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ABSTRACT

In this gudy a regime switching approacd is applied to estimate the dhartist
and fundamentalist (c&f) exchange rate model originally propcsed by
Frankel and Froat (1986). The anpiricd results suggest that this model does
succesdully explain daily DM/Dollar forward exchange rate dynamics from
1982to 1998.Moreover, ou findings turned ou to be relative robust by
estimating the model in subsamples. A particular focus of this dudy is on
testing the &f model against alternative regime switching spedficaions
applying likelihoodratio tests. The results are striking. Nested atheoreticd
models like the popuar segmented trends model suggested by Engel and
Hamilton (1990 are rejeded in favour of the &f model. Findly, the &f
regime switching model seems to describe the data much better than a
competing regime switching GARCH(1,1) model.
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1. Introduction

The standard text book model in exchange rate e@namics interprets the spot rate & the
weighted sum of current and expeded future market fundamentals. Althowgh this asset
market approadh can mimic abroad set of exchange rate models, numerous empiricd
studies produced overwhelming evidence that it performs poaly in explaining short
term movements of the exchange rate.! Particularly the property of the forward rate to
be abiased predictor of the future spat rate & well as the dependence of the volatility on
exchange rate regimes canna be catured within the standard asset market approach.
Subsequent reseach has procealed in two diredions. One diredion tries to explain the
puzzle with time-varying risk premiums, peso-problems and bublbes while maintaining
the rational (homogeneous) expedation hypothesis. The other diredion takes into
acourt heterogeneous belief s of foreign exchange market participants. Thisis typicdly
dore within the dartist and fundamentalist (c&f) framework which was originaly
suggested by Frankel and Froot (1986. As a aucia feaure, c&f models have included
chartist forecasting techniques in order to explain the exchange rate behaviour in the
1980. While providing substantial improvement in understanding the exchange rate
movements, the implementation d chartism in exchange rate models — athough
common padice in foreign exchange markets - was dismissed by the acaemia. This
stems partly from the agument that under certain circumstances destabili sing (chartist)
speaulation canna be profitable® and partly because these univariate prediction rules
proof statisticdly illusive in the traditional sense.* The main reason for having not
confronted c&f models with adual exchange rate data, howvever, has been the difficult
task to find an appropriate e@nametric spedficaion. Hence only aneadotal suppat for
c&f models was found in studies of micro survey data, which show that chartist
techniques dominate the forecasts of market participants up to ore week, whereas

beyondthis horizon more weight is given to fundamentals.®

In arecent study, Vigfusson (1997 overcomes this srious drawbadk by testing for the

presence of chartist forecating techniques while ill alowing for econamic

1 SeeLewis (1995, pp. 1916ff. and Taylor (1995, pp. 14 ff.

2 Regime-dependenceof the exchange rate is discussed in Baxter and Stockman (1989, Flood and Rose
(1993, and Eichengreen (1988.

®  Friedman (1953.

4 SeeDiebold and Nason (1990.



fundamentals driving the exchange rate, too. Using the standard markov regime
switching approach proposed by Hamilton (1989, he finds evidencein daily data of the
Canada-US exchange rate from 1983to 1992suppating the c&f model. Relying on this
promising result, the purpose of our paper is to investigate whether c&f regime
switching behaviour can also be foundin the daily German-US exchange rate. In four
respeds, this gudy goes beyond Vigfussons analysis. First, our sample extends from
January 1982 to November 1998 and thus includes more than 4400 olkervations
providing reliable estimates and all owing for valuable subsample experiments. Sewnd,
because in the 19805 the US-Doll ar was apparently overvalued relative to the DM when
looking at fundamentals, the German-US exchange rate of this period is an ided
candidate for testing the presence of chartism. Third, as siggested by Vigfusson (1997,
p. 300, we investigate whether the dasdficaion d our models might be driven by
high- and low-variance regimes, rather than chartist and fundamentalist e ements.
Fourth, we statisticdly compare the & f regime switching model with the less complex
segmented trend model. This competing but nested spedficaion was originaly
suggested by Engel and Hamilton (1990 and hes recantly been applied by Dewadter
(1999.

