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Laurini, Paulo Tenani and Miguel León-Ledesma for comments on a draft version of this paper. Usual disclaimers apply. This
paper is part of a project financially supported by the Newton Fund Advanced Fellowship, grant number NAF2R2\100135.



1 Introduction

Many Central Banks (CBs) report to the International Monetary Fund (IMF) that they
follow a flexible exchange rate regime. However, quite a few also declare that they perform
foreign exchange market interventions. Their stated primary objective is to smooth exchange
rate volatility with no aim to affect the (trend) level of the exchange rate. The current
paper formally investigates the de facto flow and stock implications of a policy that closely
follows this de jure rhetoric2. Our main research question is whether a policy function aimed
at (smoothing) the second moment of the exchange rate change is neutral with regards to
the first moment of the distribution. We also ask whether there are any significant collateral
implications for the balance sheets of CBs of such a reaction (intervention) function.

In summary, our findings show that neutrality is observed only if the exchange rate behaves
as a driftless random walk or if the CB is perfectly informed about the drift term and adopts
a neutral policy. Small drifts in the daily nominal exchange rate can exert non-negligible
impacts on the moments of the distributions of both currency returns and the stocks of foreign
assets. The likelihood of large variations in their mean levels rises substantially over a matter
of a few months in the presence of these drifts.

As can be inferred from standard open macroeconomic models, an interventionist policy
that does not aim at impacting the level of the exchange rate would result in a zero net
accumulation of foreign assets. However, there are many examples of trends in the stocks of
foreign exchange reserves held by CBs across the world. There were many known speculative
attacks on emerging economies in the 1990s and 2000s leading to sharp decreases in reserves.
They mostly culminated with currency pegs being abandoned in favour of more flexible
exchange rates. In the 2000s, these trends were mostly positive in emerging markets [Obstfeld
et al. (2010), Menkhoff (2013)], including countries who report to the IMF as floating regimes3.

As will be discussed, our model can be applied to many of these episodes. However, our
empirical analysis will be focused on the case of the Brazilian Central Bank (BCB). This
is interesting because, although self-reporting to the IMF as a “floating system”, the BCB
accumulated around 150 billion USD (United State dollars) of foreign reserves through spot

2The rhetoric of intervention for controlling volatility is not at odds with the classification provided
by the IMF for floating countries. CBs that intervene exceptionally with an aim “to address disorderly
market conditions” provided that “intervention has been limited to at most three instances in the previous six
months, each lasting no more than three business days” are classified as free floaters by the IMF [IMF (2017)].
According to the IMF (2017), floating regimes are those in which “. . . intervention may be either direct or
indirect, and such intervention serves to moderate the rate of change and prevent undue fluctuations in the
exchange rate, but policies targeting a specific level of the exchange rate are incompatible with floating.”. The
latest report [IMF (2017)] shows that 31 out of 171 countries are classified as free floaters and 38 as floaters.
There are 67 economies which follow an exchange regime with a very small degree of flexibility, i.e. countries
with no separate legal tender, currency boards and conventional pegs. Hence, it is likely that almost every
country in the IMF sample promote some kind of intervention in the foreign exchange market.

3The literature on speculative attacks in emerging economies during the aforementioned period is large.
Models are typically concerned with the impact of deteriorating fundamentals and market expectations on the
occurrence and timing of these attacks [Krugman (1996)]. See Amador et al. (2016) for a recent speculative
attack model which is designed to understand the timing of a reverse episode. Their model shows that the
desire to peg its currency led the Swiss National Bank to accumulate large positions in foreign reserves in
2015. Concerns about future losses resulted in the subsequent abandonment of the peg.
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market operations between 2009 and 2011. This increase in the stock level seems excessive,
prima facie, if analysed solely from the perspective of the smoothing volatility objective.
Estimates show that the net impact of one billion initiated-buys over initiated-sells of USD
by the BCB (or, alternatively, the BCB order flow) leads to an approximate 0.5% increase4 in
the exchange rate. Because the BCB’s current foreign reserve stock is around 370 billion USD,
a 1% offsetting order flow per day could, grossly speaking, be generated over a total of 185
days5. Hence, the accumulation of foreign assets may imply that there is either a high weight
placed on other objectives6 or there are serious - intended or unintended - collateral effects of
the smoothing volatility policy on the stocks of foreign reserves. Our paper investigates the
latter hypothesis.

We understand that the goal of smoothing volatility is secondary to the main monetary
policy objective: namely inflation control. The instrument used to achieve this primary
goal is the interest rate, frequently under the discretion of a monetary policy committee.
However, the smoothing problem requires a different instrument or variable, normally under
the responsibility of a different sector of the CB. As will be seen, we assume that this variable
is the CB order flow. This particular modelling strategy has the advantage of incorporating
both the traditional portfolio and signalling channels of the intervention policy literature [see
Sarno & Taylor (2001), for example] in an underlying microstructure framework [based on
Evans & Lyons (2002)]. In this way, our paper complements not only those numerous works
on policy reaction functions for the nominal interest rate but also those that investigate the
effects of foreign exchange interventions.

Our model is based on a loss function that places a positive weight on the amount of
currency risk faced by economic agents. Deviations from what would have been the observed
“free” or “market” exchange rate volatility with respect to an “optimal” level thus decrease
the social welfare7. The solution to our proposed optimization problem is characterised by a
non-linear reaction function for the CB intervention flows. In a nutshell, reactions will depend
on the size of the market order flow with respect to a set of thresholds which are deemed
“optimal” by this (assumedly) benevolent authority. The reaction function will imprint a
non-linear behaviour on the exchange rate, provided that the variance of the underlying shocks
are large enough for the exchange rate to exceed, at times, the level of optimal volatility. This
behaviour is corroborated by our econometric findings during the period from 01/01/2009 to
30/09/2016, showing evidence of non-linear dynamics in the BRL(Brazilian Real)/USD rate.

Both our analytical and simulation results reveal that if the underlying data generation

4This impact is around half of the magnitude that is estimated for the corresponding market order flow -
see Barroso (2014), Kohlscheen & Andrade (2014) and Ventura & Garcia (2012).

