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1. Introduction

In the late 1980s and early 1990s,eeging narket countries efracel growing financial
liberalizationandopennessHowever,by alsotrying to maintain some degree of both exchange
rate stability and wnetary indpendencemany of thesecountries experienced severe financial
crises. In tle afternath of these crisesjany emerging merkets have adopted a policy
configurationinvolving greaterthough still nanaged, exchange ralexibility, togethemwith
ongoingfinancialintegrationandsame degree of domestic monetary independence. Hoarding of
international reserves has be@akey ingredienénhancinghe stability of this new pattern.
Concerns about the castmaintainingmonetarystability with this new policy nx suggest the
need to support hoarding imbational reserves with one aggressive sterilization.
Apprehensionsiboutthe opportunitycostsof accunulatingreservesandthefiscal and
distortionaryfinancial costsof sterilization,in turn, haveraisedquestionsaboutthelong-run
viability of this new policy nx, partialarly the efficacy of sterilization.

In this pper we evaluate these caterations by estirating the narginal propensity to
sterilize foreign asset aamulation over time for selected countriesin Asiaand Latin America.
Our results confirm that the greater accumulation of foreignreservesn recentyearshasbeen
associated with a greater intensity of sterilizationby developingcountriesin Asiaaswell asin
Latin America. In particular, we show that tlémas been a significant increase in the coefficient
of sterilizationin recentyears.Thusthe policiesof hoardinginternational reserves and sterilizing
the potential inflationary impact have complemented each other during recent years. In addition,
we find thatsterilizationof foreign directinvestmen{FDI) inflows typically is lessthanthatfor
current account surpluses and for non-FDI inflows, suggestinghatmisgivingsabou monetary
instability depend on the cquusition of balance of payents inflows.

We also discuss the benefits and cos&terfilization. For rany countries the costs of
sterilizationappeaio be below the perceived benefits associated wittmetary stability and
reserve accumulation. However, we also present evidence suggesting that relative benefits to
China and other countries have fallen in receatigus.This implieslimits to the sustainability
of the new policy configuratn in the near term.

Finally, we outline amodel explaining how the ability to sterilize depends on imperfect
substitutability of assetsin aworld where the costs of trading assets varies systematically across
agentgqdue to possiblescaleeffects)andacrossassetlassegdueto varyingliquidity andrisk

characteristics).



2. The Trilemma

A major lesson of the past decade or so has been the downside risk of combining
international financial integration with soft exchange rate pegs. Each of ttgpominternational
financialmarket-relateccrisessince1994-- Mexico, in 1994, Thailand,IndonesiaandKoreain
1997,RussiaandBrazil in 1998,andArgentinaand Turkey in 2000Nhas in soeway involved
afixed or peggedexchangeateregime. At thesane time, countries that did not have pegged
ratesNa mong them, Israel, Mexico, and South Africain 1998Navoidedcrisesof thetypethat
afflicted emerging market countrieswith peggedates As aresult, more emerging market
countrieshaveadopteda policy mix of managedexchange rates, while still trying toamtain
some degree of domestic monetary control together with growing financial integration. They
have accomplished this with a policy combination of massive reserve hoardingandsterilization.

A usefulperspectivdor undersanding the changing configatron of monetary policy by
developingcountriess providedby applyingthe framework of the impossible trinity dilemmab
the Trilemma. The Trilemma states thabarmtry simultaneously nay choose any two, but not
all, of the following three goals. monetary independence, exchange rate stability and financial
integration (see Obstfeld, Shhaugh, and TaylgR2005 for further discussion and references
dealing with the Trilemr).

Figure laillustrates the Trilemma problem. In terms of the triangle depicted in the figure,
eachof thethreesides -- monetaryindependece,exchangeatestability, andfinancial
integration -- has an attraction, but it is not poiegio be simultaneouslyn all three sides of the
triangle and thus attain all three goals.At thetop vertexblabelal Qlosed capital marketsO-- a
countrycanhavemonetarypolicy controland a fixed exchange te but notfinancial
integration. Thiswastheprefared policy choice of most developing countriesin themid to late
1980s, as they antained a corpination of exchage rate stability anchonetary independence,
with relatively closed capital accounts.

As depictedn Figurelb,in thelate 1980sand early 1990s countries such as Mexico,
Korea, and several other Asian economies, embraced growing financial liberalization and

! This messagenasbeencommunicatedn well-known papersy ObstfeldandRogoff (1995)
andFischer(2001).Relatedpapershaveraisedthe possibilitythata peggedexchangeatecan
createa Otrap aneraof greater financial integration, whesy the regime initially confers
gainsin anti-inflation credibility, but ultimately resultsin an exit from the peg occasioned by a
big enoughadversaeal shockthatcreatedargewelfare losses to the economy (see Eichengreen,
2001; Frankel, 1999; Edwards and Leygyati, 2005; Aizenran and Glick, 2008).



opennessHowever,astheyopenednorefinandally, theyfoundthatthe goalsof greater
financialintegration,exchangeate stability, and wnetary hdependence were sittaneously
unattainable. The inconsistent policy goals resuftestverdinancialcrises,in Mexico during
1994-95 and in East Asia during 19979hese crises confi rmed the tradeoffs associated with
the Trilemma:a countryoptingfor greater financial integratiomust give up exchangeate
stability if it wishesto preservea degreeof monetry independenceFailureto do soinduced
crisesafterwhich Mexico, Korea,andothercountriesoptedfor a newpolicy configuration
associateavith moving downwardswithin the Trilemma triangle. The esnging Trilemma
configuration seemto involve greater financialtegration and greater managed exchange rate
flexibility, tradingoff exchangeatestability with capitalmobility while maintaining some
degreeof monetaryindependencé. In the early 1990s, Argentina adopted anothi#efima
configuration corresponding todiertexlabeledOhargeg,dnvolving exchangeatefixity,
supported by a version of a currency board, amaptaie financial integration. Argentina also
experiencea crisisin the early2000swhencedingmonetarypolicy independencbecane no
longer viable.

Post crisis, more emerging markets have opted for a policy configuration involving ore
exchange rate flexibility, domestic monetaryindependencegndgrowingfinancialintegration
But they are still engagg in a great degree ekchangeatemanagenent. So, in the face of
pressures for their currencies to appreciate, they have been accumulating reserves and sterilizing.
Chinavividly displaysthis policy mix, allowing greater de-facto finandiantegration,andin
mid-2005 adopting mnaged exchargrate flexibility, while also accuatating and erilizing

massiveamountsof foreignreservanflows.

% The list of countries with siitar experiencess muchlonger(e.g., Russia, Brazil, and others).
Our reference here to Mexico and East Asiais mostly due to the timing of their crises, each
being the first in its respective region &perience a Osudden stopiSoste, triggered by the
sharpreversalbf short-termfinancialflows (OhomoneyO).

® Notethatexchangeatestability may remein a desirable policy goal. A heavilyamaged float
allows countries to stabilize their exchange rate, while retaining the option of exchange rate
adjustnent in the presence of large shockishaut undergoing a balance of payment crisis.
Similarly, countries nay opt for a stable exchgerate,thoughatthe costof lessmonetary
independence (see the experiences of Estonia, Hong Kong, and othesuntries). Hence, in line
with the Trilemma, the trenwards greater financial integration by developing countries
impliesthatcountriesmusttradeoff the benefitsof financialintegraton againsthe costsof
reduced monetary autonomy and/ormoreflexible exchangeates.



Econonetric analysis suggests structuraiftshin the patternof reserve hoarding by
developing countries (see Aizeamand Maron, 2003; Aizenran and Lee, 2008, and Cheung
and Ito, 2007). One shift occurredthe early 1990s asreflectedin rising foreign reserve/ GDP
ratios,atrendthatintensifiedshortly afterthe EastAsiancrisis of 1997-8, but subsided by 2000.
A second structural shift seemsto have taken place in the early 2000drivenlargelyby the
unprecedeted increase in hoardind toreign reserves by China.

This messive foreign reserve accutation may be attributed to several factors. First,
some countries have acquired reserves to satisfy precationary denmand needs.Reservegrovide
self insurance against sudden stops of foreapitalinflows, therebyoffsettingthe downside
risk of greater financial integratioBecondly, reserves ay be used to cushion the effects of
terms of trade shocks on a countryOs real exchange rate an@isorts, smoothing the adjustment
of the current account. In addition, they alloauntries to avoid relying on the IMF, World
Bank, and other international financial organizatjats for implicit insurance. Lastly, reserve
accumulation may occur as a byproduct of managing exchange rates to promote exports by

undervaluing domstic currency.

