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Abstract

This paper estimates the exchange market pressure (EMP) in four Central European
countries (Czech Republic, Hungary, Poland, Sovakia) during the period 1993-2006.
Therefore, it is one of very few studies focused on this region and the very first paper applying
concurrently model-dependent as well as model-independent approach to the EMP estimation
on these countries. The results obtained suggest that the approaches are not compatible and
lead to absolutely inconsistent findings. They often differ in both identification of principal
development trends and estimated magnitude and direction of the pressure. Therefore, any
general conclusion on those issues is hard to draw. The paper provides evidence that a shift
in the exchange rate regime towards the quasi-fixed ERM Il should not lead to increasing
EMP. However, it is highly probable that some episodes of the excessive EMP will make the
fulfillment of the exchange rate stability criterion more difficult in all countries analyzed
unless the criterion will have eased.
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1. Introduction

Eight countries from Central and Eastern Europeegfeer EU8) joined the European
Union (hereafter EU) in the spring of 2004 and ctatgal the transformation from centrally
planned economies to market economies. Moreovey expected that they will also join the
Eurozone and implement the euro as their legal eélentlowever, membership in the
Eurozone is conditioned by fulfillment of the Maastt criteria. One of which is the criterion
of the national currency’s stability in the perjmebceding entry into the Eurozone.

This criterion is associated with specific exchargge regime, ERM II, which must be
adapted by all countries with regimes whose priesiglo not correspond with the ERM II's
spirit.} It means that all EU8 countries except for Estamid Lithuania had or will have to
modify their exchange rate arrangement when joinE®M 1.2 The Czech Republic,
Hungary and Poland currently use flexible exchargge arrangements. Slovakia and to a
lesser extent Slovenia also maintained a flexibggme before entry into the ERM II. Such a
change toward a less flexible exchange rate systeaid increase susceptibility of the
countries to currency crises and pressures orotieggh exchange markets.

Therefore, the aim of this paper is to estimateharnge market pressure (EMP) in the
Czech Republic, Hungary, Poland and Slovakia (liene&BU4) during the period 1993-2006.
Since all countries applied both a fixed and flé&xibexchange rate regime, the time span
chosen allows us to compare magnitude of tensionghe foreign exchange market in
different exchange rate environments. This kindrdlysis has important policy implications
as Slovakia has already switched to a less flexidigme and the remaining countries will
make this unavoidable step is in the near future.

The paper is structured so that Section 2 describesmeaning and theoretical
concepts of EMP and provides a review of the relelgerature. In Section 3, the models and
data used are cited; Section 4 reports the empmesalts and the conclusions are presented

in Section 5.

! The group of incompatible regimes includes cragvipegs, free floats or managed floats without auailyt
agreed central rate and pegs to anchors othethkaguro.

2 As of 3F' December 20086, five of the EU8 (Estonia, Latvithliania, Slovakia and Slovenia) joined the ERM
Il. Nevertheless, the exchange rate regime in bawés very similar with the ERM II, thus the “cdsts the
regime’s rearrangement are rather marginal.



2. Exchange Market Pressure and Literature Review

2.1 Meaning and Concepts of the Exchange Market Pressure

The term “exchange market pressure” is usuallytedldo changes of two cardinal
variables describing the external sector of anynepuy: official international reserve
holdings and the nominal exchange rate. However,nibtion of EMP was more precisely
defined, for the first time, in Girton and Rope®T¥). In this seminal paper, the authors
utilized a simple monetary model of the balanceajfments to devise an index of the excess
demand for money that must be relieved by eithehamge rate or reserve changes to keep
the money market, and hence the balance of paymieneuilibrium. The index was the
simple sum of the rate of change in internatioreserves and the rate of change in the
exchange rate. For the first time, they termed timdex as EMP. However, some
shortcomings can be found in the model. Since tleasure is derived from a highly
restrictive monetary model the formula cannot bplied to other models. Furthermore, a
model-dependent definition is used, thus, a unifjumula for EMP cannot be identified
within the Girton-Roper framework.

The original concept of EMP has been modified axtéreled by many researchers.
For example, Roper and Turnovsky (1980) and Turkywp{$985) introduced the idea of using
a small open-economy model and extended the ofignualel by substituting the simple
monetary approach by an IS-LM framework with petrfiembility of capital. They allowed
intervention to take the form of changes in dontestedit as well as changes in reserves. The
consequence of these modifications was that the RM® still a linear combination of the
rate of change of the exchange rate and moneythaghese two components were no longer
equally weighted as in the Girton-Roper model.

A notable contribution to the EMP theory was prexdy Weymark (1995, 1997a,
1997b, 1998). She revised the models mentioned ealaon introduced a more general
framework in which the models are both special sask the generalized formula. She
introduced and estimated a parameter (conversidonrjastanding for the relative weight of
exchange rate changes and intervention in the EMEXxi Since all previous EMP definitions
stemmed from a specific model, Weymark also propa@senodel-independent definition of
EMP as:

The exchange rate change that would have been required to remove the excess

demand for the currency in the absence of exchange market intervention, given



the expectations generated by the exchange rate policy actually implemented
(Weymark, 1995, p.278)

An extension making the simple model outlined inyWwdark (1995) more realistic
was introduced in Spolander (1999). He incorporated the model a monetary policy
reaction function and sterilized foreign exchangenvention.

Many researchers have criticized the most unddsirafpect of the EMP measure,
dependency on a particular model, and proposed sttermative approaches. A simpler and
model-independent EMP measure was originally canstd in Eichengreen et al. (1994,
1995). According to this approach EMP is a lineambination of a relevant interest rate
differential, the percentage change in the bildtexahange rate and the percentage change in
foreign exchange reserves. Contrary to Weymarksagzeh, the weights are to be calculated
from sample variances of those three componentsiaitneed to estimate any model.

The modified EMP index was introduced in Sachd.€t1896). This measure consists
of the same elements but addresses the questionchaight the three components to avoid
the dominance of the most volatile variable. Eaeigiv in the EMP index is calculated with
respect to standard deviations of all componenttuded instead of using only standard
deviation of the respective component.

