How Central Banks Preparefor Financial Crises

An Empirical Analysis of the Effects of Crises and Globalisation on
I nter national Reserve Holdings

Andreas Steiner*
May 2009

Abstract

Central banks’ international reserve holdings hemgeased significantly
in the recent past. While traditional models fad txplain this
accumulation of reserves, the more recent liteeadingues that reserves are
used as a lifejacket against currency crises. Hewaesearch so far has
neglected the question whether and how central dastlange their
precautionary reserve holdings after the country affected by a currency
crisis.

This paper tests the hypothesis that central bankse their reserve policy
in the aftermath of currency crises. A dynamic padata model is
estimated for developing and industrial countriegecing the period from
1975 to 2003. The evidence suggests that curremsesc induce a
permanent increase of reserves. This effect iscpdatly strong for recent
currency crises since the Asian financial crisi¢ @®7-98.
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1 Introduction

One puzzle of the international financial systenthie enormous increase in international
reserve holdings by central banks since the deofisiee Bretton Woods system. In contrast
to general wisdom, the transformation to de-jurearitexible exchange rate regimes was not
accompanied by a permanent reduction in the lelvetserves. Between 1975 and 2006, the
absolute value of worldwide official reserve holgrincreased by a factor of 1 This build-

up of reserves is mainly due to developing andsiteom economies. Their share in total
worldwide reserves has risen from 40% in 1975 taentban 70% in 2006. Although the
increase of the absolute level of reserves is drivea small number of countries, e.g. China,
Japan, Russia, Korea (Figure 1), the phenomenoasefve accumulation is not restricted to
a small number of outliers, but rather observabléhe majority of countries (see Figure 2).
The number of systematic accumulaters has everased in the recent past. Whereas from
1973 to 1996 on average 57% of all countries irsgddheir real reserves in a given year, this
share amounted to 65% over the period from 192006 (Figure 3).

The increase is also observable in commonly usddtators of reserve adequacy, which
consider the level of reserves in relation to disgavariable like imports, GDP or external
debt. This shows that the increase cannot be exqudby simple rules of thumb: Whereas
traditionally a level of reserves that covers thi@éur months of imports was considered to
be adequate, in 2006 reserves covered on average than six months of imports. Even
recent models of the optimal amount of reservektéaiexplain the actual accumulation.
According to Jeanne and Ranciere (2006) the optimadl of reserves for a benchmark
economy amounts to 10% of GDP. However, in 2008rakbanks’ reserves averaged 18%
of GDP.

This unexpected increase in reserves gave risesévi@s of papers that investigate two main
research questions. The first group of papers aaalthe optimality of reserve holdings given
that reserves exceed traditional indicators of rkes@dequacy. The second group aims at

finding rationales for this unprecedented resepaiaulation.

This paper contributes to the latter strand oflitegature. It proposes a new explanation for

reserve accumulation, namely that central bankseetheir reserve policy after they have

!All data in the introduction are obtained from cgétions based on the International Financial Stiiati (IMF
2008).



experienced a currency crisis and significantlyease their reserves after a crisis. Questions

of the optimality and adequacy of this reserveqyodire not touched.

Existing papers explaining the reserve accumulattan be grouped into two lines of
argumentation: The first argues that the accunuratif reserves is driven by mercantilist
motives and the result of an export-led growthtegrg (Dooley et al. 2003). The second
highlights the precautionary motive of reserve doays. Reserves are seen as a form of self-
insurance against financial crises. Examples ofdtier are Jeanne and Ranciere (2006) and
Mendoza (2004). Aizenman and Lee (2007) contragt baotives and test their empirical
relevance. Their results confirm the relevance pfeecautionary reserve demand, whereas the

mercantilist motive turns out to be economicallgigmificant.

This article contributes to both lines of arguménta If the experience of a currency crisis
alters a central bank’s reserve policy, the add#idhoardings might be precautionary. The
central bank changes its assessment of the cospégific crisis probability and fears future
currency crises. It wants to be better preparatkefend the currency and manage a crisis after
a future attack. The reserve accumulation afterisascmight also be driven by mercantilist
motives. Since it facilitates to maintain an unddéwed exchange rate, it might be regarded as

an instrument to ease the negative growth effefdiseocrisis.

Empirical tests of the proposed relationship betweeonomic crises and reserves are rare.
Typically, studies confirm that reserves decreasend a currency crisis whereas the long-
run effects of a crisis are disregarded. To my Kedge there is only one exception, namely
Aizenman and Lee (2007) who test for the long-rifiece of crises on reserve holdings.
However, their approach is rather simple and safieament is warranted. They include two
dummies in their specification, one for the Mexidaquila crisis in 1994 and another for the
Asian financial crisis of 1997-98. These are agpher all countries independently whether
they were directly affected by these crises or by find a significantly positive effect of

crises on reserve levels.

This article extends the existing literature inesal ways. First, it identifies crises for each
country individually and hence allows to test wiegtbountries change their reserve holdings
after they have suffered from a crisis. Secondsés a large data set that includes the period

of reserve accumulation beginning in the 1990scdifirm the robustness of the findings, the



results of three different estimators are compakFatally, and most importantly, it tests the
hypothesis that reserve holdings are significahifjner in countries that have experienced a
currency crisis. To this end, a panel data set miaaimum of 114 countries over the period
1975 — 2003 is analysed.

This paper is organized as follows. Section 2 dlessrhow reserves and currency crises are
related and postulates the hypothesis of the art®ction 3 presents the data which are used
in the empirical analysis. After a description bé tpanel data estimators, section 4 presents

and discusses the empirical results. The finail@econcludes.

2How arereservesand currency crisesrelated?

This section analyses the link between currencgesriand reserves, both theoretically and
empirically and motivates the hypothesis that @rianks change their reserve policy after

the experience of a currency crisis.

2.1 Theroleof reservesin models of currency crises

First, the role of reserves in different models cofrrency crises is reviewédSecond,
empirical evidence of the relationship between messe and the probability of a currency

crisis is presented.

