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INTRODUCTION

Central bank intervention in the foreign exchange markets is widely used as a policy tool for
achieving a variety of macroeconomic objectives such as controlling inflation, preserving
competitiveness and safeguarding financial stability (Moreno, 2005). In this regard, the
pertinent question is to what extent intervention is effective in influencing the exchange rate.
Surveys of central banks find overwhelming support for the view that interventions are
effective (Mihaljek, 2004; Neely, 2000 and 2008). However, answering this question has not
been easy for researchers despite the considerable empirical investigation into the effect of
central bank intervention in the foreign exchange markets.” The difficulty has to do mainly
with the endogeneity of changes in the exchange rate and intervention, since the central
bank reacts to the same exchange rate that it is seeking to impact.

Most researchers have typically attempted to address this simultaneous equations problem
by focusing on the effect of lagged interventions on the exchange rate or by assuming that
the contemporaneous intervention decision is independent of current developments in the
exchange rate. Neither of these procedures is strictly tenable, because like any other big
player in financial markets that acts strategically in response to current as well as past
developments in the price of the asset in which it is interested, central banks do care about
contemporaneous movements in the exchange rate. As a consequence, in using such
procedures to solve the simultaneous equations problem, much of the previous literature find
very small or insignificant coefficients on the intervention variable, and occasionally the
coefficients even take the wrong sign.?

Some researchers have sought to overcome the endogeneity bias by using a two-stage
instrumental variable approach (e.g. Adler and Tovar, 2011; Kearns and Rigobon, 2005;
Tapia et al., 2004). Menkhoff (2010 and 2013) and Neely (2005 and 2008) argue that the
simultaneous equations problem also can be avoided by using high-frequency foreign
exchange pricing data and high-frequency central bank intervention data to study the
effectiveness of intervention. Specifically, the endogeneity bias is absent if the time interval
over which the change in the exchange rate is observed is smaller than the time duration
that a central bank takes to react to market developments and intervene. Limiting the time
window for observing exchange rate change ensures that there is insufficient time for the
change in the exchange rate resulting from the central bank’s intervention to loop-back and
influence the central bank’s initial decision to intervene. Studies based on intra-day high-

2 For a review of the literature, see Cavusoglu (2010), Dominguez and Frankel (1993), Edison (1993),
Menkhoff (2010 and 2013), Neely (2005) and Sarno and Taylor (2001). Notable country-specific
studies include Adler and Tovar (2011) for a select group of 15 countries; Beattie and Fillion (1999),
Fatum (2008) and Fatum and King (2005) for Canada; Chang and Taylor (1998), Fatum and
Hutchison (2006), Hoshikawa (2008), Ito (2002), Kim (2007) and Rasmus and Hutchison (2006) for
Japan; Disyatat and Galati (2005), Egert and Komarek (2006), Gersl (2006) and Gersl and Holub
(2006) for the Czech Republic; Fischer and Zurlinden (1999) and Payne and Vitale (2003) for
Switzerland; Fuentes et al. (2014) for four Latin American countries, Lahura and Vega (2013) for Peru
and Tapia et al. (2004) for Chile; Guimaraes and Karacadag (2004) for Mexico and Turkey; Kearns
and Rigobon (2005) for Australia and Japan; Kim et al. (2000) for Australia; Kohlscheen and Andrade
(2014) for Brazil; Rogers and Siklos (2003) for Australia and Canada.

3 Examples of studies that obtained coefficients with the wrong sign include Kaminsky and Lewis
(1996) and Kim et al. (2000).
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frequency data typically find that intervention is effective in moving the exchange rate in the
desired direction but that the effect dissipates relatively quickly.*

This paper contributes to the empirical literature on foreign exchange intervention in several
ways. It is the first comprehensive analysis of intra-day high-frequency intervention data for
Slovakia. Based on such data, the paper examines if sterilized interventions by the National
Bank of Slovakia (NBS) in the foreign exchange market during 1999-2007 had an effect on
the level of the Slovak koruna’s exchange rate vis-a-vis the euro. The paper also sheds light
on the dynamics of the impact of intervention by estimating equations for different intra-day
time windows and comparing the coefficients on the intervention variable across different
intra-day time windows. Furthermore, the paper adds to the limited number of studies that
have examined the potential asymmetric effects of central bank interventions in the foreign
exchange market by looking at the impact of purchases and sales of foreign exchange
separately.

The main findings of the paper are that intervention has a significant impact on the
exchange rate and that the effect deteriorates over longer time windows gradually. Also, the
initial impact of sales interventions is stronger than that of purchase interventions, but the
situation reverses after the 60-minute time window. Although of interest, the paper does not
seek to differentiate between the different channels through which intervention operated in
Slovakia.” Instead, it focuses only on measuring the overall impact of intervention on the
exchange rate, in line with many recent studies on emerging markets (see Cavusoglu, 2010).

