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Abstract
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test-coefficients usudly found in empiricad dudies, while bandwagon expectations are able to explan more
recent findings of UlPRtest-coefficients larger than one. Regressve expectdions generate podtive vaues, both
amdler and larger than one. Adaptive expectations are able to generate the whole spectrum of empirical values.
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1. Introduction

Uncovered interest parity (UIP) or forward rate unbiasedness are usudly rejected in empirical studies. At the
same time, survey evidence on exchange rate expectations often rgects rationd expectations (and datic
expectations) and supports extrgpolative, adaptive and regressive expectations. In this paper we show how these
two stylized facts of foreign exchange are related. We show that there is a relaionship between the variables and
parameters of the prevailing expectations mechanism and the sign and size of the UIP-test-coefficient.

A pesding sylized fact of foreign exchage is the reection of uncovered interest parity in empirica
data, dso known as the forward premium puzzle. Empirica tests of uncovered interest parity or forward rate
unbiasedness™ are based on the followi ng regresson equetion:
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where Ds; indicates the change in the log nomind exchange rae between period t-1 and t, |, the domedtic
nomind interest rate and I*; the foreign nomind interest rate in period t-1. Under rationa expectations,
uncovered interest parity’ implies that b = 1. However, an abundance of empirica evidence rejects uncovered
interest parity or forward rate unbiasedness, see for example surveys by Hodrick (1987), Froot & Thaler (1990)
and Engd (1996). Froot & Thaer (1990) conclude tha the UlPRtest-coefficient b found in the empirica
literature is aways smdler than the theoreticaly implied value of one, the average vaue being —0.88. In a more
recent study, Chinn & Meredith (2002) find an average value of —0.8 for 3, 6 and 12-month horizons for the
period 19801 to 2000-I. However, Baillie & Bollerdev (2000) and Flood & Rose (2002) show through five year
rolling regressons that in the 1990s the UlRtest-coefficient is often postive and sometimes even larger than
one, but gill significantly different from one and dso very heterogeneous across countries. Meredith & Ma
(2002) show that during the second half of the 1990s, the UIP-test-coefficient drops below zero again in rolling
regressons.

Since the empirical test in (1) is based on the joint hypothesis of rationd expectations and a constant
risk premium, two obvious explanations for the forward premium puzzle are expectationa error and the
exigence of a timevarying risk premium. Froot & Franked (1989) use survey daa on exchange rate expectations
to decompose the deviaions from UIP into deviations caused by expectationd error and deviaions caused by a
time-varying risk premium. They find that by far the largest part of deviations from UIP ae caused by
expectationa error, while the timevarying risk premium plays a minor role. However, the results of MacDonad
& Torrance (1989), Taylor (1989) and Cavaglia et d. (1994 indicae an important role for a time-varying risk
premium, in addition to expectationa error. A theoretical study by Jeanne & Rose (2002) shows that in a flexible
price monetary model the UIP test coefficient is decreasing in the share of noise tradersin the market.

Smdl sample bias (‘peso problem’) and endogendty bias (related to monetary policy) play an
additiona role in explaining outcomes of UIP tests. Flood & Rose (1996) edimate the effect of the peso problem
on the UlPtest-coefficient to be minor, about -0.5, hence it does not explain the consderably larger deviations
from UIP, which especidly occur for fredy floaing exchange rates (which face a smdler peso problem). More
recently, Food & Rose (2002) find negetive vadues for the UlP-test-coefficients for fixed and flexible exchange
rates, but positive values for crisis countries that have experienced a regime shift, indicating that the reduction of
the peso problem has improved the performance of UIP for crisis countries. As a matter of fact, Flood & Rose
(1996) even find values condderably larger than one in UlIRtests for crisis countries, such as Finland and
Madaysa (256 and 2.07 a the three month horizon). Chinn & Franke (2002) find a value of 1.214 for the criss-
ridden EMScurrencies and —1.483 for non-European currencies at the three month horizon. Flood & Taylor
(1997) find that UIP performs much better at longer horizons, which is consistent with short run monetary policy
endogeneity hias (McCalum (1994)). Chinn & Meredith (2002) and Meredith & Ma (2002) generdize the
McCalum modd to show that monetary policy responses to exchange rate movements contribute to the falure
of short run UIP.

