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The Relative Effectiveness of Spot and
Derivatives Based Intervention

Abstract

This paper studies the relative effectiveness of foreign exchange intervention in spot and
derivatives markets. We make use of Brazilian data where spot and non-deliverable futures
based intervention have been used in tandem for more than a decade. The analysis finds
evidence in favor of a significant link between both modes of intervention and the Real/Dollar
exchange rate return. In line with theory, the impact of spot market intervention is strikingly
similar to that achieved through futures based intervention worth an equivalent amount in
notional principal when convertibility risk is limited. We show that both types of interventions
also affect the level and the price of hedging risk in the foreign exchange market.
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1. Introduction

Unconventional monetary policies in advanced ecaasrand volatile capital flows in and out
of emerging markets have brought foreign exchangeention (FXI) back to the forefront of
the policy debate in recent years. While flexibkeheange rate regimes have facilitated more
orderly currency adjustments in the aftermath @f ghobal financial crisis than was often the
case in the past, both spot and derivatives-baXéth&ve been important elements of the policy
responsé.Despite the burgeoning literature on the effectdss of FXI, little is known, either
theoretically or empirically, about the relativdestiveness of different FXI instruments.

This paper studies the relative effectiveness dfiRXpot and derivatives markets in a common
empirical framework. We focus our analysis on thsecof Brazil which is perhaps unique in that
it provides the necessary elements for such a sty Brazilian authorities have used both spot
and non-deliverable futures based FXI since théy &000s and, importantly, often alongside
each other. This variation in the choice of FXlItinments over a significant time period allows
for a direct empirical comparison between the twaxles of intervention, in particular since any
changes in agents’ behaviors or central bank paliayng this period are conditional on the
existence of both instruments. The authorities gigblish detailed data not only on the two
modes of intervention but also on variables thay rdave policy decisions and thus allow
identifying distinct reaction functions for eachlipg instrument. Finally, the non-deliverable
futures contracts the BCB employs are particulathat they settle in local currency and thus
offer an interesting opportunity to determine wieetthe effectiveness of this mode of FXI may
be conditional on the absence of convertibilitykri@.g. the risk that capital controls are
introduced):

The empirical approach we take in this paper isigiitforward. We estimate instrumental
variables regressions using daily data to explaenges in the BRL-USD exchange rate. Our
explanatory variables of interest are spot intetioen- in billions of US Dollars - and futures
intervention - in billions of US Dollar equivalemif notional principal — defined such that
positive values imply that the BCB takes a longl&oposition. We also analyze the impact of
both modes of intervention on measures of the dyaanhd the price of hedging foreign
exchange volatility derived from the options market

2 |n the 1990s, several Latin American countriesrivéned in foreign exchange markets by issuing debt
denominated in, or indexed to, foreign currencace then, FXI in markets for swaps, options amavéirds has
become part of the policy toolkit in a number ofintries (e.g. in Brazil, Mexico, South Africa antdailand).

% The central banks of both Mexico and Peru haveemecently begun using similar instruments.



We find strong evidence in favor of a significainklbetween intervention through both spot and
derivatives markets and changes in the Real/Dadchange rate. Both spot and futures
intervention enter the regression significantly amth the expected signs. What is more, the
impact of $1 billion in net spot market intervemtichanges the Real/Dollar exchange rate by
about 0.73 percent, an impact that is statistidaltistinguishable from the 0.67 percent change
achieved through auctions of non-deliverable fiswerth $1 billion in notional principal. This
main result of the paper is in line with the theimad work of Eaton and Turnovsky (1983) who
show that spot and forward market intervention hexyygvalent effects on the spot exchange rate
in the absence of elevated convertibility risk (eigk of prohibitive capital control tightening).

In contrast, when convertibility risk rises, hedgitocal positions through futures contracts
becomes incomplete, giving rise to a wedge betwesrred foreign and domestic interest rates
and implying that intervention in the futures mdrke longer equally impacts the spot exchange
rate. Our results thus suggest that such conudstibisk has been too limited in our baseline
sample to drive a significant wedge between thatiked effectiveness of spot and futures market
intervention: ® Nevertheless, in an extended sample we find eval#émat futures intervention is
ineffective in the presence of non-negligible catibdity risk.

Our options based volatility regressions suggestlai conclusions. Both modes of intervention
have statistically significant and indistinguishalefffects on both implied volatility and the cost
of hedging foreign exchange uncertainty (the vhblgtirisk premium). These results are
consistent with the idea that FXI can have a slgitpeffect that affects the dispersion of beliefs
of foreign exchange market participants, and canethy impact both implied foreign exchange
volatility and the volatility risk premium (for andotal evidence of the Japanese interventions,
see Beber et al,, 2010). In addition, the resultanf the volatility risk premium (VRP)

* Eaton and Turnovsky (1983) use the broader temfitipal risk” which encompasses the risk of capitantrol
introduction as well as the risk of debt repudiatio

® There are at least two additional factors thatatdimit the relative effectiveness of futures basetervention in
moving spot exchange rates. First, there may bigslito arbitrage arising, inter alia, from a potahtinwillingness
on the part of arbitrageurs (e.g. commercial barnksjake large short (long) futures positions ie tloreign

exchange market that are only imperfectly covengdbhg (short) spot positions in the same currefsee Garcia
and Volpon, 2014 and Kang and Saborowski, 20143o&# the finite nature of the futures contracty mender

them less effective than spot intervention whicheisante, permanent in nature. Our finding thatttto modes of
intervention have very similar impacts may suggleat (i) any potential limits to arbitrage were meached in the
baseline sample and (ii) that the length of thetremts was sufficient not to reduce the effectiwsnef the futures
based intervention.

® pPersistent deviations from covered interest ratétypthat occurred over the post-crisis periodnajor currencies
are discussed in e.g., Buraschi et al. (2015) ametal. (2018). For a more detailed account atitvhs related to
persistent deviations from the law of one pricéhim literature see Gromb and Vayanos (2010).



regressions indicate that FXI can be effective aarter-balancing net price pressures in the
options market which may arise in the presencéutd to arbitrage (Acharya et al., 2014, Della
Corta et al., 2016).

Finally, the analysis also detects significant efiféinces in reaction function estimates between
the two instruments. The BCB appears to use spatiire so than futures based intervention,
in reaction to daily movements in the exchange katd to resist capital flow pressures.
Conversely, it is more likely to use futures basgdrvention to smooth trend movements in the
exchange rate and to react to changes in riskiaversglobal financial markets.

The idea that sterilized FXI can be effective inving exchange rates has been widely covered
in the literature. Sterilized intervention shoulffieat neither prices nor interest rates but can
drive exchange rates through signaling (Mussa, 198ale, 1999) and coordination (Taylor and
Sarno, 2001) channels as well as when frictionse&aagents not to be indifferent between
holding assets denominated in different curren¢Bganson and Henderson, 1985; Kumhoff,
2010; Gabaix and Maggiori, 2015)Vhile the effectiveness of FXI would depend on rioy
circumstances — such as whether domestic and fosgets are reasonably good substitutes
(Bayoumi and Saborowski, 2014; Bayoumi et al, 20IBrent studies (Adler et al 2015;
Blanchard et al 2015; Fratzscher et al, 2018) fater strong support for a causal link between
FXI and exchange rates at the cross-country feSahilarly, several recent studies of emerging
economies confirm that spot FXI may not only imptnet exchange rate but also its volatility
(Scalia, 2008; Dominguez et al, 2013).

The relatively scarce empirical literature on datives based intervention similarly finds
evidence to support the effectiveness of FXI. #ludes Kohlscheen and Andrade (2014) who
find that auctions of Brazilian non-deliverable FAMtures settled in local currency had a

" The literature also provides strong empirical ewice of a link running from changes in volatilitgdging costs to
the spot exchange rate (Della Corta et al., 20b8idbno and Zhou, 2017), which in our context presi@énother
channel through which FXI can affect the spot exgearate.

8 In addition, the market microstructure literatsteows that new information released through FXI| akso lead
market participants to revise their beliefs in gresence of different types of frictions at the nmitevel (Lyons,
2006).

° The results in an earlier literature focused nyosti developed economies were more mixed (Dominguel
Frankel, 1993; Humpage, 1999). The literature omketamicrostructure in turn finds supportive eviderfor the
effectiveness of FXI (Dominguez, 2003; Payne antl¥j 2003). For a comprehensive survey of thedlitee see
Sarno and Taylor (2001), Neely (2005), Lyons (20 Menkhoff (2013).



significant effect on intra-day exchange rate cleaifyChamon et al. (2017) show that a
program of pre-announced interventions using thmeesastruments was effective although it
appeared not to affect exchange rate volatilitjately, Keefe and Rengifo (2015) show in an
event study that FX options based intervention ootetl by the Central Bank of Colombia was
effective in reducing daily exchange rate volatiliwhile the literature on derivatives based
intervention thus finds evidence supporting the@feness of such policies, to our knowledge,
there is no study that directly compares the dffeness of spot and non-spot FXI.

Our results contribute to the literature in sevevalys. First, this is the first study analyzing
empirically the relative effectiveness of spot aedivatives based FXI in a common framework.
Our main contribution is thus to provide evidendetlte theoretical prediction that FXI in
forward markets should be similarly effective astsbXI in the absence of convertibility risk.
From a policy perspective, the result highlighte fhotential advantages of a broader central
bank toolkit. Second, we provide empirical evidetitat both types of FXI affect not only the
level, but also the price of hedging risk in theefign exchange market. Third, our study allows
comparing central bank reaction functions for spad derivatives based intervention, allowing
us to draw conclusions, both on the types of factbat incentivize FXI more generally, and on
those that affect the use of one mode of FXI vetsa®ther.

The remainder of this paper is organized as folid®exction 2 briefly discusses the data and the
features of the Brazilian FXI policy framework, bef laying out our empirical specification.
Section 3 outlines the results of the empirical Ig8ig, Section 4 provides additional
specification checks and Section 5 concludes.

2. CONTEXT AND EMPIRICAL SPECIFICATION
FX Intervention in Brazil

Intervention in markets for currency derivativess Heecome part of the policy toolkit in a

number countries around the globe. The growing [@ojv of derivatives based FXI can be

traced to some of its notable advantages (Blejdr&humacher, 2000; Domanski et al 2016):
first, the provision of innovative instruments maig in developing nascent or illiquid markets

and thus reduce volatility; second, FXI in deriva markets may not require explicitly

committing reserves, or at least not immediatetyi¢ahe case for the Brazilian futures contracts
discussed in this paper); third, in the absencarbitrage between spot and forward markets,
derivatives based FXI could represent an additipoéity tool in managing liquidity in forward

191 addition, Garcia and Volpon (2014) discussrtieehanisms through which the derivative intervergtiprovide
hedging instruments for market participants andtéino such strategy in the Brazilian context.



markets during episodes of market segmentationtipspecific tools such as at-the-money put
options can act as automatic stabilizers for theigm exchange market, allowing the central
bank to accumulate reserves when the exchangeapgeeciates and selling them when it
depreciates. Finally, there can be circumstanceghich a central bank may prefer derivatives
based FXI over sterilized spot FXI either becauseomcerns over the supply of sterilization
instruments or because it perceives sterilized &Xtoo costly relative to its expectation of the
net cost of the derivatives transaction.

The Brazilian central bank has intervened freqyemtl foreign exchange markets since the
adoption of its floating exchange rate regime inudy 1999, including through the use of
derivatives instruments. Brazil’'s derivatives maskieave developed to rank among the largest in
the world amid demand for hedging instruments teeconterest and exchange rate risk given
Brazil's history of high inflation, devaluations éhigh nominal interest rates. Trading volumes
in Brazil's derivatives markets are around fourdsrmlarger than those in its spot market for
foreign exchange (Kang and Saborowski, 2014); edlgf it appears that derivatives markets
lead the spot market in price discovery (GarcialgR014)™ It is further important to note that
the Brazilian exchange regime prohibits financratiuments traded in Brazilian markets from
settling in foreign currency with a few exceptidhés a result, policymakers can make use of a
highly liquid market for FX derivatives that setifelocal currency.

The derivatives instruments most frequently use@ddicymakers are the so-called Brazilian FX
Swaps and Reverse FX Swapdhe instruments were first used in March 2002 andn

replaced Dollar linked treasury notes as the preemode of non-spot FXI (Bevilaqua and
Azevedo, 2005). Brazilian FX swap contracts aracstrred similar to non-deliverable forwards
or futures. Importantly, any proceeds from the ats are paid out only at maturity such that

1 Access to Brazil's spot market is restricted tartéred banks, laws preclude trading tkal offshore, and
domestic bank accounts denominated in foreign nayrare forbidden by law.

12 Brazilian law (Decree-Law No. 857) states thatrgw@ntract, security, document or obligation, mler to be
fulfilled in Brazil, can’t stipulate payment in gbbr foreign currency, or, in any form, restrictrefuse fulfillment
in the Brazilian currency. The exceptions to tlaw lare: currency exchange operations, import/expomtracts,
export financing (when a Brazilian bank buys, pagyin reais, in advance, the amount of foreign mayeto be
received by an exporter in an export operationjoans or any obligations in which the creditor @btbr is
domiciled outside Brazil.