In the first generation of currency crises modelsngonsistency between fiscal and monetary
policy on the one hand and the commitment to adfi@echange rate on the other leads to a
continuous loss of reserves and, consequently, dbaage of the fixed parity or even free
float when reserves have fallen below some critigdlie (e.g. Krugman 1979 and Flood and
Garber 1984). Thus, a high level of reserves caawoid this type of currency crisis. It can
only postpone its occurrence and provide a timéebuwfithin which domestic policy can be

reconciled with the exchange rate commitment.

2 The models which are presented here are knowrpdglmof balance of payments crises. Balance afhpays
crises may only arise under fixed exchange ratémreas currency crises may occur independenthhef t
exchange rate system. In these models a curreigyg generally is a precondition of a balance ofrpents
crisis since once reserves are exhausted — assaquence of the currency crisis — they can no lobgeised to
support the exchange rate parity and an adjustmeéhé current or capital account may be inevitable
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Models of the second-generation type emphasiseaticatrency crisis might be the result of
an optimising behaviour of the government. A goweent trades-off the costs of fiscal
austerity — additional unemployment and a depressedomy — against the costs of losing its
reputation for a credible exchange rate policy. @bandonment of an exchange rate peg is
seen as a deliberate and active policy choicéhindass of models expectations can be self-
fulfilling since the government's cost of maintaigi the peg depends on the mass of

individuals who attack. The more speculators attdtk more probable a crisis.

One of the pioneering works of the second-genaraiype is Obstfeld (1994). He affirms
“that reserve losses certainly accompany a clisisthey are not the factor that triggers it and
not the factor that ultimately leads the authasitie devalue.” (p. 211)

This view, however, neglects the relationship betwmdividuals’ expectations and the level

of reserves. In models of the second generatiorcdlsés of a defence of the exchange rate
depend on the expectations of the individualsntfividuals expect a devaluation because
reserves are low, a defence of the exchange rateore costly which, in turn, makes a

devaluation more probable. Hence, a low level cferees — which is considered as

inadequate — may be a contributing cause of a mcyrerisis.

The third generation approach to balance of paymermtes was developed as a response to
the Asian financial crisis of 1997-98 and highlglat variety of factors that might serve as
explanations for a currency crisis. These factadude the following: weakly supervised
financial systems and implicit government guaramtéieat lead to moral-hazard-driven
overlending; an increase of the real debt servizddn due to a large currency depreciation in
the presence of a currency mismatch (foreign cugrdiabilities are backed by domestic
currency assets); interactions with other kind&raincial crises, namely banking crises (twin
crises); and contagion due to linked fundamentalseoding behaviour of investors. In these
third-generation models the role of reserves isigotdus: On the one hand, a high level of
reserves might be interpreted by investors thagthwernment is ready to intervene in a crisis
situation. If creditors and borrowers expect thezegoment to provide public loans and
subsidies in the case of a crisis and if reservesansidered to be part of that government
guarantee, they may foster moral-hazard-driven lending. On the other hand, reserves
reduce the currency mismatch of the governmenteadidce the vulnerability of the country’s

consolidated balance sheet in the face of largeedegtions.



It can be concluded that the level of internaticieskerves plays a prominent role in models of
currency crises. High levels may reduce the prdivalif a currency crisis from a theoretical

perspective (second and third generation modelgpstpone its occurrence (first generation).

This is especially relevant for countries that &nancially integrated in the world capital
market. Whereas financial integration facilitatesgte financing of current account deficits
in good times, open capital markets increase tip@sxe to external financial disturbances
and speculative flows in crisis periods. Crises raage from the capital account with no
change in the current account. Therefore the mecent literature considers reserves as a
precautionary cushion against the risks of capitabunt liberalization, namely sudden stops,
reversals of capital flows and financial volatilitthe empirical analysis will account for these

effects by the inclusion of measures of finanaigration.

The empirical relationship between reserves andrenay crises has been studied
extensively> Kaminsky, Lizondo and Reinhart (1998) present wiewe of studies on
indicators of currency crises and report that maéonal reserves belong to the leading
indicators. A high level of reserves reduces tlabability of a currency crisis significantly in
12 out of a sample of 13 studies. The estimatisunlte of Bussiére and Mulder (1999) even
suggest that high liquidity (defined as internagibreserves over short-term external debt) can
offset weak fundamentals and reduce contagion.nlrexensive probit analysis of crisis
probability, Frankel and Wei (2005) find that thatio of short-term external debt to
international reserves together with expansionamnetary policy are the most likely
contributors to a crisis. In a historical companisaf the causes of currency crises in two
periods (1880-1913 vs. 1972-1997) Bordo and Meis§p@05) show that a strong reserve

position relative to money decreased the probgtofita crisis in both periods.
2.2 The hypothesis
We hypothesise that central banks accumulate iatiemal reserves after they have

experienced a currency cri§i§here might be several reasons why a central baakges its

reserve policy after a currency crisis has occurred

% Reserves are usually one of the leading indicatofsrecast a currency crisis in the literatureafly warning
systems of financial crises.

“In this article a broad concept of currency crisisused. The term currency crisis encompassesessitt
speculative attacks on a currency as well as uesséal ones.
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First, the experience of a currency crisis mightlléo a re-examination of the optimal amount
of reserves. A central bank might want to signgnmational investors and speculators that it
is disposed to defend the currency. They mightdreerned to disseminate positive signals
in the form of increasing reserve levels, which,timn, might reduce the probability of
speculative attacks. If a currency crisis cannoavmded, the central bank might at least wish
to be endowed with the resources for a betterscnginagement.

Second, a central bank might change its evaluatiamsks linked to the integration into the
international financial market. The occurrence ofrsis highlights the risks and costs of
sudden stops of capital flows and contagion. Thedes might have been undervalued in
good times of financial tranquillity.

Third, central bankers might not only be more \agil concerning possible risks. Even more
important, they might become more risk averse dftey have been blamed for the severe
effects of a crisis by politicians and the pubf@entral bank governors might be concerned
about the loss of reputation — of their person @inithe institution as a whole — and fear to be
fired.