3. ReserveAccumulation and Sterilization Response

Reserve accumulation has monetary implications.Whena centralbankpurchase$oreign
reserve assets, it must decide whether to fund it by increasinghereservemoneybasewhichis
potentiallyinflationary,or by reducing its net domstic assets, whh serilizes the impact on the
domestic reserve money base. Central banks may offset the effects of reserve accumulation on
the monetary base in anumber of ways, includingsellingmarketinstruments, such as
governnent bonds or central bank bills or byimg swapsor repurchaseperations.With
foreign exchange swaps, the central banktypically agreego buy foreign exchange forward,
while with repurchas operations(Orepos@e cental bank sells securities with an agreement to
buy them back in the future. When markets are thin, sone authoritiesrely on non-nmarket
instruments, such as transferring the depositof governnent and public financial institutions

* For these reasons, even countries that maintained fixed exchange rates, such as China until
mid-2005, opted to support their pegs by accumulating sizable amounts of foreign reserves.



from the commercia banking system to the central bankor sellingforeignexchangeeserveso
the governrent (perhaps to allow ib reduce external sovereign debt).

Same Plots

Figure2 plots4-quarterchangesan centralbanknetforeignreserveasset¢FR) and in net
domestic credit assets (DC), each scaled by the reserve money stock (RM) at the end of the
periodfour quartersearlier,for selected Asian countri@d\et foreign reserves are defined by
taking the dollar-denominated level of foreignreservesandadjustingthemfor exchangeate
changesto give avaluation-aglusted measure of changesin net foreign reservesin domestic
currency.” Net domestic credit assets (DC) are defined as the reserve monetary base (RM) minus
netforeignreservegFR). Positive values of net foreign reserve accumulation by the central bank
correspondo foreignreserveanflows. Negativevaluesof netdomestic creditcorrespondo
reductions in domstic assets heldy the nonetary authorities.

In the case of China, the extent of sterilization was relatively limited until the early
2000s, as the ametary impact of resee inflows (i.e. posive levels of! FR/RM ) wasgenerally
augrentedby monetarystimulusfrom centralbank acquisition of domstic assets (i.e. positive
levels oft DC/RM .2 Since mid-2002, however, as China experiencedsharplyrising foreign
reserve inflows, these inflows were accompanied by negative changes in donmestic asset holdings
by the central bank, primarily through sales of PBC hills, implying the reserve infl ows were
beingsterilized.Theincreaséan the extent of sterilization in the early 2000s implies a possible
break from China® prior sterilization behavior

Other countries in Asia also have experierggdificant reserve inflows in the afterrath

of the Asia crisis. In the case, of Korea, éaample reservanflows increasedn 1999and2000,

> Monetaryauthoritiesalsomay seekto sterilize the effects of reserve inflows, not just on the
reservemoneybase putalsoon the broade money supply by, for exaphe, increasing
conpulsory reserve requireants on bank deposit€hina, for example, has raised reserve
requirements signifi cantly in recent years.

® Usingfour-quarterchangeselpsto smooththe databy eliminatingmuch of the quarterto
guarter noise.

’ Specifically, we defineFR %(S . s), "FR$, - FR$,,#-"FL - FL,# , whereFR$ denotes foreign
reserves in dollars (IMF line 11.dj ., isthe local currency price of the dollar , FL denotes
financial liabilities of the central bank(IMF line 16¢),, and"! " is thechangeoperator.
Accordingly, we defind DC %! RM $! FR.

® The exception is the period 1993 when China &edthe effectsof foreignreserveoutflows
by expandinghereservemoneystockby increasingdomestic assetoldings.



subsidedsonewhat,andthenroseagainin the period2002-2005aroundthetime Chinabegan
accumulating reserves at arising rate. KoreaOsnonetary authorities responded to the monetary
impact of these inflows by sterilization. A sinilar pattern ofinflows and sterilization is apparent
for other countries in Asia, particulain Thailand, Malaysia, and India.

For comparison, we aso show results for selectedLatin Americancountries -- Argentina,
Brazil, and Mexico.? In the caseof Argentina,modesteserve inflows eerged in 2003 in the
aftermath of the countryOs financial crisif601-02;however thesenflowswerenot evidently
sterilized until the latter half of 2004 when changes in the domestic asset holdings of the central
bankturnednegativeln Brazil, reserveanflows began increasing in the latter half of 2004,
acconpanied by sterilization. A siitar pattern d reservanflows andoffsettingdecliresin
central bank domestic assets occurredin Mexico in 1996in the afternath of its 1994-95 peso

crisis.

Estimation of Sterilization Response

We now turn to quantitatively estimatingastges in the degree of sterilization. Our
specification is very smple. We estimate the extent of sterilizationby a simple regression of the
monetary authorities' change in net domestic assetson the changean net foreign assets, where
change is rasured over four quarters, and edaby the level of the reserveoney stock four
guartersago. We alsoincludethe four-quartergrowth rateof nomnal GDP on theright-hand
sideto controlfor othe explanatory variables, Z, thatmightinfluencethe denand for money*

I'DC/RMy, %&( "' FR/IRM, ( Z (1)
We estinate the sterilization coefficient,, with OLS using40-quarterolling sanples™ In
these circumstances, aunitary coefficient, i.e. ' = -1, on the variable! FR/RM represents full

monetary serilization of reserve changes, while= 0 implies no sterilization. A value of the

sterilization coeffi cient between these levels, -1 < ) *)0, indicates partial sterilization.
In our basespecificationZ is definedastherateof nomnal GDP growth. Presung a

stable derand for noney, a rudinentary version othe nonetry approach to the balance of

® Thesanple periodfor ArgentinaandBrazil begins 4 quarters after themplementation of their
monetaryreforms ©1992Q1 for Argentinaand1995Q2 for Brazil.

19 \We imputed quarterly GDP grawfor some countries in our sample from a moving average

of the prior year, current, and following year observations.

! We beginwith the sanple period1984Q2to 1994 Q1, roll to 1984 Q3 b 1994 Q2, etc., ending
with 1997 Q3 - 2007 Q2, depending on data availability.



paynents implies that expansion B by the central bank at the growth rate of GDP would
meet the increase in the demand for money, without the need to hoard foreign reserves. Thus

with full erilization (* =-1) thecentralbankallowsdomestic credit to accommodate fully

higher derand for noney due to GDP growth, but eventsany domestic creditexpansiordueto
hoarding foreign reserves. A value of steriiiza less than -1 ay represent tighter monetary
policy, potentiallydueto greater concerns abouflation. In this casehoarding a unit of foreign
reserves reduces destic assets held by tikentralbankby morethanoneunit, thereby
reducing the mnetary base. Siarly, a vdue of sterilizatiorabovezeromay indicate
expansionarynonetarypolicy, potentially dueto concernsabouta creditcrunchor exposurdo a
systemic crisis.*?

Theresultsareplottedin Figure 3. Coefficient observatiscorrespondo the calendar
date of the 40 quarter in each rolling sample.*®

In the case of China, observe that the s#atibn coefficient began rising (in absolute
value)from roughly0.6in 2000,a trendthatacceleratedh thelatter half of 2002 and continued
into 2006 when it peaked at a8t 1.5, suggesting the presence of a break in behévibe
plot also indicates a reversal of ChinaOs gatitinbehaviorbeginningin thefourth quarterof
2006. This evident decline in ChinaOs degree of st¢idincanbe attributedto two possibilities.
First, China@ foreign reserve accumulation in recent periodsmay be overstaed to the extent that
thereportedfigureshavenot beenadjustedo takeaccouniof swaps and shifts of foreign reserve
assetso ChinaOrascensovereignvealthfund®® Second, China ay indeed have reached

limits to the extent of its ability to sterilize its massive reserve inflows,

12 Note that the sterilization coefficient is only oneparaneter deternining the stanceof monetary
policy. Fullerunderstanding@f monetarypolicy requiresinformationaboutchangesn private
and public banksO reserve requémts) discount window operations, etc.

3 Thefiguresreportonestandarderrorbands using Newey-West errors adjusted for seria
correlation of up to 3 quarters. Regression ltegar the full sample and tests of the null
hypotheses that the sterilization coefficient differs fromO or -1 are presented in tables below.
14 Centralbankbalancesheetatafor Chinais available only from 1985 Q3, implying that the
first 4-quarter change obseriat begins in 1986 Q2, and tfiest 40-quarterolling sanple
periodis 1986Q2D1996Q1.

> chinaOs sovereign wealth fund, the Chimastrrent Corporation, was not foratly
established until the latter half of 2007 with an initial captalizationof $200 billion ot of
ChinaOs total reserve holdingsrofe than $1.3 trillion. But there are indications of central bank
asset sifts to its predecessor itisition, Huijins Investment, and to some Chinese commercial
banks before then. Netting thesecamts agairtsreported foreign resegholdings would reduce



In Koreaa breakin sterilizaton behavioris evidentafterthefinancial crisisof 1997-98,
with the sterilization coefficient increasifiggm 0.9to more than1.0 by 1999.Increases
sterilization, though to kserextent,areobservablen Thailandand Malaysia, while no change is
evident in the case of Singapore. In the case of India, amodest increasan sterilizationappeargo
have occurred in theioh 1990s after its finandiarisis of 1991, followed by a further increase
after2002.