13 Brazilian FX Swaps and Reverse FX Swaps are tifpieaictioned. The BCB announces detailed inforomati
prior to each auction, such as the exact time @fatirction, the maximum quantity of contracts that BCB offers,

and the maturity. Bidders are allowed to place auffivte bids, specifying the quantity and price quiin for the

bids. However, every bid-winner pays the same SHBEIE and receives the same cupom cambial and egehrate

variation. The BCB has its discretion to acceptamiyme of contracts up to the maximum that is fiaro



the contracts do not have a direct impact on resereney at the time of intervention and can
thus be directly compared to sterilized spot FXi.maturity, the BCB pays its counterparts the
observed exchange rate variation against the Dgllas the ex-ante Cupom Cambial and
receives the ex-post SELIC rate in rettirft. In other words, it makes a positive return if the
observed exchange rate depreciation falls shorinibfal expectations and makes a loss
otherwise. By offering a quantity of FX swaps, BE€B thus takes a short Dollar position in the
markets and expands the availability of hedge westors with opemReal positions, potentially
bidding down the forward exchange r&tdhe Brazilian Reverse FX swap is structured in an
equivalent way except that the BCB takes the lootjaDd position.

The discussion highlights that the name Braziliah dwap is somewhat misleading since the
instruments are more similar to non-deliverableurfies; unlike conventional cross-currency
swaps, they do not involve an exchange of notigm@hcipal; the crucial difference to
conventional non-deliverable futures is that theitls in local currency. One major advantage
of intervening via these instruments is thus thatdperation does not directly impact the BCB'’s
stock of foreign exchange reserves. From the BEBimterparts’ perspective, however, the fact
that the instrument settles in local currency repnés a risk to the extent that immediate
conversion to hard currency at maturity is lesqitbartain. As a result, using auctions of FX
swaps in place of spot Dollar sales is likely to ibeffective if convertibility risk is non-
negligible. The reason is that investors are uhlike purchase the derivative contract if they
cannot be sure that its proceeds can be convartedDollars at maturity as needed. In what
follows we refer to FX swaps and Reverse FX swadsitares based intervention for simplicity.

1 The Selic rate is the BCB overnight rate; the GupBambial is a highly liquid instrument that sensssthe
onshore Dollar interest rate and is priced in bpsiats equal to the spread between the overnigétliank deposit
rate and the expected exchange rate variation.

!5 The net gain of $1 in FX swap contracts is thuy sémilar to the net gain from purchasing $1 ia #pot market.
As part of the spot market purchase, the BCB wdaoido the dollar interest rate as well as the ergkarate gain
on $1 of reserves while avoiding having to pay 8@ic rate on $1 of reserve money. However, theeet@o
differences: first, the exchange rate gain/loggadized in the case of the FX swap but potentiaiiyealized in the
case of the spot market operation; second, themug@mbial could differ from the dollar interesteain reserve
assets.

1% |n addition, the instruments not only transmitcprsignals but also fill a market gap as futurestra@ts tend to
have shorter maturities and OTC markets offeringvdéve products with longer maturities are noffisiently
liquid (Kang and Saborowski, 2014).

7 Another frequently used instrument is the BramileX repo which is akin to a conventional FX swagsembling
a Dollar credit line. It has traditionally been dge provide FX liquidity to the market during padls of seasonal
shortages.



For the purpose of comparing the effectivenesshef tivo modes of FXI empirically, two
conditions are key: first, developments triggerapgt FXI as opposed to futures FXI need to be
sufficiently distinct in order to allow for idenitation when included jointly in a regression;
second, the two modes of FXI need to have been disedg broadly the same time period in
order to minimize the possibility that agents ad#eir actions to the prevailing mode of FXI.
Figure 1 illustrates that these conditions are galyein place in our sample. The chart shows,
for instance, that the BCB used both spot purchasdsauctions of Reverse FX swaps during
the period of 2005-11, presumably to tame appriecigiressures and accumulate reserves; in
turn, both spot sales of Dollars and auctions ofsg®w@aps were used to stabilize markets during
the crisis episodes of 2002/03 and 2008/09. Onhinduhe market turmoil following the taper
tantrum in May 2013 did the central bank use FXpsnaon€e?

[Insert Figure 1]
Data and Empirical Approach

The sample period used for our baseline regressioges from Septembel?2008 to August
21st 2013. The beginning of the period is deterchibg data availability. The end point is
chosen to be one day before the announcement otdhw#al bank’s 2013/14 intervention
program. We exclude this most recent episode bedémgsheavy interventions conducted at the
time were largely pre-announced months in advawdé (ollover rates as the only discretionary
factor). Including the episode would have requiedistinct empirical approach compared to the
one taken in this paper as auctions were likelgegatiin at the time they occurred (Chamon et al,
2017).

We estimate different variants of a standard irgetion model:

p q !
Ayy = a; + Z ¢iAy—; + Z 8;FI,_; + Z BiSPI_; + Xiy + & (D
i=1 i=0 i=0
p
INT; = a; + Z Ay + Xip + Z(0 + u; (2)
i=1

18 The motivation for this choice may have been thfdirst, futures based intervention allowed th€@Bnot to
directly commit its reserves in a volatile inteipatl environment for emerging markets. Second;BR# may
have perceived futures based intervention as velgtiess costly than sterilized spot interventiomn environment
in which interest differentials were very high, lpgps due to a more bullish expectation of excharage
developments.



where Ay, is the dependent variable defined as: i) the da@iscentage change in the nominal
BRL/USD exchange rate; ii) the daily percentagengeain the implied BRL/USD volatility; iii)
the daily change in the BRL/USD volatility risk pneum, depending on the regression. The
specification includes lagged values of the depehdariable, a measure of futures FXI;_;, a
measure of spot FXKPI;_;, and a vector of control variables, including ydammies X,. All

of these variables are defined in Table Al in tippéndix.

The exchange rate is defined in units of local ency such that higher values imply a
depreciation of the Real. The measure of implieldtidy is derived from three months ahead
at-the-money (ATM) currency options. In specificatichecks, we assess the robustness of our
results to using shorter (one month) and longex (sonths and one year) maturities. The
currency volatility risk premium is defined as tbd#ference between the risk-neutr&))(and
physical P) expectations of the future realized currency tilita

VRPyrsn = EZ[RVeein] — EF[RViein] (3)

As is common in the literature, we use our meastirmplied volatility as a measure of the risk
neutral expectatiorQ. We approximate the physical expectation with tagged realized
volatility (Bollerslev et al, 2009, Della Corta ak, 2016), computed as the square root of the
sum of the current and the pasi daily squared log Real/$ returns. In specificatitvecks we
also follow Drechsler and Yaron (2011) and Bekaed Hoerova (2014) in using the forecast of
the realized volatility from simple linear models an alternative measure of one-month and
three-month realized volatilities. Note that weidefVRP such that positive values indicate
higher risk premia (the opposite of what is typigalone in the literature), to make the results
more easily comparable to the ones from our impliettility regressions. We use the same
three months ahead maturity in the baseline spgatibn, and shorter and longer maturities in
the specification checks.

For the remainder of the paper, spot FXI is definedspot Dollar purchases minus spot Dollar
sales in billions of US Dollars. The BCB publistdeta on spot sales and purchases at a daily
frequency since May 2009 and at a monthly frequesicge 2000. In order to allow extending
our daily sample back to include earlier episodésheavy interventions, we construct an
estimate of both variables based on daily dataB@G8 publishes under the heading “Factors
conditioning the Monetary Base — External Sectoer@pons” in combination with the monthly
data on spot FXI. In particular, we set the daggts=XI variable to zero in months during which
no FXI took place according to the monthly datamonths during which spot FXI was non-
zero, we set the variable equal to the composiextd#rnal sector operations, namely the sum of
spot, forward, FX repo and FX loan operations. WHkiile variable is thus not a fully clean proxy



for spot FXI in the earlier data, it would providiee best possible option for extending the
sample?

Detailed data on FX swap and FX Reverse swap awgt®available from the BCB at a daily
frequency since 2002. We define the futures FXintexs the notional principal entailed in
auctions of Reverse FX swaps minus that entailednimouncements of FX swap auctions in
billions of US Dollars? In other words, in line with the spot FXI termfdtes FXI takes positive
values when the BCB takes long Dollar positions aedative values when it takes short Dollar
positions. Importantly, the magnitudes of the twariables are comparable in the following
sense: $1 of negative spot FXI (spot sales) takesf Brazilian Real exposure off of investors’
books; similarly, $1 of futures FXI takes $1 of Bitean Real exposure off of investors’ books,
although only temporarily and conditional on theetce of convertibility risk.

The main empirical challenge in studying the effemtess of FXI is the endogeneity of the FXI
terms to contemporaneous movements in the exchatgeTo estimate a causal relationship
between the both types of FXI and the dependermiarof interest we rely on the continuously
updated generalized method of moments estimatolE(Gtansen et al., 1996). The estimator
uses a vector of instrumerds for the vector of endogeneous variables givendnéeion (2),
where INT; is a two-dimensional vector of the two modes ofl FRUE estimates allow for
conditional heteroscedasticity and serial correfain the data and tend to perform better than
the standard two-stage least squares (2SLS) and @Mivhators in finite samples as well as in
the presence of weak instruments (Hansen et &6,19ahn et al., 2004).

Finding appropriate instruments for the two FXhteris particularly challenging in our setup as
candidate terms not only need to fulfill standagduirements for instruments; it is also essential
that they allow identifying separate reaction fumes that are sufficiently distinct to permit
including the two modes of FXI jointly in our regsons. In part following the literature on spot
FXI (see, inter alia, Ito and Yabu, 2007, Fatum &ludchison, 2010), we include the following
terms in our vector of instruments: (i) lagged gear moving average of the exchange rate, (ii)
lagged exchange rate deviation from two week moawgrage (time-varying target), (iii) lagged
average exchange rate volatility over previous weeks, (iv) lagged change in the monetary

9 When aggregating our spot intervention proxy anthly frequency, it has a correlation of 97 perceith the
monthly spot market intervention data availablexfrihe BCB in the baseline sample period. In themkéd sample
(going back to 2001), the correlation is 86 percent

20 We exclude FX swaps and reverse FX swaps auctiomedll over existing swap contracts. The reasothat
these could drive the exchange rate in either tiaecdepending on whether the roll-over rate sagat the market
on the up- or the downside.



policy rate, (v) lagged spot and futures FXI, ang (agged net FX flows. The latter three
variables are defined as averages over a one-waglow to smooth out irregular behavior.

The first three terms capture the hypothesis thattral banks react to exchange rate
developments in various forms. The lagged chang®enlocal policy rate, in turn, allows for
potential linkages between monetary and foreigrhamge intervention policies (Gnabo et al,
2010). The two lagged FXI terms account for peesise in FXI, for instance during periods of
trend appreciation. The intuition behind the fimatrument, the net foreign exchange flows into
Brazil, is similar to that of the ‘exchange ratevid¢ion from the moving average’ terf.That
said, we include the FX flows term separately ideorto better distinguish flow pressures on the
exchange rate from pure price pressures, basedemypothesis that the BCB may have a
higher propensity to react to what it perceivefi@as pressures using spot rather than derivatives
based FXI. The term indeed turns out to be pagrtylimportant in distinguishing the reaction
functions for spot and futures FXI. Our instrumemidss a battery of validity and weak
exogeneity tests.

An intriguing question is whether there are inseanm which the BCB chooses one mode of
FXI over the other because it believes that it Wil relatively more effective in the present
environment. For example, one may consider thatcdrdral bank would refrain from using
futures based FXI when it either perceives conbiityi risk to be high or arbitrage between
futures and spot markets to be limited for oth@soms. One variable that may proxy for such
situations of incomplete arbitrage is the onshdfghore spread in the dollar interest rate.
Consequently, we experiment with including the kdjgpread between the Dollar Libor rate and
the onshore Dollar rate (cupom cambial) as wellhaslagged difference between the onshore
and offshore forward rate in the first-stage regi@ss in the robustness section. In addition, we
add several alternative instruments such as lo@roeconomic news surprises and regional
news indicators and vary the window over whichitisgruments are defined with no impact on
our results.

In selecting the vector of control variablgs we follow the literature while trying to keep the
specification parsimonious. In particular, our demark choice of controls includes: (i) the daily
percent change in the Thomson Reuters Core Comyn(iRB) price index (both current and
lagged), (ii) the daily percent change in the Chac8oard Options Exchange Market Volatility
Index (VIX, both current and lagged), (iii) the tggl average change in the expected exchange

2 The net FX flow includes all daily FX transactioimso Brazil, excluding interbank operations ané BCB’s
external operations, as published by the BCB.
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rate depreciation over the coming 3 months (basedpot and forward rate differentials) and
(iv) the lagged daily percentage change in the jiear sovereign CDS spread for Brazil. The
first two controls capture the importance of comimodgrices (see also Kohlscheen and
Andrade, 2014) and global uncertainty (Forbes aratnack, 2012; Rey, 2013). The latter two
control for the impact of changes in depreciatiotpeetations and changes in investor
perceptions of country risk (Della Corte et al, 20lthey enter the regression only in lags to
avoid potential endogeneity concerns. We also eitlyliallow for interactions between spot and
options FX markets (Della Corta et al.,, 2016; Lamal@and Zhou, 2017) and include lagged
values of changes in either the volatility risk mprem or implied volatility in the FX returns
regressions and vice versa. In the robustnessgete add several alternative controls (day of
the week effects, local macroeconomic news surgriggional and EM news sentiment, actual
interest rate differential) with no meaningful ingpan our results.