In this paper we try to explain the forward premium puzzle by investigating the implications of another
sylized fact of foreign exchange the rejection of rationa (and datic) expectations in survey data on exchange
rate expectations and the support for extrapolative, adaptive and regressive expectations a horizons (1,3,6,12
months) a which uncovered interest parity is usudly tested (Bank of Japan (1989), Cavaglia et a. (1993),
Dominguez (1986), Frankel & Froot (1987a) and (1987b), Froot & Frankd (1989) and (1990), Ito (1990)).

1 Under covered interest parity, the forward premium f..;- S.; isidentical to theinterest differentia I.1 — 1*y4.
Hence tests of uncovered interest parity and tests of forward rate unbiasedness are equivaent.
*The possibility of aconstant risk premium is captured by r .



The survey evidence on expectaions formation in foreign exchange markets is supported by recent experimenta
evidence. Bloomfidd & Haes (2002) show that even if subjects know that a time series follows a random walk,
they will not hold datic expectations (which is the rational expectations solution in this case). Instead their
bdiefs will switch between a trending regime and a meanteveting regime, depending on the obsarved
frequency of price reversas. After a high number of reversas, they think they are in a meanreveting regime,
while after a low number of revarsds, they think they are in a trending regime. The expeaimenta results are
consistent with the model of investor sentiment by Barberis, Shlefer & Vishny (1998) and confirm that subjects
believe in the “law of smdl numbers’ (Tversky & Kahnemen, 1971, Rabin, 2002), a manifestation of the
representetiveness  heurigtic  (Kahneman &  Tversky, 1973) and overdiance on unreligble data (Griffin &
Tversky, 1992). The tendency to perceive patterns in a random series can aso be seen as a form of
overcorfidence, seefor example Glaser, Langer & Weber (2003).

Bdief in mean reverson or trending is aso dependent on the time horizon. The survey evidence of
Frankd & Froot (1987b) indicates that traders are more inclined to distributed lag and regressive expectations
(meanreverting expectaions mechanisms) for longer horizons, while bandwagon expectations (trend following
expectations mechanism) are more important & short horizons. This is confirmed by Taylor & Allen (1992), who
show that foreign exchange deders consder fundamentdism to be more important for long horizons, while
chartian receives a higher weight a short horizons. It is dso consigent with evidence of short-term postive
autocorrelation and longterm negative autocorrdation of excess returns® (Cutler, Poterba & Summers (1991),
Froot & Ramadora (2002)), which in turn can be explained by recent models of short run underreaction and and
long run overreaction in asset markets Hong & Stein (1999) show that gradualy diffusng private information in
asset markets (such as order flow in the foreign exchange maket, see for example Lyons (1997)) leads to
underreaction in the short run from which momentum traders can benefit, causng overreaction in the long run
which may be exploited by contrarians. Daniel, Hirshleéfer & Subrahmanyam (1998) argue that overconfidence
about private information and sdf-attribution in processng public information lead to underreaction to public
dgnds — and pogtive autocorrelation in the short run — and overeaction to private signads, which &fter a
correction causes negative autocorrdation in the long run. Baberis, Shlefer & Vishny (1998) suggest that
consarvatism in updating beliefs leads to underreaction to news with low strength of evidence and high weidht of
evidence (Griffin & Tversky (1992)) and postive autocorrdetion in the short run, while the representativeness
heurigic (Tversky & Kahneman (1971)) causes overreaction to news with high srength and low weight and —
after a correction— negative autocorreation in the long run.

Learning from forecast errors, i.e. adaptive expectations, aso finds strong support from experimenta
and empirical dudies, in addition to survey data. Several experiments provide support for adaptive expectations
and regect extrgpolative expectations and rationd  expectations (Schmaensee (1976), Williams (1987), Smith,
Suchanek & Williams (1988), Hey (1994)). An empirical study by Chow (1989) shows that present value models
of dock prices and interes rates that are regjected by the data when the rational expectations assumption is
imposed, are accepted under adaptive expectations.

