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Preface

Most chapters in this thesis are revised versions of previously written arti-
cles. Chapter 2 is a revised version of Vlaar and Palm (1993a). Chapter 3
originates from Vlaar (1992). Chapter 4 is based on Vlaar and Palm (1993b),
whereas chapter 5 originates from Cavaglia, Koedijk and Vlaar (1994). Chap-
ter 6 closely resembles Vlaar (1994) and finally appendix A is a revised version
of Vlaar (1993).
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Chapter 1

Introduction

This thesis consists of five empirical studies on exchange rates and risk premia
within the European Monetary System. It aims to give a better understand-
ing of the consequences of exchange rate bands on exchange rate stability and
on interest rate dynamics. By way of introduction and for further reference,
a brief history of the EMS will be first given. After that, some background on
the empirical modeling of financial assets will be provided. Existing models
for financial market will be useful in giving insights into the way in which
price formation takes place in the EMS. We will continue with a critical ex-
amination of the literature on exchange rate bands. Finally, an outline of
the contributions of this thesis will be presented.

1.1 A brief history of the European
Monetary System

Since the breakdown of the Bretton Woods system of fixed but adjustable
exchange rates in the early 1970s, European countries have sought ways to
limit mutual exchange rate fluctuations. This was seen as one of the necessary
prerequisites to come to a further integration between the countries of the
European Community. Also, there were already plans to come to a monetary
union in the longer run. In April 1972 the efforts led to the so-called "Snake"
arrangement between the six EC countries (Belgium, France, Germany, Italy,
Luxembourg and the Netherlands) and three members-in-waiting (Denmark,
Ireland and the UK). Within the Snake, bilateral exchange rate movements
were limited to stay within relatively small bands (2.25%). However, es-



pecially since the first OPEC oil price shock which led to different levels
of unemployment and inflation in different European countries, the system
started to erode. Devaluations and revaluations became common practice,
and some countries even had to leave the Snake.

As the Snake proved incapable of delivering exchange rate stability, it
was replaced by the European Monetary System (EMS), in March 1979. The
main element of the EMS is its Exchange Rate Mechanism (ERM) in which
all EC members except the UK participated. In the ERM each currency has
a central rate expressed in the European Currency Unit (ECU). These central
rates determine a grid of bilateral central rates (the parities) around which
fluctuation margins of ±2.25% (±6% for the Italian lira) are established.
In order to keep the bilateral rates within the margins, the participating
countries are obliged to intervene in the foreign exchange market if a bilateral
rate hits the boundary of the band. For this purpose, special credit facilities
have been established'. Instead of defending the parities, it is also possible
to adjust them (to realign), but this is only possible if all members agree. In
the economic literature, an arrangement as the ERM is called an exchange
rate target zone.

In order to illustrate the working of the ERM, the French franc D-mark
rate, together with its fluctuation band, is shown in figure 1.1. In the early
years of the EMS, the exchange rate mechanism was not very successful. Due
to the lack of policy coordination between member states, parity realignments
were common practice. Each country pursued its own economic policy and
whenever this policy resulted in an exchange rate that was not in line with
the central parities, the parities were adjusted. Especially from 1981 to 1983
tensions in the ERM were substantial due to the expansionary economic
policy of the French socialist government (the Mitterand experiment).

After the March 1983 realignment, the ERM entered its second phase.
It was agreed on that more emphasis should be laid on policy coordination.
In practice, this meant that the ERM became a greater Deutchemark area
(see Giavazzi and Giovannini, 1989). Germany, the country with the lowest
inflation and the strongest currency, provided a monetary anchor for the

'Apart from the bilateral central rates, the ECU central rates were also given a role in
the system. Whenever a currency's ECU price diverges more than 0.75% from its agreed
central rate, the concerned country is supposed to take action. In practice however, this
divergence indicator has not been very important since a policy response is not obliged in
these circumstances.



system. The other countries pegged their currencies to the D-mark and
started to follow macroeconomic policies required to converge to German
economic standards. Thereby, these currencies gained both exchange rate
stability and credibility of their monetary policy (see Giavazzi and Pagano,
1988). As a result of the growing economic convergence, both the number
and the size of realignments declined.

. / : TVie u>ee&/j/ Frenc/i /ranc / Z)-mar& exc/ian^e ra<e

80 82 84 86 88 90 92 94

The system was further strengthened in September 1987 with the Basle-
Nyborg agreement. In this agreement, the credit facilities were extended to
include intramarginal interventions. Moreover, the ERM members agreed to
lay more emphasis on the use of interest differentials to defend the parities
and to make fuller use of the fluctuation band. Especially this last point is
clearly visible for the French franc. The franc quite often reached the ceiling
of the band, whereas before the agreement the French monetary authorities
tried to keep the exchange rate in the middle of the band. Apart from the
technical devaluation of the Italian lira in January 1990, which was accom-
panied by a narrowing of its fluctuation band to ±2.25%, no realignments
took place until September 1992. In this relatively stable period the Spanish
peseta (June 1989), the British pound (October 1990) and the Portuguese
escudo (April 1992) also joined the exchange rate mechanism, with wide
(±6%) fluctuation margins. The perceived success of the system during this
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period led to plans for the realization in three stages of a European Monetary
Union (EMU), formulated by the Delors Committee (1989). The optimism
reached its peak with the agreement on the Maastricht Treaty in December
1991. In this treaty, among other things, the specific interpretation of the
three phases described by the Delors committee and a precise time schedule
for their implementation was agreed upon. Also, the conditions under which
members could join the monetary union were described.

