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in Developed and Underdeveloped Capital Markets:

Empirical Evidence from Croatia and Japan*

By Gunther Schnabl**

Abstract

The target zone model by Krugman (1991) assumes that foreign exchange intervention
targets exchange rate levels. It is argued that the fit of this model depends inter alia on the stage
of development of capital markets. Foreign exchange intervention of countries with highly
developed capital markets is in line with Krugman’s (1991) model as the exchange rate level
is targeted (mostly to sustain the competitiveness of exports) and the volatility of day-to-day
exchange rate changes is left to market forces. In contrast, countries with underdeveloped
capital markets control both volatility of day-to-day exchange rate changes as well as long-
term fluctuations of the exchange rate levels to sustain the competitiveness of exports as well
as to reduce the risk for short-term and long-term payment flows. Estimations of foreign
exchange intervention reaction functions for Japan and Croatia trace the asymmetric pattern
of foreign exchange intervention in countries with developed and underdeveloped capital
markets.

Keywords: Foreign exchange intervention, target zones, underdeveloped capital markets, reac-
tions functions

JEL Classification: F31

1. Introduction

Since the so-called Jurgensen report (Jurgensen 1983) a large and still growing
literature has scrutinized the motivation and effects of sterilized foreign exchange
intervention in Germany, Japan and the US, i.e. in large countries issuing interna-
tional currencies (e.g. Dominguez and Frankel 1993, Ito 2003, Hillebrand and
Schnabl 2008). This research on foreign exchange intervention has been tradition-
ally based on the institutional setting of independent monetary policy making, freely
floating exchange rates, full capital mobility and the international use of the respec-
tive currencies. Neely (2005) gives an overview.

Applied Economics Quarterly Vol. 57. No 1 (2011)
Duncker & Humblot GmbH, 12165 Berlin

Applied Economics Quarterly 57 (2011) 1

* I thank Björn Urbansky and Viera Chmelarova for excellent research assistance.

** Leipzig University, Institute of Economic Policy, Grimmaische Straße 12, 04109 Leip-
zig, Germany, schnabl@wifa.uni-leipzig.de.



www.manaraa.com

Recently, as some emerging markets—inter alia Croatia, Turkey, the Czech Re-
public and Mexico—have (partially) released data on their intervention activities, a
number of papers focusing on foreign exchange intervention in emerging markets
has emerged (e.g. Domaç and Mendoza 2004, Lang 2005, Égert and Komárek
2005, Goyal and Arora 2010). While this new branch of literature has partially ac-
knowledged the different institutional setting of foreign exchange intervention—i.e.
fragmented capital markets, an internationally and domestically restricted role of
the respective currencies and (therefore) (partly) unsterilized intervention—the dif-
ferent patterns of foreign exchange intervention in emerging markets in comparison
to large countries with highly developed capital markets has not been systematically
explored so far.

In contrast to most former papers on foreign exchange intervention, which have
mainly scrutinized the effectiveness of foreign exchange intervention and have trea-
ted reaction functions as a (subordinated) part of this research, we focus on the mo-
tivations for foreign exchange intervention. Currently, given excessive monetary
expansion in the US and the euro area foreign exchange intervention has intensified
in most emerging markets, but also re-emerged in industrialized countries such as
Japan and Switzerland. We draw a distinction between the pattern of foreign ex-
change intervention in large countries with highly developed capital markets and in
emerging markets with underdeveloped capital markets. Econometric estimations of
reaction functions trace the different intervention patterns for Japan and Croatia.

2. Patterns of Exchange Rate Stabilization

McKinnon and Schnabl (2004a, 2004b) stress the asymmetric nature of the world
currency system. While the United States as the issuer of the most important interna-
tional currency pursue an independent monetary policy focused on domestic inflation
and growth, most countries outside of Europe tend to stabilize their exchange rates
against the dollar due to a high degree of openness and underdeveloped capital mar-
kets. A similar situation applies to the euro area and its periphery. The European Cen-
tral Bank is independent in monetary policy making (leaving the exchange rate to
market forces), while in most European non-euro area countries the euro is widely
used as a banking, vehicle, invoicing, intervention, reserve, and pegging currency
(ECB 2011).

2.1 Countries with Highly Developed Capital Markets

The intervention pattern of the large countries with highly developed capital mar-
kets is mainly in line with the target zone models of foreign exchange intervention
as put forward by Williamson and Miller (1987) and Krugman (1991). Within these
frameworks, the exchange rate level is defended within a certain bandwidth around
a central parity between two currencies, for instance ±10% as proposed by William-
son and Miller (1987). The participating central banks implement their monetary
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policies independently from the exchange rate target as long as the exchange rate
fluctuates within the respective target zone.

Intervention becomes necessary once the exchange rate approaches the margins
in the case of strong appreciation (which hurts the competitiveness of exports) or
strong depreciation (which can be considered as a threat to domestic price stability).
In a wider interpretation—without having established a specific target zone—inter-
vention would occur, when the exchange rate approaches a level which is regarded
as inappropriate by the monetary authorities. For instance, most recently foreign ex-
change intervention was triggered in Japan again, as the yen reached an unprece-
dented low level below 80 yen per dollar.