The period of the inquiry coincides with Slovakia’s preparation for European Union (EU)
accession and euro adoption. Slovakia was invited for negotiations on EU accession in
December 1999. EU accession negotiations ended in December 2002, and Slovakia joined
the EU in May 2004. Slovakia entered the Exchange Rate Mechanism II in November 2005
and eventually adopted the euro in January 2009. Faced with multiple objectives of
controlling inflation, keeping the exchange rate competitive and meeting the exchange rate
stability criterion, the NBS closely monitored exchange rate developments during the entire
sample period and periodically intervened in the foreign exchange market to prevent
excessive exchange rate volatility or/and to lean against the wind of exchange rate
developments. Thus, the findings of the paper have important implications for future
Eurozone entrants with a managed floating exchange rate regime.

* See, for example, Fuentes et al. (2014) for Chile, Columbia, Mexico and Peru; Payne and Vitale
(2003) for Switzerland; and Tapia et al. (2004) for Chile. In a similar vein, Kohlscheen and Andrade
(2014) found that in Brazil about 90 percent of the impact of foreign exchange market intervention
through derivatives occurs in the first half-hour. Lahura and Vega (2013) found that in Peru sales
interventions have a strong effect on cumulative returns through minute 15 following the intervention
but purchase interventions do not have significant effects.

> The literature distinguishes between three different channels through which intervention in the
foreign exchange market alters the exchange rate: the portfolio channel, the signaling channel, and
the coordination channel (see Fuentes et al., 2014 and Neely, 2008). However, there is no consensus
on the relative strengths of these different channels. In Slovakia, since the central bank relied on
multiple instruments of policy and sterilized interventions were not the only monetary policy
instrument, it would be difficult to disentangle the influence of the different channels.
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The rest of the paper is organized as follows. The next section presents the features of
foreign exchange market intervention in Slovakia during the 1999-2007. The section after
that describes the data and methodology. The subsequent section presents the results of the
econometric analysis, and the final section concludes.

FEATURES OF FOREIGN EXCHANGE MARKET
INTERVENTION IN SLOVAKIA, 1999-2007

Following the switch in October 1998 from a fixed exchange rate regime to a managed
floating under an implicit inflation targeting regime, the intervention objective of the National
Bank of Slovakia (NBS) was to mitigate “excessive volatility in the exchange rate of the
Slovak koruna”.® However, as foreign exchange market conditions changed fundamentally
from mid-2002 onward and monetary policy began to be challenged by trend appreciation
because of strong capital inflows spurred by an improvement in the political and economic
landscape, the NBS amended the wording of its intervention policy to indicate that it may
intervene in the foreign exchange market “in the event of excessive volatility in the exchange
rate of the Slovak koruna, and/or when the exchange rate development was inconsistent
with macro-economic fundamentals”.” Operationally, intervention still remained geared
toward dampening depreciation or appreciation deemed to be excessive. Prior to ERM II
entry in November 2005, the NBS did not have any explicit commitment to a range
for the exchange rate. However, following ERM II entry, the NBS faced the explicit
constraint of keeping the exchange rate within a £ 15 percent band and meeting the

Maastricht criterion on exchange rate stability.®

Interventions in the foreign exchange market were fully discretionary and were decided by
the NBS Board, which typically reviewed the appropriateness of the level of the exchange
rate in weekly meetings. In the event of sharp movements in the exchange rate considered
to be excessive trends in the rate, intervention decisions were made at extraordinary
meetings of the NBS Board. A decision to start an intervention did not specify any particular
exchange rate target or intervention volume. There were “periodic” communications between
foreign exchange dealers and the top management of NBS, and on this basis the
management decided when intervention was sufficient.’

® See the Annual Report of the National Bank of Slovakia for the years 1999 to 2002.
http://www.nbs.sk/ img/Documents/ Publikacie/AnnualReport/ARNBS00.pdf

7 See the Annual Report of the National Bank of Slovakia for the years 2003 onward.

8 Although a £15 per cent exchange rate band around the central parity seemingly provided some
flexibility, it was not clear in advance how the European Commission (EC) and European Central Bank
(ECB) would interpret exchange rate stability. This issue was frequently discussed by the NBS staff
with the EC and ECB staff. On this basis, the NBS staff considered it likely that real exchange rate
appreciation generated by structural factors would be taken into account in the assessment of
exchange rate stability. It was also believed by the NBS staff and the market that there was an
informal lower limit of 2.25 percent on the depreciation side of the ERM II band.

° This was communicated to the authors by a NBS Board member who was in charge of foreign
exchange operations.
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Figure 1 shows the daily evolution of the foreign exchange rate of the Slovak koruna vis-a-
vis the euro and interventions by the NBS during January 1999 to April 2007.2° The monthly
distribution of the number of intervention trades by the NBS and the total volume of
intervention during the reference period is shown in Table 1. After abandoning the fixed
exchange rate regime in 1998, the NBS intervened on the foreign exchange market in 38
months on 123 days through 1,155 intervention trades. Interventions took two forms:
interventions in the foreign exchange market and direct trades (normally secret) with
commercial banks. The total volume of interventions amounted to EUR 14.113 billion, of
which direct trade with commercial banks accounted for EUR 1.888 billion (i.e., 13.4%). The
interventions were mostly to dampen the pace of koruna appreciation (100 days).
EUR 10.054 billion (i.e., 71.2%) of the total intervention volume were purchases of euro to
counter appreciation of the koruna and EUR 4.059 billion (i.e., 28.8%) were sales of euro to
counter depreciation of the koruna. All the interventions were sterilized.