The paper is organised as follows. Sedion 2 introduces the basic c&f-model and
outlines mMe extensions that has been made in the literature. The & f regime switching
spedficaion and the estimation method are described in sedion 3.Sedion 4reports and
discusses the estimation results and the test statistics. Sedion 5concludes the paper.

2. The standard chartist and fundamentali st model

In Frankel and Froot (1986 the (log of the) exchange rate s is driven by the dedsions of
portfolio managers. They buy and sell foreign currency in resporse to changes in the

expeded rate of depredation Et[ASt+1] and a set of contemporaneous variables

included in avedor z. Thusthe exchange rate can then be written as

s, = ak [Ast+l] +bz, 1)

> SeeDominguez(1986), Allen and Taylor (1989, and Menkhoff (1995. An overview is provided by
Takagi (1991).



where the vedor of elasticities of the contemporaneous variables b and the dasticity of
exchange rate epedation a shoud be onstant over time. Under the rationa
expedations hypothesis equation (1) has the well known forward looking solution
briefly described in the introduction d this paper. In contrast to this, Frankel and Froot

(1986 asumed that portfolio managers generate their exchange rate expedations using

aweighted average of chartist ES[As, ;] and fundamentalist Ef [As,,, ] forecasts:

E, [A5t+1] = [A5t+1] + (1_ Wy )Ef[ASm] (2

w, denating the weight given to fundamentalist views at date t, is dynamicaly updated

by the portfolio managersin arational Bayesian manner:

Aw, = 6((*):—1 - wt—l) (3)
with
Wy Ds, ~Ef4[ns,]

" E[as ]-ES[ns,]

where w:_l is the e post cdculated weight that must have been asdgned to

fundamentali st forecast in order to predict the aurrent exchange rate dhange acairately.
The value of ¢ refleds the extend to which patfolio managers enclose new information
in this adaptive process and proofs resporsible for the exchange rate dynamics. For
simulation pupaoses Frankel and Froot set & equal to 0.03 implying that portfolio

managers give substantial weight to prior information and are learning slowly.

So far, nathing has been said abou how forecasts are generated. In Frankel and Froot
fundementalist have some kind o long run equili brium s (for example the purchasing

power parity, a terms of trade-measure or a simple @nstant) in mind, to which the
exchange rate reverts with a given speed y over time, i.e. E [Astﬂ]:y(s* —st).
Believing that the exchange rate follows a randam walk, Chartists are using the adual
spot rate to predict the future rate. Hence, their forecasting rule is reduced to Ef[AsHl]

= 0, which simplifies the difference euation (3) dramaticdly. In addition the randam
walk modelli ng chartist techniques by itself has no destabili sing effed on the exchange



rate dynamics. So within this tting an initial positive shock on the exchange rate is
merely magnified by the portfolio managers subsequent revisions of their exchange rate
expedations acaording to (2) and (3), which enforces them to further purchases of
foreign currency. The ocaurrence of an exchange rate bubde can be eplained
technicdly by some kind d ,, overshoding”, namely by different adjustment speeds of

the two endogenous variables s and w.

The standard c&f-mode has been extended in dfferent ways. De Grauwe (1994 uses
an AR(4) as a proxy for chartist behaviour. Refleding the uncertainty abou the true
model of the foreign exchange market fundamentaists are @saumed to form
heterogeneous expedations. Aggregation d these beliefs result in a normal distribution
around the long run equilibrium value of the echange rate. Consequently,
fundamentali st views compensate dmost completely in the cae of a small deviation so
that the weight w asggned to their forecast shoud be low. By the same agument a high
value of w appeas when this deviation is large and most of the fundamentalists
forecasts point into the same diredion. The implementation d this nonineaity allows
for both a range of fundamentalist agnaosticism where the exchange rate can be eaily
driven away from its long run equili brium and a range of large paositive or negative

deviations where the exchange rate exhibits mean reversion pgroperties.

