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In this paper, we analyse the effectiveness of the direct central bank interventions using a new effective-
ness criterion. To this aim, we investigate the effects of central bank interventions (CBI) in a noise trading
model with chartists and fundamentalists. We first estimate a model in which chartists extrapolate past
returns and fundamentalists forecast a mean reverting dynamics of the exchange rate towards a funda-
mental value. Then, we investigate the role of central bank interventions for explaining the switching
properties between the two types of agents. We find evidence that in the medium run, interventions
increase the proportion of fundamentalists and therefore exert some stabilizing influence on the
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1. Introduction

Direct interventions in the foreign exchange (FX) market have
often been used as a policy instrument by the major central banks.
By sterilizing their operations, monetary authorities have used
these interventions as a stabilisation tool independent of monetary
policy. While some authorities like the US Federal Reserve have
been increasingly reluctant to use central bank interventions (CBIs
hereafter), other major central banks like the European Central
Bank (ECB) or the Bank of Japan (BoJ) have conducted several
rounds of interventions over the last 5 years.

Despite the wide use of direct interventions by the central
banks, researchers (as well as policy makers) have questioned
the effectiveness of such an instrument. Within the literature de-
voted to the conduct of foreign exchange rate policies, the issue
of effectiveness is the one which has received the greatest atten-
tion. Recent surveys (see Humpage, 2003) offer a useful review of
this strand of the literature. One problem in assessing whether
interventions have delivered the intended goal is that the objec-
tives followed by the central banks are rarely known by external
researchers. Several possible objectives have been mentioned
including influencing trend movements, reversing past trends,
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smoothing exchange rate volatility or creating monetary base
through unsterilized operations. While a couple of international
agreements like the Plaza agreement in 1985 and the Louvre agree-
ment in 1987 provide some insight about the ultimate goal of these
interventions, the objectives are likely to change over time and to
differ across central banks.!

In this paper, we develop an analysis directly consistent with a
new criterion of effectiveness. A direct criterion of effectiveness
used in the empirical literature is whether the exchange rate level
reacts to the central bank purchases or sales of foreign currency in
the intended direction the day of the intervention (Beine et al.,
2002). The adoption of this criterion stems from the fact that the
most frequent objective followed by central banks concerns the
dynamics of the first moment of exchange rate returns. In general,
the bulk of the empirical studies found that central bank interven-
tions did not induce the intended changes in the exchange rate
level. Some studies found even some moderate evidence of per-
verse results, which is difficult to rationalize (see nevertheless
Bhattacharya and Weller, 1997). Quite recently however, new
empirical approaches have provided more support for efficiency
in the sense that the exchange rate was found to react significantly
(and in the intended direction) to the central bank operation. Using

! Lack of transparency in the FX policy is clearly one major source for identifying
the explicit goals. The use of imprecise terms in central bank’s statements also leads
to some difficulty of interpretation.
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intradaily data, Dominguez (2003) as well as Payne and Vitale
(2003) indeed show that such an effect might show up in the very
short run, i.e. within a few minutes after the occurrence of the
operations.

While simple and straightforward, the use of this criterion of
effectiveness raises two questions. First, the objective followed
by the central bank might be less simple than influencing the level
within the day or the hour of the intervention. For instance, the
central bank might be willing to break a past depreciating or
appreciating trend of its currency. In this case, insignificant results
in terms of returns might lead to overemphasizing the poor perfor-
mance of the operations. To tackle this point, some authors Fatum
and Hutchison (2003) have conducted event studies that allow to
introduce more flexibility in terms of the possible objectives fol-
lowed by the central bank(s).? The second issue is the optimal hori-
zon followed by central banks. While this horizon might differ across
central banks and over time, central bank surveys (Neely, 2001) tend
to show that central banks also care about the developments of the
exchange rate beyond the day of the intervention. Promising out-
comes generated by the intervention in the very short run might
thus be meaningless for central bankers if they are reversed later
on. Conversely, the use of successive interventions that might signal
commitment of the central bank to defend the currency might lead
to more favourable results that can be difficult to identify in the
(very) short run.

In this paper, we adopt another criterion for efficiency of the FX
central bank interventions. We consider a given central bank inter-
vention as efficient if it moves the exchange rate in a direction con-
sistent with the fundamental equilibrium exchange rate. Central
banks often claim that their interventions aim at restoring the
value of exchange rates to a level consistent with the fundamen-
tals. While central banks pursue other goals, the specific objective
of minimizing the degree of misalignment has been extensively in-
cluded in loss functions used in theoretical analyses (see Vitale,
1999 as well as De Grauwe and Grimaldi, 2006 among others).
The adoption of such a policy has been advocated by several
authors including for instance Neely (2004) claiming that the cen-
tral bank should act as a long-term speculator in the FX market.
Theoretical analyses such as De Grauwe and Grimaldi (2006) also
suggest that central bank interventions might drive the exchange
rate in a direction consistent with fundamentals. In contrast to
the analysis of simple regression coefficients capturing some con-
temporaneous impact, the adoption of this criterion allows for
some role for central bank interventions in the medium run. To this
aim, we assess the impact of interventions conducted by the Bun-
desbank (ECB after the inception of the Euro) and the Federal
Reserve within a noise trading framework, i.e. a model allowing
for the presence of two types of agents, namely chartists and fun-
damentalists. The noise trading framework has successfully been
applied by authors to explain the discrepancy between the short
and long-run exchange rate dynamics (De Grauwe and Dewachter,
1995). It reflects the complex dynamics produced by the interac-
tion of two types of agents whose existence has been empirically
supported by the results of surveys of practitionners (Cheung
and Chinn, 2001 for instance). As originally done by Vigfusson

2 While interesting, we do not follow here this kind of approaches that in turn raise
some questions about their implementation. There are in particular two critical issues
associated to the use of event studies for assessing the impact of FX interventions. The
first one is the definition of an event and in particular the definition of clustered
operations that should be considered as one single event. The second point concerns
the endogenous definition of the event. For instance, if a particular central bank keeps
intervening until the objective is reached, the use of event studies might lead to a bias
in favour of efficiency. Interestingly, this general conclusion turns out to be more
supported by this strand of the literature.