Fourth, currency crises usually depress economiwvity. Governments might intend to
accelerate the recovery from low growth and retorthe pre-crisis growth path on the basis
of an export-led growth strategy. Central banks e@ytribute to this strategy by maintaining
the exchange rate undervalued. This can be faetlitif reserves are accumulated.

Finally, the accumulation of reserves after a srisan be explained by political economy
considerations. According to the theory of bureaagr bureaucrats try to maximize their
power through increases in their budget, staff atigcretion. International reserve
interventions are both powerful and often disciatgruments. Central bankers might use a
crisis episode to justify a further increase okrges. In the moment when the costs of a crisis
are evident, the costs of reserve holdings mighaiierestimated by the public. Moreover,
incumbent politicians like high reserves for theale in political business cycles: A
depreciation due to expansionary monetary polidgreeelections may be avoided by the sale

of reserves (see Dreher and Vaubel 2009).

To test this hypothesis a dynamic panel data misdedtimated. It expands traditional models
of the demand for reserves by the inclusion of mmy variable that accounts for currency

crises.



3 Empirical strategy

The following section sets the foundations for ¢nepirical analysis: It describes the data set,

presents the standard control variables and exglaw currency crises are identified.

3.1 Data

The empirical analysis is carried out on the bas$ia pooled data set of cross-country and
time-series observations. It contains annual datan 1975 to 2003 for a maximum of 181
countries. Since data for several explanatory bésgmare missing for some countries, the
number of countries used in the econometric armlyspends on the particular specification
and is indicated in the respective tables. It ranfjem 40 to 114 countries. With a few
exceptions, data are taken from the Internatiomari€ial Statistics of the IMF and the World
Development Indicators of the World Bank. A detdilgescription of the sample and data
sources can be found in the appendices A and B.

For the identification of currency crises, annudds@rvations may lack the necessary
precision. Therefore, an additional data set istracted that contains monthly observations
of the relevant variables (international reservesninal exchange rate and interest rate) for
the same sample of countries. It covers the perga-2003 such that also currency crises in

the five years before the period of the main emgiranalysis (1975-2003) can be identified.

3.2 Traditional control variables

In the following section the control variables greesented. The set of control variables
consists of those variables that were identifiedinagortant determinants of the level of

reserves in an accompanying paper.

Output per capita is included to control for therele of development. Less developed

countries are expected to hold more reserves sireyeare more affected by sudden changes
in the flows of goods and capital. Another explanatvariable is trade openness. The more
open the economy, the more vulnerable it is toregteshocks and is expected to hold more
reserves for precautionary motives. Higher volgtilneasured as the standard deviation of
the previous years of the growth rate of exportidse expected to be associated with a higher

level of reserves (precautionary motive).



Empirical studies show that both a high level ofeexal debt and a low level of reserves
increase the probability of a financial crisis. idenreserves might offset the vulnerability
induced by external debt. Therefore, it is expethed countries with a high level of external
debt hold more reserves for precautionary reasadditionally, short-term external debt is
included. Reserves that cover short-term exterebt énable a central bank to mitigate the
real exchange rate effects of capital flight. Hpallummies for different types of exchange
rate regimes are considered. The more flexibleekohange rate, the less reserves are needed
for its management.

According to the monetary approach to the balarigeagments, an excess supply of money
leads to an equal loss of reserves and vice vérkarefore, a proxy for monetary
disequilibrium is included in the set of controfizdbles.

Since the time-series of reserves are charactefized high degree of persistence, the
determination of the level of reserves is a nataeaididate for a dynamic specification that
includes the lagged level of reserves as one ofleterminants. This specification can be
motivated by a partial adjustment or habit-persistemodel.

The dependent variable international reserves msared net of gold holdings and scaled by
GDP.

3.3 Definition of acurrency crisis

The existing empirical literature uses two altewetvays to identify a crisis episode: event-
based methods and index methods.

The event-based method dates crisis episodes dratiie of events like a sharp depreciation,
an interest rate hike or news referring to a crégisation. In this analysis, the event-based
method will not be applied due to its conceptuargtomings. Both the definition of an event
— what is a sharp depreciation? — and its timirgli&ely to be arbitrary. Moreover, a given
rate of depreciation might qualify as a crisis meaountry whereas it is regarded as normal

in another country.

According to the index method, a currency crisidedined to occur if an index of exchange
market pressure (EMPI) exceeds a threshold. Whéheasvent-based method only identifies
actual currency crises, the index method reveals successful and unsuccessful speculative

attacks.



Whereas actual currency crises are characterizedhbyp depreciations, an unsuccessful
speculative attack can be identified indirectly dpunteractive measures taken by a central
bank: The currency may be defended by the salesefrves or an increase of the interest rate
may intend to stop massive capital outflows andettne reduce the pressure on the currency.
Eichengreen et al. (1996) propose an index thatnsanmes the changes of the nominal
exchange rate, reserves and the interest rate,vegighted by the inverse of their standard
deviation. All changes are computed relative t@farence country, namely Germany or the

US. Hence, the index is calculated as

10 18R, 1
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where e is the nominal exchange rate, R are reseavel i is the nominal interest rate. The
subscript t indicates the time period and the indd&notes a certain country. The standard
deviation ¢ is calculated individually for each country ovdretwhole period. In our
application changes in e and i are calculatedivelab the U.S. Changes in reserves are not
compared with a reference country since a simut@asdall of reserves in many countries
might signal a global crisis.

A currency crisis is defined to occur if the indexceeds its mean plus two standard
deviations’ In order to avoid double-counting, the three yéhas follow a currency crisis are
discarded. In comparison with the event methodsre/the threshold is fix over all countries
and periods — e.g. a depreciation of 25% in the cdd-rankel and Rose (1996) — the index
method calculates country-specific thresholds. Has the merit that it takes into account
different institutional settings. A devaluation anfixed exchange rate regime is much more
costly than the same devaluation under a floatikaha&nge rate since in the latter economic
agents are used to be exposed to a higher exchategeolatility and might be better prepared
for such situations.

Figure 4 shows the distribution of currency crides the pressure index. It succeeds in
identifying the two periods of numerous criseshat beginning of the 1980s and at the end of
the 1990s.