The original model by Eichengreen et al. (1996) wasdified in Kaminsky et al.
(1998) and Kaminsky and Reinhart (1999). The irsterate differential is substituted by
relevant interest rate in the country analyzediHermore, the weights on the reserves and
interest rate terms are the ratio of the standauat ef the percentage change of the exchange
rate over the standard error of the percentage gehari reserves and the interest rate
differential respectively. An approach stemmingnir&ichengreen et al. (1996) was also
followed by Pentecost et g2001). However, they determined the weights ugirigciple
components analysis.

Because neither the components of the index nomiighting scheme is derived
from a structural model of the economy the EMP dediobtained in Eichengreen et al.
(1996), Sachs et al. (1996), Kaminsky et al. (19%&3minsky and Reinhart (1999) and
Pentecost et a{2001) are model-independent.

2.2Review of Relevant Empirical Literature

Since its introduction, EMP has attracted the &tterof many researchers and a great

number of theoretical as well as empirical papergehbeen published. The empirical EMP



literature is bi-directionally oriented. Whereasm&oof the papers are directly focused on
estimation of EMP in a variety of regions and cost the second category of studies use
the EMP measure as an element of subsequent anakainining currency crises, monetary
policy, foreign exchange intervention, exchange ragime and other issues. In accordance
with the geographical orientation of this paperlyostudies empirically analyzing EMP in
EU4 are cited in the following literature review.

Although EMP has been a frequently discussed aaechied topic in the literatute
one can find a very limited number of papers foduse new EU Member States and EU4 in
particular. Only four consistent studies estimatiElgP in all or some of EU4 have been
published to date.

The first study estimating EMP in, among othersnsaf EU4 (Czech Republic and
Poland) was Tanner (2002). He applied the tradafi@irton-Roper model on data from 32
emerging countries and, consequently, examinedelagonship between EMP and monetary
policy in a vector autoregression (VAR) system. Hira was to re-examine currency crises
in emerging markets in 1990-2000 in a more trad@loway by emphasizing the role of
monetary policy at or around the time of crisisgReling the EMP calculated in the Czech
Republic and Poland, they were modest as compar@ther countries and very similar to
each other. However, EMP in Poland was twelve tiimgher than in the Czech Republic
during the Asian in the second half of the 199Qmner’s paper also provided evidence that
there was a positive relationship between EMP ammhes$tic money supply in both EU4
countries analyzed but not as significant and giiteés in other countries. The only shocks to
EMP can help explain monetary policy in Poland,gidy indicating sterilized intervention.

A more specific application of the Tanner (2002prayach is Bielecki (2005). The
paper concentrates only on Poland from 1994-200% fesults from the VAR system
analyzing the relationship between EMP and chamgefomestic credit (monetary policy
actions) indicate that domestic credit reacted woanter direction to innovations to EMP.
Furthermore, in his paper, Bielecki compared twoFEMeasures calculated under alternative
methodologies (using all foreign reserve changed paore official foreign exchange
intervention data). He came to the conclusion thatappreciation pressure prevailed during
the sample period. However, the behavior of the indices differed to some extent,
especially with events characterized by extreme EdRies (July 1997, August 1998,

% Some of the recent empirical studies examining EA® Jeisman (2005) in Australia, Gohoco-Bautisiz a
Bautista (2005) in Philippines, Bird and MandrilgZ05) in Latin America, Carribean, Asian and Hacif
regions, Wyplosz (2002) in a worldwide group ofns#ion countries, Kamaly and Erbil (2000) in theENIA
region or Kohlscheen (2000) in Chile.



February 1999 or July 2001). Generally, using theepintervention data in the EMP
estimation provided more realistic and robust tssul

Vanneste et al. (2005) used EMP as an indicatauofncy crisis and addressed the
question whether currency crises in EU8 have beererfrequent in fixed, intermediate or
flexible exchange rate arrangements. The authansdféhat EMP was marginally smaller in
countries and periods characterized by an interatedixchange rate regime as compared to
those with a floating arrangement. Regarding EUWd,most crisis quarters (excessive EMP)
occurred in Hungary during the fixed peg regime andPoland when a crawling peg was
being applied. Managed floating proved to be atikedly stable regime from the EMP
perspective. In addition to these conclusions, dbthors also provided evidence of high
correlation between several EMP measure specicativith which they experimented.

Very similar conclusions were drawn in StavarekO&0where EMP in the Czech
Republic, Hungary, Poland and Slovenia in 1993-230dstimated. The study applied the
EMP measure proposed in Eichengreen et al. (198b}hee results obtained suggest that the
Czech Republic and Slovenia went through considigdals volatile development of EMP
than Hungary and Poland.

Besides the focus on the still overlooked EU4 regithis paper contributes to the
EMP literature in two basic aspects. First, it usesmost recent data and prolongs the period
analyzed to the end of 2006. Second, this paperesepts the very first concurrent
application of the model-dependent and model-inddpest approaches on EU4 countries.

Thus, the suitability of these models for EU4 costcan be evaluated.

3. Measuring the Exchange Market Pressure: Model and Bxa

3.1 Model-Dependent Approach

As mentioned previously, this study originally seefrom Weymark (1995) where the
following formula for EMP calculation was defined:

EMP, =Ae, +7Ar,, (1)
where Ag is the percentage change in exchange rate exgrassirect quotation (domestic
price for one unit of foreign currencyly, is the change in foreign exchange reserves scaled
by the one-period-lagged value of money baseraisithe conversion factor which has to be

estimated from a structural model of the econontyiarefined as:



n =-0Ae /0Ar, . (2)

The conversion factor represents elasticity thaveas observed reserve changes into
equivalent exchange rate urilts.

For practical estimation of EMP, the methodologydduced in Spolander (1999) was
applied. Similarly with Weymark (1995), it is a nmedeconsistent measure of EMP in the
context of small open economy monetary model. Harethe central bank’s monetary and
foreign exchange policies are explicitly definedyreign exchange intervention partly
sterilized, and expectations rational in the Spdéenmodel. The model is summarized in
equations (3) to (9):