Figure 1. Daily SKK/EUR Exchange Rate and Daily NBS Intervention Volume

50 2000

E 1500
46 oy
1000 §
44 =
=
500 @«
9 42 g
2 i
2 40 0 ©
=} (]
(%]
E 38 g
g -500 é
2 36 3
-1000
m
34 =

Silk
32 500
30 T T T T T T T T '2000
1999 2000 2001 2002 2003 2004 2005 2006 2007
—FExchange Rate ===Interventions
Source: NBS.

Until mid-2002, owing mainly to political uncertainties, Slovakia experienced periodic
depreciation drifts in the foreign exchange market, which the NBS resisted through verbal
interventions and direct sales interventions in the foreign exchange market. The NBS also

1% The daily exchange rate in Figure 1 is represented by the end of day rate.
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engaged in significant sales interventions in June-July 2006 when the koruna depreciated
sharply and the exchange rate dropped below the central parity under ERM II in the wake of
uncertainties around the parliamentary elections and unclear communications from the new
government after the elections regarding whether it would stick to the objective of Eurozone
entry in 2009. Market conditions calmed only after the Prime Minister and Finance Minister
declared their support for the original target Eurozone date.

During the rest of the reference period, the Slovak koruna exhibited an appreciating trend.
The NBS accommodated a moderate appreciation of the koruna as some of the appreciation
was deemed to reflect productivity-driven equilibrium real appreciation and as it would also
help restrain inflation. But, it also sought to dampen the appreciation through purchase
interventions on numerous occasions. Still, with the appreciation intensifying significantly
from 2006Q4 and with the koruna approaching the upper edge of the ERM II +£15 percent
band, the central parity was revalued in mid-March 2007. There was no direct intervention
subsequently despite a renewed tendency toward appreciation from late January 2008.
Instead, the central parity was revalued for the second time in late-May 2008 just prior to
the adoption of the final conversion rate in July 2008."

DATA AND METHODOLOGY
DATA

The study utilizes two datasets: one for the NBS intervention transactions and another for
the spot price of the Slovak koruna vis-a-vis the euro in the foreign exchange market. The
first dataset comprises the interventions of the NBS in the foreign exchange market from
January 1999 to April 2007. This dataset is proprietary. For each intervention, the dataset
records the time-stamp down to the minute, the type of intervention transaction (i.e.,
intervention trade or direct trade), whether it was a purchase or a sale of euros for the
Slovak koruna, the volume of the intervention in millions of euros, and the exchange rate at
which the NBS executed the intervention trade.

The second dataset is composed of spot market, bid and ask quotations from the Reuters
dealing system and these are time-stamped down to the second. The foreign exchange
prices and quotations taken from the Reuters dealing system were binding for the submitting
parties and are therefore representative of the prevailing exchange rate at a given time. The
binding SK/EUR quotations and traded prices from the Reuters dealing system are equal to
either the price of a trade if a trade was executed at that time, or an average of the bid/ask
spread if a quotation was put through at that time.’* Quotations are not evenly spaced,

1 At the time of ERM II entry in November 2005, the central parity was set at the then-prevailing
market rate of Sk 38.4550 per euro. In March 2007, the central parity was revalued by 8.5 percent to
Sk 35.4424. The central parity was revalued for the second time in May 2008 to Sk 30.1260 per euro,
a rate which was higher than the prevailing market rate and corresponded to the top edge of the £15
per cent exchange rate band under the previous central parity. The revised parity was subsequently
adopted as the final conversion rate in July. Thus, the final conversion rate was some 22 percent more
appreciated than the central parity set at time of ERM II entry.

12 The average of the bid/ask spread depends on the nature of the quote submitted. Not all quotes
were submitted with both a bid and ask. If only one of these values was available, we took this value
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meaning the amount of time between each quotation varies. However, quotations are highly
granular between the hours of 8:00:00 and 17:00:00 as 634,672 of the 698,679 quotations
(i.e., 91%) and 1,074 of the 1,099 intervention trades (i.e., 98%) occurred during this time
interval.

METHODOLOGY

We estimate the impact of NBS intervention during fixed time intervals on the change in the
exchange rate over these intervals. Each day is divided into intervals based on the length of
the period of observation. For instance, if the period of observation is 10 minutes, then the
day is divided into 144 intervals, with the first interval encompassing all interventions and FX
prices occurring from 00:00:00 to 00:09:59, and the second 10 minute interval
encompassing all interventions and FX prices from 00:10:00 to 00:19:59, and so on.

