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Abstract

The paper analyses the trade-off between exchange rate flexibility and monetary
policy autonomy. It tests empirically the “Possible Duality” hypothesis, i.e. whether
countries with more flexible currency regimes are indeed able to exert more monetary
policy autonomy than those with less flexible ones, and whether moving towards
exchange rate flexibility allows countries to gain monetary independence. The results
for a set of open emerging markets and ERM countries show no systematic link
between exchange rate flexibility and monetary independence. It is also found that the
Fed is still the dominant force in world capital markets, although the importance of
EU monetary policy decisions has been increasing and a Euro bloc has formed in
Europe.

JEL no. F41, F31, E50.
Keywords: exchange rate regime, monetary policy, international transmission,
GARCH, error correction model.

4 ECB + Working Paper No 154 = June 2002



Non-Technical Summary

Economists often emphasize the existence of the “Impossible Trinity”, i.e. the
inability of a country to have open capital markets, fixed exchange rates and an
independent monetary policy simultaneously. But it has been assumed that a
government can pursue any two of these policy objectives; in particular, that an open
economy can exert full monetary independence if it only lets its exchange rate float.
Examining whether this assumption of the “Possible Duality” really holds is the key
motivation for this paper.

More specifically, the paper tests empirically for a broad set of developed countries
and emerging markets whether countries with more flexible currency regimes are
indeed able to exert more monetary policy autonomy than those with less flexible
ones, and whether moving towards exchange rate flexibility allows countries to gain
monetary independence.

The trade-off issue implicit in the “Possible Duality” hypothesis has important
implications for policy as there has been a tendency in all regions of the world over
the past decade to move away from intermediate exchange rate regimes and adopt
either irreversibly fixed or freely floating currency regimes. The move towards more
flexible exchange rate regimes has been motivated to a large extent by the hope that
giving up an explicit exchange rate target would allow policy-makers to exert a greater
degree of monetary policy autonomy by focusing its monetary policy decisions on
domestic economic objectives.

As its theoretical motivation, the paper builds on the literature of target zone models,
which takes as a key assumption an uncovered interest parity condition. Applying this
argument to the exchange rate — monetary policy nexus in the context of the paper,
interest rates may diverge persistently under a flexible exchange rate regime if the
domestic policies are credible and the authority primarily targets domestic variables
such as inflation and output. By contrast, a monetary authority may not enjoy much
monetary autonomy even under a more flexible exchange rate regime if it lacks
credibility or if the economy is highly integrated with a large economy such as the US
or the euro area.

For the empirical implementation, the paper applies a dynamic GARCH model and an
error correction model (ECM) framework, using daily interest rate data for a set of 12
emerging markets and 16 developed countries. Overall, the analysis finds that
adopting a more flexible exchange rate regime has not allowed countries to raise their
degree of monetary policy autonomy. All of the analyzed emerging markets that faced
a financial crisis in the 1990s experienced a greater dependence on interest rate
changes in the US or the euro area following the crisis, and this in spite of switching
mostly to more flexible currency regimes.

Moreover, it is found that there has been a polarization of monetary policy dominance
in the world. A “Dollar bloc” exists in Latin America and in Asia as interest rates in
both regions are dominated strongly by US monetary policy. In contrast, a “Euro bloc”
has been forming in Europe as the importance of monetary policy from the euro area
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has been increasing over time, whereas the relevance of US interest rate changes has
declined.

One interpretation of these empirical results is that moving from a fixed to a flexible
exchange rate regime alone may not be sufficient to raise the degree of monetary
autonomy. What may be required in addition to adopting a flexible exchange rate
arrangement are credibility and a track record to establish a reputation in financial
markets. An alternative, though partly complementary explanation of the findings is
that it has been the rising degree of financial and real integration among economies
which has also led to an increased interdependence of interest rate movements. What
this may indicate is that in an increasingly interdependent world we are moving from
an “Impossible Trinity” to an “Impossible Duality”, i.e. even under flexible exchange
rate arrangements it becomes ever more difficult for countries to exert independent
and truly autonomous monetary policy.
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1 Introduction

Economists in recent years have been rather religious about emphasising the existence
of the “Impossible Trinity”, i.e. the inability of a country to have open capital
markets, fixed exchange rates and an independent monetary policy simultaneously. At
the same time, it is often assumed that the “Possible Duality” holds, i.e. that a
government can pursue any two of these policy objectives; in particular, that a central
bank in an open economy can exert full monetary independence if it only lets its
exchange rate float. Examining whether this assumption of the “Possible Duality”
really holds is the key motivation for this paper.

The 1990s experienced a trend away from intermediate exchange rate regimes (pegs,
crawls and bands) and towards the two extremes of the currency regime spectrum.
Fixed but adjustable exchange rate regimes were widely seen as a culprit behind the
Asian financial crisis, where most of the affected countries had such intermediate
regimes. In essence, the main critique of intermediate currency regimes is that they do
not provide a sufficiently credible and sustainable nominal anchor. Not only do
intermediate regimes leave little or no room for domestic monetary policy, but they
constitute a target for speculative attacks. It has also been argued that these types of
regimes tend to worsen financial sector fragility by encouraging foreign borrowing
and capital inflows that leave the domestic financial sector exposed and vulnerable to
external shocks (e.g. Mishkin 1999).

Partly as a result of the various emerging market crises of the 1990s, many developing
countries moved to either extreme of the currency regime spectrum. A number of
countries adopted a currency board regime or even dollarized their economy with the
hope that “tying one’s own hands” would allow them to gain sufficient credibility to
tie down inflation expectations. This, in turn, was hoped to lower country and
currency risk premia in order to reduce domestic inflation and enable the domestic
economy to gain access to foreign capital at affordable rates.

The success of irrevocably fixed regimes, however, has been mixed at best. Even
countries under currency board arrangements, such as Argentina and Hong Kong,
were not spared from speculative attacks and significant economic downturns in the
1990s. For Argentina, the currency board system may even have been one of the key
factors behind the severe recession and eventual financial collapse in 2002. A key
drawback of irreversibly fixed exchange rates is that they leave economies strongly
exposed to external shocks and give governments virtually no ability to adjust
monetary policy to domestic needs. A second disadvantage can be the irreversibility:
“locking oneself into a cell” can provide substantial benefits through increased
credibility and lower financing costs. But currency board regimes are also tantamount
to “throwing away the key of the cell”, making it difficult and very costly to change
the nominal anchor once this becomes appropriate, as in the recent case of Argentina.

On the other extreme, the adoption of floating exchange rate regimes by several
emerging markets in recent years seems to have been a more popular alternative. This
move towards flexible currency arrangements can in part be understood as an attempt
by policy-makers to gain more autonomy and flexibility in directing monetary policy
towards domestic policy goals. After floating their currencies in the 1990s, Brazil,
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Chile, Colombia, Mexico in Latin America and Poland and the Czech Republic in
Europe adopted inflation targeting frameworks to provide a clearly visible nominal
anchor.' Many of the Asian economies have also formally adopted a floating currency
regime since the Asian financial crisis but many do not quantify their policy targets.

The central question analysed in this paper is whether adopting floating exchange rate
regimes has really allowed countries to gain monetary autonomy. Both on theoretical
and on empirical grounds, it is not clear whether countries can indeed gain a
substantial degree of monetary independence by switching from fixed to floating
exchange rate arrangements. On the theoretical side, the extent to which a country
may gain monetary policy autonomy crucially depends on factors like the credibility
and capability of its policy-makers and institutions, external factors such as the
confidence of international investors in global financial markets, and the degree of
real and financial integration with large, dominant markets such as the US, the euro
area or Japan.

There has also been no compelling evidence on the empirical side to support the
assertion of a link between exchange rate flexibility and monetary autonomy.
Hausman et al. (1999) find that interest rates in countries with floating exchange rate
regimes are as dependent on and responsive to US monetary policy shocks as are
those countries with fixed currency regimes. Using daily data for 1998-99, they for
instance show that Mexico’s interest rate reaction to US shocks was stronger than that
of other Latin American countries with far less exchange rate flexibility.

Frankel (1999) and Frankel et al. (2000) look at a broad sample of markets for 1970-
2000 and also fail to detect a strong link between exchange rate flexibility and interest
rate autonomy for the 1990s. Although they do find some connection between interest
rate insularity and exchange rate flexibility for the 1970s and 1980s, these results are
not conclusive as they include countries with very different degrees of market
openness. Finally, Borensztein, Zettelmeyer and Philippon (2001) show that
Singapore’s Monetary Authority has enjoyed more independence in determining
domestic interest rates than Hong Kong under its currency board system. But they
also detect no evidence that Mexico was any more autonomous in setting domestic
monetary policy than Argentina under its currency board system.

There are two possible reasons for a lack of evidence for a currency regime —
monetary independence nexus. The first one is that such a causal link may not exist
for countries whose policies lack credibility and are closely interdependent with a
large and dominant economy like the US or the euro area. Alternatively, the lack of
empirical evidence for such a link may be explained by the fact that regimes that are
officially classified as “floating” may in fact not be as flexible. This could be due to
policy-makers’ “fear of floating”, i.e. their reluctance to float their exchange rate
freely because of their concern for the effect of a depreciation on foreign exchange
liabilities and exchange rate pass-through (Calvo and Reinhart 2000, Hausman et al.
1999). The analysis in this paper here will try to avoid this specification problem by
looking at a small sample of countries that are relatively transparent about their policy
regimes.

! See for instance Bernanke et al. (1999) and Mishkin and Savastano (2000) for a discussion and
international review of the limitations and dangers of inflation targeting under floating exchange rates.
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The contribution this paper aims to make to the existing literature is twofold. First, the
paper distinguishes the effects of monetary policy in the USA from those of monetary
policy changes originating in the euro area and in Japan. It tests explicitly whether the
spheres of monetary policy dominance in the world can be separated into a “Euro
bloc”, a “Dollar bloc” and a “Yen bloc”. The second objective of the paper is to
propose a more appropriate empirical methodology, based on generalised
autoregressive conditional heteroskedasticity (GARCH) model and error correction
model (ECM) frameworks with daily data, to investigate the monetary autonomy —
exchange rate regime nexus.

As its theoretical motivation, the paper builds on the literature of target zone models
(Bertola and Svensson, 1993; Svensson, 1994), which takes as a key assumption an
uncovered interest parity condition. The central argument of target zone models is that
a target zone allows for a temporary deviation of domestic from foreign interest rates,
if the target zone is credible. Applying this argument to the exchange rate — monetary
policy nexus in the context of the paper, interest rates may diverge persistently under
a flexible exchange rate regime if the domestic policies are credible and the authority
primarily targets domestic variables such as inflation and output. By contrast, a
monetary authority may not enjoy much monetary autonomy even under a more
flexible exchange rate regime if it lacks credibility or if the economy is highly
integrated with a large economy such as the US or the euro area.

Turning to the empirical implementation, it is imperative to take into account the
specific characteristics of interest rate data, in particular issues relating to
nonstationarity, heteroskedasticity and serial correlation. Many papers on the currency
regime — monetary autonomy link ignore these issues, making their results
questionable. To address these econometric issues and also to better capture the
dynamics of the transmission of interest rates shocks, the paper applies a dynamic
GARCH model and an error correction model (ECM) framework, using daily interest
rate data for a set of 12 emerging markets and 16 developed countries.

The model is specified in a way that not only US monetary shocks but also euro area
and Japanese monetary shocks may influence interest rates in individual countries.
This specification allows to analyse the question of whether one can identify different
regions of influence: a “Dollar bloc”, a “Euro bloc” and a “Yen bloc”, referring to the
regions where monetary policy decisions by the different central banks are dominant
in determining monetary policy and market interest rates. Using GARCH and ECM
methodologies with daily data over a longer period allows testing whether such
spheres of influence exist and whether they have changed over time. The findings
have implications both for the adoption of monetary regimes in emerging markets and
accession countries as well as for monitoring and evaluation of such developments at
the European Central Bank, the Federal Reserve and the Bank of Japan.

The following section of the paper introduces the analytical framework used for the
empirical estimation. It presents the basic theoretical motivation and formulates
various hypotheses to determine the degree of monetary policy independence. Data
characteristics and the empirical methodology are discussed subsequently. Section 3
outlines the results of the empirical estimations. Particular emphasis is given to the
question of how the degree of monetary autonomy differs across currency regimes
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and how it has changed over time for countries that switched from fixed to flexible
regimes. Conclusions and policy implications follow in section 4.