3. ESTIMATION RESULTS

The estimation section is divided into three patis:first shows estimates of reaction functions
for both types of FXI; the second presents estim#éde regressions that use changes in the
Real/Dollar exchange rate as the dependent varittidethird runs a similar set of regressions
but uses the implied volatility and the volatiliigk premium as dependent variables. In the two
latter sections, we ask whether or not one or bbtthe two modes of FXI are effective in the
sense that we can establish a causal link to tiperadlent variable. Assuming that this first
guestion can be answered with the affirmative, slevahether one mode is more effective than
the other.

3.1. Reaction function estimates

We begin our analysis by estimating central bamictien function for both types of FXI. The
instruments and control variables are those digtlgsthe previous section and defined in Table
Al. The estimates of the reaction functions arenepl in Table 1. The first two columns show
the estimated reaction functions for spot and ggusased FXI using the OLS estimator with
Newey-West (1987) heteroscedasticity and autoaroel (robust) standard errors (first stage).
The top panel reports estimated coefficients fqlaxatory variables included in the vecir
while the bottom panel shows the results for tlstriments?

[Insert Table 1]

# Estimated coefficients for further lags of the wohvariables were not statistically significamt the joint
estimation and are dropped from the analysis.
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Estimated coefficients for the instruments gengralrry the expected signs throughout the
regressions in Table 1 and are statistically sigait for at least one of the two modes of FXI.
Moreover, the model diagnostics at the bottom dfl@d suggest that the instruments are valid.
Kleibergen and Paap’s (2006) rank LM statistic rsgtg rejects the null hypothesis that the
model is unidentified. In addition, the instrumep&ss weak identification tests. Kleibergen and
Paap’s (2006) Wald F statistic significantly exceedde Stock and Yogo (2005) threshold of
maximum size distortior®§.We also compute Sanderson and Windmeijer's (26a6dlitional F-
test which additionally controls for cross-effeofsmultiple endogenous regressors. The results
from the test reject the weak instrument hypothesis

We now move to discussing the first-stage coefficestimates in detail. The estimates in Table
1 would suggest that the two modes of FXI reacthort-term trends in the nominal exchange
rate and excessive FX volatility in the expecteteation: the BCB would take short dollar
positions when the Real is depreciating or whemtidy is elevated and long dollar positions in
the opposite case. In contrast, the response t@thaining variables differs notably between the
two modes of FXI.

First, spot FXI appears to be used more in resptm&hort-term movements in the exchange
rate, as suggested by the signs and the significahthe coefficients on the daily change in the
exchange rate and the expected depreciation terures FXI, in turn, appears to be used to
smooth medium-term exchange rate trends (see cmemyeving average term). Second, the
BCB responds to changes in country risk and gloisd aversion through futures based
intervention. Third, the lagged change in the manepolicy rate is significantly positively
associated with spot FXI, suggesting that spotrattan futures FXI tends to be used to attempt
to offset the exchange rate effects of tighter#wasonetary policy** Fourth, the lagged trend
FX transactions variable enters the spot regressmnificantly with a positive coefficient while
its coefficient is not significant in the futuresgressions. This suggests that spot FXI is the mode
of choice when responding to actual currency owtsleather than purely price based pressures
on the exchange rate. Finally, there is evidenat lthth spot and futures FXI tend to cluster as
illustrated by the positive and significant coefitt on their lagged moving averages.

% The Wald F statistic results may not be fully aete as the critical values are tabulated undeasisamption of
conditional homoscedasticity in the regression rerrblevertheless, the strong rejection of the hypothesis as
well as the results from the Sanderson and Windmé2015) conditional F-test imply that these conseshould be
small.

2 While using FXI as additional instrument may yieldvelfare improvement within an inflation targetiregime in

models with imperfect capital mobility (Ghosh et 2016), the offsetting effects can potentially yide mixed
signals to market participants and undermine tedibility of the inflation-targeting framework.
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Conversely, the relationship between spot (futufes) and lagged futures (spot) FXI is, if
anything, negative, although rarely significantty s

In sum, the BCB appears to react to daily movemantthe foreign exchange market and
perceived flow pressures using spot FXI. On theottand, futures FXI appear to be primarily
used in reaction to trend movements in the exchaatgeas well as to changes in country and
global risk perceptions.

We perform several robustness checks of the regafiiaction results. Table OA1 in the Online
Appendix presents the estimates of the reactiorctimms when additional instruments are
included and when the window over which the shemtit trend variables are calculated varies.
Although some of the additional instruments arenificant in the first stage regressions, this
does not change the significance or the magnitatiése coefficients of the baseline regressors.
In particular, while the onshore-offshore spreateenwith the expected sign, it is statistically
insignificant in both reaction functions. In additi Tables OA2-OA4 show that changes in the
instrument set do not impact the second stage tsesihother potential concern is that the
multiple zeros in the dependent variables in tlzetren function regressions may bias the linear
regression estimates. To assess the importantésgidtential bias, Columns 3 and 4 of Table 1
report estimates from an Ordered Probit modeldid Yabu, 2007%. While the magnitudes of
the estimated coefficients are not directly complerao the linear regression estimates, we
confirm that neither the significance of the keyiables nor their signs change significaritly.

3.2. Intervention and exchange rate changes

The second stage results of our baseline regresforequation (1) are summarized in Table 2.
Columns 1 to 3 report our baseline estimates, Coldnshows how the results change when
using simple OLS, and Columns 5 to 8 report extersdf the baseline specification. In order to
allow for delayed impacts of our control variable®, include them either as moving averages or
with both their contemporaneous and lagged values.

[Insert Table 2]

% Ito and Yabu (2007) show that the ordered propéc#ication can be interpreted as a linearizediver of the
general friction model of central bank intervent{@tmekinders and Eijffinger, 1996).

% The only relevant difference among the instrumésthat the Ordered Probit model reduces the itapoe of
the FX volatility in the spot intervention regremss.

" Estimated coefficients for further lags of the wohvariables were not statistically significamt the joint
estimation and are dropped from the analysis.
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We begin by including the FXI terms separatelyha tegressions. The first regression in Table
2 shows that the spot FXI term is highly signifitand carries the expected positive coefficient.
Taken at face value, the coefficient of 0.97 sutgyéisat $1 billion of spot purchases (sells)
would depreciate (appreciate) the exchange rate %% percent. Similarly, Regression 2 would
suggest that futures FXI is a highly significantedtminant of the Real/Dollar exchange rate,
with futures FXI worth $1 billion in notional equalent moving the exchange rate by some 1.5
percent. The third regression in Table 2 includeghbFXl terms in the regression
simultaneously. Of crucial importance at this pomitthe fact that our instruments identify
central bank reaction functions that are suffidiedtstinct to permit including the two variables
jointly in a single regression. The results in Qotu 3 confirm those from the first two
regressions: while both coefficients are now sorawsimaller, they are still quite similar at 0.73
and 0.67 respectively, and the two variables renmgghly significant. Indeed, the Wald-test
statistic given in the last row cannot reject th# hypothesis that the two coefficients are equal.

The estimated coefficients on the control variabdes in line with theory, and they are
frequently significant at conventional levels. AssoTable 2, we find that the lagged volatility
risk premium is a significant predictor of futureX Feturns in the expected direction. The
commodity price index and its lag both carry th@eoted negative coefficient, indicating that
rising commodity prices are associated with an egpting Real, but only the lagged term is
consistently significant. The VIX term carries asfiive contemporaneous coefficient, but is not
statistically significant. Lagged depreciation exjations and a rise in the country risk are, as we
would expect, associated with Real depreciation.

The bottom three rows of Table 2 show that the Ibesespecification passes the J-test of
overidentifying restrictions. Stock and Wright'sO@) S statistic, in addition, verifies that the
impact of the FXI is significant even if we allowrfthe case of weak instruments. The C-test for
endogeneity confirms that both types of FXI areagahous to contemporaneous movements in
the exchange rate. This can also be observed inn@oM where we depart from the use of
instruments and run a simple OLS regression ofpgreentage change in the exchange rate on
the two FXI terms and controls. The coefficientsbath terms become substantially smaller and
turn negative in the case of futures FXI. Thisnidime with the results from the endogeneity test
since theory would predict that the OLS regressighout instruments would likely introduce a
negative bias in the estimated coefficiefits.

2 A negative bias would result if the BCB responuisatdepreciating (appreciating) exchange rate kipgashort
(long) Dollar positions.
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We extend our baseline specification in severaddions in Columns 5 to &irst, we extend the
sample to 2002, the first year for which the fusuFeXI data is available. As we move the start
date back to 2002 we lose the FX transactionsunstnt (which plays an important role in
ensuring that the reaction function for the two emaf FXI are sufficiently distinct) as well as
the implied volatility term due to lack of data dahility (we also lose the volatility risk
premium among the second-stage covariates). Ineptdcthe lagged trend exchange rate
volatility we now include an alternative forwardsking proxy of uncertainty in the FX market,
namely the lagged trend difference between the aeshand offshore forward rate. The data for
this variable is available from 2002, and is hightyrelated with the volatility series (sample
correlation 0.47 over the periofl)The Column 5 shows that our main findings contitmubold

in that both modes of FXI appear to be significdnvers of the exchange rate with only
somewhat different coefficients than before (0.&9spot FXI and 0.57 for futures FX¥).

Secongan important advantage of extending the samplegéack to 2002 is that it allows us
to test whether futures FXI loses its effectivenasthe presence of non-negligible convertibility
risk. As discussed earlier, FX futures contractdlesen local currency. As such, they only
provide effective hedge against currency movemantthe extent that their holder is able to
convert the proceeds at the time of maturity. meotwords, we would expect futures FXI to be
ineffective in the presence of non-negligible catidity risk. In order to test this prediction,
we define a dummy variable denoted “ConvertibiRisk” that takes the value 1 on days on
which the spread between the three-month onshollarDaterest rate (cupom cambial) and the
offshore Dollar Libor rate was 1.5 standard dewiadi above its sample medrncluding this
variable alongside its interaction with futures apbt FXI in Regression 6, we indeed find
tentative evidence for the hypothesis: the intévacterm for futures FXI is highly significant
with a negative coefficient, indicating that futsird=XI becomes less significant when
convertibility risk is high’? In fact, the combined coefficient of futures FXldathe interaction
term turns negative, suggesting that futures FXVesahe exchange ratgth the windin such

% The variable also passes the instrument redundastyln addition, we also exclude the potentialigblematic
instrument (the long-run trend in the exchange)ratas suggested by the J-test. The results whemgtrument is
included are nevertheless similar.

% The results from individual intervention regressi@re also in line with the findings in the baseliegressions.
311t is important to note that changes in the cupmambial do not necessarily reflect convertibilitgkr although
large shifts relative to offshore Dollar intereatas are likely attributable to it. The resultsmbd change if we use a
higher or lower threshold (2 instead of 1 stand#adiation). Figure Al in the Appendix shows tha fheriod of
heightened convertibility risk broadly matches thisis episode of 2002/03.

32\We interact the instruments with the convertipitisk dummy to obtain instruments for the intei@ctterm.
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an environment. In contrast, the coefficient foe timteraction term with spot FXI is not
statistically significant.

Third, our baseline specification implicitly assumest ttiee impact of both types of FXI is
symmetric. To allow for asymmetric effects we imigrour intervention variables with a dummy
variable denoted “Spot (Futures) Long” that takes value one on days when the BCB takes
long Dollar positions. We use the interaction opt$ (Futures) Long” with all significant first
stage instruments from Table 1 as additional insémts for the interaction terms.In
Regression 7, which includes both interaction temesfind that the term is not significant in the
case of spot FXI and it is excluded from RegressSiomhe coefficient on the interaction term is
negative and significant for futures FXI in botlyressions. We interpret this finding as tentative
evidence suggesting that futures FXI are more @¥ecwvhen the BCB takes short Dollar
positions. This tentative evidence of asymmetryhia effect of futures FXI would corroborate
the findings of Kohlscheen and Andrade (2014) whows that FX swap auctions (“Futures
Short”) have stronger impacts than Reverse FX swdpgures Long”). The result is in line
with the fact that local currency liabilities to Iz investors in Brazil, as is the case in many
other EMs, grossly exceed foreign currency denotathassets held by Brazilian investors. In
such case, local currency depreciations constiguteore significant downside risk to the
universe of private investors than appreciationg. ifgervening in response to depreciation
pressures, the central bank may thus have a lastgeto play in limiting tail risks for investors
with open positions than in the case of long DdH.

In sum, we find that spot and futures based FXkehary similar impacts on the exchange rate.
This main result of the paper is in line with thedretical work of Eaton and Turnovsky (1983)
who show that spot and futures market FXI haveadent effects on the spot exchange rate in
the absence of convertibility rislOur finding suggests that episodes of non-negkgibl
convertibility risk are rare and have thus onlyiraited impact on the regression coefficients
(Figure Al).** Similarly, the finite nature of the futures comtiadoes not seem to weaken the

% Additional instruments enter the first stage regiens of the interaction terms significantly anas® the
instrument validity tests.