In a more redistic environment market participants have incomplete knowledge of the
true set of fundamental variables driving the exchange rate. In addition, rew information
abou these variables are available only with considerable lags. Lewis (1989 concludes
that an appropriate exchange rate model shoud cover these isauies by introducing
leaning processes in which changes of the underlying fundamentals cause
fundamentalist forecast errors that appea systematicdly wrong ex post. Leaning
processes are gplied to c&f-models by Frenkel (1994).

De Long et al. (1990 argue that trading on chartist forecasts (noise trading) enlarges the
exchange rate volatility. Fadng additional risk utility-maximising speaulators with
sufficient risk aversion will limit t heir positions against noise traders. In this gock
market model with overlapping generations noise traders ean higher expeded profits
for beaing selfcreaed risks. This means that destabili sing speaulators were not aways



driven ou of the market. Empiricd evidence for these findings is provided by Pilbeam
(1995 and Dewaditer (1997, who compare the predictive power of chartist and
fundamentalist forecasts using a profitability measure or the sign of the predicted
exchange rate change, respedively.

3. Model spedfication and estimation method

3.1Thebasic regime-switching model

In order to describe the stochastic process of the exchange rate we estimate markov
regime switching models with two states as suggested ariginally by Engel and Hamilton
(1990 and developed further by, among others, Kaminsky (1993 Engel (1994 and
Dewadter (1997). In these models, the condtional mean p and the mndtional variance
h o (log) exchange rate dhanges Ay are dlowed to follow two different processes. The
behaviour of the series depends on the value of an unolserved state variable S;.. Thus,
under condtiona normality, the observed redisation y; is presumed to be drawn from a
N(piy . hy ) distributionwhen S, = 1, whereas y; is distributed N(i,,,hy,) when S =2,

The regime indicator S is parameterised as a first-order Markov process and the

switching or transition probabiliti es P and Q have the typicd Markov structure:

Pr[St =15, = 1] =P
Ps, =25, =1 =(1-P)
Pr[St =25, = 2] =Q
Pr[St =15, = 2] = (1_ Q)

(4)

Under the assumption d condtional normality for ead regime, the ndtiona

distribution d y; is amixture of normal distributions,

ON(uy,hy ) wep.
Ay @, ~0 (:ult 1t) P- Py

5
ON(Hat ha) wope pa = (1= py), ©



where py; = Pr(§ = 1| ®+.,) is the probability that the analysed processisin regime 1 at
time t condtional on information available a time t-1. Of course, p;; can also be
regarded as a weight assgned to regime dependent forecasts by market participants.
Suppased the regime-dependent condtiona distributions in (5) represent chartists and
fundamentali sts forecasting approades, respedively, a amnceptua similarity between
the theoreticadly motivated c&f model's forecasting equation (2) and the mixture of
normal distributions beames obvious. Following Vigfusson (1997, it is exadly this
relation which shodd be exploited by modelling and testing c&f regime switching

behaviour in the Dollar/DM exchange rate.

Note, however, that the Bayesian upditing of the weights in regime switching models
differs from the updating process(3) in the Frankel and Froot model, that is wy # py. In
the regime switching literature the probability py; is cdled 'ex ante regime probability’,
because it is based solely on information aready available and becaise it forecasts the
prevailing regime in the next period. Following Hamilton (1994 and Gray (1996 the

unolserved regime probability is formulated as areaursive process

H fro1 Py O O f2t—l(1_ plt—l) C
p :P 1t-1M1t-1 |:|+ 1_Q C (6)
. %lt—l Py f2t—1(1_ plt—l) M ( ) %H—l Py-1 f2t—1(1_ plt—l)[,