A = 3, +Ap, + BAC - B, (3)
Ap, = a, +a,Ap, +a,0e (4)
Ai = Ai] + E (De,,) - DAe (5)
Am’ =Ad? + (L- A)Ar, (6)
Ar, = -p,Ag, (7)
Ad? =y, + By + (L= 1,)0p, - oY 8)
Am{ = Am¢ 9

wherep, is domestic price levelp; is foreign price levelg denotes exchange rate (in direct
quotation),m is nominal money stock (the superscriptepresents the demand asdhe
supply),c is real domestic incoma, is nominal domestic interest rate, denotes nominal
foreign interest rateE, (Ae,,) is expected exchange rate change ands proportion of
sterilized intervention. All variables up to thisipt are expressed in natural logarithm. Next,
d? is autonomous domestic lending by the central banér; is the stock of foreign

exchange reserves, both divided by the one pediggeld value of the money basg™ is

the long-run trend component of real domestic augpand y>* is the difference between

trend

andy, " . The signA naturally denotes change in the respective vaziabl

Equation (3) describes changes in money demandpasitive function of domestic

inflation and changes in real domestic income angegative function of changes in the

* There is an assumption that all intervention takesform of purchases or sales of foreign exchasgerves.
When, in addition to this type of intervention, destic credit changes are used to influence excheatgethe
EMP formula generated by log-linear models haggttreeral form:EMP. = Ae, +/7[Art +/1Adt] where A is the

proportion of the observed domestic credit chahgéis associated with indirect exchange marketveintion.



domestic interest rate. Equation (4) defines thelpsing power parity condition attributing

the primary role in domestic inflation determinatito exchange rate changes and foreign
inflation. Equation (5) describes uncovered interase parity. Equation (6) suggests that
changes in the money supply are positively infl@ehby autonomous changes in domestic
lending and unsterilized changes in the stock oéigm reserves. Equation (7) states that
changes in foreign exchange reserves are a funcfitire exchange rate and a time-varying

response coefficierg, . Equation (8) describes the evolution of the @@rtank’s domestic

lending. Whereas domestic inflation and changesand real output changes are positive
determinants of the domestic lending the gap betweal output and its trend has a negative
impact on domestic lending activity. Equation (2fides a money market clearing condition
that assumes money demand to be continuously &guadney supply.

By substituting equations (4) and (5) into equati8h and substituting equation (8)
into equation (6) and then using the money madeetring condition in equation (9) to set the
resulting two equations equal to one another,poissible to obtain the following relation:

X, + B,E(0e,,) + @—A)Ar,

De = , (10)
yla2 + ﬁZ
where
X = Vo~ Vlo ~ ,Bo + Aytrend - ylalAp: - sztgap - ,B1Act + IBZAit* (11)
and the elasticity needed to calculate EMP in egndfl) can be found as:
lGJAY 1-A
p=-2e=. 074 (12

aArt yla2 + ﬁ 2

3.2Model-I ndependent Approach
As mentioned above, Eichengreen et al. (1994, 188&)ed that dependency on a

particular model was an undesirable feature forEAMP index. As an alternative, they
proposed the following measure of speculative piress
A A A
EMP = "%t _ ( m _2m j+—(A(l ) (13)
& rm rm

where g, is the standard deviation of the difference betwienrelative changes in the ratio

of foreign reserves and money (money base) in tiedyaed country and the reference



country (A”“_A”‘[fJ and o, is the standard deviation of the nominal intereste
rm.rm

differential (A(i, —i; )). Other variables are as defined in the previoesifipation.

However, for the practical calculation we tookiaspiration from Sachs et al. (1996)
and made some modifications of the EMP formula. &#dianged the weighting scheme to
avoid the EMP measure being driven by the mostti®laomponent and abandoned the
relation between foreign reserves and money in hantereference country. Consequently,

the EMP formula based on model-independent approacie written as follows:

=M :[ ]/Je jAEt —( ]/Urm JArrnt +
" (@Wo)+Wo,)+Wo) Jey \(Wo,)+Wo,,)+Wo)))rm, a
]7/0-' A - _.*
+(((]/Ue)+(]/0rm)+(]/0i))j( (i, =)

, L . JAYS)
where o, is the standard deviation of the rate of changiénexchange rate— and other
-1

variables are denoted consistently with (13).

3.3Data
The samples of data used in this paper cover thecp&993:1 to 2006:4 yielding 56

quarterly observations for all EU4 countries. Tla¢adwere predominantly extracted from the
IMF’s International Financial Statistics and ther&siat's Economy and Finance database.
The missing observations in the time series wepkeneshed from databases accessible on the
EU4 central banks’ websites. The detailed desaoniptf all data series and their sources is
presented in Appendix 1. Nevertheless, a brief\oger of the data used is provided here for
better understanding of the models described above.

We used nominal bilateral EU4 national currencieshange rates against the euro

(e). The exchange rates prior to 1999 were obtairs&uguhe irrevocable conversion rate of
the German mark to the euro. The domesijcas well as foreign interest raté ) are

represented by the 3-month money market rates ih &luintries and the Eurozone. The M1

monetary aggregate was employed as the domestieyrsiack (). The domesticgg) and
foreign price levels p, ) are proxied by the respective consumer pricexnds the level of

domestic outputy) we applied the gross domestic product (GDP). giess national income

(c;) was derived by adding the net income from abtoad@dDP. The domestic money basg (



and total reserves minus golg) (were also included in the model-dependent EMPnesion.
The proportional ratio of reservasrg), used in the model-independent approach, wasegdeld

by ratio of change in level of reserves and moreselof previous period.

4. Estimation of the Exchange Market Pressure

4.1 Model-Dependent Approach

As is evident from the model presented in Sectidn tBe EMP estimation (1) must be

preceded by the calculation of the conversion fagt@2, 12). This step is, however, required
to obtain values of the sterilization coefficieat (6), the elasticity of the money base with
respect to the domestic price levgl (8), the elasticity of the domestic price levelttwi
respect to the exchange ratg (4), and the elasticity of the money demand wispect to
the domestic interest rajg, (3).

More precisely, the parameter estimates are olitdigesstimating the following three

equations.
Am -Ap, = B+ BAG — B, + &, (15)
Ap, = a, + aAp; + a6 +&,, (16)
AB

Ar = DY = Ap, = o + AL+ AR, + 1,V + €5, 17)

-1
Equations (15) and (16) are obtained directly fexpations (3) and (4). Equation (17)
Is derived by substitution of (7) into (5) and mgfithat change in money supply equals the
: AB, . .-
change in money base— assuming the money multiplier to be constant.
t-1
One can distinguish two types of variables includedhe model: endogenous and
. AN
exogenous. The endogenous variables ane , Ap,, Ag, Ai, B—B‘ and Ar, . The
t-1
exogenous variables afk, , Ap; , Ai;, Ay and Ay®” . Despite the fact thake does not

appear on the left-hand side of any of the equatitins the endogenous variable because the
exchange rate is clearly the variable determinethisymodel.
The model is estimated using the two-stage leasiregregression technique (2SLS).

