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Abstract

This chapter empirically compares the implications of two distinct models of
FX intervention, within the context of inflation targeting regimes. For this
purpose, it applies the VAR methodology developed by Kim (2003) to the cases
of Mexico and Brazil. Ourresults can be summarized in three points. First, FX
interventions have had a short-lived effect on the exchangeratein both econo-
mies. Second, the Brazilian model of FX intervention entails higherinflation-
ary costs and this result cannot be entirely explained by differences in the level
of pass-through. Third, each model is associated with a different interaction
between exchange rate and conventional monetary policies.
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1.INTRODUCTION

istorically, Latin America hasseenawide range of choicesin

terms of exchange rate and monetary policy regimes. Since

the early 2000s a number of countries have opted for an in-
flation targeting regime and devoted interest rate setting to meet
thetarget. Duringthis period, the goal of monetary policyhasbeen
almost exclusivelyto keepinflation under control. However, inflation
targetsand interestrate setting have come with varying degrees of ex-
changerate flexibility: Latin American economies currently perform
foreign exchange (FX) interventions under substantially different
models. This chapter investigates whether a country’s choice of FX
intervention model constrains their impact on the exchange rate,
the country’s inflation rate, and the nature of interaction between
exchange rate and conventional monetary policies (interest rate
setting). For this purpose, it uses the vector autoregression (VAR)
modeldeveloped by Kim (2003) to compare the cases of Mexicoand
Brazil, two inflation targeting countries with two distinct models of
FXintervention.

When asked about the exchange rate policies followed by Mexico
and Brazil, most economists would probably classify them as man-
aged floating policies (see Ilzetzki et al., 2008; Tobal, 2013; and IMF,
2015 for alternative exchange rate regime classifications).' Howev-
er, asillustrated in Figures 1 and 2, using a single category for both

! The IMF Annual Report of Exchange Arrangements and Exchange

Restrictions (2015) classifies both economies as inflation-targeters. As
for their exchange rate regimes, there exists some variation. Ilzetzki
et al. (2008) extend Reinhart and Rogoff’s classification of de facto
exchange rate regimes for the period 2000-2010 and find that, over
this period, both Brazil and Mexico had managed floating regimes. In
a different research, Tobal (2013) conducts a survey and assembles a
unique database on foreign currency risk and exchange rate regimes.
Using thisinformation, he constructs an alternative classification based
on self-report perceptions of regimes for seventeen Latin America and
the Caribbean economies. According to this database, Braziland Mexico
had pegged float exchange rate regimes over the period 2000-2012. In
an expanded classification that accounts for regulatory measures, Tobal
(2013) reclassifies the Brazilian regime as foreign exchange controls
over 2000 Q1-2005 Q2 to capture the existence of two regulated FX
markets. Finally, in the IMF annual report (2015), the Brazilian and
Mexican regimes are classified as floating and free floating, respectively.
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FOREIGN EXCHANGE INTERVENTION IN BRAZIL AND MEXICO,
2000-2013
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Source: Banco de México.

countries would hide substantial differences across the two emerg-
ing markets. Figure 1 shows that the majority of Brazilian interven-
tions have involved net dollar purchasesand, importantly, they have
been performed onaregularbasis. Onthe other hand, the majority
of Mexican interventions have involved net dollar sales and inter-
ventions have been more sporadic (mostly in the aftermath of the
2008-2009 financial crisis). Moreover, whereas Mexico has followed
apreestablished rule, Brazil has primarily used discretionaryinter-
ventions. In summary, although both Mexico and Brazil are infla-
tion targeting countries, they represent two distinct models of FX
interventions.

This research compares the two models of FX interventions by
employing the VAR structure setup with short-run restrictions de-
veloped by Kim (2003). We adapt Kim’s restrictions to the case ofan
emerging market and estimate his model with Mexican data on the
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one hand and with Brazilian data on the other hand.? Our choice of
Kim’smethodologyis based onthree facts. First, thismethod allows
ustodirectlyaddress the simultaneity bias presentin studies on the
effects of intervention on the exchange rate. Second, we can use a
single model to estimate the effects of FX interventions on a set of
macroeconomicvariables (and notsolely the exchange rate). Third,
thismethod providesaunified framework to analyze the interaction
between FX interventions, exchange rates, and monetary policies.
Therefore, the estimations of thsresearch are not biased by the fact
that these two policies are frequently chosen jointly.?

Our firstresult shows that FX interventions have had ashort-lived
effectonthe exchangerateinboth Mexico and Brazil: a positive one-
standard deviation shock in FX interventions is associated with de-
preciations of the Brazilianreal and of the Mexican peso during one
and two months, respectively. This resultis consistent with findings
intheliterature that fullysterilized interventions have significant ef-
fectsonthe exchangerateintheshortrun (interventions are found
to be sterilized in our model; see Tapia and Tokman, 2004; Rincén
and Toro, 2010; Kamil, 2008; Echavarria et al., 2010; Echavarria et
al., 2009; Kohlscheen and Andrade, 2013; Guimaraes, 2004; and
Section 2 for areview of this literature).

Our second result demonstrates that FX interventions have no
inflation costs in Mexico but have costly inflation effects in Brazil.
We investigate whether this result is driven by cross-country differ-
encesin exchange rate pass-through by studying the response of in-
flation to a shock in the exchange rate. Neither the timing nor the
level of thisresponse suggests that pass-through can entirely explain
the higherinflation costs borne by Brazil. We then conclude that FX
interventionsare associated with higherinflation ratesin Brazil, re-
gardless of their effect on the exchange rate. Put differently, the FX
interventions modeladopted by Brazilseemsto beinherentlyrelated
to higher inflation rates (relative to the Mexican model).

2 As mentioned, Kim (2003) examines the interaction between FX inter-

ventions and interest rate setting for the case of the United States.
3 For example, when devaluating the exchange rate, purchases of dollars
could generate inflationary pressures. In order to counteract these pres-
sures, the central bank could raise the interest rate, partially offsetting
the depreciation and, therefore, the initial impact of interventions on
the exchange rate. So not taking into account the impact of monetary

policy would generate a downward bias in the estimated effect.
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Our third result deals with the interaction between exchange
rate and conventional monetary policies. We study the response of
interest rate setting to a FX intervention shock. The outcome shows
that this interaction is of a different nature in each FX intervention
model. Whereas the Banco de Méxicoraisesthe interest rate imme-
diately after the shock, the response of the Banco Central do Brasil
appears four months later. We speculate that this can be attributed
toparticular characteristics of the Brazilian model: Ahigh frequen-
cyofinterventions makes it harder toaccompany each of them with
increasesintheinterestrate. Oneimplicationisthat, within the con-
text of the Brazilian model, the interest rate tends to be lessrespon-
sive to the inflation rate. At the same time, the later response of the
interestratein Brazil partially explains our second result, where FX
interventions have higher inflation costs in the country.