For comparison we also present rolling regression results for our three Latin America
countries. As before, the sample ranges are limited to the period aftahe stabilizationof
monetarypolicy in 1991in Argentina and 1994 in Brazil; in both cases gdntreases in
sterilization in observable over the periotf.In the caseof Mexico, sterilization increased
modestlyin 1996andlateraround2005.

In the Appendix Figures, we examine the sensitivity of our results to aternative
regression specifications. Specdily, we plot rolling regresson coefficients based on (i)
nonoverlapping quarterly observations of 1 gerazhangesand(ii) nonoverlappingnnual
observations of 4 quarter chandé<Our general finding that stéization has increased appears
reasonably robust.

Formal regressions assessing the significance of breaksin sterilization behavior are
reportedn Tablel. Therewe estmate equation (1) for the full sgple period by also including a
term interacting ! FR/RM with a dumny variableDumBreak definedwith avalueof unity for
all periods leginning with each countryOs desigddiseak date. \Widentified break etes for
each country by the first observatiafier the 197-98 Asia crisis (after 811994-95 pso crisis

in the case of Mexico) in which reserve inflows were positive and net destic assets were

the magnitude of foreign reserve inflows and raise the implied level of central bank domestic
assetsresultingin alower estmated degree of sterilization.

18 For Argentina, ranetary policy was initially sbilizedwith the adoptionof its currency board
in 1991 Q1, implying that the first 4-quarter change observation begins in 1992 Q1, and the first
40-quarterrolling sanple periodis 1992 Q1 B 2001 Q4. For Bratiiefirst 40-quarterrolling
sanple is 1995 Q2 - 2005 Q1.

" In the first specification we also include gded dependent variable aslvas 3 quarterly
dummesasexplanatoryariables SeeMohanty and Turner (2006)ho employ a similar
specification; also see Glick and Hutchig@003)who useanunconstrainedectorerror
correctionapproactto estinmete serilization dynamics.

18 Theresultsfor Malaysiausingnonoverlappingi-quarterchangesireanapparent exception.



reducedor atleasttwo quartersn arow.® A variant regression, reported in colu),
controls separately for sterilization behavioridg a country® most recent period of significant
foreign reserve outflows, denoted bymCirisis.We reportbothHuber-Whitestandarderrors(in
parentheses) and Newey-West standard efissjuarebrackets) The Newey\West errors
adjust for serial correlation of up to three daes,a possibleconcernbecaus®f our useof
overlappingquarterlyobservabns of 4 quarter changé%.The break date and crisis periods for
eachcountryarereportedn Tablel. Our methodologyidertifies a breakdateof 2002Q2 for
China, 1998 Q4 for Kaa, Thailand, Malaysia, and Singapore, and 2000 Q4 for India. The break
datesfor Argentina,Brazil, andMexico are 2004 Q3, 2003 Q3, and 1996 Q4, respectively.
Observe that the coefficients orettet foreign reserve inflow variable and on the
interactive term are always negative for al countries, inplying the inflows were sterilized by
reduction of central bank dastic assets and that this sterilizationincreasedi.e., thechangen
domestic asset holdings is more negative) after the breakdate. The coefficientontheinteraction
term is significant in the cases of China, Korea, andIndia, aswell asin Argentina,Brazil, and
Mexico. This supports the observation drawn ftbmrolling regressioplots that sterilization
behavior las intensified in recdryears for erarging countriesin Asiaaswell asin Latin
America® Also note that the coefficient on nominal GDP growthis positive,implying thatthe
centralbanksuppliediquidity to the economy by increasing its claimsin response to greater

economic activity. %

19 We are aware of the potential biasesinherent in usingprior knowledgeto pick break dates. For
this reasorwe deliberatelyavoidedchoosingoreakdatesbasedon theinfl ection points of our
rolling regressiorplots. We do not feelthatour generakonclusons would be affected by use of
more sophisticated tieseries pproacheso identifying breaks.

20 Recallthatin our Appendixfigureswe plottedrolling regressiortoefficients basedrosanples
of nonoverlapping quarterly and annual sedbservationsWe do notuseeitherof these
sanplesin Tablel asthe quartely seriesntroducesxcessivanoise into the data while the
annualseriess insufficiently long. We preferto use an overlapping sala of observations,
while controlling for possible serial correlati through the use oparopriately adjusted
standarcerrors.

21 1t shouldbe notedthatwe report significanceresultsbasedn two-tailed tests of the null that
sterilizationbehaviorhaschangd. One-tailedestsof the null that sterilization behavior has
increasedi.e., becone morenegativewould increase the significance of breaks.

22t should be noted that we do not take account of possible simultaneity bias because net foreign
reserve changes may respond to domestic monetary policy, particularly vien the central bank
intervenesandaffectsthe exchangeate. Howeve, prior work seekingto controlfor the possible
endogeneity of the explanatory variables erikzation regressionthrough instrurantal

10



The rolling regressions suggest that steationincreasedn mostcountriesn our
sample after the Asia crisis or a the time that China began sterilizingignificantlyin 2002.To
assesghe extentto which counties are converging towards slan sterilization patterns, we
make a cross-country comparisohsterilizationbehavior over time. Figure 4 reports the
coefficient d variation @ the sterilization cefficients for countriesin Asiaand Latin America as
well asthetwo regionspooledtogether We augment the sample of countries: in Asia, to our
original sanple of China, Korea, Thailand, M&ysia, Singapore, and India, we add Indonesia,
Pakistanandthe Philippines;in Latin America, to our original saple of Argentina,Brazil, and
Mexico, we addChile, Colombia, andPeru®® Observe that the coefficient of variation declined
substantially in Asia ovahe period200092005,afterwhichit began to rise somewhat.** In
Latin America, the coeffi cient of variation fell, beginning i”2000. These results suggest the
timing of the increase in the extent of sterilization across countriesay have a common

componen.

Sterilization and Inflation

Table 2 separates out the effeatinflation from real GDP changes on the central bankOs
management of its domestic asseholdings.It alsoexamnesthe extentto whichtheresponseo
inflation has changed over tenand whether any changes isthresponse has affected the
sterilizationof foreign reserve infl ows.

Columns (1) and (2) of Table 2 report the separate effects of inflaon without and with
real GDP as an explanatory variable. Observe that the coefficientsoninflation andreal GDP
growth are generally positive and sgnificant, consistent with the positive sign on nominal GDP
observed earlier (the excepticers the negative coeffi cients on real GDPfor Koreaand
Thailand,thoughtheyarenot significant). Note alsothatthe magnitudeof the coefficient of net
foreignassetsnteractedwith our breakdummniesare smaller (in absolute value) and in some
cases less significant than those reported in Table 1. Colummn (3) augnentstheregressionn
columm (2) by including an interaction variallevolving theinflation ratewith the breakdate

estimation hasnot found much effecton coefficientmagnitudesandtheir standarcerrorsas
compared to OLS (e.g., Ouyang, Rgan, and Willett 2007).

28 We only include Argentina and Brazil in thensple only ten years after the lementation of
their nonetary reforra, 2002 Q1 foArgentina and 2005 Q2 for Brazil.

2 | n addition to the decline in sterilization in recent quarters noted above in the case of China,
sterilization in the Philippines has declined notably as well.
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dummies. For several countries B notably Kofidegiland,Malaysia,SingaporeArgentina,and
Brazil -- the coefficient on this variable is negative, suggegiian increase in anti-inflation
monetary manageent by the central bank irecent years (though the coefficient is not
significant for Korea and Singapor@&ote also that we till find an increase in the sterilization
responsén mostcountriesasindicatedby a negativecoefficientonthe interactive variable with
foreign reserve inflows (the excepticare Malaysia, Argentina, and BraZif)Thus,ourresult

that developing countries have increased theiredagjrsterilizationin recent years appears to be

robustto allowing for anydirectresponse to inflation pressures.

Sterilization and the Composition of Balance of Payents Inflows

Table 3 shows the evolution of current accdaalinces, direct invesaemt inflows, and
other capital inflows, as well as reserve acualation for emerging market countries as awhole,
several regional groupings, and selected indalidountries. The figures reported are annual
averages of flows for subperiods tef and afterecent major financial crises, specifically the
Mexicancrisisof 1994-95andthe Asian and Russian crises of 1997-99.