(1996), the use of a two-regime Markov-switching regime allows
to conduct an econometric analysis consistent with the theoretical
assumption of two types of agents. Our analysis of central bank
intervention in the context of a chartist-fundamentalist framework
is related to the recent analysis of Reitz and Taylor (2008) but
exhibits noticeable and important differences.?

The paper is organized as follows. In Section 2 we present a
model of the foreign exchange market in which two types of
agents, chartists and fundamentalists, interact. In Section 3 we test
the prediction of this model and identify the effects of interven-
tions. Section 4 briefly concludes.

2. The underlying theory
2.1. The theoretical framework

In this section we present a simple exchange rate model. The
model is based on De Grauwe and Grimaldi (2006a) and is
explained there in greater detail. It starts from utility maximising
agents selecting their optimal portfolio using a mean-variance util-
ity framework. This allows to derive the standard optimal holding
of foreign assets by agent i, d;;*

d - 1+ r*)E’[(sMZ) -1+ r)st’ (1)

oy

where s; is the exchange rate (the price of the foreign currency in
units of domestic currency) in period t, E; is the forecast made about
next period’s exchange rate by agent i in period ¢, 1 is the coefficient
of risk aversion, r and r* are the domestic and foreign interest rates
respectively (assumed to be constant) and 62, = (1 +77)*Vi(s;1).
Aggregating the individual demands and setting market demand
equal to the market supply of net foreign assets, Z;, allows us to de-
rive the market clearing exchange rate:

1+ 1 N El(si)
s=(757) W[Zf’wi'ta—z_Q‘Z“ @
i=1 ”fz it
where wj; = —nt— is the weight (share) of agent i, and
g Mt
Q=L
T e

Thus the market clearing exchange rate is determined by the
forecasts of the agents, E., about the future exchange rate, their
respective weights w;, and by the net supply of foreign assets Z;.
The latter is determined by the current account and the official
interventions in the foreign exchange market. Note also that the
forecasts are weighted by their respective variances ¢?. When
agent’s i forecasts have a high variance the weight of this agent
in the determination of the market exchange rate is reduced.

3 Using a smooth transition model, Reitz and Taylor (2008) find evidence in favour
of a coordination channel, i.e. the fact that interventions can move the exchange rate
towards its equilibrium value. While we also conclude in favour of such a channel, our
two-regime Markov Switching econometric analysis is, unlike their model, based on a
structural model of chartist and fundamentalist agents. The proportion of those
agents depend on the profitability of their respective forecasting rules. In our model,
intervention will alter the dynamics of the exchange rate by changing the relative
profitability of the rules, while in the Reitz and Taylor approach, intervention affects
the confidence attached by the informed traders to the misalignment value of the
exchange rate for processing their orders.

4 If the model is interpreted as an asset pricing model of one risky asset (shares)
and a risk free asset, the corresponding optimal holding of the risky asset becomes

4 = Eilsea +¥e1) — (14 1)s:
it = 2 )
oy
where s..; and y.; are the price and the dividend at t+1, respectively, and
02, = Vi(Stz1 + Yr1) Where sq.q and y,.q are the price and the dividend at ¢ + 1, respec-

tively, and ¢, = V(Si11 + Ye)-
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Two types of forecasting rules are assumed. One is called a “fun-
damentalist” rule, the other a “technical trading” (chartist) rule.’
The agents using a fundamentalist rule, the “fundamentalists”, base
their forecast on a comparison between the market and the funda-
mental exchange rate, i.e. they forecast the market rate to return
to the fundamental rate in the future. In this sense they use a nega-
tive feedback rule that introduces a mean reverting dynamics in the
exchange rate.

The chartists are assumed to follow a positive feedback rule, i.e.
they extrapolate past movements of the exchange rate into the fu-
ture. Finally agents evaluate the fitness of these two forecasting
rules, by comparing their (risk adjusted) profitability ex post and
then deciding whether to keep the rule or switch to the other
one. Thus, the model is in the logic of evolutionary dynamics, in
which simple decision rules are selected. These rules will continue
to be followed if they pass some “fitness” test (profitability test).
This switching mechanism then determines the weights of chart-
ists and fundamentalists w, and wy. For more detail see De
Grauwe and Grimaldi (2006a). These authors show that the model
is capable of generating all the empirical “puzzles” observed in the
foreign exchange market. These empirical puzzles are first and
foremost the disconnect phenomenon (see Obstfeld and Rogoff
(2000) who coined the term “disconnect puzzle”). De Grauwe
and Grimaldi (2006a,b) show that the model is capable of mimick-
ing this disconnect puzzle. The mechanism producing this discon-
nect originates from the dynamic interaction of chartists and
fundamentalists. A series of stochastic shocks can make chartist
extrapolation profitable thereby attracting an increasing number
of agents using extrapolative forecasting rules. This goes on pro-
ducing misalignments of the exchange rate until it is reversed by
shocks in the fundamentals that tend to make fundamentalist fore-
casting rules more profitable thereby increasing the importance of
these rules in forecasting.

