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ABSTRACT

The purpose of this paper is to empirically explore the effectiveness
of foreign exchange intervention in Croatia. Foreign exchange
intervention is the main policy instrument of the Croatian National
Bank (CNB), since, due to the prevailing eurisation in Croatia,
monetary policy operates primarily through the exchange rate channel.
This paper describes the mechanics and implementation of foreign
exchange interventions and presents their statistics. For that purpose
the reaction function of the CNB is estimated. The hypothesis that
the foreign exchange intervention is effective is supported with
the stability of the exchange rate during the last decade, as well as
their profitability. In addition, two different statistical methods are
employed - the time series analysis and the event study. The event-
study methodology is used to analyse the elements that influence the
effectiveness of individual interventions.
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1 INTRODUCTION

The Croatian National Bank in achieving its main goal of price
stability relies on nominal exchange rate anchor of domestic kuna
currency to euro. The exchange rate is not fixed; the CNB uses
the foreign exchange interventions to manage it while allowing for
some oscillation in the exchange rate. The entire monetary policy
framework oriented towards achieving the exchange rate stability,
and the foreign exchange interventions represent the most important
policy instrument. Therefore, they need to be well understood. The
purpose of this paper is to explore the effectiveness of foreign
exchange interventions in Croatia.

There exists an extensive literature on foreign exchange
intervention. However, itis mainly oriented to industrialised countties,
especially interventions in the largest currencies: US Dollar, German
Mark (Euro) and Japan Yen. Notable surveys of the literature,
Dominguez and Frankel (1993), Almekinders (1995) and Sarno and
Taylor (2001), explain both the channels how intervention affects
the exchange rate, and discuss empirical estimation of intervention’s
effectiveness in major currencies. However, that literature is
primarily concerned with the effects of sterilised interventions
in countries with developed financial markets and circumstances
different from those in the emerging markets. Furthermore, it claims
that unsterilized interventions are by definition effective since such
interventions change the monetary policy stance. Literature on the
foreign exchange interventions in emerging markets is just emerging.
Surveys by Neely (2001), Canales-Kirljenko (2003) and recent BIS’
survey of intervention' show that interventions are common in the
emerging markets. Also, they significantly differ from interventions
in industrialised countries in sense that they are an important part of
monetary policy, are often unsterilized and relatively large compared
to overall foreign exchange markets. This study contributes to this
new literature on foreign currency intervention in the emerging
markets by analysing interventions in Croatia.

The structure of the paper is as follows. The second chapter

describes briefly monetary policy in Croatia. Third chapter explains
the foreign exchange transactions of the CNB’s and interventions
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in particular. Fourth chapter describes exchange rate in Croatia and
analyses CNB’s behaviour regarding interventions — its reaction
function. Fifth chapter explores the effectiveness of the CNB’s
foreign exchange intervention. Three different approaches are
applied: profitability of interventions, time-series methodology and
event study of individual intervention episodes. The latter also allows
analysing factors that contribute to intervention’s effectiveness. The
final chapter suggests some conclusions.

2 MONETARY POLICY FRAMEWORK IN CROATIA

It is difficult to overestimate the importance of the exchange
rate in the Croatian economy. In addition to the usual small open
economy characteristics — large trade openness and strong capital
flows — Croatia in one of the most dollarised” counttries in the world.
As the result of a few hyperinflation episodes during eighties and
eatly nineties, Croatian citizens learned how to protect their financial
asset from erosion: many prices are indexed to foreign currency, and
more than 80% of all saving deposits are held in foreign currency.
For that reason the exchange rate anchor was one of the main
elements of the Stabilisation Programme in 1993. This policy fixed
the prices of tradables, and immediately ended with depreciation
(and inflation) expectations, which resulted in one of the lowest
inflation rates among all transition countries during the last decade. The
exchange rate stability was pursued even after successful disinflation
due to large and prevailing euroisation that persists even after a decade
of price stability.

The exchange rate, however, is not fixed. Croatia adopted a
managed float regime that at the same time managed to provide
the central bank with necessary credibility,” and put some flexibility
in the exchange rate that discouraged speculative capital inflows
(Vujci¢, 2003). This flexibility also ameliorates strong seasonal
exchange rate effects on the real economy, due to strong foreign
currency inflows during summer tourist season, and allows for some
degree of freedom in the conduct of monetary policy. In managing
the exchange rate, the CNB relies primarily on the foreign exchange
interventions. Their effect is not fully sterilised and one can claim
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that they change the stance of monetary policy. Since Croatia is
experiencing large capital inflows during the last decade, the CNB
has to deal primarily with the appreciation pressures by purchasing
foreign currency and creating domestic liquidity. Thus, interventions
are the most important money creation instrument of the CNB. In
fact, domestic credits of the CNB are almost inexistent, and overall
foreign reserves of the CNB are larger than the entire money supply.
In order to sterilise domestic liquidity created by purchases of foreign
currency, the CNB relies on large reserve requirement — 18% on all
commercial banks’ liabilities except capital and central government
deposits. During 1990s the CNB issued kuna denominated bills in
order to sterilize excess liquidity. Such sterilisation however became
too expensive, so they were replaced with an increase in the rate of
required reserves in 2003.

There are additional instruments that help the CNB achieve either
price stability or other intermediate objectives of exchange rate
stability and overall financial stability. Most of those are different
elements of capital control as well as prudential regulations intended
for the commercial banks. For example, the CNB requires that
commercial banks foreign currency exposure remain under 20%
of their regulatory capital, which prevents commercial banks from
speculative behaviour. In circumstances where banks dominate the
financial system and foreign investors do not hold significant amount
of assets denominated in domestic currency, this effectively restricts
the scope for currency speculation.