with the regime-dependent condtional distributions f, =f(y,|S, =1 ®,,) and
fo =f(y,|S, =2, ®,;). The process described in (6) is well founded by asset pricing
theory. Kaminsky (1993 and Evans (1996 demonstrate that (6) is implied by peso
problem behaviour in combination with rational leaning of market participants. Thus,
our empiricd approadh is able to cgpture or even unfy competing theories in exchange
rate eonamics. Discussng simultaneous effeds of chartism, peso problems and
leaning within atheoreticd framework, however, goes beyondthis gudy and is left for
further reseach. Technicdly, spedficaion (6) is very smilar to a GARCH model where
unolserved condtional variances foll ow areaursive structure with unknavn parameters.
The reaursive representation d the regime-switching model allows us to construct the

log-li kelihoodfunction conveniently as



T (]
1 (v —H) B
L= z log 1t —expmu
=1 21 hy § 2hy H

(7)
1 B (v, - pa)’

1_
il pﬂmexpg 2h,, %

3.2Conditional mean spedfication

As mentioned in the introduction, the &f regime switching model is tested against
aternative regime switching spedficaions. The &f model and hs competitors are
briefly described below with reference to their aternative mean dynamics. Their

common charaderistic is the volatility assumed to be constant within regimes:

—_ 2 _ 2
hlt _01 and h2t _02

That is, the only source of condtional heteroskedasticity is regime switching behaviour.
Note, that in subsedion 4.2 lglow it will be discussed if this assumptionis appropriate.

(1) Segmented Trend Model: RS-AR(0)

This most simple spedficaion was introduced by Engel and Hamilton (1990 to model
long swings in quarterly exchange rates. It can be eaily interpreted as a randam walk
moded with drift. However, it has the speda fedure that the drift term is subjed to
discrete shifts. Idedly, the drift term of one regime shoud be negative thereby
charaderising exchange rate deaeases, while the drift term of the other regime is
expeded to be postive. If regimes turn ou to be persistent, longer periods of
appredation followed by longer periods of depredation can be cgtured by this model.
Because it does nat alow for autocorrelation a exchange rate dependence on aher
variables, it is denoted as a RS-AR(0) model. For comparison puposes, let f dencte the
drift in regime 1 and c be the drift in regime 2:

Hy = f

Hy =C



(2) Regime switching-AR(1) model: RS-AR(1)

A natural extension d the Segmented Trend model is the RS-AR(1) spedfication which
allows for short run autocorrelation in exchange rate danges. Following Hamilton
(1993, the distribution d Ay, is nat condtional on past regimes but the aitoregressve
term is assumed to be regime dependent, too.

My = +@ly
My =C+ @AY,

(3) Regime switching-c&f model: RS- CF-AR(0)

As discus=d abowe, the main focus of this gudy is onthe & f regime switching model
which is labelled as RS-CF-AR(0). The mean equation d the first regime includes the
deviation d the exchange rate from its fundamental value y, as the independent
variable and thus represents the fundamentalist regime. In the dartist regime, 14 dand
200 dmoving averages of the exchange rate ae suppased to explain future exchange
rate changes. The RS-CF-AR(0) spedficaion corresponds amost exadly with the
approad suggested by Vigfusson (1997). However, Vigfuson additionally includes the
spread between damestic and foreign money market interest rates in bah equations.
Though such a proceeading might be reasonable when taking into acourt uncovered
interest rate parity, we diredly use the forward exchange rate which shoud be &le to

capture forward looking behaviour of market participants, too.

Hy = f+6 (yt—l - yt—l)
Hy =C+ Y, ,may, + My,

(4) Regime switching-c&f-AR(1) model: RS-CF-AR(1)
The last modd we mnsider is the RS-CF-AR(0) model augmented by a regime
dependent autoregressve term. Note, that this gpedficaion rests al three models
described above.