The main reason is that the endogenous variabesrmamboth sides of equations (3)-(9). It

10



means that in each equation having endogenousbiesiaon the right-hand side, these
variables are likely to correlate with the disturba term. Thus, using the ordinary least
square method would lead to biased estimates. ©ottier hand, the three-stage least square
method was not chosen because of the limited dizbeodataset used (small number of
observations).

The 2SLS used requires the incorporation of insémis (variables uncorrelated with
the disturbance term) into the estimation. Thus,fitst empirical step of the analysis was to
find appropriate instruments. For this purpose wea the first stage regressions on
endogenous variables having all possible instrumastregressors. As possible instruments
we set the contemporaneous and one-quarter laggadsvof exogenous variables and one-
quarter lagged values of all endogenous varialdtasally, the regressors with sufficient
statistical significance were selected as instrumenhis procedure was carried out for all
countries and equations of the model.

The next aspect which had to be assessed is tinstdty of regressors. This feature
is essential for all regression models. We apphkéidlips-Perron and Augmented Dickey-
Fuller tests to examine the stationarity of theetiseries used. Uniform outcomes of both tests
were necessary for the final conclusion about then)stationarity of each time series.
According to the character of each time series egtetl the stationarity with a linear trend
and/or intercept or none of them. To conserve spheestationarity tests’ results are not
reported here but they allow us to conclude thatfiist differences of all time series are
stationary. Thus, they can be used in estimatial aquations of the modz2l.

The 2SLS estimation results are presented in Tablés 3, individually for each
equation. The tables also contain the list of imants and results of some diagnostic tests.
We applied Jarque-Berra (J-B) indicator to assessality of the residuals distribution,
Breusch-Godfrey Langrange Multiplier (LM) to testrisl correlation and White test to check
heteroscedasticity. All LM tests were run with fdags. The tests indicated evidence of serial
correlation in residuals from the equations and plgential heteroscedasticity was also
identified in some cases. Therefore, we corredbedstandard errors of parameter estimates
by the Newey-West procedure. Even more frequetiiby residuals seem to be non-normally

distributed. Therefore although the t-statistice t®@ misleading, this does not reduce the

® The percentage change in money base is a natfimilyariable and, thus, already differenced atadisnary.
Likewise, y¥*is stationary on level in all countries becaus@sofonstruction.

11



validity of the parameter estimatefccording to the model specification the paraneeigér,

a,, and a, should be positive angs,, y;, ,, and A should be negative. Sincé is a

fraction, its absolute value should be between aarbone.

Table 1: Estimates of equation (15)

Czech Republic Hungary
instrumentsaay™® Ar,_, A, Ay® Ap;, instrumentsac, Ap;, A, Ay"°
param. estim. st.er. prob. param. estim. st.er. b.prg
Bo 0.0019 0.0030 0.5350 Bo -0.0047 0.0024 0.0508
B1 0.0150 0.6767 0.9824 B1 0.4307 0.2758 0.1246
B -0.0401 0.0163 0.0175 B -0.0490 0.0228 0.0364

R°=0.0784, SEE=0.0094, DW=1.9026

’4®.1204, SEE=0.0102, DW=1.6233

J-B=35.786 (0.0000), LM=6.1672 (0.1870)
WHITE=24.917 (0.0001)

J-B=0.8773 (0.6448), LM=21.709 (0.0002)

WHITE=10.894 (0.0278)

Poland Slovakia
instrumentsaay™ Ae , A, , Ap, Ac,, instrumentsac,_, Ap,, am Ap_, i,
param. estim. st.er. prob. paranm. estim. st.er. b.prg
Bo 0.0014 0.0022 0.5292 Bo 0.0037 0.0038 0.3377
By 0.2229 0.1358 0.1068 B1 -0.6755 0.6150 0.2772
B> -0.0891 0.0319 0.0073 B> -0.0624 0.0418 0.1417

R°=-0.2486, SEE=0.0101, DW=2.3297 °4R0.7455, SEE=0.0165, DW=1.6467

J-B=0.5631 (0.7546), LM=8.2077 (0.0842)
WHITE=23.585 (0.0001)

J-B=71.840 (0.0000), LM=4.2942 (0.3676)
WHITE=1.1746 (0.8823)

Source: Author’s calculations

The estimations of equation (15) provide mediocesults. The parameterg,

necessary for the conversion factor calculationcareectly signed in all EU4. However, the
parameter is not statistically significant in Slk\a One can see some evidence of non-
normal distribution (Czech Republic, Slovakia), ialer correlation (Hungary) and
heteroscedasticity (Czech Republic, Hungary andrirbl

In the estimations of equation (16) we obtainedyvgwod results. The signs of all
parameters are consistent with the theoreticalnagBans and importantr, parameters are

significantly different from zero in all countrie®n the other hand, however, only error terms
in the Polish and Slovak equations seem to passtdredard diagnostic tests completely.
Furthermore, one can find a substantially lowestetay of the domestic price level with
respect to the exchange rate, | in Poland and, to a lesser degree, in Slovalaa th other

EUA4. Although it is not directly linked with the B¥Mestimation, it is worthwhile to point out

® Since different equation specifications have défe instruments, Rfor 2SLS can be negative even if a
constant is used in the equation.
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a general feature of relatively high elasticitytbé domestic price level with respect to the
foreign inflation (@,). One can find that quite common in small and opeonomies during

the transition period.