2 Theoretical motivation and empirical methodology
2.1 Defining monetary policy autonomy

The question of what defines the degree of monetary policy autonomy has been
approached in several different ways in the literature. One strand of the literature
identifies domestic monetary policy reaction functions with the goal to then test
whether monetary policy primarily targets domestic variables or whether domestic
interest rates are mainly influenced by foreign monetary policy decisions. For
instance, Clarida, Gali and Gertler (1998, 2000) and Ball (1999, 2000) use monetary
policy reaction functions for which they test for OECD countries whether domestic
interest rates are driven by domestic output gaps and expected deviations from
optimal inflation, or if they are influenced by foreign monetary policy decisions.

The advantage of using an approach based on a monetary policy reaction function is
that it encompasses different monetary policy strategies and allows testing which
strategy is pursued under which environment. In other words, the approach allows
measuring directly the degree of monetary policy autonomy by analysing to what
extent monetary policy pursues domestic or foreign targets. However, the drawback
of this approach is that data for macroeconomic variables, such as inflation and output
gaps, are available at most on a monthly basis, whereas interest rate shocks tend to be
transmitted across markets within hours or at most a few days.

To better capture the dynamics of the transmission of interest rates shocks, the paper
therefore follows a different strand of the literature, one that developed in the 1990s
focusing on target zone models (Bertola and Svensson, 1993; Svensson, 1994). These
models use as a central assumption the uncovered interest parity (UIP) condition

r,=r +Elae|Q,] (1)

with r as the domestic interest rates, /' as the foreign interest rate, Ae the exchange
rate change and E as the expectations operator. The central argument of the target
zone models is that a target zone allows for a temporary deviation of domestic from
foreign interest rates, if the target zone is credible. The size and the length of the
deviation then measure the degree of monetary policy autonomy. The analogous
argument applies to other exchange rate regimes as well. For instance, a non-credible
domestic monetary authority may not enjoy much monetary independence even under
a more flexible exchange rate regime. By contrast, interest rates may diverge
persistently under a flexible exchange rate regime if the domestic policies are credible
and the authority primarily targets domestic variables such as inflation and output.

The UIP condition as the starting point of the empirical model is formulated as:

ro =K+ +éElAet’+k|QtJ+ S (2)

1
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This paper will use the size of the spillover of foreign interest rates as well as the
speed with which domestic interest rates adjust to their long-term equilibrium
relationship as the measures of monetary policy independence.

2.2 Empirical implementation: a GARCH framework

Implementing and testing the model empirically requires taking into account the
specific characteristics of the data. Table 1 provides a summary statistic for the daily
interest rate data of 19 developed countries and 12 emerging markets. The interest rate
data used are daily closing rates on short-term (three-month) rates, mostly interbank
rates. The euro area interest rate is the German three-month interbank rate prior to 1
January 1999, and then the combined euro area interbank rate thereafter. Such rates
most closely reflect domestic monetary policy instruments and reactions to foreign
interest rate shocks. These short-term rates also incorporate market expectations about
future changes in domestic and foreign interest rates because they change often in
anticipation and well in advance of actual policy decisions.

The interest rates show a number of striking characteristics: almost all of the interest
rate levels and their first differences show skewness and excess kurtosis. There is also
strong evidence for heteroskedasticity in all the interest rate data. Finally, a key
feature shown by the ADF tests is that most of the interest rate levels are not
stationary. In contrast, the first differences of the interest rates are all stationary. As
expected, first differences of exchange rates were also found to be stationary but are
not listed in Table 1 for reasons of brevity.

A proper modelling of the interest rate data requires addressing the statistical
properties outlined in Table 1. The kurtosis and time-varying volatility in the interest
rate data makes it imperative to model the second moment of interest rates explicitly.
This can be done through a generalised autoregressive conditional heteroskedastic
(GARCH) model. A GARCH approach is chosen for two reasons. First, it addresses
the issue of heteroskedasticity of the data, and second, it also has the additional
advantage that it allows testing the spillover of interest rate volatility from across
markets.

Moreover, a further issue that needs to be addressed is which foreign interest rates are
relevant for the domestic money market. For many emerging markets, the US is the
dominant foreign market whose interest rate decision are most likely to have the
largest effect on domestic interest rates. However, also euro area monetary shocks (or
German monetary shocks prior to 1999) and changes in Japanese interest rates may
play a significant role, at least for regional economies. The first moments of equation
(2) can accordingly be reformulated as

J

J
no= K+ 3 (BERS + BEE + B )+ Shel™ +vDY + ¢, (3)
j=0

with ,Bk (k=US, EA, Ja) as the coefficients for the interest rate transmission, and also
including a set of impulse dummies D’ to correct for large outliers.” Ko may be

* The impulse dummy is defined as D = 1 for outliers, i.e. those days in which interest rates change by
more than 25 basis points for most countries, and as D? = 0 otherwise.
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interpreted as a risk premium driving a wedge between the two interest rates. Due to
the kurtosis and time-varying volatility, i.e. 8,|Qt_1 ~ N(0,07), the GARCH model

formulates the conditional second moment o, for each individual market as

2 2 2
02 =w, + 0,0, +w,e2, + 0 (") + 0™ (e ) + 0™ (e) (4)
which expresses the conditional variance as a function of its own past variance, own
past squared shock and by contemporaneous squared interest rate shocks in the US,
the euro area and Japan.” The GARCH model is jointly implemented for the data via
maximum likelihood estimation of the log likelihood function

T

L Jln(27[) —~ %2 (1n|0', |+¢e 0, ) (5)

LO)=——
©) (2
where T indicates the number of observations, 0 the vector of parameters of interest,
and o; the time varying conditional variance-covariance matrix. Initial values are
obtained through a Simplex algorithm, and numerical maximization is used through
the algorithm developed by Berndt, Hall, Hall and Hausman (1974) to get the final
parameter estimates.

One further issue to be checked in equation (3) is for a potential multicollinearity bias
in the estimation of the ,Bk in equation (3) due to a possible transmission of interest
rate changes among the US, Japan and the euro area. To check for the
interdependence of interest rate movements in these three markets, a trivariate
GARCH model is estimated with the following conditional first moments:

=Ko+ B+ BEE + B v D0 + g (6.2)
= Koy + B+ B+ B v, DI+ g (6.b)
’/;US = K3O + ﬂb";l—]f + 3Ja’/;]a + 3EA’/;EA +V3DIUS’O + gtUS (6C)
Due to £|Q, , ~ N(0,H,), the conditional variance equations for each of the three

interest rates are defined analogously to equation (4):

H,=K+ A€’ +BH, (7)

’

with Hy as the 3 x 1 vector of variances, H, =[0} .0,

CesOr ], €1 as a3 x 1 vector
of interest rate shocks from equations (6), and A and B 3 x 3 matrices of coefficients.
Note that the estimation can be undertaken via Maximum Likelihood without having

to impose an exogeneity assumption because the Japanese market, the euro area

> The GARCH model may be adjusted to take account of the asymmetries in the data. Two alternative
specifications to distinguish between the effects of positive and negative shocks that were tested are the
EGARCH model of Nelson (1991) and the GJR specification of Glosten, Jagannathan, and Runkle
(1993). Both produced results that were similar to those presented in Tables 4 and 7.
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markets and the US market are open sequentially, with developments in the Japanese
markets affecting both the European and US markets during the same calendar day
and the European market affecting the US market on the same calendar day. The
European and the US markets influence the Japanese market as well as the US market
the European ones only on the following business day.

Table 2 lists all the equations of the trivariate model, including the covariance
equations, as well as the estimation results. The results show that there is evidence for
some persistent transmission of interest rate changes as well as volatility only from
the US to both the Japanese and the euro area market. However, the size of the
transmission is small and the correlation coefficients across markets are small and not
statistically significant.

2.3 Dealing with non-stationarity: an Error Correction Model (ECM)
framework

While modelling interest rates in a GARCH framework deals with most of the data
problems described above, it does not explicitly account for the non-stationarity of the
data for interest rate levels. Two ways of dealing with the non-stationarity issue are
being analysed. First, it is tested whether or not the residuals & of the GARCH
estimation of equation (3) are stationary. If these residuals prove to be stationary, then
the results can be interpreted as measuring a long-term (cointegrating) relationship
between the domestic interest rate r and the foreign rate r. Previous work on the
exchange rate regime — monetary autonomy nexus, for instance by Borensztein,
Zettelmeyer and Philippon (2001), has argued along these lines to defend their
methodology using interest rate levels, while most of the other above mentioned work
on the issue has ignored this question entirely.

However, numerous problems remain with this line of argument. Most importantly,
the main disadvantage of looking only at the long-term relationship between the non-
stationary interest rate levels is that it provides no information about the adjustment
process and the short-term dynamics of the system. For analysing the link between
exchange rate regimes and the degree of monetary policy autonomy, it may be crucial
to understand how persistent deviations from a long-run equilibrium can be, how
quickly interest rates adjust and which interest rates actually adjust to the equilibrium
relationship. For instance, while two countries with different exchange rate regimes
may have a similar long-term relationship with e.g. the US interest rate, one of these
countries may have substantially more monetary autonomy, at least temporarily, if the
adjustment process to this long-term equilibrium is slow.

The use of an error correction model (ECM) makes such an analysis possible. The
ECM transformation of equation (3) can be formulated as

J
Ar =p+a(fx_ )+ ZFijt_ S+ OAM D + & (8)
Jj=0

with A as the first differences operator, and x. = |r”*,r™,r"|. The rank of o IT=

rank (off)), indicates the number of cointegrating relationships in the system. In the
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univariate case of equation (8), what needs to be tested is whether /7 =1, i.e. whether
or not there is a long-run relationship among the variables. If /7 = 0, there is no
cointegrating relationship and the appropriate form of testing for interest rate
transmission is to estimate (8) using only first differences. If /7 = I, the B vector
indicates the coefficients of the cointegrating relationship and the « vector measures
the speed of adjustment of the variables to this long-run relationship. 7" in (8)
measures the short-run spillover effects of changes in interest rates. Note that since
the change in the exchange rate Ae is a stationary process, it is not included in the
cointegrating relationship.

The Engle-Granger two-step method (Engle and Granger 1987) is used to determine
the existence as well as the coefficients of a long-run relationship in (8). In the first
step, the Engle-Granger method implies estimating equation (3) and obtaining the
parameters of the model that produce a maximum of stationarity in the residuals. In
the second step, the parameter estimates from this first step are then used in the ECM
of equation (8) to obtain the other parameters of interest.*

2.4 Formulating hypotheses about the degree of monetary policy
autonomy

From equation (8), we can derive the different hypotheses about the degree of
monetary policy autonomy under alternative exchange rate regimes:

Flexible Exchange Rate | Fixed Exchange Rate
Large monetary autonomy | Hj: Hy:

a=0,=0 asmall, B<1
Little monetary autonomy | Ha: Hy:

a large, B> 1 a large, B> 1

The coefficient B for the long-term relationship as well as o, which is measuring the
speed of the short-term adjustment process to the long-term equilibrium relationship,
are complementary measures for the degree of monetary policy autonomy.

Under a flexible currency arrangement, a low degree of monetary policy
independence of Hz means that domestic interest rates closely follow those of another
economy, which should be reflected in large coefficients for both o and . On the
contrary, a high degree of monetary policy autonomy under H; could either be

* In the absence of strong ARCH effects, the method proposed by Johansen (1991, 1995) is a superior
way of estimating cointegrating vectors in a multivariate setting because this method does not impose
any prior exogeneity assumptions on the system. The exogeneity assumption of the US, German and
Japanese interest rates, for instance, can be tested explicitly with the Johansen method by testing for the
validity of restrictions on the o vector and the f vector in a vector error correction model (VECM).
However, due to the strong ARCH effects in the data it seems more appropriate to apply the Engle-
Granger method in a GARCH framework, which allows an explicit modelling of the variance, to
determine the parameters of interest. However, when ignoring ARCH effects and employing the
Johansen method for a number of countries, the results were similar to the one of the GARCH
modelling. In particular, the exogeneity of US, German and Japanese interest rates was confirmed for
most countries. Moreover, the existence of a cointegrating relationship between US, German and
Japanese interest rates alone could also be rejected.
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reflected in a low value of B or a low value for a or both. In particular, a country may
enjoy some degree of temporary monetary policy autonomy, indicated by a low value
for a, even if interest rates move in a similar way as foreign rates in the longer term.

