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Abstract

This paper addresses theissue of the optimal stock of internationalreser-
ves in terms of a statistical model in which reserves affect both the proba-
bility of a sudden stop —as well as associated output costs— by reducing
the balance-sheet effects of liability dollarization. Observed reserves on
the eve of the global financial crisis were—on average—not distant from
optimal reserves.

Resumen

Enestearticulose determinaelnivel 6ptimo de reservasinter-
nacionales en términos de un modelo estadistico en el cuallas
reservasafectan tantola probabilidad de unainterrupcién sa-
bitade flujos de capital, comolos costos en productoasociados,
alreducirlos efectos de balance producidos porladolarizaciéon
de pasivos. Se encuentra que las reservas observadas en vispe-
ras de la crisis financiera no estuvieron —en promedio- aleja-
das de los niveles 6ptimos derivados del modelo.
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1. INTRODUCTION

ecent financial crisesin both emerging and advanced

economies show the increasing fragility of financial

markets and institutions in the last three decades.
Fragility could arguably be partially explained by a wave of
financial deregulation and regulation arbitrage, the latter
leading to a raceto the bottomby which financial instruments
are designed to avoid costly regulatory requirements. The
latter was evident in the context of the subprime crisisin which
shadow bankscould become highlyleveraged by (legally) es-
chewing regulations applied to banks protected by central
banks —although they were eventually protected by central
banks on the principle that they were too big to fail, a clear
case of moral hazard.

Financial fragilitywas until recentlyignored by mainstream
macroeconomics under the presumption that the issues in-
volved could be handled by specialists focusing on micro is-
sues —and, if it occasionally overflowed its micro niche and
threatened to cause severe output and employment effects,
standard macroeconomic policies (e.g., lower policy interest
rates) would be able torestore full-employment equilibrium in
ashortspan of time. Recent episodes, though, leave no doubt
that financial fragility could result in a major interruption of
credit flows in spite of strenuous efforts to prevent it through
standard macro policy. Credit stop brings severe cuts in wor-
king capitaland investment funds, resulting in significantloss
in output and employment.

Emerging market economies, EMs, have suffered a large
number of these episodes. One salient characteristic in EMs
isasudden, large and largely unexpected cutin international
capital flows, aphenomenon thathasbeenlabeled sudden stop.
Without anything resemblinga globallender of last resort and
thelimited ability of EMs to borrow in terms of domestic curren-
cy -both internationally and domestically-, make EMs parti-
cularly vulnerable tosudden stopsand, outstanding examples
of financial fragility.
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Despite multiple official pronouncements about the need
to find a new financial architecture, particularly after the sur-
prising collapse of the Asian Tigers in 1997, little was done
to improve the resilience of EMs against sudden stops. This,
coupled with the IMF mishandling of the Asian crisis ~which
erroneously treated those economies asiftheywere fiscal pro-
fligates—gave EM policymakers strongincentives to self-insure
by accumulating international reserves. The resilience of the
high-reserves economies during the subprime crisis appears
to validate the self-insurance strategy. Part of the adjustment
during the Lehman crisis episode, for example, took the form
of reserve decumulation.

International reserves take the form of hard-currencyliquid
publicliabilities (e.g., US Treasurysecurities), typically exhibi-
ting low rates of return compared with other investment pro-
jects opened to EMs. Thus, even though it is hard to deny the
relevance of reserve accumulation for shielding EMs from the
effects of sudden stop, the presentlarge stocks and continued
trend towards greater accumulation of international reserves
isbeginningtoraise the question of whether this selfinsuran-
ce strategy has already reached a point of strongly declining
marginal returns —and becoming excessive.

This paper addresses the issue of the optimal stock of inter-
national reserves in terms of a statistical model in which reser-
ves affect both the probability of sudden stop, and attendant
output costs. This allows us to compute the expected return
from international reserves holdings, conditional on global fi-
nancial conditions. On the other hand, the opportunity cost of
international reservesisassumed to be equal to theyield onin-
ternational publicsector debt. These two pieces of information
are employed to compute the level of reserves that maximize
expected return net of cost, given global financial conditions.
Our main results suggests that over-accumulation of reserves
in EMsis not obvious. Out of the 27 emerging economies consi-
dered, only ten have reserves that are higher than their corres-
ponding optimal level. Also, our empirical evidence seems to
indicate that currency-denomination mismatch and currentac-
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count deficits —identified in Calvo, Izquierdo and Mejia (2008)
as key determinants of sudden stops—are a substantial element
taken into account by policymakers in choosing the stock of in-
ternational reserves. However, other motives for deviating from
optimal international reserves levels associated to the precau-
tionary motive highlighted here are also present. Some of the
empirical evidence presented below suggests that oil exporting
countriesmay hold reservesin excess of optimal reserves based
on precautionary motives, perhaps as an instrument for inter-
temporal transfers of oil resources. Also, perceptions oflender-
of-last-resort type insurance may also explain deviations from
precautionary-motive-type optimal reserves levels.

The paperis organized as follows: Section 2 reviews the lite-
rature on this topic, Section 3 presents a model based on pre-
cautionarymotives, Section 4 discusses empirical results, and
Section 5 concludes.

2. LITERATURE

The substantial increase in international reserves in several
emerging markets following sudden stop episodes throughout
the 1990s motivated the resurgence of interest in models lin-
king international reserve hoarding to precautionary moti-
ves. Although the source of shocks may now be different, the
concept of holding international reserves for precautionary
reasons is not new and it can be traced back to Heller (1966),
who motivates the need for holding reserves by introducing
shockstothetrade balance —e.g., afallin foreign demand fora
country’s exports-although his framework can accommodate
any kind of externalimbalance. Heller’'sworkis about the first
to quantify optimal reserve levels for a large set of countries
byweighting the adjustment costs resulting from external im-
balances that cannot be met with reserves against the oppor-
tunity cost of holding reserves.!

