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1. Introduction

The demise of the Bretton Woosdgstem haproduced a wle variety of research ihe field

of exchange ratmanagement. One die important questiorecademics have tried to answer
in this respect is whether arot the central bank vl be able topursue anindependent
exchange rate targathen atthe same time it also usdise instruments of monetapplicy to
keep inflation under control. Formany large industrial countries it is a reasonable
approximation to assuntbat,should a conflict between theseo objectivesarise, the central
bank will always givepriority to the latter. Consequently, the cenbrahk wil need to have at
least oneadditionaleffectiveinstrument at its disposal if it is to be capable of pursuing some
exchange rate objective. Since the short-term domestic interest rate cannot be used to influence
the external value othe currency authoritigsave frequently usesterilizedforeign exchange
interventions for the latter purpose.

As documented byAlmekinders andEijffinger (1991) and Edison (1993) thesterilized
interventionsmay derive their effectiveness frotwo sources. First odll, provided otherwise
identical domestic and foreign asset® imperfect substituteshe exchangerate may be
affected viathe portfolio balance channellt is notlikely, however, that central banks can
induce a significant imbalance investors' portfoliosincethe amount obfficial reserves is
dwarfed by thedaily turnover in theforeign exchange markéts . Hence, if the central bank is to
have any hope of pursuing an independent exchatgearget it Wl have to relyexclusively

on thesignalling or expectations channelhe ideabehind this is that sterilized interventions
can have a direct impact on exchanage expectations they transmit hithertprivately held
information to the market.

One approach to study the attempts onghag of thecentral bank to exploithe possible
effectiveness of this channel is to model intervention policy as a gatween speculators, on

the one hand, and the central bank, on the other. In this respect, Almekinders (1994, 1995) has
developed a static exchangae policy game of symmetric information in whi¢he central

bank's attempts to exploit thgsalling channel W always be futile The basicreason fothis

is that the central bank has no private information becauséhich interventions W not

provide the market with information it didot have beforehand. A certadegree ofpolicy

! It should bementioned that the evidence on this presumed ineffectiveness is not clear cut. Dominguez and
Frankel (1993b)have provided new evidence on the statistical significance of the portfolio baffece
Nevertheless, because tipiaperfocusses on the signalling channel we will assume the portfolio balance channel
to be completely ineffective.
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secrecythus seems to be crucial in rendering effectiveness to sterilized intervenfioiss.
observation is central to theodel constructed by Bhattacharya ahdeller (1992) who
interpret this policy secrecy gwivate informationabout the centrabank’s (short-term)
exchange rate target. their static model speculators dot extractinformation from the
intervention volume as sucRather, they vl use the currenspot ratewhich is underfull
control of the central bank, to revise their prior information about the target.

The aim of thigpaper is obtain a bettenderstanding of observed intervention behaviour by
extending the theoreticaisights outlinecabove. First o&ll, we feel that policy secrecy in the
context of foreign exchange interventions actually consist&z@icomponents. In addition to
the afore-mentioned asymmetric information conceriiggcentrabank’sshort-runexchange

rate target, we wilalso assume thahe market is faced with a certain degreeawibiguity
about the actuahtervention volume. It is a well-known fact that, apart from the exchange rate
target, central banks also prefer to keep their interventana secrét . On the othkand,
central banks' foreign exchange dealings rarely ugpmoticed. Therefore, the market's
perceptionof the interventiorvolume (anchot theactual volume as such)iliyplay an explicit

role in our model.

Secondly, to fullycapture theeffects of theséwo components opolicy secrecy wewill
present alynamicintervention model by assuming that the stage game under consideration will
be repeated anfinite number oftimes. Since foreign exchange interventitaleeplace rather
frequently we feel thatepeated interaction imdispensable in this respect. Everore so
becausehis setting Wl be shown toimply alearning proces®n the part of thespeculators
which will, in turn, inducethe centrabank totake future consequences of curret¢rvention
policy into account asvell. Analogous to monetary policy games, this learmpngcesswill
mitigate the familiar time-inconsistency problem. Incidentally, in doing so we tdke up the
challenge oBhattacharya an@veller (1992, p.26) who conclude their paper as followsA ..
third line of work would be tonake the model dynamic. In our view, that would be the most
fruitful extension, and need we mention it, the most difficult...’

2 Nowadays, the Federal Resesystem makes the intervention datzilable to researchers on requeih
a delay of one year. However,the Bank of Japan still preserves full confidentiality regarding its intervention data.

® The combination of private information aadhbiguity in monetary policy makingvas first introduced by
Cukierman and Meltzer (1986).
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Next, we wil also show that there is nmconsistency betweethe effectiveness of
thesignallingchannel andhe existence of ambiguitabout theintervention volumé . On the
contrary, wefind thatinterventions will, on average, havéaager impact on the exchange rate

if the central bank transmits a noisreport of theactual intervention volume tthe market.

This result is closelgonnected to thexchangeate modelused, aasicfeature ofwhich is

that the link between exchangates andunderlying fundamentals is veweak in the short
run. The idea is that ithe presence of a large degree of uncertainty concerning future
fundamentals, it is rational for speculators to anchor their expectatiggastexchangeate
movements, on the one hand, and to the (oftepjeciselystatedand revealed preferences of
the central bank, on the @h In this respect it does not matterthether these (short-term)
preferences are in line with the underlying fundamentals or not. After all, the fact that exchange
rates tend to be fully determined by the fundamemetise long runs not particularly relevant

for the majority oftraderssince theyare mainly concerned withshort-termprofits. In our
model sterilized interventionsillvbe shown to contain an ambiguous signaltioé central
bank's short-term exchangate target. In other words, by tiery act of intervening the
central bank wll transmit some of its hithertprivately held information concerning its own
preferences to the marke®his will provide the market with a relevant anchor on which it can
partly base short-term exchange rate expectations.

It turnsout that ouranswer to the questionhy central banks frequentlgonductsterilized
interventions is a simplene. In the short rusterilized interventiongnay bepartly successful

in achieving the desired exchangge target but theentral bank can never be sure of this ex
ante. On the othdrand,on averagd(i.e. in the long runjterilized interventions Whbe shown

to have no effect othe exchangeate.This result shoulehot bevery surprising in view of the
fact that exchangeates tend to béetermined by the underlying fundamentatsaverageThe
latter will, of course, remain unaffected if the intervention is completely sterilized.

Finally, we also uncover some of thalitical and institutional factorswhich determine the
size of the interventiobias. Thisconcept wadirst introduced by Almekinders(1994) and
refers to that part of the totedtervention volume which has no impact e exchangeate
and whichshould, therefore, be avoided. However, analogous tavéitieknown inflationary
bias, any precommitment lifie centrabank to eliminateéhe interventiorbias will be time-
inconsistent.

4 While Bhattacharya and Well€L992) provide an explanatiofor private information about the exchange
rate target, they do not explicitigjeal with the frequently addressed presumed inconsistency between secrecy
about the interventiomolumeas such and the effectiveness of the signalling channel.
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The remainder of thipaper is organized as follows. Section B wutline themodel and
present the sequence of events inftmen of astage game. Section 3lnuncover the central
bank'sreaction function and W pay explicitattention to theeffect ofcurrent interventions on
future expectations, on the one hand, and the cdpdrat's trade-off between present and
future costs of undesired excharrgée levels, onthe other. In Section 4 weillvassess the
effect of asymmetric information ahe equilibriumintervention volume in general, and on the
intervention bias irparticular. Furthermore, weillvprovide an investigation dhe political

and institutional factorg/hich determinghe size of this bias. The shocthich determine the
effectiveness of a given intervention operation will be examined in Section 5 where we will also
provide a rationale for ambiguity. Finally, Section 6 will summarize our main conclusions.