To summarize, the experimentd and survey evidence suggests that expectations formation may take the
form of extrgpolaive expectations (both bandwagon and distributed lag expectaions), adaptive expectations and
regressive expectations. The objective of this paper is to investigate the implications of these standard exchange
rate expectations mechanisms for the outcomes of uncovered interest paity tests.

Two ealier smulation sudies suggest that this is a promisng approach to explan the vdues of
uncovered interest parity test coefficients that we find in the empirica literature. Monte Carlo experiments with a
representative agent model of forward foreign exchange market eguilibrium without a risk premium by Zietz
(1995) generate a smdl negetive vaue for the UlRtest-coefficient (-0.009) in case of detic expectations and a
postive value of 0.804 for a weighted average of datic and rationd expectations. De Grauwe et d. (1993) show
that a chaotic monetary modd with a representative agent who combines chartis and fundamentalist information
is able to generate negative Ul P-test-coefficients between—2.20 and —1.74 in the absence of arisk premium.

We prove that in a representative agent modd with a congtant risk premium, the uncovered interest
parity test coefficient can be expressed as a function of the parameters of the expectations mechanism and the
interest rate processes. We show that these analytic results provide a robust explanation of uncovered interest
parity test outcomes, when we take into account the market microstructure through simulaions of a multi-agent
modd with a time-varying risk premium. Markets with bandwagon expectations yield postive coefficients,
while digributed lag expectetions lead to negative coefficients As the absolute sze of the bandwagon or
digributed lag expectations parameter shrinks, the absolute size of the UlP-test-coefficient increases. Regressive
expectations are most likely to generate postive coefficients, which ae larger as the expected adjustment
towards the fundamenta exchange rate decreases. Adaptive expectations tend to exhibit postive coefficients

*More precisdy: under extrapolative expectations with respect to exchange rate returns, the expected partia
autocorrelaion in excessreturns DseH* . -1¢.1 iSequal to the expected autocorrelation in exchangerate returns

Ds.



when traders adapt their expectations dowly and yied negaive coefficients when learning increases. Our
approach offers an explanation of the usua findings of UlIRtest-coefficients smdler than one and even smadler
than zero and more recent findings for the early 1990s of certain UlPtest-coefficients larger than one. The latter
finding is of particular interest, since the noise trader mode by Jeanne & Rose (2002) explains only values
amadler than one.

The remainder of this paper is organized as follows. In section 2 we derive the rdationship between the
vdue of the UlPtest-coefficient and the parameters of the expectations mechanism and the interest rate
processes in a representative agent model with extrapolaive, adaptive and regressve expectations and a congtant
risk premium. Section 3 taekes into account the market microgstructure by extending the andlysis to a multi-agent
modd with a time-varying risk premium. In section 4 we perform uncovered interest parity tests on smulations
of the multragent modd for different expectations mechanisms. In section 5 we draw conclusons on the
rel ationship between exchange rate expectations and the outcomes of uncovered interest parity tests.

2. Representative agent mode
2.1 Extrapolative expectations

In this section we develop a theoreticd modd based on the survey evidence on exchange rate expectations and
empirical evidence on the time series properties of interest rates. The first building block of the modd are the
tests for perfect substitutability in the survey data studies by Frankd & Froot (1987b) and Froot & Frankd
(1989) that support the following uncovered arbitrage condition:
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where pis arisk-related deviation from perfect substitutability that does not change over time.
The second dement is the survey evidence on exchange rate expectations that rejects rationd expectations in
favor of extrapoletive, adgptive and regressive expectations. The find ingredient is the persstence in interest
rates found in empiricd dudies. In a representative agent modd with a congtant risk premium4 and persistent
interest rates, the relationship between the extrapolative, adaptive and regressve expectaions mechanisms and
the outcomes of uncovered interest parity tests can be derived in a straightforward manner.