! The size of adjustment is measured by the amount of average ex-

ternal imbalances relative to the propensity to import, while the
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Another family of models accounting for reserve holdings
that emerged later is based on stochastic inventory-theoretic
frameworks borrowed from setups modeling money holdings
(such as Miller and Orr, 1966). One of the first approaches in
this direction came from Frenkel and Jovanovic (1981), who
viewreserves as a buffer stock toaccommodate stochastic fluc-
tuations in external transactions. Since adjustment costs will
beincurred whenever reserves reach alower bound, it will be
optimal to hold alevel of reserves that can cope with the vola-
tility of external transactions and avoid such adjustment. In
this setup, optimal reserves are a function of the cost of ad-
justment, the opportunity cost of holding reserves, and the
volatility of Wiener increments in the reserve process. Empi-
rical modifications, asin Flood and Marion (2002), improved
on Frenkel and Jovanovic (1981) by measuring reserve volati-
lity more precisely.

Areformulation of the precautionaryapproach was brought
back to the forefront by Ben-Bassat and Gottlieb (1992), who
consider that a drain of reserves can lead to default on exter-
nal debt with subsequent output losses. Thus, it is the cost of
default that must be incorporated in the trade-off against the
opportunity cost of holding reserves.

More recently, Lee (2004), based on option price theory,
estimates the optimal level of international reserves under
the assumption thatan overallinsurance value equivalent to
the amount of short-term external debtis needed for precau-
tionaryreasons. Furtherassuming that this overallinsurance
level will be met partially through market-based insurance
and partially by self-insurance —i. e., reserve accumulation—
he derives optimal self insurance levels for developed coun-
tries.? Using thisasabenchmark, he contrasts existing reserve

opportunity cost of holding reserves is measured as the difference
between the rate of return on capital and the return on interna-
tional reserves.

? The motive for partial self-insurance relies on the assumption that
there exists a spread between the country’s borrowing rate and the
interest rate available to the party offering insurance.
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levels in developing countries against those that they would
hold were they to behave like developed countries —covering
roughlyabout 50% of short-term external debt through reserve
accumulation—and finds that foragroup of emerging markets,
excessreservesamountonaverage to 17% of GDP. He attributes
this excess coverage to the weakness in institutional develop-
ment and policy credibility in emerging markets.?

Dooley, Folkerts-Landauand Garber (2004) take adifferent
view and followamodern mercantilistapproach toaccount for
hoarding of international reserves as part of a deliberate de-
velopment strategy, in which reserves act as collateral for en-
couraging foreign directinvestment. However, Aizenman and
Lee (2005) find preliminarysupport for the fact that although
mercantilist effects are significant —as captured by variables
like export growth, or deviations of the real exchange rate from
purchasing power parity— they have a smaller impact relative
tovariablesassociated with precautionary effects (such as cri-
sisindicators) in the determination of the level of reserves.

Focusingagain on the precautionaryapproach, Jeanne and
Ranciere (2006) provide an up to date motivation for inter-
national reserve accumulation by constructing a model that
incorporates the benefit of holdinginternational reservesin
sustaining domestic absorption in times of a sudden stop in
capital flows. In order to obtain empirical estimates of opti-
malreserves, they calculate the expected costsassociated with
asudden stop by estimating a Probit model of the probability
ofasuddenstop—based onaset of macroeconomic variables—
and taking a proxy for the cost of a sudden stop constructed

* Aizenman and Marion (2004) provide another rationale for the
existence of reserve levels below those deemed optimal by efficiency
conditions when political economy factors are taken into account.
For example, a conservative government with a low probability of
reelection may want to leave asmaller reserve level to sofi contenders
who might spend them later on special interest groups. However,
Aizenman and Marion (2002) show that other factors, such as in-
creased sovereign risk and high taxation costs associated with large
inelastic fiscal liabilities may lead to larger reserve accumulation.
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as the sample average difference in the output growth rate in
sudden stop times relative to tranquil times. With these expec-
ted costsathand, ameasure of the opportunity cost of holding
reserves, a calculation of the average size of capital account
reversals, and an assumption on the degree of risk aversion of
the government, theyobtain alevel of optimal reserves for the
average country. However, when moving toregional averages,
they estimate an optimal level of reserves for each country by
setting the size of the sudden stop toitsrealized mean value in
each region, keeping the cost of a sudden stop constant, whi-
le calibrating the coefficient of risk aversion to match average
reserve holdingsin the middle of the sample period. Although
theirmodelisusefulinincorporatingreservesasaninstrument
that stabilizes domestic absorption, their approach does not
incorporate arole for reserves either in affecting the probabi-
lity of a sudden stop or the cost of a crisis.

Ruiz-Arranzand Zavadjil (2008) follow on the steps of Jean-
ne and Ranciere (2006) to address their claim that reserve hol-
dings by Asian countries seem to lie above optimal levels. By
acknowledging that the size of the costs of sudden stops was
larger in Asia than that used by Jeanne and Ranciere (2006),
and that these economies faced lower spreads, they could ex-
plain a significant amount of the difference between the le-
vels of observed and optimal reserves as defined by Jeanne
and Ranciere (2006). However, in their estimations, they take
both the probability of a sudden stop as well as the cost of the
crisis to be exogenous.

Goncalves (2007) extends the framework in Jeanne and Ran-
ciere (2006) to include coverage of dollar deposit withdrawals
during a sudden stop as an additional element to consider at
the time of choosing optimal reserves, and assumes that banks
match with their own reserves the equivalent of dollar deposits
from non-residents, but only a fraction of dollar deposits in
the hands of residents, providing an additional role for gover-
nment reserve accumulation. However, this framework does
not incorporate arole for reserves either in affecting the pro-
bability of a sudden stop or the cost of a crisis.