3 THE CNB’S FOREIGN EXCHANGE TRANSACTIONS

The CNB conducts different types of transactions where domestic
currency is exchanged for foreign currency. The largest ones are
transactions with domestic commercial banks that are conducted
with the purpose of influencing the exchange rate. Such transactions
are referred to as the foreign exchange interventions and are subject
of this study. However, the CNB also conducts foreign exchange
transactions whose purpose is not necessarily connected with the fact
of directly influencing the exchange rate. Most of such transactions
are transactions with the government, which in some years were
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very significant. In addition to supporting financial operations of the
government, such transactions prevent exchange rate pressures that
would probably emerge when government tries to exchanges large
amounts of foreign currency originating from privatisation or foreign
borrowing. There are also bilateral transactions with commercial
banks conducted for purposes other than influencing the exchange
rate?, as well as some minor transactions in effective kuna currency
with foreign banks.

Table | The seracture of the CMBS forsign eschanpe ransicrions
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Foreign exchange transactions with the Croatian National Bank
represent relatively large share in total foreign exchange transactions
of commercial banks. As shown in Table 2, banks are more oriented
to the CNB with sales of excess foreign currency than on purchases
of foreign currency, although that changes in different years and
circumstances. Although the share of foreign exchange transactions
with the CNB declines in time, a share of such transactions is
relatively large, which supports the hypothesis that the CNB can
influence the exchange rate. However, the share of such transactions
during the last two years decreased, which is primarily a result of the
development of financial market in Croatia, but also of larger foreign
exchange transactions with the government. While data in the Table
2 relate to the overall yearly market turnover, the average share of
intervention on the days there were activated are larger than 20% of
total foreign exchange transactions on that day, with a tendency of
increase during the last few days.
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Due to its importance for the monetary policy, the estimated
amounts of foreign exchange transactions (and interventions) as well
their monetary effects are an important part of the overall monetary
policy projection of the CNB. However, although the expected
amount is set in the monetary projection based on the expected
capital flows and demand for base money, actual decision when and
how much to intervene is made by the CNB’s management. This
decision is based on daily information about economic development,
especially exchange rate and domestic liquidity. There is no automatic
rule that triggers intervention, and discussions preceding a certain
intervention can last a few days before it is initiated.

The same morning when the CNB’s management decides to
intervene, the exchange rate auction is announced. All domestic
commercial banks are invited to submit their bids in which they state
both size and price (exchange rate). Although individual banks may
submit more than one bid (bidding at different prices), there is a
tendency to submit a single bid. On the basis of received bids, the
CNB’s management decides on the cut-off amount and/or price.
Commercial banks are informed whether their bids are accepted and
information about the price and size of the intervention is posted on
the CNB’s website. Actual transaction takes place two working days
after the intervention due to international payment system regulation.

The most common auction used is the Dutch auction in which
commercial banks submit both amounts and prices. During the last
few years all interventions were one sided — banks are invited either
to purchase or sell foreign currency to the central bank — while in
nineties they were double sided (banks could bid for both purchases
and sales of foreign currency). Before 1999 the CNB also conducted
foreign currency swaps (total 13 of such swaps). From 2001 some
auctions were executed with preannounced (fixed) price (exchange
rate) and the commercial banks needed to submit only the amounts
they were willing to exchange at such rate.

3.1 Statistics of the CNB’s foreign exchange interventions

Total amounts of foreign exchange interventions presented
in Table 3 show significant difference in size and direction of
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interventions in different years. Those differences, by and large can
be explained by exogenous factors influencing capital flows, and less
regarding some significant changes in exchange rate policy.

In early nineties when Croatia gained independence and Croatian
National Bank was founded, foreign reserves were at zero. In
circumstances of initial reserve accumulation, in first half of nineties
almost all interventions were purchases of foreign currency. Initial
accumulation of reserves allowed that, as one of the most important
elements of the Stabilisation Programme of 1993, the government
decides to defend the upper depreciation level of 4,444 kuna per
German Mark, which implied sales of foreign currency at that rate
if needed. However, immediately after the Stabilisation Programme
was initiated, exchange rate appreciated, and this exchange rate
bound was never tested. Due to strong capital inflows emerging
from the repatriation of domestic savings, privatisation revenues and
extensive foreign borrowing, the majority of exchange rate pressures
were on the appreciation side, so the CNB had primarily to defend
the exchange rate by purchasing foreign currency. Sales of foreign
currency by the Central Bank until 1998 were only symbolic and
partially reflect double-sided interventions as well as reverse foreign
currency swaps also included in these statistics.

Depreciation pressures appeared in 1998 during the recession
triggered by a banking crisis. During 1998 and 1999, the CNB was
intensively selling foreign currency in order to decrease depreciation
pressures. With consolidation of the banking sector and economic
recovery, appreciation pressures again re-emerged and started to
dominate, so since 2000 most of the interventions are purchases of
the foreign currency.

However, amounts of interventions are larger and more balanced
(the CNB intervenes on both sides) than in nineties. The apparent
imbalance of interventions in 2003 and 2004 is the result of very
large foreign exchange transactions with the government. In 2003
the government net sold 3.665 million kuna worth of foreign
currency stemming from privatisation and foreign financing, and
in 2004 the government net bought foreign currency worth of 741
million kuna.
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Table 3 The CMB's foreign exchange inberventicons, in millsons of kuna, curmen:

exchange rate

YEAR FURLCHASES| BALES MEL] GHOES
1593 7o 1 74| 794
1994 | B r LT
19495 1.88 213 1. 2096
1996 264 419 2.21 3.074
oy I, EEE I 2191
1994 1.54% 3,829 2,284 5.574
15414 ETE] 7.060 3 T4
2000 2.1 1.287 #91 3465
20011 675 N EN] 10,353
A2 5 A58 385 F.A53
2003 3,344 2 3.499]
2004 4 254 3.81 4313
TOTAL 508 21114 87 52 055

Because of initial accumulation of foreign reserves, only
interventions from 1996 to 2002 were analysed. During that period,
the CNB intervened often. Using the monthly frequency, the CNB
intervened in 64 out of 84 months, which is more than % of all
months (76,2%). The CNB more often purchased foreign currency
50/84 months (59,5%). It sold foreign currency almost every other
month (45,2%).