2. The exchange rate policy game

In this section we W extend the statiexchangeate policy gamedeveloped byAlmekinders
(1994,1995) irthree ways. First adll, we will introduceasymmetric informatiofry assuming
that the central bankloes notreveal itsshort-term exchangeate target to the market.
Moreover, we willalso introduceambiguity by postulating that the curreakchangeate is
influenced by the reportethtervention volume as perceived bpeculators in stead of the
actual intervention volumeet by the centrddank.Finally, we will extend the staggame thus
obtained in alynamic settingvhich will allow reputational forces to play a role.

The loss function of the centraink (L°®) which expressabe trade-off betweenndesired
exchange rate levels and intervention costs reads as follows:
L CB -

t %(kﬂwf,)%g(st-r,)z (1)

The central bank W incur a loss whenevehe (log of the)spot rate (s differs from the
currentexchangeate target (I )The parameten denotes the centrabnk's relative weight
on exchange ratstabilization. Undesired exchangete levelscan be mitigated by means of
sterilized interventions (INV?) which induce a cost of k per unit of foreign exchange traded.

® A positive (negative) value of INV denotes a purchase (sale) of foreign exchange by the central bank.
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This costcan be explained byansaction costand the fact that the central bamiay incur a
loss on its purchases (sales) of foreign exchange if theseout to beunsuccessful in
preventing the domestic currency from appreciating (depreciating).

The central bank's short-term exchange rate target (T ) will be determined as follows:

T,- A +p, with P,= PPy +Vv, » 0<p<li (2)
2
and v, ~ N(0,0))

The parameter represents the expected long fundamental exchangate which is based

on a rational expectation over the distribution of the futumeamentals. In thipaper wewill

assume that thenderlying fundamentals dwot change ovetime which allows us téreatthis
parameter as given and known to all participants in the foreign exchange®market . Furthermore,
in each period the short-terarget Wil be subjected to a stochastic shock (p). To capture the
notion that speculatorsiiwisually have some intuitiombout the position of the short-term
target (i.ewhether the centrddank pursues a target below or above the fundamental!value

we assume that, p follows an AR({ijocess where the parameBemeasures the degree of
target persistenceHowever, because thenconditional expectation of p is equalZero it

follows that the central bank canrsytstematicallglefy the underlying fundamentals.

Since foreign exchange interventidiake place relatively frequently, it is vital to have a clear
understanding ofhe process thatrivesthe spot rate in the short ruhaking domestic and
foreign interest rates agven, this boilsdown to understanding theay in whichshort-term
exchangerate expectations afermed . In thisrespect there are, at leasyo important
differences betweethe present free float and tlBretton-Woods era. First dll, both the
degree of capital mobilittand (as a consequence) the amounspsculative capital have
increased dramatically. Consequentlye spot ratéhas become increasingly determined by
speculators with eelativelyshort horizorwhich results fromthe fact thatheyare assessed on

® This assumption can be justified on the grounds that fundamentals pertain to low frequeyegrlj.eor
quarterly) data from the perspective of thisdel in which the timepan isvery short (inter-and intradaily). At
any rate, this assumption is not crucial because a change in the fundamentals simply implies a shift of the distribution
of the future fundamentals. The important asp&cbur purposes ishat the mean of the distributiondgsmmonly
known at all times.

" For simplicity wewill assume that otherwise completely identical domestic and foreign assets are perfect
substitutes. Thignplies the absence of risk premia in the foreign exchange market as a result of which unconvered
interest parity will hold at all times.
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their short-term performance. Secondly, in dsence of an explicit commitment thre part

of monetary authorities to a particular exchargfe, agents W have tolook for someother
device to anchor their expectationsosfexchangeate models assume these expectations to
be fully determined by expected future fundamentals (i.e. the pardmeteur model).

However, based on th@oor empirical performance dhese models ithe short run (see e.g.
Meese and Rogoff (1983)), some auth@.g. Goodhart (1988nd DeGrauwe (1994)jave
guestioned thability of these theories to describe short-term exchange rate behavior. In stead,
they argue that expectationsich drivethe spot rate aréetermined by thaterplay between
fundamentalist and non-fundamentalatalysis. The basic reason for this is that future
fundamentalsare very hard topredict in an incrasingly interdependent worlathich lacks
international policycoordination. Therefore, the ratioretchangeate expectatiotrased on
the fundamentald () will not provide much informatiombout thélikely future course of the
spot rate since the concomitasatriance ofthe forecast error Wbe very large. As a result,
speculators willstart looking for other non-fundamental criteria on which to base their
expectations. Of course, the phshavior of exchangetes therbecomes an obvious anchor
to resort to in this rg@ct. This explainghe widespread popularity and use te€hnical
analysis in theforeign exchange markets (see e.g. Taylor Alkeh (1992)). Inaddition,
speculators' expectatiomave becomdighly sensitive tothe (often)impreciselystated and
revealed preferences tfe central bank. It isvell-known thatannouncementsr 'cheap talk’
by central bankersnay have a substantial effect cime spot rate(see Stein (1989)).
Complementary tdhis, we should expe@ny actionsof the central bankewhich implicitly
convey information about (short-term) preferences to affect the spot rate as well.

According to De Grauwé¢1994), theinfluence of fundamentalistsiivbe particularly weak
when the spot rate relatively close to its»pectediundamental value (sindbe current spot
rate is then agood aguess of the unknown actdahdamental value thame fundamentally
expectedvalue itself). Consequentlythe link between thespot rateand theunderlying
fundamentals wilusually be veryweak in the short rdnThis theory is consistent with the
notion that thebulk of foreign exchange trading tise result of short-term speculation. The
mere fact that altraders know that the spot ratellvibe fully determined by underlying

8 In this respect De Grauwg994) notes:'...in 1994 when the Federal Reserve started to raise domestic
interest rates andhe Bundesbank initiated a policy lofver domestic rates, most analysts predicted that the
dollar would increase in value. Exactly the opposite happened....it turns out that conditional forecasts are as
difficult to make as unconditional ones.Hence, there must have been some other factors at work which caused
the expected future value of the dollar in terms of Deutschmarlediine even though the interest differential
exertedupward pressure orthe value of the dollar. This example supports the contention that (seemingly) non-
fundamental expectations tend to dominate fundamental forces in the short run.
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fundamentals in the long run is simpfgelevant for most ofthen? . Afterall, giventhe afore-
mentioned uncertaintgbout the indamentals and givehe fact thatall other traderdase
their expectations on non-fundamental anchaumsy trader who purely acts on these
fundamentalist views will soon be out of business.

The exchange rate theories outlined here can be summarized by the following expression:

R .
s, A« SUNV, -INV )+ e,  with e, = le,+n, 5 0<(<I1
2
H, ~ NO,0))

(3)

As noted before, thparametet denotes thenean ofthe publicly known distribution of the
future fundamentaldNext, it isassumed thahe wide-spread use td@chnical analysigand the
trading strategiewhichresult fromthat) produce aexchangeate shockd,) in every period.
To model the fact that (partly as a resulttechnical analysisghort-term exchangeate
expectations oftemntail bandwagon-effe¢ts we assume that this exchangehockollows
and AR(1) process where the parametatenotes the degree ekchange rate persistence
Put differently,equation (3)describeghe spot rate aBeing constantly subjected tational
speculative bubbleshich cause it to deviate from its fundamental solutidh Nevertheless,
on averagehe spot rate iV be fully determined by thenderlying fundamentals as indicated
by the mean-reverting behaviour of the exchange rate ¥hock .