Under a fixed exchange rate regime, it is clear that [ will be around unity or larger for
the interest rate relationship with the economy to which the exchange rate is fixed.”
However, as emphasised by the target zone literature of Svensson (1994) and Bertola
and Svensson (1993), governments may still have some degree of temporary
monetary policy autonomy if the fixed exchange rate regime is credible. In the model
of equation (8), these hypotheses H, versus Hy can be tested by comparing the size of
the adjustment coefficient a. The larger o the faster the adjustment to the long-term
equilibrium, and hence the lower the degree of policy autonomy.

3 Empirical results

Concerning the hypotheses formulated in section 2, the central focus is on the
question whether countries that have flexible exchange rates are able to enjoy a larger
degree of monetary policy independence than those with fixed currency regimes.
Moreover, it will be analysed whether and under what conditions countries that
abandon fixed exchange rates move immediately towards full autonomy (H;) or first
to a state in which they are still limited in their degree of policy independence (H3).

Section 3.1 focuses on the ERM and other European countries, and compares these
countries’ experience before and after the 1992-93 ERM crisis and under alternative
currency regimes. Section 3.2 then looks at emerging markets and the evidence for the
exchange rate regime — monetary policy autonomy nexus in those economies.

3.1 Results for the ERM

The early 1990s experienced a controversial debate about the “German dominance
hypothesis”, i.e. whether or not the monetary policy by members of the European
Monetary System (EMS) was dominated by the policy decisions of the Bundesbank.
Von Hagen and Fratianni (1990a, 1990b), for instance, analyse to what extent
monetary policy in individual EMS members was influenced by German versus US
monetary policy decisions. They find evidence for the asymmetric functioning of the
EMS, i.e. that German interest rate changes had a strong effect on other EMS
members, while the latter have a small, but still significant impact on German interest
rate policies.6 They also present evidence that US policy has some effect both on
German interest rates and on interest rates of other EMS members.

Numerous other papers (Artis and Zhang, 1998, Artus et al. 1991, Biltoft and Boersch
1992, Cohen and Wyplosz 1989, De Grauwe 1989, Giavazzi and Giovannini 1987,
Weber 1990) on the issue find similar results, though they often disagree about the

> The effect may be larger than 8 = I due to country risk and currency risk premia.

% They write: “..., the EMS is best portrayed as an interactive web of monetary policies, where
Germany is an important player, but not the dominating one. ... However, other countries react more
strongly to German policies than vice versa.” (p.373, 1990a)
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degree to which German monetary policy dominated that of other EMS central banks
and also about whether interest rate policies of other countries, such as France, had
some effect on German interest rates.

What many of these papers have in common is that they mostly use monthly or
quarterly data and often rely on Granger causality type of tests to analyse interest rate
linkages. It is questionable how accurate results of such an analysis can be by relying
on low frequency data and empirical tests that do not allow for an analysis of dynamic
linkages. In this sense, the analysis for European countries in this paper here in part
builds on this earlier debate of the “German dominance hypothesis” and conducts an
econometric analysis that allows for dynamic linkages.

The analysis of this section focuses on four key questions: (1) whether joining the
ERM lowered the degree of monetary policy autonomy; (2) whether EMS members
enjoyed more monetary independence under the wider EMS bands in 1993-98 than
under the narrower bands until 1993; (3) whether core EMS members were more
responsive to monetary policy shocks in Germany than those which had less
credibility or were less likely to join the Euro; and (4) to what extent US monetary
policy influenced interest rates within the EMS. Table 3 lists some of the key dates of
the included countries with respect to their exchange rate arrangements.

Table 4 presents the results for the analysis using interest rate levels whereas Table 5
shows the empirical findings for the ECM framework.” The ADF test reveals that the
residuals of all of the models with interest rate levels are stationary, indicating that the
results can indeed be interpreted as long run, cointegrating relationships between
interest rate levels.

Concerning the first of the four questions, there is strong evidence that the countries
that joined the EMS in the 1990s permanently (Austria, Finland and Greece) all
experienced some increased dependence on monetary policy in Germany.

Austria, pre-ERM: i =K, +0.71 i +0.53 i o =-0.0041
(1/1/91 - 8/1/95)
Austria, ERM: i’ =K, +0.98 i +0.41 i o™ =-0.0075

(9/1/95 - 31/12/98)

The case of Austria provides an example. The B coefficient for the long-term
relationship with German interest rates increases somewhat from 0.71 to about unity
after Austria joined the ERM in early 1995. Similarly, the speed of adjustment to this
long-term equilibrium rises from —0.0041, which implies a half-life of 170 days, to —
0.0075, 1.e. a half-life of around 100 days.

7 Tables 4 and 5 only report the coefficients for the transmission of contemporary interest rates (or
those with one lag where the effect occurs only on the following business day due to different operating
times of the markets) as well as the short-term adjustment to the long-term equilibrium in the ECM.
Testing various alternative econometric specifications showed that interest rates are transmitted very
rapidly across markets, mostly showing significant coefficients only for the contemporary transmission
but not for those with lags.
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For the case of the UK, the transmission of interest rate shocks from Germany to the
UK was substantially larger during the period when the UK was an EMS member (8
October 1990 - 16 September 1992) than after it had left the ERM:

UK, ERM: i’ =Kk,+1.09 i“+0.23 i " =-0.0054
(8/10/90 - 16/9/92)
UK, non-ERM 2: i =K, +037 i +033 i " =-0.0035

(1/1/99 - 30/1/2001)

UK interest rates moved basically one-to-one with German rates during UK’s ERM
membership but this link then weakened substantially thereafter. Since the
introduction of the euro, UK monetary policy seems to be largely autonomous
although UK interest rates are still integrated with euro area and US interest rates,
forming a stable long-term relationship but with lower o and 3 coefficients.

I now turn to the second question, which is whether German monetary policy was
more dominant during the period 1987-92, with narrow bands of mostly +- 2.25%",
than during the 1993-98 period when most bands had been widened to +- 15%.’
Overall, there is no compelling evidence that the move from narrow ERM bands in
1987-93 to wider bands in 1993-98 raised the degree of monetary policy autonomy
for EMS members.

Most EMS member countries show an increased interest rate shock transmission from
Germany across these two periods as well as a faster short-run equilibrium adjustment
a. The only exceptions are Belgium and France where the B coefficient declined
somewhat across the sub-periods, although [ remained around unity for both
countries, signalling the availability of little if any autonomy. Overall, this indicates
that the move towards more flexible exchange rate arrangements did not give EMS
member countries systematically more autonomy to set interest rates according to
domestic policy needs.

The case of Ireland illustrates this point nicely, and is also quite representative for
most other ERM member countries. The coefficient for the long-term relationship
with Germany rose from 0.68 to about unity from the narrow ERM to the wider ERM
periods, whereas the influence of US interest rates declined. Also the adjustment to
the long-term equilibrium became somewhat faster during the 1993-98 period under
de jure wider ERM bands.

Ireland, narrow ERM: i =x,+0.68 i%+0.32 i o =-0.0052
(1/1/89 - 31/7/92)
Ireland, wider ERM: i =Kk, +0.98 i”+0.12 i a™ =-0.0066

(1/8/93 — 31/12/98)

At first, this result may seem contrary to what the target zone model would imply. In
theory, wider bands should allow countries to exert a larger degree of monetary
autonomy, even if this autonomy is a temporary one, i.e. reflected by a slower speed
of adjustment to the long-term equilibrium relationship. However, it should be noted

¥ Of the EMS members, only Spain and Portugal had exchange rate bands of +- 6%.
? Germany and the Netherlands continued to maintain bands of +- 2.25% width relative to the central

parity.
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that although de jure the ERM bands were wider in 1993-98, ERM member countries
did not use these bands to let their exchange rate fluctuate more, but de facto stayed
mostly within the old, narrower bands (Bartolini and Prati, 1999). One of the reasons
for widening the bands after the ERM crisis of 1992-93, was to deter speculative
pressure rather than encouraging more exchange rate variability within the wider
bands (European Monetary Institute, 1995).

Moreover, keeping exchange rates essentially within the old bands after 1993 may
have required a stronger policy response by central banks because of the reduced
“bias in the band”, i.e. a reduced stabilizing effect of the wider bands when the
exchange rate is close to its parity.'’ The finding of lower monetary policy autonomy
under the wider ERM bands may therefore be the logic result. Finally, a higher degree
of financial integration within in Europe and the prospect of monetary union may also
contribute to an explanation of increased interdependence in 1993-98.

A further interesting example in this regard is Italy. Italy was forced to withdraw from
the ERM after strong speculative pressure on the lira on 18 September 1992. It stayed
out of the ERM until rejoining on 25 November 1996.

Italy, narrow ERM: i" =K,+0.56 i”+0.21 i o' =-0.0023
(1/1/89 - 31/7/92)

Italy, non-ERM: i =Kk, +0.72 i"+047 i o =-0.0054
(1/8/92 — 24/11/96)

Italy, wider ERM: i =Kk, +0.75 i*+022 i o =-0.0087

(25/11/96 — 31/12/98)

Despite the temporary withdrawal from the ERM, Italy’s central bank continued to
closely follow German monetary policy between 1992 and 1996. This explains why
both the long-term coefficient B and the adjustment factor o both remained high and
even rose compared to the period of the narrow ERM in 1987-1992. Also after
rejoining the ERM in November 1996, Italy kept following German monetary policy
closely until the introduction of the euro.

For the third question, there is no systematic evidence that “core” EMS members (e.g.
Austria, Belgium, France, the Netherlands) were more dependent on German interest
rate changes than other members that may have enjoyed less credibility or may have
been seen in the mid-1990s as less likely candidates to join the euro (e.g. Greece,
Italy, Portugal, Spain).

The Netherlands and Spain provide fairly representative examples for this finding:

Netherl., narrow ERM: i =Kk,+094 i“+0.21 i* o =-0.0055
(1/1/89 — 31/7/92)

Netherl., wider ERM: i =k, +1.07 i%+028 i o™ =-0.0072
(1/8/93 —31/12/98)

Spain, narrow ERM: i =Kk, +1.12 i +1.01 i” a’ =-0.0042
(1/1/89 — 31/7/92)

T am grateful to John Williamson for pointing out this explanation.
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Spain, wider ERM: i =Kk, +1.11 i+042 i o’ =-0.0059
(1/8/93 — 31/12/98)

Both the Netherlands and Spain had [ coefficients of around unity for the relationship
with German interest rates. The adjustment coefficient o is somewhat higher for the
Netherlands, possibly reflecting the narrower bands that the Netherlands pursued for
most of the period compared to Spain. The lack of a clear difference between core
countries and periphery countries may be explained by the need of less credible EMS
members to respond more strongly to interest rate moves in Germany in order to
repeatedly signal their commitment to the EMS.

Fourth, in contrast to the increased dependence of EMS member countries on interest
rates in Germany over time, US interest rates have lost in influence over time. Only
for a few countries, often outside the EMS such as the UK and Norway (and also
Australia and Canada), does the transmission of US interest rate shocks increase with
time. As expected, Japanese interest rates do not seem to play any relevant role in
determining monetary policy in Europe.

Greece, pre-ERM: i =Kk, +1.03 i®+0.51 " a® =-0.0033
(1/1/94 — 14/3/98)

Greece, ERM: i =k, +1.12 i +031 i o =-0.0094
(15/3/98 — 31/12/2000)

Sweden, non-ERM 1: i’ =k,+0.55 i“+0.23 i & =-0.0040
(1/1/93 — 31/12/98)

Sweden, non-ERM 2: i’ =Kk, +0.68 i"+0.15 i o’ =-0.0036

(1/1/99 - 30/1/2001)

The two examples above for Greece and for Sweden underline the point that the
influence of US monetary policy within Europe has become somewhat less important
over time, although US interest rates do continue to exert some impact on European
money markets.