In the case of a broad band1 or informal limits to exchange rate swings consider-
able exchange rate flexibility would be allowed and foreign exchange intervention
would be “only occasional rather than a continuous preoccupation” (Krugman
1991: 669). Following Krugman (1991) the target zone for the exchange rate s can
be modeled as a function of the domestic money supply m, a shift term representing
velocity shocks v and expected exchange rate changes EðdsÞ=dt with positive values
representing depreciation. The coefficient represents the impact of expectations on
the exchange rate. All variables are in natural logarithms:

s ¼ mþ vþ �
E dsð Þ
dt

:ð1Þ

Assuming that unsterilized intervention (which allows for monetary effects) is
without doubt able to trigger sustained exchange rate effects, in equation (1) the
monetary policy is “independent” as long as the exchange rate is moving within the
target zones �s and ��s around a central parity �s�. Exogenous shocks to the exchange
rate are modeled by the velocity term v which is assumed to follow a random walk
and which may push the exchange rate towards the margins. The monetary policy
stance is only changed to maintain the limits. This version of the target zone model
is shown in the left panel of Figure 1. Changes in the monetary policy stance, for in-
stance in form of unsterilized foreign exchange intervention, will keep the nominal
exchange rate within the margins �s and ��s.
While Williamson and Miller (1987) had fully excluded the exchange rate beha-

vior within the margin from their analysis, Krugman (1991) modeled the exchange
rate behavior within the band incorporating exchange rate expectations. As market
participants are anticipating that the monetary authority will intervene at the upper
or lower margins, this implies an s-shaped exchange rate behavior as shown in the
right panel of Figure 1. In both cases the exchange rate level is clearly the target of
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1 A very tight band would be equivalent to a tightly managed float or a hard peg, although
the border lines between a hard peg and a target zone are fluent. For instance, the ±15% band
of the European Exchange Rate Mechanism II, can the regarded as a fixed or rather flexible
exchange rate regime, depending on the scope of allowed exchange rate fluctuations within
the 30% amplitude.
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(unsterilized) intervention activity. To “guide” expectations also intra-marginal in-
terventions like they have been used in the European Exchange Rate Mechanism I
may take place.

Figure 1: Target Zone Models by Williamson and Miller (1987)
and Krugman (1991)

The target zone model as described above fits well the intervention behavior of
large countries with deep capital markets issuing international currencies. The target
zones as (temporarily) established among the currencies of the US, Japan and Ger-
many by the 1987 Louvre Accord (Funabashi 1989) was in line with the William-
son-Miller proposition, although the targets—and in specific a central parity—were
not officially announced. Similarly, during the 1990s and 2000s, the European Cen-
tral Bank and the Federal Reserve intervened in foreign exchange markets (very oc-
casionally) when the exchange rate level had reached “extreme” limits—although
intervention was sterilized.

The (very active) foreign exchange intervention by the Japanese monetary autho-
rities can be argued to have followed a similar pattern because intervention was trig-
gered once the exchange rate had reached (varying) levels of the yen against the
dollar which the monetary authorities regarded as detrimental for the competitive-
ness of the Japanese export industry (Hillebrand and Schnabl 2008, McKinnon and
Ohno 1997). The intervention pattern is reflected in clusters of intervention activity
when the yen was very strong2 and extended periods of non-intervention when the
yen was weaker (Figure 2). This pattern has been confirmed by most recent Japa-
nese attempt to prevent the yen from appreciation above a level of about 80 yen per
dollar. In contrast to the Federal Reserve and the European Central Bank, the Bank
of Japan has also allowed for unsterilized intervention since 1999 (and is likely to
have used quantitative easing as an alternative tool to steer against appreciation
pressure). While the Japanese yen was prevented from rising above a certain level
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2 In some cases the financial press believed to have identified informal target zones—for
instance between 115 and 122 yen per dollar in the first seven months of 2003 (Deutsche Bank
Global Investment Committee June 16 2003 and Financial Times August 7 2003).
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against the dollar, the day-to-day exchange rate volatility against the dollar re-
mained high similar to the euro/dollar exchange rate (Figure 3).

Source: Japan: Ministry of Finance.

Figure 2: Japanese Foreign Exchange Intervention

2.2 Countries with Underdeveloped Capital Markets

McKinnon and Schnabl (2004a, b) provide the rationale for exchange rate stabili-
zation in small open economies with underdeveloped capital markets. They argue
that emerging markets and developing countries cannot choose their monetary
framework exogenously based on specific targets of economic policy making.
Rather the regime choice is interpreted as endogenous, determined by several inher-
ent and interdependent factors such as macroeconomic stabilization, (invoicing of)
international trade, and the currency denomination of international capital flows and
international assets (McKinnon and Schnabl 2009).

While international trade and macroeconomic stability constitute important deter-
minants for exchange rate stabilization, underdeveloped capital markets as they are
prevalent in emerging markets and development countries have become an impor-
tant motivation for exchange rate stabilization (Eichengreen and Hausmann 1999).
Due to a long tradition of inflation and depreciation, which have partially resulted
in a high degree of dollarization or euroization of the developing countries and emer-
ging market economies3, banks and enterprises can not use the domestic currency to
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3 For instance, most South Eastern European countries, in specific the former Yugoslav
countries, are highly euroized.
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Figure 3: Exchange Rate Fluctuations in Terms of Returns and Levels
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borrow or to lend internationally. As international investors and debtors are unwill-
ing to accept liabilities and assets denominated in local currencies, the aggregated
foreign exchange risk of net international debt and assets remains widely unhedged.