G. Calvo, A. Izquierdo, R. Loo-Kung 7



To our knowledge, one of the few studies on optimal reser-
ves that incorporates international reserves in the determi-
nation of the probability of a crisis is that of Garcia and Soto
(2004), who use theratio of reserves to short-term liabilities in
their estimations. They provide a rationale for this by sugges-
ting thatlargeramounts of international reserves could imply
that countries avoid costlyliquidation of assets. They proceed
to estimate optimal reserves for a group of four Asian econo-
miesand Chile, underalternative assumptions about the costs
ofa crisis, ranging from 5% to 15% of GDP. Alternatively, they
ask what the costs of a crisis should be for current levels of re-
serves to be considered optimal. However, the mechanism
under which reserve hoarding operates in reducing the pro-
bability ofasudden stop is not explicitlystated, and indicators
of external liabilities, a factor that could be considered rele-
vant in terms of providing a source of risk justifying the need
to accumulate reserves, turn out not to be significant in their
estimations. Moreover, just like most of the literature, their
specifications of optimal reserves do not rely on estimations
of determinants of the cost of a crisis -including international
reserves— but rather rely on sensitivity analysis to alternative
sizes of the costs of a crisis.

More recently, Jeanne (2007) also incorporates internatio-
nal reserves as a determinant of the probability of crises, but
finds that although they do help in mitigating the probability
of currency crises, they do not affect significantly the proba-
bility of a sudden stop.*

Our approach builds on this precautionary approach
literature linked to sudden stops and makes the following con-
tributions: we endogenize both the probability ofasudden stop
andthe costs of a crisis through empirical modelslinked to ba-
lance-sheet effects. Moreover, we provide a rationale for the
inclusion of international reservesin the determination of the

These estimations are also used in an updated version of Jeanne
and Ranciere (2009), incorporating the impact of reserves in the
probability of a currency crisis.
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probability of asudden stop as well as output costs, as reserves
constitute an instrument that offsets potential balance-sheet
effects stemming from large domestic liability dollarization
(DLD).” In this sense, determinants of the probability of a cri-
sis—includinginternational reserves—areinand of themselves
also determinants of the cost of a crisis. This approach is enti-
rely consistent with the theoretical framework developed by
Durdu, Mendozaand Terrones (2007), who argue that foreign
asset accumulation is justified by optimal self-insurance due
to the risk of endogenous sudden stops in economies with lia-
bility dollarization and collateral constraints. In their model,
precautionary demand for foreign assets takes into account
how foreign asset holdings alter the probability and the mag-
nitude of sudden stops, both of which are equilibrium outco-
mes of their model.

Another benefit of ourapproachisthatinstead of selecting
parameters to calibrate a first order condition to match avera-
ge data on costs and reserve holdings, we tailor both the pro-
bability of asudden stop and output costs functions to country
specific information on their determinants based on empiri-
cal models. We then use our first order condition to put these
pieces together, without requiring further assumptions on pa-
rameters. In a way, this approach to obtaining optimal levels
of international reserves is more ambitious in that it will not
necessarily fitthe data. However, assumptions will need to be
maderegarding thelevel of insurance policymakers maywant
to buy when deciding on the optimal level of reserves.

3. THE MODEL

Our point of departure relies on the assumption that interna-
tional reserves serve two key purposes. On the one hand, they
may affect the probability of asudden stop in capital flows. On
the other, they may have an influence on the costs associated

® DLD consists of dollar loans handed by the domestic banking system
as ashare of GDP. See Calvo, Izquierdo and Mejia (2008) for details.
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with a financial crisis. In this case, the central bank will need
to decide on a level of international reserves that weighs the
impact of reserve accumulation on the expected costsof asudden
stop against the opportunity cost of holding reserves. Consi-
der the case in which the monetary authority minimizes the
following loss function L(R):

1] L(R)=P(SS=1R)K(R|SS=1)+pR,

where Rareinternationalreservesasashare of output, P(SS=I|R)
is the probability of a sudden stop conditional on reserves R,
K(R|SS = 1) is the output cost conditional on the occurren-
ce of asudden stop, and pRis the opportunity cost of holding
reserves, where p is the spread of public bonds over interest
earned from holding reserves.® Assume further that both the
probability of asudden stop and the output costare afunction
ofinternational reserves—i. e., P(S5=1)=F(R)and K(55=1)=K(R).
In this case, we formally define optimal reserves (R” as:

B R =argminL(R)=F(R)K(R)+pR.

R>0
Any interior solution must then satisfy first order condition:
B F'(R)K(R)+K(R)F(R")+p=0.

For the particular case in which F(R) is obtained from estima-
tion of a Probit model, and cost function K(R) islinearin R, or:

4] F(R)= j ﬁe’%dt, K(R)=¢R.

then equation (3) becomes:

This modeling choice carries the assumption that the government
can choose between paying back debt (in which case it foregoes
interest payments at the ongoing public bond rate), or holding
reserves (in which case it earns the risk free rate).
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which implicitly defines a level of optimal reserves R*. To en-
sure that this level of reserves is optimal, second order condi-
tions require:

6| %e(“"% (2-a'R”)>0,

which, under the assumption that «<0 and ¢ <0, requires:
R¥ <2/a’.

Empirical counterparts of optimal reserves consistent with
the frameworkabove thusrequire estimation of a Probit model
describing the likelihood of a sudden stop, as well as a model
linking output costs of sudden stops to international reserves
and other potentially relevant explanatory variables.