Finally, an interesting result occurs when looking at the ERM crisis of 1992-93. The
striking finding is that during the 1992-93 turmoil in the ERM, the interdependence
among the core EMS members (Belgium, France, the Netherlands) increased, whereas
EMS members in the periphery (Ireland, Spain, Denmark) experienced a lower
transmission of interest rate shocks from Germany.

On the one hand, interdependence may rise if domestic market participants become
more sensitive to external developments in other markets. On the other hand, the
transmission of interest rate shocks may decrease during periods of turmoil as other
factors become relatively more important in determining domestic interest rates. For
instance, expectations of exchange rate realignments, changes in the bandwidth, or the
exit of a country from the existing exchange rate arrangement may drive at least a
temporary wedge between domestic and foreign interest rate developments. This may
provide some tentative explanation for the difference between core and non-core
ERM countries.

ECB « Working Paper No 154 « June 2002 19



In summary, taken these results together, the picture that emerges is that an ever more
integrated monetary block formed in Europe since the 1980s, with Germany as its
dominant force in determining interest rate policies till the onset of monetary union in
1999. This occurred despite a (temporary) move towards more de jure exchange rate
flexibility within the EMS during 1993-98, which seemed to have lowered the degree
of monetary policy autonomy of ERM members further due to the close exchange rate
targeting also within the wider ERM and possibly a higher degree of integration and
in anticipation of monetary union.

3.2 Emerging markets

The advantage of analysing the exchange rate regime — monetary policy autonomy
nexus for emerging market economies (EMEs) is that these economies offer a more
diverse spectrum of exchange rate regimes and often experienced dramatic changes in
their currency regimes during the course of the 1990s. The EMEs included are three
accession countries (Czech Republic, Hungary, Poland), three of the four largest Latin
American economies (Argentina, Chile, Mexico)“, and six Asian countries (Hong
Kong, Indonesia, South Korea, Malaysia, Singapore, Thailand).

The reason for choosing these countries is that they are not only relatively open
financially and mostly transparent with respect to their exchange rate arrangement,
but also that in most cases they experienced a significant change in their exchange
rate regime during the 1990s. In many cases, this change was brought about either by
the Latin American crisis of 1994-95 or the Asian financial crisis of 1997-98. Table 6
gives a short summary of changes in the currency regimes of these economies.

Tables 7 and 8 present the results for the transmission of interest rate shocks from the
US, from Germany/the euro area, and from Japan. As a prerequisite for the validity of
the ECM, ADF tests confirm the stationarity of the models of interest rate levels
(Table 7). Four main results emerge from the analysis.

First, there is no strong evidence that countries with more flexible exchange rate
regimes have more autonomy from monetary policy shocks in the US, Europe and
Japan than countries that have less flexible regimes. For instance, after the Asian
crisis countries like Indonesia and Thailand, under floating regimes, were more
sensitive to US interest rates in the long term than Hong Kong, under its currency
board system. By contrast, Singapore is the only of the six Asian countries that
enjoyed a larger degree of autonomy under a more flexible currency regime:

Hong Kong, currency ;"% = 1106 " o™ =-0.0180
board (1/7/98 — 30/1/01):

Indonesia, float: i" =1, +291 i " =-0.0005
(1/7/98 — 30/1/01)

Singapore, float: i =Kk, +0.51 i”* +0.18 " o™ =-0.0008

1/7/98 — 30/1/01)

" Including Brazil, as Latin America’s largest economy, proved difficult because of the country’s long
experience of high and volatile inflation and interest rates, which rendered only a relatively short
period for a sensible analysis.
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A similar result applies to the Latin American economies and the accession countries.
Among the accession countries, the economy with the least flexible currency regime,
Hungary, experiences a larger transmission of interest rate shocks from the euro area
than either the Czech Republic or Poland. Argentina, under its currency board
arrangement, was in the long run not more dependent on interest rate policy in the US
than Mexico, which had relative more flexible regimes since 1995:

Argentina, currency itAfg =K, +1.44 ,‘IUS a’® =-0.0180
board (1/7/95 — 30/1/01):
Mexico, float: i =k, +1.46 i o™ = —0.0005

(1/7/95 — 30/1/01)

The ECM results show that interest rates in Hong Kong and Argentina adjust more
quickly to the long-run equilibrium than in countries with more flexible regimes. For
instance, deviations from the long-run equilibrium for the sub-period 1998-2001 have
a half-life of about 38 days for Hong Kong and Argentina but more than 150 days for
countries like Indonesia, Malaysia and Mexico. This reveals that the degree of
temporary autonomy is still relatively short with a half-life of about one half of a year
at most and, overall, that most EMEs with flexible exchange rate regimes in the
sample have not enjoyed a significantly higher degree of monetary policy
independence.

As a second main result, there is no strong evidence that for individual countries the
move towards more exchange rate flexibility reduced their dependence on monetary
policy decisions in the US, the euro area and Japan. Most of the countries in the
sample in fact experienced an increased dependence on interest rate shocks in the
euro area or the US over time, in particular after having experienced a financial crisis.

For example, the degree of monetary autonomy decreased for the Czech Republic and
for Chile after these countries moved to more flexible exchange rate arrangements.
Both a and B coefficients have increased over time. In case of the Czech Republic, the
dependence is primarily on Germany/the euro area, whereas the only monetary policy
that seems to impact Chile’s interest rates is that of the US.

Czech Rep., peg: i =K, +1.12 i +0.65 i o =-0.005
(1/1/93 - 31/3/97)
Czech Rep., float: i =K, +1.56 i* +0.34 " o =-0.007
(1/1/98 — 30/1/01)
Chile, bands: i =K, +0.98 [ o =-0.005
(1/1/94 - 30/6/97)
Chile, m. float: itChl =K, +1.50 iffs o =—-0.005

(1/7/97 - 30/1/01)

Third, the results show that one can indeed speak of a “euro area bloc” and a “US
bloc” according to the regions where monetary policy of the two are dominant. For
the accession countries, the impact of shocks from Germany / the euro area has
increased over time, whereas the transmission of US interest rate shocks diminished
for all three countries. US monetary policy is dominant and often even increased in
importance both in Latin America and in Asia. It is striking that the effects of shocks
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in Japanese interest rates are either not significant or at most small for all of the Asian
economies. Given the large importance of US shocks for Asian countries, these
findings clearly point towards the development of a “US bloc” also in Southeast and
East Asia.

Poland, peg: i =K, +0.54 i%+0.66 i o™ =-0.004
(1/7/93 — 15/5/95)

Poland, crawl: irP”’ =K, +1.31 itGe +0.52 itUS o™ =-0.006
(16/5/95 — 11/4/00)

Poland, float: i/ =K, +1.09 i +047 i o™ =-0.008
(12/4/00 — 30/1/01)

Chile, bands: i =x,+098 i o =-0.005
(1/1/94 - 30/6/97)

Chile, m. float: i =1, +1.50 i o™ =-0.005
(1/7/97 - 30/1/01)

Indonesia, bands: i" =K, +1.61 i +043 i a™ =-0.013
(1/6/94 — 30/6/97)

Indonesia, float: i" =K, +291 i a™ =-0.005

(1/7/98 —30/1/01)

An interesting result is that while Japanese interest shocks do affect other Asian
markets in the earlier periods, this transmission becomes smaller and often
statistically insignificant in recent years. The case of Indonesia above provides an
example for this finding.

A fourth finding relates to the periods of financial crisis, which most of the countries
in the sample were subject to at some point during the 1990s. All of the affected
countries, with the exception of Hong Kong, experienced an increased dependence on
interest rate shocks from the dominant partner country during a crisis episode. In
some cases, the rise in the shock transmission was quite dramatic, which suggests that
interest rate linkages in crisis periods tend to strengthen, making it even more difficult
for affected countries to re-focus their monetary policy stance towards domestic
policy objectives.

In summary, one interpretation that emerges from these empirical results is that
moving from a fixed to a flexible exchange rate regime alone may not be sufficient to
raise the degree of monetary autonomy. What may be required in addition to adopting
a flexible exchange rate arrangement are credibility and a track record to establish a
reputation in financial markets. It is striking that Chile and Singapore, two countries
with the highest degree of credibility and strongest track record in the sample, also
seemed to be least dependent on external interest rate shocks.

However, an alternative, though partly complementary explanation of the findings is
that the rising degree of financial and real integration has also led to an increased
interdependence of interest rate movements. Hence this higher degree of
interdependence may have occurred despite rather than because of the general
tendency to move towards exchange rate flexibility.

22 ECB « Working Paper No 154 » June 2002



3.3 Event study: monetary policy announcements

The analysis so far has looked at the transmission of interbank rates and assumed that
changes in these interbank rates solely reflect anticipated or actual changes in
monetary policy. Although this assumption should be fairly accurate as such market
interest rates reflect closely the policy instruments, a more direct way of analysing the
transmission of monetary policy across countries is to look specifically at those days
when actual changes in monetary policy were announced and to analyse whether and
how the transmission of market interest rates is different on these specific days. There
is a broad literature that analyses announcement effects of various types of
macroeconomic variables, such as inflation rates, monetary policy, unemployment
rates, GDP growth rates, etc. (e.g. Fleming and Remolona 1999, Roley and Sellon
1998). The focus here, however, is only on monetary policy changes.

In theory, if monetary policy decisions are fully anticipated, there should be no
change in market interest rates on the date of the announcement of the policy
decision. Hence changes in market interest rates on the dates of policy announcements
are pure policy surprises, i.e. they measure to what extent policy changes were not
anticipated and already incorporated in market rates and prices. The advantage of
looking at such monetary policy surprises is that such an analysis may be more
accurate in measuring the true transmission effects of interest rate changes. The
disadvantage, however, is that such an analysis usually leaves only relatively few
observations to work with.

During the period January 1986 — March 2001, there were 84 changes in the US
federal funds target rate, 34 changes in the German lombard/discount rates, and 21
changes in the Japanese official discount rate. To test whether the transmission of
interest rate shocks is different on announcement days from other days, equation (3) is
modified in the following way:

_ US _US EA_ EA Ja_Ja US US _US EA EA__EA Ja Ja _Ja
no=Ket B BT+ B+ D + 0D e+ D

€))

+O0Ae™* +vD? +@D; + ¢,

so that the model now also includes three impulse dummies D" (k=US,EU,Ja) with
D*=1 for those days when an interest rate change is announced in one of the three
countries, and DF=0 otherwise. A set of step dummies, DS, 1s included to account for
structural breaks due to changes in the exchange rate regime as indicated in Tables 3
and 6 above. The hypotheses for testing whether the transmission of interest rate
changes is different on announcement days can therefore be formulated as

Hs . ﬂUS +77US — ﬂUS
H . ﬁEA +77EA _ ﬁEA
6 ° -

H7 . ﬂ]a +n]a — ﬂ]a
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The ECM of equation (8) can be modified in a similar way with the above hypotheses
formulated accordingly. Table 9 presents the coefficients for the transmission of
interest rate surprises on the day of announcements for both the models with interest
rate levels and with first differences in the ECM. The following general results stand
out.

First, almost all of the coefficients of the monetary policy surprises are substantially
larger than the coefficients for monetary policy shocks presented in Tables 4 and 7.
This finding is intuitively convincing because one would expect that the transmission
of interest rate changes are stronger on those days on which actual policy changes are
announced than on those on which expectations or beliefs about possible future policy
changes are altered. The size of the increase is very large, with coefficients for the
transmission of euro area and US interest changes often rising by a factor of 2 or 3.

Second, US interest rates seem to become even more dominant in world financial
markets on days when the Fed announces monetary policy changes. The coefficients
for US monetary surprises are large and significant for almost all countries in all three
regions, both in the model with interest rate levels and in the ECM.

Third, despite the increased importance of US interest rate announcements, the euro
area still remains the dominant financial market within Europe and for the accession
countries. Japan’s announced monetary policy changes are clearly important for most
of the Asian countries. However, the conclusion of the previous sections is confirmed
in that a “US bloc” has been forming both in the Americas and in Asia, and that a
“euro area bloc” has emerged within Europe.

4. Conclusions

This paper has analysed empirically whether countries under flexible exchange rate
arrangements are enjoying more monetary policy autonomy than countries under less
flexible regimes. Three key results from the empirical analysis using GARCH and
ECM frameworks stand out. First, joining a particular exchange rate arrangement,
such as the ERM, mostly lowers the degree of monetary independence (e.g. Austria,
Finland, Greece).

