectations” constructed from individual heteroge-
nous forecasts may possess better statistical properties than individual forecasts if the idiosyncratic
components “wash out” in the aggregation process. This is not guaranteed. A recent theoretical
literature has emphasized that there may be systematic biases in individual forecasts: forecasters
who care about their reputation, may have incentives to use forecasts in order to manipulate their
clients’s belief regarding their ability. Such reputational effects are likely to be stronger for pro-
fessional forecasters than disinterested parties. The direction of the bias, however, is unclear and
depends on the information as well as the payoff structure. Scharfstein and Stein (1990) develop
a model where managers have an incentive to mimic the behavior of previous managers, while
in Zwiebel (1995)’s model average managers have an incentive to herd while “extreme” types -
either good or bad- have incentives to scatter.2” The empirical importance and direction of such
reputational biases remains an open question.?

We assume that agents use a linear forecasting formula, as summarized by the Kalman filter
equations associated with the state-space representation in equations (9)-(10). We will estimate the
parameters of the filter implicitly used by market participants, which we call the “market filter”,
as opposed to the parameters of the true data generating process. For a given market filter we
can construct the associated forecast at horizon 7: ] (é) , Where 0 = ({S\i}le 1, &2) denotes the
parameters of the market filter. The forecasts constructed in such a way use only information up
to time ¢. We assume that the observed forecasts are reported with error: 7 = x7 (9) -+ v] where
the measurement error is i.i.d. and independent of the true forecast, and estimate 0 by Maximum
Likelihood. The results are presented in Table 4 separately for each forecast horizon (3, 6 and 12

months, as well as for all forecast horizon pooled.
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Our methodology allows us to distinguish between the conditional persistence (Zj ij in terms

o2

of our representation), and the relative importance of transitory and persistent shocks (7 = 2%).
As can be seen in Tables 3 and 4, conditional persistence is higher for the market filter than for
the data generating process. While the long run autocorrelation is close to 0.9 in the data, the
market estimates a much higher long run autocorrelation sometimes very close to 1.2° This extra
persistence is compensated by a large estimate for the relative variance 7. The results in Table
4 indicate that for almost all countries and specifications, the perceived noise-to-signal ratio 7 is
large -and often significant.3"

These results stand in sharp contrast with our finding that in the actual data the transitory

component is zero. It implies that market forecasts systematically under-react to current interest

rate changes. We now summarize the results of this section.

Stylized Fact For the interest rate differentials between the US and the other G7 countries, during
the period 1986-1995:

1. Persistent shocks are more frequent in sample than perceived by market participants. In
other words, the noise-to-signal ratio 7 (i.e., the ratio of the variance of transitory shocks
to the variance of permanents shocks) of the data generating process is significantly
smaller than that implied by the linear filter that best replicates interest rate forecasts.

This indicates a systematic initial under-reaction to interest rate innovations.

2. Conditional persistence, as measured by the long run auto correlation of the persistent
component, is higher for the market filter than for the data generating process. This

indicates an over-reaction to interest rate innovations at longer horizons.

3. AN AFFINE MODEL OF EXCHANGE RATE DETERMINATION

This section presents an affine model of exchange rate determination under complete markets,
similar to Backus et al. (1998), in which there is imperfect information. Our objective is to connect
the forward premium forecast under-reaction to the exchange rate anomalies.

The economy consists of two countries, each with its own currency. In each country, nominal
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assets are traded. The absence of pure arbitrage opportunities implies the existence of a positive

pricing kernel for claims in domestic currency, R; 1, such that:

(11) 1 =&"{Rit+1Re+1}

where R, is the rate of return -in domestic currency- on any traded asset in the economy between
t and t + 1. If the economy admits a representative agent, the pricing kernel is the nominal
intertemporal marginal rate of substitution and (11) corresponds to the first-order condition of the
agent’s program. Equation (11) allows for market expectations &™ {.} to differ from their rational
counterpart, denoted & {.} . Similarly, there exists a nominal pricing kernel for claims expressed in

foreign currency, R}, ;, that satisfies:

1=2¢&" {Rf,t+1Rf+1}

Using the pricing kernels, we can derive the one-period continuously compounded nominal risk free

rates as:
(12) re=—log&" {Rip}; 15 = —log& {Riyp}

To derive the rate of currency depreciation from the model, denote by E; the domestic price of
foreign currency (so that an increase in F; corresponds to a depreciation of the domestic currency).
Under complete markets, and with identical preferences across countries, the pricing kernel is
unique (see Duffie (1996)). Since we can construct a pricing kernel for nominal claims in the
1

domestic currency as Ry, HE—ZLI, unicity implies that Rt,t+1EE_t1 = Rf,;, in all states of nature.’

Expected depreciation is then:
(13) Ellerr1 — e = EMlog Ry q — & log Ry pv1
Substituting for the domestic and foreign nominal interest rates, we obtain:
e —er =1y —1f + (4
where ¢, = (EMlog Ry .y —log & {Riyi1}) — (EMog Riir — log € {Rup11})

The time-varying risk premium (, reflects the difference between conditional means of the pricing
kernels. We now follow the literature on affine-yield models and assume that the pricing kernels

follow log-normal processes:
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2 .2 ~ 202

2 B
(14) InR;t4+1 = —InR-— 902 -6z — — 2t — D€ — PELL1

—x2 2 *2 %2
(15) InRy;, = —InR— . 20 —5 5L 20 —z — P a1 — ey

where the elements of €11 = (€41, €141, €} +1)/ are independent and normally distributed with mean

0 and variance o2.

The positive parameters 8, 6%, o, ©*, @ and @* represent the loadings on the
various shocks while R is a positive scalar. 2, and €41 represent, respectively, the predictable
and unpredictable components of a shock common to both countries, while (z;, e;41) and (27, €/,)

represent the predictable and unpredictable components of country specific shocks. We also assume

that the state z; = (Z, 2, 27)’ obeys the following AR process:
(16) Zi+1 = AZt + €141

The specification in (14)-(16) encompasses a broad class of processes while maintaining ana-
lytical tractability. Together, z; and €,41 span the predictable and unpredictable components of
domestic and foreign bonds and currency price movements. The ¢’s determine the correlation
between each state variable’s innovation and the pricing kernel.

Under (14)-(15), the equilibrium interest rate and depreciation rates satisfy:

(17) r, = InR+H'z
72 %2 2 *2
m o . - +p? -
(18) = rn—r;+¢
6 1 0
where H' = and r} = (r¢, 7).
8 0 1

In each country, the domestic interest rate is a linear combination of the world and country
specific factors. The expected depreciation rate depends upon the world factor only insofar as
it affects domestic and foreign interest rates differently. When 6 = 6%, the common factor does
not affect expected depreciation because it shifts domestic and foreign interest rates by the same
amounts. We make this assumption in what follows.3?

The risk premium ( is constant and depends upon the variance of the innovations and the

loading factors. Since this risk premium is not time-varying, it is irrelevant for our analysis. For
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simplicity, we set it to 0 by assuming @ = p* = ¢ = ¢*, implying that uncovered interest parity
holds exactly, under market expectations. By ruling out risk premia altogether, this assumption
greatly simplifies our analysis.?3

The previous assumptions imply that r; follows an AR(1) process:

(19) rip1 = (1 — )\) InR+ Ary + H,€t+1

This model has the simplicity of affine models of the term structure of interest rates. This is
not a coincidence: we have assumed a process for the pricing kernel that is identical to Vasicek’s

original pricing kernel.

3.1. Market Expectations. As discussed in the previous section, the literature on the rational
expectation hypothesis of the term structure of interest rates documents systematic deviations
between forward rates and expected future short rates. We take this under-reaction as the starting
point of our analysis of market expectations and use a convenient state-space representation to
characterize the perceived process for the interest rate process, that is consistent with our empirical
specification.

Assume that when making forecasts agent do not use the correct pricing kernels in (14) and

(15). Instead, they perceive that the pricing kernels satisfy:

(20) mRi1 = IR — vy

(21) InRf,,, = IRy, —v}

where v; and v} are independent normally distributed shocks with mean 0 and variance o2. The
perceived pricing kernels differ from the correct ones by a purely transitory shock.

It is important to observe that interest and exchange rates are still determined by (12) and (13).