2.2. Modelling official interventions in the foreign exchange market

The model presented in the previous section allows for an easy
way to introduce the interventions of the central bank. The supply
of foreign assets Z; in Eq. (2) is determined by the current account
position, i.e. a surplus (deficit) in the current account increases (de-
creases) the supply of foreign assets. The supply of foreign assets,
however, can also be influenced by the intervention activities of
the central bank. More specifically, when the central bank sells for-
eign exchange it increases the supply of foreign assets Z;. This will
generally put downward pressure on the exchange rate. This can
also be seen from Eq. (2): the sign of Z, is negative. Conversely
when the central bank buys foreign exchange it reduces the supply
of foreign assets putting upward pressure on the exchange rate.

It can be useful to analyse the impact effect of a surprise change
in foreign assets on the exchange rate. We obtain this by isolating
the effect of a change in Z; in Eq. (3). Setting the expectational
terms equal to zero, and using the definition of Q, we obtain

1
As :-(L> Lo 3)
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where X; = AZ;/N, i.e. the supply of foreign assets per capita. We
have also assumed that there are only two types of agents, i.e. chart-
ists and fundamentalists (subscripted by c and f, respectively).

Eq. (3) makes clear that the effect of a foreign exchange market
intervention on the exchange rate will be difficult to predict ex
ante because it depends on the weights the chartists and funda-
mentalists have in the market, together with the forecast errors

5 The idea of distinguishing between fundamentalist and technical traders rules
was first introduced by Frankel and Froot (1987).

they have been making in the past. In other words the effect of
interventions will depend on the market structure and the risk per-
ceptions at the time of the intervention. Since these factors change
continuously, the effect of interventions will also change.

It should also be stressed that we analyse the effects of steril-
ized interventions here, i.e. interventions that are not allowed to
affect domestic money market conditions, including the domestic
interest rate. Thus we analyse interventions that do not affect the
fundamentals.®

We investigate the question of the effectiveness of interven-
tions assuming a simple intervention rule. The intervention rule
we consider is one in which the central bank is continuously in
the market smoothing the movements of the exchange rate by
using a “ leaning against the wind” intervention rule.” We specify
this rule as follows:

AZ; = ¢(Ase 1), “)

where ¢ > 0. Thus when the exchange rate increases (decreases),
the central bank sells (buys) foreign exchange in the market so that
the supply of foreign assets increases (decreases). The parameter ¢
measures the intensity with which the central bank performs these
operations. Note that as in the case of the private agents the current
exchange rate is not in the information set of the central bank. The
current exchange rate is the market clearing exchange rate that will
be the outcome of the decisions of both the private agents and the
central bank, but is not yet known when agents make their decision.
This is in the logic of the behavioural finance model used here. Indi-
vidual agents (both private and public) lack the cognitive skills to
understand “the whole picture”, i.e. they do not know the underly-
ing model which they need to know to compute the market clearing
exchange rate in period t (see De Grauwe and Grimaldi, 2006a).

This simple intervention rule can be implemented by substitut-
ing Eq. (4) into Eq. (2) and solving the model numerically taking
into account the forecasting rules and the switching mechanism
as presented in De Grauwe and Grimaldi (2006b). We show some
results of simulating the model in the time domain in Fig. 1 using
a particular configuration of parameters (in De Grauwe and Grim-
aldi (2006b) extensive sensitivity analyses are performed). Panel
(a) shows the exchange rate in the absence of any intervention
(¢ = 0). This is the free float solution. It exhibits large movements
of the exchange rate around its fundamental. The next two panels
(b) and (c) show the exchange rate for increasing intensity of inter-
vention. In panel (b) we assume that ¢ = 0.01 and in panel (c) we
assume that ¢ = 0.1. We find that as ¢ is increased the exchange
rate is forced to move more tightly around its fundamental. Thus
it appears that this simple rule is capable of reducing the large dis-
connnection of the exchange rate from its fundamental in a free
float environment. As a result the application of this rule ensures
that the exchange rate better reflects the underlying fundamental.

The intuition behind this result is that the “leaning against the
wind” strategy of the central bank reinforces the mean reverting
dynamics in the market thereby strengthening the hand of the fun-
damentalists at the expense of the ‘trend chasers’ (chartists). This
stabilizes the market and reduces the probability of the emergence
of bubbles. Thus the effect of this intervention is that the exchange
rate follows the movements of the underlying fundamentals more
closely?®.

5 The interventions carried out by the ECB (Bundesbank) and the Fed over the
investigated period in the empirical analysis are reported by the central banks to have
been sterilized.

7 This leaning-against-the wind type of behaviour has been supported by the
estimation of empirical reaction functions for various central banks. See Almekinders
and Eijffinger (1996) for the Bundesbank.

8 In De Grauwe and Grimaldi (2006a) we analysed the target intervention rule as
proposed by Miller and Williamson (1987). The results are very similar to the simple
leaning against the wind rule analysed here.
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Fig. 1. Simulated exchange rate under intervention rule.