My = f+ e(yt—l - yt—l) + @Ay,

Hy =C+ P may, +,00May0, + gAY,
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4. Empirical Results

4.1 Estimation results and spedfication tests

All models described in subsedion 3.2 were estimated by maximum likelihood.
Parameter estimates were obtained using the BFGS agorithm, and the reported t-
statistics are based on heteroskedastic-consistent standard errors (White (1982). The
estimates are derived from the daily DM/Doll ar forward exchange rate series which was
kindly supgied by the Deutsche Bundesbank. [interpdlation, I(2), ma dc.] The sample
extends from January 1982to November 1998.The series of the forward exchange rate,

the PPPrelation and the 200 dmoving average ae presented in Figure 1.
[Figure 1]

Tablel contains the whole sample estimates of the four models described in subsedion
3.1. For a better interpretation o regimes, the uncondtiona (stationary) regime
probabiliti es and the expected durations (1-P)™ and (1- Q)™ of the regimes are dso
reported. As regards the mnstant terms, variances and transition probabiliti es, all
models under consideration dffer dightly at best. While the mnstants are not
significantly different from zero, highly significant estimates of variances point to
regime dependent heteroskedasticity cgpturing periods of high and low volatility: The
second moment in the first regime is aimost threetimes as high as the variance in the
seand regime. The transition probabiliti es are significant, too, and range @dowve 0.95

thereby indicaing high persistence of regimes. The uncondtional probability of the high

volatility regime P = 21_—Q iswith 0,37substantialy lessthan the one asdgned to

the seoondregime. Thisis also refleded in the expeded duations of regimes. The high
volatility regime is expeded to last 25 trading days whereas regime two has a much
longer duration d 45 trading days.

So far, we can conclude that the daily DM/$ exchange rate is siccesSully described by
two-state regime-switching processes. However, the most important question has nat

been addressed yet: Is there evidence in favour of exchange rate dynamics driven by
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both chartists and fundamentals? The answer is given by the values of the log-likelihood
functions and the derived likelihoodratio test statistics reported in the last two lines of
Tablel.

[Table 1]

Note that the RS-AR(0) model is nested in &l three remaining spedficaions whose
relative power thus can be examined under the null hypothesis of segmented trends.
Furthermore, the RS-CF-AR(1) model can be tested against al three simpler models
which can be regarded as restricted RS-CF-AR(1) spedficaions. As the LRT statistics
suggest, richer mean dynamics captured by the CF- and AR-terms do explain significant
improvements in the log-likelihood function when moving from the parsimonious RS-
AR(0) to the most complex RS-CF-AR(1) spedficaion.

The most important finding, howvever, are significant estimates of the parameters 6, Y14
and Y00 Which heavily suppat the &&f model in explaining exchange rate movements.
Against their atheoreticd competitors, RS-CF models are performing best. Hence, it can
be cmncluded that the exchange rate is indeal driven by the fudamentalist and chartist
regimes. The fad that regime dassficaion might be driven by state-dependent
heteroskedasticity does nat weden this conclusion. A typicd finding in the regime
switching literature is that coefficients in the mean equations beamme insignificant when
additionally alowing for variances depending on regimes. This phenomenon can be
explained by the dominance of seand moments in charaderising the distribution o
high frequency data. As Table 1 suggests, the cae in ou study is completely diff erent:
Because 6, Y14 and Yygo are significant even in the presence of strong state dependent
volatility, empiricd suppat for the &f model is grong. Of course, this implies that
volatility is much higher when the exchange rate is driven by fundamentals which has
already been reported by Vigfuson (1997). To complement this intuitive agumentation,
subsedion 4.2 dscusses the performance of a GARCH model as an dternative variance

spedficaion.

Those models which allow for autoregressve dependence eplain the data better than

the segmented trend and the basic c&f spedficaion, respedively. However, the AR(1)-
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coefficients are only significant in the seand regime reveding that chartists forecasts
are not purely based on moving averages. In contrast, the fundamental exchange rate is

sufficiently described by PPPlearing no room for autocorrelation in regime one.