Monthly frequency is used only for illustration; this analysis is
based on daily data since short-term effects of interventions are
usually the most interesting.” Statistics of individual interventions
are given in Table 4. During seven years included in this study, there
were 174 interventions, which is approximately one intervention
every other week.® Median gross intervention was worth of 136
million kuna (a bit under 20 million euro). In cases of depreciation
pressures, the CNB had to intervene in larger amounts (109 million
kuna) than during appreciation pressures (99 million kuna).

Among the interventions, all the transactions with commercial
banks are included, including foreign currency swaps (both ways).
If reverse swap transactions are excluded (they are fully anticipated),
there were 165 interventions during that period. Most interventions
were “regular” interventions (139). There were 13 foreign currency
swaps (took place in the second half of 1990s), and in 2001 and
2002 a total of 13 interventions were executed at preannounced
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(fixed) exchange rate. The fixed rate interventions were on average
much larger than other types of interventions, which partially can be
explained by larger intervention amounts during the last few years,
but also by circumstances in which the CNB wanted to send stronger
signal to the market about its willingness to defend the exchange
rate.
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4 FOREIGN EXCHANGE INTERVENTIONS AND THE
EXCHANGE RATE

Croatian National Bank follows the intervention policy of leaning
against the wind — it purchases foreign currency when domestic
currency appreciates and sells foreign currency when it depreciates.
Exchange rate and CNB’s foreign exchange interventions are shown
in Figure 1. Policy of resisting exchange rate changes is the most
common motive for central banks to intervene. By following such
a policy, the CNB creates additional demand for foreign currency
in time of capital inflows and supplies foreign currency in time of
shortages. Stability of domestic currency against euro during the
period under study (exchange rate fluctuated within the range of 6,8
and 7,8 kuna per euro’) suggests that the CNB’s interventions were
effective.
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The period under study can be divided in three sub-periods.
The first sub-period relates to period 1996-97 when economy grew
strongly, capital inflows were positive and currency appreciated.
The second sub-period relates to the recession in 1998-99 that
was triggered by a banking crisis. During that period the CNB
with its interventions resisted depreciation pressures. With the end
of recession, capital inflows re-emerged in 2000 and appreciation
pressures dominate since, while exchange rate has been very stable
with only small seasonal oscillations.

Figure 1 shows that the size of individual interventions as well as
their frequency significantly increased in the second half of 2001.
In August 2001 largest individual interventions were recorded,
with sales of foreign currency amounting to more than 3 billion
kuna. In that month commercial banks launched speculative attack
against domestic currency, which was partially motivated by partial
liberalisation of capital account, which allowed unrestricted foreign
exchange transactions for commercial enterprises. The CNB reacted
with strong sales of foreign currency, but also additional monetary
tightening.® On the other hand, euro notes introduction led to
significant increase in houscholds foreign currency deposits at the
end 2001, and thus to supply of foreign currency, which motivated
additional purchases of foreign currency by the CNB in order to
prevent exchange rate appreciation. From the beginning of 2003 the
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CNB intervenes less often, which can be explained by somewhat
lower pressures on the exchange rate and which is partially a result
of larger transactions with the government that prevented such
pressures from emerging.

For analysing the interaction between exchange rate and
interventions, it is very important to well understand the time frame
of intervention and exchange rate used in this study. Individual
intervention is conducted in the following way. The CNDB’s
management makes decision when to intervene without following an
automatic rule (discretion). Intervention is conducted in auction in
which all commercial banks are invited to put bids. Banks usually have
a few hours to submit their bids. Actual transaction, however, takes
place two days after the auction, due to the international payment
system, which requires two days for funds in foreign currency to be
transferred from one account to another. Unlike intervention, the
CNB’s official middle exchange rate used in this analysis is constructed
as an average of all foreign exchange transactions by commercial
banks in Croatia’. Due to reporting schedule, the CNB’s official
exchange rate lags the market rate by two working days."” Thus, the
official exchange rate corresponds to the date of intervention, but
not its transaction. We can differentiate the time before, during, and
after the intervention. Time scheme of intervention and exchange
rate is shown in Figure 2.

Figure 2 Time scheme of intervention
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Analysis of interaction between the exchange rate and foreign
exchange intervention is divided in two steps. In the first step the
CNB’s behaviout is described, i.e. the reaction function. The second
step includes the analyses whether CNB’s interventions are effective
in influencing the exchange rate.

4.1 The reaction function of the Croatian National Bank

The central bank’s behaviour regarding its intervention decision
can be analysed ex post, which is in literature called central bank’s
reaction function. Central banks usually intervene on foreign
exchange markets in order to keep exchange rate on a certain level (or
within a certain range) or in order to decrease short-term oscillations
in the exchange rate.