If hedging instruments are available, they are very costly due to the low degree of
liquidity of the foreign exchange markets. Thus, from a short-term perspective, day-
to-day exchange rate volatilities constitute a risk for short-term payments flows
(McKinnon and Schnabl 2004a). In contrast, in Japan, the euro area and the US
highly developed capital markets provide a broad variety of low-cost instruments to
hedge the foreign exchange risk of short-term payments flows.

From a more long-term perspective, fluctuations in the exchange rate level con-
stitute a risk for the competitiveness of export industries and balance sheets of
banks and enterprises. In the case of liability dollarization, sharp depreciations in-
flate the liabilities in terms of domestic currency thereby increasing the probability
of default and crisis. In highly euroized (dollarized) countries with a high stock of
foreign currency deposits and borrowing such as Croatia, the incentive to avoid
sharp exchange rate fluctuations is even stronger. Given a high stock of foreign
currency denominated foreign assets, China has been unwilling to accept sharp ap-
preciations of the Chinese yuan (McKinnon and Schnabl 2009). In contrast, in
large countries, which hold international debt and assets in domestic currencies, ex-
change rate fluctuations leave the balance sheets of domestic banks and enterprises
unaffected.

The outcome for emerging markets and developments countries is exchange rate
stabilization targeting day-to-day exchange rate volatility as shown by McKinnon
and Schnabl (2004a) for East Asia and by Schnabl (2004) for Central and Eastern
Europe. For Croatia, Lang (2005: 9–10) argues that the Croatian National Bank is
(mostly) leaning against higher exchange rate volatility defined as percent exchange
rate changes. Similarly in 2005, the Central Bank of Russia has announced to stabi-
lize daily exchange rate volatilities against the dollar and the euro (Schnabl 2006).
In July 2005, China announced limits to day-to-day exchange rate fluctuations of
the yuan against the dollar, the euro and other currencies.

Modifying equation (1) to the respective intervention pattern of countries with
underdeveloped capital markets yields:

�s ¼ mþ vþ �
E d�sð Þ

dt
:ð2Þ

The term �s corresponds to percent exchange rate changes, which are subject to
the official intervention activity. The central banks conduct (unsterilized) foreign
exchange intervention to keep day-to-day exchange rate volatility at certain levels.
The respective exchange rate policy is modeled in Figure 4. As for the target zones
of exchange rate levels the bandwidths can differ, i.e. being very tight for hard pegs
and allowing for more day-to-day exchange rate volatility in the case of soft pegs or
managed float arrangements.
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In line with the original target zone models the bandwidth can be officially an-
nounced as in the case of China or being undisclosed as for many other East Asian
currencies. The target zones on day-to-day exchange rate fluctuations can be also
announced for a basket of currencies, as in Russia in 2005, with specific weights at-
tributed to the basket components (Schnabl 2006). In contrast to the target zone
model based on equation (1), no central parity for the exchange rate fluctuations
would be announced as exchange rate returns naturally oscillate around zero.

Figure 4: Target Zone Model
for Emerging Markets

The outcome for the exchange rate behavior is shown for Croatia and China in
contrast to the euro area and Japan in Figure 3. Although the foreign exchange mar-
kets of emerging markets can be assumed to be shallower and therefore more vola-
tile than the dollar / euro market, exchange rate volatility is significantly lower than
for the freely floating dollar / euro rate. As suggested by Figure 3 smoothing daily
exchange rate volatility also implies a smoothing of the exchange rate level. In both
Croatia and China, (periods of) low daily exchange rate volatility are associated
with lower volatility of the exchange rate level.

The upshot is that smoothing exchange rate volatility on a day-to-day basis is
used as an intermediate target for smoothing the exchange rate level. If the euro/dol-
lar rate can be characterized as a random walk, managed exchange rates as the
kuna/euro rate would be equivalent to a “managed walk”. Within this setting, var-
ious targets for the exchange rate level are possible. The monetary authorities can
smooth depreciations and appreciations of the exchange rate around a certain level
as suggested by Croatia (Figure 3). The currency can be tightly pegged to the an-
chor currency as in China up to the year 2005 or a downward crawling peg with
very small day-to-day fluctuations as in Slovenia before its ERM II entry can be
allowed. In Russia from 2005 up to the 2008 crisis, the management of day-to-day
exchange rate volatilities against two currencies also implied the stabilization of the
exchange rate level against euro and dollar in line with the announced targets
(Schnabl 2006). China allowed for periods of controlled upward crawling pegs
since 2005 (McKinnon and Schnabl 2009).
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3. Data and Specification of the Reaction Function

Based on the analysis of section 2 we would expect the following intervention
pattern in countries with different degrees of capital market development: In line
with Krugman (1990) large countries issuing international currencies with highly
developed and large capital markets decide to stabilize exchange rate levels, but
leave day-to-day exchange rate volatility to market forces. Emerging markets with
underdeveloped capital markets tend to stabilize both day-to-day exchange rate
fluctuations as well as exchange rate levels.