In order to shed additional light on the question of why a simple
intervention rule can be effective, we show the average weight of
the chartists and fundamentalists corresponding to the three sce-
narios in Table 1. We see that in the free float simulation the chart-
ists have on average a weight of 90% in the market (the
fundamentalists’ weight is then 10%), while in the scenario of
intense intervention (¢ = 0.1) the average weight of the chartists
declines to 76% (the average weight of fundamentalists increases
to 24%) Thus when the central bank successfully stabilizes the ex-
change rate so that it closely reflects the fundamentals, the funda-
mentalists on average have a higher share in the market than when
the central bank does not intervene. Put differently, systematic
interventions by the central bank change the structure of the for-
eign exchange market, i.e. they reduce the importance of chartists
and increase the importance of fundamentalists. Thus, the “leaning
against the wind” intervention rule of the central bank creates an
environment in which the fundamentalists are more active thereby
keeping the exchange rate close to its fundamental. The reason
why this is made possible is that the intervention rule increases

Table 1
Mean profits and weights of fundamentalists and chartists along with intervention
intensity (¢).

Mean profits and weights of fundamentalists
and chartists

c=0 ¢=0.01 ¢=01
Mean profit fundamentalists 0.0010 0.0045 0.0081
Mean weight fundamentalists 0.1 0.13 0.24
Mean profit chartists 0.1099 0.0971 0.0888
Mean weight chartists 0.9 0.87 0.76

the mean reversion forces in the market thereby making funda-
mentalists forecasting rules more profitable. We show this in Table
1 where we present the average profits of chartists and fundamen-
talists in three scenarios. We find that in the intervention scenarios
(¢=0.01 and ¢=0.1) the fundamentalists make significantly
more profits than in the free float scenario (¢ = 0). The reverse is
true for the chartists’ profits. This confirms that the intervention
rule of the central bank increases the relative profitability of funda-
mentalist forecasting rules, thereby enhancing the position of fun-
damentalists in the market and increasing their weight®. By the
same token it reduces the weight of chartists in the market. Thus
the stabilizing effect of the intervention rule comes about indirectly,
i.e. it makes fundamentalist forecasting more attractive thereby
allowing the market to discover the fundamental value of the ex-
change rate more effectively.

These results are consistent with the signalling channel of for-
eign exchange market interventions. In our model the interven-
tions signal the central bank’s commitment to avoid too large
departures from the fundamental exchange rate. This signal has
the effect of enhancing the influence of fundamental variables on
the exchange rate.

The previous results assume a rule based intervention policy.
The question that arises is how a stochastic intervention by the
central bank affects these results. Using the same model as the
one presented here, De Grauwe and Grimaldi (2006b) show that
when the central bank intervenes in a random way, the effects of
these interventions on the exchange rate are highly unpredictable.
The reason why they obtain this result can readily be seen from Eq.
(3). A random change in X has an unpredictable effect on the ex-
change rate because, as we argued earlier, it depends on market
conditions prevailing at the time of the change in X. As a result, a
given sale or purchase of foreign exchange can have very different
effects on the exchange rate depending on the volatility in the mar-
ket and the share of chartists at the time of the intervention.

3. The empirical investigation
3.1. The basic chartists-fundamentalists model

In this section, we propose an empirical estimation of the im-
pact of interventions, building on the theoretical framework devel-
oped in the previous section. The empirical counterpart of the
theoretical model involves the modelling of chartist and funda-
mentalist traders whose proportions are ultimately affected by
the occurrence of the central bank interventions. A natural way
to do this is to specify a model with switching properties between
a chartist and a fundamentalist regimes.

We focus on the dynamics of the USD against the Euro (DEM be-
fore 1999) over a long period ranging from 1985 to 2003. We work
at the bi-weekly frequency. On the one hand, the respective

9 Note that even in the intervention scenarios, chartism remains more profitable
than fundamentalism.
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behaviours of the chartists and fundamentalists are clearly identi-
fiable in the medium run. More precisely, typical chartists rule in-
volve computations of moving average ranging from 14 to 200
days (see Neely, 2002 for instance). Fundamentalists basically react
to deviations to equilibrium exchange rates which are computed at
a macroeconomic frequency. On the other hand, central bank inter-
ventions are carried out at an intradaily frequency (the central
bank typically reacts to short run exchange rate evolutions - see
Neely, 2001) and the official data are available on a daily basis.
The choice of the bi-weekly frequency for the data should therefore
be seen as a compromise. It more or less matches the frequency
that are typically used in previous estimations of this type of mod-
els (Vigfusson (1996), Manzan and Westerhoff, 2007).1°

The estimated model is a two-regime Markov switching model.
Each regime captures the behaviour of a particular type of agents
trading in the FX market. At this stage, the switching properties
of the model are not investigated further in the sense that the re-
gime transition probabilities are supposed to be constant over
time.!! We denote e, as the log of the Euro/USD exchange rate and
we define the (bi-weekly) return as r. = 100 = In(e;) — In(e;_1)].

In the first regime, the chartist regime, in line with the theoret-
ical model, agents are supposed to use only past exchange rate
developments to forecast future fluctuations of the currencies.
The general specification of the chartist regime is given by:

Ter = C(rei) + &y, 5)

where 1., is the forecasted value of r, by chartists, & is the error
term peculiar to chartists and C is the general function used by
chartists for the purpose of forecasting.