3 Figure Al suggests that convertibility risk asided by the spread between the onshore dollarésteate and
the US Libor rate has been limited during the basesample period. Large spreads would suggestatttallar
borrowed onshore is costlier than a dollar borrow#dhore. While a limited positive spread coulthgly reflect
country risk, a large deviation would signal tha¢ tisk that cannot be repatriated in the future b@come non-
negligible for investors (perhaps due to a risk ttapital controls may be severely tightened). Arotreason for an
elevated spread could be constraints on the pathifrageurs that prevent them from engaging indimg dollars
onshore to benefit from an appreciated forward arge rate (Garcia and Volpon, 2014).
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relative effectiveness of futures based FXI in Bragnificantly, suggesting that the maturities
are sufficiently long to limit the associated rolter risk for FX investoré.

3.3. Implied exchangerate volatility and volatility risk premium

The second part of the empirical analysis examénpstential role for the two modes of FXI in
influencing foreign exchange volatility and theageriof hedging foreign exchange risk. Indeed,
containing foreign exchange volatility was nameatime motive for FXI in a recent BIS survey
of EM central banks (Mohanty and Berger, 2013).

The dependent variable in the first set of regogssin this section is the three-month at-the-
money implied volatility in the Real/Dollar exchangate. We use the same set of instruments
and similar control variables as in the previougtisa (we exclude the lagged forward exchange
rate differential and the change in the CDS spfead the regressions as none of the lags of the
two variables was statistically significant), allony us to focus our discussion on the second
stage results. The first three regressions in T&bleresent the results from estimating our
baseline specification and including the two FXhte individually and jointly. Column 4 shows
the results from estimating the same specificatignn Regression 3 using OLS in place of the
CUE. Column 5 extends the sample period back toligct2003 (when the volatility data start
becoming available). Regression 6 tests for asymereftects of FXI°

As in the previous sub-section, we find that thatea variables in Table 3 are often significant
and their coefficients generally carry the expecsgghs. The lagged dependent variable is
significant in most regressions, in line with certpersistence in implied volatility movements.
Higher commodity prices are significantly negatwelssociated with implied volatility in the
Real/Dollar exchange rate as expected, and thecmggrimarily contemporaneous. The VIX,
in turn, enters the regression with a positive ftoeht in all regressions and is always highly
significant. Intuitively, higher uncertainty in ddal financial markets implies higher volatility in
emerging market exchange rates.

Regressions 1 and 2 in Table 3 contain the re$udta estimating the baseline specification
when including one FXI term at a time. We note thath FXI terms enter the regression with
the expected positive coefficient and are significAVhen including the two terms jointly in

Regression 3, the coefficients fall to some extrtremain within a close range of 1.9 to 2.1.

%1t may also reflect market participants’ experietioat the central bank has varied the availahilftthe stock of
hedge only very slowly, generally rolling over tinalk of its portfolio.

% Data unavailability unfortunately prevents us fremamining the impact of elevated convertibilitgkriperiod
(which ends in early 2003) on the options markégat$ of FXI.
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The Wald test fails to reject the null hypothedisaefficient equality. Taken at face value, these
findings imply that $1 billion in short Dollar spdtXl or short Dollar futures FXI reduces
implied volatility in the Real Dollar exchange rdtg some 2 percent. Regression 4, in turn,
shows that the coefficient on the FXI term dropgn#icantly in the absence of instruments,
signaling that these were important in attenuatitigely negative bias. Regression 5 extends the
sample period to 2003-13. Compared to the basspeeification in Regression 3, we find that
the coefficient on spot FXI increases somewhat evifuitures FXI loses its significance and
carries a somewhat lower coefficient than befofge Wald test nevertheless fails to reject the
null hypothesis that the two coefficients are eq&agression 6 tests for asymmetric effects of
FXI by adding interaction terms with a dummy val@lndicating long Dollar FXI. The
estimated coefficients for both interaction termme megative, but not statistically significant,
indicating no significant evidence of asymmetrythie implied volatility response. This finding
is in line with the signalling effect of FXI thaiao affect the dispersion of beliefs of foreign
exchange market participants in both directionadileg to symmetric effects of FXI on implied
foreign exchange volatility (Beber et al., 2010Q). dddition, potential symmetric effects on
volatility may also arise if the credibility of ceal bank’s commitment to reduce volatility vis-a-
vis achieving other intervention goals differs asrthe interventions (Dominguez, 1998).

[Insert Table 3]

To examine whether FXI affect not only uncertainbyt also the price of hedging FX
uncertainty, we use the volatility risk premiumtime Real/Dollar exchange rate at the three
month horizon as an additional dependent variablmterest. The results are summarized in
Table 4. The coefficients on the control variabkes before, generally carry the expected signs,
and the reported tests confirm the validity of anstruments. We thus proceed directly to
discussing the coefficients of interest.

Regressions 1 and 2 in Table 4 show that coeffisidor both FXI terms are statistically
significant with the expected positive sign wheaoluded individually in the regressions. In the
joint estimation (Column 3), the coefficient estie®m are strikingly similar, ranging between
0.57 and 0.58. The Wald test once again failsjectehe null hypothesis of coefficient equality.
Taken at face value, these findings imply that Bioh in short Dollar spot FXI or short Dollar
futures FXI reduces the volatility risk premiumtime Real Dollar exchange rate by 0.57. The
effect is also economically important as the estémaesponse roughly equals thd' §@rcentile

of the volatility risk premium empirical distribaih. The results are confirmed in the extended
sample where we obtain very similar estimates (@ol®b). Finally, Regression 6, similarly to
implied volatility regression, does not find anyidance in favor of asymmetry in the impact of
FXI on the volatility risk premium.
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[Insert Table 4]

In sum, the results in this section suggest th#t Bpot and futures FXI have important effects
on volatility and currency risk premia. As in theepious section, we also find that these impacts
are strikingly similar for spot and futures FXI af comparable magnitude. The estimated
similarity in the effectiveness of the two modesFX{l indicates that the finite maturity of
futures contracts and/or the prevalence of corviétyi risk were negligible to limit the ability of
futures FXI to reduce private sector FX risk. Theuits from the volatility risk premium (VRP)
regressions, in addition, indicate that both type&XI also affect the price of hedging foreign
exchange uncertainty in the expected directionthieoextent that the changes in the hedging
price reflect shocks in the availability of arbdeacapital (of the liquidity providers) or in thetn
demand for volatility protection (e.g. companieg)e results suggest that by providing spot
dollars and directly altering the supply of hedgogportunities, spot and futures based FXI can
contribute to loosening limits to arbitrage constt® Given the strong empirical evidence in
favor of spot price effects resulting from changesolatility hedging costs (Della Corta et al.,
2016; Londono and Zhou, 2017), this provides anta@l channel through which the FXI can
impact the spot exchange rate.

4. SPECIFICATION CHECKS

In this Section, we provide various additional speation checks. Some of the results are
relegated to an Online Appendix and only brieflgadissed in the main text.

We start with alternative estimators of the regoess of interest. We perform two sets of
alternative estimations reported in Table 5 andld@A6. First, we re-estimate our baseline
specification using the bi-variate system CUE esgton Our results in the previous section
allowed for dependencies between spot and derestivarkets via the inclusion of lagged terms
in the specifications. In the generalized methodnmadments context this is equivalent to
assuming a block diagonal moment weighting matrikhie joint estimation of spot and options
equations. However, in the presence of cross-emuabrrelations between the spot and options
moment conditions, such an estimator would notublg efficient. To assess the importance of
potential cross-equation correlations for the rssule re-estimate our baseline specification
using the system CUE estimator. The results fontlpiestimated FX returns and implied
volatility equations are reported in the first tweolumns of Table 5; Columns 3-4 report
estimates from the joint estimation of FX returnsl & RP equations. Both sets of estimates fully
confirm our earlier results derived under diagowaighting. Secongd we consider alternative
definitions of the effectiveness of FXI to the oneplied by the regressions. In particular, we
follow Humpage (1999) and Fratzscher et al. (2048) implement an event study type of
analysis. We first construct FXI episodes by definthe last day of an FXI episode as a day
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which is either followed by an FXI in the oppositeection or by no similar FXI for at least 5
days? We then calculate four types of criteria that nuead=X| effectiveness. The so-called
“event criterion” is computed for each FXI episosiech that FXI is regarded as successful
when the exchange rate moves in the intended dre¢tlepreciates during long Dollar FXI
and vice versa) during the episode and the 5 dagreafter (Column 1 in Table OA5). The
“smoothing criterion” is defined such that succesachieved when the exchange rate change
during and for five trading days after the FXI imaller than during the five trading days
leading up to the FXI (Column 2 in Table OA5). Akeenative indicators of success in
affecting foreign exchange volatility, we also cartg the event criterion for changes in the
implied volatility (Column 3 in Table OA5; succeissachieved when volatility falls in case of
short dollar FXI) and in the VRP (Column 4 in Tal@®&5; success is achieved when the risk
premium falls in case of short dollar FXI). Ourdings are presented in Table OA5. In all four
cases, we also calculate the success rates ofelpddd=XI episodes which are calculated by
creating FXI days in random directions on actuah-RX| days. In short, spot FXI generally
performs strongly against all success criteriaepkaen the case of the implied volatility event
criterion, its success rates are not only high, &lsb consistently higher than the placebo
success rates. In the case of futures FXI, theeenel is somewhat less strong, but the success
rates are always higher than the placebo success. fnally, note that by design both types
of criteria evaluate the effectiveness of one tgpé&XIl in isolation, ignoring the presence of
other types of FXI, which may potentially impace thbtained resulfs.

[Insert Table 5]

Next, we assess the sensitivity of the resultssiaguialternative instruments and controls sets.
Tables OA2-OA4 in the Online Appendix show thatrales in the instrument set do not impact
the second stage results meaningfully. Table Guded a battery of specification checks of our
baseline specification for spot returns, includomg additional covariate at a time. Regression 1
includes Brazilian macroeconomic announcement mapr(for inflation, unemployment and

industrial production). Regressions 2 and 3 inclineCiti EM Economic Surprise Index and the

Citi Latin America Economic Surprise Index, respeally. Neither variable appears to add much
to the regressions’ explanatory power and neitlagiabsle changes our results in a notable way.

37 Using a longer event window (10 days) significanttduces the number of events, especially in tee of
futures FXI which often occurred almost daily fotended periods of time (with small amounts).

% Excluding the events with overlapping spot ancurfes interventions would further reduces the nuntfer
available events.
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The same is the case when we add additional lagkeoflependent variable (Regressiori®4).
Regression 5 adds the actual interest rate diffiaileand once again our results are unchanged.
Finally, Regression 6 drops all remaining insigraht variables from the regression without
affecting our findings.

[Insert Table 6]

Table 7 repeats the same exercise for implied Nibfaand VRP regressions. We only report a
subset of these results. Regression 1 (for implethtility, 4 for VRP) adds the three

announcement surprise terms to the regressioneRs&gn 2(5) adds the EM Economic Surprise
Indexes, Regression 3(6) adds additional lags efddgpendent variable, while Regression 4(8)
includes the lagged change in the CDS spréatie results remain robust to all these additions.

[Insert Table 7]

Next, we consider alternative maturities for imglieolatility and the volatility risk premium.
We also construct alternative measures of VRP basddrecasts for realized volatility. These
are obtained from a linear model in which we regith& (ex-post) realized volatility computed
over the[t,t+h] period,RV i, either i) on the realized volatility estimatedeothe(t-h-1,t-1]
periodRV,.1 .1, OF ii) using a broader model that, in additiorRd.,,.; .1, includes the maturitl
implied volatility at timet-1, IV;.1, and a measure of negative foreign exchange reRIETs;."
The latter term, suggested by Corsi and Reno (2848)Bekaert and Hoerova. (2014), captures
a potential leverage effect and appears signifigamtour RV regressions. The empirical RV models
at one month horizon perform relatively well, wi#m R of around 0.4, but their performance
worsens at longer maturities (Table OAlQOhe results for alternative maturities of implied
volatility and measures of VRP are reported in €8alDA6 and OA7. In short, the results are
mainly consistent with the baseline. The only exicepis that the estimated coefficient for spot
FXI in the one-year regressions is not statistycaignificant, and the Wald test weakly rejects
the null hypothesis that the two intervention céhts are equal in the VRP equation.

Finally, we consider whether our results may reftee fact that FXI is not sterilized, such that
changes in interest rates and/or the monetarywaskl be the main drivers of the exchange rate
response. To address these concerns we look maselylinto interest rate and base money

39 We report coefficient only for the second lag lhé regression includes up to five lags which walle
insignificant. We also included day-of-the-week dmi®s and lags of intervention variables (not regaytwith no
effect on our results.

“0'We report only the coefficients for the lags the statistically significant; the regressionsie up to five lags.