The following time path of reserves is assumed:eRe&s decrease during a currency crisis

and reach a lower point. After the disorder of ¢hsis passed and the economy is stabilized,

® | also used smaller and larger threshold valubs.choice of a threshold, however, does not chérge
number of identified currency crises significantly.
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the central bank restocks reserves. It is natwaadsume that the central bank aims at
accumulating reserves in the post-crisis periocrétore, we expect that reserves grow in the
first months or years after a currency crisis. Uf aurrency crisis dummy variable took the
value one beginning in the first crisis month, asipee relationship between crisis and
reserves would be natural. However, it would natidate a revised reserve policy but, in
contrast, affirm that the central bank replenishiss reserves. Conclusions would be
misleading.

Therefore, we focus on the end of a currency cridi® end of a currency crisis is defined as
the moment where — at least from the point of vvhe central bank — the economy is
stabilized again and reserves have reached theireddevel. The currency crisis dummy is
constructed as follows: After a currency crisis wdentified we determine in which month
reserve restocking is completed. The dummy takesdtue one in that year and all following

years. Hence the crisis dummy only evaluates drmes exceed their pre-crisis level.

Figure 5 illustrates the construction of the cridismmies and the expected time path of
reserves before and after currency crises. Accgrttirthe hypothesis, reserves are expected
to increase in the aftermath of currency crises @ndse above their pre-crisis level. This

increase is permanent.

There are two different views how to determine wpare restocking is completed. First, the
central bank might end its policy of reserve acclatmn once reserves reach their pre-crisis
level. However, for a given reserve strategy of ¢batral bank, the desired post-crisis level
usually differs from the desired pre-crisis levBluring a crisis typical determinants of
reserves like the amount of external debt, the @wy's trade openness and even the
exchange rate system may be affected by importanges. Therefore, as a second approach,
| calculate the fitted values of reserves over GDR bias-corrected dynamic fixed effects
estimation, which includes the same control vadalds the majority of the later regressions
except the crisis dummies. In the year when aateisérves exceed their fitted value, the
currency crisis dummy takes for the first time adue one. To test for the robustness of the
findings, the empirical analysis will make use @ithb approaches. They are referred to as
methods based on the pre-crisis level and fittégega respectively.

Given this currency crisis dummy | use two diffdraapproaches to employ it in the

estimation.
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First, |1 use all dummies individually in their cima@ogical order. That is to say, the effect
from the first until the last identified crisis sxamined. The dummy “first crisis” then

analyses the impact of the first crisis during 2083 independently of the year of its
occurrence. The first crisis might hit one countryi973 whereas another country suffers its
first crisis in 2003.

As a second approach, | distinguish three peri@uises between 1973 and 1981, between
1982 and 1996 and between 1997 and 2003. Theipartit episodes is justified by the
occurrence of important crises: the breakdown efBhetton Woods system in 1973, the debt
crisis of 1982 and the East Asian financial cri#isl997. These crises might have changed
the general perception of a crisis since these<rtsin be regarded as prototypes of crises.
Moreover, these three crises periods also coingitle the theoretical distinction of three
generations of currency crises (see section 2Hg.cFisis dummy takes the value one after a
country experienced its first currency crisis withhis period. Relevant is the year in which
reserve restocking is completed. The dummy makedifference whether this was the only
currency crisis for a certain country in this pdrar whether a country suffered several crises

in the same period.

In a nutshell, crises dates are identified accgrdinan exchange market pressure index. On
the basis of these dates, two different methodsygpéed to determine the year when reserve
restocking is completed. The dates of completetbcksg are used in two versions of crisis
dummies in the empirical analysis: absolute nundfecrises and categorized in periods of

crises.

3.4 Financial liberalization and economic globalisation

Financial liberalization and economic globalisatibath allow a country to profit from
international capital flows. However, they also matountries more vulnerable to sudden
stops and capital flow reversals. Therefore, chmtaxount liberalization and economic
globalisation might go along with increasing selurance in the form of reserve hoardings.
More importantly, the question arises whether phesined self-insurance was adequate or if a
central bank revises its reserve policy after theuarence of a currency crisis although it
already had taken precautionary measures beforeribis. If we did not control for these

effects, the currency crisis dummy might simplyxyrancreased economic integration.
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We rely upon the index of capital account openmies®loped by Chinn and Ito (2002). This
index embodies four binary dummy variables on m&gins on international financial
transactions, which are reported in the IMF’s AnriRgport on Exchange Arrangements and
Exchange Restrictions (AREAER). The index measdeegire financial openness and makes
no attempt to include de facto openness. Higharesindicate that countries are more open

to cross-border financial transactions.

As a proxy for the integration of an economy in ihkernational markets we use an index of
economic globalisation. It is a sub-index of the K@dex of globalisation proposed by
Dreher (2006). The index of economic globalisati@as two main components which are
weighted equally: actual flows of goods and captad restrictions to these flows. The index

takes values between one and hundred where highers/denote greater globalisation.

4 Empirical evidence
4.1 Statistical evidence

As a nonparmetric test of our hypothesis, figunglds in a scatter diagram the relationship
between the largest annual reserve loss during-2003 and the subsequent change in the
level of reserves. The diagram includes those cmsnbf our sample that experienced an
annual reserve loss of at least 25%. Analogoushramkel and Rose’s (1996) definition of a
currency crisis (nominal devaluation larger tha®a25 this is our indicator of a successful or
unsuccessful speculative attack. The ordinate teethe level of reserves relative to its pre-
crisis level five (right hand) and eight (left) yeaafter the reserve loss, respectively. The
horizontal line at the value zero divides the digrin two parts: in countries below the line,
reserves did not reach their pre-crisis level wagn@ countries above the line reserves are
larger than before the crisis. It is evident the majority of countries increases its reserves
well above the pre-crisis level. Whereas five yeddtsr a crisis there is still a minority of
countries with lower reserves than before the grisight years after the crisis in only six
countries reserves are below their pre-crisis lestlleast three of these countries suffered

from (civil) wars during those yeafsThe diagram illustrates that already after fivargethe

® These six countries with a lower reserve levehthafore the crisis are Afghanistan (crisis in 198ting the
civil war between 1979 and 1989), Bahamas (198ujkiBa Faso (1994), Nicaragua (1984, in the yeahef
first free elections after the Sandinista revolujdParaguay (1992) and Sri Lanka (1980, beginnivgwar in
1983).
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reserves of the majority of countries are twicartpee-crisis level (values larger than one on
the vertical axis). The downward sloping line ittied values indicates that there is a positive
link between the absolute loss of reserves anduhsequent accumulation of reserves. These
correlations, however, are not significant. In saine, figures show first evidence that central
banks accumulate reserves in the years after ammyrcrisis until reserves are significantly
higher than before the crisis.