As more thoroughly explained in Section 2, this chapter makes
two main contributions to studies that investigate the effectiveness
of FXinterventionsin Mexico and Brazil. First, we base our study on
asingle model for conventional monetary policy, FX interventions,
and exchange rate. From a methodological point of view, this con-
tributionisrelevant because FXinterventions, monetary policy, and
exchange rate interact with each other and not accounting for this
interaction may generate sizable bias (Kim, 2003). Second, we com-
pare the two countries and assess the implications of choosing dif-
ferent models of FX interventions.

Therestofthe chapterisorganized asfollows.Section 2 reviews the
related literature and highlights the contributions of this research
totheliterature. Section 3 explains the data, the methodology, and
theidentifying assumptions employed in the analysis. Section 4 dis-
cusses the empirical results and Section 5 examines the robustness
of the results. Finally, section 6 concludes.

2. RELATED LITERATURE

This research relates to a set of studies investigating whether steril-
ized FXinterventions are effective in influencing the level and vola-
tility of the exchange rate. To investigate this issue, the literature
has primarily employed single equation econometric models such
as GARCH specifications, cross-country studies, and event study ap-
proaches. Overall, the literature is not conclusive on the effectiveness
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of FX interventions. Whereas some papers support the idea that FX
interventionsare effective solelyin the shortrun, othersfind no evi-
dence of significant effects (see Sarno and Taylor 2001; Neely, 2005;
and Menkhoff, 2013, for literature reviews).

For the particular case of Latin America, most studies show that
FXinterventionsaffectthelevel ofthe exchangeratein the short-run
but are mixed about their effects on volatility (see Tapia and Tok-
man, 2004; Domac and Mendoza, 2004; Kamil, 2008; Rincén and
Toro, 2010; Adler and Tovar, 2011; Kohlscheen and Andrade, 2013;
Broto, 2013; Garcia-Verdua and Zerecero, 2014; and Garcia-Verdu
and Ramos-Francia, 2014). For Brazil, Stone et al. (2009) show that
measures aimed at providing liquidity to the FX market affect the
leveland volatility of the Brazilian real /US dollarrate.* Kohlscheen
and Andrade (2013) useintraday datato demonstrate thatacentral
bank’s offer to buy currency swaps appreciates the exchange rate
in Brazil.’ For Mexico, Domac and Mendoza (2004) find that dollar
sales by the central bank appreciate the peso and have a negative
impact on its volatility, while dollar purchases are found to be not
statistically significant. In contrast, Broto (2013) employs a larger
period (July 21, 1996 to June 6, 2011) to show that both foreign cur-
rency purchases and sales are associated with lower exchange rate
volatility. Garcia-Verdud and Zerecero (2014) investigate the effects
of dollarauctions withoutaminimum price onliquidity and orderly
conditions. Theyshow that, when these conditions are measured by
bid-ask spreads, the aforementioned auctionsimprove liquidityand
promote orderin the FX market.’ Garcia-Verdi and Ramos-Francia
(2014) take alower frequency approach and use intraday data to in-
vestigate the consequences of FX interventions. Their result show

Stone et al. (2009) study measures taken in the aftermath of the 2008-
2009 financial crisis. They find that spot dollar sales and the announce-
ments on futures market intervention appreciate the local currency.
5 Note that by selling a currency swap to the central bank, the financial
institution receives the equivalent of the exchange rate variation plus
a local onshore US interest rate. This reduces its demand for foreign
currency, consequently appreciating the exchange rate.

The interventions considered by Garcia-Verdu and Zerecero (2014)
lasted five minutes. They show that this modality of intervention is as-
sociated with a lower bid-ask spread of the peso/dollar exchange rate.
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that the effects of FX interventions on exchange rate risk-neutral
densities are statistically little.”

In contrast with the studies on the effectiveness of FX interven-
tions mentioned above, this research does not employ a uniequa-
tional econometric model for the exchangerate. Instead, we analyze
this issue in a unifying framework for FX interventions, monetary
policy, exchange rate, and inflation (among other variables). This
isrelevant because, as argued by Kim (2003), the two types of poli-
cies and the exchange rate interact with each other.

The research also relates closely to a strand of literature that es-
timates a rich set of macroeconomic relations and interactions be-
tween FXinterventions and conventional monetary policy (see Kim,
2003; Guimaraes, 2004; and Echavarria et al., 2009). To estimate
these relations, the literature employs structural VAR frameworks
with short-run restrictions. For instance, Kim (2003) uses monthly
datatoshowthat net purchases of foreign currency substantially de-
preciate the exchange rate in the United States (US). He also finds
that even if these purchases are sterilized, they have significant ef-
fects on monetary variables in the medium run. Following Kim’s
framework (2003), Echavarria et al. (2009) jointly analyze the ef-
fects of FX intervention and conventional monetary policy on the
exchange rate, interest rate, and other macroeconomic variables
for Colombia. They show that foreign currency purchases devalue
the nominal exchange rate over one month.®

Inlinewith the VAR literature on FXinterventions outlined above,
we estimate the effects of interventions on abroaderset of macroeco-
nomicvariables (including inflation and interest rates). In contrast
with Kim (2003), Guimaraes (2004), and Echavarriaetal. (2009), we
estimate these effects for two countries (Braziland Mexico) that fol-
low different models of intervention and analyze the implications
of such differences in terms of inflation costs and interactions be-
tween FX intervention and conventional monetary policies.

Finally, thisresearchis related to those studying the existence of
exchangerate pass-through. Anumber of papers have documented

7 Garcia-Verdu and Ramos-Francia (2014) use options data to estimate
the exchange rate risk-neutral densities.

8 Guimaries (2004) finds that yen purchases by the Bank of Japan ap-

preciate the nominal exchange rate but have no significant effects on

either money supply or interest rates.
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anotablereductioninthelevel of pass-throughin both Mexicoand
Brazil since the early 2000s (for example, Cortés, 2013; Capistran
etal.,2012; Nogueiraand Leén-Ledesma, 2009; Mihaljek and Klau,
2008; Nogueira, 2007; and Belaisch, 2003). For instance, Noguei-
ra (2007) shows the adoption of inflation targeting regimes has re-
duced the level of pass-through in Mexico and Brazil (among other
emerging economies). Notwithstandingitsreduction, there are still
references to exchange rate pass-through in both countries (see
Barbosa-Filho, 2008, for the case of Braziland Banco de México’s
Inflation Report from April-June 2011 for the case of Mexico). In
this chapter, we argue that this pass-through cannot entirely ex-
plain the inflation costs associated with FX interventions.