This implies that agents perceive the following relationship between short rates and fundamentals:

(22) ri=InR+Hz +v;

Economically, (22) indicates that agents believe that interest rates contain a persistent component,

H'z;, and a transitory one, v, while in fact interest rates contain only a persistent one —they follow
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(17). In all other respects, expectations are rational. In particular, rational expectations obtain as
the special case where o2 = 0.

Equation (22) together with (16) form a state space representation for the interest rate process
perceived by agents. As we shall see, this representation captures very naturally the stylized fact
that interest rate forecasts under-react to innovations in interest rates. The question of interest to

us is the extent to which this misperception affects exchange rate determination in equilibrium.

3.2. The Learning Problem. Agents form optimal forecasts of future interest rates given
their beliefs summarized in (16)-(22). This is a standard normal-linear filtering problem. The
solution is given by the Kalman filter (see the appendix for derivations). According to (22), agents

form forecasts of future interest rates according to:
Elrii = R+HE 74

Define Py = & {(zt+1 - 8ﬁzt+1)2} , the conditional variance of the market belief. The following

lemma is a direct consequence of the properties of the Kalman filter.

Lemma 1. Assume that beliefs about z; are initially distributed as N (SZ”ZHO, Pl) where &z

and P, are an appropriate vector and matrix respectively. Then:
1. Beliefs evolve according to:
EMzii1 = NEM 74 + \PH (H’PtH + 031) (v log R~ H'EM 2,)
2. The conditional variance Py evolves according to:
Py =\ [Pt ~P;H (H'PH + 071 - H’Pt} + 01
in particular, it does not depend upon the actual realizations of the interest rates ry.

3. In the limit as t — oo, the conditional variance converges to a steady state value P, solution
of:
-1
P =\ {P — PH (H'PH + o71) H’P} +o2
and the beliefs evolve according to:

—1
23 EMzi1 = Nz + \PH (H'PH + 02I) (r; —logR — H'E™ 2,
t t v t
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In what follows, we assume that the process has been going on for long enough so that Py
has converged.

Two special cases are of interest. First, when expectations are rational, o2 = 0, (23) collapses
to: &Mryp1 = Ary, as expected. Second, when there is no common shock, 6 = 0, interest rates
depend only upon their country specific factor and are independent from one another. In this case
(23) implies:

(24) ElMrimi =21 —-k) & ri+Mers+(1—MN)InR

where k, the gain of the filter, measures how much weight is given to new observations, relative
to past expectations. Equation (24) makes clear that expected future short rates under-react

to changes in the short rate when k < 1. In steady state, the gain of the filter is given by: k =

1+A—n (1-22)

A ) _ a2 . N . 9 2 2
AT (1007 <1, where = =% is the perceived noise-to-signal ratio and A* = [77 (1 A ) + 1} +

4n A2. Tt follows that the gain depends only on the perceived relative variances of the noise and
signal components (1) and the degree of persistence (). The gain is zero and no learning occurs
when the noise is infinite while learning is immediate when there is no noise —i.e., expectations
are rational. The gain decreases monotonically with the noise-to-signal ratio and increases with
persistence. Intuitively, with a higher A, today’s interest rates contain more information about the
persistent component of interest rates and the current realization of the interest rate gets more
weight. Given A, there is a one-to-one mapping between the agent’s misperception -as measured
by n— and the weight given to past beliefs. We can thus indifferently analyze the properties of the
system in terms of (A, 7) or in terms of (\, k).

In the general case, 6 # 0, foreign interest rate observations convey information about z;, the

common factor. If we pre-multiply (23) by H', we obtain a formula similar to (24):
(25) Eri1 =AI-K) & ri + M Kry+ (1 -A)InR

where K = H'PH (HPH + agI)_1 is the matrix representation of the gain of the filter. The
formula for the gain indicates that, in general, forecasts of future short rates depend on realizations
of both the domestic and foreign short rates. However, a generalized version of under-reaction

obtains as the diagonal elements of K are strictly smaller than 1 as long as o2 differs from 0.
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3.3. Equilibrium Exchange Rate. The equilibrium exchange rate is obtained by solving

forward the uncovered interest parity condition (18):
T-1
ev= &" (T;Sk+j - Tt+j) + &l e
j=0

If we define the equilibrium long-run value of the exchange rate, é;, as lim7_ o e, and sub-

stitute the market beliefs by (25), we obtain:

1 1
(26) €t — ét — llrt - mllH,anZt+1 = ét — Tt — mggn$t+1

where I’ = (1, —1), so that x; = I'r, = ry — r} is the forward premium. The exchange rate depends
only upon the current forward premium z;, its future expected value £™x,1 and on €;. We do not
focus in this paper on the determinants of é;. However, we assume that there is no misperception
regarding its expectations: &£;"é;+1 = &rér41 = €. Hence, long run misperceptions do not contribute
to predictable excess returns. This assumption implies that there are no predictable excess returns
over long horizons. Indeed the data presented in Table 1 indicates fewer predictable excess returns
at longer horizons.

Under rational expectations the exchange rate follows:

Tt

2 T g
(7) €t €t 1—\

Substracting (27) from (26), we can express the equilibrium exchange rate as the rational expecta-

tion exchange rate plus a term that reflects misperception of the interest rate process:

(28) er = 6; + gt.TtJrl — 8p$t+1)

1
1—A (
3.4. Foreign Exchange Market Anomalies. In this subsection we demonstrate that our

simple model is rich enough to rationalize both Eichenbaum and Evans’ delayed overshooting

puzzle as well as Fama’s forward premium puzzle, for some configurations of the parameters.

3.4.1. Predictable excess returns. Recall that predictable excess returns on the domestic

currency are defined as:

& = (Ees1 — Ereryr) — G
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where (; is the risk premium. Since there is no risk premium in our set-up, predictable excess

returns originate exclusively from forecast errors. Using (25) and (26):

2K
(29) gt =7 <I + m) (Strtﬂ — gtmI‘tJrl)

Predictable excess returns depend linearly upon the misperception in short term interest rates
forecasts. The relationship between interest rate forecasts and predictable excess returns is complex
since the matrix K is not diagonal in general. To gain some intuition we return to our two special
cases. First, when expectations are rational, £, = 0, as expected. Second, in the absence of common

factors (6 = 0), (29) simplifies to:

Ak
(30) § = (1 + ﬁ) (Eraip1 — & Ti41)

When the expected forward premium is lower than predicted according to the true model (Ex¢1 — E w1 > 0),
there are positive excess returns on the domestic currency. The reason is simple: if future forward
premia are under-estimated, the currency is artificially depreciated (see (28)) and will subsequently
appreciate. Using (24), we can write predictable excess returns in a recursive form in this special
case:
Ak

(31) = A1—R) &+ (1 4 ﬁ) A1 — k) IH'e,

According to (31) persistence in predictable excess returns increases with the degree of mispercep-

tion, measured by 1 — k.

3.4.2. Fama regression and the forward discount puzzle. Here we show how the
under-reaction of forward premium forecasts is linked to the forward discount puzzle. Recall that

the Fama coefficient 8 converges to:

cov (ep41 — €4, Ty)
var (xy)

plim 3 =
We prove in the appendix the following result.

Lemma 2. The coefficient of the regression of realized depreciation rates on the forward premium
converges in plim to

-1
A (T+ 2K (1-K) (I ~(1-X(1-K)) )\2K> var (ry) 1

2 i =1-
(32) plim 3 Vvar (ry)1
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It is immediate to check that 5 = 1 when expectations are rational (since K = I). In the case

where there are no common shocks (6 = 0), (32) simplifies to

AM1=A1—=E)A—k)(1+N
1— A2 (1-k)

(33) plimB=1-—

Since k < 1 and A < 1, the Fama coefficient is always smaller than 1 and can even be negative.
In the general case the Fama coefficient (32) is a complex function of the parameters of the model
and may be significantly different from 1.