[Table?2]

Table 2 reports Ljung-Box statistics relating to the residuals as well as to the squared
standardised residuals of the estimated models thereby testing for seria correlation and
autoregressve condtional herteroskedasticity. While dl models under consideration are
able to capture condtional heteroskedasticity by regime switching, significant seria
correlation in the residuas is found for higher lag orders. Nevertheless it can be
concluded that particularly the &&f models do a good job in modelling the DM/Doll ar

exchange rate.

4.2 Regime dependent versus autoregressve conditional heteroskedasticity

In his origina contribution, Vigfuson (1997 suggests to re-estimate the &f regime
switching model by using a Markov-switching spedfication whose varianceis restricted
to be independent of regimes but is insteal described by an ARCH process This soud
be dore in order to anayse whether the dassficaion d regimes might be driven by
high- and low-variances, rather than chartist and fundamentalist elements. Vigfusson
argues as follows: "Idedly, this would alow one to rule out variance induced-switching
and isolate the dhartist and fundamentali st influences on the exchange rate". Obviously,
the underlying argument is that condtional heteroskedasticity can be ather described by
regime switching or aternatively by ARCH. However, extensive analyses provided by
Gray (1996 show that this is not necessarily true. Instead, there ae severa options to
combine both approaches, and the eonametrican has to examine caefully which
spedficaion is most adequate. Nevertheless parameter estimates of a regime switching
GARCH(1,1) model impasing the restriction d a @nstant variance process aaoss

regimes,

hy =hy =h, =by +b,g,; +bhy 4,
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is reported in the third column of Table 3.° Table 4 includes Ljung-Box statistics testing
for remaining serial correlation and ARCH effeds. Though the RS-CF-AR(1)-
GARCH(1,1) model cegptures exchange rate volatility successully (the GARCH
parameters are highly significant indicating strong volatility persistence), the value of
the log-likelihoodfunction is substantially below the ones reported in Table 1. This is
remarkable, becaise the RS-CF-AR(1)-GARCH(1,1) model has twice & much
parameters than the RS-AR(0) and even ore more parameter than the RS-CF-AR(1)
spedficaion. Hence the discouraging estimates of the mean dynamics in the RS-CF-
AR(1)-GARCH(1,1) model shoud nd raise any doult on the empiricd successof the
c&f approach dacumented in Table 1. To ou opinion, the insignificant estimates of 6,
Y14 and Yoo are due to an inadequate model spedfication restricting the exchange rate
volatility to be constant aaossregimes instead of allowing it to be state dependent and
thereby diredly linked to fundamentali st and chartist regimes.

[Table 3, Table 4]

4.3 Subsample estimates

When looking at Graph 1,two periods which are dharaderised by different exchange
rate behaviour can roughly be distinguished. Most time in the 198G, the Dollar was
persistently above the level implied by purchasing power parity. In contrast, in the
199G, the adual exchange rate was fluctuating cyclicdly aroundits fundamental value.
Thus, to asessthe & f model more deeoly, subsample estimations of the RS-CF-AR(1)
model are obvious exercises. The estimates relying on olservations from 1982to 1988
and from 1989to 1998 respedively, are shown in Table 5 and pant to some interesting
findings. First, the estimated subsample variances do nd differ much from ead ather
and have the same magnitude than the ones estimated for the whao e sample. Second, for
the first subsample, the transition probabiliti es and thus also the uncondtiona regime
probabiliti es and expeded durations are simil ar to those reported in Table 1. As already
expeded when looking at Graph 1, the fundamentali sts regime is more important in
explaining the exchange rate in the 1989to 1998 priod. The uncondtiona probability

® As regards the model spedficaion and the mnstruction of the mnditional variance we basicdly
follow Gray (1996 who introduces a @nvenient framework for formulating regime switching
GARCH(1,1) models.
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is abowve forty percent and the duration exceals the fundamentalist whoe sample
duration by ten trading days. As a central finding, one can conclude from Table 1 that
chartists behaviour explains the exchange rate even in a period when PPPhads on
average, while fundamentalists do day a role even when exchange rate is driven far
away from PPR Unfortunately, the estimated condtional mean dynamics of the
exchange rate processdo nd unanimously suppat this finding. In the first subsample,
only the dhartist parameter estimates are significantly different from zero, while in the
seoond estimation period ory 6 is ggnificant at 10 %. Note, however, that the

coefficients have reasonable values and corred signs.