To test for different intervention behaviour we estimate foreign exchange inter-
vention reaction functions for Japan and Croatia. The two countries are chosen for
the following reasons: Japan is attributed to the group of large countries with highly
developed capital markets issuing an international currency as the (yen) capital mar-
kets are among the three largest in the world. In addition, the Japanese yen is, beside
the US dollar and the euro, the third largest international currency. Among the coun-
tries with the largest capital markets, i.e. US, euro area, Japan, and UK, only Japan
and the US have released data on their intervention activities. As foreign exchange
interventions tend to be very rare in the US (the last intervention took place in
1998) only Japan (where intervention has been traditionally very active) provides
an appropriate case study.4

Croatia is attributed to the group of emerging market economies with underdeve-
loped capital markets, as the size of Croatian capital markets is small, maturities
tend to be short and domestic borrowing and lending is highly “euroized”. In addi-
tion foreign debt tends to be denominated in foreign currency, mostly euros. In con-
trast to (the small number of) other emerging markets which have released data on
their intervention activities, the data were provided for a long time period (more than
ten years). The intervention volume and the intervention currency are specified.

3.1 Data

The descriptive statistics (Table 1) give an overview. Daily data on Japanese for-
eign exchange intervention are provided by the Japanese Ministry of Finance start-
ing in April 1, 1991.5 The amounts are in trillion yen subdivided into purchases and
sales of dollar, mark (euro) and other (negligible) currencies. Since the yen /dollar
exchange rate is the dominant target for Japanese foreign exchange intervention,
only dollar transactions are included in our sample. The yen amounts are converted
into billion dollars based on daily exchange rates. On 3652 trading days the Minis-
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4 For a more extensive analysis of Japanese foreign exchange intervention since the early
1990s see Ito (2003) and Hillebrand and Schnabl (2008).

5 The exact intervention time, the number of interventions within a day, the intervention
market (Tokyo, London, New York), and the exchange rate at the time of intervention remain
undisclosed.
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try of Finance reports 346 dollar intervention days—313 dollars purchases and
33 dollar sales—exhibiting a strong asymmetric intervention pattern in favour of
dollar purchases. The pattern of Japanese foreign exchange intervention is shown in
Figure 2.

The data set on Croatian foreign exchange intervention activities is from January
1996 up to March 2005. During this observation period the Croatian National
Bank purchased foreign currency on 103 trading days and sold foreign currency on
88 trading days. The total volume of foreign exchange purchases is equivalent to
24.77 million kunas, the volume of foreign exchange sales was 20.35 million of
kunas. Thus, the intervention activity is distributed more symmetrically than in Ja-
pan. As since 1996 Croatian foreign exchange intervention has been predominantly
denominated in euros, only euro transactions are included in the sample. The pattern
of Croatian foreign exchange intervention is shown in Figure 5.

Source: Croatian National Bank.

Figure 5: Croatian Foreign Exchange Intervention

Table 1 shows that—other than expected—the unconditional probability of for-
eign exchange intervention is similar in Croatia and Japan. Between January 1996
and March 2005 the Croatian National Bank, which has kept the exchange rate
rather tightly pegged to the euro (formerly to the DM), intervened on about 8% of
trading days. In contrast the Bank of Japan, which has left the exchange rate of the
Japanese yen more to market forces (as shown by higher daily exchange rate volatil-
ity), has intervened on about 6.6% of trading days between January 1991 and June
2011.
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Table 1

Summary Statistics for Bank of Japan (1991:04–2011:06) and for
Croatian National Bank Interventions (1996:01–2005:03)

Japan Croatia

Total intervention days (in dollar for Japan, in euros for Croatia) 346 191

Total transaction volume (billion dollars and millions of kunas) 650.32 45.12

Percentage of interventions in the yen/dollar and kuna / euro market
(volume) 98.02% 98.95%

Unconditional intervention probability 6.55% 8.15%

Number of days with dollar purchases (yen sales) and euro purchases 313 103

Total amount of dollar purchases (billions) and euro purchases
(millions of kunas) 612.55 24.77

Mean absolute value of dollar purchases (billions) and euro purchases
(millions of kunas) 1.96 0.24

Number of days with dollar sales (yen purchases) and euro sales 33 88

Total amount of dollar sales (billions) and euro sales (millions of
kunas) 37.77 20.35

Mean absolute value of dollar sales (billions) and euro sales (millions
of kunas) 1.14 0.23

Source: Japan: Ministry of Finance and Croatian National Bank.

The unconditional intervention probability of Croatia is likely to be downward
biased in comparison to Japan, because small and underdeveloped capital markets
allow a broad variety of informal measures other than outright intervention to con-
trol the exchange rate. Although Croatia—in contrast to most other emerging mar-
kets—has been transparent with respect to its intervention activities, the data on for-
eign exchange intervention—defined as foreign exchange transactions by the mone-
tary policies to influence exchange rates—do not provide the full picture on inter-
ventions activity for mainly three reasons.