Figure 3 reports plots the contour of 3 as a function of A\ and k. We see from the graph that
0 falls as the shocks become more persistent (A increases). The dependence on k is more complex.
A low [ requires a low k. However, when k = 0, which corresponds to an environment where
agents believe all shocks are purely transitory, 3 = 1 — A and remains strictly positive. Indeed, the
minimum of (3 is attained for small but strictly positive values of k. Figure 3 also reports the point
estimates for A and k for each country pair obtained indirectly from our empirical estimates of (7
and \) obtained in section 2.34

We can see that for all currencies against the dollar, the process for interest rate forecasts is
consistent with very low Fama coefficients (below 0.2 and even negative for Japan and Germany).
We emphasize again that we have not used any exchange rate data in this calculation.

Figure 4 reports the coefficient from a Fama regression at horizon n (43,,). Two results emerge.
First, the Fama coefficient can be very low -indeed even negative, at short horizons where the effect
of misperception is strongest. At longer horizons, however, the Fama coefficient converges to one.
Second, (3,, can vary non-monotonically with the horizon, as the learning and interest rate effects
interact in complex ways.

It is easy to understand why § must be smaller than 1. By definition, expected depreciation is
the difference between the forward premium and predictable excess returns: Eeir1 — e = xp — &

But from (30), we know that &, is a function of x; and &£ x; so that:

Ak
(34) Erepr1 —ep =4 — A (1 + m) (1—k) (ze — &7 yae)

where we have used (30) as well as (25). Consider now an increase in the forward premium z; at

time ¢. Since interest rate forecasts under-react, £&";x; does not increase as much as x; and the
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contribution of the predictable excess return is negative. Hence the expected depreciation adjusts
by less than the forward premium, implying a coefficient 8 smaller than 1.

An example might help here. Suppose there is an increase in domestic interest rates, holding
foreign interest rates constant. Since agents underestimate future domestic interest rates, the
currency will initially appreciate less than under rational expectations (see equation (26)). Thus,
the rationally expected depreciation is smaller than that implied by the forward discount, and there
are positive predictable excess returns. This is true whenever A > 0 and k < 1.3°

Yet, we also know from Figure 3 that § can be negative, which is a much stronger result. How
can this be? To understand what is going on, return to equation (34). When A increases, the
coefficient on the forward premium forecast error, A (1 + %) (1 — k), can exceed the coefficient
on the forward premium (1), as predictable excess returns become more volatile. To illustrate
what is going on, consider again an increase in domestic interest rates holding foreign interest
rates constant . For A large enough, the initial mispricing of the exchange rate is so large that it
requires the exchange rate to appreciate further in the future. As agents update their beliefs about
the domestic interest rate, they realize the change in interest rates is more persistent than initially
anticipated. Any upward revision on the persistent component of interest rates has a large effect on
exchange rates since agents expect high domestic interest rates to persist in the future. Arbitrage
implies that the domestic currency appreciates. This scenario is more extreme: a high domestic
interest rate co-exists with an appreciating currency. In other words, the forward premium and
rationally expected depreciation move in opposite directions. Thus, 3 is negative. Our previous
discussion abstracted from the term & x;. But past expected forward premia are correlated with
the current forward premium. Indeed, one obtains (33) exactly when the correlation is properly
taken into account. This term dampens the movements in predictable excess returns and makes it

more difficult for 4 to turn negative (compare the term in z; in (34) and the Fama coefficient).

3.4.3. Delayed Overshooting. The delayed overshooting path is characterized by Eichen-
baum and Evans (1995) as the impulse response of the exchange rate to an unanticipated monetary
shock. In the context of our model, we compute the path that the exchange rate would follow if

an innovation € were to take place at time ¢, followed by no other shocks. This shock may be an
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innovation to the common factor z or to a combination of the country specific factors z and z*. For
simplicity, assume that we start from steady state with r;_; = In R. According to (19), short rates
follow:

ri; =In R+ NHe

Under rational expectation, the exchange rate obeys (27) and follows:

_ N «
Ctrj = vy — T (€~ €7)

The exchange rate overshoots and converges back to its equilibrium value at the same speed as the

interest rate rate. When forward premium forecasts under-react, the exchange rate follows instead:

MY 4
(35) Cttj = Ct4j — T [I -A(I- K)J“} H'e

The term H'e determines how each innovation influences the domestic and foreign interest rates,

respectively. Recall that common monetary shocks z do not influence the rate of depreciation

expected by agents when § = 6*. One can check that (35) simplifies to:

(36) Citj = Citj — % {1 - (ﬁ'lﬂ _ Wﬂgl)] (e—¢€)

where ngﬂ is the (4, 1) element of (I — K)’*!. Equation (36) makes clear that e,y is also unaffected
by common shocks. In the special case where there are no common shocks, the formula simplifies
to (7).

Delayed overshooting occurs at horizon 7 when |e;r — E"€ir| > |€14r—1 — EE11r—1| . Using

(36), and the properties of the learning process, we have the following lemma:

Lemma 3. A necessary and sufficient condition for delayed overshooting after T periods is:

1—A
(L= A (1 = m21)) (75 = 751) > ——

where m;; and ©]; are defined respectively the (i, j) element of the matrices I — K and (I - K)".

This lemma establishes that delayed overshooting depends upon the parameters driving the
learning and interest rate processes as summarized by K and A. The discussion of Section 1 applies:

delayed overshooting results from the interaction between an interest rate and a learning effect. We
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obtain (8) as a special case when 6 = ¢* = 0. In this special case the delayed overshooting region
is reported in Figure 2.

Figure 2 also reports the implicit delayed overshooting horizon for each country vis a vis the
US.36 The results indicate that, except for the French Franc, all currencies exhibit delayed over-
shooting between 3 and 8 months. While the point estimates are smaller than the 24-36 months
delayed overshooting typically reported by Eichenbaum and Evans (1995), they nonetheless indicate

that interest rate forecasts are consistent with delayed overshooting for some currency pairs.

4. CONCLUSION

In this paper we establish a link between currency market and bond market anomalies. We show
that the data strongly supports the existence of under-reaction of bond prices to changes in short
rates. We then develop a nominal exchange rate determination model in which there is incomplete
information about the nature of interest rate shocks (transitory vs. persistent). We demonstrate
that for typical empirical estimates of the misperception, the equilibrium exchange rate in the model
exhibits both delayed overshooting and the forward premium puzzle in its most extreme form —i.e.,
a negative Fama coefficient. We see this attempt to investigate whether anomalies in different asset
markets are consistent with each other as a novel contribution that might be of interest in areas
other than international finance.

The dynamics of the exchange rate are determined by two effects which act in opposite direc-
tions: an interest rate effect and a learning effect. The first effect is standard. As in other models,
it derives from the mean reverting nature of interest rates differentials. The learning effect is novel,
and derives from the fact that agents constantly learn whether interest rate shocks are transitory
or persistent. The predictable excess returns and hump-shaped dynamics, implied by the two cur-
rency market anomalies, can result if and only if agents misperceive interest rate shocks to be more
transitory than what they actually are.

The key to our results is the existence of a misperception about second moments of the interest
rate process, not about first moments. Furthermore, currency market anomalies in our model

economy only exist in the short run. At long horizons predictable excess returns vanish, and the
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Fama coefficient converges to one. This is in line with the empirical evidence.

This interpretation, which is new to our knowledge, has important implications. First, it pro-
vides a clear analytical characterization of the factors influencing exchange rate responses to mon-
etary shocks. Countries with rapidly converging interest rates, due to either fast moving prices
or a large interest elasticity of money demand, will experience smaller predictable excess returns.
Countries with either a very small or a very large variance of transitory shocks will also converge
without delayed overshooting. In the former case because learning occurs fast, in the latter case
because learning does not have a significant effect on the demand for assets.

This paper also serves the useful purpose of uncovering a deeper rationale for a variety of asset
market pathologies. In particular, the misperceptions we identify raise the interesting prospect of
an integrated understanding of currency and bond markets.

Of course, this paper also raises some intriguing questions: why do agents fail to revise their
erroneous beliefs about second moments? Can these misperceptions be arbitraged away or taken
advantage of by savvier investors? Ultimately, of course, we will need to reconcile observed behavior
with models of optimal behavior. While we may not be there yet, this paper indicates a promising

avenue of research.
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Table 1:

TEST OF FORWARD PREMIUM PUZZLE

Estimates the following: e;yn, —e; = a + 8, 2} + 1,4,

et+n — €t is the n-period realized depreciation rate vis a vis the US dollar. x} is the n-

n,us

period continuously compounded euro-rate and z} = r} —r, is the forward premium.
The number of observations varies for each country pair between 100 and 299. Coefficients
estimated with OLS. Newey-West (1987) Robust standard errors in parentheses. The last

column reports the p-value for the test 5,, = 1. Source: DRI. Exchange Rate from IFS;

Interest Rates: Eurorates from FACS.