3. DATAAND METHODOLOGY

3.1 Variable Definition and Structural VAR
with Short Run Restrictions

We optforrestrictionslinking endogenousvariablesin the short run
for two reasons. First, the literature that uses long-run restrictions
frequentlyassumes money neutrality to identify effects of monetary
policy shocks (see Lastrapes and Selgin, 1995; Fackler and McMil-
lin, 1998;and McMillin, 2001). Money neutralityisreasonable when
linking real variables, but most of the variables in our VAR system
are nominal. Second, models with short-run restrictions perform
betterinterms ofaccuratelyidentifying FX market intervention and
conventional monetary policyshocks (see Kim, 2003, and Faustand
Leeper, 1997).°

Let y, be the 7x1 vector which includes first differences of the en-
dogenousvariableswe consider. These variablesand the correspond-
ing data are summarized by the following list: the money market

® The correct identification of structural shocks rests on the correct
estimation of the structural parameters. In this line, Faust and Leeper
(1997) show that inferences from VARs based on long run assumptions
might not be reliable because of data limitations. They argue that the
long-run effects of structural shocks are not precisely estimated in small
samples, and this inaccuracy transfers to impulse-response exercises. In
other words, structural shocks might not be correctly identified when
assuming long-run restrictions in finite samples.
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interest rate is used for the interest rate (7,), the monetary base is
employed for the monetary aggregate (m,), the consumer price in-
dexis employed for consumer prices (¢pi,), industrial production is
used as a proxy for output (ip,), thelocal currency price of Us dollars
isused for exchange rate (¢,), a commodity price index is employed
for commodity prices (pc,) and, finally, net purchases of dollars are
used for foreign exchange interventions ( fei,)'"!'. These endogenous
variables and data are the same as those considered by Kim (2003)
and very closely followed by Echavarria et al.’s approach (2009). In
contrastwith those investigations, we take first differences to ensure
thatall the variables are stationary.'?

The period underinterest is defined to comprise the inflation tar-
geting period and we use monthly data (kigh-frequency information) to
capture the impact of FX marketinterventions on the exchangerate.
The sample period is thus defined as 2000M1-2013M12. The data
come from different sources: the Banco Central do Brasil, the Inter-
national Financial Statistics of the IMF, and the Banco de México.

The dynamics of the Brazilian and the Mexican economies are
defined by the following structural model:

Aoy, :A(L)yt—l +é&;,

where A;isamatrix of contemporaneous coefficients, A(L)is a poly-
nomial matrix in the lag operator L, and &; isa 7x1 structural dis-
turbance vector. The variance-covariance matrix of the structural
disturbancesisdenoted by var (g, ) = ,, where the diagonal elements

19 Allvariables are in log terms (multiplied by 100), with the exception of
foreign exchange intervention and interest rates that are in percentage
terms. We normalize foreign exchange intervention by the quadratic
trend of the monetary base.

For Brazil, foreign exchange interventions refer to interventions in the
forward and spot markets, repo lines of credit, and foreign currency
loans. For Mexico, foreign exchange interventions concern interven-
tions through US dollar auctions, put options, contingent dollar sales
mechanisms, and sales aimed at slowing the pace of reserve accumula-
tion.

12 According to the unit root tests for both Mexico and Brazil, all variables
except foreign exchange interventions are integrated to an order of
one. Foreign exchange interventions are stationary in levels (see Annex
for further details).

Two Models of FX Markets Interventions: Brazil and Mexico 229



are the variances of structural disturbances and the nondiagonal
elements are assumed to equal zero (so that the structural distur-
bances are assumed to be mutually uncorrelated).

The reduced form of the structural model is obtained by multi-
plying the inverse of A, on both sides of Equation 1, and is written
as follows:

2] i =B(L)y +u.

where B(L)is 7x7 polynomial matrix in thelag operator L and ,isthe
7x1vector ofreduced form (estimated) residualswith var(u, )=%,,.

By estimating Equation 2, we will obtain estimates of var(u,)=%,
that will allow us to recover the structural parameters of the model
defined in Equation 1.

In order to recover the structural parameters, it is important to
note thattheresiduals of the structuraland of the reduced formare
related by &, = Ayy,. Thisimplies X, = A2, A) andyieldsasystem of
49 equations. Thus, torecover the structural parameters, we need to
imposeatleast 28 restrictionson Ajand _ because 28 ofthe system’s
equations are independent and by plug&ing the sample estimates
of var(u, )=2,, we are left with 56 unknowns'*'*. As explained be-
low, we will impose 35 parameter restrictions and over identify the
system (see the next subsection for further details).

When imposing restrictions on A, the literature on structural
VAR with short-run restrictions frequently employs the convention-
al normalization of the simultaneous equation literature. That is,
it assumes that the seven diagonal elements of A, are equal to one.

¥ Ingeneral, there are 7(n+1)/2 independent equations, where nequals
the number of endogenous variables: all the n(n—-1)/2 off-diagonal
elements of AjX,A) are equal to zero, and the diagonal elements of
AyZ,A) are equal to the structural error variances. Furthermore, there
are n(n+1) structural parameters: the n* elements of A, plus the n
diagonal elements of X_. Thus, once we assume the diagonal elements
of Ajor X, are equal to one, we need to impose at least n(n—1)/2 ad-
ditional restrictions. However, imposing those n(n+1)/2 restrictions
is a necessary but not a sufficient condition to identify the structural
system. For a necessary and sufficient condition see propositions 9.1
and /or 9.3 of Lutkepohl (2005).

" Tmposing only 28 restrictions is a necessary but insufficient condition

to identify the structural system.
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Alsoveryfrequently, theadditional 21 restrictionsarise fromtheas-
sumption that A, is the lower triangular matrix (this assumption is
referred to as the Cholesky decomposition in this literature).

An issue with the Cholesky decomposition is that it imposes a
recursive structure on the contemporaneous relations among the
variables given by A ; thatis, each variable is contemporaneously af-
fected by those variables above it in the vector of endogenous vari-
ables y,, but it does not contemporaneously affect them."” From a
practical perspective, the problem with the recursive structure is
that outcomesare frequently sensitive to changes in the variable or-
dering. In otherwords, each ordering mightimplya different system
of equations and thusyield different results.

3.2 Defining Contemporaneous Restrictions

In contrast with the common practice in the VAR literature that as-
sumesthatthe seven diagonal elements of A, are equalto one, we fol-
low Cushman and Zha’s (1997) and Sims and Zha’s (2006) approach
byrestricting the main diagonal elementsin X, toequal one. This
approach has the advantage of simplifying some formulas used in
the inference and does not alter the economic substance of the sys-
tem (Sims and Zha, 2006).'°

Withregard tothe remaining 28 restrictions, we depart from the
standard Cholesky decomposition by using the generalized meth-
od proposed by Blanchard and Watson (1986), Bernanke (1986),
and Sims (1986). This approach allows for a broader set of contem-
poraneous relations among the variables so that A, can have any
structure, whether recursive or not. In particular, we impose the
28 short-run restrictions on A, listed in Table 1.'” Each row in this

!5 Note that when A, is assumed to have a recursive structure, the assump-
tion that the elements of its main diagonal equal one provides the
additional restrictions to exactly identify the structural parameters.
Sims and Zha (2006) argue that this method “compels the reader to
remain aware that the choice of lefi-hand-side variable in the equations
of models with the more usual normalization is purely a matter of
notational convention, not economic substance” (p. 248).