Table 2: Estimates of equation (16)

Czech Republic Hungary
instrumentsap; Ay™™ A, Ae._, instrumentsap, Ay Ac Ap.,
param. estim. st.er. prob. param. estim. st.er. b.prg
Oo 0.0027 0.0014 0.0680 Oo 0.0012 0.0010 0.2593
(o f1 0.9251 0.9693 0.3444 [of1 2.1007 0.9945 0.0396
a; 0.8499 0.3573 0.0211 ay 0.9970 0.1780 0.0000

R°=-2.9594, SEE=0.0058, DW=1.7655

°-®.1440, SEE=0.0053, DW=1.7237

J-B=10.022 (0.0066), LM=8.7911 (0.0665)
WHITE=43.986 (0.0000)

J-B=0.0137 (0.9931), LM=10.021 (0.0401)

WHITE=10.339 (0.0351)

Poland

Slovakia

instrumentS'Ap: Ne_; Ai, Op,, Ac, Dp,

instrumentsai’ Ae , Ay® Ay™ Ap.,

param. estim. st.er. prob. paranm. estim. st.er. b.prg
Oo 0.0002 0.0021 0.9153 0o 0.0035 0.0023 0.1351
(o1 2.8514 1.5569 0.0729 (o1 0.4775 1.8873 0.8013
a5 0.2191 0.0383 0.0000 o> 0.4904 0.2243 0.0334

R°=-0.0007, SEE=0.0070, DW=1.7065

°=R0.6853, SEE=0.0048, DW=1.9955

J-B=0.9986 (0.6070), LM=8.4745 (0.0756)

J-B=3.5220 (0.1719), LM=5.7802 (0.2162)

WHITE=5.4510 (0.2441) WHITE=7.3479 (0.1186)

Source: Author’s calculations

The results from the money supply equation (17)sam@ewhat poorer. This is true
because especially the estimation of the Polishatmu led to confusing results. The
parametery, has an opposite sign than the theory suggestsrendbsolute value of the
sterilization coefficientd exceeded the upper margin of the potential intefireen zero to
one. Moreover,y, in all EU4 except for Hungary are statisticallgignificant. Neither the
performance of the elasticities of the money baitle kgspect to the domestic output gap)(
are significant (again, Hungary is the exceptiddcording to Spolander (1999, p.72) this
problem stems from different specification of tlgpation and, unfortunately, it is a common
drawback of many studies of monetary policy rulesl aeaction functions. As stated in
McCallum (1997, p.8), there has been much debatdh®rsubject of monetary policy rules
but the appropriate specification of a model sdgdbr the analysis of monetary policy rules
does not exist.
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Table 3: Estimates of equation (17)

Czech Republic Hungary

It—l

instrumentsap, Ay™ Ar, A ai, Ay

instrumentsay® Ai’, Ac_, Ay®® A

param. estim. st.er. prob. param. estim. st.er. b.prd
Yo -0.0035 0.0033 0.2980 Yo 0.0017 0.0048 0.7150
A -0.6998 0.1821 0.0003 A -0.6971 0.1128 0.0000
Vi -0.5725 0.8973 0.5264 Vi -1.7175 0.7430 0.0250
Yo 0.0003 0.0008 0.7334 Yo -0.0001 | 3.3E-05 0.0033

R°=0.3475, SEE=0.0208, DW=2.0566

’-®.6565, SEE=0.0119, DW=2.5815

J-B=822.14 (0.0000), LM=0.4953 (0.9739)
WHITE=34.505 (0.0000)

J-B=38.062 (0.0000), LM=13.386 (0.0095)
WHITE=3.7906 (0.7050)

Poland Slovakia
instrumentsam , Ap, ay=™ Ap;, Ay®® instrumentsay Ac AN, Ay¥ A,
param. estim. st.er. prob. paranm. estim. st.er. b.prg
Yo -0.0039 0.0030 0.1916 Yo 0.0083 0.0074 0.2693
A -1.4245 0.3236 0.0001 A -0.9005 0.1252 0.0000
Vi 1.4541 1.1559 0.2143 Vi -3.1911 2.3325 0.1779
Yo -0.0003 0.0009 0.7247 Yo -0.0007 0.0021 0.7312

R°=0.7436, SEE=0.0221, DW=2.4557 ’4®.9512, SEE=0.0224, DW=2.4020

J-B=14.541 (0.0007), LM=8.9796 (0.0616)
WHITE=3.9895 (0.6780)

J-B=2.8966 (0.2349), LM=9.2211 (0.0558)
WHITE=5.1728 (0.8189)

Source: Author’s calculations

The parameter estimates of the sterilization coieffits A in all EU4 except for
Hungary do not significantly differ from minus upitwhich implies full sterilizatior.
However, the EU4 central banks have never publdgglared that all foreign exchange
intervention has no impact on the money base. Hame@assume that the parameter estimates
of A indicate less than full sterilization. This asstimpis in accordance with the practice of
central banks from developed countries which ugustiérilize their intervention partially
rather than fully.

Table 4 summarizes estimates of the conversioragt calculated for all countries
using equation (12). Due to non-standard resultd@festimation of equation (17) in Poland,
the Polish conversion factor differs substantidttyn other factors in magnitude as well as

sign. The extraordinary value of Polighis subsequently transmitted to EMP whose extent

will not correspond with the EMP scale in other EU4

" The Wald test of the null hypothesis=-1 resulted in the following F-statistics and pablities. Czech
Republic: 2.7181 (0.1055), Hungary: 7.2082 (0.00®®jand: 1.7213 (0.1955), Slovakia: 0.5448 (0.3639
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Table 4: Estimates of conversion factors
Czech Republic Hungary Poland Slovakia
3.227419 0.963507 -6.207188 1.167874
Source: Author’s calculations

The EMP development according to model-dependemqtroapgh is graphically
presented for all countries analyzed in AppendiX@evaluate EMP correctly it is necessary
to remember some elementary facts. First, a negatilue of EMP indicates that the currency
is under general pressure to appreciate. On théracgn positive EMP shows that the
currency is pressured to depreciate. Second, tlne v EMP represents the magnitude of the
foreign exchange market disequilibrium which sholokdremoved by a respective change of
the exchange rate.

The figures contain, besides the EMP curve, theslirepresenting 1.5 multiple of the
standard deviation above and below the mean EMBevah breach of the corridor is
considered as an excessive EMP, alerting to a pakammisis. Furthermore, the graphs are
divided into several sections, thus allowing thstidguishing of different exchange rate
arrangements applied in EU4 during the period eracthi

One can find the EMP development in EU4 as alikenany aspects. The first three
years were characterized by many episodes of axeeEdP and its high volatility. The
EMP estimates suggest that there was a generalypeesn EU4 currencies to depreciate. The
principal exception was Poland whose EMP measurensempassed 60% on the appreciation
side in five quarters during 1993-1995. It is vaeyd to believe that the magnitude of money
market disequilibrium would be so enormous that Bwish zloty (PLN) should have
appreciated by 60% in order to remove that diségjuiim noting the still starting stage of the
transformation process. Moreover, Vanneste eR80%) as well as Bielecki (2005) obtained
considerably different (and more realistic) estiorag of EMP in Poland in that period.