We examine the effect of intervention on time intervals of different width. Specifically, the
time interval width starts from 1 minute, 5 minutes and is then widened by 10 minutes from
10 minutes to 8 hours (i.e., 10 minutes, 20 minutes, 30 minutes and, so on).* The total
intervention during each time interval is summed to a signed volume (positive for purchases
of euros and negative for sales of euros). A sense of the dynamics of the impact of
intervention can be obtained by comparing the coefficients on the intervention variable
across different intra-day time windows. The width of the time intervals in our analysis
conforms to those used in earlier studies that have analyzed foreign exchange market
intervention using intra-day data (see, for example, Fuentes et al., 2014; Kohlscheen and
Andradlg, 2014; Lahura and Vega, 2013; Payne and Vitale, 2003; and Tapia and Tokman,
2004).

In our benchmark specification, the percentage change in the exchange rate during the
interval in which the intervention occurred is regressed only on the signed total volume of
intervention during the interval.’® Thus,

as the average, whereas if both were available, the average was calculated as the uniformly weighted
average of the bid and ask.

3 For certain time windows, it is impossible to divide the day evenly. For instance, for the time
window of 2 hours and 50 minutes the day cannot be divided evenly as 1,440 (the number of minutes
in a day) divided by 170 (the number of minutes in a 2 hour and 50 minute time interval) is 8.4706.
In these instances, the day was segmented in the normal way, except for the last time window which
was composed of the remaining minutes in the day. Thus, for the 2 hour and 50 minute time interval,
the day is broken up beginning at 00:00:00 into eight 170 minute time intervals and one 80 minute
time interval. This is not an unreasonable assumption because of the 1,099 intervention trades, only
two intervention trades occurred after 16:00:00.

 In earlier studies, the exchange rate variations have been measured over time intervals of varying
lengths: 5 minutes (Fuentes et al., 2014 for Peru and Mexico; and Lahura and Vega, 2013 for Peru),
10 minutes (Tapia and Tokman, 2004 for Chile), 15 minutes (Kohlscheen and Andrade, 2014 for
Brazil; and Payne and Vitale, 2003 for Switzerland), and 20 minutes (Fuentes et al., 2014 for Chile;
and Tapia and Tokman, 2004 for Chile). In the study by Kohlscheen and Andrade (2014) the time
window goes up to 90 minutes after the event. Fuentes et al. (2014) also report descriptive statistics
of the transactions data for the 5-minute, 20-minutes, 1-hour, 6-hours and 24-hours time intervals.

> Adler and Tovar (2011) and Tapia and Tokman (2004) also have a baseline specification in which
the intervention volume is the only explanatory variable.
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XRGR; = a+ B;INTVOL; + & (1)

where XRGR; is the percentage change in the exchange rate during the time interval
(measured as the last price in the interval minus the first price in the interval period divided
by the first price in the interval) and INTVOL; is the signed total volume of NBS intervention
occurring within the same time interval.

The coefficient of interest is B;. Given that each intervention is recorded in millions of euros
and that the exchange rate is measured as the number of koruna per 1 euro, the
expectation is that this coefficient should be positive. This would imply that purchase (sale)
of euros for the koruna by the NBS would depreciate (appreciate) the koruna relative to the
euro.

We also estimate an expanded specification in which a measure of global risk appetite and
the difference between domestic and international short-term interest rates are included as
controls. Thus,

XRGR; = a+ B;INTVOL; + B,IRDIF + B;VIX + & 2)

where IRDIF is the difference between the average Slovak money market rate and the 1-
week European inter-bank offer rate (EURIBOR) and the VIX index, which measures
expected short-term turbulence of the S&P 500 implied by stock options, is a proxy for global
risk appetite. The inclusion of interest rate differential seeks to control for exchange rate
changes that arise as a result of relative monetary policy developments and opportunities for
arbitrage (Adler and Tovar, 2011; Cavusoglu, 2010; Watanabe and Harada, 2006; Tapia and
Tokman, 2004). Changes in global risk appetite generally affect international capital flows
that are likely to drive changes in the nominal exchange rate (Adler and Tovar, 2011).
However, as the data on the interest rate differential and the VIX index in this paper are at
the daily frequency level and not at a high intra-day frequency, these variables also serve as
controls for daily fixed effects.

In alternative specifications we also test, one at a time, whether verbal official interventions
have a significant effect on exchange rates, whether the effect of interventions depends on
how far the exchange rate is from the ERM II band limits, and whether interventions lose
their effectiveness if they become too frequent (by including a variable that counts the
amount of time elapsed since the last intervention). However, unlike some studies (e.g.,
Disyatat and Galati, 2005; Fuentes et al., 2014; Kohlscheen and Andrade, 2014), we do not
include macroeconomic or policy news on the intervention day as a control variable because
of lack of data.