Country  Sample B, SE  p Sample B, SE »p
HORIZON: 3 MONTHS HORIZON: 6 MONTHS

All 74:1-99:7 -0.72  0.22 0.00 74:1-99:4 -0.64 0.18 0.00

Canada  79:8-99:7 -0.87 0.40 0.00 79:8-99:4 -0.75 0.42 0.00

France 74:1-98:9 -0.16 0.85 0.17 74:1-98:6 -0.11 0.86 0.19

Germany 74:1-98:9 -0.50 0.73 0.04 74:1-98:6 -0.47 0.70 0.04

Italy 80:10-98:9  1.41 1.27 0.75 80:10-98:6 1.59 1.45 0.59

Japan 78:1-99:7 -298 0.82 0.00 781-99:4 -3.06 0.72 0.00

U.K. 74:1-99:7 -1.25 0.95 0.02 74:1-99:4 -1.00 0.88 0.02
HORIZON: 12 MONTHS

All 74:1-97:10  0.93 0.13 0.58

Canada  78:1-98:10 0.70 0.26 0.25

France 74:1-97:12 049 0.71 047

Germany 80:10-97:12 1.39 0.43 0.36

Italy 79:8-97:12  0.64 1.20 0.77

Japan 86:8-95:10 2.8 0.93 1.71

U.K. 74:1-98:10  0.82 0.37 0.63
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Table 2:
DECOMPOSITION OF THE FAMA COEFFICIENT

Decomposes 3,, according to: 3, =1 — bpe — byyp.
with b, = _cov(ugly,,xy b — var((3)+cov(E" erpn—es,(})

= rp =
var(:ry) ? P var(zy

Country  bre brp B, bre brp B

HORIZON: 3 MONTHS HORIZON: 6 MONTHS

All 0.81 0.19 -0.05 093 0.08 0.15
Canada  3.03 -0.20 -1.83 248 -0.59 -0.89
France 1.51 -1.87 1.35 1.03 -1.55 1.51
Germany 2.30 -1.55 0.25 220 -1.58 0.38
Italy -0.50 -1.70 3.20 -0.72 -1.22 294
Japan 491 -0.33 -3.58 493 -0.70 -3.23
U.K. 282 0.13 -1.95 254 -0.52 -1.02

HORIZON: 12 MONTHS

All -0.98 0.92 1.06
Canada  -1.83 147 1.36
France 0.03 -0.15 1.11

Germany -0.78 0.98 0.80

Italy -2.10 241 0.7
Japan -1.72 1.26  1.45
U.K. -0.99 090 1.08
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Table 3:

MAXIMUM LIKELIHOOD ESTIMATION OF THE STATE-SPACE REPRESENTATION OF
3 MoNTHS EURORATES

Estimates the following state-space model on monthly data: = = p+z:+v: ; A(L) 2t =
€:. ¢ is the 3 months eurorate differential r, —r;**. We report estimates of the autoregressive

2

coefficients () and the noise to signal ratio n = Z%. Sample period: 1974:1 to 1995:12.

O-G

The number of observations varies for each country pair. Heteroskedasticity consistent
standard errors (SE) reported below the estimate in parenthesis. Coefficients estimated
by Iterated Maximum Likelihood of the Kalman Filter. A value of 0 for n indicates that
the associated constraint (n > 0) is binding. and the corresponding AR process, estimated
directly, maximizes the likelihood. Coeflicients significant at the 5% level are reported in
bold. Z, and Z;: Phillips-Perron statistics of the unit root hypothesis Hy (o = 0,3 = 1) in
the regression: x; = o+ Bxt—1 + up with 12 lags in the Bartlett window. The associated

p-values are reported in parenthesis. Source: IFS line 60ldd and 60ea.

Estimated Coeflicients

Al )\2 )\3 )\4 n Z A

Model SE SE SE SE SE SE Log-Lik

PANEL A: CANADA-U.S. OBs 100
I 0.90 0 0.90  -0.229 Z, -831
(0.04) (0.04) (0.15)
11 0.93  -0.03 0 0.90  -0.226 Z,  -2.04
(0.10)  (0.10) (0.04) (0.17)
III 0.92 0.06  -0.09 0 0.89  -0.199
(0.10)  (0.14) (0.10) (0.05)
v 1.37 -031 -0.38 0.29 042  0.97 -0.181

(0.25) (0.26) (0.07) (0.09) (0.51) (0.02)

PANEL B: FRANCE-U.S. OBs 213

I 0.85 0 0.85  -1.267 Z, -30.79
(0.03) (0.03) (0.0)

11 0.86 -0.01 0 0.85  -1.265 Zy  -4.07

continued next page
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Table 3: MAXIMUM LIKELIHOOD ESTIMATION, 3 MONTHS EURORATES

continued from previous page

Estimated Coefficients

At A2 As A4 n STA
MopeL  SE SE SE SE SE SE Log-Lik
(0.07)  (0.07) (0.04) (0.0)
111 0.87 -0.06 0.05 0 0.86  -1.260
(0.07)  (0.09) (0.07) (0.04)
v 0.87 -0.06 0.06 -0.01 0 0.86 -1.260
(0.07)  (0.09) (0.09) (0.47) (0.04)
PANEL C: GERMANY-U.S. OBs 213
I 0.96 0 0.96  -0.717 Z,  -525
(0.02) (0.02) (0.5)
II 1.23  -0.28 0 0.95 -0.686 Zy -1.67
(0.07)  (0.07) (0.02) (0.45)
111 1.31 -0.63 0.29 0 0.97 -0.653
(0.07)  (0.10)  (0.07) (0.02)
I\Y 1.31 -0.63 0.28 0.01 0 0.97 -0.653
(0.07) (0.11) (0.11) (0.07) (0.02)
PANEL D: ITALY-U.S. OBs 94
I 0.99 0.25 0.99 -0.610 Zy -6.58
(0.02) (0.29)  (0.02) (0.5)
II 0.70  0.25 0 0.95 -0.563 Zy -1.83
(0.10)  (0.10) (0.03) (0.30)
111 0.74 0.36 -0.16 0 0.94  -0.559
(0.10)  (0.12) (0.10) (0.03)

continued next page
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Table 3: MAXIMUM LIKELIHOOD ESTIMATION, 3 MONTHS EURORATES

continued from previous page

Estimated Coefficients

At A2 A3 A4 n STA
MopeL  SE SE SE SE SE SE Log-Lik
v 0.69 0.46 0.06 -0.28 0 0.93  -0.528
(0.10) (0.12) (0.12) (0.10) (0.03)
PANEL E: JAPAN-U.S. OBs 205
I 0.94 0 0.94  -0.764 Z,  -11.95
(0.02) (0.02) (0.08)
II 1.15  -0.22 0 0.93  -0.725 Zy -2.51
(0.07)  (0.07) (0.02) (0.12)
111 1.14 -0.16  -0.05 0 0.93 -0.723
(0.07) (0.11)  (0.07) (0.02)
I\Y 1.14 -0.16 -0.07  0.02 0 0.93  -0.722
(0.07) (0.11) (0.11) (0.07) (0.02)
PANEL F: U.K.-U.S. OBs 213
I 0.93 0 0.93  -0.776 Z, -14.70
(0.02) (0.02) (0.05)
II 1.10 -0.18 0 0.92  -0.764 Zy -2.80
(0.07)  (0.07) (0.02) (0.07)
111 1.13  -0.42 0.22 0 0.93  -0.743
(0.07)  (0.10)  (0.07) (0.02)
v 1.14 -0.43 0.26 -0.04 O 0.93  -0.741
(0.07) (0.10) (0.10)  (0.07) (0.02)
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Table 4:

PooOLED MAXIMUM LIKELIHOOD ESTIMATION OF THE MARKET FILTER FOR 3 MONTHS EURORATES

Estimates the following state-space model on monthly data: 2] = ] (9) +vf

where x] (9) =& {xHT\é} is the forecast of the interest rate differential 7 periods hence, according to the Kalman Filter

with parameter 0: Ty =p+ 2+

0 ANL) 2 = €. xp =1 — ¥ is the forward premium.
) t

ESTIMATED COEFFICIENTS

ESTIMATED COEFFICIENTS

A A2 n A A A2 n A
MODEL SE SE SE SE Loc-Lik OBs SE SE SE SE Log-Lik  OBs
PANEL A: CANADA-U.S. PANEL B: FRANCE-U.S.
Horizon: ALL
I 0.972 2.99 0.972 0.309 327 0.997 151.88 0.997 -0.861 291
(0.004) (0.65)  (0.004) (0.001) (13.43)  (0.001)
11 0.275 0.675 0.73 0.950 0.323 0.117 0.879 42.76 0.996 -0.836
(0.07)  (0.07)  (0.26)  (0.008) (0.16)  (0.16)  (8.70)  (0.001)
Horizon: 3 MONTHS
I 0.996 2.40 0.996 0.579 109 1.027 349.75 1.027 -0.723 97
(0.009) (0.788)  (0.009) (0.004) (80.11)  (0.004)
11 0.155 0.828 0.23 0.983 0.684 -0.111 1.150 41.68 1.039 -0.639
(0.08)  (0.08)  (0.14)  (0.012) (0.04)  (0.04)  (11.38) (0.01)
Horizon: 6 MONTHS
I 0.974 3.86 0.974 0.448 109 1.009 186.85 1.009 -0.702 97
(0.008) (1.335)  (0.008) (0.004) (34.05)  (0.004)
11 0.385 0.573 1.31 0.958 0.454 0.477 0.536 79.67 1.013 -0.702
(0.034) (0.031) (0.586) (0.013) (0.09)  (0.07)  (0.34)  (0.03)
Horizon: 12 MONTHS
I 0.969 4.45 0.969 0.072 109 1.005 190.39 1.005 -0.181 97
(0.007) (2.049)  (0.007) (0.004) (41.80)  (0.004)
11 0.246 0.700 1.327 0.946 0.074 0.304 0.704 65.73 1.008 -0.179
(0.047)  (0.043)  (0.774)  (0.012) (0.09)  (0.09)  (16.31)  (0.005)

continued next page
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Table 4: POOLED MAXIMUM LIKELIHOOD ESTIMATION OF MARKET FILTER

continued from previous page

ESTIMATED COEFFICIENTS

ESTIMATED COEFFICIENTS

A1 A2 n STA A1 Ao n STA
MODEL SE SE SE SE Log-Lik OBs SE SE SE SE Log-Lik  OBs
PANEL C: GERMANY-U.S. PANEL D: ITALY-U.S.37
Horizon:  ALL
I 0.979 12.26 0.979 0.265 327 1.060 NA 1.060 -1.569 291
(0.002) (9.85)  (0.002) (0.001) (NA)  (0.001)
11 1.76 -0.766 14.89 0.994 0.575 0.008 1.138 NA 1.146 -1.537
(0.01)  (0.01) (2.84)  (0.003) (0.01)  (0.01) (NA)  (0.002)
Horizon: 3 MONTHS
I 0.993 3.853 0.993 0.927 109 1.048 NA 1.048 -1.342 97
(0.003) (1.92)  (0.003) (0.002) (NA)  (0.002)
11 1.766 -0.769 14.64 0.997 1.262 -0.002 1.160 NA 1.157 -1.081
(0.02)  (0.02)  (4.67)  (0.001) (0.008) (0.001) (NA)  (0.003)
Horizon: 6 MONTHS
I 0.978 28.97 0.978 0.039 109 1.06 NA 1.06 -1.469 97
(0.003) (89.44)  (0.003) (0.001) (NA)  (0.001)
1I 1.804 -0.810 21.28 0.994 0.481 0.084 1.058 NA 1.142 -1.373
(0.017)  (0.016) (6.95)  (0.001) (6.16)  (6.70) (NA)  (0.54)
Horizon: 12 MONTHS
I 0.978 22.03 0.978 0.206 109 1.059 NA 1.059 -1.380 97
(0.002) (52.91)  (0.002) (0.001) (NA)  (0.001)
11 1.736 -0.742 14.69 0.994 0.468 0.119 1.015 NA 1.134 -1.267
(0.01)  (0.02)  (4.63)  (0.001) (0.04)  (0.04) (NA)  (0.004)

continued next page
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Table 4: POOLED MAXIMUM LIKELIHOOD ESTIMATION OF MARKET FILTER

continued from previous page

ESTIMATED COEFFICIENTS

ESTIMATED COEFFICIENTS

A1 Az n STA A A2 n STA
MODEL SE SE SE SE Log-Lik OBs SE SE SE SE Log-Lik  OBs
PANEL E: JAPAN-U.S. PaneL F: U.K.-U.S.
Horizon:  ALL
I 0.981 3.44 0.981 0.530 327 0.977 1.67 0.977 0.195 327
(0.002) (1.02)  (0.002) (0.002) (0.32)  (0.002)
11 1.690 -0.697 8.58 0.993 0.701 1.766 -0.774 27.34 0.992 0.414
(0.02)  (0.02)  (1.57)  (0.007) (0.02)  (0.02)  (6.39)  (0.001)
Horizon: 3 MONTHS
I 0.996 0.36 0.996 1.192 109 0.997 1.25 0.997 0.727 109
(0.004) (0.12)  (0.004) (0.005) (0.33)  (0.005)
II 1.784 -0.787 14.96 0.997 1.661 1.690 -0.693 13.52 0.997 0.852
(0.03)  (0.03)  (5.28)  (0.001) (0.07)  (0.07)  (6.86)  (0.002)
Horizon: 6 MONTHS
I 0.988 5.31 0.988 0.524 109 0.986 1.69 0.986 0.093 109
(0.004) (2.97)  (0.004) (0.004) (0.52)  (0.004)
1I 1.781 -0.788 14.22 0.993 1.022 1.806 -0.812 38.72 0.994 0.380
(0.02)  (0.024) (3.80)  (0.001) (0.03)  (0.03)  (14.74)  (0.001)
Horizon: 12 MONTHS
I 0.978 0.51 0.978 0.229 109 0.972 1.74 0.972 0.079 109
(0.002) (0.38)  (0.002) (0.003) (0.78)  (0.003)
II 1.527 -0.537 5.28 0.990 0.264 1.776 -0.784 37.43 0.992 0.313
(0.06)  (0.06) (2.52)  (0.001) (0.02)  (0.02)  (15.09)  (0.001)
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Figure 1: Delayed overshooting (—) and rational expectation (- -)response to monetary innovation.

A=0.95, k=0.2.

lambda

Figure 2: Contour plot of Delayed Overshooting Region as a function of the parameters (A, k).
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Figure 3: Contour plot of Asymptotic Limit of Fama coefficient as a function of k£ and .
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Figure 4: Figure 4: Fama coefficient 3,, as a function of the regression horizon. A = 0.95 and

k=0.2.
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Figure 5: Euro 3 Months Forward Premium against the US dollar.

41



A. APPENDICES

A.1. Data sources.

Variable Definition Database Source  Series
Eurorates
UsS 3 months US deposit DRI IFS L60LD&D@C111
London offer rate
UK average of the 3 months DRI Reuters UKDO03A/B
eurocurrency deposit
bid and ask rate
France — DRI Reuters FRDO03A/B
Germany - DRI Reuters WGDO03AY/BY
Italy - DRI Reuters ITDO03A/B
Canada - DRI Reuters CADO03A/B
Japan - DRI Reuters JADO3A/B.
Consensus Forecasts 3,6 and 12 months consensus Financial Times
forecasts on 3 months Eurorates Currency Forecaster
Exchange Rates spot rates DRI IFS

A.2. Currency Risk Premium versus Expectational Errors. The standard Fama regression
takes the following form:
Ael =epyn —er =a+ [, 1) + 77?+n

where x} = r—r;™ is the current n—period forward discount, equal to the n—period interest rate differential.
Under the null that (a) expectations are rational and (b) the currency risk premium is uncorrelated with x},
0,, = 1. The estimates of this regression are shown in Table 1. Exchange rates are spot rates from DRI-IFS
and interest rates are 3, 6 and 12 months eurorates. The regression uses monthly observations and standard
errors correct for the overlap between the sampling frequency and the horizon. The results are typical of
this literature. The Fama coefficient is often significantly negative and almost always smaller than one.38
At longer horizons (12 months), the coefficients are larger, often becoming not significantly different from 1.