Graphical analysis broadly describes why the CNB intervenes.
Figure 3 shows the relationship between individual interventions’
size and exchange rate when they were conducted. Points are
forming a cloud, which suggests that the CNB does not defend the
exchange rate at some certain level. However, the figure suggests that
during a certain time the CNB defended a certain path. Correlation
coefficient between intervention amount and exchange rate for
the entire period under study is -0.19. However, it increases during
some periods. For period 1996-1997 it is —0.54, 1998-1999 —0.42 and
2000-2004 -0.39. Stronger correlation in eatlier periods partly can
be explained by the fact that the bulk of interventions during those
periods were of the same directions — purchases during 1996-1997
and sales during the banking crisis of 1998-1999. Interventions since
2000 are much more symmetric. A declining trend in correlation
coefficient suggests that the CNB is now less concerned with the
exchange rate level than before.

From Figure 3 itis hard to conclude that CNB intervenes more when
domestic currency is weak than when it is strong. The reason is that
interventions of lower intensity that correspond to stronger domestic
currency were conducted before 2000, when intervention amounts were
lower. Development and deepening of the domestic financial markets
also led to the increase in intervention size. After 1999 the exchange
rate of kuna to euro rarely declined under 7,2 kuna per euro.
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Frgure 3 CNB's interventions and the exchange rate level
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Although it seems that the CNB does not defend a certain
exchange rate level, it is more concerned with resisting exchange
rate changes.

Figure 4 shows the correlation between intervention amounts and
exchange rate change four working days prior to intervention. Such
a long period before the intervention is chosen since the decision
to intervene is not automatic, but often it takes a few days for
decision to be made. Correlation coefficient is the strongest for a
four-day period, although shortening or lengthening of the period
yields similar results. Correlation coefficient between intervention
and exchange rate change is —0.71, which means that in the past the
CNB bought foreign currency when exchange rate appreciated and
sold when it depreciated. This is exactly the policy of leaning against
the wind. Correlation coefficient increased with time, which suggests
that the CNB’s decisions to intervene are now more directly made in
order to prevent changes in the exchange rate.

For the sub-period 1996-96, correlation is -0.20, 1998-99 -0.58
and from 2000 it increases further and is -0.78. Those results support
the hypothesis that the CNB is now more concerned in resisting the
change in exchange rate and less about the actual exchange rate level
than it was in the past.
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Figure 4 The CHB's interventions and de exchange rate change
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It is important to emphasise that this analysis is static and does
not conclude that the CNB necessarily reacts after exchange rate
changes. Therefore, it should be concluded that when the CNB
intervenes in the foreign exchange market, it is usually because
exchange rate changed. A change in the exchange rate, however,
does not necessarily lead to the intervention.

For making a stronger conclusion, further analysis is needed.
The central bank reaction function and motives to intervene can be
modelled as:

INT=a(s-s')+bAs +cX )

where INT represents foreign exchange intervention, s exchange
rate, s’ targeted exchange rate, As change in exchange rate, and X
other describing variables. Coefficients (a, b, and c) describe the
central banks behaviour in the previous period.

Equation 1 cannot be estimated using the OLS since interventions
are not a continuous variable. The CNB intervened only occasionally,
so the methods for discontinuous and censored variables need to be
applied: LOGIT (PROBIT) or TOBIT.
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The key term in such definition of reaction function is a willingness
of the central bank to intervene (INT*). As already discussed, the
CNB does not react automatically following a certain rule connected
to the exchange rate; rather than that the decision to intervene is
discrete in its nature. In such circumstances, intervention occurs
only when the CNB wants to intervene (INT*>0), while in other
circumstances there is no intervention.

INT, = INT*, if INT* >0 ¥
INT, =0 if INT* <0

Unfortunately, the willingness to intervene is unobserved, and it
has to be estimated using observed interventions.

In order to get more robust results, two different methods were
used — LOGIT and TOBIT. The first method, LOGIT, explores the
positive results of a binomial variable, while estimated coefficients
can be interpreted as percentage contributions to the probability of
the positive result. In the context of estimating the reaction function,
LOGIT analysis answers to a question "what motivates the central
bank to intervene". TOBIT analysis, on the other hand, is based on
the censored variable, as shown in equation (2). Results of TOBIT
analysis can be interpreted as “if the decision to intervene is made,
how large is the intervention”.

Binary model (LOGIT) is better for answering the question
whether the CNB intervenes in order to defend a certain level or to
resist sudden changes in the exchange rate, as shown in equation (1).
Intervention is treated as a binary variable: 1 if there is intervention
and 0 if there is no intervention. Independent variables are (log)
level and change of the exchange rate. Purchases are distinguished
from sales in order to adjust for a possibility that intervention is not
symmetrical in its nature.

Both estimated equations - purchases and sales of foreign currency
(in Appendix A), suggest that the exchange rate level does not explain
intervention decision. Change in exchange rate, however, in both cases
is significant and has the proper sign. Despite significant coefficients,
it is hard to claim that the equation describes the reaction of the
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CNB well. Since the number of days without intervention (INT=0)
is prevailing, this model is in very few instances good for predicting
the actual interventon. It affects modified R? which reacts strongly
with small number of positive values of dependent variable in binary
model. In extension of this analysis further missing variables that can
explain the CNB’s intervention should be included, such as money
market interest rate or the level of excess reserves in the system.
More lags can also be added in order to catch time needed to actually
decide when to intervene. Problems in modelling the behaviour of
the CNB complicate the overall estimation of its effectiveness.

TOBIT analysis gives similar results about significance of change
in exchange rate in explaining intervention behaviour of the CNB and
insignificance of the exchange rate level. The question that TOBIT
answers is “if intervenes how much to intervene”. Low R* can also be
described by a relatively low share of days with intervention, but also
suggests low explaining power of the estimated reaction function.
Results are given in the Appendix B.