*1 The variable takes a positive value for days wiherReal/$ exchange rate depreciates and zeronisieer
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developments surrounding the incidences of botlesypf FXI in our baseline sample. More
concretely, we calculate daily changes in the baek rate targeted by monetary policy (the
Selic rate) and daily changes in base money. Wenlre simple regressions of both variables on
spot FXI, similar to Fratszcher et al. (2018). Weeariment with day-of-the-week and year fixed
effects to assure that we capture the impact of &XIliquidity correctly. We also estimate
regressions with two-day changes in the monetasg Haat allow for some degree of smoothness
in the liquidity reaction and obtain the same reshibte that by definition of the underlying
contracts, futures based FXI does not impact reseroney directly at the time of FXI; we thus
do not show regressions of the monetary base amefitFXI. The results are summarized in
Tables OA8 and OA9. We do not find any systematiclence in favor of either a positive
correlation between net spot market purchases asel tmoney movements nor of a negative link
between the FXI and the changes in the interbankffial) rates. In short, the evidence of FXI
effectiveness does not appear to be driven by tenilization concerns.

5. CONCLUSION

This paper studies the relative effectiveness @éifm exchange intervention in spot and
derivatives markets. We focus on the case of Brelzdre spot and non-deliverable futures based
intervention have been used alongside each othee $he early 2000s, making it a unique case
study for the analysis at hand.

In particular, we compare the effectiveness ofBhazilian Central Banks’s purchases and sales
of spot Dollars to its auctions of non-deliveralfléures settled in local currency. We use
instrumental variable regressions that seek toagxpthanges in the BRL-USD exchange rate
and in measures of volatility as well as the patéedging it. Our set of instruments for the two
intervention terms makes use of a rich data setsamdeeds at identifying distinct reaction
functions that permit including the two modes d&mention jointly in our regressions.

The analysis finds strong evidence in favor of gniicant link between intervention through
both spot and derivatives markets and changeseifReal/Dollar exchange rate. What is more,
the impact of $1 billion in net spot market intemtien is statistically indistinguishable to that
achieved through auctions of non-deliverable figuwerth $1 billion in notional principal. The
effect is economically important and survives adrgtof robustness checks including extending
the length of the sample period. The same resldisHor the impact of the two modes of FXI on
the volatility risk premium and the implied exchangte volatility at different horizons.

The analysis also detects significant differenceseaction functions for the two instruments.
The BCB appears to use spot intervention more &o derivatives based intervention in reaction
to daily movements in the exchange rate and totaafbow pressures. Conversely, it is more
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likely to use futures based intervention to smomémd movements in the exchange rate and
when price pressures dominate.

Our analysis provides the first set of empiricalules on the relative effectiveness of spot market
and derivatives based forms of FXI in driving spotl options market exchange rate changes.
Future work can extend the analysis in at leastdikections. First, while we analyze the price
effects of FXI on spot and derivatives marketsther analysis could consider their broader
effects on market liquidity and the formation of ket participants’ beliefs. Second, while our
volatility risk premium results can be interpretadhe context of the growing limits to arbitrage
literature, further theoretical work on the chasnérough which foreign exchange interventions
influence derivative and spot markets is warranted.
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Figure 1: Spot and Brazilian (Reverse) Futuresdagervention in Billions of US$ or Notional
Principal Equivalent
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Table 1: First-Stage Regressions:

Controls Spot Futures Spot Futures
Lagged daily pct change in FX -0.019** 0.014 -0.007 0.001
(0.01) (0.01) (0.07) (0.05)
Change in VRP, lag 0.00 -0.045** 0.08 (0.06)
(0.01) (0.02) (0.08) (0.06)
CRB index, % change 0.027 0.019 -0.164 0.125
(0.02) (0.02) (0.12) (0.12)
CRB index, % change, lag -0.024 -0.038 -0.044 0.006
(0.03) (0.03) (0.14) (0.11)
VIX, % change 0 -0.004** -0.003 -0.016*
(0.00) (0.00) (0.01) (0.01)
VIX, % change, lag 0.002 0.001 0 0
(0.00) (0.00) (0.01) (0.01)
Spot forward differential, lag -0.047** 0.009 -0.419** 0.089
(0.02) (0.01) (0.20) (0.06)
5Y sovereign CDS return, lag -0.002 -0.013* -0.026 -0.047%**
(0.00) (0.01) (0.02) (0.02)
Instruments
FX deviation from moving average, lag -1.084 -3.070%** -11.061**  -17.075%**
(0.70) (0.88) (5.29) (3.35)
Medium-run FX trend -0.247 -0.819** -0.269 -2.817***
(0.24) (0.37) (0.58) (1.00)
Lagged average FX volatility -0.929%** -1.448%** 1.831 -3.437***
(0.26) (0.37) (1.30) (0.94)
Lagged net FX flows 0.075%** 0.035 0.289%** 0.173
(0.02) (0.02) (0.11) (0.13)
Lagged policy rate change 0.615%** 0.005 3.688*** -1.007
(0.19) (0.31) (0.99) (1.48)
Lagged spot intervention 0.168* -0.120** 2.484%** 0.454%**
(0.09) (0.06) (0.16) (0.14)
Lagged futures intervention -0.024 0.416%** 0.223 2.423%%*
(0.04) (0.14) (0.34) (0.35)
Constant 0.287 0.551**
(0.18) (0.25)
N 1100 1100 1100 1100
Kleibergen-Paap rk Wald F 6.4 6.4
Sanderson-Windmeijer F test 10.0 ( 0.00) 6.4 (0.00)
Kleibergen-Paap rk LM 27.9(0.00) 27.9(0.00)
Mc Fadden’s P 0.49 0.41

Notes: The dependent variable in columns dpist intervention in billions of US Dollars — while the dependeatiable in
columns 2 isfutures intervention in billions of US Dollar equivalent of notiongkincipal — defined such that positive
values imply that the BCB takes a long Dollar posit The dependent variable in columns 3 (spot)4ffdtures) takes the
value +1 when the BCB takes a long Dollar positidnfor when it takes a short Dollar position; @héh the absence of
intervention. Explanatory variables are definedTable Al. The first two columns report OLS estinsatthe last two
columns report estimates from an ordered probibuRbstandard errors in parentheses (Newey-West HHATIumn 1-2,
heteroscedasticity robust in Column 3-4). *. * &nd *** denote statistical significance at 10%, 8%d 1% level. For test
statistics p-values are reported in parentheseskStogo critical value for the weak instrumentttesth 10% maximal
LIML size is: 4.18.
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Table 2: Second-Stage Regressions: Exchange ratges

1 2 3 4 5 6 7 8
% change in FX rate, lag -0.178%* -0.169** -0.177%*  0:174%* -0.086* -0.066 -0.133** -0.130**
(0.06) (0.07) (0.07) (0.06) (0.05) (0.05) (0.07) (0.06)
change in VRP, lag 0.433** 0.401%* 0.378** 0.395*+* 0.329%** 0.314***
(0.08) (0.10) (0.09) (0.10) (0.10) (0.09)
CRB index, % change -0.107 -0.170* -0.160* -0.09 -0.¥55* -0.160** -0.152 -0.149
(0.09) (0.10) (0.09) (0.08) (0.08) (0.08) (0.10) (0.10)
CRB index, % change, lag -0.324%  -0.381**  -0.370** -0.354**  -0.348**  -0.337** -0.375%**%  -0.379***
(0.08) (0.08) (0.08) (0.09) (0.06) (0.08) (0.08) (0.07)
VIX, % change 0.006 0.010* 0.007 0.008 0.006 0.006  0.007 0.007
(0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.01) (0.01)
VIX, % change, lag -0.014%x* -0.014* -0.015%* -0.01 -0.002 0 -0.013** -0.013**
(0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.01) (0.01)
Spot forward differential, lag 0.157%* 0.142%* 0.15% 0.070* 0.168*** 0.165** 0.140%*** 0.137***
(0.04) (0.05) (0.04) (0.04) (0.04) (0.04) (0.05) (0.04)
5Y sovereign CDS return, lag 0.076** 0.082*+* 0.08**  0.072%* 0.100*+* 0.097*+* 0.083*** 0.082***
(0.01) (0.01) (0.02) (0.02) (0.01) (0.01) (0.01) (0.01)
Spot intervention 0.977** 0.733* 0.185 0.697* 0.724* 0.24 0.512*
(0.36) (0.39) (0.17) (0.36) (0.35) (0.81) (0.31)
Futures intervention 1.490%+* 0.670* -0.103* 0.575* ®B3* 0.636* 0.544*
(0.40) (0.32) (0.06) (0.30) (0.29) (0.34) (0.31)
Conv. Risk * Futures Int. -2.090*
(1.25)
Conv. Risk * Spot Int. 1.48
(4.98)
Convertibility Risk -0.008
(0.78)
Spot Long * Spot Int. 0.30
(0.94)
Futures Long * Fut. Int. -0.918*** -0.822**
(0.35) (0.32)
Constant 0 0.111 0.078 0.234 0.102 0.091
(0.05) (0.11) (0.09) (0.29) (0.09) (0.09)
N 1,100 1,100 1,100 1,100 2,218 2,218 1,100 1,100
Hansen's J stat. 9.1(0.17) 9.3(0.16) 7.946p 55(0.14) 7.5(0.19)11.5(0.40) 11.4(0.41)
Stock-Wright S stat 16.4 (0.02) 16.4(0.02) 1(60402) 20.2 (0.00) 24.7 (0.00)25.8(0.04) 25.8(0.03)
C test for endogeneity 15.9 (0.03) 15.9(0.03).91%.03) 15.2(0.01) 19.2(0.02p6.6(0.03) 26.5(0.02)
Wald statistic 0 0 0.01(0.91) 0.05(0.82) 0(1®71) 0.00 ( 0.95)
Wald statistic — short US$ 0.16 ( 0.69)
Wald statistic — long US$ 4.78 (0.03)

Notes: The dependent variable is the percent ddiBnge in the Real/$ rate. Explanatory variables defined in Table Al. The
Convertibility Riskvariable takes the value one on days on whiclspinead between 3M local interest rate (cupom cdjrduia Dollar

Libor was 1.5 standard deviations above its sam@an. TheSpot(Future§ Long dummy takes the value one on days when the BCB
takes a long Dollar position via the respective eoflintervention. Regressions 1-3 and 5-7 repstitrates using CUE, regression 4
reports OLS estimates. Newey-West HAC standard®iroparentheses. *, ** and *** denote statistisggnificance at 10%, 5% and
1% level. For test statistics p-values are reparnqzhrentheses. Wald statistic tests the null thgmis of equality of the spot and futures
intervention coefficients. Wald statistic — sho®$D tests the null hypothesis of equality of thetspal futures intervention coefficients.
Wald statistic — long USD tests the null hypothesfiequality of the sum of the level and interastierm coefficients for spot and
futures intervention.
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Table 3: Second-Stage Regressions: Im

plied Valatili
3

1 2 4 5 6
% change in IV, lag 0.135%* 0.208** 0.174%* 0.128* 54 0.170**
(0.04) (0.05) (0.05) (0.06) (0.03) (0.05)
% change in FX rate, lag -0.034 0.20 0.19 0.17 0.297* 096.
(0.15) (0.17) (0.17) (0.22) (0.14) (0.22)
CRB index, % change -1.439%* -1.591 % -1.543%* I % i -1.063** -1.590%*
(0.29) (0.30) (0.30) (0.31) (0.28) (0.28)
CRB index, % change, lag -0.018 -0.08 -0.209 -0.333 205 -0.311
(0.29) (0.34) (0.33) (0.33) (0.23) (0.27)
VIX, % change 0.176** 0.206*+* 0.199*+* 0.203*** 0.171** 0.197**
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
VIX, % change, lag 0.040** 0.043* 0.038* 0.040* 0.052+* 0.037*
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Spot intervention 2.415* 1.892* 1.000* 2.337* 4.660*
(1.02) (1.06) (0.39) (1.04) (2.65)
Futures intervention 3.219%* 2.107* -0.208 1.379 1.916
(1.13) (2.07) (0.31) (0.95) (1.17)
Spot Long * Spot Int. -3.394
(2.92)
Futures Long * Fut. Int. -1.045
(1.27)
Constant 0.361 0.990* 0.836** 0.383 0.716* 0.780**
(0.26) (0.39) (0.37) (0.99) (0.38) (0.38)
N 1,100 1,100 1,100 1,100 1,979 1,100
Hansen'’s J stat. 5.4 (0.49) 4.7 (0.58) 2.684D 3.7 (0.45) 6.4 (0.85)
Stock-Wright S stat 23.3(0.00) 23.3(0.00) 230300) 20.1 (0.00) 31.3(0.01)
C test for endogeneity 16.7 (0.02) 16.7(0.02) .718.02) 16.2(0.01) 31.7(0.01)
Wald statistic 0 0 0.01 (0.90) 0.33 (0.56)
Wald statistic — short US$ 0.70 ( 0.40)
Wald statistic — long US$ 0.16 ( 0.69)