With the rejection of the Maastricht Treaty in the Danish referendum
of June 1992, the optimism on the working of the ERM started to erode.
At least three factors contributed to the growing doubts. First, although
inflation levels had been converging over the years, some of the currencies
were clearly overvalued. The Italian lira for instance, had undergone a real
appreciation of almost 40% relative to the D-mark since 1979 due to the per-
sistently high Italian inflation rates. The British pound was probably also
misaligned, due to the too high rate at which the pound had entered the
mechanism. Second, the German unification in July 1990 had led to rela-
tively high inflation rates in Germany. In order to prevent even higher infla-
tion rates, the Bundesbank had raised the interest rates. Due to arbitrage,
the other ERM members had no other choice but to follow the Bundesbank,
which resulted in problematically high interest rates in Europe. Third, the
criteria for admission to the EMU gave rise to serious doubts about the feasi-
bility of one EMU for all participating countries. The consequences of these
doubts were even enlarged by the recent abolishment of capital controls,
which had made the system more vulnerable for speculation. Tensions con-
tinued to build up and reached a peak just before the French referendum on
the Maastricht Treaty in September 1992, which predicted outcome was also
close to rejection. The Italian lira and British pound were forced to leave the
system due to severe speculative pressures. Since then, all currencies, except
the Dutch guilder and the D-mark, have been under attack. For the Spanish
peseta, the Portuguese escudo and the Irish punt these speculative pressures
have resulted in devaluations.

On August 2, 1993, the speculative pressures on the system reached their
climax. All bands, except those for the guilder - D-mark rate, were enlarged
to ±15%, in order to prevent a total collapse of the system. Although this
measure was announced as a temporary one, it is unknown when (or if) the
old margins will be restored.



1.2 Empirical modeling of financial assets

Most empirical studies on exchange rates are concerned with US dollar rates.
These exchange rates, like other asset prices, exhibit leptokurtic behavior
(fatter tails than usual), clusters of high and low volatility, but no significant
serial correlation. These stylized facts can be reproduced by means of an
Auto-Regressive Conditional Heteroskedasticity (ARCH, see Engle, 1982)
specification or one of its generalizations. The characteristic of an ARCH(q)
model is the autoregressive structure in the conditional variance of the model

A? = <*„+ !>,•£?_,. (1.1)

where /i^ is the conditional variance of the model and where e?_, is the
squared disturbance at time <-i. In order to assure that the conditional
variance is always positive, the a; parameters are restricted to be positive.

By specifying the current conditional variance as a function of the lagged
squared innovations, the persistence in volatility is modeled. Moreover, it
can be shown that ARCH-like heteroskedasticity causes the kurtosis of the
unconditional distribution to be higher than that of the conditional distrib-
ution, thereby explaining the leptokurtic behavior.

The successes of the ARCH specification have led to numerous generaliza-
tions to accommodate more facts of the real world (see the survey article by
Bera and Higgins, 1993). The most important generalization was the intro-
duction of the Generalized ARCH (GARCH) model by Bollerslev (1986). In
this specification, the conditional variance is a linear function of both the past
squared innovations and of lagged conditional variances. The GARCH(p, 9)
specification looks like

(1-2)

This specification can be interpreted as an ARMA model for the variance.
Another interesting modification is the Exponential-GARCH (EGARCH)

specification of Nelson (1991). In this model an asymmetric conditional
variance function is specified. This asymmetry takes account of the so called
leverage effect: the negative correlation between volatility and past returns,
which can be observed especially in the stock market. Large losses easily lead



to panic reactions in the market, resulting in much volatility. Large gains on
the other hand are not likely to result in increased uncertainty. In order to
specify the model define e* = rçj/ij, where 7y< is independent and identically
distributed with expectation zero and variance one. To avoid nonnegativity
restrictions, the logarithmic specification of Geweke (1986) is used.

log(^) = ao + £ "tf (*-•) + E /?, log(A?_,-), (1.3)

where

$0/i) = fy« + 7 [ M - £ M ] . (1.4)

The first expression on the right hand side of equation (1.4) takes account of
the leverage effect (0 is expected to be negative), whereas the second term
produces the ARCH effect (if 7 is positive an unexpectedly large innovation
results in a higher conditional variance).

This specification turned out be quite successful when applied to stock
market data. The interpretation of the leverage effect on exchange rate data
is less obvious however. A rise in the exchange rate at the same time implies a
positive return for investors on one side of the market and a loss for investors
on the other side. Therefore, it is not clear whether a depreciation should be
interpreted as a positive or a negative return.