For the sub-period 84:5 to 97:5, we also have exchange rate survey forecasts, compiled by the Financial

Times Currency Forecaster. Frankel and Froot (1989) show that the Fama coeflicient can be decomposed

into and expectational component b,. and a risk premium component b,., such that:

B = 1—=bp— brp
b cov (uf+k, xf) var (Cf) + cov (5tm€t+k — €, Cf)
o var (a:f) o var (a:f)
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where Cf is the risk premium for horizon k£ and uf ', 1s the market expectational error ey — Ei"erqk. byre is
equal to 0 when this error term is uncorrelated with the forward premium, i.e. expectations are rational. The
second term is zero if the risk premium is constant. Table 2 reports the results of this decomposition. The
results validate Frankel and Froot (1989)’s earlier analysis: at short horizons (3 to 6 months), for all countries
except Italy, the expectational term b,. dominates the risk premium term b,, by an order of magnitude. If
anything, the risk premium term would tend to increase the Fama coefficient. At 12 months, however, the

results are reversed with b,. contributing positively to 3,,.

A.3. Kalman Filter Estimation. In this part we derive the Kalman filter equations by following

Hamilton (1994). We postulate the following process for the forward premium:

(Al) Y = H/Zt —+ V¢

(A2) Zy = th—l —+ €y,

where y; is a gx1 vector, z; is a px1 state vector, H and F are gxp and pxp matrices, respectively. Equation
(A.1) is the measurement equation and (A.2) is the space equation with £{v;} = R and £{&} = Q

where Q and R are respectively a pxp and gxq matrices. Define the informations set I; = {y;_;,i > 0},

Zii1)t = E{Z¢11|1t}, and 15t+1|t =& {(Zt+1 — 2t+1\t) (Zt+1 — 2t+1|t)/ \It} . The filtering equations are:

R . ~1
(A.3) Ziye = ¥z +FPy 1 H (H/Pt\t—lH + R) (vt — H'2y1)

~ ~ A ~ -1 .
(A4) Pt+1|t = F |:Ptt—1 - Pt‘t—lH (H/Pt‘t—lH + R) H/Pt|t—1:| F/ + Q

The smoother equations are:

Zyr = Zgpt pt\tF/ f);lm (Zes1)7 — Zeg1)2)

~ N ~ ~ ~ ~ ~ ~ !/

Pyr = P+ (Pt‘tF’Ptjm) (PH”T —Pm“) (PWF'P;jm) . where
~ ~ ~ ~ -1 ~

Py = Py — Py H (H/Pt\tqH + R) H'P,;_,

Suppose that the current estimate for the state variable at time ¢ is Z;. According to (A.1)-(A.2), the market

forecast for y 7-periods hence is:

(A5) ¥7 (0) = € {yoerlli} = Ha o, = HF 2,

Suppose now that we observe an imprecise measure of this forecast: §7 = y7 (é) +v], where the measurement

error vj is uncorrelated with the true forecast. We can estimate 0 by minimizing:
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- T Y. -
(A.6) $(0) =33 (31 -5 (7)) (37 -7 (7))
T t=1
Applying (A.1)-(A.2) to the interest rate differential with up to three lags in the persistent component, we

estimate (9)-(10) as well as the market process, using (A.6).Conversely, applying the Kalman filter to the

. ! — .
vector of interest rates ry = (r¢,75)", and the state vector z; = (2, 2, 27 ) , we obtain lemma 1.

A.4. Empirical Results on Interest Rate Differentials. In this part we develop the esti-

mation procedure for our state-space representation. Assume that the State Space representation (9)-(10)

p

holds. Under the normality assumption, and assuming additionally that §(1|O

is normally distributed, %7,

p

is normally distributed conditionally on Iy, with mean X; )t and variance 15t+1|t. We can then write the

conditional likelihood of x;y; as:

2
4P
($t+1 —H— H;§+1|txt+1\t>
H/pt—‘rl‘tH + O'I%I

lOg fzt+1|1t ($t+1|It) XX log H/thrl\tH —+ O'ZI

+

We maximize the sample log likelihood ZZ:OI log fe,.1|1, (xe41|1) with respect to the vector of parameters
0= ({)\i}le ,1,02, u)/.gg To initiate the estimation procedure, we need an estimate of the space variable X}
and its conditional mean square error. Maximum likelihood estimation over the vector 6 is then performed.
Once an estimate 90 is found, we run the smoother in order to revise the initial state vector. That is, the
smoother gives us the initial value of the persistent component, conditional on the entire sample information
and the filter parameters, 5(81 =& {ig |Ir, 90}, and its mean square error. In general, this revised estimate
does not correspond to the initial one. We can then iterate the maximum likelihood estimation with this
new initial state variable until convergence to él. Iterating this procedure will give ultimately a parameter

vector consistent with the initial state vector.*?

A.5. Proofs.

Under rational expectations, interest rates and exchange rates follow:

(A?) rt — 1nR+H/Zt
52 = %2 2 )
*\ — * — _|- _
EM{emt—er = (6—6") Z+2z—2 + 2—2 2s0 P 2
(A.8) .

Proof. Using equations (14) and (15) in the pricing equation (12), we obtain:

-2 2 2 .2
LA S

ry = —log& exp (— InR— — 2t — PE€y1 — <P6t+1>
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—2 2 2 2

o o
= lnR—i—S{J +62t—|—('0 + 2t —log & exp (—P €1 — PEL+1)
—2 2 2 2 2 2 -2 2

_ lnR+¢20 +67+ 22 +zt—‘p20 —¢TU

= th—i—(SZt—‘th

A similar equation obtains for the foreign interest rate. Defining r; as the vector (7, 7F)’, we obtain equation
(A.T).

From equation (13), we obtain:

€Zn€t+1—€t = gtynlogRZ:FFl—é‘tynlOgRt’pkl
,*20_2 . *20_2 . el . s
= 5tm<—lnR—¢2 -6 zt—w -2 =P 5t+1_90€t+1>_
0202 B 252 o
ggn <-h’lR—¢ —(SZt—gO —Zt—@€t+1—g06t+1>
2

g

(@2 o (70*2 4 ()02 o (,0*2)
|

Lemma 4. Assume that beliefs about z, are initially distributed as N (Stmzl‘o, P1) where £i"z,)g and Py

are an appropriate vector and matrix respectively. Then:

1. Beliefs evolve according to:

EM 21 = A& 20 + APH (HPH + 021) ' (v, — log R — H'E 7;)

2. The conditional variance P evolves according to:
Py = A2 [Pt ~ P,H (H'P,H +021) ' H/Pt} 4020
in particular, it does not depend upon the actual realizations of the interest rates r;.
3. In the limit as t — oo, the conditional variance converges to a steady state value P, solution of:
P =)?|P—PH (HPH+0%) ' H'P| +0’1
and the beliefs evolve according to:

EM g1 = A&7+ APH (H'PH + 021) ' (v, — log R — H'E™ ;)
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Proof. This is a direct application of the Kalman filter presented in appendix A.3. The Kalman filter

consists of the following state and measurement equations:

ry = —1nR+Hth+Vt

zZ; = A1 t+€

so we can apply equations (A.3) and (A.4) with y; = r¢, 2111 = 21, F = AL R = 021, and Q = o2
I. Define P, = &, {(zt — St”jlzt) (zt - St”jlzt)/} . The filtering equation is then

'z = Ntz + AP;H (HPH + o7 U (ri —log R — H'E]" 24)

v

P = A?|Pi— PiH(H'PH +0%1) 'HP,| + 021

The rest of the proof is immediate. H

Pre-multiplying by H’, and adding log R on both sides, we obtain:

logR+H'E"z1 = A(logR+HE™ z,) + \H'PH (HPH + 02.1) - (ry —logR—H'E 12) + (1 — N log R
El'ripr = AT 4+ MK (v — &) + (1= N 1log R
Egnrt_,_l = A (I — K) 5{&11} + /\Krt + (1 — /\) IOgR

where K = HPH (H'PH +02.1) s the gain of the filter. In the case without common shocks (6§ = §* = 0),

this formula simplifies to:

K = kI=—f"
5%+ o2
2
P = I-= 7
1 2(1_%)
Substituting for 52 and solving, we obtain:
I+A—n(1-)\
po— Lta-a( 2)§1
L+A+7(1+X7)
2
2 1+A+n@+A)2
1+a+n(1-2)"

where A = (n (1 — /\2) + l)2 + 477)\2 and 1 = 02 /0? is the noise-to-signal ratio. Under misperception, we
postulate that the exchange rate is a function of the current interest rates r; and the current forecasts £ ; z¢,
as well as a long term equilibrium value €, that satisfies e, = limyp_,o, /" e;47. Iterating on the uncovered
interest rate parity condition, we obtain:

oo oo
= — Zé’tmxtﬂ + lim gtrn@t+T = — thml't_t,_j + e
T—o0

Jj=0 j=0
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To compute the exchange rate, we solve for £"x;4; at all j > 2:
&l = VETiy
= rgr {gﬁjqrtﬂ}
= VEM{NA-K)EN; orepj1+ AKry 1+ (1—X)log R}
= 'NI—K)&Mreyj—1 + VK E 141
= AN&"ris1
= N7 g,

where the second line uses the law of iterated expectations and the third line uses I (1 —\)log R = 0.

Substituting back into the expression for the exchange rate, we obtain:

e = —Ty— €Zn$t+1 - é‘gnl‘t+1 Z )\j71 + €
Jj=2
1o _
= —T— IT)\gt Ti+1 + e
1 _
(Ag) = —l/rt — mllgtmrt_,_l + €

Under rational expectation, £"r;y1 = Ar; and the exchange rate follows:

1
e;:_l )\l/rt+ét7

where we are assuming implicitly that limp_,oo et = limr oo Ereryr = €. In other words, we are
assuming that there are no long run prediction errors. To calculate predictable excess returns, recall from

equation (2) that £, = &/™esr1 — Ereryq. Substituting (A.9), we obtain:

3

1
& (—l’rt+1 - ml/gﬁlrt“ + et“)

1

_gt <_1/rt+1 - ml’gﬁlrprz + et+1>

A A
= =& (1/ <I + mK) riy1 + IT)\I/ (I- K) Elrii1 — 6t+1>

A A
+& <l/ (I + mK) rey1 + ml/ (I — K) gtml‘t_;,_l - €t+1>

A
14 <I + mK) (5t1‘t+1 — é’tmrH_l) s

where the second line uses the definition of £} 142 and the assumption that £és 11 = E"€;41.

Lemma 5. The coefficient from the regression of realized depreciation rates on the forward premium con-
verges in plim to
AU (I + %) (I-K) (I —I-NI-K) AZK) var () 1

Vvar (ry)1

(A.10) plimfB=1-—
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Proof. According to its definition,

cov (epy1 — ey, T4)
var (x4)

plim g

cov (Erery1 — €r + Upt1, T4)
var (zt)

cov (Erery1 — €4, )

var ()
cov (Ereryr — EMeryr + EMerr1 — e, )
var ()
cov (Erery1 — EMery1 + e, 1)
var (xt)

 cov (1)
var ()

where up11 = ery1 —Ererq1 is uncorrelated with x; and the fifth line uses the uncovered interest parity. Using

the definition of &,, we see that

A
cov(&,) = 1 (I + 1T)\K> cov (Erpyr — &' riq1, 1) 1

)\1/ (I =+ %K) (I — K) cov ((I’t — 5tn_LlI't) 7I't) 1

Al (I + %K) (I-K) (var (r;) — cov (" 1rs,14)) 1

and
cov (&, rt) = cov ANI-K) & ori1 + AKry_1 + (1 = A)log R, Ary—1 + H'e;)

= cov(NI—-K) & ori—1 + AKri_1, Ary_q)
= M(I-K)cov (EMori—1,1e1) + NKwvar (r;_1)

so that
cov (E"yry,1y) = (T—- N (I— K))_1 MK var (r;)

and

! A 2 —142
cov () = W {1+ 25K ) (I-K) (1_ (I-X(I-K)) '\ K)var(rt)l

Thus, the Fama coefficient equals:

Al (I + ﬁK) (I-K) (I —I-NI-K) )\QK) var (r)1

lim3=1-
plimf Vvar (ry)1

in the case where there are no common shocks, the formula simplifies to

AL=M1—k)(1—k)(L+N)

limg=1—
plim§ 1A (1—k)
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M In the case without common shocks, one can also derive the Fama coefficient from a regression at horizon
n. To do so, we must first derive the yield on a n period bond. Define 7} the continuously compounded yield

on a n period zero-coupon bond. r}* satisfies:
n 1 m
Ty = —— log gt Rt,tJrn
n
Since Ry t4n = Rt ty1....Rt4n—1,t+n, we observe that ' can be defined recursively as the solution to:
(A.11) —(n4+ 1)t =log&m {Rt,tH exp (—nrfﬂ)}
where r} = r;. We conjecture a linear solution of the form:

(A12) T? = An + Bn’l"t + Cné‘grLTt_l'_l

with A; = log R, By = 1 and C; = 0. Using the fact that log Rt ;41 = —InR — 5022—‘72 — 2y — Q€41 =

2 _2
—r¢y — £5— — €41, and substituting equation (A.12) into the term structure equation (A.11), we obtain:

2,2
—(n+1) it = logé&l" {eXp (_rt Ty TP (A + Bureg1 + Cn5ﬁ1rt+2)> }
0202
= —r— —nA, —nBpEM i1 — nCp (A i1 + (1 — A) log R)

+1log & {exp (pert1 — n (Cp Ak + By) (re41 — €' 1e41)) }

= —(n+1) (Ans1 + Bot1rt + Crop1&E" 1)

Identifying coefficients, we obtain:

(n + 1) Bn+1 = 1
n+1)Chy1 = AnC,+nB,
0202
n+1)A, = 5 +nA, —nC, (1 —A)logR

+1log &" {exp (perr1 — n (Cn Ak + By) (res1 — &'re41)) }

Solving for B,, and C,,, we obtain

1 11—t
A T T

gtynTt+1
The interpretation is straightforward: except for an intercept term that captures a constant risk premium,
the long term yield is a simple average of the short term interest rate and future expected short rates:

% (re + EMreq + oo + EM7tin—1) - Similarly, we can calculate predictable excess returns at horizon n, ;' =

EMeipn — Eteiqn. Since we are assuming that there is no misperception about the equilibrium exchange rate
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€t, we know that lim,_.£; = 0 by construction. Therefore, the Fama coefficient must converge to one. At

shorter horizons, substituting repeatedly from (1), we obtain:

[ee] [ee]
n
&= EEN Tinty — Y EM Triny

j=0 =0
For n > 1 and j > 1 we have:
El'wipnyy = AT wa
E i nTransy = NTEEN Tt
= NG (A= k) Eareen + Akregn)
= NN = k) EN, 1ren + Meregy)
= N (Erea X R [T =R 0BT A R)" E )
= AT Er (1= (1= R + (L= )" €M)
Thus,
& = NG+ (Eren (1= (L= B)") + (L= B)" EMrean) YA
j=1
=& T4 Z A
=0
)\nil n A" /\nfl
= 1— /\gtﬂftJrl + (1 — k) (5tm7"t+1 - gtTt+1) —1 Y — mgtmmﬂrl
)\nfl
= 11— (1 - A (1 - k)n) (gtxt—i-l — €tmg;t+1)

The firs term reflects the interest rate effect, while the second term reflects the learning effect. As the
horizon increases, the interest rate effect brings predictable excess returns back to zero. Consider now a
Fama regression at horizon n :

— n n
€tin — €t = Qn + B2 +ugly,

where z = 1'r} =7 — r;"" is the n-period forward premium. The Fama coefficient at horizon n converges

to:
cov (epyn — €4, 27) _ g o (&, x})
var (z) var (z)

plimg3, =

Observe that it is not enough to have lim, . & = 0 to conclude that lim,_.plim B, = 1 because the

variance of the forward premium also converges to 0. In fact, we can write:

At n 1 11—t
VY (1 - A (1 — k) ) Ccov (/\$t — gtnll't+1, Ewt + Eﬁgtmxt+1>

A" " | 11—\t "
= - (1 - A (1 — k) ) (1 — k) Cov | X — St_la:t, Ea:t + Eﬁ (/\ (1 - k’) é‘t—lxt + /\k’JZ‘t)

cov (&', xY')
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Solving for each term, we have:

cov (@, E™ 1) #var ()
1-X(1-k)
var (™ xy) = wvar (A(1— k) Erqri1 + Mewy_1)
A2k 1+ X(1—k)
- 2 p 2 var ()
1-=X1 -k \1-X(1-k)
Lastly )
. 1 11—t
var (xt) =var <E$t + Eﬁgt l’t+1>

Substituting, we obtain the expression for 3,, plotted in Figure 4.
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NOTES

1See Hodrick (1988) and Lewis (1994) for surveys.