In contrast to chartists, fundamentalists consider the exchange
rate as reacting to misalignments of the current exchange rate level
with the fundamental equilibrium value:

Tre = —y(e1 — fio1) + &, (6)

where 1y, is the forecasted value of r; by fundamentalists, &, is the
error term peculiar to fundamentalists, i is the parameter used by
fundamentalists to forecast the exchange rate using the known va-
lue of the exchange rate misalignment and f;_; is the empirical
counterpart of the log of the fundamental equilibrium exchange
rate. Typically, parameter ¢ should be negative in this regime to
capture a mean reverting behaviour of the exchange rate towards
the fundamental value (depreciation required to correct overvalua-
tion).'? In the Markov-switching model, the dynamics of the ex-
change rate is driven by the value of a latent variable [, that
captures whether the prevailing regime is the chartist one (I, = c)
or the fundamentalist one (I, = f). The special insight of the first-or-
der Markov-switching model is that the dynamics of I; is driven by
first-order transition probabilities. In the basic Markov Switching
model, these transition probabilities are assumed to be constant over
time. In the case of two regimes, these transition probabilities are
defined as:

p = Prob(l; = c|l 1 = ©), 7)
q = Prob(l; = f|l.y = f). (8)

10 The choice of a trading rule based on a moving average pattern involving two
months is consistent with the literature devoted to technical trading in the FX market.
For instance, Schulmeister (2007) studies the profitability of such trading rules based
on moving averages of various lengths. He finds that most of the selected models
display a duration of profitable positions between 30 and 60 days. In contrast, trading
rules based on short-term trends (say for duration less than 15 days) turn out to be
less profitable.

"1 We will relax this assumption mater on in Section 3.4 when we will consider
time-varying transition probabilities (TVTP).

12 0Of course, given the fact that the empirical specification slightly deviates from the
theoretical model, we relax the assumption that ¥ is comprised between 0 and 1.

In this model, p captures the probability of remaining in the
chartist regime from one period to the other. It is therefore a mea-
sure of the persistence of the regime from which it is possible to
compute theoretically the expected number of periods during
which the economy will be in this regime.!® For the sake of the fu-
ture extension to the case of time-varying transition probabilities
(TVTP), it may be useful to express p and q through a logistic speci-
fication of the type:

p=1-(1+exp(m)) ', 9
q=1-(1+exp(x))". (10)

Notice that if the parameters 7y and k, expressed on the logistic
scale take both zero values, then p and g equal 0.5. In this case, the
probability of remaining in the regime is equal to the probability of
leaving the regime, suggesting that a Markov-switching approach
is rather inappropriate to capture the dynamics of the exchange
rate return. Although these specification tests may appear rather
simple, Hamilton (1996) shows that t-tests applied to the transi-
tion probabilities of the type [p — py]/6; (where p, denotes the va-
lue of p under the null and ¢; the estimate of the standard error of
p) can be trusted, both asymptotically and in finite samples.!*

3.2. Preliminary investigation

In order to estimate model (5)-(7), we first need to tackle two
points. The first one is the choice of an empirical measure of the
fundamental equilibrium exchange rate f; that plays an important
role in the definition of the fundamentalist regime. Previous work
(Vigfusson, 1996; Manzan and Westerhoff, 2007) has typically
used the PPP value as a measure of the equilibrium exchange rate.
However, while interesting, PPP levels capture only one type of
equilibrium and rely on the relevance of the law of one price. As
an alternative, we use here recent estimates of Bénassy-Quéré
et al. (2004) of these equilibrium exchange rates. The specific in-
sight of these estimates is that they provide levels consistent with
a joint equilibrium of all countries included in their sample
(broadly speaking, the OECD countries). Furthermore, the equilib-
rium value is defined as the one consistent with external and inter-
nal balance of these economies.

We first compute for a given year the value of the nominal equi-
librium exchange rate for the Eurozone in terms of USD from the
misalignment values estimated by Bénassy-Quéré et al. (2004)
using the average value of the nominal exchange rate over the year.
Since we compute misalignment values at much higher frequen-
cies, we smooth this equilibrium value by interpolation in order
to get rid of the artificial jumps due to changes of the calendar year.
We then compute misalignment levels at the bi-weekly frequency
by computing the distance of the (log of) the exchange rate from
(the log of) this smoothed value of the equilibrium.'® Fig. 2 plots
the evolution of the smoothed misalignment degree of the Euro
against the dollar over the sample period (positive values refer to
Euro undervaluation). From the figure, one can identify two distinct
periods of dollar overvaluation: the first one ranges from the begin-
ning of the sample (January 1985) to the end of 1986; the second one

13 Indeed, the respective expected numbers of periods are equal to 1/(1 — p) and 1/
(1-q)

14 Hamilton provides some Monte Carlo analysis for T = 50 and T = 100, i.e. for much
smaller samples sizes than the ones considered here (T =498). The distributions of
these t-statistics in small samples are found however to be skewed rightward.

15 As for the exchange rate quotation, we use values observed on Fridays at 21.00
GMT + 1 physical time. This choice ensures that interventions conducted by both
central banks during the two last weeks occur before the quotation of the rate,
assuming implicitly that these interventions take place on their own local markets.
This assumption is supported by the evidence provided by Dominguez (2003)
concerning the timings of the reported FX operation.
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Fig. 2. Misalignment of the Euro against the USD (in percent).

begins in mid 1998 and persists until the end of the sample (May
2003).