4.2 Method of estimation

Since the level of reserves is partly determinedt®yevel of the previous period, | use a
dynamic specification where the lagged dependeridgible enters as an explanatory variable.
Since the lagged level of reserves is correlatdl tie error term the assumption of strict
exogeneity is violated. Fixed effects estimatonghich are the standard estimation technique
in static models - are biased and inconsistentfiemumber of units of observation going to

infinity and a fixed number of time periods.

The literature proposes two different solutiongte problem: a correction for the bias or,
alternatively, estimation by the Generalized Metlbddoments (GMM). In order to check

for the robustness of the results, the empiricalyais will make use of both methods.

For dynamic panel data models with serially undategl errors and strongly exogenous
regressors, Kiviet (1995) derives an approximatmrthe bias of the fixed effects estimator.
He proposes a corrected fixed effects estimatdr ghbtracts a consistent estimator of this

bias from the standard fixed effects estimator.

Instrumental variables estimators are proposed ragli@rnative solution. This class of
estimators eliminates the country-specific effebis first differencing and then applies
instrumental variables to the transformed equatibme difference GMM estimator, also
known as Arellano-Bond estimator (Arellano and Bd®®1) uses all feasible lagged values
of the dependent variable as instruments. Estimasoexecuted by a two-step procedure.
Since the two-step standard errors tend to be didsenward in small samples, the one-step
standard errors are used for inference. The cemsigtof the GMM estimator is checked by

two specification tests The Sargan test of ovetitieng restrictions, which evaluates the
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overall validity of the instruments, and the AralaBond test for autocorrelation in the
residuals. The results of both tests are repottédueabottom of the output tables.

These estimators assume that the slope parametersoastant over time and over all
countries. The previous chapter highlighted theotéigcal result that the estimation
coefficients may be biased if this assumption doashold. Tests of the poolability of the
dataset rejected the hypothesis of common slopanpeters. Therefore, one has to check
whether the results are robust to neglected courgtgrogeneity. On this account, the mean
group estimator, proposed by Pesaran and Smith5§189 employed. It estimates an

individual regression for each country by OLS awdrages the coefficients over countries.

4.3 Estimation results

Table 1 presents the estimation results for thevidal currency crises dummies in their
chronological order. As described above, the cridigamies switch from zero to one when
the central banks finishes to restock reserves afteurrency crisis. Columns (1) and (2)
assume that this is the case when reserves hawherkatheir pre-crisis level. The

determination of crises dummies in columns (3)3)p (Gowever, is based on an auxiliary
regression: The dummies take the value one begjnimirthe period when actual reserves
exceed their fitted values from the auxiliary resgien. We employ three different estimation
techniques: the difference GMM estimator, the lzasected fixed effects estimator and the

mean group estimator.

With respect to the traditional determinants okress, the results confirm previous results.
Independently of the chosen estimator the effetigpenness and external debt are positive
and significant. More open and more indebted caestrold higher levels of reserves. Short-
term external debt has a significant negative éfbecreserves. This supports the hypothesis
that an increase in short-term external debt isditation of an emerging financial crisis —
investors prefer to lend short-term — , which iBexded in a fall of central banks’ reserves.
The lagged level of reserves is highly significaltte effects of the remaining variables are
not significant. In particular, the level of devptoent (proxied by real GDP per capita),
external volatility and the exchange rate systenrmdbsignificantly influence the level of

reserves.
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With respect to the impact of currency crises, wea cecord the following: Whereas the
currency crisis dummies are insignificant when aelsing of reserves is defined by a
comparison with their pre-crisis level (columnsrd &), a minimum of one and a maximum
of three currency crises have a significant positffect on the level of reserves when fitted
values are used (columns 3 to 5). This implies tioamntries revise their reserve policy after
the experience of a currency crisis. The leveleskerves is a positive function of the number

of crises they suffered from during the period @isideration.

Table 2 shows the results when currency crisescategorized by their incidence in three
different periods. All crises dummies are cons&dabn the basis of a comparison of reserves
with their pre-crisis level. In the case of cripriods, the alternative use of fitted values is
disregarded since in this specification the eriames serially correlated (Arellano-Bond test
has a very low p-value), which might lead to midieg inferences. In this specification, all

currency crisis dummies turn out to be insignifican

Table 3 replicates column 3 of table 1 (number wirency crises) where capital account
openness and economic globalisation are added ritotdor the effects of international
financial integration. The results concerning caeyecrises are robust to this change: Crises
imply an increase in the level of reserves. Theaf are slightly smaller in magnitude than
without the additional control variables but stiighly significant. The first three crises
increase the level of reserves significantly, wheréhe fifth crisis leads to a significant
reduction in the level of reserves. Central banksndt increase the level of reserves after
each crisis. However, the cumulative effect of fina five crises is still positive. The effects

of capital account openness and economic glob@lisate not significant.

The robustness checks for currency crises periodspeesented in table 4. It replicates
column 1 of table 2 after adding the control vaealfor international financial integration.
The 1973-81 crisis dummy is still insignificantetisignificance of the 1982-1996 dummy
ambiguous and the 1997-2003 dummy is positive agwifeant. Hence, the inclusion of

measures for financial openness even reinforcesshdts with respect to currency crises.