Firs¢ consder a Stuation where the representative agent forms extrapolative expectations (Metzler
(1941), Goodwin (1947)):

Sty = (1- @)y +asg. €}

Empirica estimates of a at the three month horizon range from -0.07 to 0.58 (Frankd & Froot (19873), (1987b),
Bank of Jgpan (1989), Froot & Frankd (1990), Cavagliaet a. (1993)). Three cases of this expectations
mechanism can bedistinguished. If a > 0, the expected exchange rate is a distributed lag of the observed
exchange rate, hence this case is known as * distributed lag expectations . By rewriting this expectations
mechanism as

Ds;,, = - aDs, @

itisclear that agents with distributed |ag expectations expect an exchange rate incresse to be followed by a
decreasein the future. On the other hand, if a < O, agents expect an exchange rate increase to be followed by a
further increase in the future. This caseis therefore known as  bandwagon expectations . Findly, if a = 0, agents
expect the exchange rate to remain a the current level, hence this caseis caled * stetic expectations . Notice from
uncovered interest arbitrage condition (2) that in this case the risk premium must be time-varying and identicd to
theinterest differential. Hencein this section we will assumethat a 1 O for extrapolative expectations traders. As
mentioned in the introduction, this assumption is supported by evidence from surveys and experiments. If we
combine uncovered interest arbitrage condition (2) with expectations mechanism (4) we obtain

*Sincethereisaso survey evidence supporting the existence of atime-varying risk premium and heterogeneity
in expectations, we will develop amulti-agent modd with atime-varying risk premium in the next section.
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Empirica studies show that interest rates are highly persistent, for example Perron (1988), Rose (1988) and
Stock & Watson (1988) find evidence of aunit root. However, Campbell & Perron (191), Cochrane (1991) and
Delong et . (1992) argue that unit root tests have low power againg Sationary aternativesin small samples.
Wu & Zhang (1996) show that it is more likely that interest rates are highly autocorrelated but stationary. We
can represent this property by afirst order autoregressive process:

It =aly-1+hy ©)
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For simplicity, we assume identical parameters 0 <q=q* < 1. Now exchange rate returns can be expressed in
terms of the lagged interest rate differential asfollows:
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This suggedts that for a given interest rate parameter ¢ there is a direct link between the estimated coefficient of
the uncovered interest parity test and the prevailing expectations mechanism, as shown in figure 1. The sgn and
the dze of the expectations parameter a determines the sgn and sze of the UlP-test-coefficient b found in
empirical studies. From another perspective, the edtimated coefficient can be used to infer the prevailing
expectations parameter. Notice that vaues of the UlPtest-coefficient between -1 and 1 require an expectations
parameter a that is larger in size than the autocorrelation g of the interest rate differentia process. This outcome
is not very likely, as the empiricad evidence suggest that q is in the neighborhood of unity (Perron, 1988, Rose,
1988, Stock & Watson, 1988, Wu & Zhang, 1996) and survey data estimates (Frankel and Froot, 1987a, 1987b,
Bank of Japan, 1989, Froot and Frankel, 1990, Cavaglia et d., 1993) put a between -0.10 and 0.60. Hence
digributed lag expectations are able to explan the large negative vaues of UlP-test-coefficients that are typical
for empiricd dudies, while bandwagon expectations offer an explanation for more recent findings of values
larger than onefor the early 1990s.

Figure 1: Extrapolative expectationsand uncovered interest parity test coeffigents
o)

bandwagon

distributed lag

2.2 Adaptive expectations

Adaptive expectations (Cagan (1956), Nerlove (1958)) played an important role in macroeconomics before the
1970s when rationa expectations (Muth (1961)) became the standard assumption (Redman (1992)). Agents are
said to hold adaptive expectations if they adjust their previous exchange rate expectations in the direction of the
most recently observed exchange rate:

Sgyy = (1- a)s +ast (O<a<1) ©



Empirical egdtimates of a at the three month horizon range from 0.07 to 0.19 (Frankel and Froot, 1987a, 1987b,
Cavagliaet a., 1993). Adaptive expectations can be rewritten by backward substitution as

e _ 2.e
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hence
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With uncovered arbitrage condition (2) and autoregressive interest rate processes (6) and (7) thisimplies
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The exchange rate return is a function of the lagged interest rate differentid, the lagged expectationd error and
the interest rate innovations. The lagged expectationad error is a function of the entire history of exchange rates
S1, S2, ... & can be shown by backward substitution. The uncovered interest parity test coefficient under
adaptive expectations will tend to be negdive, as interest rates exhibit postive autocorrelation. For larger vaues
of a, the coefficient will be smaler in sze (see figure 2). However, the lagged expectationd error causes an
omitted variable hias in the UIRtest-coefficient. Notice from the coefficients of the first two terms that for larger
vaues of the adaptive expectations parameter a, the omitted variable bias grows.