Studies have noted that the effectiveness of intervention operations may vary over time
(Tapia and Tokman, 2004 and Watanabe and Harada, 2006). It is therefore important to
determine whether the effectiveness of intervention in Slovakia varied with the changing
monetary policy framework of the NBS. Hence, we re-estimate regression equation (2) for all
time windows separately for two sub-periods, namely January 1999-December 2004 and
January 2005-April 2007, and conduct the Chow test to determine if there is a structural
break at the beginning of 2005. The dividing line corresponds to a modification in Slovakia’s
monetary framework. During January 1999-December 2004, Slovakia maintained an
“implicit” inflation targeting policy framework. Thereafter, Slovakia maintained an “explicit”

ON THE EFFECTIVENESS OF CENTRAL BANK INTERVENTION IN THE FOREIGN EXCHANGE MARKET:
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inflation targeting policy framework under conditions of ERM II until November 27, 2005 and
was a participant in the ERM II from November 28, 2005 onward until euro adoption.*®

Following Domag¢ and Mendoza (2004) and Lahura and Vega (2013), we examine if
intervention by the NBS had asymmetric effects on the exchange rate. Few papers have
tackled asymmetric effects of central bank interventions in emerging economies. Lahura and
Vega (2013) argue that if the central bank has an asymmetric loss function regarding the
behaviour of the exchange rate, it would likely result in an asymmetric reaction function in
the face of depreciation or appreciation events. Also, asymmetric effects may turn up if
purchases and sales interventions have different transmission channels. In the case of
Slovakia, the dangers of sharp exchange rate depreciations were markedly different from
those of exchange rate appreciations. Besides the implications of exchange rate depreciation
for a pickup in inflationary pressure, there was also a concern regarding the interpretation of
the exchange rate stability criterion under ERM II. As noted earlier in footnote 7, it was
believed by the NBS staff and the market that there was an informal lower limit of
2.25 percent on the depreciation side of the ERM II band instead of the formal 15 percent.
Thus, we estimate separate regressions for purchase interventions and sales interventions in
order to test an asymmetric reaction to depreciation and appreciation events.

Following Tapia and Tokman (2004) and as justified by Neely (2008), we estimate all the
regression equations by the Ordinary Least Squares (OLS) method and ascertain the
significance levels on the basis of Newey-West standard errors.'” When high-frequency
pricing and intervention data are available, OLS is a suitable tool for empirical analysis. The
endogeneity problem is circumvented as our finely time-stamped dataset allows the
dependent variable, the percent change in the exchange rate, to fall within the central bank'’s
decision window. As Neely (2008, p. 13) argues:

“The response time for intervention is important because the recent spate of high-
frequency intervention studies depend on reaction time for their justification. That is,
an important potential advantage of high-frequency studies is that they can avoid
simultaneity between intervention and exchange rate returns at a frequency higher
than the decision loop of the authority. If an authority takes 10 min to react to
exchange rate developments but exchange rate returns are available at a 5 min
frequency, then there is no contemporaneous effect of exchange rates on
intervention and a simple regression of returns on intervention can produce
consistent estimates of the pseudo-structural impact of intervention.”

In our view, the regression coefficients of equations based on time intervals of 10 minutes or
less for exchange rate change should not be subject to endogeneity bias. Unless on “special
alert,” a central bank’s decision loop is most likely no shorter than 10 minutes. As noted

18 This is the official classification of the monetary framework. See the various issues of the Annual
Report of the National Bank of Slovakia.

http://www.nbs.sk/ img/Documents/ Publikacie/AnnualReport/ARNBS00.pdf

17 Post-regression diagnostic tests revealed that residuals of a majority of time windows passed the
tests for omitted variable, serial correlation and multicollinearity but did not pass the test of
heteroscedasticity. The Newey-West standard errors are robust to both heteroscedasticity and serial
correlation, and are often termed heteroscedasticity- and autocorrelation-consistent (HAC) standard
€errors.
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earlier, Slovakia’s intervention strategy did not follow a high-frequency response pattern.
Nevertheless, given the theoretical possibility of endogeneity bias increasing with the
widening of the time interval for exchange rate change, we estimate regression equations for
progressively wider time intervals up to 8 hours to see what happens to the coefficient on
intervention as the time interval is widened.

Since exchange rates, like most financial variables, have a heteroscedastic pattern, many
researchers (e.g., Kohlscheen and Andrade, 2014) have estimated the impact of foreign
exchange market intervention wusing a Generalized Autoregressive Conditional
Heteroscedasticity (GARCH) framework to avoid any bias in the t-statistics that may arise
from ignoring volatility clustering. Hence, to check the robustness of the findings based on
the OLS methodology, we re-estimate the effects of interventions using a first order GARCH
model. It is notable in this context that in their study on intervention in the foreign exchange
market in Brazil using intra-day data, Kohlscheen and Andrade (2014) checked the
robustness of their findings based on the GARCH methodology by re-estimating the model
using OLS.

EMPIRICAL RESULTS
ENTIRE SAMPLE PERIOD, 1999-2007

The regression results for the entire sample period, shown in Table 2, confirm a statistically
significant relationship between intervention volumes and exchange rate changes. For all
time windows, the coefficient on the signed NBS intervention volume, B;, is positive and
statistically significant at the 5 percent level or better.