First, in emerging markets and development countries indirect measures to steer
exchange rate changes are numerous (Neely 2001) and include “disguised interven-
tion” through undisclosed foreign exchange accounts, foreign exchange transaction
of the government with the central bank as well as all kinds of capital and foreign
exchange controls which prevent (temporarily) exchange rate pressure from emerg-
ing.6 Second, credible signalling of the central bank to keep the exchange rate at a
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6 As stressed by Lang (2005: 3–4) for Croatia the published data on foreign exchange
intervention do not cover foreign exchange transactions between the central bank and the gov-
ernment which considerably affect the exchange rate. The Croatian finance ministry may hold
privatization receipts and revenues from issuing euro bonds on its account at the CNB. During
2000 to 2004, between 12% and 99% of foreign exchange sales and purchases were defined
as foreign exchange interventions.



www.manaraa.com

certain level may encourage stabilizing private market speculation towards the ex-
plicit or implicit official exchange rate targets.7 Third, central banks in emerging
markets may maintain a close relationship with commercial banks to control trans-
actions in the foreign exchange markets without outright intervention.8 In contrast,
the main tool for the Japanese central bank to steer the yen exchange rate in deep
foreign exchange markets with a large number of participants are outright foreign
exchange transactions.

3.2 Model Specification

In section 2, we have identified two main motivations for foreign exchange inter-
vention: (1) Smoothing day-to-day exchange rate volatility to reduce the exchange
rate risk for short-term payment flows. (2) Softening long-term fluctuations of the
exchange rate level to maintain the competitiveness of the domestic (export) indus-
try in times of appreciation and to protect the balance sheets of domestic firms and
enterprises against depreciation or appreciation.

To test for the determinants of Croatian and Japanese foreign exchange interven-
tion, we estimate binary probit and tobit reaction functions. The Croatian National
Bank and Japanese monetary authorities may decide to intervene in foreign ex-
change markets if the kuna / euro (yen /dollar) exchange rate of the previous day
(st�1) departs from an exchange rate level, which is considered as adequate for both
the competitiveness of exports (in case of appreciation) and financial stability (in
case of depreciation or appreciation). As a proxy for this level we use one year

moving averages of the kuna/euro (yen /dollar) exchange rate

�Pk
i¼1

st�1�i=k, where

k ¼ 253

�
. The probability of intervention is assumed to increase the more the ex-

change rate level departs from its “target value”.9

Furthermore, the Croatian and Japanese monetary authorities may decide to buy
or sell foreign exchange based on the relative exchange rate changes of the previous
day ðrt�1Þ, i.e. exchange rate volatility. The higher the exchange rate changes, the
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7 Killeen, Lyons and Moore (2001) built an order flow model where the private sector (in-
stead of the central bank) absorbs the exchange rate innovations given that the central bank
has established a credible parity based on unsterilized intervention.

8 Canales-Kriljenko (2003: 24) provides a survey of formal and informal administrative
measures. These include surrender requirements to the central bank, prohibitions on interbank
foreign exchange trading and “moral suasion”. Central banks may threaten repression to com-
mercial banks which do not comply with informal guidance with respect to foreign exchange
transactions. Such measures are facilitated by the fact that the number of foreign exchange
trading banks is normally small.

9 The probability of a foreign exchange sale will increase if the exchange rate level is above
the targeted level (positive sign of the �1 coefficient in equation 3). If the exchange rate level
is below the targeted level, the probability of foreign exchange purchases increases (negative
sign of the �1 coefficient in equation 3).
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higher the probability of intervention. Assuming that the monetary authorities in-
tend to soften exchange rate fluctuations, kuna appreciation triggers foreign cur-
rency purchases (negative sign) and kuna depreciation triggers foreign currency
sales (positive sign). Squared returns

�ðrt�1Þ2
�
are used as alternative measure for

exchange rate volatility.

To control for capital inflows restrictions that might have an impact on the for-
eign exchange market in Croatia, we include a capital controls dummy (ccDt ) which
is zero in the case of Japan. The Croatian National Bank introduced “Chilean-type”
capital controls from April 14, 1998 to October 14, 1998 to curtail surging short-
term inflows. These controls did not last long as by fall 1998 (Russian crisis) for-
eign investors lost their interest in emerging markets. In October 1998 the Croatian
capital controls could be removed. New capital controls were introduced in Febru-
ary 03, 2003 when capital inflows accelerated again (Kraft and Jankov 2005), up to
the end of the observation period in March 2005. In the case of capital (inflow) con-
trols the probability of interventions is expected to decrease.

With IDt denoting the dummy for foreign exchange intervention this yields the
following specification:

IDt ¼ �0 þ �1 st�1 �
Xk
i¼1

st�1�i=k

 !
þ �2rt�1 þ �3cc

D
t þ "t :ð4Þ

4. Estimation Results

Previous studies on foreign exchange intervention reaction functions in emerging
markets have come to very heterogeneous results concerning the motivations of for-
eign exchange intervention in emerging markets (Table 2). Lang (2005) finds ex-
change rate volatility to be the main driving force of Croatian foreign exchange in-
tervention while the exchange rate level turns out to be insignificant. In contrast,
Akinci et al. (2005) find both exchange rate volatility and exchange rate levels to be
explanatory variables of Turkish foreign exchange intervention. The estimations of
Guimarães and Karacadag (2004) for Mexico find the exchange rate level to be par-
tially significant, while volatility is negatively significant. Goyal and Arora (2010)
find for India a significant impact of exchange rate volatility on intervention activ-
ities, but not of levels. Estimations for reaction functions for Japan such as by Ito
(2003) and Hillebrand and Schnabl (2008) have mainly found the exchange rate
level to be the driving force of Japanese foreign exchange intervention. We want
to shed more light on this issue by estimations of foreign exchange intervention
reaction functions for Croatia and Japan based on the framework elaborated in sec-
tion 2.
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Table 2