5 EFFECTIVENESS OF FOREIGN EXCHANGE
INTERVENTIONS OF THE CNB

The main issue in the foreign exchange intervention literature
is whether interventions are effective, i.e. does a central bank by
purchasing or selling foreign currency can influence nominal
exchange rate. The reason why this question dominates the literature
is because it was developed and initially applied to major countries
and currencies (US dollar, euro area/Germany, and Japan), which
fully sterilized monetary effects of foreign exchange interventions.
The main issue is thus whether sterilized interventions are effective.
Analyses of foreign exchange interventions in minor currencies,
where such interventions are often unsterilized, were not much
analysed until recently. Also, the literature generally assumes that
unsterilized interventions are effective by their nature.

Foreign exchange interventions represent the main monetary
policy instrument in Croatia, and they are only partially (and
indirectly) sterilized. Capital account is only partially liberalized, with
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a tendency of increasing liberalization, and there is also regulation
(rules) concerning commercial banks’ position in foreign currency.
Thus, our hypothesis, based on the literature on foreign exchange
interventions, is that the CNB’s interventions should be effective.

Before conducting more formal analysis of the CNB’s foreign
exchange interventions, there are two facts that support the
hypothesis that the CNB’s interventions are effective. First, nominal
exchange rate kuna to euro has been very stable since the end of
1993. Second, the CNB’s interventions have been profitable, which
according to the view initiated by Milton Friedman, suggests that
they are effective.

5.1 Profitability of the CNB’s foreign exchange interventions

In addition to the positive impact on the CNB’s income, the
profitability of foreign exchange interventions can suggest that they
are effective. The reason for calculating the profitability of foreign
exchange interventions consists in the idea that the central bank,
which is able to stabilize exchange rate, profits from speculators’
attempts to destabilize exchange rate. If a central bank in its conduct
of foreign exchange interventions leans against the wind, it means
that it purchases exchange rate “cheaply” (when domestic currency
appreciates) and sells it “expensively” (when domestic currency
depreciates). If the exchange rate remains in a certain band, such
policy in case of success necessarily leads to profitability. Implicitly,
that also means that foreign exchange interventions that are not
profitable are not effective.

During the analysed seven-year period, the CNB purchased
foreign currency from commercial banks in total value of 20.7 billion
kuna, and sold foreign currency for 18.3 billion kuna, which is net
increase in foreign reserves of 2.5 billion kuna, as measured in the
exchange rate on the day of interventions (total monetary effect).
Comparison of kuna value of net purchased foreign currency on the
day of intervention and its kuna value measured on the last day of
the period in the analysis (31.12.2002) shows that the CNB made
profit on foreign exchange interventions. The CNB for foreign
exchange purchases net paid 2.5 billion kuna, while total kuna value
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of net purchased foreign currency on the last day of the period under
analysis was 2.9 billion kuna. Total CNB’s profit during this period
was 474 million kuna. On purchases of foreign exchange, the CNB
paid 656 million kuna less than the value at the end 2002 (made
profit) and on the sales of foreign currency received 182 million
HRK less (made loss).
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Nevertheless, it is important to mention problems with the analysis
intervention profitability. As Dominguez and Franker (1993) note, on
the assessment of the profitability of foreign exchange interventions
a large influence has the time period when it is calculated. This
analysis, however, is very robust for Croatian data, and profitability
is present for a large range for exchange rate'!.

5.2 Estimating the effectiveness of foreign exchange

interventions using time series

While the profitability of the CNB’s interventions suggests
that they were overall effective, it does not say much about the
effectiveness of individual interventions now factors that influence
the effectiveness. For getting more robust results and estimating the
reasons that influence effectiveness of individual interventions, an
additional statistical analysis is required.

The first approach in this analysis, of the type suggested by
Dominguez and Frankel (1993), was to estimate an equation in
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which exchange rate (s) is a function of its lagged variables, foreign
exchange interventions (INT) and other explaining variables (X).

s=f(s,, INT,X) 3)

A problem with this equation arises if there is simultaneity between
exchange rate and interventions. The exchange rate change usually
triggers foreign exchange interventions, if the central bank leans
against the wing. This equation, however, suffers from simultaneity
problem - foreign exchange intervention should influence future
exchange rate movement; however, exchange rate movement also
influences foreign exchange intervention. For such simultaneity,
parameters next to the variable foreign exchange intervention are
biased, i.e. wrong.

A proper approach in estimating the effectiveness of the foreign
exchange interventions should deal with such simultaneity. One
approach would be to set up a system of simultaneous equation
in which exchange rate and interventions mutually interact. As it
is earlier shown, change in the exchange rate affects the decision
of central bank to intervene. On the other hand, foreign exchange
intervention should influence exchange rate. Difficulty in estimating
such a system is the very complicated structure of the system in
which the first exchange rate equation is a GARCH, while the
reaction function of the central bank should be estimated with
LOGIT (interventions are occasional and include a large discretion
of the central bank). Such a system should have the following form:

1) s =f(s,,, INT_, X1) R C))

t

2) INT =g, INT ,X2) + ¢

where f(.) and g() explain exchange rate (s) dynamics and
intervention behaviour (INT), and ¢ are error terms.

Due to a difficulty in estimating such a system, this approach is
uncommon in the literature. Despite the problems, such a system is
estimated by using the OLS procedure with Croatian data. Estimated
intervention coefficient has a good sign although it is insignificant.
This can be explained with a fact that this model does not explain
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well the reaction function of the CNB (R? of 7%). The table with the
relevant results is given in the Appendix C.

Similar results, which suggest “wrong” influence of interventions,
are received in estimating exchange rate equation (7), when the
decision to intervene was ignored. Naturally, in both cases wrong
specification led to wrong (biased) coefficients.