4. EMPIRICAL ESTIMATIONS

Work by Calvo, Izquierdo and Mejia (2008) suggests that do-
mestic liability dollarization (DLD), together with potential
changes in the real exchange rate (RER) following a sudden
stop —proxied by the RER that would bring the currentaccount
deficittozero—are key determinants of the probability of a sys-
temic sudden stop, capturing potential balance-sheet effects
following a crisis in foreign financing.” However, their work
does not consider the potential impact that the holding of in-
ternational reserves could have in offsetting the hazard caused
by DLD. To explore this potential offsetting effect, we build on
their estimations, butintroduce the concept of net DLD, which

DLD consists of dollar loans handed by the domestic banking sys-
tem as a share of GDP. See Calvo, Izquierdo and Mejia (2008) for
details.
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subtracts holdings of international reserves from measures of
DLD. Thus, we estimate Probits of the type:

B PSS, =1)=0(a,+a,(1-0_,)+a,(NetDLD )+ X+ ntime_dum,)

where a systemic sudden stop (SS) is defined as a fall in capi-
tal flows exceeding two standard deviations below the mean
that coincides with a spike in regional spreads (or a systemic
sudden stop); @(-) is the standard normal cumulative distri-
bution; NetDLD represents DLD net of international reserves;
(1- ) representsthe change in RER that results from astopin
financing ofthe currentaccountdeficit;and Xisaset of control
variables such asforeign directinvestment (FDI), portfolio in-
tegration, terms of trade (TOT) growth, government balance,
the exchangerateregime, theratio M2-to-reserves and foreign
debt as a share of GDP.* In order to reduce potential endoge-
neity problems, all variables are lagged one period.’ A set of
yearly time dummies (time_dum) is also included to reflect
changing external conditions. Using the same database as in
Calvo, Izquierdo and Mejia (2008), covering 110 countries for
the period 1992-2004 we produce aset of estimations shown in
Table 1. Interestingly, the coefficient accompanying NetDLD
issignificantat the 1% level across estimations, validating the
relevance of international reservesinreducing the likelihood
of asudden stop."

Seetheappendixforadescription of the abovementioned variables
and sources used.

Following Calvo, Izquierdo and Mejia (2008), we carried out a
Rivers-Vuong test to control for the potential endogeneity of (1 - )
with the latent variable behind sudden stops (capital flows). With
this methodology, the results obtained in the standard Probit es-
timation shown here hold. Results are available upon request.

1 Jt could be argued that netting out reserves from DLD is not straight-
forward, and indeed DLD and reserves could be included separatelyin
Probit estimations. It turns out that when both variables are included
separately, the coefficients accompanying both variables are not sta-
tistically different from each other as indicated by appropriate tests.
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Thesecond component of this empirical approach to optimal
reserve determination requires estimation of an output cost
function dependent on reserve holdings. It could be argued
thatacutinforeign currencyfinancing hitting firmsindebted
inthat currency-leadingtoa cutin production or outright de-
faultasaconsequence of sizeable balance-sheet effects—could
be ameliorated by the provision of central banklendinginhard
currency through the use of previously accumulated interna-
tional reserves. As a matter of fact, this policy has been widely
used by countries like Brazil with successful results during the
recent financial crisis of 2008-2009.

Estimation of such a cost function first requires defining out-
put costs. Most approaches in the literature discussed above
work with measures concentrating on the average fallin output
inthe aftermath of the crisis. However, these measures do not
incorporate differencesrelative to trend (with the exception of
Ruiz-Arranz and Zavadjil, 2008), something that we believe is
more appropriate and that we incorporate in our estimations
below. We proceed as follows: first, for each countryincluded
in our Probit estimation, we compute the present discounted
sum of any contiguous negative output gaps measured as the
percentage difference between observed GDP and its corres-
ponding Hodrick-Prescott (HP) trend." For each episode, we
denote T'as the period immediately prior to GDP falls below
trend. With this information at hand, we then select those
episodes in which a systemic sudden stop occurs in a three-
year window centered at 7] so that the selected episodes co-
rrespond to falls in output that occur after or at the time of a
systemic sudden stop."*

I HP trends are calculated over the 1980-2010 period. If anything,
this methodology tends to underestimate output losses, as HP
trends will tend to accompany falls in output rather mechanically
when, in fact, underlying factors determining output trends may
not vary significantly. We use a discount factor of 10 percent.

More precisely, this concept requires that a systemic sudden stop
occurs in between T-1 and T+1. This requirement intends to select
those output fall episodes in which a causal relation can be inferred.
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Table 1

PROBIT MODELS
(1) (2) ) (4)
(I-o),_, 1.430% 1.925¢ 2.119° 2.3912
(0.529) (0.720) (0.721) (0.738)
NetDLD_, 1.594¢ 3.404* 3.253¢ 3.203¢
(0.513) (0.850) (0.945) (0.921)
Portfolio Int -5.221* 20.36* 19.19°
(1.536) (6.926) (6.734)
(Portfolio Int_ ) -153.3¢ -145.1¢
(50.420) (49.240)
FDI Int _, -0.181
(0.595)
Developing, |
TOT growth,
(Gov. Balance
/GDP)F1
LYS3 |
LYS5
(M2/Reserves)
(Foreign Debt/
GDP)
Constant -3.281* -3.456% -3.8242 -3.708°
(0.332) (0.460) (0.496) (0.520)
Observations 1,101 951 951 941
Number of countries 110 95 95 94

Standard errors in parentheses. * p<0.01, ® p<0.05, ‘p<0.1. Time dummies included

in all regressions.
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) (6) (7) (8) ) (10) (11)