5Which corresponds to more than 70% of the business days generally available in one year.
6The literature that investigates the optimal stock of reserves according to social welfare considerations

proposes some explanations. A popular one relates to precautionary savings for consumption smoothing
purposes during crises or sudden stops episodes - see Jeanne & Rancière (2011), Calvo et al. (2013) Alfaro &
Kanczuk (2018). But there are several others: maintain financial stability [Obstfeld et al. (2010)], decrease
the impact of debt roll-over risk during sudden stops [Hur & Kondo (2016)], reap dynamic gains from real
depreciations, [Levy-Yeyati et al. (2013) and Korinek & Servén (2016)], among others.

7We draw insights from the many studies on monetary theory that use quadratic functions to represent
welfare gains or losses. See Duarte (2009) for a comprehensive survey.
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process of the exchange rate does not contain a drift, net foreign exchange reserve accumulation
will, on average, be zero. This will also be the case if there is indeed a drift and the CB
adopts a neutral policy with respect to its impact on the exchange rate level. These results
clearly contrast with periods in which there are drifts in the order flow arising from speculative
attacks, persistent swings in commodity prices or terms of trade, global financial cycles or
Peso problems, for instance. Even small daily drifts can ex post imply large appreciating or
depreciating trends in exchange rates and/or substantial trends in the average stock level
of foreign reserves. Our model results and simulations show that the probability of a large
variation in the stock of foreign reserves depends considerably on the degree of the “signalling
channel” of the CB’s smoothing volatility policy. It also depends on the ability of the CB to
learn the drift process under uncertainty.

A policy to smooth volatility can be seen as an attempt by policy makers to “round
the corners” of the triangle representing the Mundell trilemma [Klein & Shambaugh (2015)].
Ultimately, the geometrical shape that represents the available policy choices can be linked
to the drift parameter in our model. A country can choose to have an open capital account,
independent monetary policy and relatively stable exchange rates without increasing the
likelihood of a major balance sheet problem. However, this will only be true in the absence of
drifts and outliers (rare events). If the CB intentionally or unintentionally buffers those drifts
in the level of foreign reserves, a quadrilemma [Aizenman (2011)] could exist. An additional
vertex representing financial stability may only be attainable by means of (de)accumulating
large levels of international reserves. Our model also rationalises the idea that a global
financial cycle, as suggested by Rey (2015), could reduce the trilemma into a dilemma. The
reason is that persistently tight or loose monetary policies in the centre economies could export
exchange rate drifts to the smaller open economies. In turn, these drifts will significantly
increase the probability of massive changes in the level of foreign reserves of these smaller
markets, thus raising concerns of macroeconomic instability.

The rest of this paper is structured as follows: the next section briefly reviews the related
theoretical and empirical literature. It provides the justification for the model, econometric
estimations and calibrations. We introduce our smoothing volatility model in the third section.
The fourth presents the data as well as the simulation results and corresponding analysis.
The last part of the paper presents our concluding remarks.

2 Portfolio Balance, Signals and Microstructure

The literature that investigates the impact of direct interventions by monetary authorities
is very large, so we will concentrate on a few papers. First, it has been noted that interventions
are more relevant for emerging economies than for developed ones8 [Daude et al. (2016)] and
that substantial increases in foreign reserves have been observed recently in these countries.
Second, the literature broadly suggests the existence of two simultaneous channels by which
interventions affect the exchange rate: the portfolio balancing and the signalling channels
[see Sarno & Taylor (2001)]. Third, it also recognises the importance of microstructure in

8The reasons are various. Menkhoff (2013), for instance, cites a few: the larger relative size of CBs,
restrictions for other banks to operate in the market and so on.
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understanding the mechanisms through which these channels are linked to exchange rates.

There are various views on the workings of the signalling channel. For example, interven-
tions can provide a signal of the future stance of monetary policy [Mussa (1981)] and convey
information about the future values of macroeconomic variables [Hung (1997)]. It is clear that
the strength of this channel depends on the credibility of the monetary authority [Dominguez
(1990), Sarno & Taylor (2001)]. There is also evidence that these channels can have an impact
on volatility [Reitz & Taylor (2008), Vitale (2008), etc].

The portfolio balancing channel depends on the hypothesis that local and foreign assets are
imperfect substitutes and that agents are risk averse, so that any sterilized intervention could
impact on the exchange rate by affecting the relative supply of assets [Tryon (1983)]. Although
it is difficult to disentangle one effect from the other, the empirical importance of these two
channels have been found to be important [Dominguez & Frankel (1993)]. Theoretical results
and empirical evidence point to mixed results with particular regards to the impact of these
two channels on volatility [see Sarno & Taylor (2001)]. There are cases in which exchange rate
interventions may have been successful in reducing exchange rate volatility [Dominguez (2006),
for example]. However, there are also results showing that, on other occasions, interventions
may have intensified exchange rate volatility [Baillie & Osterberg (1997), for instance].

Microstructure models of the exchange rate, which draw on Evans & Lyons (2002),
provide an alternative answer to the enigma of international macroeconomics about the
apparent disconnect between macroeconomic fundamentals and the short term behaviour
of exchange rates [Obstfeld & Rogoff (2000)]. The basic idea is that, at the beginning
of a typical trading period, customers observe their particular state of nature, form their
expectations and place orders in the currency market. Customer orders result in negotiations
in the interbank tier of the market and consequentially, order flow. The latter aggregates
all information regarding underlying price pressures which help dealers to learn about the
observed macroeconomic state of nature. This, in essence, is the fundamental source of agent
heterogeneity [see Bacchetta & van Wincoop (2006) for a model with these main ingredients].
Optimal portfolios are allocated in equilibrium through price changes that reflect optimal
risk sharing between a small number of dealers and a great number of customers. In other
words, equilibrium prices will be such that, at the end of the trading day, customers will
absorb the unexpected order flow. Hence, at the core of the microstructure models rests
a portfolio rebalancing/readjustment mechanism between the interbank/customer market
[Evans & Lyons (2002) and Evans (2011)]. We understand that a comprehensive model of
interventions, aimed at understanding the smoothing volatility problem, should include the
two channels described above in a comprehensive microstructure framework.