Finally, the second term on the RHS of equation d&3cribesthe sgnalling channel of
sterilized interventions. It is a fact of observation that central bgpleally donot reveal the
exact magnitude of their intervention operations. t@e otherhand, as documented by
Dominguez and Frank¢ll993a), the central bank's presence inftineign exchange market

°® Any foreign exchange trading that resitsm, for instance, long-term foreign direct investment decisions
will be much more influenced by fundamental analysis. However, the magnitude of these long-term investments
is dwarfed by the vast amount of short-term capital movements at any given moment.

® These bandwagon expectations are based on backward-looking behaviour by chartists and should not be
confused with the well-known overshooting phenomesee e.g. Dornbusdi976)).The latter is accompanied by
regressiveexpectations and is based fumdamental (i.e. forward-looking) analysis. Consequently, in our model
these regressive expectations are incorporated in the 'fundamental patameter'

1 In this respect Blanchaahd Fishe(1989, p. 223have noted:...Thus one would generally expect bubbles
when fundamentals are difficult to ascertain, such as in the gold, art, or foreign exchange markets...'

2 In this paper wewill not be concerned with the exact specification of the mathematical technicalities of
rational bubbles (see Blanchaadd Fishe(1989)). Instead, we argue that the exchange rate behaviour which
results from such bubbles can be described by equ&j@mnd that the economic intuition aswby these bubbles
arise is captured by the kind of exchange rate theories outlined in this section.
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rarely goes unnoticed. Frothis it can be inferred that it reot theactual interventiovolume
(INV) itself but the market'perceptionof this volume which is relevarior the signalling
channel. This can be modelled by assumingrterket observes port™® on theintervention
operation after the actual interventiblas taken placeThis reportedintervention volume
(INV 9 consists of the actual interventimolume (INV) augmented by a whitaoiseerror
term Q,). This implies that the market will not makgstemati¢orecast errors, even though its
perception of the actual intervention volume will be distorted in every single period:

R . 2
INV, - INV,+ n, with n, ~ N(0,0%) (4)

The exact working of the gmalling channel camow be understood as foWs. It iswell-
known that speculators in thiereign exchange markegse heavily engaged in centrddank
watching. Presumably, this is because central batiksv a tendency to retain private
information about their preferences, on the one hand, and because knowledge of these
preferences providespeculators with auseful benchmarkor short-term exchangeate
expectations, othe othet* .Consequently, every timde central bank 'releases' some of its
private information, speculatorsilwadjust their perception of these preferences \aitid
change their exchangete expectationgccordingly. In this rgeect, theeffect of mere
statements by central bankers on fiieign exchange marketsnstorious.Incidentally, this
also provides amnformal argument for central bank secrecy becausiadf centralbank's
preferenceswere common knowledge it would lose patentially powerful instrument to
influence the markets. In other words)certaintyabout the centradbank's preferencewill
give speculators permanent incentive to closelyatch the words and actions of tbentral
bank.

In this paper we wilshow that intervention operations are (partly) motivated by the central
bank's current short-terexchangeate targetHence, upon observirte difference between

the reportedntervention volumgINV ) and the ex ante expectation this volume(INV 9,

the market receives new (albeit noisy) information about the state of the short-term farget (p).

13 This reported intervention volume can be understood as the intervention data reported by theiesscial
and 'rumours' that an intervention has taken place in dealing rooms across the world.

4 Hence, in a sense one player, the central bank, wants to retain its private information (so as to be able to
use this information strategically) while the other player, the market, contaelyto narrow the 'information
gap' between itself and the central bank.
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The concomitant readjustment of short-term exchaatgeexpectationsilvproduce ahange
in the spot rateThe parameter in equation (3) then simply represents the extent to which the
market reacts this new information.

Finally, thesequence of evernitsthe (infinitely repeated) stage game runs as follows:

Stage 1: nature draws thealization ofthe exchangerate shock d,) which is subsequently
observed by all players.

Stage 2: speculators in thiereign exchange market form expectati@mut thevolume of
interventions (INV® ).

Stage 3: nature draws the current state of the shortégomangerate target (p which is
revealed to the central banker but not to speculators.

Stage 4: the central bank sets the actual volume of interventions (INV') which is kept secret.

Stage 5: nature draws the realization of the control error in the reported volume of intervention
(0, and, thereby, theeportedintervention volume(INV ) itself. The latter is
subsequently revealed to speculators.

Stage 6: the spot exchange rate (s¢adized.

3. The dynamically consistent solution

To simplify the calculations it i be assumed that speculators have a perfect observation on
the state of theentral bank’g¢argetrealizedtwo periods earlier (g 'J . Thimeans that the
current intervention volum@NV}) will only influencethe expectedolume inthe next period
(INV,,,9 ' In reality the learning processinvolved will probably extend to more than one
period and Wl fadeout gradually (inthe sense thpublic will place a higher weight on more
recent periods relative to less recent periods). Neverthellkss,main implications of
asymmetric information and the essence of the learning process can also be demonstrated by

15 Cukierman and Meltz€d986)present a reputationalodel for a monetary policy game in whitte public is
never informed about thprecise nature of the innovation to the policymaker’'s objectives. Howesrhave
incorporated dinear term for the deviation of output from society’s bliss point because of which current inflationary
expectations do not influence the current inflation rate. Unfortunately, it is impossible to incorporate the linear
deviation of the change in the exchange fiaim its target in this case. In contrast to outfartwhich it arguably
holds that 'more is always better', both positive and negative deviations of the exchange rate from its target will cause
a loss. For this reason this deviation appears as a quadratic term in equation (6)

!¢ Hence,the following condition will holddNV ,;YMNV,= 0 for i $ 2.
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means of a short-lived information advantage. &tpilibriumconcept’ we Vil use is of the
Nash-variety. Analogous to Cukierman (1992) it can be formulated as follows:

* In every periodthe centralbank selectghe interventionvolume so as taminimize its
intertemporalloss function giverthe exchangeate constraint (3and its perception of the
market’'s expectations formation process. The intertemporal loss function reads as follows:

L% B[ Lo BL: "] (5)

* Given their perception of thpolicy rule followed bythe central bank and theformation
currently availablespeculators form their expectatiosisout thentervention volume so as
to minimize the conditional mean forecast error (E[ (INV - [N&/ ) | I ]) in each period.

* The policy rule as perceived by speculators is identical to the policy rule that comes about in
equilibriumand, converselythe perceptions of the centi@nk concerning the expectations
formation process is identical to the actual process used by speculators in equilibrium.