Second, the move in the opposite direction from fixed to flexible exchange rate
regimes does not always allow countries to gain monetary independence. In fact, all
of the analysed emerging markets that faced a financial crisis in the 1990s
experienced a greater dependence on interest rate changes in the US or the euro area
following the crisis, and this in despite of switching mostly to more flexible currency
regimes. Similarly, EMS member countries generally did not have more monetary
autonomy under the wider ERM in 1993-98 than under the narrow ERM in 1987-92.
This finding is in line with the observation that most ERM members in 1993-98 kept
their exchange rates within the old, narrower exchange rate bands.

Third, it is found that there has been a polarisation of monetary policy dominance in
the world. A “Dollar bloc” exists in Latin America and in Asia as interest rates in both
regions are dominated strongly by US monetary policy. In contrast, a “Euro bloc” has
been forming in Europe as the importance of monetary policy from the euro area has
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been increasing over time, whereas the relevance of US interest rate changes has
declined. Japanese monetary policy seems to have had increasingly little influence,
also for most of the Asian economies analysed in this paper.

One interpretation from these empirical results is that moving from a fixed to a
flexible exchange rate regime alone may not be sufficient to raise the degree of
monetary autonomy. What may be required in addition to adopting a flexible
exchange rate arrangement are credibility and a track record to establish a reputation
in financial markets. An alternative, though partly complementary explanation of the
findings is that it has been the rising degree of financial and real integration among
economies which has also led to an increased interdependence of interest rate
movements. What this may indicate is that in an increasingly interdependent world we
are moving from an “Impossible Trinity” to an “Impossible Duality”, i.e. even under
flexible exchange rate arrangements it becomes ever more difficult for countries to
exert independent and autonomous monetary policy.

As for policy relevance, the findings of this paper suggest two central lessons. First,
the findings challenge the increasingly popular view among economists and policy-
makers that the proper choice of a currency regime can only be at the extremes, i.e.
either fully floating or irreversibly fixed. An economy may hardly gain any monetary
autonomy by letting its exchange rate float freely if the economy is highly integrated
and interdependent with a large and dominant one like the USA or the euro area.
Hence intermediate exchange rate regimes may be a more attractive alternative for
countries if they can avoid misalignments and prevent the regime from becoming the
target of speculative attacks.

A second lesson refers to policy-makers in the US and in the euro area. The findings
of the paper suggest that monetary policy decisions in both affect not only their own
economies but have an increasingly large impact also on other economies. This, in
turn, makes monitoring and understanding developments in other economies ever
more important also for monetary policy in the US and in the euro area.
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Appendices

Table 1: Statistical properties of interest rate levels and their first differences

INTEREST RATE LEVELS FIRST DIFFERENCES
Mean Standard Skewness Excess  Q(30): Serial 2(30):Serial ADF: Mean Standard Skewness Excess  Q(30): Serial 2(30):Serial ADF:

Error Kurtosis  Correlation Correlation  Unit Root Error Kurtosis  Correlation Correlation  Unit Root
DEVELOPED COUNTRIES
Austria 5.005 2.184 1.067 ** -0.264 * 739.75 **  3033.0 ** -2.427 * -0.002 0.031 -2.813 ** 76.14 ** 136.09 ** 857.4 ** -22.70 **
Belgium 5.996 2.754 0.415 ** -1.441 **  855.16 **  3694.3 ** -1.441 -0.002 0.144 2.549 *»*  123.20 *  466.31 ** 19725 ** -26.02 **
Finland 7.750 4.279 0.525 ** -0.890 1048.79 **  5065.7 ** -1.499 -0.002 0.303 -10.090 **  517.93 *  357.73 ** 1880.6 ** -31.46 **
France 6.776 2.688 0.055 -1.037 **  1119.29 **  4734.6 ** -1.402 -0.001 0.193 -1.176 **  147.89 **  796.22 ** 3264.5 ** -28.65 **
Greece 12.776 3.544 0.375 ** -0.085 467.11 ** 2455.6 ** -1.074 -0.008 0.312 2.954 ** 66.60 ** 95.84 ** 613.4 ** -26.02 **
Ireland 7.983 4.037 1.418 ** 5.119 *»*  778.32 ** 3362.3 ** -5.921 ** -0.002 1.572 12.084 ** 1047.52 ** 1095.33 ** 4633.2 ** -48.51 **
Italy 9.375 3.425 -0.061 0.801 ** 1076.59 ** 5199.9 ** -1.357 -0.003 0.275 5.291 ** 281.28 ** 762.33 **  4007.6 ** -34.87 **
Netherlands 5.557 2.211 0.490 ** -1.052 **  1165.43 **  4929.8 ** -1.391 0.000 0.046 0.253 ** 20.17 **  147.12 ** 1059.3 ** -28.07 **
Portugal 7.376 3.823 0.998 ** 1.050 ** 560.44 **  2946.2 ** -2.215 * -0.004 0.477 -0.166 ** 446.42 ** 255,51 ** 1175.3 ** -27.01 **
Spain 8.462 4.095 0.518 ** 0.633 **  775.06 ** 3177.7 ** -2.108 -0.003 0.654 20.025 ** 1327.39 **  399.85 ** 1959.3 ** -36.74 **
Denmark 7.292 3.883 1.874 ** 6.780 **  755.63 **  3264.3 ** -4.809 ** -0.001 0.835 6.006 **  217.65 **  676.57 ** 3382.9 ** -32.13 **
Norway 5.672 1.351 0.296 ** 0.400 **  517.56 ** 2189.3 ** -2.338 * 0.000 0.223 7.209 **  677.23 **  283.90 * 1220.8 ** -25.87 **
Sweden 5.891 2.252 0.494 ** -1.000 **  598.46 **  3146.1 ** -4.609 ** -0.004 0.062 2.039 *  168.04 **  318.14 ** 1431.6 ** -19.89 **
UK 8.593 3.127 0.720 ** -0.757 **  1143.44 **  4939.7 ** -1.531 -0.002 0.216 20.860 ** 1412.82 **  347.50 ** 1826.8 ** -43.38 **
Australia 8.900 4.121 0.750 ** -0.881 ** 1138.70 **  5499.9 ** -1.541 -0.003 0.140 0.919 ** 70.63 **  137.81 ** 992.2 ** -33.59 **
Canada 7.076 2.796 0.675 ** -0.549 ** 1135.80 ** 5679.0 ** -1.567 -0.001 0.120 4523 **  123.93 **  106.51 ** 734.9 ** -32.56 **
EMERGING MARKETS
Czech Republic 10.540 3.686 0.376 ** 0.245 **  508.22 **  2889.4 ** -2.006 * -0.013 0.146  -0.275 ** 18.16 **  405.51 ** 1715.3 ** -25.37 **
Hungary 13.636 2.513 0.511 ** -0.658 **  388.61 ** 1643.8 ** -1.200 -0.008 0.279 0.008 ** 34.85 * 15556 ** 964.5 ** -22.62 **
Poland 22.863 5.784 0.187 ** -0.874 **  578.98 **  3043.7 ** -1.442 -0.007 0.454 -0.078 11.07 **  381.83 ** 1649.5 ** -30.91 **
Argentina 11.797 6.439 2.364 ** 6.031 *  332.63 ** 1363.8 ** -6.406 ** -0.010 2.739 0.119 ** 22.03 **  216.59 ** 1046.1 ** -30.02 **
Chile 6.449 1.676 2.791 ** 2,191 *  401.09 ** 1732.7 ** -2.661 ** -0.001 0.327 -3.386 ** 90.15 *  358.35 ** 1515.8 ** -26.98 **
Mexico 13.468 5.817 2.367 ** 7.438 **  528.38 **  2235.0 ** -1.290 -0.003 1.550 6.700 **  183.32 *  200.21 ** 967.0 ** -23.95 **
Hong Kong 6.237 2.140 1.821 ** 1.996 **  717.27 **  2940.8 ** -7.235 ** -0.001 0.695 9.437 ** 1433.66 **  775.30 ** 3279.5 ** -39.77 **
Indonesia 22.745 20.313 1.817 ** 2.423 ** 95564 **  4395.9 ** -1.439 0.003 3.874 1.220 ** 34.13 **  340.28 ** 1788.9 ** -35.27 **
Korea 12.252 4.012 0.279 ** 0.009 642.84 **  3149.9 ** -1.502 -0.005 0.210 4.854 **  105.23 **  361.02 ** 1480.2 ** -21.79 **
Malaysia 5.982 2.305 0.337 ** -0.156 542,29 ** 27115 ** -1.672 -0.002 0.240 7.142 **  549.37 *  262.41 ** 1133.6 ** -26.29 **
Singapore 3.615 1.627 1.063 ** 2.922 ** 93347 ** 4013.9 ** -4.891 ** -0.001 0.343 -1.058 **  476.11 *  660.77 ** 2795.1 ** -33.92 **
Thailand 10.516 5.581 1.027 ** 1.005 **  641.27 ** 2885.7 ** -1.582 -0.003 0.402 1.751 ** 75.36 ** 89.81 ** 727.5 ** -25.48 **
USA 5.371 1.382 0.297 ** -0.148 *  1144.97 **  6068.3 ** -1.516 -0.001 0.055 -0.483 ** 14.28 **  201.72 * 1060.4 ** -31.87 **
Germany/euro area 5.418 2.222 0.669 ** -0.985 **  1164.27 **  6287.1 ** -0.908 0.000 0.061 -0.309 ** 59.64 **  136.05 ** 843.5 ** -30.79 **
Japan 3.132 2.514 0.444 ** -0.948 ** 1155.34 ** 5776.7 ** -0.968 -0.001 0.071  -0.225 ** 24.43 ** 68.94 ** 475.7 ** -31.37 **

Note: Q(30) and Q?(30) show the Ljung-Box test statistic for serial correlation of order up to 30. ADF shows the augmented Dickey-Fuller test for the null hypothesis of a unit root.
** and * indicate significance at the 1% and 10% level, respectively.




Table 2: GARCH results for tests of interest rate transmission
between the euro area, Japan and the USA

The trivariate GARCH model for the US, Japan and the euro area is formulated analogously

to the univariate system of equations (6)-(8)

with the conditional first moments,

S =K i F A+ B+ B R+ B +v DO + g (9.2)
—K‘20+K‘ EP 4+ BorE + Bl + B +v, DY + g (9.b)
Us Us Ja EA EA US.,0
=Ky + K3F, + Bir + ,83 + B +v, D70 + 8, (9.0)
the conditional second moments,
Ja 2 _ 2 ( Ja)2 EA( EA)2 US( US)2
(0] =wy+o,l0) +ao () + o (e5) +of (€ (9.d)
2 2 2 2 2
(fo‘) = W,, + W,, (Gf/,‘) + ] (e,"’) + ! (ef?) + (efﬁ) (9.e)
2 2 2 2 2
(05) =y, +0,(6%) + o ("] + o) + o (€2) (9.6)
and the covariance equations:
ok =p*o(oto?)  for k,o=Ja,EAUS, k+#o (9.g)
interest rate transmission| volatility transmission correlation
from: from: between:
Japan Euro area USA Japan Euro area USA Japan Euro area
Ja EA UsS Ja EU US Ja, EA,
to: B B B 2 w w pt ptte
1986-1992
Japan 0.082 0.058 **| 0.189 ** 0.020 ** 0.016 *
(0.102)  (0.017) [(0.070) (0.007)  (0.008)
Germany 0.014 * - 0.078 **| 0.008 0.503 **  0.024 0.047
(0.004) (0.007) |[(0.010) (0.017) (0.017) |(0.031)
USA 0.011 0.012 -0.001 0.022 0.125 ** | -0.032 -0.062
(0.022)  (0.021) (0.002)  (0.040) (0.013) [(0.061)  (0.052)
1993-1998
Japan -0.024 0.022 * | 0.197 * 0.031 -0.001
(0.039)  (0.011) |(0.021) (0.022)  (0.002)
Germany 0.007 0.041 **| 0.024 * 0.188 ** 0.014 **| 0.064
(0.022) (0.013) |(0.008)  (0.013)  (0.004) |(0.054)
USA 0.013 0.012 * - -0.001 -0.001 0.117 * | 0.041 0.066
(0.019)  (0.006) (0.001)  (0.002) (0.009) [(0.046)  (0.053)
1999-4/2001
Japan 0.038 0.015 0.201 ** -0.017 0.021 *
(0.045)  (0.009) [(0.041) (0.025)  (0.010)
Euro area 0.022 0.043 *| 0.011 0.049 **  0.022 0.082
(0.024) (0.012) |(0.013)  (0.009)  (0.013) |(0.180)
USA 0.013 0.016 * - -0.003 0.031 0.223 **| -0.063 0.057
(0.010)  (0.008) (0.028)  (0.069) (0.028) |(0.157)  (0.097)