The coefficients for the various time windows are plotted in Figure 2 to show the variation in
the impact. The effect is lowest for interventions during a 1-minute time interval and highest
for interventions during a 2-hour time interval. A 100 million euro purchase (sale) by the NBS
during a 10-minute time interval depreciates (appreciates) the koruna during this time
interval by 0.054 percentage points or 5.4 basis points. For a similar volume of intervention
during a 2-hour interval, the effect rises to 0.09 percentage points or 9 basis points.
Although the effect of intervention on the exchange rate change falls as the time windows
are widened beyond 2-hours, the effect during these wider time windows is higher than
during time windows shorter than 1 hour 20 minutes. Still, the effect of interventions varies
within a narrow range—between 5.4 and 6 basis points for nine out of the 24 time windows,
and between 6 and 7 basis points for another ten time windows.*®

18 Tt is possible that interventions could have an effect on the exchange rate during a specific time
window that is not captured by looking at the difference in the exchange rate at the beginning and
the end of the time window. Perhaps, this could explain the variations in the coefficients for different
time windows shown in Figure 2.
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Figure 2. Estimate of the impact of intervention on exchange rate change for various time

windows
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The size of the impact of intervention on the exchange rate change in Slovakia is much
smaller than those obtained by Payne and Vitale (2003) for Switzerland (30 basis points for a
$50 million intervention during a 15-minute time interval) and by Gersl (2006) and Gersl and
Holub (2006) for the Czech Republic (approximately 20 basis points over the course of the
day for an intervention of 100 million euros). One reason for the smaller size of the impact of
intervention for Slovakia may be that the markets believed that the real equilibrium
exchange rate was appreciating, so that the impact would be smaller than in a situation in
which the underlying real rate was not appreciating. Another reason could be that the design
of the Maastricht criteria gives much more room for nominal exchange rate appreciation than
depreciation. In addition, a very strict interpretation of the Maastricht criterion on
sustainability of price stability likely led to expectations of future appreciation being an
almost safe bet.

The results of baseline specification (Equation 1) are robust to expanding the specification to
include interest rate differential with abroad and the VIX index as controls (Equation 2). As
Table 3 shows, the coefficients on the intervention variable, B;, retain their magnitude and
statistical significance across the different time windows. Interestingly, Adler and Tovar
(2011) also found that the introduction of controls had little impact on the intervention
coefficient. The results of the expanded specification show the coefficient on the interest rate
differential variable has the expected negative sign but is not statistically significant except
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for the 1-minute and 5-minute time windows where the coefficient has an unexpected
positive sign and is statistically significant. The coefficient on the VIX index is positive and
statistically significant for most time windows, indicating that an increase (decrease) in the
expected volatility of the S&P 500 implied by stock options was associated with depreciation
(appreciation) of the Slovak koruna during the sample period.

None of the other controls that were added to the baseline specification one at a time—
namely, dummy for verbal intervention, distance of the exchange rate from the ERM II band
limits, and the amount of time elapsed since the last intervention—was statistically
significant.™®

SUB-SAMPLE ANALYSIS

Regression results for the two subsamples, January 1999-December 2004 and
January 2005-April 2007, are presented in Figure 3. The standard Chow test for the equality
of coefficients for the two subsamples allows the rejection of the null hypothesis at the 99
percent confidence level.”® The coefficient on the volume of intervention is positive and
statistically significant for all time windows. However, some important differences are
discernible between the two subsamples on the impact of intervention on exchange rate
change.

19 The results are not reported in tables but are available from the corresponding author.
2 For example, the computed F-ratios are 5.30 (p=0.0050) for the 1-minute window;
9.84 (p=0.0001) for the 5-minute window; and 9.33 (p=0.0001) for the 10-minute window.

ON THE EFFECTIVENESS OF CENTRAL BANK INTERVENTION IN THE FOREIGN EXCHANGE MARKET:
THE CASE OF SLOVAKIA, 1999-2007

14



%5

NARODNA BANKA SLOVENSKA

EUROSYSTEM

Figure 3. Estimates of the impact of intervention on exchange rate change for different

subsamples
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First, the effect of intervention on exchange rate change across all time windows is stronger
during 1999-2004 than during 2005-2007. Whereas in the earlier period the impact of
intervention of 100 million euros during a given time interval over the course of a 8 hour
time span varies between 11 basis points and 21 basis points, in the later period the impact
ranges between 3.3 basis points and 8.4 basis points. The main reason for the smaller
impact of intervention during 2005-2007 is that during this period the NBS was leaning
against a strong trend appreciation of the koruna. As noted above, a very strict
interpretation of the Maastricht criterion on sustainability of price stability likely led to
expectations of future appreciation being almost a safe bet during the ERM II period.
Whereas during 1999-2004 there was no trend movement in the exchange rate and the NBS
was seeking to moderate the fluctuations. Another reason for higher sensitivity of
coefficients during 1999-2004 might be lower liquidity on the Koruna/Euro exchange market
in this period relative to the later period of 2005-2007.