Figure 2: Adaptive expectations and uncovered interest parity test coefficients

adaptive

2.3 Regressive expectations

Regressve expectaions play a crucid role in the overshooting mode of Dornbusch (1976) and can be traced
back to Keynes (1936) who suggested that financid markets expect interest rates to regress to a ‘normd’ leve.
Agents are characterized by regressve expectaions if they expect the (logarithm of the) future exchange rate to
move in the direction of some fundamental or long run eguilibrium vaue g;

Dsty, = a(qt - St) (@a>0 (13

Positive estimates of a for regressve expectaions at the three month horizon range from 0.01 to 0.09 (Franke
and Froot, 1987a, 1987h, Bank of Japan, 1989, Froot and Franke, 1990). If we assume that fundamentas follow
arandom wak
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then from uncovered interest arbitrage condition (2) it followsthat

a(@-st)=l¢- I +p (15)

and one period earlier

a@t-1- St-1)=lt-1- lt.1+p (16)

If we subtract (16) from (15), substitute (14) and rearrange we obtain
l * l *
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Notice that the risk term p has dropped out of the equation. If we assume autoregressive interest rate time series
given by (6) and (7) with identicd parameters q= ¢f*, we obtain:

Ds; =%(It-l' ':-1)+§(h: - ht)+nt (18)

The correlation between curent exchange rate returns and lagged interest differentids will tend to be positive,
snce a > 0 and g < 1. Regressve expectations lead to postive UlP-test-coefficients, which are smdler as the
regressive expectations parameter a increases, seefigure 3.

Figure 3: Regressive expectations and uncover ed interest parity test coefficients
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3. Market microstructure
3.1 Heter ogeneous expectations

The market microgtructure literature is based on the idea that the representdive agent approach is unable to
explan essntid features of foreign exchange makets - such as the huge volume of trade, excessive market
voldility and persstent deviations from macroeconomic fundamentas - which ae better explained by
heterogeneous agents (Frankd e a. (1997)). Evidence from survey data points to condderable individud
heterogeneity in the expectations formation of traders (Ito (1990), Taylor & Allen (1992) and MacDonald &
Marsh (1996)). Since expectations formation is the crucid ingredient in the explanation of uncovered interest
parity test outcomes developed in this paper, we have to take this aspect of the market microstructure into



account’. In order to test the robustness of the anaytic results derived in section 2, we therefore extend the
andyss to a microeconomic moded consisting of heterogeneous riskaverse agents who perform  uncovered
interest arbitrage based on thelr exchange rate expectations and a meavariance utility function. We dlow for
heterogeneity with respet to exchange rate expectations, risk averson, initid endowments of domegtic and
foreign interest-bearing assets and the currency in which investment performance is evaluated. This multi-agent
modd dso generaes a timevarying risk premium, conform evidence from survey data by MacDondd &
Torrance (1989), Taylor (1989) and Cavaglia e d. (1994), which stands in contrast with the findings of a
congtant risk premium by Frankel & Froot (1987h) and Froot & Frankel (1989) discussed in section 2.

3.2 Multi-agent model ®

Assume that there are m domestic traders and n foreign traders operating in a financid system congging of a
one period domestic money market with interest rate I, a one period foreign money market with interest rate I*;

and a spot foreign exchange market with exchangerate S.
Let Ej(S+1) denote the expectation of domestic trader i in period t concerning the future exchange rate §; and

let Vai(S+1) be the variance of S, that domestic trader i anticipates in period t. Based on the expected utility
function of Newbery (1988), the optimal foreign currency position of domestic trader i can be derived as