Table 5 additionally includes interaction termswestn the crisis dummies and a fixed
exchange rate system. It tests whether central Haekerve policies in the aftermath of

currency crises depend on the exchange rate sy@am.might expect that the increase in
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reserves after a crisis is especially strong imtoes with a commitment to a fixed exchange
rate. The effects of the interaction terms are sighificant. However, independently of the
exchange rate regime, both crises between 1982996l and crises between 1997 and 2003

now significantly increase central banks’ interontl reserves.

Additionally, we check the robustness of the resbilt the use of a different definition of a
currency crisis. Based on an extended approachopeapby Zhang (2001) the time-series of
the exchange rate, reserves and the interestmaiasidered. A currency crisis is identified
if the rate of change of at least one of the vdemlexceeds a certain threshold. This definition
of a currency crisis provides even stronger suppmrthe hypothesis than the presented

results.

5 Conclusions

The widespread accumulation of international reservy central banks in recent years is
often explained as a precautionary buffer agaim& tisks of international financial

integration. Although theoretically plausible, emgal tests of this argument are still scarce.

This article analyses empirically whether currendges have an effect on countries’ level of
reserves. It is especially interesting to invesagaentral bank behaviour after crises, namely
when the risks of international financial integoatiare not only represented by a probability
measure, but when they have become real in the dbranspeculative attack with or without

ensuing devaluation of the national currency.

It tests the hypothesis that central banks incrézse holdings of international reserves after
they have experienced a currency crisis. A dynanodel is estimated for a large panel data
set of developing and industrial countries coverthg period from 1975 to 2003. The
evidence shows that currency crises induce a pemnmtancrease of reserves. This effect is
particularly strong for recent currency crises sirtbe Asian financial crisis. The more
currency crises a country suffered from, the higherlevel of reserves is. These findings are
robust for different definitions of a currency @iand across different estimation methods.

Central banks revise their reserve policy after #éxperience of a currency crisis and

accumulate reserves in its aftermath.
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Data source: International Monetary Fund (2007)

Figure 2: Relative increase of international reserves (1996-2006)

Data source: International Monetary Fund (2007)

Notes: The relative increase of reserves is caledlas the ratio of the level in the year 2006thadevel in
1996.
Countries with missing data are marked white. Meegpthe following outliers (very large increase)
are disregarded: Cameroon, Equatorial Guinea, latsard Sudan.
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Figure 3: Share of countrieswith positive reserve accumulation
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Figure 4: Identified currency crises by the exchange market pressure index
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Figure5: Stylized time path of reserves according to the hypothesis
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Table 1: International reservesand currency crises. Fine classification

Dependent variable:

Reserves/GDP @) (2) ®) ) ®)
Lagged endogenous variable 0.7339 0.9335 0.6973 0.9122 0.3911
(12.52**%) (57.68**%) (11.92**%) (55.47%%) (7.18*%)
Real GDP per capita -0.0046 -0.0015 -0.0040 -0.0019 0.0197
(-1.120) (-0.82) (-1.08) (-1.04) (0.97)
Trade openness 0.0563 0.0356 0.0577 0.0324 0.0460
(3.62%+*) (5.11%) (3.72%+) (4.55*%) (2.04%)
Volatility (nominal) -0.0028 -0.0048 -0.0016 -0.0034 -0.0246
(-0.94) (-1.72% (-0.89) (-1.23) (-0.69)
Total external debt 0.0193 0.0196 0.0164 0.0172 0.0365
(per cent of GDP) (3.89%+*) (5.28*+*) (4.02%+*) (4.66*+*) (1.61)
Short-term external debt, -0.0570 -0.0353 -0.0602 -0.0318 -0.1702
lagged (per cent of GDP) (-3.55%*+%) (-2.91%+%) (-3.67*%) (-2.60%**) (-2.25*)
Fixed exchange rates, -0.0002 0.0035 0.0030 0.0064 -0.0071
dummy (0.14) (0.79) (0.55) (2.47) (-2.06%)
Intermediate exchange rates, 0.0044 -0.0002 0.0067 0.0004 0.0077
dummy (1.01) (-0.05) (1.59) (0.09) (1.57)
Monetary disequilibrium -0.0003 -0.0004 -0.0002 -0.0002 0.1033
(excess money supply) (-1.66%) (-0.51) (-1.29) (-0.22) (0.61)
First crisis 0.0084 0.0062 0.0397 0.0122 0.0230
(1.37) (2.19*) (4.92%+*) (4.32*+%) (3.13*+%)
Second crisis 0.0153 0.0025 0.0348 0.0041 0.0304
(1.36) (0.71) (2.88***) (1.12) (3.62*%)
Third crisis 0.0180 -0.0038 0.0374 0.0053 0.0140
(2.47) (-0.98) (3.46%*) (0.97) (2.92%)
Fourth crisis 0.0098 0.0023 0.0078 0.0130 -0.0015
(0.63) (0.28) (0.31) (0.76) (-1.35)
Fifth crisis -0.0194 -0.0036 -0.0233 -0.0349 0.0012
(-1.40) (-0.24) (-2.27*%) (-1.76%) (0.37)
Sixth crisis 0.0110 0.0192
(0.27) (n.a.)
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Number of countries 114 114 114 114 40

Number of observations 1651 1651 1651 1651
Method of estimation Difference LSDV Difference LSDV MG
GMM GMM
(two step) (two step)
Sargan Test (p-level) 1.0 1.0
Arellano-Bond-Test (p-level) 0.91 0.85
Notes:

t-statistics (in brackets) computed with heteroslstidity-consistent standard errors.

* ** and *** denote significance at the 10%, 5%nd 1% levels, respectively.

LSDV: least-squares dummy variable estimator (edieffects estimator)

MG: mean group estimator

Since the mean group estimator is based on indiVigigressions for each country, the sample isicest to
countries for which at least 20 common observatfongach variable are available. This explainsrduziced
number of observations.