Although our broad review aims at understanding the intervention channels as well as
mapping our research problem and contribution to the related literature, we have another
specific focus. We also intend to identify the main findings of the papers that were primarily
concerned with the effect on BRL/USD volatility. We believe that the model put forward in the
next section can be used - prima facie - to help with the understanding of the interventionist
policies of other CBs across the world. Our application, however, will be aimed at the
particular impact of BCB interventions. There are two main reasons. First, the BCB explicitly
states that one of its policy objectives, within a framework of inflation target and floating
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exchange rates, is to avoid excessive currency volatility9. The second is that there is a growing
literature on this topic in Brazil, with several estimates showing that interventions were
important. In fact, these estimates will later be used for the calibration of our model.

There are two main remarks to be made with respect to the findings regarding both the
dynamics of the BRL/USD exchange rate, in general, and the impact of BCB interventions,
in particular. First, it has been noted that interventions have been substantial and seem to
have had significant impacts on the BRL/USD exchange rate. The bulk of these empirical
investigations were performed using conventional econometric techniques such as VARS
and other strategies that allow identification of the structural parameters. They mainly
recognise the bias that arises from the endogeneity by simultaneity10. There are also novel
and interesting methodological applications such as the synthetic control approach used by
Chamon et al. (2017). The former created a counterfactual exchange rate using data of
covariates (currencies) that were not subject to the massive interventionist currency swap
program implemented by the BCB between August 2013 and April 2015. Chamon et al. (2017)
found that interventions over-appreciated the currency at the beginning of this program by
10% with respect to their counterfactual level. The average effect on volatility was found
to be zero using the squared change in the log of the exchange rate, however they present
results showing a decrease of around 10% of an option-implied volatility measure11. Finally,
it must be noted that the estimated effect of interventions has a similar magnitude, albeit
slightly smaller, to that of the market’s order flow [see Barroso (2014) and Kohlscheen &
Andrade (2014)]. The second remark can be made concisely, but is also very important for
our paper: there is evidence that the USD/BRL exchange rate behaves is a non-linear fashion
[see Simonassi et al. (2012), for example].

3 The Smoothing Volatility Model

The simple model put forward in this section has a practical objective. As previously
mentioned, it aims to help CBs in their understanding of the foreign reserve (stock) implications
of optimal (flow) policies of smoothing exchange rate volatility. Although our model was
designed to understand interventions in countries that follow a de facto managed-floating
exchange rate regime, our results can be applied to a wider range of classifications. Our
empirical application will be for the specific case of a country that has both an inflation
target and a floating exchange rate regime. There is evidence for a large sample of countries
that interventions designed to smooth volatility are effective for economies with this sort of
arrangement - see Berganza & Broto (2012) and Fratzscher et al. (2019), for instance.

9It also states that the accumulation of foreign assets also contribute to the sustainabil-
ity of the Balance of Payments. This explanation is not easily found as a mission statement
of the BCB. It can be seen in the series of frequently asked questions, which is only avail-
able in portuguese in the following link: http://www.bcb.gov.br/conteudo/home-ptbr/FAQs/FAQ%2011-
Fun%C3%A7%C3%B5es%20do%20Banco%20Central.pdf.

10One example is Barroso (2014) who addresses the endogeneity problem and find that interventions are
able to reduce exchange rate volatility.

11An impact which was not observed when the program was extended. The ambiguous impact is not a
novelty - Oliveira & Plaga (2011) provide an analysis of the impact of interventions on volatility using daily
data for the period between 1999 and 2006 and an E-GARCH model, finding mixed results.
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Having reviewed the literature in the previous section, we chose to build a theoretical
model with an underlying microstructure framework for the foreign exchange market that
takes into account both the signalling and portfolio channels. We will consider that the
magnitude of the price impact of the CB intervention is analogous to that of a market order
flow, i.e. it occurs through the net result of initiated-purchases over initiated-sales of foreign
reserves. In other words, the model explicitly assumes that the signalling/portfolio channel,
as characterised in the previous section, is given by means of a variable that is conceptually
identical to the market order flow12.

3.1 Loss Function for the Exchange Rate Policy

Consider that there exists a “desk” in the CB which is uniquely charged with the execution
of the economy’s exchange rate policy. We will however, make reference to this “desk” in
general terms, i.e. as the CB itself. Assume also that its main objective, or mission, is
to control the amount of foreign exchange rate risk faced by dealers (and, ultimately, by
customers)13. In the model put forward below, the CB minimises deviations of risk premium
from an “optimal” level by choosing the amount of FX intervention.

Our model takes as given the stylised classification of a typical trading day from foreign
exchange rate microstructure models, as in Evans & Lyons (2002). This classification considers
that the day is divided into three main rounds, the first comprising of transactions between
customers (i.e. non financial agents or, interchangeably, the public) and the dealers. The second
round mainly consists of interdealer transactions. Finally, the third round is characterised
by transactions between dealers and the public at the end of the trading day. Optimal risk
sharing is achieved through an exchange rate change which enables a transfer of the dealers’
accumulated excess inventory back to the public.

Assume that the benevolent CB has the following social welfare function14

12These ideas draw insights from both the theoretical and empirical findings of the microstructure literature,
specially with regards to the informational content of the order flow. Our reduced form assumption for
the exchange rate, which will depend on both the market and the CB order flows, is based on a portfolio
adjustment model along the lines of [Evans & Lyons (2002)]. The portfolio balancing effect occurs because the
equilibrium price in these models largely reflects optimal demands given by optimal risk sharing considerations.
The underlying structure of the model considers that the order flow in the interbank market, generated from
customer orders in the primary tier of the market, depends on unexpected changes in agents’ private incomes
as well as public news. These orders thus provide information or signals fundamental changes in the economy.
On aggregate, they transmit this information to prices through order flow - which simultaneously reflects
portfolio adjustments.