16

7 The overidentification is not rejected by the likelihood ratio test at any

conventional level. In particular, the statistic x* equals 11.34 in the
case of Brazil and 3.15 in the case of Mexico, with significance levels
of 0.125 and 0.871 respectively (see Table A.2 in the Annex).
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Ay MATRIX AND CONTEMPORANEOUS RESTRICTIONS

Afei, A, Am,  Acpi,  Aip, Ae, Apc,
Afei, Su 0 0 0 0 16 0
A, 8o 822 8os 0 0 0 0
Am, 0 832 833 4 835 0 0
Acpyi, 0 0 0 8u4 8us 846 0
Aip, 0 0 0 0 . 0 0
Ae, 861 82 863 84 85 8o6 8e7
Ape, 0 0 0 0 0 0 .

table can be interpreted as a contemporaneous equation. For in-
stance, the first row tells us how foreign exchange interventions re-
act contemporaneously to movements in the remaining variables
(the interest rate, among others).

Note in the first row of Table 1 we assume that foreign exchange
interventionsreact contemporaneouslysolely to the exchange rate.
This assumption is consistent with the evidence provided by the
leaning-against-the-wind literature and follows closely Kim (2003)
and Echavarria et al. (2009)’s approach for the cases of the US and
Colombia, respectively.'

Thesecond rowintroduces the contemporaneousresponses of Ai,.
Theg, and g,; parametersare left free to allow for the possibility that
interventionsare not fullysterilized and, interestingly, to capture their
contemporaneousinteraction with monetary policy. The contempo-
raneous response of A¢, to output and prices is assumed to be null

18 See, forinstance, Adler and Tovar (2011) forareference in this literature
in which the main goal of interventions is to stabilize the exchange rate.
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(gq4and gy, = 0, which is based on Kim’s argument that information
on output and prices is not available within a month)." The contem-
poraneous response to the exchange rate is set to zero because both
Mexico and Brazil (formally) conduct monetary policy under infla-
tion targets. Furthermore, in line with Echavarriaetal. (2009) butin
contrastwith Kim (2003), g,,isassumed to equal zero. Kim (2003) as-
sumes otherwise in order to solve the standard price puzzle that char-
acterizes the US economy. The Annex shows this puzzle appears only
for Braziland, to tackle thisissue, Section 4 shows thatallowing forg,,
tobe different from zero does not alter any of our qualitative results.

The third rowin Table 1 denotes the conventional moneydemand
equation and the fourth and fifth rows (contemporaneously) deter-
mine price and output (see Sims and Zha 2006; Kim, 1999; Kim and
Roubini, 2000; Kim, 2003; and Echavarria et al., 2009; for other pa-
pers using the same money demand specification). The g,;, €40, 843>
Z47 51> 8s9> 853> 854> 856> aNd g5, parameters are set to zero because, as
argued by Kim (2003), inertia, adjustment costs, and planning delays
preclude firms from changing either prices or output immediately
in response to monetary policy and financial signals. On the other
hand, we take an agnostic approach with regard to contemporane-
ous exchange rate pass-through. That is, we let prices contemporane-
ously respond to the exchange rate and thus leave the g,; parameter
free.Section 4 showsthat changingthisassumption doesnotalter our
qualitative results. See Section 2 for comments about pass-through in
Cortés (2013), Capistran et al. (2012), Nogueira and Leén-Ledesma
(2009), Barbosa-Filho (2008), Mihaljek and Klau (2008), Nogueira
(2007), and Belaisch (2003).

In the sixth row, we let the exchange rate respond contemporane-
ouslytoall of the variables. These assumptionsare inline with Echa-
varria et al. (2009) but contrast with Kim (2003). Our justification
and Echavarria et al. (2009)’s argument for the case of Colombia is
that commodity prices are more relevant in determining the local
currencyindeveloping countries thanindetermining the Usdollar.

Finally, in the seventh row, we assume that commodity prices are
contemporaneously exogenous. Thisassumption arises from the fact

9 This assumption has been widely used in the monetary literature of

the business cycles. See Gordon and Leeper (1994); Kim and Roubini
(2000) and Sims and Zha (2006) for references.
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thatthe economic conditions of Braziland Mexico do not have such
astrong impact on the IMF’s price index of commodities as the eco-
nomic conditions of the US. Brazil, for instance, is alarge exporter
of sugar, coffee, beef, poultry meat, soybeans, soybean meal, and
iron ore. However, these products represent only 0.16% of non-fuel
commodities, which in turn represent only an average of 0.37% for
the commodity price index used in this research. Along the same
lines, Mexico produces only a small world share of its main export
commodity: crude petroleum.*

4. RESULTS

We add a constant, four lags, the US federal funds rate, and a dum-
my variable for 2008M10-2009M6 to the reduced-form in Equation
2 and estimate the resulting model.*'

4.1 Impulse Responses to FX Intervention Shocks

Figures 3-8 and 11-18 report the responses of the endogenous vari-
ables to a one standard deviation shock in FX interventions. The
figures that appear on the right refer to the impulse responses for
Mexicoand those ontheleft refer to Brazil. In ordertofacilitate the
comparison we use the same scale in all figures.

Figures 3-4 provide information on the effectiveness of FX market
interventions. These figures show that net dollar purchases are asso-
ciated with asignificantimpact on the exchangerate.Inboth Brazil
and Mexico, the sign of the response is as expected since a positive
shock in FX intervention generates a depreciation of the Brazilian
realand of the Mexican peso (Figures 3and 4, respectively). Inboth

20 These datarefer to the IMF’s commodity price index calculated between
2004 and 2013 (http://www.imf.org/external /np/res/commod/
index.aspx).

21 The dummy variable is included to account for the recent financial
crisis. The resulting reduced form of the model is written as follows:
y, =B, +B(L)y,, + Fx, +u,, where B, is the vector of constants, B(L) isa
polynomial matrix in the lag operator L, F is the matrix of coefficients
associated with the exogenous variables, x,is the vector of exogenous
variables, and w, is the vector of reduced form residuals.
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IMPULSE RESPONSES TO FXINTERVENTION SHOCKS

3. BRAZIL: EXCHANGE RATE

Responses of exchange rate, %

4. MEXICO: EXCHANGE RATE
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5. BRAZIL: MONETARY BASE
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6. MEXICO: MONETARY BASE
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fluctuates a bit in response: it increases

one and three months after a shock.

Monetary base is defines as the sum

of the currency issued by the central

bank and the banking reserves.

Sources: Banco Central do Brasil

and authors’ calculations.

T T T T T T

10 15 20 25 30 35
Months

Notes: The figure depicts the response

to a positive FX intervention shock

at t=0. The dashed lines are 90%

confidence bounds. Monetary base

does not respond significantly to

intervention shocks. Monetary base

is defines as the sum of the currency

issued by the central bank and the

banking reserves.

Sources: Banco de México

and authors’ calculations.
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IMPULSE RESPONSES TO FX INTERVENTION SHOCKS (Cont.)