As described in the text, the crisis dummies obtioois (1) and (2) take the value one after resdrage reached
their pre-crisis level. The crisis dummies in cohg1(3) to (5) are based on an auxiliary regressitve: dummies
take the value one beginning in the period whemadateserves exceed their fitted values from theliaty
regression.
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Table 2: International reservesand currency crises. Classification in periods of crises

Dependent variable: Reserves/GDP (2) 2)
Lagged endogenous variable 0.7407 0.9350
(12.19**) (59.04***)
Real GDP per capita -0.0046 -0.0012
(-1.23) (-0.70)
Trade openness 0.0516 0.0355
(3.26*+*) (5.21%+*)
Volatility (nominal) -0.0036 -0.0047
(-1.39) (-1.70%
Total external debt 0.0193 0.0209
(per cent of GDP) (3.63**%) (5.53*%)
Short-term external debt, -0.0580 -0.036
lagged (per cent of GDP) (-4.02%+*) (-2.94*+*)
Fixed exchange rates, -0.0011 0.0043
Dummy (-0.08) (0.97)
Intermediate exchange rates, 0.0045 0.0002
Dummy (0.95) (0.04)
Monetary disequilibrium -0.0003 -0.0003
(excess money supply) (-1.76%) (-0.49)
Crisis 1973-81 -0.0045 -0.0064
(-0.26) (-1.24)
Crisis 1982-96 0.0147 0.0040
(1.04) (1.22)
Crisis 1997-03 0.0124 0.0038
(1.56) (1.13)
Method of estimation Difference GMM LSDV

Sargan Test (p-level)

Arellano-Bond-Test (p-level)

(two step)

1.0

0.86

Notes:

Estimation is based on a sample of 114 countriggasing a total of 1651 observations.
t-statistics (in brackets) computed with heteroslstidity-consistent standard errors.

* ** and *** denote significance at the 10%, 5%nd 1% levels, respectively.
LSDV: least-squares dummy variable estimator (edieffects estimator)
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Table 3: Robustness checks: Inclusion of measures of financial integration

Dependent variable: Reserves/GDP

1)

)

Lagged endogenous variable 0.6942 0.7196
(10.34**%) (11.49**%)
Real GDP per capita -0.0057 -0.0010
(-0.92) (-0.37)
Trade openness 0.0612 0.0395
(5.14*+*) (2.43*)
Volatility (nominal) -0.0015 -0.0150
(-0.85) (-0.86)
Total external debt 0.0168 0.0197
(per cent of GDP) (3.50***) (4.95***)
Short-term external debt, -0.0521 -0.0636
lagged (per cent of GDP) (-3.58*+*) (-4.10%**)
Fixed exchange rates, 0.0013 0.0072
dummy (0.58) (0.90)
Intermediate exchange rates, 0.0063 0.0064
dummy (1.80% (1.02)
Monetary disequilibrium -0.0002 -0.0001
(excess money supply) (-1.29) (-0.83)
First crisis 0.0352 0.0368
(6.56%**) (4.23%*)
Second crisis 0.0307 0.0347
(4.39%**) (2.48*)
Third crisis 0.0322 0.0453
(3.19%+*) (4.42%+*)
Fourth crisis 0.0106 0.0238
(0.46) (1.22)
Fifth crisis -0.0261 -0.0457
(-1.89%) (-3.21%**)
Sixth crisis 0.0807 0.0201
(0.55) (0.83)
Capital account openness 0.0019
(0.42)
Economic globalisation 0.0009
(1.20)
Number of countries 114 70
Number of observations 1606 1150
Method of estimation Difference GMM Difference GMM
(two step) (two step)
Sargan Test (p-level) 1.0 1.0
Arellano-Bond-Test (p-level) 0.79 0.66

26



Table 4: Robustness checks: Inclusion of measures of financial integration

Dependent variable: Reserves/GDP Q) )
Lagged endogenous variable 0.7321 0.7542
(11.70***) (12.31**%)
Real GDP per capita -0.0070 -0.0014
(-1.49) (-0.51)
Trade openness 0.0633 0.0555
(5.12%%) (4.16%%)
Volatility (nominal) -0.0019 -0.0157
(-1.34) (-1.34)
Total external debt 0.0203 0.0247
(per cent of GDP) (3.30%*%) (3.51*%)
Short-term external debt, -0.0505 -0.0494
lagged (per cent of GDP) (-3.62*+*) (-5.08***)
Fixed exchange rates, -0.0017 0.0049
dummy (-0.25) (0.57)
Intermediate exchange rates, 0.0039 0.0069
dummy (2.03) (0.95)
Monetary disequilibrium -0.0003 -0.0003
(excess money supply) (-1.78%) (-1.57)
Crisis 1973-81 -0.0149 -0.0010
(-1.11) (-0.12)
Crisis 1982-96 0.0065 0.0163
(0.91) (1.72%
Crisis 1997-03 0.0119 0.0187
(1.74% (2.55*)
Capital account openness -0.0014
(-0.33)
Economic globalisation 0.0009
(0.91)
Number of countries 114 70
Number of observations 1606 1150
Method of estimation Difference GMM Difference GMM
(two step) (two step)
Sargan Test (p-level) 1.0 1.0
Arellano-Bond-Test (p-level) 0.78 0.63

Notes:

t-statistics (in brackets) computed with heterosistidity-consistent standard errors.

* ** and *** denote significance at the 10%, 5%nd 1% levels, respectively.
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Table5: Robustness checks: I nteractions between crises and fixed exchangerate system