13This is one example of a possible microeconomic justification for the smoothing policy. We can think of
other welfare considerations that would lead to similar results. It is worth emphasising that exchange rate
volatility can impact on the balance sheet of private business, economic growth, international trade, inflation
and inflation expectations etc. A crucial paper that explains why volatility is particularly distressful for
emerging economies is Calvo & Reinhart (2002).

14Note that this modelling option is actually based on the literature, already quite consolidated, which
suggests the existence of a monetary policy reaction function for the level of the nominal interest rate.
Traditional approaches, such as in the dynamic inconsistency problem of monetary theory, have a loss function
for the benevolent representative of the society which is based on deviations of inflation from optimal as well
as income from its socially optimal level [Kydland & Prescott (1977)]. According to Sarno & Taylor (2001)’s
review, conventional theoretical analysis focus on designing an exchange rate regime which minimizes the
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Assume that domestic dealers’ wealth, denominated in domestic currency, is given by

W ( j)
t =

(
1 + ∆s( j)

t

)
S( j)

t−1At−1 + dtS
( j)
t−1Bt−1, (4)

where At−1 is the optimal cash holdings of foreign exchange held by the dealers at the third
round of day t−1, dt are the dividends received in foreign currency per unit of FX investment,
Bt−1 is the quantity of foreign bonds invested in t−1, St is the spot exchange rate at t and
st is the correspondent natural logarithm; ∆ stands for the first difference, A0, S0 and B0
are given. Our assumption that t refers to the end of the third round of negotiation on day

variance of output deviations from its natural rate. Glick & Hutchison (1989), a pioneer in the literature of
optimal intervention, also include deviations of the domestic price level from a long run equilibrium value in
their loss function. See Duarte (2009) for an interesting discussion on the historical use of quadratic functions
in post war monetary economics.

15Other functional forms could have been alternatively assumed. In the case of a constant relative risk
aversion function, for instance, our model story would include not only FX demands derived by risk premium
considerations (the impact of the variance of wealth on the expected level of utility) but also for precautionary
reasons (the effect of the variance of wealth on the expected marginal utility). For algebraic simplicity, we will
focus on the first.
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t implies that CB’s FX intervention will occur simultaneously with the risk sharing of FX
inventory holdings between dealers and the public.

We will take a simplified approach and choose a parsimonious specification for the variance
of wealth in (4). As will be seen, we only consider the variance of the exchange rate change in
the problem. This is justified on the basis that dt is exogenous, that optimal cash holdings by
dealers tend to be very small (and possibly relatively constant) at the end of trading days
and/or because we assume that the variance of the exchange rate change tends to dominate
the overall variance of wealth.

3.2 Order Flow Rules

Assume that the problem of the monetary authority can be simplified to the following

min
{I( j)

t }T
t=1

L s =
T

∑
t=1

[(
∆s( j)

t

)2
−σ

2
]2

, (5)

where, using insights from Andersen et al. (2003), we consider that
(

∆s( j)
t

)2
is the realised

volatility16; σ2 now has a different interpretation, as it stands for the optimal level of
volatility17.

Microstructure models of the exchange rate [Evans & Lyons (2002) and Evans (2011)]
suggest that the daily variation of the exchange rate is primarily a linear function of the
unexpected order flow, hence our hypothesis is that

∆s( j)
t = int + ε

( j)
t

and

ε
( j)
t = βxt + θ I( j)

t ,

(6)

where int represents public news on the interest rate differential, xt is the market order flow and

I( j)
t corresponds to the “order flow” resulting from the CB’s (official, unexpected, unsterilised

and direct) intervention rule. The parameters β and θ represent the impact of the market
and CB order flows, respectively, on the exchange rate. If the monetary authority is credible
and has a greater information set than that of the market, one would expect that θ > β . It

16As suggested by (5), the monetary authority has a symmetrical loss every time the realised volatility is
different from the target. However, the end of the day change carries the j superscript from the non-linear CB
reaction function. Hence, there will be restrictions on the first order conditions that characterise the optimal
solution of the unconstrained problem. These restrictions on the policy available choices will imply that some
variables are non-linear. Accordingly, there is an implicit non-linear welfare assumption. We could have
established non-linearity directly by placing symmetric weights (restrictions) into the CB welfare function.
This could be done, for example, by assuming a piecewise loss function: L s×1(Et), where 1 is the indicator
function, i.e. for any event realisation (Et), (Et) = 1 if Et is true and (Et) = 0 otherwise. For expositional
reasons, j will be characterised later.

17Although this is assumed to be exogenously defined, it is possible to conjecture e that it depends on
domestic and international macroeconomic fundamentals, agents’ preferences or risk aversion, among others.
Our paper does not, however, propose to investigate its determination.
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follows that the difference (θ −β ) could be measuring the relevance of the signalling channel.
Leaning against the wind factors, as suggested by some versions of the Taylor rule [Taylor

(1998)], are also indirectly incorporated into the loss function via the int term in ∆s( j)
t . We

assume that the overall market order flow, xt , is divided into two different parts:

xt = γt + ηt , (7)

where ηt is the unexpected order flow in the absence of a drift regime which is, in turn,
represented by γt . In fact, we will not make a priori assumptions about the data generating
process of the drift18. However, we understand that drifts could exist for several reasons.
Swings in commodity prices that affect terms of trade could generate small but persistent
daily order flow trends or, for example, Peso problems that affect the level of hedge demands
for foreign exchange in some predictable way.

As shown in the previous section, there is evidence pointing towards the existence of
temporal structure in the conditional volatility of the exchange rate. We incorporate dynamics
by assuming that the market order flow behaves according to

ηt = vt
√

ht , (8)

where vt ∼N (0,1) and ht is assumed to follow a GARCH (p,q) specification, where p and q
are the orders of the conditional volatility terms19.