7. BRAZIL: INFLATION RATE

Responses of inflation rate, %

8. MEXICO: INFLATION RATE

Responses of inflation rate, %

0.1 0.15
0104 » A 0.10
"
0.05
0
~0.05

T T
10 15 20 25 30 35
Months

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Inflation rises on
impact and then continues increasing

from two to eight months after the shock.

Inflation is defined as the percentage
change in the consumer price index.
Sources: Banco Central do Brasil
and authors’ calculations.

T T T T T T

10 15 20 25 30 35
Months

Notes: The figure depicts the response

to a positive FX intervention shock

at t=0. The dashed lines are 90%

confidence bounds. Inflation does

not respond significantly

to intervention shocks. Inflation

is defined as the percentage change

in the consumer price index.

Sources: Banco de México

and authors’ calculations.

countries the effectis shortlived: whereasin Mexico this effect lasts
two months, in Brazil the effect lasts only one month.

Figures 5-6 refer to the reaction of monetary basesto the positive
FX intervention shock. Note that there are some fluctuations right
after the shockin Brazil. However, the contemporaneousresponse of
the monetarybase is notsignificantin either Mexico or Brazil. This
result, along with the evidence displayed in Figures 11-12, shows that
FXinterventionsare notassociated withanimmediate expansionin
the monetary conditions (that is, an increase in the monetary base
andafallintheinterestrate). Hence, we conclude that the interven-
tions are fully sterilized in both Mexico and Brazil.

Putting together Figures 3-6 allows us to link our results with the
empirical literature. In particular, the results presented are consis-
tent with the findings that fully sterilized interventions have signif-
icant effects on the exchange rate in the short run (see Tapia and
Tokman, 2004; Rincén and Toro, 2010; Kamil, 2008; Echavarria et
al., 2010; Echavarriaetal., 2009; Kohlscheenand Andrade, 2013;and
Guimaraes, 2004; and Section 2 for a review of this literature). This
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RESPONSE OF INFLATION TO EXCHANGE RATE SHOCKS

9. BRAZIL: INFLATION RATE

Responses of inflation, %
0.15

0.10

0.05

10. MEXICO: INFLATION RATE

Responses of inflation, %
0.15

0.10
0.05

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Inflation goes up
in response five months after the shock

and keeps rising until the eighth month.

Inflation is defined as the percentage
change in the consumer price index.
In order to facilitate visualization, we
plot the response over a 22-month
horizon. The effect is, however, not
significant after month 22.

Sources: Banco Central do Brasil
and authors’ calculations.

Months

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Inflation goes
down in response eight months

after the shock. Inflation is defined

as the percentage change in the
consumer price index. In order

to facilitate visualization, we plot

the response over a 22-month horizon.
The effect is, however, not significant
after month 22.

Sources: Banco de México

and authors’ calculations.

consistency with the empirical literature provides external validity
to the identification strategy we have pursued.

Figures 7-8 provide information on the inflationary costs of FX
interventions: Theyshow theresponse oftheinflation rate to a posi-
tive FXinterventions shockin Braziland Mexico, respectively. Note
inthesefiguresthattheresponse of theinflation rate differs signifi-
cantlyacross countries. In Brazil, a positive FXintervention shockis
associated with significant increases in the inflation rate. This rate
increases on impact and remains significantly high in Brazil until
the eighth month (the effectis notstatisticallysignificantin the first
month). Theresponse of the inflation rate peaksat months two and
four with significant increases of 0.074% and 0.086%, respectively.
Note in Figure 8 that the shock, on the other hand, does not have
a significant impact on inflation in Mexico at any period of time.
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IMPULSE RESPONSES TO FX INTERVENTION SHOCKS

11. BRAZIL: MONETARY POLICY

Responses of interest rate, %

12. MEXICO: MONETARY POLICY

Responses of interest rate, %

0.20 0.20
0.15 0.15
0.10 0.10
0.05 0.05
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-0.05 -0.054
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Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Interest rate
increases four months after a shock
and remains increasing until the
seventh month. Money market interest
rate is used for the interest rate.
Sources: Banco Central do Brasil

and authors’ calculations.

13. BRAZIL: OUTPUT
Responses of output, %

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Interest rate

goes up on impact and increases

again the next month. Money market
interest rate is used for the interest
rate.

Sources: Banco de México

and authors’ calculations.

14. MEX1CO: OUTPUT
Responses of output, %
2

I B E R

10 15 20 25 30 35
Months

Notes: The figure depicts the response

to a positive FX intervention shock

at t=0. The dashed lines are 90%

confidence bounds. Output falls in

response 1 month after the shock.

Industrial production is used

as a proxy for output.

Sources: Banco Central do Brasil

and authors’ calculations.
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Notes: The figure depicts the response

to a positive FX intervention shock

at t=0. The dashed lines are 90%

confidence bounds. Output does not

significantly respond to intervention

shocks. Industrial production is used

as a proxy for output.

Sources: Banco de México

and authors’ calculations.



IMPULSE RESPONSES TO FX INTERVENTION SHOCKS (Cont.)

15. BRAZIL: COMMODITY PRICES
Responses of commodity prices, %

1.0

0.5

T T T T T T T
0 5 10 15 20 25 30 35
Months
Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Commodity prices
fall in response one month after the
shock, and goes down further seven
months later. IMF’s commodity price
index is used for commodity prices.
Sources: Banco Central do Brasil
and authors’ calculations.

17. BRAZIL: FX INTERVENTIONS

Responses of dollar purchases, %

16. MEXICO: COMMODITY PRICES

Responses of commodity prices, %

T T T T T T T
0 5 10 15 20 25 30 35
Months
Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Commodity
prices go up in response four months
after the shock. IMF’s commodity price
index is used for commodity prices.
Sources: Banco de México
and authors’ calculations.

18. MEXICO: FX INTERVENTIONS

Responses dollar purchases, %

(I) 5 lIO 1|5 QIO 2|5 “BIO "SIB
Months

Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Dollar purchases
increase on impact and then fluctuate
in the next four months.
Sources: Banco Central do Brasil
and authors’ calculations.

0 5 10 15 20 25 30 35
Months

Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Dollar purchases
increase on impact and reduce in the
next month.
Sources: Banco de México
and authors’ calculations.
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Hence, whereas FXmarketinterventionsare costlessin Mexico, they
have inflation costs in Brazil.

The different responses of the inflation rate in Mexico and Bra-
zil may refer to cross-country differences in pass-through. If the in-
flation rate responded more quickly and to a significantly greater
extent in Brazil, the inflation costs borne by this country would be
entirely explained by differences in the level and timing of pass-
through. Tofurtherinvestigate thisissue, we examine the responses
of the inflation rate to a shock in the exchange rate and display the
results in Figures 9-10.