9.340° 92.301 9.068" 1.974° 1.969° 1.967° 1.601°
(0.787) (0.745) (0.727) (0.738) (0.738) (0.740) (0.800)
3,187 3.126¢ 9.750° 9.547 9.539 9.504 9.536°
(0.922) (0.924) (0.882) (0.879) (0.879) (0.883) (0.897)
920.46° 19.53° 19.21° 16.56° 16.57° 16.37° 15.82
(7.031) (7.115) (6.963) (6.726) (6.734) (6.770) (6.804)
-146.8° -141.0° ~188.9* -191.8 -121.6* ~121.0° ~114.5°
(49.910)  (49.620)  (48.840)  (46.770)  (46.880)  (47.130)  (47.120)
-0.165 0.0346  -0.00724  0.0688 0.067 0.0788  -0.043
(0.592) (0.602) (0.582) (0.593) (0.593) (0.595) (0.613)
0.323 0.308 0.344 0.391 0.384 0.443 0.268
(0.455) (0.457) (0.431) (0.439) (0.431) (0.452) (0.500)
-0.258 -0.297 -0.602 -0.595 -0.58 -0.403
(0.738) (0.756) (0.782) (0.783) (0.785) (0.809)
~0.005 -0.005 -0.005 -0.005 -0.005

(0.005) (0.005) (0.005) (0.005) (0.005)

0.097
(0.114)

0.060 0.061 0.059

(0.074) (0.074) (0.076)

0.005 0.007

(0.011) (0.012)

0.000

(0.000)

-4.008" -4.036° -3.886" -4.023° -4.032 —4.114 -3.877

(0.677) (0.684) (0.662) (0.704) (0.713) (0.739) (0.756)
941 929 868 814 814 813 677
94 90 84 83 83 83 72
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Figure 1

OUTPUT COSTS OF SYSTEMIC SUDDEN STOPS (percentages)
0 5 10 15 20 25 30 35 40 45
AGO-99 |
ZWE-02 |
ARG-00 |
URY-00 |
BGR-95 |
THA-97 |
IDN-97 |
BLZ-94 |
ECU-98 |
PRY-99 |
PER-00 |
HKG-97 |
TUR-98 |
COL-98 |
OMN-02 |
LTU-98 |
JOR-97 |
PRT-92
GRC-92
SVK-99
ESP-92 |
PAK-97 |
KOR-97 |
CRI-00 |
MEX-94 |
BLR-98 |
BOL-00 |
POL-00 |
BRB-00 |
LAO-97 |
CHL-98 |
BRA-98 |
PHL-97

FRA-92 |
TUR-93 |
HRV-98 |
DOM-93 |
VCT-99 |
SUR-92

AUT-92 |l
OMN-98 |
SLV-00 |
SVN-00 |
YEM-95 |
NPL-97 |

Note: Dark bars indicate identified episodes in developed countries.
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Figure 1 depicts the estimated costs of crisis for the group
of countries in our sample that experienced asystemic sudden
stop anytime between 1992 and 2004. It identifies 45 cases,
with output costs ranging from 0.3% to 38.8% of gross domes-
tic product.

With output costs defined, we proceed to estimation of a
simple equation of determinants of these costs, usingaregres-
sion of the type:

AK,, =¢,+,(1-0,,)+¢,(NetDLD, )+ X, y+0ShockSize +¢,

where K represents output costs as previously defined for
country i. These costs are considered to be a function of a
country’s vulnerability to sudden stops. To the extent that in-
vestor predictionsarerightin the sense that the factors descri-
bing the vulnerability to asudden stop asshown in equation (8)
arevalid, then these same factors could be agood predictor of
the size of a crisis as well [thus, we include (1-w) - NetDLDT,i,
aswell as the set of control variables (X, ) included in the esti-
mation of equation 8]. This is particulérly evident with mea-
sures such as NetDLD: since large foreign currency liabilities
couldlead to economy-wide bankruptcies and output collap-
se in the event of a sudden stop— making debt repayment qui-
te improbable-then it is quite likely that this factor will also
be a good predictor of the probability of a sudden stop. Thus,
NetDLDcould beinand ofitselfa determinant of both the pro-
bability of a cut in financing as well as a good predictor of the
costs associated with a sudden stop.

To control for the size of the different systemic shocks throug-
hout our sample, we include the change in the aggregate Emer-
ging Markets Bond Index (EMBI) Plus spread before and after
each systemic sudden stop associated with a fall in output.”

B Notice that the change in EMBI spreads corresponds to the aggre-
gate EMBI spread, i.e., the average EMBI spread comprising all
emerging markets in the sample. This is done in order to capture
as much as possible differences in EMBI spreads that are not due

G. Calvo, A. Izquierdo, R. Loo-Kung 17



Results are shown in Table 2, and they indicate that net DLD
levels on the eve of a fall in output associated with a sudden
stop is a relevant factor behind output costs in the aftermath
of asudden stop (significant at the 1% to 5% level, depending
on controlsincluded in the specification). Sois the prevailing
budget balance before output collapse, which remains signi-
ficantat the 1% level in most specifications. Measures of port-
foliointegration before the crisisare also significantat the 5%
to 10% level, depending on the specification used, indicating
that larger integration —presumably without appropriate ac-
companyinginstitutions—maylead tolarger output costsin the
event of asudden stop. Our proxy for the size of the shock also
remainssignificantatthe 5to 10% level. However, unlike Pro-
bit estimations, (I-w) is not significant. One potential expla-
nation for this is that, while current account deficits —the key
factor behind the (1-®) measure-maybe good predictors of
the likelihood of a crisis, adjustment processes in the current
account balance differ from countryto country, makingit diffi-
cult for this measure to account statistically for developments
in the aftermath of the crisis. Taken altogether, these results
are considerably good when taking into account that the sam-
pleincludes only 37 observations, given the infrequent nature
of systemic sudden stops.