2The view that agents constantly engage in learning about the stance and duration of monetary policy
seems rather uncontroversial. Suppose, for instance, that monetary authorities control the short term nominal
interest rate, as in the US and many other countries. A setup with transitory and persistent interest rate
shocks seems appropriate to capture agents’ reactions to Federal Open Market Committee (FOMC) meetings
(See Batten, Blackwell, Kim, Nocera and Ozeki (1990) for a description of the operating procedures of major
central banks). We could think of each meeting as an interest rate innovation. Since investors only have
limited information regarding the most current monetary decisions, they must conjecture how persistent the
last decision of the FOMC will be. For instance, access to the minutes of a FOMC meeting are only availabe

after a six weeks delay, at the following meeting.

3Interestingly these results open the possibility that exchange rate determination and term structure are

consistent with one another.

4The results of Clarida and Gali (1994), Grilli and Roubini (1994) nuance the original results of Eichen-

baum and Evans (1995) and indicate that delayed overshooting may not occur for all country pairs.
5See appendix A.2 for details.
6See Lewis (1994) and Frankel and Rose (1994) for surveys.
"See Appendix A.2 for details.

8 Another class of models with expectational errors is the so-called “Peso problem,” whereby if an ex-
pected shift in regime does not materialize in sample, expectations will appear systematically biased to the
econometrician. Kaminski (1993) shows that Peso problems can account for part of the forward discount

premium in a model in which regime switches follow a Markov process.

9This finance literature also emphasizes overreaction at longer horizons, as evidenced by long term neg-
ative correlation in returns (DeBondt and Thaler (1985)). The over-reaction is not relevant for our inter-
pretation of the puzzles. However, we note that our results also indicate that conditional persistence, as
perceived by market participants, is larger than the data indicate. Thus, at longer horizon, forward premia

forecasts overreact to current premium.
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0 Two well known examples are Hong and Stein (1999) and Barberis, Shleifer and Vishny (1998). The
former assumes that there are two classes of agents, ‘newswatcher’ who cannot condition on past prices but
observe private signals about the fundamentals, and ‘momentum’ traders only condition on past prices. The
latter presents a model of investor sentiment consistent with experimental psychological evidence. In their
model, the representative investor alternates optimally between two mental representations of earnings (a

mean reverting and a trend one), neither of which corresponds to the true process (a random walk).

HEquivalently, the second source of fluctuations arises if the long run equilibrium exchange rate does not

follow a martingale: £:é;11 # €.

2Formula (5) is derived under the assumption that initially agents believe that 21 ~ N(x1,071).

- 1+(17k)771{

13The boundary of D, is given by: X (k,7) = 2T % where ¢ = [1+ (1—k)]

— 41—k

HMSimilar processes have often been used in the learning literature, starting with Muth (1960) in his

exploration of the link between rational and adaptive expectations.

15 A more realistic interest rate process would incorporate conditional heteroskedasticity to capture the
tendency in financial data for volatility clustering -i.e., the tendency for large (small) price changes to
be followed by other large (small) price changes of unpredictable sign. ARCH models and their various
extensions have been successfully applied to several financial time series (see Bollerslev, Chou and Kroner

(1992) for a survey), including interest rates.
16Indeed, this representation is equivalent to a restricted ARMA process.

1"We do not want to push this interpretation too far. One reason is that the empirical literature on money,
output and interest rates tries to separate the exogenous and endogenous components of money shocks. Our

univariate representation does not allow for this distinction.

18Tn the U.S., investors have access to the minutes of the Federal Open Market Committee meetings with a
six weeks delay. The full transcript is only available after 3 years. See Batten et al. (1990) for a description

of of the operating procedures of the major Central Banks.
19See Hamilton (1994, chapter 13) for further details.
20Qur focus on eurorates is driven by the availability of forecast data for all G-7 countries.

21The 3 months Eurorates come from the IFS tape (lines 60ldd, and 60ea).
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22This statement understates our empirical results: in most cases, the constraint that n > 0 is binding. In

such cases, we estimated directly an AR process.

23The use of eurorates may be somewhat problematic, as the forward discount premium may reflect a
country specific risk premium. The working paper version of this paper presents the results from a similar

estimation on Money market rates. The results are virtually unchanged.

24The Forecasting services that contribute to the Currency Forecaster’s Digest are: Predex, Merril Lynch,
Mellon Bank, Harris Trust, Bank of America, Morgan Grenfell, Chase Manhattan, Royal Bank of Canada,
Midland Montagu, Generale de Banque, MMS International, Chemical Bank, Union Bank of Switzerland,
Multinational Computer Models, Goldman Sachs International, Business International, M. Murenbeeld, and
Westpac Bank. The multinational companies that contribute are: General Electric, Du Pont, WR, Grace,
Allied Signal, Monsanto, Ingersoll-Rand, General-Motors, Data General, Eli Lilly, Aetna, American Express,
Johnson and Johnson, Sterling Drug, Firestone, 3M, Union Carbide, Texaco, United Brands, SmithKline
Beckman, American National Can, RJ Reynolds, Colgate-Palmolive, Warner-Lambert, Schering-Plough,

Quaker Oats, Beatrice Foods, Hercules, Baxter Travenol, and Interpublic Group.

Z5Froot (1989) uses quarterly data on the three months T-bill from 1969 to 1986 from the Nagan Bond

and Money Market Letter. This dataset has also been used in Friedman (1980).
26See Zarnowitz and Braun (1992).

2"Prendergast and Stole (1996) present a model where the incentive to scatter or mimic depends on age,

with younger forecasters more likely to “exaggerate”.
ZEhrbeck and Waldmann (1996) conclude that models of stretegic bias are rejected by the data.

29While this indicates that the process might not be perceived as stationary, finite horizon forecasts are

still well defined.
300ur procedure did not converge for the Italian Lira.

31This relation pins down the rate of depreciation, not the level of the exchange rate. It is consistent with
environments in which the law of one price or purchasing power parity holds, as well as with environments

in which it does not.
32The common shock still affects the determination of interest rates.

33Gince the 2's are conditionally normally distributed, nothing prevents the nominal interest rates 7; from
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being negative in this model, which is a somewhat unpleasant feature. It is possible to fix this problem
along the lines of Cox Ingersoll and Ross by assuming a time-varying conditional variance of ¢;. However,
the learning problem described in the next section becomes history dependent and one does not obtain
closed-form solutions. We assume instead that we remain in the vicinity of In R so that this problem is

irrelevant.

34The gain k is constructed from the value of 7 estimated in table 4 for an AR(1) and forecast data at
all horizons, and the value of A from the true process (table 3, AR(1)). Since the true A are often smaller
than the market ones, we are biasing the results against finding delayed overshooting or the Fama puzzle.

We exclude the Italy Lira since the market filter did not converge.

351f interest rates follow a white noise process (A = 0), there are no forecast misperceptions (since the

agents are biased in favor of a white noise to start with) and no predictable currency movements.
36With the exception of the Italian Lira. See footnote 34.
37The ML estimator of 7 failed to converge for Italy-US, we report estimates using a value of n = 160000
38The exceptions are Italy at all horizons and Japan at 12 months.
39The estimation takes into account the maturity longer than the sampling frequency.

40The asymptotic properties are the same whether we iterate or not.
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