From this it is clear thathe actualvolume of interventiongINV) and the expectations
concerning this volum@nNV®) will be determined simultaneously. Substituting equations (1)
to (4) into equation (5), it can be seen that [NV be affected byg, , p , INV?® and, because
of the link between periods, also op Efp ], E[INY -IRV ] andgdg]*® Sincetheloss
function ofthe centrabank isquadraticin both terms we iV postulate thdollowing linear
central bank intervention reaction functionwhich D ,i=1,..,6 are thecoefficients to be
determined :

R
INV,-De,+ Dyp,+ DNV, + DE(p,,) + DEINV,1-INV,) + DE (e, (6)

7 The solution concept used is thatdyfnamic consistencyhich is weaker than the concept of subgame
perfection (see Cukiermgt992),Chapter 11)Dynamic consistenckequires that the player's actions be optimal at
each point intime along the equilibrium patbnly while subgame perfectiofor its equivalent in games of
incomplete information) puts requirements on beliefs and actions off the equilibrium path as well.

18 Throughout thigpaper wewill use the following convention: expectations conditioned on the ceyarad’s
information set in time t will be denoted ag.H while expectations conditioned on th@ormation set of the
speculators in time t will be denoted as E[...|I].

¥ The calculations in thipaperfollow the method of undetermined coefficierats, for example, used by
Cukierman (1992), Chapter 15.
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Establishing the link between current interventions and future expectations

It is important to note that theonnection between expected shocks in petrtddand the
current intervention voluméINV) arisesexclusively onaccount of the fact that current
interventions W affect future intervention expectations.Appendix A it is shown that a unit
increase in the intervention volume will increase next period's expectations by:

e
ANV o6

- - ™

3NV, 1-D,

In period t+1 speculatorsilvhave to make a conjectuadout the state of theentral bank’s
target (R, ) to form a rational expectatiahout theintervention volume in thagteriod. They
know that p, will beaffected by thennovation realized in period &{) because of the afore-
mentioned persistence property. What's more, speculatotsally have a idtorted
observation of this innovation becaubke reportedevel of intervention in period t (INY ) is
contained in their informatioset in period t+1 (J, JAppendix A shows that they carsethis
to calculate the followingntervention residua{INVR®, - g(t)):

v - gt - Dy pD v, + m, (8)

The term g(t)which appears on the LHS am¢hich is defined in Appendix A, consisgslely

of shockswhich are contained,), . Speculators cannot decompose the interveesional
into its constituent shockshich appear on the RHS. Consequentiygy wil use thisresidual

in conjunction with their knowledge of theconomy to make an optimal forecast qr
Obviously, the link betweerdifferent periods Vit be stronger, the better the accuracy of the
forecast. Thaeason is that an increase in INMllwause a ceteris paribus increase in the
intervention residual which ithe presence of a more accurate forecdktf@edthrough into
expectations to a greater extent.

The accuracy othe forecast, in turncrucially depends oriwo parameters. First ddll, an
increase irthe persistence in the centbank’starget O) means thathe there is amcrease in
the degree to which innovations the current target W feed through into next period’s
target. Naturally, this will imply a stronger link between periods forgamgnvalue of2.
Secondly, wecan investigateghe effect of 2, hereafter to be referred to as thegeed of
learning parameter, which is defined as follows:
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2
. (D,pD )0,

N 2 2
(D2+ pD4)20v + OT]

(9)

From thisequation it is clear that the speedesdrning is actually a measuretbke degree of
informativeness othe intervention residual. Aincrease in this parametenplies that darger

proportion of theaverageintervention residua{the denominator in equation (12)an be
attributed to innovations ithe target rathethan to misperceptioarrors. Neelgss to sayhat

this will serve to strengthen the link described by equation (10).

The derivation of the respective reaction functions

The coefficients in equatiof) can be determined by writingut the centralbank’s
intertemporal objective functiofb) for periods tand t+1, taking expectations conditional on

the central bank’s informatioset in period t.Computing the first-order condition of the
resulting equation, using the expression obtained in equation (7) and rearranging, we obtain the
following expressions for the coefficients in equation (6):

(03]
Dy-- =
(K~ + 989
(%)
D,- — —~=--D
(k +2<p<‘3)
(%)
Dy 2 2
(k“+ 989 (10)
D, Pedpb
k2
2
Dy - Bed7p0 _ 8D,
k2
D, Bedpd D,
k2

The model thus yields explicolutions for D , D and D . Through the dependence of
the coefficient ) it alsyields an implicitsolution for D, and, thereby, also for,D and D .
Using equation (9) this implicit solution can be written as follows:

Bodplod/(k% 08 + pD )0,

D, - - = F(D,) 11
D ReskBesd) - pD %0y + 1) ! (11)

In Appendix B it is shown that there aws exists at leasine solution for [ fomwhich it
holds that:
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1 _ o8
P (k%d?)

<D,<0 (12)

Using equationg6) and(10) and observing that, () = .9 ;and E (g, ) =Dp, , we can now
derive the following expression for the central bank’s reaction furition :

(p(s e e
INV, - - FEREN [e p8INV ] - D, [{e ppsSE(INV, -INV, ] (13)
P

The economic interpretation of this equation is straightforward. The first term between
brackets represents the current gap betweersybé rateand the short-terntarget (s-T)
under the condition that the central bank abstains from interventions. The absolute value of this
term can be seen as an indicator of the cumarginal loss induced by undesired exchange
rate levels. Provided the current gaptrecy positive this marginal loss can be mitigated by
selling foreign exchang€INV, < 0). However, as &ide-effect this il also reduce future
intervention expectations as can be seen from equétiOn The second terrbetween
brackets is equal to the expected future gap betweespttegateand thetarget (E[s; -T.1 1)-
Analogously, the absolutelue of this term serves as a meadareexpected futurenarginal

loss due to undesired exchamgee levels. Onthe assumption that théis second term is
strictly positive as well, the central bank has a ceteris paribus incenbug fareign exchange
(INV, > 0). After all, the concomitanincreasein next period’s expected interventignlume

will give the centrabank morescope to the itigate undesired exchangatelevels inthe next
period by means afiegativesurprise interventions. It can thus be concluded that the central
bank is basicallyaced with arintertemporaltrade-off Lowering the presemharginal loss of
undesired exchangatelevels will raisethe expected futurmarginal los$ through theeffect

of the present intervention volume on future expectations.

Having obtained the central banker’s intervention reacfiorction we now derive the
speculators’ reaction function. In Appendix C it is shown that the latter is given by:

8+(D (k% 98?)
NV, - - [(P ke le, -
t k2 t
14
08:pD (k208> t08?) (14)
* [ > ] [p Pio + pe(vt_l * 5 5 T]t—l)]
k (p6+pD4(k +(p6 )

2 Since E0..,) = 0, the expression E (INW® - INV® ) has been replaced by E(JNV - IRV ).

21 Note that present arfdture expected marginal losses are closely linked because of the persistence in exchange
rate movements | and the persistence in the central bank’s tajet (
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The firstpart of the RHS of this equation represents the market's ceteris paribus reaction to the
current exchangeate shock d,). It will be shown later that the concomitactefficient is
identical to the one that appears in the expredsiotie equilibrium intervention volume. This

is a direct result of the fact that theslization of this shock is perfectly known ttne market.

The second term on the RH&sicallyconcerns the market’'s expectation of the cetizak’s
reaction to thecurrent state oits target (p).First of all,due to the persistence propeiitys
expectation will bebased on 3 which iscorporated in the curremformationset of the
speculatorsSecondly, as discussed earlier, last period’s intervention residual (bdsally
consists ofthe realizations of,; and0,,) will also affectthe current expecteitervention
volumebecause of the fact that this residual contains information about last period's innovation
to the state of the central bank's target.