Second, the impact of intervention peaks at shorter time widow and deteriorates more
quickly during 1999-2004 compared to the 2005-2007 period. Specifically, during the first
period the impact of intervention is strongest for the 30 minute time window and decays by
one third of the peak level by the 4 hour time window. In contrast, during the second period
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the effect of intervention peaks during the 2 hour time window. There is a slight
deterioration in the effect as the length of the time window increases beyond this, but the
magnitude of the impact of intervention during the wider time windows is greater than
during time windows narrower than 2 hours.

Third, the results reported in Table 3 on the effect of intervention for the sample period as a
whole are driven by the outcomes during 2005-2007. The intervention coefficients, B;,
during 2005-2007 are quite close in magnitude to the coefficients for the entire sample
period.

ASYMMETRIC EFFECTS OF PURCHASE AND SALE OPERATIONS

The impact of both sales and purchase interventions on the exchange rate is statistically
significant across all time windows, but the impact is not symmetric (Tables 6 and 7, and
Figure 4). The initial impact of sales interventions is stronger than that of purchase
interventions, but the situation reverses after the 70-minute time window. The impact of sale
interventions is the highest during a 5-minute time window, when a 100 million euro sale by
the NBS appreciates the koruna by 10 basis points. The impact gradually decreases as the
time window widens. Euro purchases exhibit the opposite pattern. Their impact is smaller for
short time windows but gradually increases as the time window span widens. A 100 million
euro purchase by the NBS depreciates the koruna by as much as 14 basis points during a 2-
hours interval and this impact remains elevated for another 13 time windows.

Figure 4. Impact of sale and purchase interventions in the foreign exchange market
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Our findings for shorter time windows are broadly consistent with the findings of Lahura and
Vega (2013) for Peru. They found that sales interventions had a strong effect on cumulative
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returns through minute 15 following the intervention while purchase interventions did not
have significant effects. Lahura and Vega (2013) argue that the asymmetry likely came into
play in Peru because agents perceived intervention purchases and sales differently and
attributed different degrees of credibility and motivations to the two types of interventions.
In the case of Slovakia, it is likely that the results are capturing the market’s greater
credibility to the significant sales interventions by the NBS in June-July 2006 when the
koruna depreciated sharply and the exchange rate dropped below the central parity under
ERM II. Since the informal lower limit on the depreciation side of the ERM II band was
considered to be 2.25 percent, it was feared that breaching this threshold would lead to a re-
setting of clock for ERM II participation and delay euro adoption.

ROBUSTNESS CHECK: GARCH ESTIMATION

Because OLS regression residuals do not pass test of heteroscedasticity, we re-estimate
Equation (2) using the GARCH framework. The size and significance of the estimated
intervention coefficients using the GARCH framework shown in Table 8 are virtually identical
(except for two time windows where the estimation method does not converge) to the OLS
estimates presented earlier in Table 3. Interestingly, in their study on Brazil, Kohlscheen and
Andrade (2014) also found that the pattern of the OLS results resembled that obtained with
the GARCH (1, 1) specification very closely.

CONCLUSIONS

This paper investigates the effects of sterilized intervention in the spot Slovak koruna/euro
exchange rate market for different intra-day time windows. Regression results confirm a
significant relationship between intervention and exchange rate change for all time windows
and throughout the sample period. The maximum effect of intervention is reflected in the
exchange rate change within a couple of hours. The effect falls for longer time windows only
gradually. The introduction of controls in the regression equation had little impact on the
intervention coefficient.

Slovakia’s decision to participate in ERM II and adopt the euro had a demonstrable impact
on the effectiveness of NBS' interventions. The effect of intervention weakened, albeit still
significant, during the period just prior to and during ERM II participation (2005—-2007),
when there were sustained capital inflows and the NBS was leaning against the wind of a
strong trend appreciation of the koruna. While the NBS was successful in its interventions,
counteracting sustained capital inflows through intervention in order to remain within the
+15 percent band around a central parity was going to be clearly unmanageable in the
context of the chosen Maastricht criteria interpretation and with the given intervention
strategy.”’ The financial markets as well as the NBS, European Commission and European

2L We are grateful to one of the anonymous referees for pointing out that the story would be
completely different under a unilateral commitment (like in the Czech Republic) to intervene with no
volume limits against appreciation at some exchange rate level.
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accepted that real equilibrium exchange rate of the koruna was appreciating during the ERM
IT period and this prompted the revaluation of the koruna twice within ERM II.