The CB problem

In summary, the problem of the monetary authority, which will be solved at each (end of)
time period t, after having observed the market order flow, can be represented as

min
{I( j)

t }T
t=1

L s =
T

∑
t=1

[(
∆s( j)

t

)2
−σ

2
]2

subject to ∆s( j)
t = int + ε

( j)
t ,

ε
( j)
t = βxt + θ I( j)

t ,

xt = γt + ηt ,

and ηt = vt
√

ht .

(9)

For simplification purposes, we will further ignore the effect of public news on the the
daily change in the exchange rate by establishing that int = 0,∀t. Assuming differentiability,
the first order necessary conditions can be shown to imply that

18Our overall specification preserves the assumption that the market exchange rate follows a unit root
process, with or without a drift. This is in accordance with the conclusions that can be drawn for a daily
frequency from the literature that followed from Meese & Rogoff (1983)’ seminal paper.

19We will later use both ARCH(1) and GARCH(1,1) processes for the simulations - the assumption of one
lag is for simplification purposes only. Also observe that the ARCH/GARCH structure is considered for the
market order flow instead of the CB’s order flow, since the latter is modelled as consequence of the policy
response to market conditions.
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IFt =−βxt

θ
and σ = 0, (10)

or σ 6= 0 and

I(+)
t =

−(βxt−σ)

θ
, (11)

or

I(−)
t =

−(βxt + σ)

θ
. (12)

Equation (10) represents the trivial way of solving the smoothing volatility problem when
the government chooses σ = 0. The CB then adopts a policy rule for the order flow as in (10),
which corresponds to the adoption of a fixed exchange rate regime. This solution will not
be considered in our analysis. Equations (11) and (12) give the other two possible solutions
when σ 6= 0 and finite.

Non-linear reaction function

Because of the quadratic nature of the problem, the CB could, in principle, react to an

increase in the exchange rate above the desired volatility level by choosing I(−)
t and producing a

change of −σ . It could also adopt a policy rule like I(+)
t to a decrease below target, generating

a +σ variation.

However, we assume that the CB will preserve the observed direction of the exchange
rate change when applying its policy rule. Alternatively, we suppose that after deciding to
react according to (10) and (11) the CB will minimise the impact of its intervention on the
level of foreign reserves. We will also consider that the monetary authority does not have the
objective of generating volatility when it is smaller than σ2. In other words, CB intervention
flows will only happen on occasions in which the volatility is above the desired level. These
considerations imply that we can posit (11) and (12) as non-linear solutions, according to the
following conditions20

20As a matter of fact, our choice of notation is complicated by the simultaneous nature of the variables in the
optimisation problem. We could have alternatively used, for instance, the concept of a “shadow” intervention
function as in Kearns & Rigobon (2005). Suppose that I∗t represents the shadow intervention in the CB loss
function. Assuming σ > 0, the“actual” intervention function would take the form It = sgn(xt)×I∗t ×1(|βxt |> σ),
where 1 is the indicator function, as defined earlier, with Et = {βxt > σ ,βxt < −σ}. The two roots of the
quadratic problem would then be chosen according to sgn(xt): sgn(xt) =−1 if xt > 0 and sgn(xt) = +1 if xt < 0,
given the considerations above.
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j =


+ if βxt > +σ ,

− if βxt <−σ ,

0 if + σ ≥ βxt ≥−σ .

The rules proposed above show that the intervention is contingent upon the realisation of
the market order flow and the thresholds {−σ ,+σ}. This hypothetical behaviour imprints
a non-linear dynamics into the exchange rate, which is consistent with the findings of the
literature presented earlier [see Reitz & Taylor (2008) and Kohlscheen (2012)] and with the
results shown in the next section. In summary, our hypotheses imply that when βxt > +σ

and βxt <−σ , respectively, the two reduced form equations (and reflexive barriers for the
exchange rate for the cases in which σ 6= 0) are thus

∆s(+)
t ≡ βxt + θ

[
−(βxt−σ)

θ

]
,

= +σ , (13)

and

∆s(−)
t ≡ βxt + θ

[
−(βxt + σ)

θ

]
,

=−σ . (14)

Results (11) and (12) show a reaction from the CB in the opposite direction of the market
order flow which does not eliminate volatility but rather controls or “smooths” it.

Drifts, uncertainty and neutral policies

Our assumption that the drift term is not necessarily constant serves one specific objective.
We aim to analytically investigate the impact of the CB uncertainty with regards to the
drift on the model results. One straightforward way to characterise the learning process is
to suppose a state space representation. A simple way to proceed with the analysis is to
consider that γt and ηt are both independent zero mean processes and to ignore the conditional
variance in ηt . The rational expectation forecast of the CB can thus given by a typical signal
extraction problem

IE (γt |xt) = γ̂t = κxt , (15)

where σ2
γ and σ2

η are the unconditional variances of γt and ηt , respectively and κ ≡ σ2
γ

σ2
γ +σ2

η

.

Now, suppose that the CB does not wish to react to this drift term. In fact, this is the “de
jure” policy of many floating countries. In this case, the rules can be modified to be “neutral”
with regards to the effect of the drift term

11



I(N+)
t ≡ −β [xt− γ̂t ]+ σ

θ
=
−β [(1−κ)xt ]+ σ

θ
, (16)

and

I(N−)
t ≡ −β [xt− γ̂t ]−σ

θ
=
−β [(1−κ)xt ]−σ

θ
. (17)

when βxt > +σ and βxt <−σ , respectively.

In order to analyse these neutral rules, consider first the case in which σ2
η → 0. It follows

that all variation in the order flow will be due to changes in the drift term and hence the
signal is perfectly informative (κ → 1). The drift will almost certainly be known by the CB.
The rule then prescribes that the order flow for the threshold cases shown above must be

I(N+)
t = +σ

θ
and I(N−)

t = −σ

θ
, respectively. The corresponding exchange rate changes will be,

∆s(N+)
t = βxt + σ and ∆s(N−)

t = βxt −σ . The neutral rule and the hypothesis of a perfectly
informed CB both imply that the exchange rate will entirely absorb the impact of the drift
term. In the case when σ2

η → ∞, however, there is too much noise in the signal and the CB is
not able to learn anything about the drift from the observation of the market order flow. The
signal will thus be completely uninformative (κ → 0). The neutral rules that are associated
with a perfectly uninformed CB are thus analogous to the ones in which the CB does not
react to the drift term, i.e. (11) and (12).