4. The impact of asymmetric information on the equilibrium intervention
volume and the intervention bias

Next, we can calculate threguilibrium volume ofintervention by inserting equatiqi4) into
(13) and using the expression obtained for E (INV -|NV ) in Appendix D:

@8+(D (k%82 [(p6+pD4(k2+(p(52) )

INV, - - [ o le, + o 1p%p,, +

(15)
8 82 8 82
e [—2° oD, J[1:8 2 Jpv,, + [—2=—pD J[1-8pD (1-8)]v, + L=—pbn,
(k%982 k2 (k%982 k?

To interpret this equation itilivbe instructive to compare it with thequilibrium intervention
volume which vill result in the presence siymmetricinformation. In that case the current
stance of the centrabnk’sshort-term target (p) Wbe contained in the marketisformation
set. Consequently, thgame vill be completelytransparent for botplayers sincespeculators
will be able to solveghe centrabank’s problenwithout error.This will cause the concept of
the reportedintervention volume to lose its meaning:

i, v e ol-0 (16)
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Furthermoresincespeculators no longer need pasérvention volumes to preditite current

state of the target, thgame vill simplify into a string of unrelated one-periguioblems? . The
central bank's reaction function can then be obtained by plugging (2) and (3) into the atemporal
objective function (1). Takinghe first order condition of theresulting expression and
rearranging yields the following:

(p(s e
NV, - - (k2+(p62)[et -p, - 8NV, ] (17)

Since there is nonformation asymmetrythe market ul always be able to predict the
intervention volume without error:

v, - v, (18)

Substituting (21) into (20and usingthe fact that p =D’p,, + D<,, + <, , we obtain the
following expressionfor the (Nash)equilibrium intervention volumeunder symmetric
information:

03 3. >
NV, - - Fet * F[p Pryt PV v (19)

When comparinghe expressions obtained for tlequilibrium intervention volume under
asymmetric and symmetric informati¢aquations (15pand (19) respectively) we can derive
the following proposition:

Proposition 1: The absolute value of the change in the equilibrium intervention volume as
a result of a ceteris paribus mutation in eitperp., ,<., or <, will be
strictly lessif the central bank retairgivate informatiorabout the short-
term exchangeate targetcompared to the situation where the central
bank chooses to reveal the target perfectly.

A proof ofthis proposition for each reaction coefficient is given in Appendix E. The intuition is
that in the absence of private informatibie centrabank wil no longer react to the expected
future gap between thepot rateand the short-terrtarget (E(s; -T., )) asan be seen from
equation (20). The reason fdris is simply thatthe central bank cannobhanipulate future
intervention expectations. Because of this andomtrast to the case where the cenbeaik

2 Therefore, the following will holdUNV ,;yMNV,=0 cei $ 0.
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has private information, these expectation mot exert adeterring effect orthe current
degree of activism. Hence, it can be concluded that central banks retain private information
becausehis provides an instrument to mitigdtes time-inconsistency problem in intervention
policy. Aspointedout by Almekinders 1994, 1995), in aymmetricworld it would be optimal

if the centrabankwereable to make a commitmenbt tointervene at allHowever,since the
central bank always fac#iseincentive to renege on this commitmentp®st, itends up in the

Nash equilibriumdescribed by equatio(l9) where the centrddank buys or sells foreign
exchangewithout any effect onthe spot rateNot revealingthe short-term target iliv both

reduce the degree of centt@dnk activism andender effectiveness to interventiopolicy
because of which the central bank will generally be better off than in a symmetric world.

Another interesting aspect of the introductioraeymmetric information is that itilvinduce
the intervention volume to be sensitive to last period’s mispercemtion O, ;). Again, this is

a direct result of the dependence of current expectations on thpepesived intervention
volume. Even though the centtznk wil neverreactdirectly to past misperceptions it does
accommodate a change in the expected interventiolome (INV 9. Last period’s
misperceptiorerror will be reflected in IN\¢ andwill, therefore, affecthe currenintervention
volumeindirectly .

The intervention bias under asymmetric information

The analysisofar has revealed thé&partfrom the contaminationnduced by last period's
misperceptionerror) the currentintervention volume W basically react to the current
exchange rate shock ) and the current stance of the short-texxghangerate target (p).
Interventions derive their effectiveness precisely ftbmfact that the centrabnk has private
information aboutthis target. Nevertheless, theealization ofthe exchangerate shockitself
does not create arscope for intervention surprisesice it belongs tdéhe informationset of
both the centrabank andthe speculators. The central bank's responstisoshock wi,
therefore, always be futile as can clearly be seen &quations (14and (15) which reveal
that the centralbank’s reaction tog, will be fully expected by the market ex ante.
Consequently, the centrdlank would be better off if itvere to avoidthis part of the
intervention volumealtogethersince it onlygenerates costs withoaffecting the exchange
rate. Howeverany announced precommitment bye centrabank to avoid this futilgart of
the intervention volume M be time-inconsistent sincthe centrabank wil always bebetter
off when it reneges on its promise gast. We Wl definetheintervention biass the absolute
value of this futile component of the equilibrium intervention volume:
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@8+(D (k% p8?)
[ 2 ]e

| (20)

This equation allows us texaminethe effect of variougolitical andeconomigyarameters on
the intervention bias which can be summarized by the following proposition:

Proposition 2: The intervention bias (B) at any given time willlbeer,
1. thelongerthe planning horizon of the central bask,(
2. thehigherthe variance of the innovation in the targefy,
3. thelower the variance of the misperception erey?,
4. thehigherthe degree of persistence in the exchange rate shjck (

A proof of this proposition igiven in Appendix FThe economic intuition can be obtained by
noting that a reduction of the interventibias can arisér two reasons. On the one hand, it

could be the consequence ofiacrease irthe centrabank’sconcern for the futuréwhich is
measured by the absolutalue of 0 ) for a given value of E(s, -I; ). Alternatively, a
decrease in B could be caused by a reduction in the (absolute value of the) expected future gap
itself for a given value of P .

Apart from the degree of persistence in thechangerate shock .(), the changes in the
parameters indicated in Proposition 2 will all cause an increase in the central bank's concern for
the future. As for theffect ofthe length ofthe policy horizon §) this israthertrivial in the

light of the previousliscussion. An importanmplication of thisresult is that a longgolicy
horizon wil entail an improvedbility to counter thetime-inconsistency problem because it
decreases interventi@mosts withousacrificing effectiveness. lother words, digher value of

$ will allow a larger relative share @nygivenintervention volume to influendfe exchange

rate. This is because thelative influence othe constituent shocks of p on tilervention
volume wil increase athe expense of a diminisheelative influence ofy,. It is well-known

from the literature that thiength ofthe policy horizon is positivelyrelated to the degree of
central bank independendsee Cukiermai(1992), Chapter 18 anijffinger and De Haan
(1996)). In his respect, wean conclude that a very independent central bank, such as the
Deutsche Bundesbanklwtrade lesgoreign exchange reservesvain than more dependent
(and more myopic) central banks.
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Furthermore, theffects onthe variance ofthe innovation tothe target k_?) and thevariance
of the market's misperceptiarror F,% can beunderstoodrom theway in which they affect
the speed of learnin@) as shown in Proposition 3 below. An increastherelative variance
F_2/F,2 will increasethe informativeness of last period’s intervention residual ariti w
therefore, cause the market to be battBarmedabout the current stance of tteeget (p).
Since thisimplies astronger link between periods, the centrahk wil henceforthdisplay a
greater concern for the future which will lower the intervention bias.