Observe that the magnitude of reserve accumulation in Asia has steadily increased over
time, consistent with our earlier observationsbasecbn centralbankbalancesheetdata®® Observe
also that in the most recent period, 2000-2006, these infl ows primarily have refl ected current
accountsurplusestatherthanlarge capitalinflows. Thisis theopposte of the pattern seen in the
late 1988 and 1990s, whenast regions of thevorld experiencedurrentaccoun deficits and
largecapitalinflows. Observealsothat avera@ directforeigninvestnent inflows have risen

steadily for dl emerging market regions over time. In contrast, average portfolio and other

% The increase in sterilization was significant for both ArgentinaandBrazil in Table1, where
we controlled for other determinants of domestic monetary policy with nminal GDP, but did not
allow for anybreakin theresponsto this variable.Evidently,allowing a break in the response
to inflation, as in colum (3) in Table 3, soaks wheeffectof abreakin sterilization behavior.
Theresultin Table3 for Argentinais particularly problematic as the coefficient on the
interactive term with reserve inflows is significant and positive; in this case the coefficient on the
interactiveinflation termis unusuallylarge(in absolute value) agell assignificant.

% Notethatthe figuresreported herearechangesexpresseth dollar terms, as compared to
changesn terns of local currencyreported in earlier tables and charts.
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capital inflows ceased or declined dramatically after the Asia and Russiamises for almost all
emerging markets.?’

Does the sterilization response to reservewslvary according to the source of inflows,
i.e.,doesthe extentto which the centralbank manage its domestic asset holdings depend on
whetherreservanflows areassaiatedwith Ocold@oneyflowsQlike FDI, or OhotO money
inflows associateavith othercomponentsof the balanceof paynmerns?Table 4 reports the results
of estimating the sterilization responseof the centralbankto whether reserve inflows come from
current account surpluses, foreign direct investmentinflows, or non-FDI capitalinflows 2% We
also investigate whether these response$iavevariedatthe sane time as the break dates in
sterilizationbehavioridentifiedearlier. Consistent with oyrior regression analysis, we
measure variables in 4 quarter change terms, scaledby the laggedreservemoneystock®

As shown in colum (2) of Table 4, the steidationresponseo foreign directinvestment

islower (in absolute magnitude, i.e. |",|* |",|.|"s|* |".|) in severakountriesjncluding China,

Korea, Thailand, Malaysia, and Singapore, as agBrazil and Mexico (thiatterin the caseof
theresponseelativeto the current account). These differenaes significant in China (relative
to non-FDlinflows), Thailand(relativeto the current account surplus), Malaysia, Singapore
(relativeto the currentaccount) andBrazil. Colunmn (3) of Table 4nteractstheindividual
balance of payents components with our break ddtenmesto detectwheter there is more or
less sengitivity to these components in recent years. Consistent with ourridings inTable 3, we
find greatersensitivity(i.e. more negative coefficient values) in the casef China, Thailand,
Malaysia (though not to the current accouniabee in Malaysia)andindia (thoughnotin
response to FDI flows, where the responséell significantly).

Summarizing our empirical evidence on gerilization: The extent of sterilization of

foreign reserve inflows has risen in recent yeaksatging degreesin Asiaaswell asin Latin

" HongKong andSingamre hadnetportfolio outflows during 2000-06 offsettingthe netcaptal
inflows to other smaller East Asian countries, including Malaysia, the Phppines, Indonesia, and
Thailand.

%8 |f the central bank is inseitise to any concernsabouttherelative nagnitudes of different
conmponents of the balance of pagmts onewould expectthatthe relevant regression
coefficientswould beinsignificart. Thediscussiorabouttherisks of growing exposure to Ohot
moneysuggestshatthe centralbank may indeedadjustits policiesto reflect greater concern
aboutOhomoneyQatherthanaboutFDI flows.

? The quarterly data on dollar-denivated balace of paynents flows are converted into local
currency terms using the average local currency price of the dollar for each quarter.
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America. Thisis consistentvith greaterconcerns about the potentialflationary inmpact of
reserve inflows. Sterilization depends on the position of balance of payents inflows, i.e.,
for soe countriestheresponséo foreigndirectinvestnent inflows is lessthanthatto the
current account surplus or non-FDI inflows. Thisis consistent with the view that these countries

are less concerned about thermataryimpact of direct investment fl ows.

4. Costs,Benefits,and Sustainahllity of Sterilization Policy

Growingfinancialintegrationis anunavoiddle outcorre of deepetradeintegrationby
developingcountries A byproductof growing financial integr&bn is greater exposure to
financialinstability. Concernsaboutfinancialandmonetaryinstability have increasettie
conplementarily betweerthe extentof reservenoardingandsterilization: The extentto which
individual countries may continue to accumulate reserves and sterilize arioe stability of this
policy mix depends on the associatedbenefitsandcosts.

While providing useful servicesiternationareservemanagenent is subjectto serious
limitations. First, there are direct opportunity costs of reservassociated with the marginal
productivity of public capital and/or the cadtexternal borrowing. &ond, sterilization has
fiscal costs associated with the difference leetayon the onehand,thereturn paid on central
bankliabilities issuedto sterilize domestic liquidity (or the opportunitycostfrom foregone
returns on domstic assets, such as goveemtbonds, sold to the prte sector) and, on the
otherhand thereturnearnedonforeign reserve assets.

Figure 5a plots a proxyf the fiscal costs ddterilizationin thecas of China, given by
the difference between the 1-year People® Bank of Chinaand U.S. Treasury hill rates (the
spread is the vertical difference between the two plotted lines). * Observe that the interest rate
spread was positive, but shrinking in 2003 and 2004, and actually turned negative in 2005,
implying China then was earning money on balance from its sterilization operations. The
narrowing of this differential in recent quartéitsactually turned positive again in December
2007, however, implies that ChinaOsterilizationcostshavebeenrising. Figure5b plotschange
in interestratespreaddor five AsiancountiesbetweenJune2004andMay 2007,showingthat

sterilizationcostsincreasedn all thesecountries.

% Notethatthis proxy ignoresthe adversevaluaton effects from continued appreciation of the
yuan and other Asian currencies.

14



Sterilization and hoarding international regs also involve acro and ncro noral
hazardcosts. The macromoralhazardariseswhen reserve hoarding encourages opportunistic
spendingn regimes characterizedby political instability and limited monitoring (see Aizenman
andMarion (2004),who showthatcountrieschamcterized ¥ greater potical instability and
polarizationopt to hold lessinternational reserves). Micro moral hazard arises when reserve
hoarding subsidizes risk taig. (Levy-Yeyati(2005)callsfor liquid reserve requirement on
banks, and an ex-antesmpension-of-convertibiljt clause.) Lastly, reserve accumulation and
sterilizationcanencouragdinandal sectordistortions.For exanple, greater use of non-market
instruments (e.g.reserverequirenents, directcreditcontrols)canhinderthe developnentof
corporate bond arket and alter the behavior b&nks Also it may hinde financial development
by segnenting the public debt anket through the issnce of central bank liabilities instead of
Treasury securities.

This discussiorsuggestshatthe extentto which a countrymay continueto sterilize
depends also on the degree to which it is mglto toleratefinancialrepressiorandother
distortiors to its economy. In an Appendix veetline a model explaining how the ability to
sterilize depends on imperfect substitutability of assetsin aworld where the costs of trading
assets varies systematically across agents (due to possible scale effects) and across asset classes
(dueto varyingliquidity andrisk characteristics). Within this framework we show that policies
fostering greater doestic financial repressionsalreducethe costsof sterilization. This
suggestshatcountriesableandwilling to engage in greater finaat sterilizationwill beableto
sustainthe policy configurationof reserve hoarding and sterifig for alongerperiodof time *

The stability of the current policyimis further complicated by the extent to which each
countryOs cost-benefit calculation depends oadfiens of other countrse Countries following
export-oriented growth strategies may choose to engage in competitive reserve accumulation to

improve and maintain their competitiveness in exporting to industrial countries. Thus, for

% Sterilization operations of inithform aso have costs. For example, reserve requirements act
like atax onbankswhich reducedinancialintermediationandimposesa form of repressioron
the financial system

% Our discussion points out that the costs ofliation are the surof direct opportunity costs
and indirect costs associated with financial repression in the form of capitalcontrolsandhigher
reserve requireents imposed on the banking st As the focus of our paper is on the
positive aspects of recent serilization trends, we do not attempt to estimate the overall costs of
sterilization. Neverthetss,our discussions consistentvith the impact of changesin the direct
opportunitycostsof holdingreserve®n patternsof sterilization. Furtherinvestigationof these
issuesisleft for future research.
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exanple, as long as China and its East Asiaigm®rs are trying to maintain competitivenessin
exporting to the United States, - and limitsto sterilization. Thosecountrieswith lower costsof
sterilization, due for example gweater willingness to distort their financial systems, might end
up hoardingincreasinglylargeanounts of internatiodaeserves, winning the hoarding gaat
least in the short run. ArguabliisinterpretatiorexplainsChinaOsnprecedenteihcreasen
foreign reserves fror8002, now enounting toalmost 50 percent of GDP and well above the
levelsof otherEastAsia counties (seeAizenman andLee,2008) Yet, this outcome maybe
fragileif it induces a country to accumulate to levels where the costs of sterilization exceed the
benefit. These observations are consistent wignWorld Econonic Outlook (2007),finding
thatresistingnomnal exchangeate appreciation through stezgidinterventionis likely to be
ineffective when the influx of capital is persistent andlarge. Indeed ,ChinaOgecentlyrising
costs of sterilization may account for its recent decline in sterilization and increasing infl ation
rate.
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Table 1. Has Sterilization Increased in Magnitude OverE?im
I DC/RMg, %&£ ( ',! FR/IRMg, ( ',"! FR/IRMg,#(DumBreak) ( ',"! FR/RM#"DumCrisist ( ',! INGNP)