The second issue is the exact nature of the C function in the
chartist regime (Eq. (5)). Chartists are usually reported to use a
complex set of moving average rules leading to heterogeneous
strategies across agents. This heterogeneity makes the identifica-
tion of the aggregate chartist forecasting rule quite cumbersome.
Since chartist behaviour is not directly observable, there is a large
number of admissible specifications for Eq. (5), which need to be
evaluated. The retained specification should be therefore selected
on the basis of data adjustment. As a preliminary check, we have
estimated simple AR-GARCH models of the following type:

g
Te=To+ Y pifei—ilecr —fir)+é, (11)
i=1

i=

2 2 2
0 =W+ Q&_1 +N0_yq,

where r; is the return of the DEM/USD exchange rate, ¢? is the con-
ditional variance and ro, p;, 4, @, ¢ and 5 are parameters to be esti-
mated.'® We find reasonable evidence of a mean reverting behaviour
of r, towards the equilibrium level with 1 equal to a value close to
1.35 and a significance level slightly above 5%. We do not find any
evidence of significant autoregressive coefficients for g up to 10. This
is hardly surprising given that the model is a single regime model
capturing some mixture of the dynamics between the chartist and
the fundamentalist regimes. Nevertheless, almost all coefficients
turn out to be positive, suggesting that agents make use of extrapo-
lative moving average rules capturing the medium-run evolution of
exchange rates. Replacing the autoregressive part Y ¢ | p;r._; by the
past cumulated returns [e;_; — €;_p+1)], We find limited evidence of
a positive relationship. In particular, we find that for g = 4, this term
exhibits a positive relationship with a p-value slightly above 10%.
This might suggest that on average chartists extrapolate returns
using a 2-months window. We build on this preliminary evidence
to find a suitable specification to Eq. (5) in the chartist regime.

16 In order to save place, we do not report the estimated values for ro, p;, @, ¢ and 5
but these can be obtained upon request.

3.3. The constant transition probabilities case

Based on the preliminary evidence and after testing competing
models, the retained specification for the chartist equation is:

Ter = 01(€-1 — €5)1 -+ o(er g —ers)l

&
{Ire11<b} + e

{Ire1>b} (12)
where 1 is the indicator function taking 1 if the condition within
brackets is satisfied, 0 otherwise and b is some constant threshold.
In this specification, chartists use past exchange rate trends defined
over the last four periods (last 2 months) in a non linear way. The
extrapolation rate is different whether short run volatility (captured
by |r;_1]) is below or above some threshold. To measure this thresh-
old b —, we choose the average value of |r;_1| over the entire sam-
ple.!” This specification therefore captures the fact that chartists
will behave differently whether the level of exchange rate volatility
has been relatively high or not.

The Markov-switching regimes are estimated by the Expected
Maximum Likelihood (EML) procedure and rests on the Gaussian
assumption for the underlying density.

Table 2 reports the estimates of the basic chartist-fundamental-
ist model for two alternative specifications. Several comments are
in order. First, the model estimations clearly identify the
fundamentalist regime. The y parameter is significantly positive,
suggesting a mean-reverting behaviour of e, towards its
fundamental value f;. This finding is highly robust to alternative
specifications and to the extension of the model to time-varying
transition probabilities (see Section 3.4). Second, the model esti-
mates suggest that in the chartist regime, agents tend to extrapo-
late past trends only when the short-run volatility is relatively high
(0o > 0). The p-value of this parameter is slightly above the 5% sig-
nificance level (p-values of 5.3% and 5.7% for respectively specifica-
tion (1) and specification (2)). In contrast, when the level of short-
run volatility is historically low, chartists see the exchange rate as
following a random walk: ; is insignificantly different from zero
and is therefore excluded in the second specification (last column
in Table 1). These results suggest that the chartist regime is at best

17 Note that given the fact that exchange rate volatility is often clustered over time,
|re_1] will also proxy the contemporaneous level of volatility.
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Table 2

The chartist-fundamentalist model: Euro-USD January 1985-May 2003.
(1) (2)

o4 0.018 -
[0.039]

%3 0.987" 1.007"
[0.510] [0.529]

v 1.574" 1.592"
[0.785] [0.778]

a2 25837 2,605
[0.235] [0.246]

sz 1.658"" 1665
[0.161] [0.160]

Ty 2.6207" 2516
[1.238] [1.214]

Ko 2.687°" 2658
[0.916] [0.869]

p 0.932"" 0.925™"
[0.078] [0.084]

q 0.935"" 0.935
[0.055] [0.053]

N obs 981 981

Log Lik —1042.9 —1043.03

Standard errors of EML estimates in brackets. S.E. of p and q computed with the
delta method.
" Refers to significance at 10%.
" Refers to significance at 5%.
"** Refers to significance at 1%.

non stabilising for the exchange rate and can be even destabilizing
in relatively turbulent markets. Importantly, the results are consis-
tent with the theoretical framework in which chartists are sup-
posed to follow a positive feedback rule.

3.4. The role of interventions

3.4.1. The TVTP model

In specification (9) and (10), the transition probabilities of
remaining in a particular regime depend only on the previous state
of the economy (I;_1), i.e. the nature of the regime prevailing during
the previous period. One possibility to capture the impact of exog-
enous variables is to make these transition probabilities dependent
on these variables. In our analysis, we introduce central bank inter-
ventions that take place during the two preceding weeks. While
specific, this extension is consistent with the theoretical model ex-
posed in Section 2. Indeed, in the chartists-fundamentalists frame-
work, the dynamics of the exchange rate is intrinsically related to
the proportion of each type of agents. These proportions depend
primarily on the profitability of the respective forecasting rules.
In turn, the relative profitabilities are affected by the occurrence
of the central bank interventions in the FX markets. As a result,
as suggested by the simulation outcomes, the proportions of chart-
ists and fundamentalists are affected by the central bank purchases
and sales of foreign currency.