Contrary to the other shockslaaiger degree of persistence in the&ehangeate shock.() will

not alter the central bank's concern for the future but will increase the future expected marginal
loss instead. As can be seen from equdt@&), any given realization af, will now to a larger

extent feedhrough into the expected future gap between the spot rate and the target. This will
mitigate the centrabank’s response tthe exchangerate shock.This result isintuitively
plausible sinceghe degree o&xchangerate persistence can be seen as an indicator of the
strength of the marketentiment underlying bandwagon effedtience, irrespective of the
central bank's response to its own subjective preferences, its degeesietowards the
objectively verifiable exchangeate shock vit be weaker if thisunderlying sentiment becomes
stronger (i.e. it increases).

The determinants of intervention credibility

From the preceding discussion illwe clear that the market's speedleérning ) plays a
crucialrole in this model. From the central bank’s point of view this parameter can be seen as a
measure of the degree ahtervention credibility A higher speed ofearning simply means

that the centrdbank will, onaverage, transmit more informatiaboutits target to themarket

ex post Consequently, interventionsibecome more predictabéx antesince an increase in

the speed of learning enabtée market to calculate a more accurate (ex ante) expectation of
the current state of the targ&he effect of various institutional parametersto@ degree of
intervention credibility is summarized by the following proposition:

Proposition 3: The market's speed of learning) (will be higher,
1. theshorterthe central bank’s planning horizah)(
2. thehigherthe variance of the innovation to the tardgef)
3. thelowerthe variance of the misperception erreg?,

A proof of this proposition isggiven in Appendix FThe fact that a longgulanning horizon
causes the market to be more slow in recognizing innovations to the central bank’s target may
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seemcounterintuitive at first sight. However, it should lkept in mnd thatthe concomitant
smaller degree ofpolicy activism inevitably implies thate centralbank wil also reveal its
preferences (in particular laperiod’s innovation <, ;)) to a smalleextent. In other words,
since it holds thaMD, /M is strictly smallerthan zero (seéppendix F) itturnsout that an
increase in$ will cause innovations tthe centralbank’s target tobecome relativelyless
relevant in explaininghe average intervention residual (the denominator in equation (12)). The
latter will convey less information as rasult. Hence, it can be concluded that a more
independent central bankillwalso be more eager to preserveiif®rmation advantage. Put
differently, an independent central banil Wwe characterized by eelatively largedegree of
impredictability in its interventiomactics®.

Secondly, the intuition behinthe effect of an increase ithe relative variancer /F,? is
relatively straightforward. The averageformativeness othe intervention redual will rise
since this residual isow morelikely to have been caused by innovationghe target rather
than by misperceptiorrrors. Putdifferently, if preferencesre relatively unstablever time
and if the average distortion in interventi@ports igelatively small, it will generally be easier
for speculators to deduce these preferences from the observed actions of the central bank.

5. The determinants of intervention surprises and the importance of
ambiguity

In this section we W identify those factors imur model which explairthe effectiveness of
sterilized foreign exchange interventions. e basis ofequations (3), (14and (15) the
currentintervention effectivenessin be expressed as follows:

R [}
INV - INV /- ( 2“’ —pD )(1-0)pv,, - PO, +
(k%987

(21)

8
o (—22—.pD,)(1-8pD,(1-8))v, + 1,
(k%982

This equationclearly shows that sterilized interventioase effective precisely because they
provide the market with neyalbeit contaminated) informatiabout the central bank's short-
term target. Moreover, it allows us to examine the determinants of the central bank's ability to

2 |n this respect Domingueand Frankel (1993a, p. 85) have noted that, '...consistently only about one-quarter of
the variation in Bundesbank intervention is predictable..' .
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generate intervention surprises. As for fing& three shocks othe RHS this ability depends
on the extent tovhich speculators W underestimate theffect of a given shock to the state of
the target when they form their expectations about the intervention volume.

First of all,the market cannot predict thdl extent towhich lastperiod's innovation<_,) will

feed through into the current state of the targetefp ante An increase irthe realization of
this shockwill, therefore, induce a depreciation (iM,, > 0) sincethe concomitant
increase in the reportedtervention volumewill implicitly** cause the market tevise its
forecast of p upwardsex post On the othehand, an increase in last period's misperception
error will havethe oppositeeffect onthe exchangerate (MM ,, < 0). This is because the
market Wil erroneously regargart of theincrease ir0,, as an increase #, and will raise its

ex ante expectation of, p accordingly. As argued betbeecentral bank it not respond
directly to theincrease in0,,. However, the concomitanihcrease in INY W be
accommodated. The implicit ex post downward readjustment of the market's foregast of p then
results fromthe fact thathis accommodation is less thparfect (i.e MNV/MNV 2= n* 2/
(k*+n* 3 < 1).

Next, it can be seen that an increasdhi@ currentinnovation tothe target €,) will be
particularly powerful in inducing a depreciatiod (M, >0). Thebasicreason for this ishat
this shock will implicitlyrelease much informaticabout p to the market gost.First of all
because an increase<pwill not affect the market's ex ante forecast of the p<{B(= 0) and,
secondly, because itillnnfluence the interventiorvolumethroughtwo channels. On top of the
directrise in p, an increase #) will also increas¢he central bank's future expectadllity to
induce a depreciation (i.8E,(INV - INV .3/ M, > 0, as shown in AppendR). This means
that the central bank's incentivegioppress next period's expected interventmaome wil be
diminished. The resulting ceteris paribus increase in, INiW implicitly cause the market's ex
post update of its forecast for p to be over and above the uadpistment justified by the
afore-mentioned direct effect.

Finally, sinceboth the centrabank andhe market decide on their actions before the current
misperceptiorerror isrealized, an increase iwill neither affect ex ante expectatior® the

actual intervention volume. Eveo, theresulting increase ithe reportedntervention volume

will still implicitly cause the market to readjust its forecast of the state of the target upwards ex

24 Of course, the market wibnly make one singlexplicit adjustment to its forecast of p upon observing the
reported intervention volume. However, conceptually one can think of this as the combined rdgtdtett
implicit ex post updates which result from the various shocks on the RHS of equation (24).
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post (i.e.Ms/M, > 0). Inthis respect it should be noticed that the certtealk can never be
sure about theffectiveness of a given interventi@peration ex anteWhile all the other
shocks on the RHS of equation (21i)l Wwe perfectly known bythe central bankvhen it sets
the intervention volumehere always existthe possibility thatits objectives ull be partly
frustrated by the market's current misperception.

A particularly interesting feature of equati¢2l) is thatpositive and negative intervention
surprises willcancelout onaverage (i.e. E(INY -INY ) =0). The reason for this is twofold.
First of all, the centralbank wil not beable to foolthe marketsystematicallyas far as the
latter's perception of the actual interventasiume is concerned (B() = 0). Indeed, itan be
argued that thermay becertain periods invhich (perhaps due to conscioognipulation by
the central bank) the marketliwend to over- or underpredict the actuérvention volume.
Nevertheless, these periods cannot iadefinitely which is why our assertion about the
inability to fool the marketsystematically W still hold even inthe presence of such a
temporary misperceptiohiag®. Secondly, the centrddank cannosystematicallypursue an
exchange rate targethich isout of linewith the underlying fundamentals (E{ = E(p) = 0)
since theexchangerate wil be fully determined by thenon averageAgain, thisdoes not
excludethe possibility that acentral bankmaytry pursue a targethich deviates from the long
run trend for a prolonged period tife®. Nevertheless, even such a central baitknet be
able to resist fundamental forces indefinitely.