PanelA. SelectedAsian Countries

China Korea Thailand
Explanatoryariable (D @) (3) (D ) (3) D 2 (3
| FR/RM 0782 -0768  -0.827 |-0.770 -0.833  -0.744  |0931  -1039  -0.929
(0.148)*** (0.096)*** (0.166)*** [(0.039)*** (0.046)*** (0.038)*** |(0.032)*** (0.034)*** (0.046)***
[0.232]*** [0.138]*** [0.253]*** [0.049]*** [0.063]*** [0.041]*** [[0.043]*** [0.037]*** [0.054]***
"'FR/IRM{"DumBreak!  |g345  .0301 -0256 |-0252 -0132  -0193 0099  -0034  -0.044
(0.132)** (0.102)*** (0.146)*  [(0.042)*** (0.057)** (0.047)*** |(0.032)*** (0.044)  (0.043)
[0.199]* [0.151]** -0.226  [0.056]*** [0.074]*  [0.048]*** [[0.044]** [0.054]  [0.061]
"I FR/RM #"DumCrisist 0.176 -0.219 -0.127
(0.304) (0.064)*** (0.053)**
[0.395] [0.058]*** [0.059]**
I In(GNP) 0.889 0.918 1.058 1.198 1.200 0.820
(0.088)*** (0.103)*** (0.324)*** (0.326)*** (0.262)*** (0.282)***
[0.143]*** [0.162]*** [0.368]*** [0.400]*** [0.250]*** [0.320]**
Ho: "o %651 2.183 5.837%*  1.083 34.200%** 13.181%** 44.776%** |4.639**  1.319 2431
Hot "o (7, %051 2.194 1.046 1.223 0.55 1.226 3.892 0.839 0.024 0.659
Adjusted R-squared 0.674 0.837 0.835 0.952 0.957 0.96 0.971 0.978 0.979
Break date 2002 Q2 1998 Q4 1998 Q4
Crisisperiod 1992 Q3 - 1993 Q3 1997 Q1 - 1998 Q3 1997 Q1-98 Q3
Sanple period 1986 Q2 - 2007 Q2 1985 Q1- 2007 Q2 1985 Q1-2007 Q2
Observations 85 90 90
Panel B. Other Selected Asian Countries
Malaysia Singapore India
Explanatory Variable ) (3 (3 (D 2 (3 @ 2 (3
| FR/RM 0858  -0880 -0.874 |-0935  -0984  -0993 |0.822 -0805 -0.770
(0.140)*** (0.137)*** (0.152)*** [(0.018)*** (0.019)*** (0.024)*** |(0.108)*** (0.090)*** (0.099)***
[0.205]*** [0.200]*** [0.221]*** [0.021]*** [0.018]*** [0.024]*** [[0.161]*** [0.115]*** [0.122]***
"'FR/RM#"DumBreak!  |g193  .0191  -0196 |-0.044  -0018 -0014 |-0208 -0144  -0.169
(0.141)  (0.142) (0.153) |(0.011)*** (0.011)  (0.013) |(0.108)* (0.087)*  (0.092)*
[0.21] [0211] [0.227] [0.015]*** [0.015]  [0.016] |[0.165] [0.114]  [0.116]
"l FR/RM #"DumCrisist 0,077 0.052 10.363
(0.299) (0.083) (0.181)**
[0.326] [0.054] [0.215]*
I In(GNP) 1.732 1.748 0.567 0.584 0.924 0.919
(0.416)*** (0.442)*** (0.120)*** (0.129)*** (0.152)*** (0.147)***
[0.665]** [0.708]** [0.167]*** [0.173]*** [0.221]*** [0.210]***
Ho: "o %681 1.036 0.761 0.689 12.596*** 0.767 0.083 2.722 4744 5.38G***
Ho: "o (7, %051 3.791*  8.940*** 9.081*** (1888 0.006 0.182 0.837 2606  3.231*
Adjusted R-squared 0.829 0.851 0.849 0.983 0.986 0.986 0.849 0.892 0.893
Break date 1998 Q4 1998 Q4 2000 Q4
Crisisperiod 1997 Q3 1998 Q3 1997 Q4 -1998 Q3 1990 Q4 - 1991 Q4
Sanple period 1985 Q1 -2007 Q2 1985 Q1- 2007 Q2 1985 Q1- 2006 Q4
Observations 90 90 88
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Table 1. Has Sterilizatiolncreasd in Magnitude Over Time? (contOd)

PanelC. Selected_atin AmericanCountries

Argentina Brazil Mexico
Explanatory Variable (D @) (3 (D 2 (3 @ 2 (3
| FR/RM 0989  -1.006 -0.783 |-0.861 -0938  -0569 |-0959  -0975  -0.934
(0.033)*** (0.030)*** (0.089)*** |(0.136)*** (0.135)*** (0.186)*** |(0.027)*** (0.018)*** (0.036)***
[0.034]*** [0.020]*** [0.092]*** [0.183]*** [0.188]*** [0.237]** [[0.034]*** [0.022]*** [0.044]***
"'FR/RM#"DumBreak?  |go9  .0257  -0282  |-0419 0284  -0539 0233  -0077  -0.103
(0.102)  (0.123)** (0.107)** |(0.183)** (0.180)  (0.217)** |(0.056)*** (0.038)** (0.043)**
[0.168]  [0.174]  [0.165]* [[0.219]* [0.246]  [0.290]* [[0.092]** [0.051]  [0.057]*
"! FR/RM #"DumCrisis# -0.262 -0.828 -0.071
(0.102)** (0.246)*** (0.040)*
[0.105]** [0.295]*** [0.050]
I In(GNP) 1.272 0.936 0.138 0.131 0.394 0.399
(0.352)*** (0.310)*** (0.021)*** (0.025)*** (0.057)*** (0.061)***
[0.412]*** [0.335]*** [0.025]*** [0.027]*** [0.075]*** [0.078]***
Ho: "o %651 0.103 0.047 5.756**  |1.045 0.213 5.402¢*  [2.36 1.826 3.45*
Hot "o (7, %051 0.175 5.820**  0.653 4957+ 3,386 0.956 17.411*** 2518 1.097
Adjusted R-squared 0.949 0.968 0.972 0.591 0.64 0.683 0.958 0.979 0.98
Break date 2004 Q3 2003 Q3 1996 Q4
Crisisperiod 2000 Q4 B2003 Q1 1998 Q3 -1999 Q4 1994 Q2 - 1995 Q4
Sanple period 1992 Q1 -2007 Q2 1995 Q2 - 2007 Q2 1985 Q1- 2007 Q2
Observations 62 49 90

Note: Thetable reports coefficients of regressing central banknetdomesticcredt on netforeign reservesmeasuredas4-
quarter changes, scaled by the lagged reserve money stock (RM). ! In(GNP) is the 4 quartempercentchangen nominal

GDP, DumBreak is adunmy variabledenotingbreakpointin sterilizationbehaviorand DumCrisisis adunmy variable
denotingthe most recentperiodof significantreserveoutflows. Huber-Whitestandad errors in parentheses; Newey-West
standard errors adjusted for seria correlation up to three quartersin square brackets. F statistic for null hypothesis tests.