Figure 10 showsthat, inline with the evidence provided by Cortés
(2013), Capistran et al. (2012), and Nogueira (2007), the response
oftheinflation rate is statistically nonsignificant in Mexico (except
foratinyfallin the eighth month). Figure 9 shows that the response
is significant in Brazil, but its timing and extent suggest that pass-
through cannot entirely explain the results observed in Figure 7.
The inflation increases on impact and peaks in the fourth month
in response to the FX interventions shock (Figure 7), but it only be-
gins to increase significantly in the fifth month in response to the
shockinthe exchangerate (Figure 9). Furthermore, the maximum
response of the inflation rate to this shock equals 0.061 percentage
points, which suggestsarelatively small pass-through in Brazil. This
resultis consistent with the evidence presented in Section 2, where
we have observed asignificantreductionin the response of inflation
of this country to variations in the exchange rate (Nogueira and
Leén-Ledesma, 2009; Mihaljek and Klau, 2008; Nogueira, 2007;
and Belaisch, 2003).

The fact that pass-through cannot entirely explain the different
inflationary costs of FXinterventionsin Mexico and Brazil suggests
the Brazilian model is inherently associated with higher inflation
rates. To putitdifferently, FXinterventionsare associated with higher
inflation in Brazil, regardless of theirimpact on the exchange rate.
Thus, these interventions must cause an inflation increase through
alternative mechanisms. A probable mechanismrefersto the discre-
tionarynature of the net dollar purchases performed by the central
bank. Because one would expect expectations oninflation tobe more
unstable in a discretionary model, FX interventions may increase
these expectations, thereby actually increasing the inflation rate.

Before proceeding to the next subsection, we compare the inter-
action between exchange rate and conventional monetary policies
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across the two FX interventions models. Figures 11 and 12 display
the responses of the interest rate to the FX interventions shock in
Brazil and Mexico, respectively. Note in these figures that the na-
ture of the interaction between the policies is of a different nature
in each country. Whereas the interest rate increasesimmediatelyin
response to the shockin Mexico, the Banco Central do Brasil raises
thisrate onlyfour monthsafterthe shock.In other words, we observe
a late response of interest rate setting in Brazil relative to Mexico.
Thisresultis notsurprising given that the Brazilian model entails
FX interventions that are performed on a more regular basis. Be-
cause interventions are relatively more frequent in Brazil than in
Mexico, it may make it more difficult for Brazil to raise the interest
rate during each intervention. Thus, we observe in Figure 12 alater
response of the interest rate to the FX interventions shock.

The fact that interest rate setting responds later in Brazil may
partially explain the results observed in Figures 7-8. Whatever the
mechanism through which the Brazilian inflation increases is, the
laterresponse of monetary policy does not help reduce the different
responses of the inflation rate to the FX interventions shock.

4.2 Variance Decomposition

Tables 2-3 display the forecast error variance decomposition of in-
flation for Braziland Mexico, respectively. Each columnin these ta-
blesrefersto one of the seven shocks and shows the proportion of the
varianceintheinflationrate thatis explained by the corresponding
shock at a given horizon. Let us first focus on how the proportions
associated with FXinterventionsand exchange rate shocksvaryover
time. The first columnin Table 2 shows thatin Brazil the proportion
of the variance in the inflation rate explained by FX interventions
shocksincreases over time and stabilizes by the 24th month. The sixth
column shows thatasimilar conclusion canbe drawnwith regard to
exchange rate shocks. This behavioris also observed for Mexico in
Table 3, with the only difference beingthat the proportionsstabilize
earlier in this country -by the twelfth month.

There are substantial differences, however, in the magnitude of
the proportions across countries. FX interventions shocks explain
3.7% of the variance in the Brazilian inflation rate one month after
theshockand 20.8% from two years onwards. These figures are sub-
stantially higher than the corresponding 0.8% and 3.2% observed
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RESPONSE OF INFLATION RATE TO INTEREST RATE SHOCKS
UNDER G,, #0

19. BRAZIL: INFLATION RATE

Responses of inflation rate, %

0.069 /\

20. MEXICO: INFLATION RATE

Responses of inflation rate, %

T T T T T T
0 5 10 15 20 25 30 35

Months

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. We do not find
evidence of the price puzzle; that is,
inflation rate does not rise significantly
in response to interest rate shocks.
Inflation is defined as the percentage
change in the consumer price index.
Sources: Banco Central do Brasil

T T T T T T T T
0 5 10 15 20 25 30 35
Months
Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Inflation rate goes
down in response three months after
the shock. Inflation is defined as the
percentage change in the consumer
price index.
Sources: Banco de México
and authors’ calculations.

and authors’ calculations.

in the first column of Table 3 for the case of Mexico. Although the
forecast error variance decomposition analysis does not aim at es-
tablishing a causalrelation between exchange rate policy and infla-
tionrate, it supportstheresult that FXinterventionsare more costly
in Brazil than in Mexico (as mentioned in the previous subsection).
Asforthe proportions explained by shocks in the exchange rate,
thefiguresare notablysmallin both countries. For Brazil, these pro-
portionsequal2.1% and 8.1% at 1 and at 24 months, respectively. For
Mexico, the proportions equal 0.3 and 2.1. These numbers support
the ideathat the level of pass-through is small in both economies.
Certainly, the level of pass-through is greater for Brazil than it is
for Mexicoin absolute terms. However, the proportion explained by
exchangerate shocksissmallerrelative tothe corresponding propor-
tion associated with FX interventions shocks for the case of Brazil.
Forinstance, the difference between the figures that appear in the
sixth and first columns equals 1.6% and 12.7% at 1 and 24 months
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IMPULSE RESPONSES TO FOREIGN EXCHANGE
INTERVENTIONS SHOCKS UNDER ALTERNATIVE IDENTIFYING
ASSUMPTIONS: g, # 0

21. BRAZIL: EXCHANGE RATE
Responses of exchange rate, %

T T T T T T 1
0 5 10 15 20 25 30 35
Months
Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Exchange rate
depreciates on impact and rises
further 2 months later. Exchange rate
is defined as national currency
per US dollar.
Sources: Banco Central do Brasil
and authors’ calculations.

22. MEXICO: EXCHANGE RATE
Responses of exchange rate, %

T T T T T T T T
0 5 10 15 20 25 30 35
Months

Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Exchange rate
depreciates on impact and goes up
further one month later. Four months
after the shock, it appreciates a bit.
Exchange rate is defined as national
currency per US dollar.
Sources: Banco de México
and authors’ calculations.

for Brazil and 0.5% and 1.1% for Mexico. This result supports the
result that differences in the level of pass-through cannot entirely
explainthe factthat FXinterventions have higherinflationary costs
in Brazil than in Mexico.

5. ROBUSTNESS

Thissubsection examines the robustness of our results by changing
identifyingrestrictions. We focus on two cases: the contemporaneous
response of the interest rate to commodity prices and the response
of consumer prices to the exchange rate (concerning the g,;and
g, parameters, respectively). Three reasons motivate this analysis.
First, byimposing theserestrictions, our model departsfrom either
Kim’s (2003) setupand Echavarriaetal.’s (2009) approach. Second,
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IMPULSE RESPONSES TO FOREIGN EXCHANGE
INTERVENTIONS SHOCKS
UNDER ALTERNATIVE IDENTIFYING ASSUMPTIONS: g, * 0

23. BRAZIL: INFLATION RATE

Response of inflation rate (%)
1.5

T T T T T T T T
0 5 10 15 20 25 30 35
Months

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Inflation goes up
on impact and then continues
increasing from two to eight months
after the shock. Inflation is defined as

the percentage change in the consumer

price index.
Sources: Banco Central do Brasil
and authors’ calculations.