Estimation of a cost function such as that in equation 9 is no
easy task because the size of output costsis typically affected by
policyresponses from domestic governments during the crisis.
However, asmentioned in Ortiz, Ottonello, Talvi, and Sturzene-
gger (2009), when analyzing the effects of expansionary policies
in the aftermath of asudden stop, the ability of governments to
respond toacrisiswill depend on preexisting vulnerabilities as
wellasthesize of the shock, making estimation of equation 9with
theinclusion of post-shock policy responses more cumbersome

to developments in a particular country, but rather, changes in
international liquidity available to emerging markets. A similar
measure is obtained for the average European sovereign spreads
over German bonds. See Calvo, Izquierdo and Mejia (2008) for
more details.
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due to potential endogeneity issues. Despite the limitation of
not having included precise measures of monetary and fiscal
response to the crisis in the estimation of equation 9, there is
reason to believe that two keyvariablesincluded in the estima-
tion—i. e., NetDLD, aswellas the prevailing government balance
before the fallin output- could be reasonable proxies." First,
the tight significance of NetDLDin determining output costs
may be capturing the factthat-besides beingameasure of the
financial burden associated with a sudden stop— NetDLD can
be interpreted as an indicator of limitations to expansionary
monetary policies—given the increased costs that devaluation
stemming from lax monetary conditions would bring. As such,
itcanbeinterpreted asa good proxy for limitations to the size
of expansionary monetary policiesin the aftermath of the cri-
sis. Similarly, the tight significance of the precrisis government
balance can also be rationalized once it is acknowledged that
itcanrepresenta proxy of the ability to conduct expansionary
fiscal policyin the years ahead.

With empirical estimates of equations 8 and 9 at hand, it is
now possible to put them together at work in the determination
ofanoptimallevel ofinternational reservesthatisdependent on
country-specificfactorsand thesize of sudden stops.” Given that
we are using additional controlsin Probit estimations than just
international reserves, we modify equation 5 —pinning down
optimal reserves—to account for this, such that:

A
m ieAQ/ZB*‘(/’?J.%‘Ql2/2dl‘+,0=0,

V2r V27

where:

" These proxies preceding the crisis are also less likely to be endo-
genous with the costs of a sudden stop.

" We measure the opportunity cost of holding reserves as the 1991-
2007 average of JP Morgan’s EMBI+ sovereign spread.
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11] A=a,+a (1-w)+a,(NetDLD)+XB+1 ,
M B=4,+¢(1-0,, )+ (NetDLD, )+ X, y +oShockSize ,
13| NetDLD = DLD - R*.

77 is the estimated coefficient of the time dummy that the po-
licymaker believes reflects global financial conditions; and
R*is the optimal level of reserves. With equations (10 to 13)
at hand, itis possible to estimate the level of optimal reserves
while controlling for other factors affecting both the probabi-
lityand the cost ofasudden stop. Using the estimated parame-
tersbased on the Calvo, Izquierdo and Mejia (2008) database,
we calculate the optimal level of international reserves as of
2007 for aset of 27 emerging economies (listed in Table 3) for
which we were able update the relevant variables used in esti-
mations, with the purpose of assessing howwell prepared these
emerging economies were towithstand the global financial cri-
sis that ensued in 2008-2009. Since much of the debate on po-
tentially excessive reserve accumulation has revolved around
Emerging Markets, we focus on economies that belong to JP
Morgan’s Emerging Market Bond Index.

Alast element to consider in order to compute optimal re-
serves at each point in time is that, although country-specific

Table 3

SAMPLE OF COUNTRIES

Emerging Asia Latin America Emerging Europe  Other emerging
China Argentina Bulgaria Egypt
Indonesia Brazil Czech Republic Nigeria
Korea Chile Hungary South Africa
Malaysia Colombia Poland
Philippines Dominican Republic Romania
Thailand Mexico Russia

Peru Slovakia
Uruguay Turkey
Venezuela Ukraine
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variables used in both Probit and output costs estimations
can be chosen for each pointin time, a decision that remains
to be made relates to the size of the shock for which countries
will insure when deciding on their optimal reserve level. Mo-
reover, it must also be recognized that policymakers may face
uncertainty in choosing amongst different specifications of
the probability of a sudden stop (equation 8) and the sudden
stop cost function (equation 9). In order to tackle both issues,
we follow Hansen and Sargent (1998), and assume that the
policymaker implements a robust policy by minimizing the
objective function described in equation 1 for the most con-
servative model, i. e., itis assumed that the policymaker faces
modeluncertainty (where eachmodelis defined asatriplet of
a Probit equation, a cost function and a particular size of the
external shock) and chooses optimal reserve levels according
to the most conservative model.'

Following this approach and for each country, we calculate
optimal reserves for each combination of Probit estimations
(1), (2) and (3) of Table 1, and estimated cost functions (1) and
(2) of Table 2, assuming the maximum size of the external
shock in both cases.'”” We only use these estimations in Tables
land 2because all other estimationsinclude controls thatare
not significant.

Following the assumption of robust policy, we then pick
the combination that yields the larger optimal reserve level,
which turns out to be the most parsimonious —i. e., estimation
(1) of Table 1 and estimation (1) of Table 2. In this benchmark
case, net domestic liability dollarization (NetDLD) and poten-
tial changes in the real exchange rate under a sudden loss in
financing of the current account deficit remain the key deter-
minants of the probability of a sudden stop, while NetDLDand

' Thatis, by choosingthe model thatyieldsthe highest optimal reserves.

For the Probit model, we take the maximum estimated coefficient
of the set of time dummies. In the case of the cost equations, we
use the maximum shock size observed in the sample used in the
estimations.

17
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Figure 2

OPTIMAL VS. OBSERVED RESERVES AS OF 2007 (% OF GDP)
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the fiscal balance are the key determinants of output costs of
asudden stop. Thisrobust optimallevel of reserves for 2007 is
then compared against observed datain Figure 2.

As a first observation, notice that optimal and observed
stocks of reserves are, on average, in the same order of mag-
nitude for a good number of countries. In fact, the average
stock of outstanding international reserves in our sample
by 2007 turns out to be 21% of GDP, while the average esti-
mated optimal level of reserves is 25.7% of GDP. This result
is remarkable considering that, unlike other studies, our
methodology does notinvolve the calibration of parameters
to match sample moments. However, it must be acknowled-
ged that although average results are similar, there is signi-
ficant variance across countries.