Significanceat 1%, 5%, 10%indicatedby ***, ** and*, respectivelyConstahnotreported
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Table 2. Does Sterilizath Dependon Inflation?
I DC/RMg, %&( ',! FR/RMy, ( ',"! FR/RMg,{(DumBreak) ( ',! In(INFL)( ,! In(INFL)(DumBreak)( ’,! In(RGNP)

PanelA. SelectedAsian Countries

China Korea Thailand
Explanatory Variable (1) @) (3) (1) @) (3) (1) (2) (3)
| FR/RM 0786 -0778 -0778 |-0767 -0.758 -0.760 |-0925 -0930  -0.936
(0.130)*** (0.122)*** (0.123)***|(0.035)*** (0.038)*** (0.039)***|(0.031)*** (0.030)* ** (0.020)***
[0.114]*** [0.116]*** [0.117]***|[0.038]*** [0.039]*** [0.040]*** [[0.019]*** [0.019]*** [0.019]***
"! FR/RM#"DumBreak? 0176  -0191 -0214 0216 -0223  -0215 |-0069 -0.066  -0.030
(0.126) (0.117)  (0.123)* |(0.045)*** (0.046)*** (0.052)***|(0.042)  (0.042)  (0.044)
[0.115] [0.119] [0.143]  |[0.045]*** [0.046]*** [0.053]***|[0.038]* [0.038]* [0.039]
! In(INFL) 0816 0795 0791  |L.79 1631 1644 [1051 1145 1176
(0.117)*** (0.108)*** (0.109)***|(0.705)** (0.717)** (0.711)** |(0.644)  (0.684)* (0.719)
[0.107]*** [0.116]*** [0.118]***|[0.678]*** [0.678]*** [0.703]** |[0.454]** [0.465]** [0.446]***
I In(INFL) " DumBreak 0.350 -0.324 -1.687
(0.597) (1.057) (0.604)* **
[1.150] [1.116] [0.577]***
I In(RGNP) 0180  0.181 0813  -0.741 0385  -0.240
(0.453)  (0.455) (0.685)  (0.711) (0.38)  (0.389)
[0.383]  [0.385] [0.837] [0.878] [0.403]  [0.389]
Ho: 'y %051 2710+ 3.314* 3274  |45.496*** 30.8***  38.146*** [5.046** 5345%*  4.712**
Hot "o (7 %51 0264 0188 0009 [0241 0295 0433 [0019 0011  0.898
Adjusted R-squared 0804 0802 0799 (0955 0955 0954 0972 0972 0975
Break date 2002 Q2 1998 Q4 1998 Q4
Sanple period 1987 Q1 D2007 Q2 1985 Q1 - 2007Q2 1985 Q1 - 2007Q2
Observations 82 90 90
Panel B. Other Selected Asian Countries
Malaysia Singapore India
Explanatory Variable (1) ) 3) 1) ) 3) (1) ) 3)
| FR/RM 081 -0930 -0961 |-0959 -0977 -0978 |-0816 -0751 -0.733
(0.135)*** (0.141)*** (0.137)***|(0.019)*** (0.020)*** (0.018)***|(0.102)*** (0.086)* ** (0.087)***
[0.082]*** [0.084]*** [0.080]***|[0.018]*** [0.019]*** [0.020]***|[0.080]*** [0.071]*** [0.071]***
"! FR/RM#"DumBreak? 0183  -0082 0039  |-0025 -002 -0021 |0152 -0200 -0.314
(0.134) (0.147) (0.138) |(0.014)* (0.013)* (0.019) |(0.098)  (0.081)** (0.098)***
[0.001]** [0.097] [0.099] [[0.019] [0.018] [0.023] |[0.088]* [0.078]** [0.101]***
I In(INFL) 2719 4623 5152  |1.274 0534 0562  [0462 0422  0.486
(2438)  (L795)** (1.690)***|(0.620)** (0.673) (0.497)  |(0.214)** (0.169)** (0.171)***
[1.875]  [1.975]** [1.875]***|[0.606]** [0.640] [0.739] |[0.220]** [0.194]** [0.195]**
! In(INFL)"DumBreak# -7.55 -0.104 0.854
(2.551)*** (1.995) (0.445)*
[2.280]*** [1.313] [0.492]*
! In(RGNP) 2395  1.783 0691  0.688 0596  0.629
(1.029)** (1.168) (0.225)*** (0.220)*** (0.098)*** (0.108)***
[0.961]** [0.928]* [0.246]*** [0.250]*** [0.119]*** [0.119]***
Ho ' %651 1049 0244 0083  [4518* 1281 1476  [3266  8.403** 9.423+**
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Hot "o (7 %51 3406 0175  5859** |1.256 0001 0003 [0545 1397  0.69
Adjusted R-squared 0831 0840 0857 0984 098 0985 [0.855  0.888  0.890
Break date 1998 Q4 1998 Q4 2000 Q4
Sanple period 1985 Q1 - 2007Q2 1985 Q1 B2007 Q2 1985 Q1 D2006 Q4
Observations 90 90 88
PanelC. Selected.atin AmericanCountries
Argentina Brazil Mexico
Explanatory Variable 1) ) (3) 1) ) (3) 1) ) (3)
| FR/RM 0956  -1.032  -104 0932  -0.69 0736  |-0975 -0975  -0.976
(0.040)*** (0.054)*** (0.055)***|(0.164)*** (0.165)*** (0.171)*** |(0.019)*** (0.019)*** (0.010)***
[0.026]*** [0.042]*** [0.041]***|[0.167]*** [0.167]*** [0.164]*** [0.017]*** [0.017]*** [0.016]***
"! FR/RM#"DumBreak? 0145 -0262 0837  |-0285 -0130 0044 0067 -0.059 -0.174
(0.097)  (0.113)** (0.345)** |(0.246)  (0.216)  (0.227)  |(0.040)* (0.050)  (0.063)***
[0.125] [0.131]* [-0.679] |[0.281] [0.258] [0.268] [[0.048] [0.050]  [0.064]***
I In(INFL) 1.713 1.377 1.352 0.603 1.077 1.017 0561  0.566 0.582
(0.275)*** (0.334)*** (0.338)***|(0.875)  (0.904)  -0.838)  |(0.079)*** (0.081)*** (0.081)***
[0.320]*** [0.350]*** [0.345]***([0.524]  [0.494]** [0.481]** [[0.055]*** [0.056]*** [0.054]***
I In(l NFL)"DumBreak# -7.488 -2.448 0.862
(2.415)*** (0.937)** (0.399)**
[4.540] [1.309]* [0.313]***
! In(RGNP) 2.184 2434 -13.796  -11.265 0.208 0.456
(1.031)** (1.052)** (3.838)*** (4.258)** (0.488)  (0.448)
[0.958]** [0.956]** [4.124]*** [4.233]** [0.368]  [0.365]
Ho: "o %51 1.201 0.343 0.534 0.172 3.525 2.398 1.677 1.785 1.594
Ho: "o (7, %051 1.366 5.071** 5570** [2.152 1.857 4740 1471 0567 6.293**
Adjusted R-squared 0.965 0.967 0.968 0.593 0.669 0.686 0981  0.980 0.982
Breakdate 2004 Q3 2003 Q3 1996 Q4
Sanple period 1992 Q1 B2007 Q2 1995 Q2 D2007 Q2 1985 Q1 H2007 Q2
Observations 62 49 90

Note: The table reports coefficients of regressing central banknetdomestic crediton foreign reservesmeasuredas4
quarterchangesscaledby laggedreservemoneystok (RM). ! In(INFL) isthe 4 quarter percent changein the CPI,

I In(RGNP) isthe 4 quarter changein real GDP, and DumBreakis adummy variabledenotirg breakpointin

sterilizationbehavior. Corstantnot repated. Huber-White standard errors in parentheses; NeweyWeststandarderrors
adjusted for seria correlation up to three quartersin square brackets. Significance at 1%, 5%, 10% indicated by ***,

** and*, respectively
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Table 3. Bdance of Payments Inflows to Emerging Markets, Annual Averages, in billions U.S.$

Current Account Net Foreign Netnon-Foreign Reserve Inflows
Balance Direct Investment Direct Investnent

1985- 1990- 1995- 2000|1985 1990- 1995- 2000|1985 1990- 1995- 2000|1985 1990- 1995- 2000

89 93 9% -06 | 89 93 9% -06 | 89 93 9% -06 | 89 93 9% -06

Asia 7 -3 -26 206 5 18 49 8l 9 20 53 -34 18 28 49 250
China -5 5 4 100 2 9 36 58 5 0 3 -8 1 6 27 152
India -6 -4 -6 -1 0 0 2 5 5 5 6 14 -1 2 0 20
Korea 7 -3 -16 14 0 0 -2 1 -4 5 23 10 3 1 4 25
Taiwan 13 10 8 24 -2 -2 -2 -4 0 -5 -7 2 11 2 -1 24
Other Asia -2 -10 -17 69 4 11 15 20 2 16 28 -52 5 17 19 29
Latin America -7 -21 -34 6 5 9 31 51 -19 25 22 -29 -1 18 24 20
Argentina -2 -2 -6 4 1 2 5 4 -2 3 4 -11 0 3 2 1
Brazil 0 0 -21 -2 1 1 8 15 -11 0 24 -3 0 6 11 8
Mexico -1 -18 -2 -12 2 4 9 20 -3 20 -8 1 0 5 6 6
Other LA -3 -1 -5 16 1 2 9 11 -3 2 2 -15 -1 5 5 6
Cental Europe | -2 -3 -6 -20 0 2 10 19 -4 -2 7 7 0 3 11 6
Russia 9 64 2 1 -14 -5 4 46
Middle East -5 -22 5 86 -1 1 -2 -1 3 26 4 -61 -3 -2 5 13
Tota| -6 -48 -52 342 9 30 90 151 -11 70 71 -122 14 47 92 335