[Table5, Table 6]

5. Conclusion

Though common pradice in foreign exchange markets, ony aneadotal suppat for
chartist forecasting tedhniques were found in studies of micro survey data. Up to
Vigfuson (1997 it has been dfficult to find an appropriate e@nametric spedficaionto
confront the dhartist and fundamentalist (c&f) models with adual exchange rate data.
Relying on these promising results, we use the regime switching framework to
investigate whether chartist and fundamentali st forecasting techniques can aso be found
in the daily German-US exchange rate. The empiricd results suggest that this model
does succesdully explain forward exchange rate dynamics from 1982 to 1998.
Moreover, ou findings turned ou to be relative robust by estimating the model in
subsamples. In addition the & f model was tested against aternative regime switching
spedficaions applying likelihood ratio tests. Nested atheoreticd models like the
popuar segmented trends model suggested by Engel and Hamilton (1990 as well asthe
competing regime switching GARCH(1,1) model are rejeded in favour of the &f
model.
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Tablel

Parameter estimates of regime-switching models for the Dollar/DM forward exchange rate
(1982 — 1998

RS-AR(0) RS-AR(1) RS-CF RS-CF-AR(1)
= -3,43-10* -3,59-10* -4,38-10° -5,56-10°
(1,16) (1,27) (0,17 (0,20
c 1,02-10* 1,06 -10* 5,38-10° 5,57-10°
(0,91 (0,90) (0,50) (0,49)
0 - - 342-10° 351-10°
(2.17) (2,23
W - - 6,27 - 10° 6,65-10°
14 (2,92 (2,80)
W - - -556-10° -5,89-10°
200 (2,62 (2,53
o - -0,0394 - - 0,0408
(1,49 (1,59
- -0,0364 - -0,0409
® (2,14 (2,14
2 9,14-10° 9,14-10° 9,08-10° 9,10-10°
01 (8,84) (8,78) (9,18 (10,48
2 2,57-10° 2,57-10° 2,54-10° 2,54-10°
03 (13,36) (12,90 (14,25) (13,94)
= 0,9619 0,9616 0,9607 0,9601
(75,62 (7315 (70,90) (280,00)
Q 0,9778 0,9778 0,9769 0,9768
(177,05 (19507) (17939) (177,32
P 0,37 0,37 0,37 0,37
Q 0,63 0,63 0,63 0,63
1-p)?t 26,25 26,04 2545 25,06
(1-Q)* 45,05 45,05 4329 4310
Log-Likelihood
1583Q78 1583374 1583816 1584164
LRT - 5,92* (2 df) 14,764 (3df)  21,72%* (5df)
- - - 15,78 (3 df)
- - - 6,96 (2 df)

Notes: The sample mntains daily observations of the DM/Dollar forward exchange rate from January
1982 to November 1998 t-statistics in parentheses are based on heteroskedastic-consistent standard
errors. The likelihood ratio test statistics are asymptoticdly x? (df)-distributed with df indicaing the
number of restrictions. * (**, *** ) denotes sgnificance d the 10% (5%, 1%) level.



Table 2

Spedfication Tests (Ljung-Box Q-Statistic)

RS-AR(0) RS-AR(1) RS-CF RS-CF-AR(1)
AR(1) 1,11(0,29) 1,64 (0,20) 1,67 (0,20) 1,43(0,23)
AR(5) 9,79(0,08) 10,68 (0,06) 8,40 (0,14) 8,28 (0,14)
AR(10) 25,66 (0,00) 27,52 (0,00) 2234(0,01) 22,89 (0,01)
ARCH(1) 1,69(0,19) 1,60(0,21) 0,90(0,34) 0,86 (0,35)
ARCH(5) 8,48(0,13) 8,58 (0,13) 7,23(0,20) 7,39(0,19)
ARCH(10) 13,38(0,20) 13,81(0,18) 11,90(0,29) 12,37(0,26)