C(+1)E (Se) - (4198
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where the second order condition requires the parameter of absolute risk aversiong; to be positive. The
expectations of domestic traders are specified in their most generd form asfollows:
—cl-a, a,,
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where Zyj = S1 in case of extrapolative expectations, Zi; = E.1/(S) in case of adaptive expectations and Z; = Q
in caxe of regressive expectations. Traders do not anticipate volatility clusters, conform empirica evidence on
horizons a which uncovered interest parity tests are usualy performed (1, 3, 6, 12 months). For example, Balllie
& Bollerdev (1989) show that ARCH effects in dally and weekly exchange rates do not appear in monthly
exchangerates. Therefore we assume that the anticipated variance of S.+4/S does not change over time:

Varti(St+1) :Wt,iSt2 (1)

With andlogous definitions of expectations and risk averson for foreign trader j, the implicit expression for the
equilibrium exchange rate follows from (19), (20) and (21) as.
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where By; is the foreign currency endowment of domestic trader i in period t and A*y; the domestic currency
endowment of foreign trader j. In the smulaions we will assume that the prevailing equilibrium exchange ete is
sdected by a Wdrasan auctioneer who uses the NewtonRaphson dgorithm with initid value S; to compute
the nearest red-vaued root of the polynomid of equation (22).

> See the survey of theliterature by Samo & Taylor (2002) for the role of expectationsin foreign exchange
market microgtructure.
®Thismode is based on Marey (2004), to which the reader is referred for details.



3.3 Simulations

The purpose of the smulations is to test the robustness of the relationship between the prevailing expectations
mechanism and the outcome of the uncovered interest parity test. Therefore we will assume that during each
smulaion dl traders use the same varidble Z;; = Z; to form expectations with a time-invariant weight a;; = a;
that is different for each trader. In each experiment we draw a; from a lognorma distribution with expected vaue
a. In this way we can corroborate the analytica results derived in section 2, by peforming smulations of
bandwagon expectations markets (Z: = Sa1, a < 0), digributed lag expectations makets (Z: = S1, a > 0),
adaptive expectations markets (Z: = Ba(S), a > 0) and regressve expectations markets (Zr = Q, a > 0) for
different vaues of a. Each smulation will involve 200 agents m = 100 domegtic traders and n = 100 foreign
traders. The duration of each dmulation is 100 periods, which corresponds with 25 years of quarterly
observationd. The initid vaues and evolution of wedlth, risk averson, anticipated variace, expectations
parameters, interest rates and the fundamenta exchange rate are as described in Maey (2004), with the
exception of the first order autocorrelation parameter of domestic and foreign interest rates, which we set here at
0.98.

4. Uncovered interest parity testson simulations

Experiments with each market type discussed in section 3 are performed for different values of the expectations
parameter a. For eech a, 100 smulations with a duration of 100 periods are run and the uncovered interest parity
test is performed on each Smulated time series:

DSt:r"'b(It-l' I:-l)"'et (23

Hence for each market type and each a, 100 estimates of the UlPtest-coefficient b are obtained. Each smulaion
is characterized by a different set of initid values and evolutions of exogenous variables. Hence each simulation
represents a different redlization of heterogeneity and a different path of the timevarying risk premium. Tables
1-4 show the results of the uncovered interest parity tests, in particular the mean vadue of the estimated b over
100 smulations for eacha, the standard deviation and the 5th and 95th percentiles.

For the bandwagon expectations market®, we consder vaues of the average a between - 0.25 and
-0.05. As table 1 shows, bandwagon expectations (a < 0) generate podtive values for b: the lowest vaue for all
simulations is 1.70 & = - 0.25). In addition, when a moves towards O the value of b tends to incresse. The meen
vaue of b shows a monotonous increase as a function of a, the same holds for the 5th and 95th percentiles. In
other words, the smulations confirm the robustness of the andytica results in subsection 2.1. The percentiles
aso indicate that, depending on the risk premium and trader heterogeneity, a market with an a closer to zero
than another market may very wel have a lower vaue of b. Hence one cannot smply infer the underlying
expectations parameter a from an estimated coefficient b. However, higher postive vadues of b are more likely
to be caused by extrapolative expectaions with negative a closer to 0. Table 1 gives an indication of the
probability digtribution of b, where the uncertainty is caused by the timevarying risk premium and trader
heterogeneity. Bandwagon expectations offer an explanation for recent findings for the early 1990s of UlP-test-
coefficients larger than one, when the peso problem is accounted for (as is the case with our sSimulations), in
particular for criss countries.