Notes: The dependent variable is the percent daignge in the three month Real/$ at-the-money adpliolatility.
Explanatory variables are defined in Table Al. Bpot(Future§ Long dummy takes the value one on days when the BCB
takes a long Dollar position via the respective ead intervention. Regressions 1-3 and 5-7 repstitmates using CUE,
regression 4 reports OLS estimates. Newey-West Hfghdard errors in parentheses. *, ** and *** dendatatistical

significance at 10%, 5% and 1% level. For testisttas p-values are reported in parentheses. Waliktic tests the null
hypothesis of equality of the spot and futuresrirgetion coefficients. Wald statistic — short US#ts the null hypothesis of
equality of the spot and futures intervention doefhts. Wald statistic — long USD tests the nyibbdthesis of equality of the

sum of the level and interaction term coefficiciotsspot and futures intervention.
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Table 4: Second-Stage Regressions: Volatility Riskmium:

1 2 3 4 5 6
change in VRP, lag 0.074* 0.176%* 0.149% 0.148* 0.149* 0.135%
(0.04) (0.05) (0.05) (0.08) (0.06) (0.05)
% change in FX rate, lag -0.06 0.04 0.01 0.04 -0.01 0.035
(0.05) (0.06) (0.05) (0.08) (0.05) (0.07)
CRB index, % change -0.336** -0.340%* -0.351% -0.359%* -0.293%* -0.308***
(0.09) (0.09) (0.09) (0.10) (0.07) (0.09)
CRB index, % change, lag -0.165* -0.104 -0.161* -0.093 -0.145* -0.075
(0.08) (0.10) (0.09) (0.12) (0.06) (0.09)
VIX, % change 0.030%* 0.037* 0.036** 0.037%* 0.028** 0.038***
(0.01) (0.01) (0.01) (0.01) (0.00) (0.01)
VIX, % change, lag 0.004 0.006 0.004 0.004 0.005 0.009
(0.01) (0.01) (0.01) (0.01) (0.00) (0.01)
Spot intervention 0.720%* 0.574* 0.288* 0.581* 1.759*
(0.26) (0.26) (0.13) (0.30) (0.89)
Futures intervention 0.889%* 0.581* -0.001 0.610** 0.724*
(0.32) (0.30) (0.08) (0.26) (0.35)
Spot Long * Spot Int. -1.426
(0.95)
Futures Long * Fut. Int. -0.591
(0.37)
Constant 0.025 0.225* 0.159* -0.568 0.171* 0.199**
(0.03) (0.09) (0.08) (0.36) (0.07) (0.09)
N 1,100 1,100 1,100 1,100 1,989 1,100
Hansen’s J stat. 7.9 (0.25) 8.5 (0.20) 4.1 (0.54) 6.3(0.18 12.0 (0.37)
Stock-Wright S stat 30.9 (0.00) 30.9(0.00) 30.9(0.00) 39.7 (9.0049.5 ( 0.00)
C test for endogeneity 26.1(0.00) 26.1(0.00) 26.1(0.00) 20.8 (9.0051.2 ( 0.00)
Wald statistic 0 0 0.00 ( 0.99) 0.00 ( 0.95)
Wald statistic — short US$ 0.94 (0.33)
Wald statistic — long US$ 0.75 (0.39)

Notes: The dependent variable is the daily chamgthé three-month Real/$ volatility risk premiumRF). The VRP is
defined as the difference between the implied idlatand realized volatility at the correspondimgrizon. Explanatory
variables are defined in Table Al. TBeot(Futureg Long dummy takes the value one on days when the BCBtakeng

Dollar position via the respective mode of inteti@m. Regressions 1-3 and 5-7 report estimatesguSldE, regression 4
reports OLS estimates. Newey-West HAC standardinoparentheses. *, ** and *** denote statistis@nificance at 10%,
5% and 1% level. For test statistics p-values epanted in parentheses. Wald statistic tests thHehppothesis of equality of
the spot and futures intervention coefficients. 8Vstiatistic — short USD tests the null hypothesisquality of the spot and
futures intervention coefficients. Wald statistidong USD tests the null hypothesis of equalitytleé sum of the level and
interaction term coefficients for spot and futuirgervention.
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Table 5: Second-Stage Regressions: System estimator

1 2 3 4
% change in FX rate, lag -0.164*%= 0.177 -0.09* 0.017
(0.06) (0.17) (0.05) (0.05)
% change in 1V, lag 0.102%+* 0.174%*
(0.02) (0.04)
change in VRP, lag 0.374** 0.151%*
(0.08) (0.05)
CRB index, % change -0.126 -1.486** -0.158** -0.350**
(0.09) (0.30) (0.07) (0.09)
CRB index, % change, lag -0.349%* -0.22 -0.368** -0.158*
(0.08) (0.31) (0.07) (0.09)
VIX, % change 0.01 0.193** 0.01 0.034*+*
(0.01) (0.02) (0.01) (0.01)
VIX, % change, lag -0.021%* 0.035* -0.013*** 0.004
(0.01) (0.02) (0.01) (0.01)
Spot forward differential, lag 0.162%* 0.155%*
(0.05) (0.04)
5Y sovereign CDS return, lag 0.088*** 0.080**
(0.01) (0.01)
Spot intervention 0.763* 1.801* 0.743* 0.567*
(0.38) (1.04) (0.37) (0.25)
Futures intervention 0.592* 2.058* 0.616** 0.59*
(0.28) (1.05) (0.28) (0.28)
Constant 0.06 0.876* 0.08 0.162**
(0.09) (0.38) (0.08) (0.08)
N 1,100 1,100 1,100 1,100
Hansen’s J stat. 14.9(0.13) 14.9(0.13) 17.87)0. 17.3(0.07)
Wald statistic 0.1 (0.75) 0.0 (0.88) 0.1 (0.81) 0.0 (0.95)

Notes: The dependent variable in Column 1 and tBespercent daily change in the Real/$ rate. Thpedent variable in
Column 2 is the percent daily change in the threatmReal/$ at-the-money implied volatility The dagent variable in the
Column 4 is the daily change in the three-monthlfResolatility risk premium (VRP). The VRP is deéd as the difference
between the implied volatility and realized voldfilat the corresponding horizon. Explanatory Jalea are defined in Table
Al. Columns 1 and 2 report estimates from the jestimation of returns and implied volatility eqgoas by CUE. Columns 3
and 4 report estimates from the joint estimatiomedfirns and volatility risk premium equations by Newey-West HAC

standard errors in parentheses. *, ** and *** denetatistical significance at 10%, 5% and 1% lefel: test statistics p-
values are reported in parentheses. Wald statissis the null hypothesis of equality of the spod &utures intervention
coefficients.
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Table 6: Second-Stage Regressions:

Exchange rabges: Alternative control variables

1 2 3 4 5 6
% change in FX rate, lag -0.176%* -0.176** -0.172%* -0.184*** -0.173%* -0.180 ***
(0.07) (0.06) (0.07) (0.07) (0.07) (0.07)
change in VRP, lag 0.380*** 0.370** 0.363** 0.366*** 0.376** 0.388***
(0.09) (0.09) (0.09) (0.09) (0.09) (0.09)
CRB index, % change -0.159* -0.155 -0.154 -0.169** -0.154 -0.201*
(0.09) (0.09) (0.10) (0.09) (0.10) (0.10)
CRB index, % change, lag -0.369%* -0.371%* -0.372%= -0.373%* -0.380*** -0.363 ***
(0.08) (0.08) (0.08) (0.08) (0.08) (0.08)
VIX, % change 0.007 0.006 0.006 0.008 0.008
(0.01) (0.01) (0.01) (0.01) (0.01)
VIX, % change, lag -0.015%* -0.014*** -0.014** -0.015%* -0.015%* -0.016***
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Spot forward differential, lag 0.154** 0.159%* 0.160** 0.160*** 0.131%* 0.156***
(0.04) (0.04) (0.05) (0.04) (0.04) (0.05)
5Y sovereign CDS return, lag 0.081** 0.080** 0.080*** 0.079** 0.082** 0.081**
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Spot intervention 0.654* 0.519* 0.600* 0.351 0.692* 0.791*
(0.31) (0.29) (0.30) (0.26) (0.33) (0.34)
Futures intervention 0.738* 0.867* 0.829* 0.813* 0.658* 0.719*
(0.39) (0.40) (0.42) (0.37) (0.40) (0.40)
Inflation surprise 0.342
(1.57)
Unemployment surprise (0.00)
(0.37)
Industrial Prod. surprise -0.017
(0.08)
Citi EM surprise index -0.065
(0.08)
Citi LATAM surprise index -0.01
-0.114
% change in FX rate, lag 2 -0.043
-0.045
Interest rate differential, change -0.119
(0.37)
Constant 0.077 0.029 0.073 0.069 0.094 0.078
(0.09) (0.09) (0.09) (0.08) (0.09) (0.09)
N 1,100 1,093 1,094 1,100 1,079 1,101
Hansen’s J stat. 7.9 (0.16) 7.6 (0.18) 8.1(0.15) 5.4 (0.37 6.9(0.22) 7.8 (0.17)
Stock-Wright S stat 16.3(0.02) 16.6(0.02) 15.9(0.03) 13.6(0.0616.4(0.02) 17.2(0.02)
C test for endogeneity 15.7(0.03) 16.0(0.02) 15.3(0.03) 14.2(0.0514.2(0.05) 16.8(0.02)
Wald statistic 0.02(0.88) 0.37(0.54) 0.15(0.70) 0.83(0.360.00(0.96) 0.01(0.91)

Notes: The dependent variable is the % daily chamgkee Real/$ rate. Explanatory variables arengefiin Table Al. Newey-
West HAC standard errors in parentheses. *, ** &rtddenote statistical significance at 10%, 5% ah®% level. For test
statistics p-values are reported in parenthesedd \Matistic tests the null hypothesis of equabiythe spot and futures
intervention coefficients. Only the coefficientsr fthe second lag of the dependent variable is tegofall statistically
insignificant).
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Table 7: Second-Stage Regressions: Implied vdiatihd volatility risk premium: Alternative

control variables

1 2 3 4 5 6 7 8

% change in IV, lag 0.173*+* 0.173*+* 0.157** 0.161%*

(0.05) (0.05) (0.05) (0.04)
% change in FX rate, lag 0.19 0.20 0.23 0.16 0.01 0.02 0.138* (0.01)

(0.17) (0.17) (0.20) (0.17) (0.05) (0.06) (0.07) (0.05)
CRB index, % change -1.548%* -1.603** -1.636** -1.531% -0.353% -0.376 -0.420%*  -0.337%*

(0.31) (0.31) (0.31) (0.31) (0.09) (0.09) (0.10) (0.10)
CRB index, % change, lag  -0.217 -0.231 -0.167 -0.13 -0.162* -0.169* -0.124 -0.102

(0.33) (0.34) (0.32) (0.32) (0.09) (0.10) (0.10) (0.10)
VIX, % change 0.199%+* 0.198*** 0.192%= 0.198%* 0.036*** 0.036*** 0.0 38*** 0.035%+*

(0.02) (0.02) (0.02) (0.02) (0.01) (0.01) (0.01) (0.01)
VIX, % change, lag 0.038* 0.037* 0.034* 0.027 0.003 0.003 0.001 -0.005

(0.02) (0.02) (0.02) (0.03) (0.01) (0.01) (0.01) (0.01)
Spot intervention 2.126* 2.101* 1.608* 2.145* 0.582* 0.657* 0.967*+ 0.52+*

(1.07) (1.07) (0.97) (1.08) (0.30) (0.31) (0.36) (0.30)
Futures intervention 1.886* 2.158* 2.632* 1.788* 0.577* 0.660** 0.763* 0.493*

(1.06) (1.13) (1.12) (1.05) (0.26) (0.29) (0.29) (0.26)
Inflation surprise 2.233 1.018

(4.64) (1.01)
Unemployment surprise -0.561 -0.079

(1.26) (0.27)
IP surprise (0.11) (0.02)

(0.23) (0.05)
Citi EM surprise index -0.412 -0.228%*

(0.29) (0.07)
% change in IV, lag 4 -0.101*
-0.041
5Y Sov. CDS return, lag 0.048 0.035
-0.073 -0.024
change in VRP, lag 0.148%* 0.151%* 0.147*+* 0.108**
-0.046 -0.048 -0.057 -0.051
change in VRP, lag 4 -0.140**
-0.07
change in VRP, lag 5 -0.152*
(0.07)

Constant 0.842** 0.537 0.774* 0.823** 0.159* 0.01 0.253** 0.146*

(0.38) (0.39) (0.36) (0.38) (0.08) (0.08) (0.10) (0.08)
N 1,100 1,093 1,100 1,100 1,100 1,093 1,100 1,100
Hansen’s J stat. 2.0 (0.85) 2.2(0.82) 1.5(0.92) 2.0(0.85 4.1(0.54) 4.6 (0.47) 1.1(0.95) 3.7(®.5
Stock-Wright S stat 24.0(0.00) 24.2(0.00) 25.1(0.00) 23.1(9.0031.3(0.00) 32.2(0.00) 37.8(0.00) 33.0(9.0
C test for endogeneity 16.8(0.02) 17.7(0.01) 17.1(0.02) 16.4(9.0226.2(0.00) 29.5(0.00) 24.5(0.00) 24.5(09.0
Wald statistic 0.02(0.89) 0.00(0.97) 0.35@E).5 0.04(0.84) 0.00(0.99) 0.00(1.00) 0.1669. 0.05(0.83)

Notes: The dependent variable is the percent dhdyge in the three month Real/$ implied volati{@plumn 1-4) and the daily
change in the three month Real/$ volatility rislempium (Column 5-8). The VRP is defined as the diffee between the
implied volatility and realized volatility at theoresponding horizon. Explanatory variables aréneeff in Table Al. Newey-
West HAC standard errors in parentheses. *, ** &ftddenote statistical significance at 10%, 5% ah®% level. For test
statistics p-values are reported in parenthesedd \Matistic tests the null hypothesis of equabiythe spot and futures
intervention coefficients. Only the coefficients &iatistically significant lags of the dependeatiable are reported.
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Table Al: Variable Definitions and Sources

Variable Name

Definition

Sour ce

Dependent Variables

Exchange rate

Percent Daily Change in Real/$

Blayg)authors’ calculations

Implied Volatility

Percent Daily Change in at-thesmey implied
Real/$ volatility at 1M, 3M, 6M and 1Y horizons.