In this exercise, the simultaneity problem is dealt with using a large
number of explaining variables (overparametrising). Itis possible due
to a large sample (7 years of working days, i.e. 1799 observations).
Overparametrisation should in theory improve the results by reducing
the bias (and decreasing efficiency). Using information criteria, the
chosen equation includes 20 lags of exchange rate change and ten lags
of intervention, as well as seasonal dummies. Results of estimating
this equation using OLS are given in the Appendix. Relatively high R*
is completely a result of lagged variables and not of foreign exchange
interventions. Coefficients next to the foreign exchange intervention
variable, however, are significant and have right signs. Adding up
coefficients shows that the effect of intervention is the largest two
weeks after it was conducted. After that, its influence declines (those
results estimated with a model with more than ten lags), as shown
in Figure 5. It shows that, due to the construction, exchange rate
depreciates two days following the intervention. Positive influence
of intervention starts three days after the intervention is conducted

Figure § Effects of the CNB's intervention on
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and gradually grows until two weeks (ten working days) after the
intervention.

5.3 Event study

Instead of estimating the effectiveness of foreign exchange
interventions by looking the entire time series, which requires
modelling the exchange rate, it is possible to treat interventions as
uncorrected events and investigate changes in the exchange rates
immediately before and after the intervention was conducted,
just like reaction function in the previous chapter. Although this
approach neglects information on exchange rate dynamics, during
the last few years, it became quite popular in the intervention
literature. Moreover, as a reason for using this procedure, Fatum
and Hutchinson (1999) claim that time series analysis gives imprecise
information on effectiveness of foreign exchange interventions
due to the imbalances of the sample, i.e. small number of days
when interventions took place in the total number of days. Since
interventions happen only occasionally, and exchange rate fluctuates
daily, time series approach cannot fully explain the relation between
interventions and exchange rate dynamics, where simultaneity
does exist. For that reason, Fatum and Hutchinson have applied
event study previously used in empirical finance, on analysing the
effectiveness of individual intervention episodes.

The first step in using this methodology is to define individual
intervention episodes. The time period in which intervention
should affect exchange rate should also be defined. Finally, criteria
for deciding whether individual interventions are successful or
unsuccessful also need to be defined.

Defining the individual intervention episodes is necessary because
central banks often intervene through a couple of days in order to
move the exchange rate in the desirable direction. During the last few
years, the CNB reduced the number of individual interventions and
moved from smaller interventions to fewer but larger interventions.
In order to have more robust results, intervention events are defined
in two different ways. Division of interventions on individual
episodes is described in this section, while the analysis of individual
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interventions is described in the next chapter. Different definitions
of events can influence different time period in which interventions
influence exchange rate.

Intervention episode for the purpose of this study is defined as all
interventions in the same direction between which there have been
no more than 15 days. Such definition of an event is in line with other
literature (i.e. Pierdziock and Stadtmann, 2003), and suits Croatian
data well.'? In the period from the beginning of 1996 and April 2003
there were 76 of such episodes, which are shown in the Appendix
E. Biggest difficulties in defining episodes were at the beginning of
1996 when interventions went both ways and were very common, so
within one month there are a few intervention episodes.

The second step is to define which intervention episodes were
successful and which were unsuccessful. If the exchange rate dynamics
is neglected, it is very easy to define rules how to differentiate
between successful and unsuccessful events. The best indicator
would be subjective opinion of policymakers and participants in the
exchange rate market whether individual intervention achieved its
goal, which in itself includes elements of exchange rate dynamics.
Unfortunately, such subjective indicators are not available, so the
success of individual interventions must be defined by setting up
certain rules. Those are levels and change in exchange rate.

1. LEVEL. Using exchange rate level is a very strict rule.
This rule considers whether exchange rate level moved in the
desired direction immediately after the intervention. Intervention
is successful if after central bank’s purchase of foreign currency,
exchange rate depreciated (and vice versa). If it does not, intervention
is unsuccessful.

2. Change. Exchange rate and interventions interact. Thus
depreciation often leads to sales of foreign currency by the central
bank while appreciation leads to purchases. Factors that influence
exchange rate dynamics are often very strong and larger than
effects of the intervention on the exchange rate. Thus, a successful
intervention is such when the rate of change in the exchange
rate before intervention decreases compared to change after the
intervention.
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When using such rules, the time duration in which intervention
should influence the exchange rate needs to be defined". In countries
with developed foreign currency markets, exchange rate change can
be observed in a matter of minutes or hours after the intervention is
conducted, so the literature usually uses exchange rate at the beginning
and the end of the day when the intervention was conducted. Data
unavailability prevents using this approach for Croatia. Undeveloped
and shallow currency market can also lengthen the time needed for
intervention to influence the exchange rate. If arbitrage conditions
are not exploited, announcement of the intervention might not fully
affect exchange rate until it is actually settled.

In order to achieve robustness, different time periods were
considered. The first one includes five working days before and after
the intervention episode. Second rule uses ten working days period
(two weeks).

The calculated percentages of successful interventions support
the results about overall effectiveness of intervention episodes.
Table 6 shows percentages of intervention successes depending
on the definition of success. Percentages using the level rule shows
lower rate of success than using the change in the exchange rate.
If exchange rate dynamics was ignored, such numbers might point
to the conclusion that interventions are not effective, i.e. they even
have negative effect (assuming that exchange rate is the white noise
- probability of exchange rate to depreciate is 50%), since they are
less than 50%. On the other hand, the rate of success using the
exchange rate change, which includes some dynamics, supports the
conclusion that interventions are successful, since they are larger
than 75%, suggested by the white noise. Those results are confirmed
with analysis of individual interventions in the next chapter.
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It is important to emphasize that intervention episodes after 2000
are more successful than those occurred during 1990s, which can be
explained by the change in the way interventions are conducted, and
moving from two-sided to one-sided interventions.