Notes: AR(p) denotes the LjungBox statistic for serial correlation of the residuals out to plags. ARCH(Q)
denotes the Ljung-Box statistic for serial correlation of the standardized squared residuals out to glags. p-
values are in parentheses.
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PARAMETER ESTIMATES OF THE
C& F-REGIME-SWITCHING-
GARCH(1,1) MODEL WITH

CONSTANT VARIANCES ACROSS

REGIMES FOR THE DOLLAR/DM
FORWARD EXCHANGE RATE

RS-CF-GARCH(1,1)
1982 — 1998

6,83-10°
(0,60)

-5,39.10*

(0,52

Wis
Waoo

1,14-10°
(1,32

-3,12-10°

(0,18)

9,20-10°
(0,60)

- 0,0507

(3,00

-0,6347

(415

bo

b1

b,

1,17 -10°
(3,76)
0,0452
(4,14)
0,9109
(83,33

0,9940
(32532

0,8645
(17,19
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Log-Likelihood
1580634

Notes. The sample mntains daily observations of the
DM/Dollar forward exchange rate from January 1982to
November 1998 t-statistics in parentheses are based on
heteroskedastic-consistent standard errors.

Table4
SPECIFICATION TESTS (LJUNG-BOX
Q-STATISTICS)
RS-CF-GARCH(1,1)
1982 — 1998
AR(1) 0,08(0,78)
AR(5) 8,29(0,14)
AR(10) 27,09 (0,00)
ARCH(1) 1,96 (0,16)
ARCH(5) 3,03(0,69)
ARCH(10) 6,50(0,77)

Notes: AR(p) denotes the Ljung-Box statistic for serial
correlation of the residuals out to p lags. ARCH(Q)
denotes the Ljung-Box statistic for serial correlation of
the standardized squared residuals out to g lags. p-
values are in parentheses.



Tableb

PARAMETER ESTIMATES OF REGIME-SWITCHING MODELS FOR
THE DOLLAR/DM FORWARD EXCHANGE RATE

RS-CF RS-CF
1982 — 1988 1989— 1998
E 2,18-10* -252.10*
(0,33 (0,73
C -2,24-10" -1,15-10°
(0,74) (0,06)
) 376-10° 7,15-10°
(1,51 (1,66)
W 8,76-10° 2,02-10°
H (2,96) (0,60)
W -7,24-10° -343-10°
200 (2,40) (1,05)
2 9,88-10° 8,06-10°
03 (6,46) (7,10
2 2,62-10° 2,38-10°
02 (9,95) (10,63)
P 0,9601 0,9713
(86,04) (46,68)
Q 09774 0,9791
(12007) (95,25)
P 0,36 0,42
Q 0,64 0,58

(1-p)t 25,06 34,84
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1-Q)* 44,25 47,85

Log-Likelihood
642059 929602

Notes. The sample cntains daily observations of the DM/Dollar forward exchange rate from January
1982to December 1988and from January 1989to November 1998respedively. t-statistics in parentheses
are based on heteroskedastic-consistent standard errors.

Table6
Spedfication Tests (Ljung-Box Q-Statistics)

RS-CF RS-CF
1982 — 1988 1989 1998
AR(1) 0,32(0,57) 1,59 (0,21)
AR(5) 5,71(0,34) 541(0,37)
AR(10) 18,58 (0,05) 17,31(0,07)
ARCH(1) 0,04 (0,84) 0,71(0,40)
ARCH(5) 6,33(0,28) 4,26 (0,51)
ARCH(10) 13,30(0,21) 7,40 (0,69)

Notes: AR(p) denotes the LjungBox statistic for serial correlation of the residuals out to plags. ARCH(Q)
denotes the Ljung-Box statistic for serial correlation of the standardized squared residuals out to glags. p-
values are in parentheses.