More importantly, our calculations suggest that over-accu-
mulation of reserves in EMS is not obvious. Out of the 27 emer-
ging economies considered, only ten have observed reserves

G. Calvo, A. Izquierdo, R. Loo-Kung 23



thatare higher than their corresponding optimallevel. Regar-
ding Emerging Asian economies, we find that some countries
like Indonesia, the Philippinesand Koreaare close to their op-
timal reserve levels, while other economies such as Thailand,
Malaysia, and Chinaseem to possess much largerreserve levels
than those deemed optimal under the view presented in this
paper (see Figure 2). On average, the deviation between obser-
vedreservesand optimal reservesis positive and equivalent to
14% of GDP, indicating over-accumulation from a precautio-
nary standpoint. On the other hand, several Latin American
countries (with the clear exception of Uruguay) lie much closer
to the forty-five degree line showing optimal reserves equal to
observed levels (suchis the case of Argentina, Peruand Vene-
zuela, countries that display levels of observed reserves that
are broadly in line with their optimal counterparts). In fact,
the deviation between observed and optimal reserves for La-
tin American countriesis on average negative and equivalent
to six percentage points of GDP, 2.3 times smaller in absolute
value than that of their Asian counterparts. It is particularly
interesting to note that Peru, a dollarized economy, holds the
largestlevel of reservesin the region. However, this can be in-
terpreted as entirely consistent with optimality.

In the case of the Eastern European countries, we find that
with the exception of Russia, all of these economies display
much lower-than-optimal reserves. Indeed, the average diffe-
rence between observed and optimal reservesisnegative, and
equivalent to 17 percentage points of GDP -almost three times
largerinabsolute value than that of Latin American countries-
implying low self-insurance levels given their observed stocks
of foreign currency liabilities. This fact opens the door for al-
ternative explanations, suggesting that the presence of the Eu-
ropean Union (EU) asadefactolender oflast resort could have
mitigated the perceived need for self-insurance.

Yetanother group canbeidentified where observed reserves
exceed optimal reserves, with countries such as Russia and Ni-
geria, whoare traditional oil exporters. Oil-exporting countries
mayaccumulate reserves for purposes other than precautionary
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ones, suchasaccumulating the proceeds of oil forintertemporal
smoothing of consumption of oil resourcesacross generations.

The factthatsome groups of countries display much larger,
or much lower levels of reserves relative to precautionary-mo-
tive optimal reserves, and that other motives discussed above
may be affecting the size of observed reserves, we studywhether
deviations of observed reserves from precautionary-motive
optimal reserves are in any way associated with perceived EU
lender-of-last resort policies, oil consumption smoothing, or
mercantilist purposes. To thisavail, we run aregression of re-
serve deviations—observed reserved minus optimal reserves—
againstthe share of EUforeign banklendingin domestic credit
to the private sectorin each country-inan attempt to capture
perceived lender of last resort comfort— as well as a measure
indicating the relevance of oil production —proxied by the oil
trade balance as a share of GDP. We also include deviations of
thereal exchange rate fromits previous five-year-average to ac-
count for the fact that countries with a mercantilist approach
may want to hold an aggressively depreciated real exchange
rate to increase exports and accumulate further reserves.'

Resultsare shownin Table 4, and theyindicate that,indeed,
countries that profusely use EU foreign lending are prone to
holding lower amounts of reserves relative to optimal levels,
asindicated by the negative and significant coefficientaccom-
panying the variable measuring reliance on EU bank lending.
The coefficient accompanying the measure of oil exporting
relevance turns out to be positive and significant, showing
that oil producers tend to hoard more reserves than those
deemed optimal from a precautionary standpoint. However,
the proxy for real exchange misalignment does not turn out
to be significant.

Overall, these results suggest that, on average, Latin
American and Asian countries were better positioned in

This type of measure is often used in the empirical literature to
approximate misalignments on the real exchange rate (see for
example IMF, 2011, and Goldstein, 2005).
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Figure 3

OBSERVED MINUS OPTIMAL RESERVES (2007, % OF GDP)
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Table 4
EXPLAINING DEVIATIONS FROM OPTIMAL
(1) (2) (3)
Oil balance /GDP 0.696° 0.674* 0.738*
(0.226) (0.269) (0.239)
EU foreign bank lending -0.175> -0.184" -0.174"
(0.068) (0.071) (0.069)
REER gap 0.252
(0.331)
No access to ILOLR -0.0402
(0.066)
Constant 0.0215 0.0741 0.0241
(0.053) (0.066) (0.056)
Observations 27 23 27
R? 0.312 0.322 0.314

*p<0.01, * p<0.05. ILOLR stands for international lender of last resort.

2007 toweather sudden stops relative to Eastern European
economies. Coincidentally, the results are consistent with
the relative performance of these economiesin the aftermath
of the 2008 USA financial crisis, after which Latin Americaand
East Asia came out relatively unscathed, while Eastern Europe

fellinto deep recession.
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From a more general perspective, it is important to notice
that our analysis compares the optimal level of hard currency
liquidity with the sources ownedby the country, i. e. internatio-
nal reserves. In general, when deciding how many reserves to
hold, policymakers may consider alternative sources that could
be tapped should a liquidity crisis hit the economy. For instan-
ce,inseveral cases —and particularlysoinfinancial centers such
as Uruguay-banks may hold large levels of reserves to meet po-
tential dollar deposit withdrawals, which could be included in
measures of total foreign currency reserves. Moreover, policy-
makers may expecttoaccessfundsfrommultilateralinstitutions.