5.4 Determinants of the effectiveness of the CNB’s
interventions

Event study of foreign exchange interventions allows to analyse
factors that contribute to the effectiveness of individual interventions.
It is done by grouping individual interventions according to certain
elements - for example purchases and sales of foreign currency,
and on the basis of relative success of each group, conclude about
importance of different factors.

Applied methodology is very similar to the one described in
the previous chapter. The only difference is that analysing the
determinants of effectiveness of interventions requires observing
individual interventions rather than intervention episodes. However,
overall results are in line with results generated from analysing
intervention episodes presented in the previous chapter.

Moving from intervention episodes to individual interventions,
however, means that there is shorter time duration between individual
interventions. For that reason, time period in which interventions
success is measured is shorter than when using intervention episodes.
Rules L1, L2, L3, L4 and L5 show successes based on the exchange
rate levels 1, 2, 3, 4, and 5 days after the intervention. C2 and C4 are
based on the rate of change in exchange rate 2 and 4 days around
each intervention. Rates of successes for different rules of successes
are shown in Table 7.

Comparison of interventions by type of intervention shows that
interventions with fixed exchange rate are more successful than
the average as they have in almost all cases positive effect on the
wanted change in the rate of change. Interventions marked swap
represent the first step in foreign exchange swap, while reverse
swap represents the counter-transaction (repayment of swap). Thus,
reverse swap transactions are fully expected by market and their low

488



success rate is expected too. Actually, they were excluded from the
time series analysis. Success rate is higher when the CNB sells foreign
currency, which means that the CNB is more successful in fighting
against depreciation of exchange rate than against appreciation,
which confirms our experience. The difference in the success rate,
however, is very small.

Table 7 [Mezerminamis of success of the CHBs interveniion, by intervention oype
MNo. Share of successes, by nule defining succes

Tartal 171 400 30%| SL ol
* Epverse not i i mler and on the ner baris
_— FWAP I -l:llinﬂ,_ purchases camency defined

Table 8 shows rates of successes based on size and time of
intervention. It seems that interventions conducted after 2000 are
more successful than those conducted in the nineties. The choice
of defining success again complicated such a conclusion. Thus, one
type of interventions shows better results using one rule, and worse
results using another. By using the rate of change criterion (which
is broader than the level criterion) two conclusions can be made.
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First conclusion is that small interventions are less successful than
the large ones. Very large interventions, however, do not give better
results than middle-sized interventions. The second conclusion is
that the rate of successes increased after year 2000.

Conclusions about the factors that influence effectiveness of
individual interventions are by large influenced by the choice of
success criteria, and should not be taken for granted. Different criteria
thus yield different conclusions about the type of intervention giving
better results. Also, presented percentages of successes of different
intervention types are limited and exclude other factors that could
influence both type and success of individual intervention episodes.
For example, interventions at fixed preannounced exchange rate,
large interventions, and interventions during the last few years are
mutually correlated by the fact that (large) fixed rate interventions
took place only during the last few years. In order to eliminate that
common factor, LOGIT model, which adjusts for a larger number
of explaining factors, needs to be applied. Finally, attempts to set
up future interventions by using those conclusions about the past
determinants of their success might not lead to more successful
interventions in the future.

6 CONCLUSIONS

Monetary policy in Croatia in achieving its main goal — price
stability — relies to a large extent on nominal exchange rate anchor.
This makes exchange rate interventions the most important monetary
policy instrument. Better understanding of the effect of the foreign
exchange interventions is thus of utmost importance for policy-
making.

This paper analysed the CNB’s foreign exchange interventions.
As shown, the CNB intervenes strongly and more actively than most
central banks'*. Interventions are not directly sterilized, they are
relatively big compared to the foreign exchange market, and exchange
rate against euro has been relatively stable for more than a decade. This
suggests that the CNB was able to influence the exchange rate with its
interventions. The CNB was successtul in defending the exchange rate
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during depreciation pressures in 1998 and 1999, while it also resisted
appreciation pressures that occurred during the last few years.

Estimating the effectiveness of the foreign exchange interventions
is a complicated statistical analysis that this study approached by
using different methodologies, which increases the robustness of
reported findings. Special problem occurs in time seties framework
due to small number of days with interventions, which makes more
difficult dealing with the simultaneity between exchange rate and
interventions. For that reason the event study was used.

Estimated reaction function equations do not explain well the
CNB’s decision when to intervene in the exchange market. Those
results are definitely influenced by the discrete nature of interventions
— they are not automatic and it often takes a few days to make the
decision on intervention. Despite problems in estimating the reaction
function, two conclusions about the CNB’s past behaviour emerge
— the CNB was not so much concerned with a particular level of the
exchange rate; instead, interventions were triggered by the change in
the exchange rate.

The problem of simultaneity between exchange rate and
interventions that exists in time-series context is ameliorated by
overparametrisation of exchange rate equation. Estimated coefficients
suggest that interventions have positive short-term effect on the
exchange rate of kuna. The effect does not appear immediately, but
it usually takes the transaction to be finished for full effect to kick
in. The effect lasts approximately two weeks after the intervention,
when it reaches its maximum, after which it gradually dies out.

Results emerging from applying event-study approach show that
interventions are successful in slowing down the rate of change
in the exchange rate. However, interventions are not able to push
back the exchange rate to the level before appreciation/depreciation
that triggered the intervention. It seems that the effectiveness of
interventions increased in last few years compared.