Notes: Net non-foreigndirectinvestient inflows includeportfdio andothercagptal flows in thefinancialaccount.
Other Asiaincludes Hong Kong, Indonesia, Malaysia, the Philippines, Singapore, and Thailand. Other Latin America
includesChile, Colombia, Peru,andVenezuelaCentralEuropeincludesCzechRepublic,Hungay, andPoland. Middle
East includes Kuwait, Libya, Oman, Qatar, and Saudi Arabia.. Blank cells indicate values less than $500 million.
Source: IMF Balance of Payments Statistics.
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Table 4. Does Sterilization Depend on the @osition of Balance of Payrants Inflows?
| DC/RM, %&( "o+ . CA /RMg, ("4, NFDIg /RMg, ( “,+ . non$NFDIg, /RMy, ( ;! In(GNP)

( '5'+ ., CARM, H'DumBreaki{ ', "+ ! NFDIy/RM,,H'DumBreaki{( ',"+ ! non$ NFDI, /RM,, ¥ DumBreak#

PanelA. SelectedAsian Countries

China Korea Thailand
Explanatory Variable (1) 2 (3) (1) (2) (3) (1) (2) 3)
+ CA, /RM 1728 -1416  -0798 |-0881  -0.867 -0887 |-1482 -1434  -1011
(0.160)*** (0.106)*** (0.194)***|(0.058)* ** (0.067)*** (0.112)***|(0.186)* ** (0.204)*** (0.309)***
[0.274]*** [0.167]*** [0.283]*** [[0.065]*** [0.082]*** [0.130]***|[0.287]*** [0.306]*** [0.451]**
+ NFDIg, /RM 0173  -1.098 -0924 0806 -0759  -1.052 |-0963 -0938  -0.744
(0.207)  (0.251)*** (0.246)***|(0.326)** (0.333)** (0.561)* |(0.221)*** (0.216)*** (0.266)***
[0361] [0.434]** [0.401]** |[0.390]** [0.398]* [0.762] |[0.354]***[0.338]*** [0.390]*
+ nor&NFDI,, /RM 0572 -1606 -0931 |1.052  -1.037 -1.087 |-1260 -1.188  -0.937
(0.228)%* (0.207)*** (0.321)***|(0.074)*** (0.088)*** (0.144)***|(0.121)*** (0.150)*** (0.220)***
[0393]  [0.311]*** [0.522]* |[0.103]*** [0.120]*** [0.196]***|[0.179]*** [0.209]*** [0.306]***
! In(GNP) 1.241 1.121 0.510 0.693 -0.860  -2.340
(0.155)*** (0.184)*** (0.607)  (0.617) (0.683)  (0.998)**
[0.240]*** [0.285]*** [0.863]  [0.866] [1017]  [L426]
n 1
+ CAy / RM##'DumBreak# -0.438 0.004 11216
(0.239)* (0.106) (0.472)%*
[0.321] [0.117] [0.670]*
n n
+ FDI g, /RM " DumBreaki -0.859 0.335 -0.359
(0.319)%** (0.734) (0.269)
[0.414]** [0.983] [0.369]
n
+ non$FDI,/RM # DumBreaki? 10.329 0.185 10,655
(0.487) (0.162) (0.302)**
[0.594] [0.208] [0.403]
Ho:| "4 * |0 28.538*** 1,129 > 0043  0.087 > 2018 2614* 1035
Ho:| "o Ca* [0 (7o > 0134 10.471%**
Ho:|"a[* ]2 2097  5372** 0001 [0459 0562 0004 [|1577 1001  0.835
o x| r!
Ho:| " (o ]2 (74 > 0.001 3.445+*
AdjustedR-squared 0.558 0.742 0.787 0.837 0.837 0.835 0.743 0.743 0.773
Break date 2002 Q2 1998 Q4 1998 Q4
Sanple period 1986 Q2 D2006 Q2 1985 Q1 - 2007 Q2 1985 Q192007 Q1
Observations 81 90 89
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Table 4. Does Sterilization Depend on the @osition of Balance of Payrants InflowscontOd)

Panel B. Other Selected Asian Countries

Madaysia Singapore India
Explanatory Variable 1) @) ?) 1) %) ?) 1) @) )
+ CA, /RM 0968 -0973 -1060 |-1.120  -0872  -0.807 |-1152  -1.109  -0.799
(0.065)*** (0.077)*** (0.350)***|(0.184)*** (0.191)*** (0.342)** |(0.056)*** (0.058)*** (0.114)***
[0.004]*** [0.117]*** [0.434]** [0.230]*** [0.236]*** [0.300]** |[0.080]*** [0.084]*** [0.122]***
+ NFDIg, /RM 0227 -0268 -0131 |-0.882 -0510 -0985 |-1531  -1.332  -1.856
(0268) (0.352)  (0.444)  |(0.174)*** (0.186)*** (0.354)***|(0.226)** (0.241)*** (0.260)***
[0397] [0.543] [0.682] |[0.189]*** [0.222]** [0.378]** |[0.267]*** [0.275]*** [0.324]***
+ Nnon$NFDI, /RM 1139 -1137  -1092 |-0837 -0532 -0897 0721  -0.79  -0.742
(0.071)** (0.073)*** (0.467)** |(0.153)*** (0.184)*** (0.339)** |(0.100)*** (0.096)*** (0.152)***
[0.088]*** [0.091]*** [0.562]* |[0.154]*** [0.223]** [0.294]***([0.119]*** [0.108]*** [0.170]***
I In(GNP) 0183  0.020 3585  -3.598 0420  0.458
(0.683)  (0.998)** (1463)** (1.769)* (0.125)*** (0.129)***
[1225] [1789] [1926]* [2.469] [0.150]** [0.144]***
n 1
+ CA, / RM#'DumBreaki 0.260 0.031 -0.581
(0.388) (0.296) (0.161)***
[0.459] [0.213] [0.177]***
n n
+ FDI g, /RM {"DumBreak{ 1461 0.568 0.787
(0.546)*** (0.389) (0.384)**
[0.823]* [0.354] [0.344]**
n
+ non$FDI 4, /RM # DumBreak # 0118 0421 0340
(0.497) (0.361) (0.141)**
[0.602] [0.234]* [0.134]**
Hotl "1™ |0 10.355*** 5819*** 3.134%* > 2698 > > > >
s x| r'
Ho:| " (a7 (7 2.830%* 1.891* 0.413
Hotl "™ |72 10.929¢** 5659*** 1705* [0.105  0.030 > > > >
o % | !
Hot| s (7™ |72 (72 0.691 0.112 0.001
AdjustedR-squared 0.627 0.623 0.635 0.508 0.528 0.548 0.892 0.897 0.912
Break date 1998 Q4 1998 Q4 2000 Q4
Sanple period 1985 Q1 D2006 Q4 1995 Q4 D2006 Q4 1985 Q1 2006 Q4
Observations 88 45 88
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Table 4. Does Sterilization Depend on the @osition of Balance of Payrants Inflows3contOd)

PanelC. Selected_atin AmericanCountries

Argentina Brazil Mexico
C. Explanatory Variable (1) 2 (3) (@] @) (3) (1) (2) (3)
+ CA /RM 1590 1431  -1.765  |-1.435  -1.386  -2292 0928  -0963  -0.858
(0.421)%** (0.452)** (0.766)** |(0.165)*** (0.214)*** (0.439)*** (0.176)*** (0.171)*** (0.275)***
[0.570]*** [0.608]** [1.030]* [[0.161]*** [0.241]*** [0.525]*** [0.218]*** [0.212]*** [0.267]***
+ NFDIg, /RM 1565 1567  -1779  |-0375  -0270  -0626 0885  -0791  -0.430
(0.393)*** (0.396)*** (0.502)***|(0.395)  (0.501)  (0.587) |(0.168)*** (0.183)*** (0.515)
[0.523]*** [0.524]*** [0.624]*** [0.357]  [0515] [0.681] |[0.219]*** [0.233]*** [0.489]
4
+ MO S NFDIg, /RM 1319  -1265 -1448 |-0887  -0867 -1133 0800 -0786  -0.768
(0.287)** (0.202)** (0.426)** |(0.138)*** (0.154)*** (0.172)*** (0.115)*** (0.116)*** (0.153)***
[0.422]*** [0.429]*** [0.601]** [0.166]*** [0.181]*** [0.197]*** [0.122]*** [0.123]*** [0.139]***
I In(GNP) 0938  -0.747 0.021 -0.030 0.255 0.057
(0564)  (0.490) (0.036)  (0.043) (0204)  (0.269)
[0.655]  [0.587] [0.043]  [0.051] [0285]  [0.347]
n 1
+ CA, /RM # DumBreak 2,070 3.110 0.083
(1.160)* (0.648)*** (0.321)
[1.456] [0.823]*** [0.296]
n n
+ FDI g /RM{"DumBreaki -1.936 -0.280 -0.406
(1.405) (0.693) (0.544)
[1.430] [0.723] [0.481]
n
+ non$FDI , /RM # DumBreak # 0,937 0,494 B
(0.480)* (0.315) (0.173)
[0.608] [0.307] [0.150]
Ho: "o * |7 > > > |11547+%* 9627%** 27.678*** 0098 1445 1572
HO:‘,l( ,]I.* ,O( ,(I) > > >
Hot|"o|* |2 > > > |2078*  1905¢  1.123 > > 0,608
Ho:| "o Ca|* |72 () S S S
AdjustedR-squared 0508 0508 053 0.67 0663 0724  |0685 0687  0.699
Break date 2004 Q3 2003 Q3 1996 Q4
Sanple period 1992 Q1 - 2007 Q1 1995 Q2 D2006 Q4 1985 Q1 2007 Q2
Observations 61 47 90