"The survey evidenceis most extensive for the three month horizon. The empirical estimates of a at this horizon
mentioned in section 2 will be used as a criterion for the range of values of a smulated in section 4.

8 Asmentioned in subsection 2.1, empirica estimates of a for extrgpolative expectations range from - 0.07 to
0.58.



Table 1. UIP-test-coefficientsin case of bandwagon expectations

a Meanvaueof b Standard deviation 5" percentile of b 95" percentile of b
of b
-0.25 2.38 0.24 197 2.78
-0.20 282 0.31 2.25 3.32
- 015 3.62 0.49 2.79 4.45
-0.10 4.88 0.71 355 6.08
- 0.05 8.62 145 6.21 11.12

For the distributed lag expectations market®, we consder velues of the average a between 0.10 and

0.60. From table 2 we see that distributed lag expectations @ > 0) lead to regdtive vdues for b: the highest vaue
for b is 211 (for a = 0.50). In addition, higher vaues of expectations parameter a cause an upward shift in the
mean vadue of the edimated vaues of UlRtest-coefficient b. These mean vaues fal within the spectrum of
etimates of empiricd sudies. The smulations show that the andytica results derived in subsection 2.1 are
robust and that digributed lag expectations ae dle to explan the usud findings of negative UlP-test-
coefficients, in particular for f redy floating exchange retes.

Table2: UIP-test-coefficientsin case of distributed lag expectations

a Meanvaueof b Standard deviation 5" percentile of b 95" percentile of b
of b
0.10 -7.81 1.49 -10.37 -545
0.20 -530 112 -7.22 - 3.98
0.30 -419 0.59 -5.23 -3.29
0.40 - 349 0.59 -4.41 - 257
0.50 -2.99 041 - 3.68 -2.39

For the adaptive expectations market'’®, we consder vaues of the average a between 005 and 0.30.
Table 3 shows that, unlike bandwagon and didtributed expectations, the adaptive expectaions markets are able to
generate both negative and podtive vaues for b, in paticular when the expectations parameter is large enough
(@ 3 0.20). The mean vaue of b increasss as a function of a, as do the 5th and 95th percentiles (except for the
95th percentile when a moves from 0.25 to 0.30). Hence as the weight a given to the previous forecast
increases, so does the value of b. From a different perspective, as the weight 1-a given to the current exchange
rate incresses, i.e leaning increases, the vaue of b decreases. In subsection 2.2 we expected to find negative
mean vaues for b, with a possible exception for larger vaues of a because of the growing omitted varigble bias.
The smulaions show that the omitted varigble bias starts affeding the UlP-test-coefficients & a = 0.20 by
generating a number of pogtive vaues of b, while a a = 0.25 even the mean vaue of b turns postive. Adaptive
expectations are able to explan a wide spectrum of outcomes for UlRtedts (large) negative vaues, postive
values amdler than one and even vaues larger than one.

Table 3: UIP-test-coefficientsin case of adaptive expectations

a Meanvaueof b Standard deviation 5" percentile of b 95" percentile of b
of b
0.05 -11.06 3.00 -1591 -6.19
0.10 -6.09 1.67 -9.18 - 342
0.15 -4.62 1.03 -6.40 -3.22
0.20 -251 2.25 -5.04 151
0.25 0.29 144 - 2.68 1.96
0.30 0.18 1.18 -2.02 1.92
® See previous footnote.

19 From subsection 2.2 we know that empirical estimates of a range from 0.07 to 0.19.
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For the regressive expectations market™, we consider vaues of the average a between 001 and 0.10.
From table 4 we s that the mean vaues for b are al pogtive, but a smal number of negative values are found
for dl a (the largest beng —1.16 for a = 0.03), except 0.01 and 0.06. The mean b fdls as the expected speed of
adjustment towards the fundamenta exchange rate a increases, except between 0.04 and 0.05 and 0.09 and 0.10.
The overal picture indicates that the anayticad results in subsection 23 ae farly robust. Regressve
expectaions parameter vaues of 0.08 and higher are more likdy to generate UlPRtest-coefficients between zero
and one, while lower vaues of a offer an explanation for recent findings of UlIP-test-coefficientslarger than 1.