Note: Standard errors are in parentheses.** and * indicate significance at the 1% and 10% level, respectively.
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Table 3: Key dates of exchange rate regime changes
in European countries

Country: Regime changes:
Austria Before 9/1/95: peg to composite of ERM currencies;
9/1/95: Austria joins ERM at +-15%
Belgium Before 2/8/93: ERM member with +- 2.25% bands;
2/8/93 — 31/12/98: ERM member with +- 15% bands
Denmark Before 2/8/93: ERM member with +- 2.25% bands;
2/8/93 — 31/12/98: ERM member with +- 15% bands;
since 1/1/99: ERM member with +- 2.25% bands
Finland Before 14/10/96: peg with bands to ECU with some realignments;
14/10/96: Finland joins the ERM with +-15% bands
France Before 2/8/93: ERM member with +- 2.25% bands;
2/8/93 — 31/12/98: ERM member with +- 15% bands
Greece Before 15/3/98: MF with some interventions vis-a-vis US$ and DM;
15/3/98: Greece joins the ERM with +-15% bands
Ireland Before 2/8/93: ERM member with +- 2.25% bands;
2/8/93 — 31/12/98: ERM member with +- 15% bands
Italy Before 18/9/92: ERM member with bands being narrowed stepwise to +- 2.25%;
18/9/92: Italy drops out from ERM;
25/11/96: Italy rejoins ERM at 1906 to ECU and +-15% bands
Netherlands Stable within ERM; maintains narrow bands towards DM also after 2/8/93
Norway Managed float with some interventions to stabilize exchange rate
Portugal 6/4/92: Portugal joins the ERM with +-6% bands;
2/8/93 — 31/12/98: ERM member with +- 15% bands
Sweden Managed float with some interventions to stabilize exchange rate
Spain 19/6/89: Spain joins the ERM with +-6% bands;
2/8/93 —31/12/98: ERM member with +- 15% bands
UK 8/10/90: UK joins the ERM with +/-2.25% bands;

16/9/92: UK drops out from ERM

Sources: IMF Exchange Rate Arrangements and Restrictions; NCBs.
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Table 4: GARCH results for interest rate transmission under
alternative exchange rate regimes: Developed Countries

EURO AREA COUNTRIES

transmission from:

transmission from:

NON-EURO AREA COUNTRIES
transmission from:

Germany USA Japan ADF test Germany USA Japan ADF test Euro area USA Japan ADF test
Ge Us Ja Ge Us Ja EA Us Ja
to: ’8 ﬂ ﬁ to: ﬁ ﬂ ﬂ to: ﬁ 'B ﬁ
Austria Ireland Denmark
pre-ERM: 0.71 ** 0.53*  -0.11 -16.09 **| narrow ERM: 0.68 ** 0.32 ** 0.05 -32.68 **| ERM crisis: 0.88 ** 0.15 0.12 -25.99 **
1/1/91 - 8/1/95 (0.14) (0.09) (0.09) 01/01/89 - 31/7/92 (0.12) (0.10) (0.33) 1/8/92 - 31/7/93 (0.38) (0.18) (0.14)
ERM: 0.98 ** 0.41 ** 0.09 -21.72 **| ERM crisis: 0.33 * 0.06 -0.11 -33.36 **| wide ERM: 113 *  0.12 0.09 -27.75 **
9/1/95 - 31/12/98 (0.15) (0.10) (0.09) 1/8/92 - 31/7/93 (0.11) (0.08) (0.21) 1/8/93 - 31/12/98 (0.22) (0.21) (0.09)
Belgium wide ERM: 0.98 ** 0.12 * -0.03 -32.94 ** [ narrow ERM: 1.19 * -0.05 -0.14 -28.20 **
narrow ERM: 1.36 ** 0.53 ** 0.40 ** -29.15 **| 1/8/93 - 31/12/98 (0.08) (0.06) (0.08) 1/1/99 - 30/1/01 (0.23) (0.12) (0.13)
01/01/89 - 31/7/92 (0.21) (0.12) (0.12) Italy Norway
ERM crisis: 2.61 ** 1.70 ** 0.21 -24.34 **| narrow ERM: 0.56 * -0.21 -0.30 -33.72 **| non-ERM 1: 0.45 * -0.12 -0.08 -25.81 **
1/8/92 - 31/7/93 (0.16) (0.12) (0.16) 01/01/89 - 31/7/92 (0.39) (0.33) (0.33) 1/1/93 - 31/12/98 (0.22) (0.12) (0.12)
wide ERM: 0.95 ** 0.62 ** 0.45 -22.53 **| non-ERM: 0.72 ** 0.47 * 0.26 -35.16 **| non-ERM 2: 0.54 ** 0.22 * 0.12 -24.30 **
1/8/93 - 31/12/98 (0.25) (0.25) (0.31) 1/8/92 - 24/11/96 (0.13) (0.26) (0.30) 1/1/99 - 30/1/01 (0.24) (0.12) (0.11)
Finland wide ERM: 0.75 ** 0.22 * 0.12 -34.54 ** [Sweden
pre-ERM: 1.16 ** -0.38 -0.13 -28.87 **| 25/11/96 - 31/12/98  (0.22) (0.12) (0.21) non-ERM 1: 0.55 ** 0.23 * 0.05 -19.79 **
1/1/87 - 13/10/96 (0.17) (0.33) (0.24) Netherlands 1/1/93 - 31/12/98 (0.21) (0.11) (0.28)
ERM: 1.84 ** 0.75 ** 0.04 -30.18 **| parrow ERM: 0.94 ** 0.21 ** 0.04 -27.74 **| non-ERM 2: 0.68 ** 0.15 * -0.12 -21.26 **
14/10/96 - 31/12/98  (0.11) (0.22) (0.14) 01/01/89 - 31/7/92  (0.07) (0.03) (0.06) 1/1/99 - 30/1/01 (0.24) (0.07) (0.12)
France ERM crisis: 1.12 * -0.45 0.11 -26.65 ** UK
narrow ERM: 1.23 ** 0.39 * -0.03 -27.43 **| 1/8/92 - 31/7/93 (0.13) (0.35) (0.13) narrow ERM: 1.09 ** 0.23 * -0.17 -40.49 **
01/01/89 - 31/7/92 (0.28) (0.18) (0.14) wide ERM: 1.07 ** 0.28 ** 0.31 ** -27.52 **| 8/10/90 - 16/9/92 (0.29) (0.12) (0.27)
ERM crisis: 1.33 ** 0.38 * -0.11 -28.07 **| 1/8/93 - 31/12/98 (0.14) (0.06) (0.06) non-ERM 1: 0.74 * -0.16 -0.36 -41.54 **
1/8/92 - 31/7/93 (0.28) (0.18) (2.59) Portugal 17/9/92 - 31/12/98  (0.36) (0.42) (0.22)
wide ERM: 1.14 ** 0.54 0.17 -27.18 **| wide ERM: 1.89 ** 0.25 0.78 -24.52 ** non-ERM 2: 0.37 ** 0.33 ** 0.11 39.84 **
1/8/93 - 31/12/98 (0.32) (0.48) (0.48) 1/8/93 - 31/12/98 (0.31) (0.54) (0.49) 1/1/99 - 30/1/01 (0.08) (0.12) (0.24)
Greece Spain Australia
pre-ERM: 1.03 ** 0.51 * 0.09 -21.70 **| parrow ERM: 1.12 ** 1.01 ** -0.32 -28.71 **| period 1: -0.11 0.35 ** 0.22 * -33.26 **
1/11/94 - 14/3/98 (0.22) (0.25) (0.36) 01/01/89 - 31/7/92  (0.23) (0.36) (0.39) 01/01/89 - 31/12/95  (0.22) (0.12) (0.12)
ERM: 1.12 ** 0.31* 0.11 -25.39 ** [ ERM crisis: 0.74 ** 0.23 * 0.03 -23.76 **| period 2: 0.12 0.39 ** 0.19 * -33.36 **
15/3/98 - 31/12/00  (0.25) (0.15) (0.33) 1/8/92 - 31/7/93 (0.28) 0.12) (0.22) 1/1/96 - 30/1/01 (0.12) 0.17) (0.10)
wide ERM: 1.11 * 0.42 * 0.11 -28.09 ** [Canada
1/8/93 - 31/12/98 (0.22) (0.22) (0.33) period 1: 0.50 * 0.67 ** 0.8  -32.07 *
01/01/89 - 31/12/95  (0.22) 0.27) (0.14)
period 2: 0.44 * 1.07 ** 0.15 -29.89 **
1/1/96 - 30/1/01 (0.27) (0.27) (0.18)

Note: ADF shows the test augmented Dickey-Fuller test for the null hypothesis of a unit root in the residual. Standard errors are in parentheses. ** and * indicate significance at the 1% and 10% level.
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Table 5: Error correction model (ECM) results for interest rate transmission under
alternative exchange rate regimes: Developed Countries