Note: The table reports coefficients of regressing central banknetdomestic crediton 4-quartercumulative current
accountsurplus(CA), netforeigndirectinvestnent inflows (NFDI), andnon-NFDI capitalinflows (non-NFDI)
expressedh local currencyterms, all scaled by the lagged reserve money stock (RM). ! In(GNP) is the4 quarter

percenithangan nominal GDP,andDumBreak is a dummy variabledenotingbreakpointin sterilizationbehavior.
HuberWhite standad errors in parentheses, Newey-West standard errors adjusted for serial correlation up to three
quatersin squae brackes. F statistic for null inequaitty hypotheseswith oneail significance test results; results
not reportedvhen(the absolutevalueof the) coefficient on FDI inflows exceeds that on currentaccountsutplusor
non-FDlinflows,asindicatedoy O>0OConstannotrepoted. Significanceat 1%, 5%, 10%indicatedby ***, **

and*, respectively.
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Figure la: The Trilemma Fraawoik
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Figure 1b: Wstable Trilemma Configurations
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Note: Argentina, Korea, and Mexico (and other countries) experienced financial crisesin the 1990s as they
becane more integratedwith globalfinancia marketsandconverged to policy configurationsinvolving
greater exchange rate flexibility, reserve hoarding, and sterilization in the aftermath of their respective crises.
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Figure 2. Net Foreign Reserve and [Womestic Credit Changes of Central Bank,
(4 quarter changes relative to stockederve maney lagged 4Q, in percent)
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Note: positivevaluescorrespondo foreign reserveinflows or domesticcreditincreases.
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Figure2. Net ForeignReservesindNet Domestic Credit Changes of Central Bank,
(4 quarter changes relative to stockederve maney lagged 4Q, in percent)

Panel B: Other Selected Asian Countries
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Note: positivevaluescorrespondo foreign reserveinflows or domesticcreditincreases.
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Figure2. Net ForeignReservesindNet Domestic Credit Changes of Central Bank
(4 quarter changes relative to stockederve maney lagged 4Q, in percent)

PanelC: Selected_atin AmericanCountries
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Note: positivevaluescorrespondo foreign reserveinflows or domesticasseincreases.
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Figures3. Sterilization Coefficientsfrom 40-quarter Rolling Regressions
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Figures 3. Sterilization @fficientsfrom 40-quarteiRolling Regressions

Panel B: Other Selected Asian Countries
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Figures3.

PanelC: Selected_atin AmericanCountries

ARGENTINA

Sterilization Coefficientsfrom 40-quarter Rolling Regressions
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Note: Plotsreportcoefficientestimatesfrom regressian of changdn centralbankdomesticcrediton
changen foreign reservegdefinedas4 quarterchangeseldive to stock of reserve oney
lagged 4 quarterg)nd nominal GDP growth (with one standarcerrorbands) Coefficient
observationsorrespondo calendadateof 40" quarte of rolling sanple period.
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Figure 4. Coefficient of Variatioof SterilizationCoefficients
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Note: Calculations based on coefficient estimates from regressiorof centralbanknetdomesticcredit
onforeignreservechangeandnominal GDP growthfor countriesin Asia (China,IndonesiaKorea,
Malaysia, Pakistanthe Phlippines, Singapore,Thailand) and Latin America (Argentina, Brazil,
Chile, Colombia, Mexico, Peru).Coefficientobservationgorrespondo calenda dateof 40" guater
of rolling sanple period.
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Figure5a. ChinaCentralBankandandU.S. Treasuryl-Yearlnterest Rates (in percent)
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Appendix Figures. Sterilization Coefficients from Alternative Rollin g Regressions

PanelA: SelectedAsianCountries
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Appendix Figures. Sterilizatn Coefficients fra Alternative Rolling Regressions

Panel B: Other Selected Asian Countries
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Appendix Figures. Sterilizatn Coefficients frm Alternative Rolling Regressions

Panel C. Selected Latin American Countries
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Note: Coefficient estimatesfrom regressionof the changein central bank domestic credit assets on the change in net
foreign reserves (scaled by lagged reserve money) and nominal GDP growth. Solid line corresponds to regressions using
(nonoverlapping) quarterly observations of 1 quarter changes with lagged dependent variable and quarterly dummies as
explanatory variables. Dots correspond to regressions using (nonoverlapping) yearly observations of 4 quarter changes
(from Q2 of each year).Coefficient obsevations correspond to calendar date of 40" quarter or 10" year of rolling
sample period.
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Model Appendix

This Appendix analyzes the costs of giteation by fomulating a nodel of the
determinants of the substitutability between domestic and foreign bonds as characterized by the
marginal increase in the interest rate differential associated with reducing the share of foreign
bonds in private portfolios.

We consider a countrytvere agets face financial repression and unceiiasbout
domestic priceinflation, curreny depreciationandtax rateonreturns. The real yield to
domestic residents to holding donestic and foreign bond8( B*) are

roas, (A1)

%t (e$t*s$, | (A2)
wherei, i* denote nonmal interest returns, isthe domestic inflation rate, e is the depreciation
rateof domestic currency,andt* is thetax onreturnsto holding foreignassetsteflectingthe
realized cets of fhancial repression; , e, andt* are all stochastic. Thetax ratet* reflectsthe
de-factodegreeof financialrepressionwhich may includeregulatons inhibiting or penalizing
theholdingof foreignassets.

We assume agents are risk averse, with mean variance preferences:

U GE-W.,/2% W %s(L(r)( (L$SW(L( ). (A3)

The expected real yield differential can be solved as

*
E-r*, $E-r, %4/ 2,. SBW$5§ (A4)
/2$2< ./ /..
where 5% T 4%$UGW; [ WE(/E$2< ./ ./ ..

r$re 1
Hence, sterilized intervention that reduces the share of foreign assets in the private
portfolio, B /W , increases the expected interest rate differential, E-r. $ E-r*., by thedegreeof
risk aversion times the variance of the real interest rate differential, 4/ %,. .

Thevariables, , e, andt* are al stochastic. Specifically, we denote by, , 5 the
constant and the shock associated with varidble& =, , e, t* as

, %a (=; e%a,(=; %at', (=.
We further assume (i) expected domestic infl ation andthe depreciatiorrate are correlated, (ii)
shocks are zero mean and may be correlated and (iii) there are two typesof agentgi %l, h), with

differential costsof holdingforeignassets potentially different degr of risk aversion, with the

GavoredOtype i %l havingalow t*, implying
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, vae(=; e%a (= t%c"a. (5#i%, hc>q

where E[= ] %E[=] %E[=.] %0.
Noting that r $r* % $i* ( t*$ e, it follows that

Vo WE(/282</ W/ WC) /2 $26<_ ./ _/_ (/2. (A5)
Consequently,
2
Vst o2e"2 s <, /s (A6)

We presune thatthe correlationbetweendepreciatn and the financial repression tax is positive,

i.e. <. _ >0(seeGiovanniniandDe Melo, 1993).

Expression (A6) impliesthat a higher correlation betweerthe exchangeatedepreciation
rateandfinancial repressioniax redwcesthe costof sterilization. This effectis largerthe greater
isthe extent of financial repression (i.e., the higheresandthegreateiis the share of agents

facing higherc). Inthelimiting case when the correlation approaches 1, it follows that =, - k=,
where k is a constant, and
/e AA AG@ISCK)/ 2. (A7)

Consequentlythe ability to steilize dependonimpeirfect substitutability of assetsin aworld where
the costs of trading assets varies systematically across agents (due to possible scale effects) and

across asset classes (due to varying liquidity andrisk characteristics). Riies fosterimg greater
domestic financialrepressioralsoreduce the costs of sterilizatiofhis suggests that countries able
andwilling to engagen greateffinancial sterilization will be able to sustainthe policy configuration

of reservehoardingandsterilizing for a longer period of tien
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