Empirical Model: in the cases when the CB either ignores and it is informed or when it
is perfectly uninformed about the drift term (or simply when there is no drift), the behaviour
of the exchange rate can be described in the following way:

∆s( j)
t ≡


+σ if βxt > +σ ,

−σ if βxt <−σ ,

βxt if −σ ≤ βxt ≤+σ .

(18)

It can be shown that an analogous non-linear process exists for the cases in which the CB is
imperfectly informed and does not ignore the drift. The above discussion suggests a general
unrestricted non-linear model that includes several lags and constant terms. Dropping the
j superscript, we can posit the following Self Exciting Threshold Autoregressive (SETAR)
model:

∆st ≡


φ10 + φ11∆st−1 + · · ·+ φ1L∆st−L + ξt if ∆st ≤−σ ,

φ20 + φ21∆st−1 + · · ·+ φ2L∆st−M + ξt if −σ < ∆st ≤+σ ,

φ30 + φ31∆st−1 + · · ·+ φ3L∆st−H + ξt if + σ < ∆st ,

(19)

where L,M,H are the maximal lags in the low, intermediary and high regimes, respectively;
ξt is an i.i.d ∼ (0,σξ ) shock; the thresholds in the reduced form above could be viewed as the

12



reflexive barriers imposed by the CB chosen degree of optimal volatility. Estimations of the
model in (19) using observed data for the USD/BRL currency pair will be shown in the next
section. We will also perform simulations using (11) and (12) mainly to evaluate the impact
of the intervention rules on the stock of assets held by the CBs.

4 The case of the BCB

Our sample data spans from 01/01/2009 to 30/09/2016 and was obtained from the
Bloomberg terminal and from the BCB time series system. We collected the nominal BRL/USD
exchange rate for every 5 minutes interval on a total of 1905 days21, with 108 daily observations.
This period was chosen for two main reasons. Firstly, there was a significant increase in the
amount of foreign reserves held by the BCB between January 2009 and July 2011, as can be
seen in Figure 1a. Secondly, from August 2013 to March 2015, the BCB implemented a large
program of currency swaps auctions with the objective of providing hedge and liquidity to the
currency market. This program started with a daily supply of 500 million USD and, for this
reason, was later named the “daily ration” program.

Figure 1: BCB Reserves and the Exchange Rate
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Notes: Both figures present daily data between 01/01/2009 and 30/09/2016. Figure 1a shows reserves
calculated by the BCB using the liquidity concept. Figure 1b presents the spot exchange rate collected from
Bloomberg.

Visual inspection of Figure 1b. suggests a non-stationary behaviour for the exchange rate.
Using the Augmented Dickey Fuller (ADF) test, considering a constant and a time trend, one
cannot reject the null hypothesis of non-stationarity as shown in Table 122

21Days in which there were no transactions, due to holidays, for example, were not considered.
22Applying the same type of ADF test but for each day separately, one can verify that it is not possible to

reject the hypothesis of non-stationarity in 1665 out of the 1905 days of the sample, using a p-value of 0.1.
These results are not reported for the sake of space.
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Table 1: Unit Root Test

Augmented Dickey-Fuller

Series: log(BRL/USD)
Ha: Stationary

ADF = -2,000
P-Value = 0,5791

Notes: Intra-daily data between 01/01/2009 and 30/09/2016.

Prices recorded every 5 minutes.

The assumption that the exchange rate and, by deduction, the order flow have a conditional
volatility structure was based on the findings of the related literature as well as on the results
shown on Table 2. As can be seen, there is evidence to reject the null hypothesis of no
conditional volatility (heteroskedasticity) using the Lagrange Multiplier test (LM)23.

Table 2: Test for the ARCH Structure

Lagrange Multiplier

χ2 = 105.280
Lag= 12

p-value = 0,000

Notes: Intra-daily data between 01/01/2009 and 30/09/2016.

Prices recorded every 5 minutes.

We also performed a test of non-linear structure in the series. As shown by Table 3 below,
the null of linearity is rejected at the 10% significance level for a SETAR(3).

Table 3: Linearity test

Hansen test

Ha: SETAR(3)
p-value: 0,1

Note: non-linearity test for the ex-
change rate between 01/01/2009 and
30/09/2016. See Hansen (1999) for a
review of non-linear approaches such as
the SETAR model.

23If the analysis is performed for each day separately, one can observe the non-rejection of the null for 1542
of the 1905 days of the sample.
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4.1 Non-linear reduced-form

Results presented in Table 3 suggest the existence of non-linear dynamics in the series. We
then estimated a SETAR model with ∆st as the dependent variable. The thresholds trigger
a regime change with one lag. They were chosen based on a best fit grid search using all
possible values in the sample (i.e. the values of the lags of the dependent variable itself),
with at least 15% observations in each regime. Table 4 shows the values of the estimated
coefficients. As can be seen, the median of the coefficient in the middle regime, represented by
φ21, is larger in absolute value than the ones in the upper and inferior regimes (φ11 and φ31),
respectively. The same result is observed when one considers the 1st and the 3rd quartiles.
Results presented in Table 4 reveal that the first difference of the exchange rate series is slow
mean reverting in the middle regime (by comparison to the outer regimes) which suggests
that our model is likely to be capturing the actual behaviour of the exchange rate variable.

Table 4: SETAR Model Results

φ11 φ21 φ31

Minimum -3,500 -16,290 -2,680
P(25) -0,371 -1,844 -0,427

Median -0,060 -0,167 -0,109
Average -0,091 -0,073 -0,121
P(75) 0,219 1,507 0,190

Maximum 2,107 21,63 1,899

Note: Intra-daily BRL/USD data. Prices
recorded every 5 minutes.