25. BRAZIL: MONETARY POLICY

Response of interest rate (%)
2.0
1.5
1.0
0.5

-0.5
-1.0
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0 5 10 15 20 25 30 35
Months

Notes: The figure depicts the

response to a positive FX intervention
shock at ¢=0. The dashed lines are 90%
confidence bounds. Interest rate
increases four months after the shock
and remains increasing until the sixth
month. Money market interest rate is
used for the interest rate.

Sources: Banco Central do Brasil

and authors’ calculations.

24. MEXICO: INFLATION RATE

Response of inflation rate (%)
1.5

1.0
0.5

T T T T T T T T
0 5 10 15 20 25 30 35
Months
Notes: The figure depicts the response
to a positive FX intervention shock
at t=0. The dashed lines are 90%
confidence bounds. Inflation does not
respond significantly to intervention
shocks. Inflation is defined as the
percentage change in the consumer
price index.
Sources: Banco de México
and authors’ calculations.

26. MEXICO: MONETARY POLICY

Response of interest rate (%)

T T T T T T
0 5 10 15 20 25 30 35
Months

Notes: The figure depicts the
response to a positive FX intervention
shock at ¢=0. The dashed lines are
90% confidence bounds. Interest rate
goes up on impact and increases
again the next month. Money market
interest rate is used for the interest
rate.
Sources: Banco de México
and authors’ calculations.
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IMPULSE RESPONSES TO FOREIGN EXCHANGE
INTERVENTIONS SHOCKS
UNDER ALTERNATIVE IDENTIFYING ASSUMPTIONS: g, =0

27. BRAZIL: EXCHANGE RATE

Responses of exchange rate, %

10 15 20 2 30 35
Months

Notes: The figure depicts the response

to a positive FX intervention shock

at t=0. The dashed lines are 90%

confidence bounds. Exchange rate

depreciates on impact and rises further

two months later. Exchange rate

is defined as national currency

per US dollar.

Sources: Banco Central do Brasil

and authors’ calculations.

29. BRAZIL: INFLATION RATE

Responses of inflation rate, %
1.5

28. MEXICO: EXCHANGE RATE

Responses of exchange rate, %
6

10 15 20 25 30 35
Months

Notes: The figure depicts the response

to a positive FX intervention shock

at ¢t=0. The dashed lines are 90%

confidence bounds. Exchange rate

depreciates on impact and goes up

further one month later. Four months

after the shock, it appreciates a bit.

Exchange rate is defined as national

currency per US dollar.

Sources: Banco de México

and authors’ calculations.

30. MEXICO: INFLATION RATE

Responses of inflation rate, %
1.5

10 15 20 2 30 35
Months

Notes: The figure depicts the response

to a positive FX intervention shock

at t=0. The dashed lines are 90%

confidence bounds. Inflation goes up

two months after the shock and keeps

rising until the eighth month. Inflation

is defined as the percentage change

in the consumer price index.

Sources: Banco Central do Brasil

and authors’ calculations.

10 15 20 25 30 35
Months

T
0 5

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Inflation does not
respond significantly to interventions
shocks. Inflation is defined as the
percentage change in the consumer
price index.

Sources: Banco de México

and authors’ calculations.
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IMPULSE RESPONSES TO FX INTERVENTIONS SHOCKS UNDER
ALTERNATIVE IDENTIFYING ASSUMPTIONS: g, = 0 (Cont.)

31. BRAZIL: MONETARY POLICY
Responses of interest rate, %
2.0
15
1.0
0.5

T T T T T T
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Months

Notes: The figure depicts the

response to a positive FX intervention

shock at ¢=0. The dashed lines are 90%

confidence bounds. Interest rate

increases four months after the shock

and remains increasing until the eighth

month. Money market interest rate

is used for the interest rate.

Sources: Banco Central do Brasil

and authors’ calculations.

32. MEXICO: MONETARY POLICY

Responses of interest rate, %

T T T T T T T T
10 15 20 25 30 35
Months

Notes: The figure depicts the

response to a positive FX intervention
shock at ¢=0. The dashed lines are 90%
confidence bounds. Interest rate goes
up on impact and increases again the
next month. Money market interest
rate is used for the interest rate.
Sources: Banco de México

and authors’ calculations.

IMPULSE RESPONSES TO FX INTERVENTIONS SHOCKS UNDER
ALTERNATIVE IDENTIFYING ASSUMPTIONS: g,, =0 AND g,, 0

33. BRAZIL: EXCHANGE RATE
Responses of exchange rate, %

T T T T T T

10 15 20 25 30 35
Months

Notes: The figure depicts the response to

a positive FX intervention shock at ¢= 0.

The dashed lines are 90% confidence

bounds. Exchange rate depreciates on

impact and rises further two months

later. Exchange rate is defined

as national currency per US dollar.

Sources: Banco Central do Brasil

and authors’ calculations.
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34. MEXICO: EXCHANGE RATE
Responses of exchanges rate, %

T T T T T T
10 15 20 25 30 35
Months
Notes: The figure depicts the response to
a positive FX intervention shock at ¢=0.
The dashed lines are 90% confidence
bounds. Exchange rate depreciates on
impact and goes up further one month
later. Exchange rate is defined as
national currency per us dollar.
Sources: Banco de México
and authors’ calculations.
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IMPULSE RESPONSES TO FX INTERVENTIONS SHOCKS UNDER
ALTERNATIVE IDENTIFYING ASSUMPTIONS: g,. =0 AND g,, # 0
(Cont.)

35. BRAZIL: INFLATION RATE

Responses of inflation rate, %
1.5

36. MEXICO: INFLATION RATE

Responses of inflation rate, %
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0.5

T T T T T T
10 15 20 25 30 35
Months

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Inflation goes up
two months after the shock and keeps

rising until the eighth month. Inflation

is defined as the percentage change
in the consumer price index.
Sources: Banco Central do Brasil
and authors’ calculations.

37. BRAZIL: MONETARY POLICY

Responses of interest rate, %
2.0
1.5
1.0
0.5

0

-0.5

-1.0

T T T T
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Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Inflation does

not respond significantly to
interventions shocks. Inflation

is defined as the percentage change

in the consumer price index.

Sources: Banco de México

and authors’ calculations.

38. MEXICO: MONETARY POLICY

Responses of interest rate, %

T T T
10 15 20 25 30 35
Months

T T
0 5

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Interest rate
increases four months after the shock
and remains increasing until the eighth
month. Money market interest rate is
used for the interest rate.