In the present context, this consideration takes particular
importance. After the 2008 financial crisis, multilateral insti-
tutions, particularly the IMF, have taken a more active role as
lenders oflast resort via provision of flexible credit lines (FCL),
which should be added toa country’sstock of international re-
serves. However, for thisto be the case, FCLlines would have to
be viewed as permanently accessible, something that may not be
perceived assuch until these lines are sufficientlyinstitutiona-
lized in the international financial architecture.

How about more recent estimates of optimal reserves? Avai-
lable data allow us to extend the assessment of international
reserves adequacy to 2010. In this case, and for the same set
of countries, we compute optimal reserves prescribed by our
methodologyand compare them against observed stocks (see
Figure 4)."” Unlike previous results, we find that with the ex-
ception of Korea, Malaysia and Thailand, all other countries
in our sample display lower-than-optimal reserves. While ob-
served reserves remain relatively constant on average, the
stock of optimal reserves has increased. To explain the latter,
we analyze the changes in risk factors (namely, 1-®, gross
DLD and the government budget balance) between 2007 and
2010 (see Figure 5). We find that all risk factors have increa-
sedin Latin Americaand Asia. In Latin America, the current

1 Due to lack of data, China and Slovakia are not included in this
exercise.
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account balance has changed from positive to negative, while
the average government balance has deteriorated. In the case
Europe, the observed reduction in the current account defi-
citrelative to the absorption of tradable goods (or 1 - in our
model) is more than compensated by the deterioration of the
government budget balance and the increase in gross DLD.
One important factor to consider when interpreting these re-
sults is that the effects of the global financial crisis have not yet
dissipated completely. In particular, most countriesimplemented
significant countercyclical fiscal policies that, in most cases, have
notbeenfullyreverted. Additionally, lower postcrisisgrowthin de-
veloped economiesand the consequentweaker external demand
has contributed to a deterioration of current accounts in emer-
gingmarkets. Ifthis global settingwere toremain in the medium
term, then results highlight the need to improve fiscal positions
and to increase access to liquidity, either through reserve accu-
mulation and /or by securing access to international resources.

Figure 4
OPTIMAL VS. OBSERVED RESERVES AS OF 2010 (% OF GDP)
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RISK FACTORS BETWEEN 2007 AND 2010
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5. CONCLUSIONS

This paper has explored the optimality of international reserve
holdings in terms of a parsimonious model in which reserves
lower the probability of sudden stop and itsattendant costs. The
estimated model, which assumes that central banks maximi-
ze the objective function that our model employs to compute
optimalreserves, isnot calibrated to match observed reserves
levels. Therefore, there is no a priori reason for our concept
ofinternational reservesto beinline with observed holdings.
Remarkably, however, under robust policy choices as descri-
bed above, average observed reserves holdings are not distant
from optimalreserve holdings. Thissuggests that, asageneral
rule, variableslike currency-denomination mismatch and cu-
rrent account deficits are taken into account by policymakers
in determining the level of international reserves.

However, there are large discrepancies from the standpoint
of individual economies, pointing to the existence of other
motives for reserve accumulation. Those motives may cut
across most economies in our sample but they may also in-
volve idiosyncratic factors and objectives. Asamatter of fact,
further analysis of differences between observed reserves
and precautionary-motive optimalreservesindicates that the
perceived presence of alender of last resort, or characteristics
suchasbeingalarge oil producer, mayalso affect the choice of
reserve levels. Moreover, our analysis barely touchesupon the
so-called neo-mercantilist motive that might induce reserve
accumulation as policymakers attempt to ensure trade com-
petitiveness by manipulating the exchange rate duringa capi-
tal-inflow episode, but find no clear evidence for this motive.*
Other possibleidiosyncratic factors, not captured in this study,
are actual or potential creditlines from institutionssuch asthe
IMF and the Federal Reserve We plan to tackle these challen-
gingissuesin more detail in a follow-up paper.

20 Although this issue deserves further testing with alternative mea-
sures of mercantilist policies.
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Data Appendix

Our sample of 110 countriesis divided into 21 developed eco-
nomies and 89 developing economies. Our choice of develo-
ped countriesis dictated by OECD membership, and itincludes
Australia, Canada, Denmark, Finland, France, Germany, Italy,
Japan, Netherlands, New Zealand, Norway, Portugal, Spain,
Sweden, Switzerland, United Kingdom, and USA. The list of
developing countries includes: Angola, Antigua and Barbu-
da, Argentina, Armenia, Azerbaijan, Bangladesh, Barbados,
Belarus, Belize, Bolivia, Brazil, Bulgaria, Cape Verde, Chi-
le, Colombia, Costa Rica, Croatia, Cyprus, Czech Republic,
Dominica, Dominican Republic, Ecuador, Egypt Arab Rep.,
ElSalvador, Estonia, Ethiopia, Fiji, Georgia, Ghana, Grena-
da, Guatemala, Guinea-Bissau, Haiti, Honduras, Hong Kong
(China), Hungary, Indonesia, Jamaica, Jordan, Kazakhstan,
Kenya, KoreaRep., Kuwait, Kyrgyz Republic, Lao PDR, Latvia,
Lithuania, Malawi, Malaysia, Maldives, Mauritius, Mexico,
Moldova, Mongolia, Morocco, Mozambique, Nepal, Nicara-
gua, Nigeria, Oman, Pakistan, Papua New Guinea, Paraguay,
Peru, Philippines, Poland, Romania, Rwanda, Sierra Leone,
Slovak Republic, Slovenia, South Africa, Sri Lanka, St. Kitts
and Nevis, St. Lucia, St. Vincent and the Grenadines, Sudan,
Suriname, Thailand, Tonga, Trinidad and Tobago, Turkey,
Uganda, Ukraine, Uruguay, Venezuela RB, Yemen Rep., Zam-
biaand Zimbabwe. Dataare collected on an annual basis unless
otherwise stated. Data spans from 1992 to 2004.
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