It is worthwhile to remember that all EU4 countriggplied some version of fixed
exchange rate regime in 1993-1995. FurthermoreCthech Republic and Slovakia started
their existence in January 1993 after the splfoainer Czechoslovakia. The related currency
separation, launch of new currencies, establishrabenew central banks, and formation of
new monetary policies had an obvious impact on ds¢al in the estimation and consequently
on the EMP figures.

Since 1996, EMP developed more smoothly and freangf abnormal fluctuations.
There was only one example of breaching the cargdoargin after 1995. In Hungary, EMP

in 2002:1 was -1.96% suggesting a pressure onadttiet {HUF) to appreciate. A high (not
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excessive) EMP also occurred at the end of 200 Mids under speculative attack on the
upper edge of the band which culminated in devadnabf the central parity. In the Czech

Republic, the highest EMP was identified in 200%Ben the pressure reached 12.24%
forcing the koruna (CZK) to depreciate. This retietthe necessity for a correction after the
previous long-lasting appreciation and peakindhathistoric high. Whereas the depreciation
pressure prevailed on HUF and Slovak koruna (SKi€)droportion of appreciation-pressure

and depreciation-pressure quarters was more balandbe case of CZK in 1996-2006.

4.2 Model-I ndependent Approach

The EMP values obtained from the model-independgmroach are substantially
different from the model-dependent ones (see AppeBdor graphical illustration). They
differ in magnitude as well as basic developmemdémcies. Since the comprehensive
comparison of alternative results is provided ictie® 4.3 we only focus here on description
of the most notable features of the model-indepenB#&IP.

None of the countries analyzed experienced extna@aryg volatile development of
EMP in the fist three or four years of the periadmined. Far from it, the development in the
Czech Republic and Poland at that period of time tha most stable ever. Furthermore, one
can find many episodes of the excessive EMP iralintries during the second half of the
period analyzed. Generally, the “crisis quarteESMP surpassing upper or lower limit) seem
to occur more frequently in the model-independérint model-dependent approach. It is
obvious as the “no-crisis band” in the model-indegent approach is considerably tighter
than the model-dependent band in three countriesieder, all breaches of the limits are very
temporary and, thus, the foreign exchange marlssadilibrium did not last more than one
observation (quarter). It is worth to mention aikanty in the very recent EMP development
in three countries (Hungary, Poland and Slovakide pressure exceeded or came near the
lower limit at the end of 2006 announcing the apaton pressure on the national
currencies.

Whereas the appreciation pressure prevailed duhegentire period in the Czech
Republic and Poland, the more balanced proportibnpasitive and negative EMP
observations was revealed in Slovakia. Hungarytherother side, had to face predominantly
a depreciation pressure on HUF.

The most extreme EMP in the Czech Republic (+13)3®&84 be observed in 2004:2.

Such a high depreciation pressure was caused Baise of the Czech interest rate above the
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Eurozone level and subsequent change in the intextesdifferential (+210%). In Poland, we
detected the most extreme EMP in 2005:4 (-20.5686keparate analysis of the EMP
components allows us to determine the principalseaut is a substantial change in the
reserves-money ratio (+12202.9%) driven by a massierease in reserve holdings.

Slovakia is the country with the most numerous ssafrom the no-crisis band,
mainly on the appreciation side. However, the breacf limits are rather marginal and the
most significant one was recorded in 2005:1 (-7.y5% a consequence of growing
international reserves. Slovakia also witnessedga klepreciation pressure (+9.91%) in
1998:4, just after the shift in the exchange ratargement towards managed floating. In
Hungary, we can distinguish, ignoring the very yastage, two cases of excessive
depreciation EMP. The first one (+11.19%) occurire@003:3 following culmination of the
speculative attack on appreciating HUF. In 200%EMP reached even higher level

(+13.78%) foreseeing the coming period of massiué-tdepreciation.

4.3 Comparison of Alternative Approaches

As stated above, the alternative empirical appresith the EMP estimation resulted
in considerably different findings. It can be doanted by descriptive statistics of the EMP
time series as well as correlation analysis. Teenehtary descriptive statistics is presented in

Table 5 and correlation coefficients of the EMP sugas in Table 6.

Table 5: Descriptive statistics of exchange mapkessure

Czech Republic Hungary Poland Slovakia

m dep| m.ind] mdep mind mdep m.ind m dep m|ind

mean 0.0361] -0.0015 0.0091 0.0285 -0.1075 -0.00800352| 0.0025

median | 0.0036| -0.0011 0.0068 0.0228 -0.0862 0®000.0062| 0.0030

max 0.5544| 0.1339 0.0578 0.15p4 0.2150 0.11107466| 0.0991
il
B
)

min -0.0577| -0.1003 -0.0199 -0.0531 -0.6992 -0.2056.0891| -0.0786
st.dev. | 0.0948 0.037 0.0165 0.0478 0.20050552| 0.1170 0.0337
upper 0.1783 0.0488 0.0339 0.1002 0.1933 0.07512100.| 0.0532
lower -0.1061] -0.0612 -0.0157 -0.0432 -0.4083 -0D209-0.1403| -0.0481
Source: Author’s calculations

Notes: m_dep and m_ind denote model-dependent andelindependent approach
respectively

The only country with results signaling some degreeonsistency is Hungary. Means
and medians of both EMP indices have positive signd, furthermore, the correlation

coefficient is the highest among all countries. @ae find a further uniqueness in Hungarian
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results. Development of the model-dependent EMP wigsificantly less volatile than
development of the alternative model-independenPEWhis is evident in standard deviation,
width of the no-crisis band and spread between maxi and minimum values.

Totally opposite conclusions can be drawn on remginountries. Their most notable
common attributes are higher volatility of the miedependent EMP and disharmonic
development of the EMP measures mirrored in therssly signed means and medians and
low and/or negative correlation coefficiefita&e should remind that the high standard
deviations and wide bands stem from the varyingetibggment in the very early stage of the

estimation period.