To implement the TVTP estimation, we follow Filardo (1994)
and use a logistic specification. In this case, denoting by I;;_; inter-
vention of type i which has taken place between t — 1 and t and
building on Egs. (9) and (10), we extend the chartist-fundamental-
ist model as:

p=Prob(l, =cll,_y = ¢,li;1) =1 — (1 + exp(mo+" , Tilie 1) ',

(13)
q="Prob(l; = flli-1 = f,lie1) =1 — (1 + exp(ko+  Kilie 1)~

(14)

The full model is made of Egs. (6)-(14).

3.4.2. CBI data

The central bank intervention data used in this paper are direct
purchases and sales of foreign currencies carried out by the Fed
and the Bundesbank (ECB after the inception of the Euro) over
the period ranging from 1 January 1985 to 31 May 2003.'® We
use daily official interventions, i.e. interventions released by the cen-
tral banks themselves. These exclude false rumours of interventions.
Given the available statistical information, there are several ways
through which one can capture the activity of central banks in the
FX markets.

First, one can measure central bank’s activity through the total
amounts sold or purchased on the markets. As an alternative, one
can capture the presence of these central banks by either dummy
variables or by the total number of intervention days over the per-
iod under investigation. Here, we disregard the amounts and use
the latter approach. Second, we use official data. However, using
the mere number of official daily intervention days might be mis-
leading in the sense that the exact number of interventions over
the two previous weeks might also be unknown. As a result, we
use two alternative measures. The first one computes the number
of official intervention days over the two previous weeks by a given
central bank. The second one uses a dummy variable capturing
whether a particular central banks was active or not in the market
during the previous period.

A final point concerns the distinction between concerted and
unilateral operations. This distinction stems from two reasons.
First, there is some evidence that coordinated operations might ex-
ert different impacts from unilateral interventions. The signalling
theory that emphasizes the information content embedded by
these operations also implies such an asymmetric effect. Neverthe-
less, this distinction has been especially relevant for studies using
high frequency data and it is less clear that such a decomposition is
needed when using bi-weekly data. From a statistical point of view,
the distinction between concerted and unilateral operations also
allows to reduce the observed degree of correlation between the
intervention variables and to reduce the problems of multicolline-
arity (see Beine et al. (2003) for some extensive evidence on
weekly data). This high degree of correlation is due to the impor-
tant proportion of concerted operations observed especially during
the first part of the sample. This is particularly important when
measuring central bank activity by the total number of interven-
tion days over the previous period. As a result, we use two alterna-
tive measures of central bank activity. As a first measure, we use
the number of intervention days of both central banks (ECB and
the Fed), whether they are coordinated or not. As a second mea-
sure, we disentangle these operations into unilateral operations
of each central bank and concerted operations.

3.5. The results

Table 3 reports the estimation results of the full chartists-fun-
damentalists model with transition probabilities depending on
the central bank interventions I;; ;. Each column reports the re-
sults obtained with a different measure for I;; ;. Column (1) re-
ports the results obtained with central bank activity measured by
the total number of intervention days of the Fed (268 intervention
days) and the Bundesbank (318 intervention days). As expected,

8 We do not consider the BoJ interventions on the YEN/USD market for two
important reasons. First, unlike the ECB or the Fed, it is very unlikely that the Bo]
interventions aim at reducing the degree of exchange rate misalignment. For instance,
over the second part of the investigation period, a lot of BoJ interventions have been
conducted in a unsterilized way to raise inflation expectations, in line with the
suggestions of Svensson (2001) among others. Second, unlike for the Fed and the BB,
most recent interventions of the BoJ were secret, i.e. unreported to the FX traders. See
Beine and Lecourt (2004) on this. This means that the signalling and the coordination
channels that are central to our analysis cannot be operative for those interventions.
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Table 3
FX interventions in the chartist-fundamentalist model: Euro-USD, January 1985-May
2003.

(1) (2) (3) (4)
o —0.009 0.003 0.009 —0.006
[0.039] [0.030] [0.032] [0.040]
o 0.800 0.890" 0.834" 0.925
[0.535] [0.438] [0.430] [0.504]
v 1759 1.996 " 1972 1592
[0.645] [0.653] [0.652] [0.635]
a2 2.699" 25557 2538 2723
[0.221] [0.166] [0.154] [0.192]
a? 1.812"° 1.709"" 1.700"" 1775
[0.103] [0.121] [0.122] [0.089]
o 43317 39217 3.966 4928
[0.767] [0.780] [0.819] [1.087]
7, [Fed, c] 0.363 —0.071 - 5.093
[0.599] [0.414] [4.934]
7ty [ECB, c] -0.924" ~0.830" -0.8917 —-3.989""
[0.439] [0.383] [0.372] [1.453]
713 [Coord, c] = —0.644 ~1.157 -3.809"
[0.551] [1.064] [1.760]
K 6.066 47237 4784 16.576
[3.212] [1.815] [1.673] [40.207]
K1 [Fed, f] —2.423 —-0.395 - -16.375
[2.005] [0.433] [40.163]
K5 [ECB, f] —0.086 ~1.051 —0.200 —15.247
[0.923] [0.990] [0.682] [40.207]
K3 [Coord, f] - —1.060 -1.807 -15.078
[0.681] [1.220] [40.211]
Nobs 981 981 981 981
Log Lik —~1041.35 —~1040.13 —1040.68 —~1040.13
p-Value LRT 0.27 0.47 0.34 0.09

given the share of coordinated interventions (161 intervention
days) this results in a high degree of correlation (0.724), which
may lead to imprecise estimates of the impact. This degree of cor-
relation is very much reduced when measuring central bank activ-
ity by the number of unilateral and concerted operations.!® The
results specific to this specification are reported in column (2) of
Table 3. Results of column (3) are obtained with the same specification,
with the unilateral Fed interventions excluded to increase efficiency.
Finally, results of column (4) are obtained with central bank activity
captured by dummies rather than by the number of intervention
days over the previous two-week period.°