EURO AREA COUNTRIES

NON-EURO AREA COUNTRIES

ECR transmission from: ECR transmission from: ECR transmission from:
adjustment Germany USA Japan adjustment Germany  USA Japan adjustment Euro area  USA Japan
o l—- Ge FUS rla o l—\Ge rUS I—\Ja o FEA rUS rla
Austria Ireland Denmark
pre-ERM: -0.0041 ** 0.18 **  -0.02 -0.002 narrow ERM: -0.0052 ** 0.24 ** 0.13 ** -0.005 ERM crisis: -0.0033 ** 0.19 * 0.02 0.003
1/1/91 - 8/1/95 (0.0003) (0.01) (0.03) (0.002) 01/01/89 - 31/7/92 (0.0009) (0.05) (0.03) (0.003) 1/8/92 - 31/7/93 (0.0011) (0.09) (0.02) 0.005
ERM: -0.0075 ** 0.32 ** 0.019 -0.001 ERM crisis: -0.0039 ** 0.29 *  -0.12 -0.01 wide ERM: -0.0042 ** 0.17 * 0.12 ** 0.01
9/1/95 - 31/12/98  (0.0004) (0.02) (0.013) (0.003) 1/8/92 - 31/7/93 (0.0015) (0.09) (0.15) (0.03) 1/8/93 - 31/12/98  (0.0013) (0.09) (0.05) (0.02)
Belgium wide ERM: -0.0066 ** 0.37 *  -0.04 -0.005 narrow ERM: -0.0059 ** 0.24 ** 0.08 0.003
narrow ERM: -0.0051 ** 0.40 ** 0.10 ** -0.002 1/8/93 - 31/12/98  (0.0022) (0.05) (0.03) (0.005) 1/1/99 - 30/1/01 (0.0014) (0.11) (0.06) (0.003)
01/01/89 - 31/7/92 (0.0007) (0.04) (0.04) (0.006) Italy Norway
ERM crisis: -0.0070 * 0.62 ** 0.38 ** 0.04 narrow ERM: -0.0023 ** 0.28 ** -0.11 -0.001 non-ERM 1: -0.0016 * 0.26 ** 0.01 0.006
1/8/92 - 31/7/93 (0.0041) (0.07) (0.14) (0.06) 01/01/89 - 31/7/92 (0.0006) (0.09) (0.08) (0.005) 1/1/93 - 31/12/98  (0.0008) (0.08) (0.04) (0.004)
wide ERM: -0.0067 ** 0.57 ** 0.09 *  0.006 non-ERM: -0.0054 ** 0.50 ** 0.12 -0.003 non-ERM 2: -0.0025 * 0.25 * -0.08 0.006
1/8/93 - 31/12/98  (0.0009) (0.03) (0.02) (0.008) 1/8/92 - 24/11/96  (0.0022) (0.08) (0.09) (0.007) 1/1/99 - 30/1/01 (0.0012) (0.09) (0.08) (0.010)
Finland wide ERM: -0.0087 ** 0.51 ** 0.08 -0.01 Sweden
pre-ERM: -0.0036 ** 0.15 * 0.03 -0.006 25/11/96 - 31/12/98 (0.0019) (0.07) (0.08) (0.01) non-ERM 1: -0.0040 * 0.14 **  -0.02 -0.007
1/1/87 - 13/10/96  (0.0008) (0.08) (0.09) (0.005) Netherlands 1/1/93 - 31/12/98  (0.0024) (0.03) (0.03) (0.028)
ERM: -0.0048 ** 0.21 ** 0.01 0.003 narrow ERM: -0.0055 ** 0.33 ** 0.03 * -0.01 non-ERM 2: -0.0036 ** 0.20 ** 0.03 * 0.004
14/10/96 - 31/12/98 (0.0012) (0.03) (0.02) (0.005) 01/01/89 - 31/7/92 (0.0012) (0.02) (0.018) (0.01) 1/1/99 - 30/1/01 (0.0014) (0.05) (0.016) (0.003)
France ERM crisis: -0.0021 * 0.39 ** -0.02 -0.01 UK
narrow ERM: -0.0047 ** 0.23 ** 0.08 ** -0.001 1/8/92 - 31/7/93 (0.0011) (0.03) (0.06) (0.01) narrow ERM: -0.0054 ** 0.29 ** 0.06 -0.004
01/01/89 - 31/7/92 (0.0004) (0.02) (0.03) (0.002) wide ERM: -0.0072 ** 0.35 ** 0.04 **  0.000 8/10/90 - 16/9/92  (0.0022) (0.06) (0.06) (0.02)
ERM crisis: -0.0071 ** 0.62 **  -0.26 0.001 1/8/93 - 31/12/98 (0.001) (0.01) (0.01) (0.001) non-ERM 1: -0.0037 * 0.16 ** 0.09 * -0.018
1/8/92 - 31/7/93 (0.0009) (0.14) (0.33) (0.04) Portugal 17/9/92 - 31/12/98 (0.0018) (0.05) (0.04) (0.012)
wide ERM: -0.0071 ** 0.45 ** 0.04 0.001 wide ERM: -0.0035 ** 0.46 * -0.24 -0.007 non-ERM 2: -0.0035 * 0.21 ** 0.09 *  0.009
1/8/93 - 31/12/98  (0.0012) (0.09) (0.06) (0.006) 1/8/93 - 31/12/98  (0.0014) (0.29) (0.22) (0.013) 1/1/99 - 30/1/01 (0.0017) (0.09) (0.04) (0.05)
Greece Spain Australia
pre-ERM: -0.0033 ** 0.39 ** 0.31 ** 0.03 **| narrow ERM: -0.0042 ** 0.26 ** 0.11 * -0.012 period 1: -0.0021 **  0.053 0.070 * -0.004
1/11/94 - 14/3/98  (0.0011) (0.06) (0.04) (0.01) 01/01/89 - 31/7/92 (0.0013) (0.07) (0.06) (0.008) 01/01/89 - 31/12/95 (0.0008) (0.040) (0.036) (0.02)
ERM: -0.0094 ** 0.47 ** 0.37 ** 0.04 * | ERM crisis: 0.0025 0.25 0.16 -0.016 period 2: -0.0024 ** 0.014 0.10 * -0.01
15/3/98 - 31/12/00 (0.0014) (0.07) (0.04) (0.02) 1/8/92 - 31/7/93 (0.0019) (0.14) (0.25) (0.017) 1/1/96 - 30/1/01 (0.0009) (0.043) (0.05) (0.02)
wide ERM: -0.0059 ** 0.36 ** -0.001 -0.013 Canada
1/8/93 - 31/12/98  (0.0008) (0.06) (0.044) (0.004) period 1: -0.0013 **  0.008 0.21 ** -0.003
01/01/89 - 31/12/95 (0.0004) (0.051) (0.04) (0.003)
period 2: -0.0019 ** 0.03 0.50 ** 0.01 *
1/1/96 - 30/1/01 (0.0005) (0.03) (0.06) (0.005)

Note: Standard errors are in parentheses. ** and * indicate significance at the 1% and 10% level, respectively.




Table 6: Key dates of exchange rate regime changes

in emerging markets

Country:

Regime changes:

Czech Republic

Until 1996: peg to DM (65%) and US$ (35%) with +- 0.5% bands ;
28/2/96: band widened to +- 7.5% ;
27/5/97: floating of koruna, some managed float, i.e. intervention to smooth fluctuations

Hungary

1991-1995: peg with periodic adjustments and weights US$ - DM 50% - 50% ;
13/3/95: 8.3% devaluation, reweighting (70% DM, 30% US$) and crawl with bands of +-
2.25% ; repeated widening of bands and changes in monthly target rate of depreciation

Poland

before 14/10/91: peg, then crawl with 1.8% depreciation per month ;

1/1/95: introduction of new currency ; 16/5/95: band widened to +- 7% ;

1995-99: band widened several times and depreciation rate reduced to 0.5% p.m.;

1/1/99: change weights in peg to Euro (55%) and US$ (45%);

24/3/99: band widened to +-15%; reduction of monthly depreciation from 0.5% to 0.3% ;
12/4/2000: floating of zloty

Argentina

Currency board system since April 1991

Chile

Until 1997: Exchange rate bands, repeatedly widened, to basket of three currencies (USS$,
DM, yen); 1997-2000: widening of bands to 12.5% and increased weight to US$)
2000: floating of currency

Mexico

Until 22/12/94: crawling peg with bands that were widened continuously;
Since 22/12/94: floating of peso; since 1/8/96: market interventions of BOM via monthly
auctions to buy US$ from financial institutions

Hong Kong

Currency board system

Indonesia

Before 13/8/97: crawl with repeated widening of bands to finally 12% in July 1997,
13/8/97: termination of crawl and adoption of floating exchange rate system

Korea

Before 15/12/97: tightly managed float against US $ within +/- 2.25%, depending on
previous day’s average rate; repeated widening of bands;
15/12/97: (independent) floating

Malaysia

until 1991: trade-weighted basket peg, with US$ as intervention currencys;
1991: change to managed float without reference to previous day’s value

Singapore

Managed float since 1980s; Monetary Authorities of Singapore (MAS) may intervene but
margins and weights to specific currencies are not made public

Thailand

Before 2/7/97: peg to weighted (secret) basket of trading partners (mainly US$);
Since 2/7/97: (independent) floating

Sources: IMF Exchange Rate Arrangements and Restrictions; NCBs.
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Table 7: GARCH results for interest rate transmission under
alternative exchange rate regimes: Emerging Markets

transmission from:

EASTERN EUROPEAN, LATIN AMERICAN AND SOUTHEAST/EAST ASIAN COUNTRIES
transmission from:

transmission from:

Euro area USA Japan ADF test Euro area USA Japan ADF test Euro area USA Japan ADF test
EA Ja EA Ja EA Ja
to: B B> B to: B B> B to: B B> B
EASTERN EUROPE: LATIN AMERICA (cont.): SOUTHEAST/EAST ASIA (cont.):
Czech Republic Mexico Malaysia
peg: 1.12 ** 0.65 ** 0.05 -23.91 **| peg: 0.11 1.45 = 0.11 -23.69 **| managed float: 0.53 * 1.76 * 0.45 ** -26.08 **
1/1/93 - 31/3/97 0.12) (0.13) (0.14) 1/1/93 - 30/11/94 (0.12) (0.32) (0.26) 1/8/93 - 30/6/97 (0.29) (0.22) (0.15)
crisis: 1.25 ** 0.61*  -0.07 -21.48 **| crisis: 0.06 1.09 ** 0.12 -20.08 **| crisis: 0.36 1.99 ** 111 ** -22.69 **
1/4/97 - 31/12/97 (0.06) (0.07) (0.08) 1/12/94 - 30/6/95 (0.15) (0.35) (0.18) 1/7/97 - 30/6/98 (0.22) (0.25) (0.19)
managed float: 1.56 ** 0.34 ** 0.11 -24.37 **| float: 0.22* 146 * -0.07 -23.89 **| managed float: 0.55 * 1.85 ** 0.38 -23.56 **
1/1/98 - 30/1/01 (0.33) (0.15) (0.15) 1/7/95 - 30/1/01 (0.09) (0.08) (0.14) 1/7/98 - 30/1/01 (0.29) (0.44) (0.40)
Hungary Singapore
narrow peg: 1.31 * 0.67 ** 0.33 -20.47 ** [SOUTHEAST/EAST ASIA: managed float: -0.11 0.33 ** 0.23 ** -31.52 **
1/10/95 - 31/12/98 (0.06) (0.06) (0.45) Hong Kong 1/1/92 - 30/6/97 (0.15) (0.12) (0.11)
wider peg: 1.88 ** 0.25 ** 0.01 -20.42 **| currency board: 0.02 1.06 ** 0.05 -22.59 ** | crisis: 0.09 0.87 ** 0.33 ** -27.56 **
1/1/99 - 30/1/01 (0.10) (0.06) (0.03) 1/1/92 - 30/6/97 (0.02) (0.02) (0.04) 1/7/97 - 30/6/98 (0.15) (0.19) (0.15)
Poland crisis: 0.03 0.85 ** 0.13 -13.86 **| float: 0.09 0.51 ** 0.18 ** -31.08 **
peg: 0.54 ** 0.66 ** 0.07 -19.66 **| 1/7/97 - 30/6/98 (0.05) (0.42) (0.11) 1/7/98 - 30/1/01 (0.09) (0.02) (0.02)
1/7/93 - 15/5/95 (0.07) (0.10) (0.14) currency board: 0.10 1.22 *= 0.21 -23.49 **|Thailand
crawl: 1.31 % 0.52 ** 0.07 -30.64 **| 1/7/98 - 30/1/01 (0.12) (0.22) (0.15) peg: 0.11 1.09 * 0.22 ** -24.95 **
16/5/95 - 11/4/00 (0.05) (0.09) (0.08) Indonesia 1/1/92 - 30/6/97 0.12) (0.22) (0.10)
float: 1.09 ** 0.47 ** 0.55 -27.98 **| crawl: -0.20 1.61 ** 0.43 ** -32.61 **| crisis: -0.33 *»*  3.20 * 1.20 ** -25.92 **
12/4/00 - 30/1/01 (0.36) (0.22) (0.51) 1/6/94 - 30/6/97 (0.20) (0.28) (0.20) 1/7/97 - 30/6/98 (0.12) (0.45) (0.55)
LATIN AMERICA: crisis: 0.33 3.40 ** 1.33 * -34.22 **| float: 0.19 * 2.56 ** 0.29 * -25.25 **
Argentina 1/7/97 - 30/6/98 (0.55) (0.54) (0.33) 1/7/98 - 30/1/01 (0.09) (0.24) (0.14)
crisis: 0.13 419 *  -0.09 -20.77 **| float: 0.79 2.91 *= 0.66 -33.93 *
1/1/94 - 30/6/95 (0.29) (0.19) (0.33) 1/7/98 - 30/1/01 (0.66) (0.14) (0.55)
currency board: -0.07 1.44 ** 0.06 -21.35 ** |[Korea
1/7/95 - 30/1/01 (0.30) (0.41) (0.05) bands: 0.73 ** 251 * 1.13 % -22.23 **
Chile 1/1/92 - 30/6/97 (0.26) (0.07) (0.08)
bands: 0.28 0.98 ** 0.07 -23.95 **| crisis: 0.55 * 2.44 ** 0.88 ** -22.42 **
1/1/94 - 30/6/97 (0.21) (0.23) (0.19) 1/7/97 - 30/6/98 (0.29) (0.99) (0.41)
wide bands/float: 0.56 1.50 ** 0.28 -24.65 **| float: -0.26 2.59 ** 0.23 * -22.08 **
1/7/97 - 30/1/01 (0.51) (0.43) (0.21) 1/7/98 - 30/1/01 (0.24) (0.17) (0.12)

Note: ADF shows the test augmented Dickey-Fuller test for the null hypothesis of a unit root in the residual. Standard errors are in parentheses. ** and * indicate significance at the 1% and 10% level.
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Table 8: Error correction model (ECM) results for interest rate transmission under
alternative exchange rate regimes: Emerging Markets