This provides an explanation fdhe fact thatsterilized interventions sometimes have a
substantialshort-runeffect onthe exchangeate, on the onband, but neveseem to have a
lasting effect, orthe other. Consequentlgterilized interventions doot constitute &ruly
independent exchangeate policy tool for the policymaker who uses (othermonetary
instruments solely for domestic purposes. dnder to influence the exchange rate
systematically policymakers W always have to alterthe fundamentals whichmay be
undesirable from the perspective of domestic monetary objectives.

A rationale for ambiguity
Many authors (e.gdominguez and Frankél993a))haveargued that the tendency of central
banks tend to keep their interventimolumes secret is inconsistent with th&gnalling

5 This misperception bias could be modelled by introducing persistence in the realisation of the misperception
error.

% Such a central bank could be characterized as having a relatively high degree of persistence in the innovation
to its short-term target.
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hypothesis. In this view interventions contain a sigabbut the centrabank’'s planned
monetary growth rates for the near future. Indeed, if the certtaik wants toconvey
information about futureénonetary aggregates itillwsurely benefitmore fromgiving a clear
signal.However, as noted before, itdesmmon practice for central bankers to sambiguous
rather than cleasignals by means of sterilized interventions. This leaves ustwatioptions.
Either central bankers have consistemity been acting in a rational wdgr more than two
decades or,alternatively, they havenot been using sterilized interventions to convey
informationaboutmoney supply changes whielne due in the near future. dur opinion, the
latter is by far the modikely explanationOur conviction in thisrespect is reinforced by the
fact that a direct relationship between sterilized interventions and such tactical changes in
monetary policydoes notseem to be consistentgupportedempirically. In thisrespect it
should be remembered ththe whole point in conductingterilizedinterventions is to have an
independentpolicy tool. Clearly, thisdoes not suggest that theskould beany systematic
relationship between sterilized interventions and subsequent changes in the money supply.

In our modelthe sgnalling channel reflects a subtle gabatween a central bank which retains
private informatioraboutits short-term exchangate target, on the orfend, and speculators
who regardhis target as ammportant anchor for exchangate expectations, on the other. In
this respect twa@uestions need to be answered. Firsalbfwe will discuss whyspeculators
attach importance totarget aboutvhich is verylikely to deviate frontherationally expected
fundamental exchangate ( ). Secondly, we W address the questiavhy central banks send
ambiguous rather thaclear signalsabout the short-term target. As for tfest question we
start by noting that it is common practicethe financial markets to spend time andoney
gathering informatiorabout thepreferences of the monetary authoritidgain, the fact that
the short-terntarget islikely to deviate fromthe fundamentallyexpectedexchangerate is
unimportant in a world where there is a lot wicertaintyabout theactual fundamental
exchange rate. Moreover, tiheere fact that everjrader knows thaall other traders attach
importance to the central bankschangeate target is itself sufficient to establish a causal
link between thigargetand exchangeate expectation$Nevertheless, one canség think of
some 'deeper' reasomdy the centralbank'sshort-term exchangeate targetshould matter
even if it does noprovide informatiorabouttactical changes in monetary policy. Firstadif
there could be a positive (psychological) spill-over effect fitimer areas otentral bank
decision making. Asocumented by Goodfriend (1986) centrahks enjoy &ertain degree of
authority in thefinancial markets because thegre perceived tdave superior..wisdom,
perception and relevant knowledgé€p:64). This degree of authority, in turn, i&kely to be
closely linked tothe independence aneputation of the centrddank in question. Although
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central banksnainly derive this authority from theiability to influencedomestic monetary
policy, it is also bound to affethe foreign exchange marketgspect for the centrblank in a
positive way.

Next, the central bank might alsse the short-term target toform speculators abouts
opinion on the extent tavhich the presenspeculative bubble is serious deviation from the
(uncertain) fundamental exchangate value. Furthermore, ithe case of gpresumably
overvalued exchangeate, the short-term targetay provide informationabout attempts to
withstand protectionist pressurésnally, our assumptiorabout thedistribution of the future
fundamentals implies thdmoth the centrabank and speculatoese faced with a vast array of
possiblefuture paths of various fundamentals. Althotigé centrabankdoes not knowwvhich
paths will be the relevant ones, it ddes/e private informatioabout how it Wi reactto all
these different paths. This providesaurce ofinformation for the marketsvhich is quite
different fromthe 'objective’ actual distribution dhe future tindamentals itself. Inay very
well be that the centrélank useshe short-term target as a cruglenmaryindicator of how it
will react to all kinds of possible future fundamental developments.

To summarize, we doot believe thatthere exists atrong and narrowvdirect relationship
between sterilized interventions and tactical changes in monetary pdither, we argue that
the effectiveness athe sgnalling channel igelated to the centrdlank'sshort-term target
which in itself mayreflectmanyaspects of the centrbbnk’'s overall assessmenttioé current
situation in theforeign exchange markets. It shouldrimed thatrguing that this assessment
includesthe central bank'siewson certain fundamental developmentslesarly different from
stating that the centrddank wil consciouslychangesome of the Undamentals ictontrols
following an intervention operation.

We now turn to the centrddank’s rationaldor sending ambiguous signals. To assess the
impact of ambiguity orthe ability of sterilized interventions to affette spot rate igeneral
we take the variance of equation (21) as a measuaeenge intervention effectivengs§?”:

V- (,(2“"562+p1)4)2 ((1_e)2p2+(1_5(1_e)pD4)2)oﬁ . (1+p2e2)of] (22)
¢
A central bank that chooses to semampletely unambiguous signals,t = 0), will grant

speculators amaximalspeed ofearning @ = 1) as can be seen from equation (9). The measure

for average intervention effectiveness then simplifies as follows:

*” We assume the following: €p,] = O cei,j , E[<<] = O cet..s and EQP ] = O cel..m.
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(p(s 2 2
V- (k2+q)62+pD4) Ov (23)

Comparing equations (22) and (23), we arrive at the following proposition:

Proposition 4: The average effectiveness of sterilized interventiah$evstrictly larger
if the central bank retains atrictly positive degree of ambiguity
concerningthe interventiorvolume compared tthe situation where the
central bank always chooses to reveal this volume perfectly.

A proof of this proposition igiven in Appendix GThe key point to note is that in the absence
of ambiguitythe interventionvolume wil always perfectly reveathe short-term target to the
marketex post Consequently, the centidadnk'sability to influencethe spot rate through the
signallingchannel wl be very limited sincespeculator®nly faceuncertaintyabout thecurrent
innovation to the targek(). By introducing ambiguitghe centrabank can signaome of its
private informationwithout completely revealinghe current state afs preferences at the
same time.

As noted before, private information can be consideredvatuableasset because it endows
the central bank with a tactical advantigahich can beused to mitigatethe time-
inconsistency problem. In thigespect therseems to be an inherent trade-off involved. On the
one handhe centrabank wil have to transmit some of its private information to the market in
order to influencethe spot rate. On the othéand, however, the central bank's tactical
advantagevis-a-visthe markef(which is atthe heart of itsability to influencethe spot rate in
the first place) W be diminished bythe very act of intervening. Clearlythe absence of
ambiguity will not completely deprivehe centralbank of its tactical information advantage
because iteceives 'new' private information in every peribcbugh the curremntealization of

the innovation tdhe target<,). Nevertheless, Proposition 4 indicates that the central bank will
be able to derive moreffectiveness from its private information on average daes not
immediately signal all othis newlyarrived information tdhe markets but preserves some of it
for later use instead.