On the whole, we find that the occurrence of interventions has
induced some increase in the proportion of fundamentalists, espe-
cially when these operations took place when the chartist regime
prevailed. Indeed we find that the transition probability of remain-
ing in the chartist regime significantly decreases as a result of the
occurrence of the FX interventions. This is the case for the Bundes-
bank interventions (7, < 0). We observe the same effect for coor-
dinated interventions when central bank activity is captured
through a single dummy variable (see 73 < 0 in column 4). This
may suggest that traders pay attention to the fact that the central
banks were active during the past two weeks rather than to the
pure number of occurrences of this type of operation.?! Impor-
tantly, we do not find any evidence of some effect of interventions

19 The correlation between concerted operations and unilateral Fed interventions
(resp. BB interventions) amounts to 0.286 (resp. 0.391). The correlation between
unilateral operations of the Fed and those of the Bundesbank is equal to 0.131.

20 Using this measure, we observe 54, 45 and 62 occurrences for respectively the
concerted, the Fed and the Bundesbank interventions.

21 Once more, it should be stressed that traders are not necessarily able to observe
the total number of operations in the short run. This is especially the case during the
first part of the sample in which the quality of news wire services was relatively
lower.

driving the exchange rate towards a value consistent with the chart-
ist dynamics.??

We find evidence in favor of efficiency for the unilateral opera-
tions of the Bundesbank and to a lesser extent the concerted inter-
ventions. In contrast, the unilateral operations of the Fed display
weak effects in terms of the dynamics of chartists and fundamen-
talists. In the theoretical model, the adoption of an intervention
rule that aims at reducing the degree of misalignment results in
higher efficiency compared to interventions conducted in a ran-
dom way. Almekinders and Eijffinger (1996) find that the Bundes-
bank intervened in reaction to deviations of the exchange rate from
the CB target. To the extent that this target is similar to the equi-
librium exchange rate, this suggests that the Bundesbank did not
behave very differently compared with the representative central
bank in the theoretical model. As for the recent period, the three
unilateral interventions of the ECB in November 2000 took place
when the Euro was obviously undervalued with respect to the dol-
lar. While Almekinders and Eijffinger (1996) also found that the
Fed adopted a leaning-against-the-wind policy before 1990, they
also document a stronger reaction of the US authorities to ex-
change rate volatility. This suggests that the Fed is less keen to
adopt a specific intervention rule aiming at reducing the degree
of misalignment. This behaviour was confirmed in the nineties
during which the official motivation to intervene was more to react
to market disorders.?®

To sum up, we find that if there is some effect of these opera-
tions at a 2-weeks horizon, the purchases or sales carried out by
the central bank tend to push the exchange rate in a direction con-
sistent with the fundamentals. This can be interpreted to mean
that interventions were on average effective in the medium run.
This contrasts with the usual claim that interventions are not effec-
tive (and even counterproductive) since they hardly manage to
move the exchange rate in the intended direction.

4. Conclusion

This paper aims at revisiting the issue of effectiveness of central
bank interventions in the FX market. As an alternative to what has
been used in the literature, we define an effective operation as the
one driving the exchange rate closer to its fundamental value. To
this aim, we analyse the effects of a central bank intervention rule
within a theoretical framework capturing the interaction of the
behaviour of chartist and fundamentalist traders in the FX market.
The intervention is found to affect the relative profitability of the
strategies developed by both type of agents, leading to an increase
in the proportion of fundamentalist traders and hence a market ex-
change rate closer to the fundamental level.

We empirically assess the effectiveness of the interventions and
focus on the effects of the operations carried out by the ECB (Bun-
desbank before the inception of the Euro) and the Federal Reserve
in the Euro/USD market. We test to what extent the occurrence of
the central bank interventions tended to affect the transition prob-
abilities relative to the chartist and the fundamentalist regime. We
find some evidence that in the medium run, the occurrence of
some unilateral and to a lesser extent coordinated interventions
led to a decrease in the proportion of chartists. To the extent that
the chartist traders are found to extrapolate past exchange rate

22 For the central bank interventions taking place when the fundamentalist regime
prevails, while negative, the impact is never significant due to the very high value of
uncertainty obtained in the parameter estimation. This is for instance striking in
column 4 of Table 2 (see k1, k» and i3 parameters). Such a blowing up of the standard
deviation might reflect that very few interventions occur when such a regime
prevails, leading to very poor estimations of these parameters.

23 Interestingly, the quarterly report on the Treasury and Federal Reserve foreign
exchange operations issued after the last intervention in 2000 states that the reason
to intervene in support of the Euro was the prevailing excess exchange rate volatility.
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movements to forecast future values, we find that the interven-
tions have the effect of bringing the exchange rate more in line
with a value consistent with the fundamentals in the economy.

We take the view that our criterion of effectiveness of interven-
tions is consistent with the general objectives pursued by central
banks. It abstracts from simple criteria used before like the con-
temporaneous impact that can be inconsistent with the medium
run goals followed by monetary authorities. Interestingly, while
the bulk of previous studies often concluded against the effective-
ness of the central bank interventions in the short run, our findings
tend to give more support in favour of a reasonable degree of effec-
tiveness in the medium run.
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