Another important parameter that can be obtained from our results and that will be
further used in the calibration of the simulations, is the estimated optimal volatility of the
BCB. The range of estimated upper and lower daily thresholds suggest a 2.3% daily average
change allowed by the BCB. That is, when the exchange rate change is equal to or above this
value, the BCB will assume foreign exchange portfolio positions, signalling through order flow
that it is acting to decrease volatility. Table 5 present descriptive statistics for our proxy of
σ2, that is σ̂2.
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Table 5: Estimated Optimal Volatility

σ̂2

Minimum 0,7%
P(25) 1,74%

Median 2,19%
Average 2,29%
P(75) 2,72%

Maximum 5,75%

Notes: Intra-daily BRL/USD rate recorded
every 5 minutes.

The next section will explore, through model simulations, the decision-making process of
the BCB. We will calibrate the model parameters using some of our own estimates as well as
values taken from the respective literature. Simulations are provided as an alternative to the
algebraic analytical evaluation of this non-linear problem. They will allow us to assess whether
the observed accumulation of reserves by the BCB in the period between 2009 to 2011 is in
line with the objective of controlling excess exchange rate volatility. We will also discuss, from
these empirical findings, the accumulation of foreign swaps between 2013 and 2015. Although
our simulations are performed for the BCB case, it is important to re-emphasise that our
simple model can be applied (i.e., re-calibrated and/or extended) to a large range of CBs
which have a similar de jure exchange rate regime24.

5 Simulations

The results of the simulations below are shown for comparison with some statistics for
the period that goes from Jan 2009 to July 2011. This period is characterised by a marked
increase in commodity prices, favourable terms of trade and large surpluses in the Brazil’s trade
balance. IPEA (the Institute for Applied Economic Research of the Brazilian government)
index of commodity prices, which excludes oil, rose from 166.61 in Jan 2009 to 242.57 in July
2011. In the same period, the Brazilian terms of trade, measured as the ratio of export to
import prices, increased from 97.05 to 130.3, according to FUNCEX25. These facts help to
explain the accumulated surplus in the trade balance during the aforementioned period, which
reached 58.2 billion USD (495.14 billion USD of exports, according to BCB data). Trade
surpluses were high during the adjoining months: 23.8 billion USD in 2008 and 24.6 billion
USD accumulated in the twelve months after July 2011, meaning that customers could be
bringing in larger proceeds of future exports contracts than those suggested by the trade
balance only. From the 2nd of January 2009 until the 28th of July 2011, the BRL appreciated
approximately 33% with respect to the USD.

24R codes are available with the authors upon request.
25A foundation which has an outstanding reputation in Brazil for the quality of its international trade

studies.
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Ex post and in sample it is almost certainly possible to fit optimal non-zero drifts in the
exchange rates which will ameliorate forecasts with respect to the driftless random walk. One
can also find evidence that out of sample forecasts with drifts will perform better than a naive
driftless process. We have performed various forecasting exercises using mean absolute errors
and mean squared errors26. The results are always sensitive to the starting point and sample
split, however, the conclusions put forward above are generally valid. It must be stressed that
the observed exchange rate is already a variable which has been subject to the intervention of
the BCB. Hence, if the BCB applied a non-neutral policy function to some extent, at least
part of the drift in the the exchange rate will “disappear” during the period, having been
“transferred” to the foreign reserves.

We proceed with the simulations as if the BCB was perfectly informed about the drift
and applied a non-neutral intervention function. For practical purposes, this is the same as if
the BCB had no information whatsoever about the existence of a drift and, hence, it could
not apply a non-neutral policy. Our choice is based on the fact that we are mainly interested
in studying the impact of our intervention function during the period in which Brazil faced
persistent and favourable commodity prices and, concomitantly, built up a large stock of
foreign reserves. Clearly, as has been mentioned before, our model could be applied to other
interesting BCB cases, such as during the most recent presidential impeachment case in 2016
(when a Peso problem was almost certainly in place).

Our simulation exercises will consider that γt is constant and that the BCB will react
according to equations (11) and (12). The results for the case in which the BCB adopts a
neutral policy when γt is imperfectly known will not be shown for the sake of space. However,
inference on the likely consequences of a policy rule like (16) and (17) is straightforward. One
part of γt would be absorbed in the exchange rate and the other on the level of foreign assets.
As previously discussed, the latter impact depends on the information content of the order
flow signals with respect to the drift.

The case of no drifts

We start by explaining the calibration of a “reference case” as presented in Table 6. The
choice of γt = 0,∀t is analogous to the hypothesis of no long run trend in the level of the
nominal exchange rate, i.e. a random walk without drift. The exchange rate change however,
presents conditional time-dependent variance and unconditional constant variance. We used
estimates provided by Ventura & Garcia (2012) for the coefficient that relates exchange rate
changes to market order flow, (β ) and adopted the same value for the intervention coefficient
of the BCB (θ ). The estimated SETAR model provides proxies for the thresholds that were
initially used to calibrate σ2: we used the average of the two estimated thresholds reported in
Table 5 as a proxy for σ̂2. For the calibration of the GARCH parameters, we chose values for
λ , α0 and α1 that were able to generate a proportion of around 50% of the intervention days
out of the 1.000 in the sample - a similar proportion of intervention days has been found in
Kohlscheen (2012). We report results only for the ARCH(1) model, which assumes, λ = 0,

26They are not reported in the paper but can be obtained with the authors upon request.
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α0 = 6 and α1 = 0,527. These parameters imply that the market order flow has zero mean

and an unconditional standard deviation of 3,46 billion USD
(√

α0
1−α1

=
√

6
1−0,5 ≈ 3,46

)
.

Table 6: Reference Case

Parameter Value
γ , λ 0,00
α0 6,00
α1 0,50
σ̂2 0,02
β 1
θ 1

Notes: the value 1 for both parameters β and θ as seen above
means that the 1 billion USD order flow impact on the exchange
rate is 1%. ARCH structure was chosen to generate 53% of days
with BCB intervention. The value of σ̂2 chosen according to our
SETAR estimates in the previous section.