Table 6: Correlation coefficients of alternativeeleange market pressure measures
Czech Republic Hungary Poland Slovakia

0.086080 0.462380 -0.292988 0.192232
Source: Author’s calculations

The consistency of the two EMP indices can alscagsessed by discrepancies in
identification of crisis. For that purpose, Figurkeg putting development of the both EMP
measures together are presented. Moreover, Tadllews how many quarters were identified
by the model-independent approach as crisis and awy of which would be similarly
classified by the model-dependent approach if tbeehindependent no-crisis band applies.
Table 7 also reports number of EMP crisis obsemwatithat were awarded with same sign
and similar magnitude by both approaches. The tequesented confirm the negligible
consistency and provide evidence that the empirioals used tend to interpret EMP
development differently.

Table 7: Consistency of alternative approachedentification of crises

Czech Republiq Hungary Poland Slovakia
m_ind crises 4 6 3 7
m_dep crises 1 0 1 0
same sign 2 6 2 3
similar magnitude 2 0 1 0

Source: Author’s calculations

Notes: m_dep and m_ind denote model-dependent andelrmdependent approach
respectively. Similar magnitude means that valughefm_dep EMP is within interval 50%-
150% of the m_ind EMP value.

8 We also carried out a cross-border correlationlyaisthat revealed generally higher correlatiomween
model-dependent indices. The highest correlatiaffioient can be observed between Czech and SIEMR
(0.5456) and the most negative between Hungariah Rolish EMP (-0.6066). Correlation analysis of the
model-independent EMP vyielded to considerably loe@efficients. The highest one (0.2867) was catedla
between Hungary and Poland.
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Figures 1-4: Development of exchange marketspiresbased on model-dependent and model-indepeagigritaches
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One of the aims of the paper is to compare EMP amious exchange rate
arrangements in EU4 keeping in mind the necessitgriter into ERM Il (a quasi-fixed
regime with a fluctuation band) and fulfill the dremge rate stability criterion in EU4 in the
near future. The comparison of the EMP standardatiems calculated over the periods with

particular exchange rate regime along with numliberisis quarters is provided in Table 8.

Table 8: Standard deviations of exchange markaispre and number of crisis quarters

Czech Republic Hungary Poland Slovakia

m _dep| m ind] mdep m.ind mdep m.ind m dep m]ind
fixed 0.1448| 0.0148| 0.0181| 0.0458| 0.3342| 0.0212| 0.1767 | 0.0336
(crawl) peg| (0:0) (0:0) (2:0) (3:0) (0:2) (0:0) (2:0) (1:2)
crawling 0.0165| 0.0317| 0.1291| 0.0369
band (0:0) | (0:0) | (0:0) | (1:0)

0.0382| 0.0438| 0.0127| 0.0483| 0.0613| 0.0605| 0.0245| 0.0339
(0:0) (3:1) (0:1) (2:1) (0:0) (0:2) (0:0) (1:3)
0.0164 | 0.0380
(0:0) (0:1)

floating

ERM I --- --- - - - -

Source: Author’s calculations
Note: The ratio in parentheses is (number of exeesdepreciation EMP : number of
excessive appreciation EMP)

The results clearly suggest that any conclusioruabwe relationship between EMP
and exchange rate regime is extremely sensitiveetection of the EMP estimation method.
Model-dependent and model-independent approachdddeabsolutely controversial findings
on how EMP develop and fluctuate in particular exaye rate arrangement. The model-
dependent approach provides evidence that EMP githia floating-regime period was very
stable in all EU4 and the excessive deviationsMPEccurred sporadically. On the contrary,
the periods of fixed arrangement witnessed numeepisodes of surpassing the 1.5 multiple
of standard deviation level along with the moreatité development. The results of the
model-independent approach are totally oppositeie@dly, any kind of the fixed regime
paved the way for both lower and less volatile EAfid fewer crisis periods.

To determine whether the differences among EMPeg&in various exchange rate
regimes are statistically significant we carriedt @u single-factor Analysis of Variance
(ANOVA). The EMP observations from all EU4 were lyated in the single dataset and
grouped into four categories according to classiifon system applied in Table 8. The
ANOVA test results for model-dependent as well aslet-independent approach are reported
in Table 9.
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Table 9: ANOVA test results

model-dependent approach model-independent agproac
no. observ mean variance| no. obsefv. mean variance
fixed 56 0.00236 | 0.06289 56 0.02115  0.00179
(crawl) peg
gg’;";"“g 44 -0.04109 | 0.01097 44 0.01596  0.00118
floating 115 0.00232 0.00161 115 -0.00610 0.00244
ERM II 5 -0.01622 0.00026 5 0.00292 0.00144
F-statistics: 1.162374 F-statistics: 5.646847
P-value: 0.325034 P-value: 0.000963

Source: Author’s calculations
Note: Critical value of F-statistics is 2.646402.

The ANOVA tests show that the exchange rate regloes not influence the average
of the model-dependent EMP considerably as thafissts is small and insignificant. On the
other hand, the means of the grouped model-indeperelMP are significantly different at
1% level. Thus, one can consider the floating ayeament as the environment contributing to
the volatile development and excessive values oPEM

The results obtained allow us to derive some paigylications. There is no empirical
justification for the a priori concerns that a slif the exchange rate regime from floating to
the quasi-fixed ERM 1l would stimulate EMP to inase. More likely, the basic
characteristics of the EMP development will be iretd after the change. Thus, supposing
that the recent level of EMP volatility and densifycrisis observation revealed by the model-
independent approach will remain unchanged, it @aast serious doubt on the European
Commission’s requirement that EU4 must participatERM |l without substantial tensions
on the exchange rates.

The doubt gains importance if the actual Europeathaities’ position to the
fulfillment of the exchange rate stability critemios considered as decisive. When all relevant
statements and declarations of the ECB, Europeamn@ission and Ecofin Council are
summarized and combined with the approaches tatiterion assessments applied in the
past, we can consider the use of the ERM Il stahflactuation band of + 15% as highly
improbable. On the contrary, the authorized fluctutamargin is likely to be asymmetric with
the limits of 15% on the appreciation side and 2025 the depreciation side.

Although EMP fluctuated predominantly within thisrmrow band in EU4 in the last
four years one can expect that all EU4 will havdaoe excessive EMP from time to time

when participating in ERM II and fulfilling the elkange rate stability criterion. Since the
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depreciation part of the asymmetric band is veghttithe EMP development should be
monitored carefully. The depreciation EMP wouldnpipally require some policy actions

taken by the central bank in the form of foreigrleange interventions or any other suitable
instrument.