Studies on Foreign Exchange Intervention Reaction Functions
in Emerging Markets

Country Author /Time Period Model
Reaction Function

Exchange rate level Volatility

Colombia Kamil (2008)
09 /2004–04 /2007

GARCH partially significant
(exchange rate level)

No analysis

Croatia Lang (2005)
01 /1996–12 /2002

Logit
(purchases and
sales separately)

insignificant
(exchange rate level)

significant
(exchange rate returns)

Tobit
(only purchases)

insignificant
(exchange rate level)

significant
(exchange rate returns)

OLS system significant
(exchange rate returns)

Czech
Republic

Disyatat /Galati (2007)
01 /2001–12 /2002

2SLS significant
(exchange rate level)

insignificant
(exchange rate returns)

Czech
Republic

Égert /Komárek
(2005)
01 /1997–08 /2002

Granger
causality

partially significant
(GARCH estimated
conditional variance);
it causes sales, not
purchases

India Behera et al. (2008)
04 /1995–12 /2006

GARCH (1,1)
model

partially significant
(exchange rate level)

significant
(exchange rate returns)

India Goyal /Arora (2010)
11 /2005–12 /2008

GARCH insignificant
(exchange rate level)

significant
(exchange rate returns)

Mexico Guimarães /
Karacadag (2004)
08 /1996–06 /2003

Probit
(purchases and
sales together)

partially significant
(deviations of the
exchange rate from
moving average);
“depreciations increase
the probability of inter-
ventions”, appreciations
decrease it

negatively significant
(deviations of GARCH
estimated conditional
variance from its trend);
they decrease the prob-
ability of intervention

Turkey Guimarães /
Karacadag (2004)
03 /2001–10 /2003
(foreign exchange
auctions)

Probit
(purchases and
sales together)

insignificant
(deviation of the
exchange rate from
moving average)

insignificant
(deviations of GARCH
estimated conditional
variance from trend)

Akinci et al. (2005)
05 /2001–12 /2003
(foreign exchange
interventions)

Probit
(purchases and
sales separately)

significant
(deviations of the
exchange rate from
moving average)
(leaning against the
wind)

significant
(GARCH estimated
conditional variance

Granger
causality

partially significant
(deviations of the
exchange rate from
trend); they cause sales,
not purchases

partially significant
(GARCH estimated
conditional variance);
it causes sales, not pur-
chases

Note: Volatility is significant if higher volatility or an increase in deviations from its trend raise the
probability of interventions.
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4.1 Japan

Japan represents countries with highly developed capital markets. Table 3 pre-
sents the results for binary probit estimations for the whole estimation period.

Table 3

Binary Probit Reaction Function for Japanese Foreign
Exchange Intervention (04 /1991–06 /2011)

Aggregate
Interventions Purchases Sales

Constant –1.847***
(0.054)

–1.836***
(0.050)

–1.884***
(0.078)

–1.876***
(0.042)

–2.490***
(0.062)

–2.501***
(0.064)

Deviation from moving
average

st�1 �
Pk
i¼1

st�1�i=k

� �
§

0.053***
(0.007)

0.053***
(0.007)

–0.081***
(0.006)

–0.083***
(0.006)

0.013
(0.009)

0.013
(0.009)

Yen /dollar return
rt�1

§
0.032
(0.050)

0.150***
(0.037)

0.010
(0.087)

Yen /dollar squared return
ðrt�1Þ2

0.010
(0.014)

–0.009
(0.016)

0.019
(0.026)

LR statistic (2 df) 66.23*** 66.27*** 296.99*** 281.17*** 1.85 2.26

Note: § For the aggregate interventions regression we use expressions in absolute values.

The absolute value of the deviation of the exchange rate from the moving aver-
age is highly significant and has the appropriate sign for aggregate interventions
(right-hand side variables in absolute terms). The more the exchange rate deviates
from the one year moving average, the higher is the probability of intervention.
This finding is in line with the negative impact of yen appreciation on the Japa-
nese export industry (McKinnon and Ohno 1997) and the negative revaluation ef-
fects in the case of yen appreciation on Japans’ tremendous international dollar re-
serves (McKinnon and Schnabl 2004b). The proxies for exchange rate volatility—
yen/dollar returns and squared returns—remain widely insignificant. For dollar
purchases both the exchange rate level and the exchange rate returns turn out
highly significant with the appropriate negative sign (appreciation triggers dollar
purchases). In contrast, all relevant coefficients for sales, which are only 33
events, are insignificant.