The size of the effect of intervention by the NBS was considerably smaller than the effect
observed in studies on intervention in some small open economies such as the Czech
Republic and Switzerland. This difference is likely explained, inter alia, by differences in
institutional environment (in particular, ERM II participation for Slovakia) and the underlying
trend in the real equilibrium exchange rate which has an influence on the pace and
persistence of capital inflows.
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Bank of Slovakia (NBS) in the foreign exchange market

Month and | Number of NBS intervention trades | Total volume of NBS intervention (millions of
year euros per month) positive number means
purchase of euros; negative number means sale
Jan-99 3 103
Feb-99 7 20
May-99 46 90
Dec-99 38 114
Jan-00 45 63
Feb-00 86 188
Mar-00 10 165
Apr-00 7 106
May-00 18 -85
Jun-00 1 -60
Jul-00 1 15
Sep-00 3 -45
Jan-01 24 -44
Jun-02 60 -205
Oct-02 3 45
Nov-02 155 562
Dec-02 3 50
Jan-03 9 200
Apr-03 1 35
May-03 53 373
Jun-03 1 20
Dec-03 1 30
Jan-04 3 82
Feb-04 6 110
Mar-04 4 85
Jun-04 5 237
Jul-04 77 616
Dec-04 47 600
Jan-05 25 290
Feb-05 106 1890
Mar-05 58 840
Apr-05 10 -315
Oct-05 5 -220
Jun-06 75 -1335
Jul-06 36 -1750
Dec-06 41 495
Mar-07 67 1930
Apr-07 15 700
Source: Compiled from data provided by the National Bank of Slovakia.
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Table 2. Regression results on the impact of interventions by the NBS on exchange rate
change within various time windows for the benchmark specification for the full sample

period January 1999-April 2007
(Dependent variable: percentage change in the exchange rate during the time interval)

Time INTVOL Constant # obs. R? F
window Coefficient Newey-West | Coefficient Newey-West

SE SE
1 min 0.000410*** | (0.000105) | 0.000556** | (0.000224) | 260 780 | 0.0000 | 15.26
5 min 0.000497*** | (0.000171) | 0.000944*** | (0.000281) | 130 846 | 0.0002 | 8.46
10 min 0.000543*** | (0.000172) | 0.001477*** | (0.000443) | 87 261 | 0.0003 | 10.30
20 min 0.000602*** | (0.000165) | 0.002056*** | (0.000669) | 54 711 | 0.0007 | 13.26
30 min 0.000555%** | (0.000172) | 0.002749*** | (0.000867) | 40 543 | 0.0007 | 10.43
40 min 0.000693*** | (0.000150) | 0.001973** | (0.000943) | 32429 | 0.0016 | 21.34
>0 min 0.000584*** |(0.000153) |0.003149*%*  |(0.001204) |27231 |0.0011 |14.56
1 hr 0.000615%** |(0.000167) |0.003617*** |(0.001344) |23 528  |0.0014 |13.59

1 hr 10 min | 9,000558*** |(0.000173) |0.004072**  |(0.001780) |20 718 |0.0010 |10.46
1 hr20 min | 0,000618*** |(0.000150) | 0.004848*** |(0.001702) |18 606 |0.0017 |17.04
1 hr30 min | 0,000820%** |(0.000228) | 0.004574**  |(0.001977) [17 022  |0.0027 |12.94
1 hr40 min | 0,000614*** |(0.000168) | 0.005083**  |(0.002205) |15664  |0.0015 |13.30
1 hr 50 min | 9 0p0786*** |(0.000205) |0.001948 (0.002253) |14 467 |0.0028 |14.70
2 hr 0.000900*** |(0.000284) |0.005831**  |(0.002365) |13 552  |0.0042 |10.02
2hr 10 min 19, 000591*** |(0.000190) | 0.005909%*  |(0.002585) |12805 |0.0015 |9.67
2 hr20 min | 9,000591*** |(0.000179) |0.008261*** |(0.002954) |12169  |0.0015 |10.87
2 hr 30 min 1 9,000689** | (0.000290) | 0.005588* (0.002878) (11419  |0.0025 |5.64
2 hr40 min | 9,000794*** |(0.000297) | 0.007670%** |(0.002893) |10882  |0.0031 |7.17
2 hr 50 min | 9,000710*** |(0.000247) | 0.008074*** |(0.003098) |10270  |0.0029 |8.25
3 hr 0.000701*** |(0.000246) | 0.004883 (0.003349) |9 963 0.0030 |8.11
3hr 10 min | 9,000629%** |(0.000209) |0.009013*** | (0.003491) |9 627 0.0024 |9.05
3 hr20 min | 00p580*** |(0.000209) | 0.009185*** | (0.003447) |9 409 0.0016 |7.73
3hr30min | g 000591%*%* |(0.000227) |0.007385** | (0.003627) |9 081 0.0020 |6.78

3 hr40min |9 .000710%** |(0.000255) | 0.002290 (0.003717) |8 865 0.0031 |7.75
3hr50min |9000639** [(0.000289) |0.009459**  |(0.003928) |8 728 0.0023 |4.88
4 hr 0.000737**  |(0.000305) |0.011291*** | (0.003849) |8 367 0.0036 |5.84
8 hr 0.000624*  |(0.000322) |0.010865* | (0.005760) |5 493 0.0031 [3.76

*** significant at the 1 percent level; ** at the 5 percent level; * at the 10 percent level
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