Since their introduction, the ARCH-like specifications have been very
popular in econometrics. The recent survey article by Bollerslev, Chou, and
Kroner (1992) cited more than 300 papers applying these or closely related
techniques. Most of these studies conclude that the G ARCH specification is
very successful in accounting for the conditional heteroskedasticity, but not
so in explaining the high kurtosis, especially when applied to high frequency
(daily or weekly) financial data.

That is why other distributions than the normal one, with or without
GARCH specification, have been applied (for examples to free-float exchange
rate changes see for instance McFarland, Pettit and Sung, 1982, 1987; So,
1987; Boothe and Glassman, 1987; Tucker and Pond, 1988; Akgiray and
Booth, 1988; Jorion, 1988; Hsieh, 1989; Baillie and Bollerslev, 1989). Can-
didate distributions with fatter tails than the normal one are among others
the Student-i, a normal-Poisson mixture, a discrete mixture of normals, a
generalized error distribution, a normal-lognormal distribution and a sta-
ble Paretian distribution. Most studies on daily or weekly US dollar data



conclude that the Student-i distribution together with a GARCH(1,1) spec-
ification captures the stylized facts appropriately. ; .,

Since ERM currencies have to stay within a target zone, their statistical
properties can be expected to differ from those for free-float rates. As long as
no realignment occurs, the changes of the rates have to be small and mean-
reverting in order to stay within the band. At times of realignments however,
large depreciations can occur (see figure 1.1) resulting in much fatter tails
of the distribution of the ERM currencies than for the free-float currencies.
Moreover, since all realignments within the EMS meant devaluations relative
to the Deutsche mark, the distributions of all ERM currencies expressed in
terms of the D-mark are positively skewed. Therefore, symmetric distribu-
tions such as the Student-i or the generalized error distribution are unlikely
to give appropriate results. The stable Paretian distribution is probably also
less suitable as the unconditional variance of this distribution does not ex-
ist (except in the limiting case of a normal distribution), so that it can not
account for GARCH effects. We will use a normal distribution, combined
with a stochastic jump process instead. The jump size will be assumed to
be normally distributed and for the jump intensity the Poisson specification
(also used in Nieuwland, Verschoor and Wolff, 1991) will be compared to the
Bernoulli one. As the sum of normal variâtes is also normally distributed,
the resulting distributions are respectively a normal-Poisson mixture and a
discrete mixture of normals.

1.3 The target zone literature

In recent years, a large number of studies on target zones has appeared*. The
theoretical research mainly focuses on the influence of a known intervention
policy on expectations. Starting point for this literature is the seminal paper
by Krugman (1991). Krugman assumed the exchange rate, like other assets,
to be a function of the current aggregate "fundamental" and the expected
change in the exchange rate. In order to simplify, this relation was taken to
be linear

See the survey articles by Svensson (1992a) and Bertola (1993).
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where s(<) denotes the exchange rate and /(£) the aggregate fundamental.
The aggregate fundamental incorporates all kinds of economic variables

that might influence the exchange rate (like the domestic and foreign money
supplies, output levels, price levels, the foreign interest rate, etc.). The tar-
get zone literature typically assumes this fundamental to be an unobserved
variable^, which has two components. The one part follows a known stochas-
tic process, namely a Brownian motion (a continuous time random walk),
whereas the other part is controlled (in a publicly known manner) by the
monetary authorities, in order to accommodate the requirements of the ex-
change rate system. The differences between the proposed models stem from
the way the fundamental is regulated by the authorities. All of them assume
that both the stochastic process and the way in which regulation occurs is
fully known to the market, and believed to hold forever.

In the Krugman model, it is assumed that the monetary authorities only
intervene at the margins. Furthermore, it is assumed that the amount of
the interventions will always be just enough to keep the spot rate within the
band, meaning that the band is fully credible. In this case, the relationship
between the fundamentals and the exchange rate will be S-shaped. Due
to the forward looking nature of rational agents, the presence of the band
and possible interventions by the monetary authorities drive the exchange
rate away from the edges towards the center of the band. The asymptotic
unconditional distribution of the exchange rate will be U-shaped under these
conditions.

Lindberg and Sôderlind (1991) on the other hand find an unconditional
bell-shaped distribution when considering intra-marginal interventions.

Bertola and Caballero (1992) introduce the probability of a realignment
in this framework. In their model, the public knows the exact probability (p)
that the monetary authorities support the strong currency if the margin is
reached. In that case, a realignment takes place and the spot rate will jump to
the new central parity. If the weak currency is supported, interventions will
lead to a jump to the old central rate. Within the margins, the probability of
a realignment is zero. In this setting the relationship between the exchange
rate and the fundamentals can be completely opposite (the inverted S) to
the one in the standard Krugman model. The shape depends on p.

~*An exception to this rule is the work of Pesaran and Samiei (1992).












































































































































































































































































