To sum up, it turn®ut thatthe transnssion of noisyrather than cleasignalsconstitutes an
important complement of private information since significantly extends thenformation

% Obviously, the extent of this tactical advantage is inversely related to the speed of |€arning (
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advantage enjoyed lilge central bank. In spite of this, it cannot be concluded a priori that the
practice of sending ambiguosggnals vill be in the interest of the central bafilom the
perspective of minimizingits intertemporal loss function (5)More specifically, from
Proposition 2 it can be seen that the intervenias wil be strictly lower inthe absence of
ambiguity. This means that the amount of futile foreign exchange transactions will increase as a
consequence of noisy signallinbhe fact thatmany central banks prefamot to reveal their
interventiondataindeed suggests thambiguity will be conducive to the central bank's welfare

on balance. A formal proof of this is, however, beyond the scope of this paper.

6. Conclusion

This paper examinethe centralbank’s attempts toinfluence the spot rate byneans of
sterilizedforeign exchange interventions. To this end we have examimgthaamic game in
which the central bank retains private information about its short-term exchange rate target and
in which speculators are subject to ambiguity concerning the true intervention volume.

By the veryact ofinterveningthe centrabank wil transmit some informatioaboutits short-

term target to the markewhich will lead speculators to revise their expectatiabsut the
future spot rateThis is becausspeculators consider the central bank's preferences to be an
importantexpectations anchor in a world where the adwadamental exchangate ishighly
uncertain. Thelynamic game analyzed in thpaper contains kEarningprocess on the part of
speculatorsvhich introduces a link between perioddiis link will inducethe central bank to
take the future consequences of its curestibns into account which will generally reduce the
degree of activism. This result the exchangerate policy equivalent ofthe well-known
reputational story in the literature on time-inconsistency in monetary policy games.

A particularly interesting feature of thjgaper is that it shows that tledfectiveness of the
signalling channeheednot be inconflict with the fact that central banks prefer to conceal their
interventiondata. On theontrary, interventions will be more effective on average if the central
bank retains a certain degreeamhbiguity. Thisresult arises othe fact that interventions in
this model are natmeant to convey a signabout futuremonetary aggregatém this case it
would certainly be irthe interest of the centrbnk to makehe sgnal as clear as possible).
Rather, they wl transmit a signaabout the centrabank’s short-term exchangeate target.
Essentially, by contaminatindpe market's perception of the actual intervent@tume the
central bank will be able to use its information advantage to a greater extent.
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Our model also has a number of additional featwt@sh are observed ireality. First ofall,
the central bank can never be sab®ut theeffectiveness of its intervention policy exte
since its attempts tmfluencethe exchangeate may befrustrated (but alsenhanced) by the
market’s current misperception. Next, we afisal thatthe futile component of intervention
operations (i.e. the interventidnas) wil decrease if the central bank in questibecomes
more independentThis effect arises becausee length of the policy horizon is positively
related to the degree of centbaink independenceéinally we find thatsterilized interventions
cannotsystematically affedhe exchangeateeventhough therenay be asubstantial short run
effect. This result stems frothe fact that centrddanks wvill not beable to foolthe market
systematicallyabout the actuahtervention volume, othe one hand, and theability of the
central bank to systematicalfyursue a target thatiffers from the underlying fundamental
trend, on the othefThis leads us to conclude thie usesterilized interventions W/ not
provide policymakers with an independent tool for exchange rate policy.
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Appendix A: Calculation of MNV ,,,7 MNV,
Leading equation (6) by one peri@hd taking expectations conditional ¢me market’s
information set in period t+1,(] ) we obtain:

E(INVt+1|It+1) = INV:I = D1E(8t+1|1t+1) + DzE(PmIIm) + D3INVt+el +

e Al
DEE, P yy) + DEEUNV (- INV (1) + DE(E,, (e )I) (A1)
With regard to this equation the following can be noted:
E@y ) - pzpt—l + PE( L)
EE, @My - E@l,) - p3l’t-1 ¥ p2E(thIt+1)
(A.2)

E(E (e, )M yy) = E(e0M,0) = Cepy

E(E,(INV ,-INV D,.,) = E(UNV ,-INV )L, ) - 0

The last expression in (A.2) simpiyates that the expectedlue of surprise interventions in
period t+2 based on theformation available t@speculators in period t+dhould be equal to
zero. Otherwise, these interventions coulot have been unexpected the first place.
Plugging equation (A.2) into (A.1) and rearranging we obtain:

IV + = [(D12IDQe 1y + (DypD )0 %pes + PECH ) (A.3)

3

To get an expression for €[l,,;) we note thatusing (4) and (6), speculators ilv have
observed the following in period t:

R e
INV, = (D+CDge, + Dy(pp, vy + DINV, +

2 e (A4)
D4Et(p pt_1+th+Vt+1) * DsEt(INVt+1‘INVt+1) + My,

While they knowthe exactvalue ofthe LHS of this equation, speculatorsillwform an
expectation aboull the terms appearing on the RHS based..on | . To keegaltidations
manageable we illv introduce some bounded rationality tme part of the speculators by
assuming the following:

E(E(NV ,-INV,DIL,) - 0 (A.5)
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Using (A.5) we can rewrite equation (A.4) as follows:

R
INV, - g(t) - DypDyv,+ n,

. (A.6)
where g(t) = (D+CDye, + (DypDypp,, + DNV,

All the terms in @t) are incorporated intq,] but, by contragpeculators cannot decompose
the RHS of (A.6) into its constituent shocks. Hence, wile call the LHS of (A.6) the
intervention residuallt will be shown later that E (INY, -INY,® actually depends on, (see
Appendix D). So by introducing lanited degree of bounded rationality (equati@5)) we
assume that speculators overlook the fact that interventicduatsealized irthe previous
period has also beendirectly affected by<, through E (INV,, -INV,,,°). The markeill
subsequently use the intervention residual to obtain an optimal forecastvfiich yields® :
(D,pD Yoo

O W et where 0 - (A7)

(D2+pD4) (D2+pD4)203, + 031

E(v i) -

Equation(7) in the nain textcan thereasily beobtained by pluggingA.7) into (A.3), using
the fact that IN, = INVY 40, and taking the first order condition with respect to [NV .

Appendix B: Proof of the existence of ) and calculation of boundaries for
this coefficient.

From equation (11) in the main text we can derive the following:

3F(D,) 2p98p%20507
4 . . T]2 (D2 . pD4) (Bl)
oD, [kX(DypD )00 I

Furthermore, from equatidill) it isclear that . Wi be drictly negative if a solution exists.
This allows us to draw the following conclusion from equation (B.1):

2% Equation (A.7) can béound by means odlinear regression. If it holds that INV = g(t) speculatwit
know for sure that there was no innovation to the central bank's objectives in period t. Therefore, the intercept in
this regression will be equal to zero. As far as the slope of the regression line is concerfiodidwihg holds:
2/(D,+DD,) = CoVv([INVR-g(t)],<)/Var([INVR:g(t)]).





