We test for the joint significance based on likelihood ratios. Under the null hy-
pothesis that the restricted model is valid ð�1 ¼ �2 ¼ 0Þ, the test statistic has a lim-
iting chi-squared distribution with degrees of freedom equal to the number of re-
strictions. The LR statistics with two degrees of freedom for the joint significance
of the exchange rate level and exchange rate volatility for Japanese foreign ex-
change intervention are highly significant for aggregate interventions and purchases
but not for sales.
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We perform several robustness tests. Two stage least squares estimations allow to
use intervention volumes as endogenous variable with the respective sign (positive
sign for foreign currency purchases and a negative sign for sales). It copes with pos-
sible endogeneity bias by using the lagged deviations from the level and lagged re-
turns as instrumental variables. The results (Table 4) provide evidence that the de-
viation of the exchange rate from a certain level is triggering foreign exchange inter-
vention. The negative sign of the highly significant coefficients for the deviation of
the exchange rate level from the one year moving average imply that yen apprecia-
tion triggers dollar purchases and vice versa. Exchange rate volatility measures, in
particular exchange rate returns and squared returns remain insignificant. The re-
sults are mainly driven by dollar purchases while dollar sales events remain insig-
nificant.

Table 4

Two Stage Least Squares Reaction Function for Japanese
Foreign Exchange Intervention (04 /1991–06 /2011)

Aggregate
Interventions Purchases Sales

Constant 0.094***
(0.014)

0.129***
(0.019)

0.108***
(0.015)

0.126***
(0.018)

–0.013
(0.006)

0.002
(0.006)

Deviation from moving
average

st�1 �
Pk
i¼1

st�1�i=k

� � –0.012***
(0.002)

–0.014***
(0.002)

–0.010***
(0.002)

–0.012***
(0.002)

–0.002
(0.000)

–0.002**
(0.000)

Yen /dollar return
rt�1

30.704
(56.022)

68.867
(60.217)

–38.162
(24.309)

Yen /dollar squared return
ðrt�1Þ2

–755.229
(283.014)

–517.192
(266.027)

–238.037
(93.576)

The Tobit estimation (Table 5) uses the (absolute) volumes of Japanese foreign
exchange intervention as endogenous variable.10 For aggregate interventions, the
deviations from the moving average have the expected positive sign and are highly
significant. Exchange rate volatility both measured in terms of returns and squared
returns is insignificant providing evidence that exchange rate volatility does not
matter for Japanese intervention decisions. The coefficients of the purchase equa-
tion have the expected sign and are highly significant for the exchange rate levels
and returns (but not squared returns). The equation for sales cannot be estimated
due to outliers.
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Table 5

Tobit Reaction Function for Japanese Foreign
Exchange Intervention (04 /1991–06 /2011)

Aggregate Interventions Purchases

Constant –3.554***
(0.210)

–3.534***
(0.206)

–3.377***
(0.197)

–3.388***
(0.198)

Deviation from moving average

st�1 �
Pk
i¼1

st�1�i=k

� �
§

0.100***
(0.013)

0.101***
(0.013)

–0.144***
(–0.012)

–0.150***
(0.012)

Yen/dollar return
rt�1

§
0.061
(0.094)

–0.261***
(0.067)

Yen/dollar squared return
ðrt�1Þ2

0.018
(0.026)

–0.016
(0.028

Note: § For the aggregate interventions regression we use expressions in absolute values.

4.2 Croatia

Croatia represents the group of emerging market economies with underdeveloped
capital markets. Equation 3 is estimated for aggregate interventions (right-hand side
variables in absolute terms), foreign currency purchases and foreign currency sales.
The results of the binary probit specifications are shown in Table 6 for a one period
lag which yields the most significant results among estimations up to a lag length of
four days. Both exchange rate volatility and exchange rate levels seem to matter for
intervention. For aggregated interventions, the �1 coefficient representing the impact
of the exchange rate level on foreign exchange intervention is highly significant. In
addition, exchange rate volatility matters. The �2 coefficient representing the impact
of absolute exchange rate returns and squared returns is highly significant as well.

Separating into purchases and sales of foreign currency yields an asymmetric out-
come. For euro purchases, which normally take place in times of kuna appreciation
pressure, only exchange rate volatility (defined as percent changes) turns out to be
significant. The exchange rate level seems not to affect official foreign currency
purchases. In contrast, the �1 coefficient for foreign currency sales has the expected
negative sign for the deviation from the average level (kuna appreciation triggers
foreign currency purchases) and is highly significant. This may be attributed to the
fact that the Croatian banking sector is highly exposed to foreign currency borrow-
ing (Kraft and Jankov 2005). As the banking sector is vulnerable in the case of kuna
depreciation more decisive intervention maybe triggered than in the face of appre-
ciation. In the equation for foreign currency sales both coefficients for exchange rate
volatility turn out highly significant.

As both exchange rate levels and exchange rate volatility seem to matter for
Croatia we test for the joint significance of both variables based on likelihood ratios.
The LR statistics with two degrees of freedom for the joint significance of the ex-
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change rate level and exchange rate volatility for Croatian foreign exchange inter-
vention are highly significant. The capital control dummy is negative and highly
significant suggesting that since 2003 capital controls have successfully reduced the
need for intervention.11

Table 6

Binary Probit Reaction Function for Croatian Foreign
Exchange Intervention (01 /1996–03 /2005)

Aggregate
Interventions Purchases Sales

Constant –1.69***
(0.08)

–1.62***
(0.07)

–1.74***
(0.06)

–1.72***
(0.06)

–2.09***
(0.09)

–2.09***
(0.09)

Deviation from moving
average

st�1 �
Pk
i¼1

st�1�i=k

� �
§

1.81***
(0.42)

1.82***
(0.42)

–0.21
(0.35)

–0.45
(0.38)

3.28***
(0.43)

3.42***
(0.43)

Kuna /euro return
rt�1

§
1.04***
(0.40)

–1.73***
(0.36)

1.64***
(0.43)

Kuna /euro squared return
ðrt�1Þ2

1.77**
(0.72)

0.98
(0.86)

2.45***
(0.87)

Capital controls
ðccDt Þ (03 /02 /03–31 /03 /05)

–0.430***
(0.11)

–0.41**
(0.11)

–0.32**
(0.13)

–0.28**
(0.13)

–0.48***
(0.17)

–0.51***
(0.17)

LR statistic (3 df) 39.60*** 38.79*** 27.79*** 6.84* 95.38*** 88.31***

Note: § For the aggregate interventions regression we use expressions in absolute values.