Bloomberg; authors’ calculations

Volatility Risk Premium

The difference between Iiapl Volatility and
Realized Volatility at selected horizons. Realize
Volatility measured using past daily FX returns g
through model predictions.

Bloomberg; authors’ calculations
d
nd

Intervention Terms

Spot intervention

Spot purchases net of Spot sales

BCB and authors’ calculations

Futures intervention

Reverse FX swaps net of FXpswa

BCB and authors’ calculations

Spot purchases In billions US$ BCB and authorgdations
Spot sales In billions US$ BCB and authors’ caltates
Reverse swaps In billions of notional outstandiriggipal in US$ BCB and authors’ calculations
Swaps In billions of notional outstanding principalUS$ BCB and authors’ calculations
I nstruments

Lagged FX deviation
from moving average

The difference between the exchange rate and
two week moving average of the exchange rate|
log terms.

the Bloomberg; authors’ calculations
n

Lagged FX volatility

Two week moving average of Ifaplied volatility

Bloomberg; authors’ calculations

Medium-run FX trend

One year moving average ofltigeof the
exchange rate

Bloomberg; authors’ calculations

Lagged net FX flows

One-week average of net daxyflBws
in billions US$

BCB and authors’ calculations

Lagged spot intervention

One week moving averaghe§pot interventions

BCB and authors’ calcutatio

lagged futures

One week moving average of the futures

BCB and authors’ calculations

intervention interventions
Lagged policy rate One week change in the Selic target rate Bloomtzrdpors’ calculations
change

Difference between the
onshore and offshore
forward rate

One-week moving average percent difference
between offshore and onshore NDF

Bloomberg; authors’ calculations

Control Variables

5Y sovereign CDS returm Percent daily change in 5Y sovereign CDS sprgad orBherg; authors’ calculations

CRB index Thomson Reuters Core Commodity (CRB) price Haver; authors’ calculations
index

VIX Chicago Board Options Exchange Market Haver; authors’ calculations

Volatility Index

Lagged FX forward
differential

One-week average percent difference between
and forward rate

spoBloomberg; authors’ calculations

Inflation surprise

The difference between actualaamcement and
Bloomberg expectations

Bloomberg; authors’ calculations

Unemployment surprise

The difference between actmabuncement and
Bloomberg expectations

Bloomberg; authors’ calculations

Industrial production
surprise

The difference between actual announcement 4
Bloomberg expectations

nd Bloomberg; authors’ calculations

Citi EM surprise

Citi EM surprise Index

Haver; authors’ calculason

Citi LATAM surprise

Citi Latam surprise Index

Haver; authors’ calcuas

Interest rate differential

Difference between Sald Fed Funds rate

Bloomberg and Haver.

Other

Convertibility Risk

Value 1 on days when cupom cé@hbollar libor
spread is 1.5 std above sample mean

Bloomberg; authors’ calculations

Cupom cambial

Three-month onshore dollar interast r

Bloomberg; authors’ calculations
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Figure Al: Convertibility Risk
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——Threshold =~ =——3M Cupom Cambial vs. Libor Spread

Notes: The graph shows the evolutiorCainvertibility Riskproxied by the spread between three month Cuponb@dnate and
the Dollar Libor rate. The threshold is equal te@ample standard deviation above the sample nigencupom cambial is
priced in basis points equal to the spread betweemvernight interbank deposit rate and the exjaeekchange rate variation
and serves as the onshore Dollar interest rate.
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Online Appendix

to accompany

The Relative Effectiveness of Spot and Derivatives Based Intervention
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Table OA1L: First-Stage Regressions: Alternativéruments:

Controls Spot Futures Spot Futures Spot Futures Spot Futures
Lagged daily pct change in FX -0.019* 0.014 -0.020* 0.014 -0.018* 0.014 -0.019* 0.013
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Change in VRP, lag 0.004 -0.045* 0.005 -0.045* 0.007 -0.045* 0.007 -0.042*
(0.01) (0.02) (0.01) (0.02) (0.01) (0.02) (0.01) (0.02)
CRB index, percent change 0.027 0.019 0.027 0.02 0.03 0.019 0.029 0.022
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
CRB index, lagged percent change  -0.024 -0.039 -0.024 -0.039 -0.023 -0.04 -0.021 -0.033
(0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03) (0.03)
VIX, percent change 0 -0.004* 0 -0.004* 0 -0.004** 0 -0.003**
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
VIX, lagged percent change 0.002 0.001 0.002 0.001 0.001 0.001 0.002 0.001
(0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00) (0.00)
FX forward differential, lag -0.048** 0.007 -0.047* 0.008 -0.048** 0.01 -0.049** 0.003
(0.02) (0.01) (0.02) (0.01) (0.02) (0.01) (0.02) (0.01)
5Y sovereign CDS return, lagged -0.002 -0.013* -0.002 -0.012* -0.002 -0.013* -0.003 -0.013
(0.00) (0.01) (0.00) (0.01) (0.00) (0.01) (0.00) (0.01)
Instruments
FX deviation from moving level, lag  -1.082 -3.067** -1.074 -3.048*+ -1.018 -3.078** -1.012  -2.805**
(0.70) (0.88) (0.70) (0.87) (0.70) (0.88) (0.74) (0.92)
Medium-run FX trend -0.257 -0.835* -0.269 -0.815* -0.33 -0.843* -0.196 -@6
(0.25) (0.37) (0.25) (0.37) (0.25) (0.39) (0.25) (0.39)
Lagged average FX volatility -0.941%*  -1.468**  -0.917%*  -1.457%*  -0.867%*  -1.484%*
(0.25) (0.39) (0.25) (0.38) (0.25) (0.37)
Lagged net FX flows 0.075%* 0.035 0.074% 0.035 0.071% 0.035 0.073% 0.03
(0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) (0.02)
Lagged policy rate change 0.622% 0.016 0.621%* 0.012 0.501%* 0.016 0.644* 0.03
(0.19) (0.31) (0.19) (0.31) (0.15) (0.32) (0.19) (0.31)
Lagged spot intervention, 0.168* -0.120** 0.170* -0.125* 0.160* -0.121* 0.188* -064
(0.09) (0.06) (0.09) (0.06) (0.09) (0.06) (0.09) (0.06)
Lagged swap intervention -0.026 0.413** -0.023 0.415%* -0.025 0.413%* 0.003 0.8F*
(0.03) (0.14) (0.03) (0.13) (0.04) (0.14) (0.04) (0.13)
3M Cupom cambial-Libor spread -0.009 -0.016
(0.02) (0.02)
Inflation surprise 0.635 -0.15
(0.83) (0.87)
Unemployment surprise 0.076 0.246*
(0.07) (0.13)
IP surprise 0.022* -0.008
(0.01) (0.02)
Citi LATAM surprise index 0.044 -0.003
(0.03) (0.04)
Lagged average FX volatility, 1M -0.724%* -0.847*
(0.24) (0.35)
Constant 0.303 0.578** 0.300* 0.548** 0.351* 0.569** 0.236 0.353
(0.19) (0.26) (0.18) (0.25) (0.19) (0.27) (0.18) (0.27)
N 1100 1100 1094 1094 1100 1100 1100 1100
Kleibergen-Paap rk Wald F 5.7 5.7 4.52 4.52 5.8 5.8 6.3 6.3
Sanderson-Windmeijer F test 8.6(0.00) 5.9(0.00) 6.8(0.00) 4.4(0.00) .6@®.00) 5.6(0.00) 10.5(0.00) 5.1(0.00)
Kleibergen-Paap rk LM 28.9 (0.00) 28.9(0.00) 29.0(0.00) 29.0(9.0@29.6 (0.00) 29.6(0.00) 27.0(0.00) 27.0©9.0

Notes: The dependent variables in all columns po¢ sitervention - in billions of US Dollars - arfdtures intervention - in
billions of US Dollar equivalent of notional primal — defined such that positive values imply that BCB takes a long Dollar
position. The instrument set is enlarged to incllaigged offshore-onshore spread (Columns 1-2), oraews surprises
(Columns 3-4), the regional news ind&iti LATAM (Columns 5-6). Columns 7-8 use the one month ngpawverage of the
implied volatility to approximate short-term trenddewey-West HAC standard errors in parenthese$* 3nd *** denote

statistical significance at 10%, 5% and 1% level. fést statistics p-values are reported in paesgth Stock-Yogo critical value
for the weak instrument test with 10% maximal LIMize is: 4.18.
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Table OA2: Second-Stage Regressions, Exchangehateyes: Alternative instruments:

1 2 3 4
% change in FX rate, lag -0.119** -0.180*** -0.172%* -0.143**
(0.07) (0.06) (0.07) (0.07)
change in VRP, lag 0.383*** 0.381*** 0.365*** 0.391***
(0.09) (0.09) (0.09) (0.09)
CRB index, % change -0.136* -0.159* -0.153 -0.128
(0.08) (0.09) (0.09) (0.10)
CRB index, % change, lag -0.355%** -0.369*** -0.372%** -0.346***
(0.08) (0.08) (0.08) (0.08)
VIX, % change 0.006 0.007 0.006 0.007
(0.01) (0.01) (0.01) (0.01)
VIX, % change, lag -0.014*** -0.015%** -0.014** -0.014**
(0.01) (0.01) (0.01) (0.01)
Spot forward differential, lag 0.147*** 0.157*** 0.159*** 0.150***
(0.04) (0.04) (0.05) (0.05)
5Y sovereign CDS return, lag 0.086*** 0.081*** 0.080*** 0.084***
(0.01) (0.01) (0.01) (0.01)
Spot intervention 0.746** 0.598** 0.602** 0.763**
(0.35) (0.29) (0.30) (0.37)
Futures intervention 0.54* 0.779* 0.815* 0.448*
(0.28) (0.36) (0.40) (0.28)
Constant 0.069 0.075 0.076 0.087
(0.08) (0.09) (0.09) (0.12)
N 1,100 1,100 1,094 1,100
Hansen’s J stat. 9.8 (0.13) 8.0 (0.43) 8.1(0.23) 9.3(0.10
Stock-Wright S stat 15.8(0.04) 16.9(0.08) 17.0(0.03) 15.2(D.03
C test for endogeneity 16.0(0.04) 16.7(0.08) 16.8(0.03) 15.8(D.03
Wald statistic 0.15 (0.69) 0.11(0.74) 0.13(0.71) 0.35(0.55)

Notes: The dependent variable is the percent dhiéyge in Real/$. Explanatory variables are definethble Al. Regression 1
reports the second-stage results when lagged o#ahrishore spread is added to the instrument sgreRsion 2 reports the
second-stage results when macro-surprise newsddegldo the instrument set. Regression 3 addsetfierral news indexdjti
LATAM) to the instruments. Regression 4 uses one moatting) average of implied volatility to approximatkort-term trends
in volatility. Newey-West HAC standard errors inr@atheses. *, ** and *** denote statistical signdince at 10%, 5% and 1%
level. For test statistics p-values are reporteghirentheses. Wald statistic tests the null hysishaf the equality of the spot and
futures intervention coefficients.
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Table OA3: Second-Stage Regressions, Implied VityatiAlternative instruments:

1 2 3 4
% change in 1V, lag 0.173** 0.172%* 0.175** 0.172%**
(0.04) (0.04) (0.05) (0.05)
% change in FX rate, lag 0.18 0.18 0.19 0.20
(0.16) (0.16) (0.17) (0.17)
CRB index, % change -1.5471%** -1.519%** -1.592%** -1.507***
(0.30) (0.30) (0.30) (0.31)
CRB index, % change, lag -0.209 -0.231 -0.159 -0.213
(0.33) (0.32) (0.32) (0.35)
VIX, % change 0.199*** 0.197** 0.199*** 0.199***
(0.02) (0.02) (0.02) (0.02)
VIX, % change, lag 0.038* 0.039* 0.040* 0.040*
(0.02) (0.02) (0.02) (0.02)
Spot intervention 2.074** 2.053** 2.036* 2.255**
(1.01) (1.03) (1.07) (1.12)
Futures intervention 1.909* 1.963* 1.940* 1.910*
(2.04) (1.03) (1.08) (2.07)
Constant 0.833** 0.836** 0.817** 0.866**
(0.37) (0.37) (0.37) (0.38)
N 1,100 1,100 1,094 1,100
Hansen’s J stat. 2.0 (0.92) 2.7 (0.95) 2.3(0.89) 2.5(0.78
Stock-Wright S stat 23.5(0.00) 245(0.01) 23.5(0.00) 23.4(p.00
C test for endogeneity 17.0(0.03) 17.6(0.06) 175(0.02) 17.4(9.01
Wald statistic 0.01(0.92) 0.00(0.96) 0.00(0.96) 0.04(9.85