Dependent variable: Reserves/GDP (1) (2)
Lagged endogenous variable 0.5228 0.7426
(7.63%**) (11.72%%)
Real GDP per capita -0.0042 -0.0038
(-0.39) (-1.04)
Trade openness 0.0624 0.0503
(2.11%) (3.41%+)
Volatility (nominal) -0.0105 -0.0031
(-0.44) (-1.23)
Total external debt 0.0189 0.0186
(per cent of GDP) (2.05*¥) (3.65***)
Short-term external debt lagged -0.0464 -0.0611
(per cent of GDP) (-1.90%) (-4.26%**)
Fixed exchange rates, 0.0054 0.0097
dummy (0.37) (1.07)
Intermediate exchange rates, dummy 0.0045 0.0037
(0.65) (0.96)
Monetary disequilibrium -0.0021 -0.0002
(excess money supply) (0.007) (-1.71%)
Crisis 1973-81 0.0509 0.0079
(1.68%) (0.36)
Crisis 1973-81 under a 0.0019 -0.0118
fixed exchange rate system (0.49) (-1.13)
Crisis 1982-96 0.0427 0.0219
(4.83%**) (2.12%)
Crisis 1982-96 under a -0.0110 -0.0112
fixed exchange rate system (-1.89%) (-0.72)
Crisis 1997-2003 0.0274 0.0184
(4.10%) (1.74%
Crisis 1997-2003 under a 0.0195 -0.0117
fixed exchange rate system (1.91% (-1.12)
Number of countries 108 114
Number of observations 772 1651
Method of estimation Difference GMM Difference GMM
(two step) (two step)
Sargan Test (p-level) 1.0 1.0
Arellano-Bond-Test (p-level) 0.49 0.88

Notes:

Column (1) presents the results when currency caseslefined according to Zhang (2001), whereas the

regression of column (2) uses the exchange markespre index to identify crises.
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Appendix A: Country list

Afghanistan
Albania
Algeria
Angola
Antigua and
Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas, The
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize

Benin
Bhutan
Bolivia
Bosnia and
Herzegovina
Botswana
Brazil
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Central African
Republic
Chad

Chile

China
Colombia
Comoros

Congo, Dem. Rep.

Congo, Rep.
Costa Rica
Cote d'lvoire
Croatia

Cyprus

Czech Republic
Denmark
Djibouti

Dominica
Dominican
Republic
Ecuador

Egypt, Arab Rep.
El Salvador
Equatorial Guinea
Eritrea

Estonia
Ethiopia

Fiji

Finland

France

Gabon

Gambia, The
Georgia
Germany
Ghana

Greece
Grenada
Guatemala
Guinea
Guinea-Bissau
Guyana

Haiti

Honduras

Hong Kong, China
Hungary
Iceland

India

Indonesia

Iran, Islamic Rep.
Iraq

Ireland

Israel

Italy

Jamaica

Japan

Jordan
Kazakhstan
Kenya

Korea, Rep.
Kuwait

Kyrgyz Republic
Lao PDR

Latvia

Lebanon
Lesotho

Liberia

Libya
Lithuania
Luxembourg
Macao, China
Macedonia, FYR
Madagascar
Malawi
Malaysia
Maldives

Mali

Malta
Mauritania
Mauritius
Mexico
Micronesia, Fed.
Sts.

Moldova
Mongolia
Morocco
Mozambique
Myanmar
Namibia
Nepal
Netherlands
Netherlands
Antilles

New Zealand
Nicaragua
Niger

Nigeria
Norway

Oman
Pakistan
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Poland
Portugal
Qatar
Romania
Russian Federation
Rwanda
Samoa

San Marino
Sao Tome and
Principe

Saudi Arabia

Senegal
Seychelles
Sierra Leone
Singapore
Slovak Republic
Slovenia
Solomon Islands
Somalia

South Africa
Spain

Sri Lanka

St. Kitts and Nevis
St. Lucia

St. Vincent and the
Grenadines
Sudan
Suriname
Swaziland
Sweden
Switzerland
Syrian Arab
Republic
Tajikistan
Tanzania
Thailand

Togo

Tonga

Trinidad and
Tobago
Tunisia

Turkey
Turkmenistan
Uganda
Ukraine

United Arab
Emirates
United Kingdom
United States
Uruguay
Vanuatu
Venezuela, RB
Vietham
Yemen, Rep.
Zambia
Zimbabwe
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Appendix B

List of variables and data sour ces

Variable Source Description
Reserves World Bank Net international reserves comprise special
(2005a) drawing rights, reserves of IMF members held

by the IMF, and holdings of foreign exchange
under the control of monetary authorities. Gold
holdings are excluded. Data are in current U.S.
dollars.

Real GDP per World Bank GDP is measured as gross domestic product in

capita (2005a) constant international dollars with the year 2000
as base. An international dollar has the same
purchasing power over GDP as the U.S. dollar
has in the United States. This measure of GDP is
divided by the population which counts all
residents regardless of legal status or citizenship

Trade openness World Bank Openness is defined as the sum of exports and

(2005a) imports divided by GDP. Data are expressed in

per cent.

Volatility World Bank Volatility is measured as the standard deviation

(nominal) (2005a) of the previous five years of the growth rate of
exports.

Total external World Bank Total external debt is the sum of public, publicly

debt (divided by (2005a) guaranteed, and private nonguaranteed long-

GDP) term debt, use of IMF credit, and short-term
debt. Data are in current U.S. dollars divided by
GDP.

Short-term World Bank Short-term external debt includes all debt that

external debt (2005b) has an original maturity of one year or less. Data

(divided by are in current U.S. dollars divided by GDP.

GDP)

Monetary Own Excess money supply is calculated as the

disequilibrium calculations difference between money supply and money

(excess money
supply)

demand (for M1). Money demand is estimated
as the fitted values of a real money demand
equation that includes real GDP and the money
market interest rate as explanatory variables.
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Appendix B (continued)

Variable Source Description
Capital account Chinn and Measure of the de jure openness of the capital
openness, Ito (2002) account. Calculation is based on the binary
dummy dummy variables of the IMF publication Annual
Report on Exchange Arrangements and
Exchange Restrictions (AREAR)
Economic Dreher Index based on actual flows of goods and capital
globalisation (2006) and restrictions concerning these flows.
Fixed exchange Ghosh, Equals one if one of the following finer
rates, dummy Gulde and categories applies: dollarized, currency board,
Wolf (2002) monetary union, single currency peg, published
and own basket peg and secret basket peg.

Intermediate
exchange rates,
dummy

update based
on
AREAER

Ghosh,
Gulde and
Wolf (2002)
and own
update based
on

AREAER

Equals one if one of the following finer
categories applies: cooperative system, crawling
peg, target zone, unclassified rule-based
intervention, managed float with heavy
intervention, unclassified managed float and
other floats.
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