We perform several robustness tests. In two stage least squares estimations devia-
tions from the exchange rate level coefficients have the expected signs for aggregate
interventions, purchases and sales and are all highly significant (Table 7). The Tobit
estimations are widely in line with the standard probit reaction function (Table 8).

Summarizing we can conclude that although the determinants of Croatian foreign
exchange intervention can not be identified without ambiguity, it seems that both
the exchange rate level and exchange rate volatility matter for Croatian foreign ex-
change intervention. What is particular for Croatia is the sensibility with respect to
kuna depreciation what is possibly due to the highly euroized financial sector and
high foreign currency denominated debt. This finding seems to be consistent with
the role of capital markets for foreign exchange intervention in emerging markets as
put forward in section 2. This is even more plausible as the volatility of daily returns
and the fluctuations exchange rate levels seem intertwined.

62 Gunther Schnabl

Applied Economics Quarterly 57 (2011) 1
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Table 7

Two Stage Least Squares Reaction Function for Croatian
Exchange Intervention (01 /1996–03 /2005)

Aggregate
Interventions Purchases Sales

Constant 4.07
(2.63)

8.63**
(3.75)

13.14***
(1.91)

11.42***
(2.71)

9.07***
(1.80)

2.78
(2.54)

Deviation from
moving average

st�1 �
Pk
i¼1

st�1�i=k

� � -85.06***
(16.52)

–101.80***
(16.96)

–32.58***
(11.95)

–34.59***
(12.24)

52.49***
(11.31)

67.21***
(11.49)

Kuna /euro return
rt�1

–218.42***
(40.43)

–118.86***
(29.24)

99.56***
(27.69)

Kuna /euro squared
returnðrt�1Þ2

–323.26**
(160.15)

74.32
(115.63)

397.58***
(108.53)

Capital controls ðccDt Þ
(03 /02 /03–31 /03 /05)

0.11
(5.00)*

8.39
(6.00)*

–4.65
(3.62)

–5.35
(4.34)

–4.76
(3.43)

–13.74***
(4.07)

Table 8

Tobit Reaction Function for Croatian Foreign
Exchange Intervention (01 /1996–03 /2005)

Aggregate
Interventions Purchases Sales

Constant –1.043.34***
(90.98)

–982.73***
(85.27)

–1124.29***
(121.71)

–1151.22***
(125.31)

–1247.41***
(134.58)

–1290.67***
(146.23)

Deviation from
moving average

st�1 �
Pk
i¼1

st�1�i=k

� �
§

973.5***
(259.74)

977.34***
(258.55)

–297.02
(250.84)

–470.00*
(254.00)

1834.41***
(271.48)

2000.57***
(319.21)

Kuna /euro return
rt�1

§
848.30***
(231.64)

–1158.38***
(258.47)

1180.80***
(358.96)

Kuna /euro squared
return ðrt�1Þ2

1470.56***
(383.84)

738.12
(556.26)

1856.98***
(463.57)

Capital controls ðccDt Þ
(03 /02 /03–31 /03 /05)

–252.54***
(68.96)

–235.16***
(67.51)

–200.89**
(86.79)

–176.23**
(86.38)

–242.37**
(108.26)

–267.67***
(101.85)

Note: § For the aggregate interventions regression we use expressions in absolute values.

5. Conclusion

We have scrutinized the motivation for foreign exchange intervention in large
countries with highly developed capital markets as well as in small countries with
underdeveloped capital markets. Although official data on Croatian foreign ex-
change intervention are likely not to represent the full picture of intervention activ-
ities, the econometric results for Croatia widely confirm the notion that emerging
markets with underdeveloped capital markets tend to manage both day-to-day ex-
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change rate volatilities as well as exchange rate levels. The pattern of foreign ex-
change intervention for Croatia confirms a fear of depreciation (with respect to bal-
ance sheet effects of the banking sector) more than a fear of appreciation (with re-
spect to export competitiveness).

The results for Japan are in line with the traditional notion of target zones with re-
spect to the exchange rate level. The asymmetric intervention pattern clearly con-
firms a fear of a high yen, which can be attributed to concerns about the competi-
tiveness of the export industry as well valuations losses of international dollar re-
serves. There is few econometric evidence that also exchange rate volatility matters
for Japanese intervention activities. As exchange rate volatility has been consis-
tently higher in Japan than in Croatia, the Japanese monetary authorities do not
seem concerned about day-to-day volatility which is in line the highly developed
capital markets providing sufficient instruments to hedge short-term foreign ex-
change risk.
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