Sources: Banco Central do Brasil

and authors’ calculations.
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10 15 20 25 30 35
Months

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. Interest rate goes
up on impact and increases again the
next month. Money market interest
rate is used for the interest rate.
Sources: Banco de México

and authors’ calculations.
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therestriction on g,,is connected to the empirical findingthatsome
economies presenta price puzzle,i.e., prices donotalwaysrespond in
the expected direction to conventional monetary policy. This finding
isrelevantto our studybecause the original set of contemporaneous
restrictions we have imposed generates a price puzzle for the case of
Brazil.* Third, therestriction on g,;is connected to contemporane-
ous pass-through and, therefore, is at the core of our main results.

The review of the two identifying restrictions yields the three
alternative models that are described by the following conditions:
g.,70;2,,=0;and g,=0 and g,,#0. For the sake of brevity, we present
solely the response of Acpi, to ashockin Aj, for the first case and
the responses of Ac¢pi, and A, tothe FXinterventions shock for the
three cases. Presenting these responses allows us to show that the
pricepuzzle disappears when g,,#0and to examine the robustness of
the model to changesin the twoidentifyingrestrictions. Figures 19-
38 show the responses for the three alternative models.

Note in Figure 19 that when g,,#0, the price puzzle disappears in
Brazil; thus a rise in the interest rate is not associated with an in-
creaseintheinflationrate.* Inboth thismodeland in the remaining

22 The result that shows that inflation increases in response to a tighten-
ing of monetary policy in Brazil is due, at least, to two main reasons.
First, this response could be part of a more general problem identified
in the SVAR literature, according to which the prospective nature of
central banks might not be fully captured: given that the central bank
reacts in advance to inflationary pressures, SVAR models that do not
include information on these pressures would be unable to identify true
monetary policy shocks. In order to solve the so-called price anomaly,
some authors include the prices of commodities in the VAR model
estimates, arguing that these prices reflect inflationary pressures that
are not incorporated in other variables (Sims, 1992, Christiano et al.,
1999; Kim, 1999, 2003; and Sims and Zha, 2006). This chapter shows
the result of this exercise in the Annex. Second, the unexpected re-
sponse of the inflation rate to monetary policy could also be the result
of the characteristics of the Brazilian economy. As discussed, it is likely
that the fact that Brazil intervenes frequently in the foreign exchange
market introduces noise into the relation between the interest rate and
inflation. This fact could make it more difficult to raise the interest
rate during each intervention to counteract any inflationary pressure.

?* However, leaving the parameter g,, free do not solve completely the

puzzle; we do not observe a fall in the inflation rate in response to a

contractionary monetary policy shock as would be predicted by standard

economic theory.
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two setups, the consideration of alternative identifying restrictions
modifies neither the qualitative results nor the significance of the
responses. In particular, in the three alternatives we observe that 1)
FXinterventionsare effective in both countriesand their effects on
the exchange rate are shortlived; 2) the inflation rises in response
to the shock in Brazil but does not respond significantly in Mexico;
and 3)the central bankincreasestheinterestrate immediately after
the shockin Mexico but it does not do that in Brazil.

6. CONCLUSIONS

We have provided evidence of three major results. First, FX inter-
ventions have been successful in having a short-run impact on the
exchangerate in both Mexico and Brazil. This outcome is consistent
with an existing literature that investigates the effects of FX inter-
ventionsin Latin America. Second, we have found that different FX
intervention models generate differential inflationary costs, with
the costsbeinghigherinamodel thatinvolvesinterventionsthatare
discretionaryand ofahigherfrequency. Third, the evidence suggests
that thissecond result cannot not be entirely driven by cross-country
differencesin the level of exchange rate pass-through.

Indeed, the higher inflationary costs associated with the Brazil-
ian model seem to be at least partially associated with the implicit
interaction between FXinterventionsand interest rate setting (con-
ventional monetary policy). In particular, adoptingamodel that en-
tailsinterventions on aregularbasis seemsto make it more difficult
to compensate them with increases in the interest rate. That is, this
intervention model makes the relation between interest rates and
inflation significantly noisier.
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ANNEX

UNIT ROOT TEST STATISTICS

Variable Augmented Dickey-Fuller Phillips-Perron

95 % 95 %
critical critical
Brazil Mexico value Brazil Mexico value

In levels
fei -3.57° -2.46" -1.94 -4.91° -3.01° -1.94
i -3.312 -3.53" -3.44 -2.78% -3.012 -3.44
m -1.47¢ -1.4072 -3.44 SO825E -2.06* -3.44
cpi -2.02* -1.402 -3.44 -1.52* -4.17° -3.44
ip -2.78 -2.41% -3.44 -2.502 -2.182 -3.44
e -2.26* -3.382 -3.44 -2.37~ -3.242 -3.44
pe -3.25% -3.25% -3.44 -2.682 -2.682 -3.44

In first differences

Afei = = = = = =
Ai -5.11° —-4.08" -1.94 -4.18> -10.81° -1.94
Am -3.90° =7.57° -2.88 -21.72> -19.90° -2.88
Acpi -5.79° -3.75° -2.88 -5.83" -9.72° -2.88
Aip -11.77° —4.88" -2.88 -11.73> -15.03" -2.88
Ae -8.41> -11.54" -1.94 -8.40> -11.54" -1.94
Apc —-4.37° —-4.37° -1.94 —-8.84° —-8.84° -1.94

Notes: The tests for variables in levels (panel A) include a constant and a liner
trend, except for fei. The tests for Am, Acpi and Aip (in panel B) include only

a constant, and for fei (in panel A), Ai, Ae, Apc (in panel B) include neither a
constant nor a liner trend. The lag lengths were chosen based on the AIC.
*The null hypothesis of a unit root cannot be rejected at 95% confidence level.
®The null hypothesis of a unit root is rejected at 95%confidence level.
Sources: Banco Central do Brasil, Banco de México and authors’ calculations.
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LIKELTHOOD RATIO TEST FOR OVER-IDENTIFYING
RESTRICTIONS (BASELINE MODEL)

Likelihood ratio statistic

VAR model for Brazil

VAR model for Mexico

(XQ) p-value
11.34 0.125
3.15 0.871¢

*Overidentifying restrictions are not rejected at 1%, 5% and 10% levels.
Sources: Banco Central do Brasil, Banco de México, and authors’

calculations.

RESPONSE OF INFLATION RATE TO INTEREST RATE SHOCKS
Baseline model

A.1 BRAZIL: INFLATION RATE

Responses of inflation rate, %
1.0

A.2 MEXICO: INFLATION RATE

Responses of inflation rate, %

1.0

T T T T T T
0 5 10 15 20 25 30 35

Months

Notes: The figure depicts the response
to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. We find the price
puzzle: inflation rate increases in
response two months after the shock.
Money market interest rate is used for
the interest rate.

Sources: Banco Central do Brasil

and authors’ calculations.

T T T T T T
0 5 10 15 20 25 30 35
Months
Notes: The figure depicts the response

to a positive FX intervention shock

at t=0. The dashed lines are 90%
confidence bounds. We do not find the
price puzzle: inflation rate falls in response
three months after the shock. Money
market interest rate is used for the
interest rate.

Sources: Banco de México

and authors’ calculations.
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