Event-study methodology allows estimating the factors that
influence the effectiveness of individual interventions. Only a few

491



factors were used in this study, and there is scope for analysing
additional factors. Results suggest that preannounced (fixed) rate
interventions were more successful than “regular” interventions.
Also, small interventions have weaker effect than larger ones. Those
results, however, should not be taken for granted since relative
effectiveness of fixed-rate interventions could be lost if they became
the main type of intervention. The fixed-rate interventions also suffer
from the fact that they send stronger signals to the market about the
targeted exchange rate level. Finally, relative successfulness of the
fixed-rate interventions might mean that they should be used for
situations when a strong influence on the exchange rate is the most
important.

There is clearly room for improvement of equation specification
used in this paper and some improvement will be done when it is
further developed. However, such improvement can only marginally
improve the overall conclusion about the successfulness of the CNB
monetary policy in achieving stable exchange rate. Instead, a different
venue or research to be taken is to analyse the microstructure of the
foreign exchange market.
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APPENDIX

Appendix A Estimation of the CNB’s reaction function
(purchases and sales) using LOGIT
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Appendix B Estimation of the CNB’s reaction function
(purchases) using TOBIT
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Appendix C  Estimation of the system of exchange rate and
intervention equations (OLS)
Svevemr STH03
Esimuarion Merthod: Lese Squares
Drare: 1121402 Time: 13:26

Samnple 190 1534

Inclsded heervarions: 1438

e S ———

Cocfficent aud. Erfoe - Statistic Proh,

i .LATEADS 461E05  -DL44BALG L6536
Ci 0207851 0025261 7916054 13, D)
CilA Q412527 0.025851 1595818 (0. D800
Ci14) 0314262 0.026324 11.93827 [, D000
Cis) 0.1 (G405 L025295 40%0291 [, B
CILE) 4. 50E07 2.EIEADT 721145 0853
A7 0001478 0.001575 0.93H272 03482
il 4 5200E A6THAE0 1991507 0. D455
423 -3335.14 2314397 RES0522 1, K0
2 ~102594.30 2917 %54 -4 474993 {3, 0aC0H)
Ci24) 56,5031 59,6045 1922870 ,0035

Dgterminant resdual cinariance A1 2464

Equatios: TEC, DLOG=C1 G TEC_DLCGE-1)+ CC1LE)
TEC_DLOGH-Z-C4 TEC_DLOGET O 31 TEC_DLOG-)

OGP INT -2 Ol T *EPL
Dseromioos 1438
Resquared 027275 Mean dependent var B.5TEADS
Adjamed K-spaared 0268707 5.0 dependent war LU
5.E. M’r:';muh'm. 0L 051 Sum aqueared resld 0 5E2
Dharbin Wazson simt 2016348
Equatioss [NT=C[21)+0022)"TEC DLOGH-1p-C23*TRC_ DLOG-2)

#C{I4)"EPL
Dsrominees 1438
Brsquared 0075653 Mean dependent var 0.39384]
Adjzeed R-sgpered 007378 5.0 dependent var 111. %188
5.E. of regression 107.3272  Som sgpoared resid 15518421
[harbin-%asson stat 2.145151

496



Appendix D Estimation of the effectiveness of foreign

exchange intervention (overparametrised)
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Appendix B Intervention episodes
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ENDNOTES

* Maroje Lang: Head of Monetary Analysis Division,
Research Department, Croatian National Bank.

Disclaimer: The views expressed in the paper do not necessarily
reflect the views of the Croatian National Bank.

' To be published in May 2005.

2 Actually euroised.

? The value of international reserves of the CNB has during the
whole time exceeded the money supply, thus monetary regime
resembled currency board. Therefore, this type of monetary regime
is referred to as a “quasi currency board” (Vujci¢) or “floating with
a large lifejacket” (Calvo and Mishkin).

* For example, during the bank run on Rijecka banka, the CNB
sold foreign currency exclusively to that bank in order to provide it
with enough foreign currency to stay liquid.

> It is often claimed that the foreign exchange intervention can
have long-term effect only if it is consistent with the fundamentals.

¢ One year has approximately 250 working days, which makes
7%250=1750 working days in the sample. That makes frequency
of intervention 174/1750=10% of working days, which is one
intervention in ten working days, i.e. two weeks.

7 Before euro was introduced in 1999, the CNB used exchange
rate against German Mark. Exchange rate series used in this paper
is thus constructed as kuna per DM rather as kuna per ECU before
1999.

# There were changes in the required reserve. Required reserve
is paid on all the liabilities of the commercial banks (only capital
and government deposits are excluded). RR on liabilities in domestic
currency is paid in domestic currency, and RR on liabilities in foreign
currency is paid in foreign currency. In August 2001 decision was
made that a part of RR on liabilities in f/c to be paid in kuna.
Effectively this meant increase in the rate of required reserve.

? Foreign exchange interventions are notincluded in the calculation
of the official exchange rate.

1 The official exchange rate is not used for actual foreign exchange
interventions, there the price is usually either preannounced or based
on the commercial banks’ bids. More about exchange rate calculation
see Stucka (2001).
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' Euro/kuna exchange rate should appreciate to more than 6,15
for CNB to experience losses as calculated by this method.

2 Alternative was to use time period between individual
interventions of 21 days (3 weeks) but it does not change the number
of intervention episodes.

" Successfulness of interventions can be defined more finely.
Edison, Cashing and Liang (2003) make distinction between success,
short-term success, long-term success and unsuccess.

! There is a limited literature on the foreign exchange intervention
in emerging markets. However, available surveys made by Neely,
IMF, BIS, suggest that the Croatian National Bank intervenes above
average.
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