Table4: UIP+test-coefficientsin case of regressive expectations

a Meanvaueof b Standard deviation 5" percentile of b 95" percentile of b
of b
0.01 543 308 1.66 11.71
0.02 3.28 1.86 1.20 787
0.03 2.40 1.39 0.79 456
0.04 1.60 0.97 0.25 347
0.05 1.66 113 0.25 3.66
0.06 1.38 0.80 0.31 2.97
0.07 1.09 0.65 0.09 2.18
0.08 0.1 0.61 -0.05 205
0.09 0.85 0.70 -0.02 1.95
0.10 0.86 0.74 -021 212

The smulations confirm that the analytical results derived in section 2 offer an explanation of
uncovered interest parity test outcomes that is robust with respect to trader heterogeneity and atime-varying ri sk
premium. The 5th and 95th percentiles of Ul Ptest-coefficients generated by the expectations mechanisms
simulated in this paper are summarized in figure 4. The (often large) negative vaues for UIRtest-coefficients
frequently found in empirical studies are best explained by adaptive expectations and distributed lag
expectations. Positive values smdller than one are most likely explained by regressive expectations and adaptive
expectations with dow learning. Recent findings of UIP-test-coefficientslarger than onefor the early 1990s are
best explained by bandwagon expectations and regressive expectations. Notice that until recently (Flood & Rose
(1996)), such large positive Ul Rtest-coefficients were ‘ novel facts, for example Froot & Thaer (1990)
condude that empirica studies dways yield coefficients smaller than one. Our expectational error approach
offersthe first explanation of UlIP-test-coefficientslarger than one.

Figure 4: Uncovered interest parity test coefficients and expectations mechanisms

distributed IQ bandw%on

adaptive

r@r&esi ve

™1 subsection 2.3 we established that positive estimates of a for regressve expectations range from 0.01 to
0.09.
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5. Conclusion

In this paper we show that there is a relationship between the variables and parameters of the prevailing
expectations mechaniam in the foreign exchange market and the dgn and sze of coeffidents of uncovered
interest parity tests. Bandwagon expectations lead to postive vaues for the uncovered interest parity test
coefficients and are able to explain recent findings for the early 1990s of UlPRtest-coefficients larger than one, in
paticular for crisis countries. When the size of the bandwagon expectations parameter shrinks, the UlPR-test-
coefficients increese. Didributed lag expectations are able to explain the usud findings of negative UlP-test-
coefficients, in particular for fredy floating exchange rates. Smdler values of the didributed lag expectations
paanete lead to larger negative UlPRtest-coefficients. Adaptive expectations are able to generae a variety of
outcomes for UIPRtests the usud (often large) negative values and postive vdues smdler than one and the more
recently observed vaues larger than one. A higher speed of learning leads to lower values of the UlRtest-
coefficient. Regressve expectations explain both postive vdues between zero and one, and recent findings for
the early 1990s of UlPRtest-coefficients larger than one. A higher degree of fundamentalism leads to smaler
values of the UIP-test-coefficient.

Having determined which outcome for uncovered interest parity tests is most likdy when a certain
expectations mechanism prevals, the next question is under wha circumstances does a certain expectations
mechanisn preval in the foreign exchange maket? The evidence from experimentd and survey dda
(Bloomfidd & Hades (2002), Frankd & Froot (1987hb), Taylor & Allen (1992) suggests that bandwagon
expectations are more likely in periods with few price reversds and at higher frequencies (short horizons), while
digtributed lag expectations and regressive expectations are more likely in periods with many price reversds ad
at lower frequencies (long horizons).

Ancther issue is that different expectations mechanisms may be a work smultaneoudy. In this paper
we condder markets consdting of traders with different use of information ai, but identicd sources of
information Z:. This allows us to investigate the effects of the various standard expectations mechanisms on the
outcomes of uncovered interest parity tests. However, there is evidence that foreign exchange market
paticipants combine different expectetions mechanisms, in paticular chatig and fundamentalis methods
(Taylor & Allen (1992)). Hence further study could shed light on the reationship between the variables and
parameters of these hybrid expectations mechanisms and the outcomes of uncovered interest paity tests.
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