EASTERN EUROPEAN, LATIN AMERICAN AND SOUTHEAST/EAST ASIAN COUNTRIES

ECR transmission from: ECR transmission from: ECR transmission from:
adjustment Euro area  USA Japan adjustment Euro area  USA Japan adjustment Euro area  USA Japan
o r EA FUS rJa o 1—* EA FUS Fla o FEA FUS FJa
EASTERN EUROPE: LATIN AMERICA (cont.): SOUTHEAST/EAST ASIA (cont.):
Czech Republic Mexico Malaysia
peg: -0.005 ** 0.48 ** 0.23 **  -0.03 peg: -0.011 ** 0.20 0.39 ** 0.08 managed float: -0.005 * 0.09 0.24 ** 0.01
1/1/93 - 31/3/97 (0.0018) (0.11) (0.06) (0.06) 1/1/93 - 30/11/94 (0.004) (0.23) (0.15) (0.12) 1/8/93 - 30/6/97 (0.0025) (0.07) (0.06) (0.01)
crisis: -0.003 * 0.62 * 0.09 * 0.06 crisis: 0.003 -0.01 0.61 ** 0.21 crisis: -0.005 * 0.08 0.26 * 0.12
1/4/97 - 31/12/97  (0.0012) (0.31) (0.05) (0.06) 1/12/94 - 30/6/95 (0.004) (0.20) (0.27) (0.33) 1/7/97 - 30/6/98 (0.003) (0.06) (0.14) (0.30)
managed float: -0.007 ** 0.53 ** 0.22 ** 0.03 float: -0.005 **  -0.09 0.68 **  -0.09 managed float: -0.006 ** 0.08 0.27 ** 0.21
1/1/98 - 30/1/01 (0.002) (0.19) (0.10) (0.04) 1/7/95 - 30/1/01 (0.003) (0.40) (0.18) (0.22) 1/7/98 - 30/1/01 (0.003) (0.11) (0.12) (0.19)
Hungary Singapore
narrow peg: -0.008 ** 0.28 ** 0.39 ** 0.03 SOUTHEAST/EAST ASIA: managed float: -0.005 *  -0.05 0.31 ** 0.07
1/10/95 - 31/12/98  (0.001) (0.06) (0.19) (0.04) [Hong Kong 1/1/92 - 30/6/97 (0.002) (0.08) (0.12) (0.08)
wider peg: -0.009 * 0.57 ** 0.12 * 0.00 currency board: -0.021 ** 0.03 0.62 ** 0.30 * | crisis: -0.004 * 0.09 0.50 ** 0.48 **
1/1/99 - 30/1/01 (0.004) (0.12) (0.06) (0.04) 1/1/92 - 30/6/97 (0.003) (0.05) (0.05) (0.17) 1/7/97 - 30/6/98 (0.002) (0.15) (0.04) (0.05)
Poland crisis: -0.011 ** 0.24 0.45 ** 0.18 float: -0.008 **  -0.03 0.32 ** 0.15
peg: -0.004 ** 0.59 ** 0.48 ** 0.08 1/7/97 - 30/6/98 (0.005) (0.23) (0.19) (0.15) 1/7/98 - 30/1/01 (0.004) (0.08) (0.12) (0.12)
1/7/93 - 15/5/95 (0.001) (0.07) (0.07) (0.10) currency board: -0.018 **  -0.01 0.83 ** 0.12 |Thailand
crawl: -0.006 ** 0.48 ** 0.29 ** 0.11 1/7/98 - 30/1/01 (0.003) (0.07) (0.05) (0.34) peg: -0.012 ** 0.13 0.25 ** 0.09
16/5/95 - 11/4/00 (0.002) (0.11) (0.12) (0.11) (Indonesia 1/1/92 - 30/6/97 (0.003) (0.19) (0.08) (0.12)
float: -0.008 ** 0.48 ** 0.18 **  0.006 crawl: -0.013 ** 0.03 0.75 ** 0.15 * | crisis: -0.009 0.08 0.56 ** 0.22
12/4/00 - 30/1/01 (0.003) (0.17) -0.06 (0.055) 1/6/94 - 30/6/97 (0.002) (0.08) (0.08) (0.08) 1/7/97 - 30/6/98 (0.005) (0.32) (0.23) (0.15)
LATIN AMERICA: crisis: -0.004 0.21 0.78 -0.31 float: -0.006 * 0.12 0.33 ** 0.15
Argentina 1/7/97 - 30/6/98 (0.011) (0.23) (0.52) (0.33) 1/7/98 - 30/1/01 (0.003) (0.15) (0.05) (0.12)
crisis: -0.019 *  -0.17 119 * -0.02 float: -0.005 * 0.04 0.74 *  -0.01
1/1/94 - 30/6/95 (0.006) (0.94) (0.61) (0.06) 1/7/98 - 30/1/01 (0.0025) (0.07) (0.07) (0.03)
currency board: -0.018 **  0.003 0.84 ** 0.03 Korea
1/7/95 - 30/1/01 (0.003) (0.16) (0.24) (0.03) bands: -0.006 **  -0.01 0.31 ** 0.20 *
Chile 1/1/92 - 30/6/97 (0.001) (0.15) (0.10) (0.11)
bands: -0.005 ** 0.08 0.57 *  -0.01 crisis: -0.006 **  -0.23 2.21 ** 0.30 *
1/1/94 - 30/6/97 (0.002) (0.18) (0.25) (0.02) 1/7/97 - 30/6/98 (0.001) (0.15) (0.82) (0.15)
wide bands/float: -0.005 * -0.12 0.38 **  -0.01 float: -0.009 ** 0.03 0.48 ** 0.18 *
1/7/97 - 30/1/01 (0.003) (0.39) (0.17) (0.02) 1/7/98 - 30/1/01 (0.002) (0.08) (0.12) (0.10)




Table 9: Effects of announcements of monetary policy surprises
in the USA, Germany/euro area and Japan

USA

interest rate transmission
for interest rate levels

Japan

ﬁEA+nEA ﬁUS+nUS ﬁJu +77!a

interest rate transmission

for first differences in ECM
from:
Euro area USA Japan

FEA+nEAFUS +nUS rja _l_nja

from:
Euro area
DEVELOPED COUNTRIES
Austria 1.13 **+
1/1991-1/2001 (0.13)
Belgium 1.43 **
1/1989-1/2001 (0.23)
Finland 1.35 **
1/1989-1/2001 (0.08)
France 1.49 **+
1/1989-1/2001 (0.08)
Greece 1.86 **+
1/1994-1/2001 (0.23)
Ireland 1.09 **
1/1989-1/2001 (0.09)
Italy 1.28 **+
1/1989-1/2001 (0.22)
Netherlands 1.22 **
1/1989-1/2001 (0.07)
Portugal 1.65 **
1/1993-1/2001 (0.19)
Spain 1.31 **+
1/1989-1/2001 (0.09)
Denmark 1.33 **+
1/1993-1/2001 (0.09)
Norway 1.13 **+
1/1993-1/2001 (0.24)
Sweden 1.27 **+
1/1993-1/2001 (0.09)
UK 1.29 **+
1/1989-1/2001 (0.11)
Australia 0.68 **+
1/1989-1/2001 (0.12)
Canada 0.65 *
1/1989-1/2001 (0.21)
EMERGING MARKETS

Czech Republic 1.60 **+
1/1993-1/2001 (0.09)
Hungary 3.68 **+
1/1995-1/2001 (0.55)
Poland 5.03 **+
1/1993-1/2001 (0.17)
Argentina 1.35 **+
1/1994-1/2001 (0.11)
Chile 0.56
1/1994-1/2001 (0.44)
Mexico 0.66 *+
1/1993-1/2001 (0.33)
Hong Kong 0.33
1/1992-1/2001 (0.35)
Indonesia 0.98 *+
1/1994-1/2001 (0.45)
Korea 0.45 *
1/1992-1/2001 (0.22)
Malaysia 0.66 **
1/1993-1/2001 (0.37)
Singapore 0.47 **+
1/1992-1/2001 (0.04)
Thailand 1.32 **+
1/1992-1/2001 (0.11)

0.94 **+
(0.11)
1.03 **+
(0.33)
1.14 **+
(0.21)
0.77 **+
(0.14)
1.17 **+
(0.21)
0.87 **+
(0.23)
0.87 **+
(0.21)
0.99 **+
(0.09)
0.97 **+
(0.17)
0.88 **+
(0.14)
0.88 **+
(0.08)
1.27 **+
(0.16)
0.87 **+
(0.21)
1.71 **+
(0.21)
0.83 **+
(0.05)
1.41 **+
(0.03)

1.75 *+
(0.15)
3.22 **+
(0.35)
4.47 **+
(0.36)
2.10 **+
(0.23)
1.98 **
(0.27)
1.41 *+
(0.22)
1.08 **
(0.25)
3.74 *++
(0.91)
2.22 %
(0.21)
1.21 *
(0.09)
0.68 **+
(0.03)
1.65 *
(0.17)

0.26 **+
(0.14)
0.26
(0.23)
0.23
(0.14)
0.26
(0.19)
0.32
(0.20)
0.33 *+
(0.15)
0.22
(0.17)
0.35 **+
(0.12)
0.24
(0.21)
0.33 *+
(0.16)
0.35
(0.23)
0.36
(0.32)
0.36
(0.27)
0.22
(0.23)
0.75 **+
(0.32)
0.29
(0.23)

0.72
(0.55)
n/a

1.21 *4
(0.45)
1.20 **4
(0.35)
0.31
(0.29)
0.30
(0.19)
0.35
(0.22)
1.12 *
(0.48)
0.98 **+
(0.33)
1.11 *
(0.33)
0.79 **+
(0.04)
1.55 **

(0.32)

0.89 **+ 0.05 0.04
(0.12) (0.05) (0.05)

0.93 **+ 0.17 **+ 0.09
(0.19) (0.07) (0.08)

0.55 *++ 0.19 *+ 0.03
(0.12) (0.09) (0.08)

0.89 **+ 0.18 **+ 0.08
0.27) (0.06) (0.09)

0.62 * 0.45 **+ 0.09
(0.17) (0.19) (0.08)

0.58 **+ 0.18 **+ 0.12
(0.20) (0.07) (0.14)

0.72 **+ 0.23 *+ 0.11
(0.14) (0.11) (0.12)

0.76 **+ 0.28 **+ 0.12 **+
(0.07) (0.08) (0.05)

0.54 * 0.19 **+ 0.08
(0.20) (0.08) (0.07)

0.43 **+ 0.19 **+ 0.09 *+
(0.17) (0.08) (0.05)

0.83 **+ 0.11 -0.09

(.17) (0.12) (0.13)

0.42 **+ 0.19 *+ 0.04
(0.14) (0.09) (0.07)

0.47 **+ 0.27 **+ -0.09
(0.08) (0.09) (0.14)

0.32 *+ 0.27 *+ 0.08
(0.16) (0.13) (0.10)

0.21 0.29 **+ 0.09
(0.19) (0.09) (0.11)

0.07 0.68 **+ -0.07
(0.11) (0.15) (0.09)

0.74 **+ 0.61 **+ -0.23
(0.27) (0.25) (0.12)

0.66 **+ 0.73 **+ nia
(0.30) (0.22)

1.15 *+ 0.78 **+ 0.12
(0.15) (0.33) (0.18)
-0.27 1.23 **+ 0.22
(0.25) (0.22) (0.19)

0.45 0.68 **+ -0.12
(0.63) (0.09) (0.18)

0.25 0.71 **+ 0.31
(0.20) (0.14) (0.25)

0.12 1.01 * 0.15

(.12) (0.12) (0.11)

0.14 * 1.68 **+ 0.32 *
(0.07) (0.26) (0.16)

0.03 0.65 ** 0.45 **+
(0.06) (0.11) (0.17)

0.22 *+ 0.63 **+ 0.24
(0.10) (0.14) (0.23)

0.12 0.59 **+ 0.34 **+
(0.08) (0.12) (0.14)

0.32 0.78 **+ 0.41 **+
(0.31) (0.21) (0.17)

Note: Standard errors are in parentheses. ** and * indicate significance at the 1% and 10% level, respectively.
+ means that the coefficient of monetary surprises is different from the coefficient of monetary policy shocks.
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