Owing to some factors the EMP estimates presemtddiscussed previously must be
viewed with some degree of skepticism. There avers¢ drawbacks of the model-dependent
approach which must be taken into account whemgregng the results obtained. First, many
parameter estimates required for calculation ofctiveversion factor and EMP are statistically
insignificant. It can be attributed to either wrasygecification of the model or some problems
with estimation procedure or data used. Secondp#nameter estimates are sensitive to the
choice of instruments and even small changes irp#nameters’ values have a considerable
impact on EMP. Third, the sterilization coefficiemt all EU4 except for Hungary is not
significantly different from minus unity which inchtes full sterilization. Fourth, model-
dependent EMP in all countries behaved almost abegl parallel to changes in reserves
during the entire period.lt implies a frequent application of the centraink official
intervention even in the environment of floatingcleange rate regime. The reality in many
EU4 was, however, different. These limitations dtidee eliminated in future research. We
recommend use of the pure foreign exchange intéoredata as an alternative to the change
in reserves. It could lead to more plausible resa#t evident in Bielecki (2005). The model
could also be extended by the possibility of incliiatervention operating through changes in

domestic lending or the domestic interest rate.

5. Conclusion

In this paper, we estimated EMP for the EU4 curiehagainst the euro exchange rate
over the period from 1993-2005. We concurrentlyliggpthe Spolander (1999) model based
on the Weymark (1995) model-dependent approachnaodkl-independent approach based
on Eichengreen et al. (1994, 1995) and Sachs €1396). Fundamental differences in spirit
and construction of these approaches are reflestednsiderably different results. Thus, the
principal conclusion of this study is a clear stagat that the two empirical approaches
applied are not compatible if data from EU4 aredu3ée two alternatives differ substantially

® This finding is based on results of a variancdyaigof EMP and its components.
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in assessment of the general development trenddesmugncies as well as magnitude and
direction of EMP in particular quarters.

According to model-dependent approach, EMP in thec Republic, Hungary and
Slovakia is of similar magnitude. Whereas a deptem pressure prevailed on HUF and
SKK, no dominance of any direction of the presstae be found in the case of CZK. The
estimates of the Polish EMP are burdened by sutistatatistical insignificance. The results
obtained suggest that EMP in EU4 decreased over &na was substantially lower and less
volatile during the periods of floating exchangeesathan in the environment of fixed
exchange rate regime. However, there are some c@about the validity of the parameter
estimates and consequently the EMP measures EBEUI Therefore, we can conclude that
the Spolander (1999) model in its pure version @ fully suitable for EU4 and we
recommend some extensions and propose further fetefugure research.

The model-independent approach is not burdenetidoplbove mentioned drawbacks.
Moreover, this approach puts greater emphasis enerest rate differential, which has
often been identified as a factor of exchange datermination in EU4. Thus, results of the
model-independent approach can be considered as mn@lgable. The EMP development can
be described as homogeneous during the entirecoenalyzed without any stage of abnormal
volatility or exceptionally frequent occurrenceefcessive EMP. While CZK and PLN were
largely under appreciation pressure, HUF was fotcedepreciate and no dominance was
revealed in Slovakia. However, the model-indepetdgproach identified more crises than
model-dependent approach including the very reegnessive pressure on appreciation of
three EU4 national currencies.

The study did not confirm the concerns that thevaidable shift in the exchange rate
regime towards the quasi-fixed ERM 1l could evokBIFE to grow to excessive levels.
Instead, the empirical tests suggest that the reginange will have, with high probability, a
negligible impact on the EMP development. Howetleg,asymmetric fluctuation band which
is likely to be applied for the assessment of thiflliment of the exchange rate stability
criterion seems to be very tight on the depreamside. Stemming from estimations obtained,
the EU4 central banks will be probably confrontedthwoccasions of excessive EMP

jeopardizing fulfillment of the exchange rate sliépicriterion.
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Appendix 1: Data description

All data are on quarterly basis and cover the peti@93:1 — 2005:4

EU4 national money base

e

ds

N

ge
ed

=2

d

34

Bt Obtained from IMF’s International Financial Statist (IFS) line 14 (Resery

money) and then logged.
EU4 Gross national income
Derived by adding the net income from abroad tos&momestic product (IFS line

c 99B). In national accounts statistics, the totalenits, interest, profits and divider

t plus net current transfers is shown as “net incémom abroad”. It was obtained
from IFS by differencing current account balandeS(line 78 ALD) and balance ¢n
goods and services (IFS line 78AFD). Logged values.

Nominal bilateral exchange rate of EU4 currencigsavvis euro in direct quotatig
(number of EU4 currency units for one euro)

e Obtained from Eurostat’'s Economy and finance dami{&EF) section Exchan
rates and Interest rates, line Euro/ECU exchantgs ra Quarterly data. Logg
values.

Eurozone 3-month money market interest rate

i Obtained from EEF section Exchange rates and btteeges, line Money mark
interest rates — Quarterly data, series MAT_MO03
EU4 national 3-month money market interest rate

it Obtained from EEF section Exchange rates and kiteetes, line Money mark
interest rates — Quarterly data, series MAT_MO03

m EU4 national M1 monetary aggregate

! Obtained from IFS line 34..B (Money, Seasonallyustigd) and then logged.
Eurozone Harmonized indices of consumer prices
* Obtained from EEF section Prices, line Harmonizetices of consumer prices

P Monthly data (index 2005=100). Converted from montto quarterly data b
averaging the three monthly figures and then logged
EU4 national Harmonized indices of consumer prices
Obtained from EEF section Prices, line Harmonizetices of consumer prices

P Monthly data (index 2005=100). Converted from montto quarterly data b
averaging the three monthly figures and then logged
EU4 national official reserves holdings

; Obtained from IFS line 1L.D (Total Reserves Minusld} converted to nation

t currency using nominal bilateral exchange rateavigs US dollar (IFS line AE) an
then logged.

Proportional change in domestic international neser

rmy Obtained by ratio of change in the level of resserfleS line 79DAD) and mone

base of previous period (IFS line 14).
EU4 national Gross domestic product

Y Obtained from IFS line 99B (Gross Domestic Prodaat) then logged.
Long-run component ofy

y"" | Obtained using the Hodrick-Prescott filter and absthing parameter of 1600,

as

recommended for quarterly data.

26



Appendix 2: Exchange market pressure in EU4 countgs (model-dependent approach)
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Appendix 3: Exchange market pressure in EU4 countas (model-independent approach)
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