Notes: The dependent variable is the percent dhiynge in the three month Real/$ implied volatilExplanatory variables are
defined in Table Al. Regression 1 reports the seéapage results when lagged offshore-onshore spieadided to the
instrument set. Regression 2 reports the secogg@-stesults when macro-surprise news are added etangtrument set.
Regression 3 adds the regional news ind&ik (ATAM) to the instruments. Regression 4 uses one moothng average of
implied volatility to approximate short-term trenigisvolatility. Newey-West HAC standard errors iarpntheses. *, ** and ***
denote statistical significance at 10%, 5% and &9eéll For test statistics p-values are reportqguhirentheses. Wald statistic tests
the null hypothesis of the equality of the spot andres intervention coefficients.
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Table OA4: Second-Stage Regressions, Volatilitk Rsmium: Alternative instruments:

1 2 3 4
change in VRP, lag 0.172%** 0.147%* 0.134*** 0.148***
(0.05) (0.05) (0.05) (0.05)
% change in FX rate, lag 0.05 0.01 0.01 0.01
(0.05) (0.05) (0.05) (0.06)
CRB index, % change -0.351*** -0.344*** -0.402*** -0.360***
(0.09) (0.09) (0.09) (0.09)
CRB index, % change, lag -0.161* -0.174* -0.136 -0.159*
(0.10) (0.09) (0.09) (0.10)
VIX, % change 0.036*** 0.036*** 0.035*** 0.036***
(0.01) (0.01) (0.01) (0.01)
VIX, % change, lag 0.003 0.003 0.005 0.003
(0.01) (0.01) (0.01) (0.01)
Spot intervention 0.771* 0.564** 0.525* 0.564*
(0.30) (0.28) (0.30) (0.30)
Futures intervention 0.493* 0.622** 0.581** 0.574**
(0.25) (0.26) (0.27) (0.26)
Constant 0.187** 0.154** 0.137* 0.154*
(0.09) (0.08) (0.08) (0.08)
N 1,100 1,100 1,094 1,100
Hansen'’s J stat. 5.5(0.48) 5.2 (0.73) 6.3 (0.40) 4.3 (0.51
Stock-Wright S stat 34.0(0.00) 33.3(0.000 32.5(0.00) 29.3(.00
C test for endogeneity 29.2(0.00) 27.8(0.00) 28.9(0.00) 25.1(9.00
Wald statistic 0.38(0.54) 0.02(0.89) 0.01(0.91) 0.00(D.98

Notes: The dependent variable is the daily changie three month Real/$ volatility risk premiunh€lVRP is defined as the
difference between the implied volatility and reati volatility at the corresponding horizon. Exgieony variables are defined in
Table Al. Regression 1 reports the second-stagdtseshen lagged offshore-onshore spread is adoletet instrument set.
Regression 2 reports the second-stage results mlaer-surprise news are added to the instrumenRegfression 3 adds the
regional news index(jti LATAM) to the instruments. Regression 4 uses one monothing average of implied volatility to
approximate short-term trends in volatility. Newadest HAC standard errors in parentheses. *, ** &ftfddenote statistical
significance at 10%, 5% and 1% level. For testigtas p-values are reported in parentheses. Waltissic tests the null
hypothesis of the equality of the spot and futumésrvention coefficients.
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Table OA5: Event and smoothing criterion of FXlegffiveness:

1 2 3 4
Spot intervention 0.67 0.78 0.47 0.53
Placebo Rates 0.51 0.49 0.51 0.50
Number of episodes 46 46 46 46
Futures intervention 0.54 0.52 0.57 0.61
Placebo Rates 0.49 0.48 0.52 0.50
Number of episodes 15 15 15 15

Notes: Rows 1 and 5 show success rates for thaf g@krvention episodes in the sample, respegtifal spot intervention (Row
1) and futures intervention (Row 4). Rows 2 anchévsthe respective success rates for placebo egssetile Rows 3 and 6
show the number of intervention episodes in theptanColumn 1 shows the success rate accordingedEtent Criterion;
Column 2 shows the success rate according to theo®ing Criterion; Column 3 shows the success veten the Event
criterion is applied to the three month at-the nyofoeeign exchange implied volatility rather thanthe exchange rate; Column
4 shows the success rate when the Event critesaspplied to the three month volatility risk premiuather than to the

exchange rate.
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Table OA6: Second-Stage Regressions, Implied Vityathlternative maturities:

M 3M 6M 1Y
% change in 1V, lag 0.106*** 0.174%** 0.146** 0.124
(0.04) (0.05) (0.06) (0.08)
% change in FX rate, lag 0.21 0.19 0.17 0.14
(0.17) (0.17) (0.16) (0.15)
CRB index, % change -2.065*** -1.543%** -1.208*** -0.932%**
(0.39) (0.30) (0.27) (0.24)
CRB index, % change, lag -0.314 -0.209 -0.234 -0.193
(0.38) (0.33) (0.26) (0.25)
VIX, % change 0.282*** 0.199*** 0.145%* 0.104***
(0.03) (0.02) (0.02) (0.01)
VIX, % change, lag 0.074** 0.038* 0.038* 0.034*
(0.03) (0.02) (0.02) (0.02)
Spot intervention 3.198* 1.892* 1.441* 0.694
(1.66) (1.06) (0.83) (0.67)
Futures intervention 2.869** 2.107** 1.698* 1.372*
(2.39) (1.07) (0.95) (0.79)
Constant 1.058** 0.836** 0.702** 0.580**
(0.53) (0.37) (0.30) (0.24)
N 1,100 1,100 1,094 1,100
Hansen'’s J stat. 3.8 (0.57) 2.0 (0.84) 1.3 (0.93) 2.3(0.80
Stock-Wright S stat 22.8(0.00) 23.3(0.00) 21.7(0.00) 19.1(®.01
C test for endogeneity 23.2(0.00) 16.7(0.02) 13.5(0.06) 9.0 (9.26
Wald statistic 0.02(0.90) 0.01(0.90) 0.03(0.86) 0.32(9.57

Notes: The dependent variables are: the percelytcange in the one month Real/$ implied volatii€olumn 1), three month
Real/$ implied volatility (Column 2), six month R&aimplied volatility (Column 3) and one year Riaimplied volatility
(Column 4). Explanatory variables are defined imbl€aAl. Newey-West HAC standard errors in parergbes, ** and ***
denote statistical significance at 10%, 5% and &9ell For test statistics p-values are reportqguhirentheses. Wald statistic tests
the null hypothesis of the equality of the spot andres intervention coefficients.
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Table OA7: Second-Stage Regressions, VRP: Altaraatiaturities and measures:

1M 3M 6M 1Y 1M 1M 3M
change in VRP, lag 0.06 0.149%* 0.161%** 0.131* 0.143%* -0.316%*  -0.391%*
(0.05) (0.05) (0.06) (0.08) (0.05) (0.06) (0.07)
% change in FX rate, lag -0.036 0.01 0.01 0.05 0.08 0.16 0.124*
(0.09) (0.05) (0.05) (0.04) (0.09) (0.12) (0.07)
CRB index, % change -0.531%* -0.351%* -0.258** -0.240%* -0.623**  -0.687**  -0.566***
(0.18) (0.09) (0.07) (0.06) (0.16) (0.21) (0.16)
CRB index, % change, lag -0.216 -0.161* (0.06) (0.10) 0.06 -0.334* -0.348%*
(0.15) (0.09) (0.07) (0.07) (0.13) (0.17) (0.13)
VIX, % change 0.049** 0.036*** 0.023** 0.018** 0.055** 0.060%** 0.0 33**
(0.01) (0.01) (0.00) (0.00) (0.01) (0.01) (0.01)
VIX, % change, lag 0.00 0.00 0.01 0.01 0.016* 0.031%* 0.019*
(0.01) (0.01) (0.01) (0.01) (0.01) (0.01) (0.01)
Spot intervention 0.16 0.574* 0.298* 0.09 0.981* 1.424* 0.71
(0.48) (0.26) (0.18) (0.16) (0.42) (0.64) (0.51)
Futures intervention 0.954* 0.581* 0.465* 0.693** 0.815* 1.180* 0.836*
(0.53) (0.30) (0.25) (0.25) (0.39) (0.53) (0.43)
Constant 0.310* 0.159** 0.118* 0.120* 0.198* 0.233 0.279*
(0.15) (0.08) (0.07) (0.07) (0.11) (0.16) (0.12)
N 1,100 1,100 1,094 1,100 1,100 1,100 1,100
Hansen'’s J stat. 5.4 (0.37) 4.1 (0.54) 5.5(0.36) 6.9(0.23 35(0.63) 4.1(0.54) 29(0.72)
Stock-Wright S stat 20.7 (0.00) 30.9 ( 0.00) 28.4 (0.00) 23.5(0.0036.2 (0.00) 31.9(0.00) 22.3(0.00)
C test for endogeneity 17.6 (0.01) 26.1 ( 0.00) 18.2 (0.01) 13.1(9.0727.5(0.00) 28.2(0.00) 14.9(0.04)
Wald statistic 0.92 (0.34) 0.00 ( 0.99) 0.21 (0.64) 3.01 ( $.080.07 (0.80) 0.07 (0.79) 0.03(0.87)

Notes: The dependent variables are: the percelyt dznge in the one month Real/$ volatility rigleqmium (Column 1), three
month Real/$ VRP (Column 2), six month Real/$ VR®IUmn 3), one year Real/$ VRP (Column 4), one imdeal/$ VRP
based on the forecast of realized volatility frdm tegression of realized volatility (RV) on itseomonth lag (Column 5), one
month Real/$ VRP based on the forecast of RV framregression of RV on one month lags of RV, impkelatility and
foreign exchange leverage (Column 6), three morghl/® VRP based on the forecast of RV from theeggjon of RV on three
month lags of RV, implied volatility and foreign éhange leverage (Column 7). Results from theseess@ns are reported in
Table OA10. Explanatory variables are defined ibl&aA1. Newey-West HAC standard errors in parergbes, ** and ***
denote statistical significance at 10%, 5% and &9eéll For test statistics p-values are reportqguhirentheses. Wald statistic tests
the null hypothesis of the equality of the spot andres intervention coefficients.
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Table OA8: FX Interventions and domestic interagts:

1 2 3
Spot Intervention 0.005 0.006 0.008
(0.01) (0.01) (0.01)
Futures Intervention -0.003 -0.003 0
(0.00) (0.00) (0.00)
Constant -0.006 -0.005 0.004
(0.00) (0.01) (0.01)
Day fixed effects N Y Y
Year fixed effects N N Y
N 1,100 1,100 1,100
R 0.00 0.01 0.02

Notes: The dependent variable in all regressiotiseiglaily change in the Selic (Special ClearamzbEscrow System) rate (the

overnight interest rate targeted by monetary pdlitjewey-West HAC standard errors in parentheses* and *** denote
statistical significance at 10%, 5% and 1% level.

a7



Table OA9: FX Interventions and monetary base:

1 2 3
Spot Intervention 0.005* 0.004 0.005
(0.00) (0.00) (0.00)
Constant 0.00 0.005*+* 0.005**
(0.00) (0.00) (0.00)
Day fixed effects N Y Y
Year fixed effects N N Y
N 1,100 1,100 1,100
R? 0 0.21 0.21

Notes: The dependent variable in all regressiorteésdaily change in the monetary base (daily dfata Haver Analytics).
Newey-West HAC standard errors in parentheses: antl *** denote statistical significance at 109%8s%nd 1% level.
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Table OA10: Realized volatility forecasting regiiess:

1M 1M 3M 3M
Realized vol, 1M lag 0.540%* 0.231%*
(0.07) (0.08)
Implied vol, 1M lag 0.476**
(0.15)
FX leverage, 1M lag 1.625*
(0.87)
Realized vol, 3M lag 0.318** 0.046
(0.07) (0.14)
Implied vol, 3M lag 0.362
(0.28)
FX leverage, 3M lag 1.683*
(0.91)
Constant 6.477*%* 3.125* 10.115%* 7.909**
(0.96) (1.58) (1.34) (2.92)
N 3,012 2,118 2,970 2,076
R? 0.29 0.37 0.11 0.12

Notes: The dependent variables are: the Real/fzegaVolatility calculated as the square root @& sum of the current and past
20 daily squared log Real/$ returns (Column 1 gnain2l the Real/$ realized volatility calculatedtzes square root of the sum of
the current and past 62 daily squared log Realdhange returns (Column 3 and 4). Explanatory veegbnter with lag of 21
(Column 1 and 2) and 63 days (Column 3 and 4).iforexchange leverage variable is defined as inaBekand Hoerova
(2014): it takes positive value for the days wheeal® exchange rate depreciates and zero otherNseey-West HAC
standard errors in parentheses. *, ** and *** denstatistical significance at 10%, 5% and 1% level.
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