The main steps that we employed in our simulations can be summarised as following:

a. We initially created 1.000 order flow observations (ηt), calibrating both GARCH(1,1) and
ARCH(1) parameters28.

b. Using the order flow impact parameter (β ), we simulated both the exchange rate variation
and the realised volatility that would have prevailed at the end of each period in the
absence of the BCB intervention.

c. We then evaluated the policy response function according to the cases shown in equations
(11) and (12).

d. The BCB intervention order flow was aggregated over the 1.000 days in order to calculate
the impact on the stock of foreign reserves. We also compared currency returns with and
without intervention.

e. Steps (1) to (4) were repeated 20.000 times in order to obtain a measure of the distributions
of the foreign reserve impact, the currency returns effect and the direction of interventions.

The results for the reference case are summarised in Figure 2. As can be seen, when
there are only stochastic trends, i.e. there is no long-run deterministic trend in the nominal
exchange rate, the accumulation of foreign reserves is, on average, close to zero. One can
also see in Figure 2b that there is on average no significant predominance in either direction,
when the exchange rate follows a driftless random walk. Finally, it can be seen that the CB

27Results with different specifications for the GARCH(1,1) model can be obtained with the authors upon
request. We decided not to report these results as they normally differ only in terms of magnitude - richer
dynamics tend to magnify the impact of interventions, by increasing volatility.

28There were 973 business days in Brazil during the period of the significant increase in reserves that is our
primary concern in these simulations.
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intervention lightens the weight of the tails of the currency returns distribution, with respect
to the outcome that would prevail in the absence of a policy reaction function.

As mentioned, we understand that the magnitude of the signalling channel is given by
the size of the θ parameter. We will analyse alternative scenarios for θ , θ < β and θ > β ,
keeping constant the other parameters of the reference case. The next simulation, however,
assumes θ = β and a deterministic drift (γt = γ,∀t and γ 6= 0).

Case 1. θ = β and γ < 0: The hypothesis θ = β implies that the information content
of the CB order flow is the same as the market’s. The CB’s order flow will be of the same
magnitude but with an opposite sign, neutralising the market order flow and leaving an
exchange rate change, in absolute terms, equal to |σ |.

When γ < 029, the currency presents a long run appreciation trend. It is thus reasonable
to expect that the CB would intervene predominantly in the positive (buying) direction, since
the probability that the exchange rate will exceed the optimal volatility through the lower
limit would be larger than through the upper threshold.

If the frequency of intervention is higher in one particular direction, we would observe an
accumulation or depletion of foreign reserves along time depending on the sign and magnitude
of the long-run deterministic trend. In the case of an appreciation trend, the CB would
initiate buy trades more often than sell ones, thus accumulating stocks. This case is illustrated
by Figure 3 where γ =−0,0005. In other words, even if ηt is zero on a particular day, the
currency would still appreciate by 0,05% on that day. Over the 1.000 days, one would expect
a cumulative appreciation of 50%.

As can be observed, the average number of buys is greater than in the base scenario as
well as the average accumulation, which is around 25.5 billion USD during the period. Only in
a few out of the 20.000 simulations do the CB accumulated reserves that are over and above
150 billion USD. With regards to the shape of the currency returns distribution, one can see
that the impact is qualitatively similar to the previous one. It is important to stress that,
if the CB had not intervened, the average simulated appreciation in this period would have
been 50,2%, a value close to the theoretical expected value, while the simulated appreciation
with the CB intervention is 24,7%.

Case 2. θ < β and γ < 0: The assumption θ < β implies that the CB has some limitation
in conveying signals to the market. The monetary authority would have to generate a larger
order flow than in the θ = β case, in order to affect the currency in the same magnitude.
Since the CB needs to generate a larger intervention flow, the accumulation of foreign reserves
will be faster than before. This case is summarised in Figure 4 which assumes γ =−0,0005
and a coefficient equivalent to 50% of the market’s order flow.

Figure 4 shows that the average accumulation is around 52,1 billion USD. Most of the
interventions occur in the buying direction. The less credible intervention affects currency

29We only present results for negative values of γ , since the results obtained for the opposite sign and same
magnitude, ceteris paribus, are symmetrical.
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Figure 2: Simulation results for θ = β = 1 and γ = 0
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Notes: Figure 2a presents the distribution of the accumulated reserves by the CB. Figure 2b shows the
distribution of the direction of the interventions for each of the 20.000 “experiments” of the 1.000 days. This
variable was constructed by assuming the value (+1) for the CB initiated-buy trades of foreign currency, (-1)
for the CB initiated-sells and (0) in the case of no intervention. Figure 2c presents a comparison between the
currency returns, in percentage changes, with and without intervention from the CB.
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Figure 3: Simulation results for θ = β = 1 and γ =−0,0005
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Observation: see notes in Figure 2.
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Figure 4: Simulations Results for θ = 1
2β = 0.5 and γ =−0,0005
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returns in the same qualitative way as before, with an average appreciation with the CB of
24,1% and 50,2% without it.

Case 3. θ > β e γ < 0: This scenario considers that the information content of the BCB
order flow is larger than that of the market. This case is based on the fact that the BCB is
the largest player and probably has access to a larger information set than any other single
agent in the market30. Another interpretation is that the BCB is perceived as having a high
degree of credibility in delivering the desired volatility control. That is, θ > β implies that
the BCB is efficient in signalling the correct direction and magnitude of its interventionist
policy. Considering γ = −0,0005, θ = 1.25 and β = 1, such that the impact of the market
order flow is only 80% of that of the BCB, gives the results presented in Figure 5.

As expected, the average accumulation is lower than in the previous case, reaching 20,74
billion USD in this simulation. Other results are similar to the previous two cases. We stress
that without the BCB, the average appreciation is 50,3%, while the average negative change
in the nominal exchange rate with the intervention is 24,4%. That is, the collateral effect of
the BCB’s interventions is to decrease average currency returns.

As previously stated, between January 2009 and July 2011, the BCB reserves increased
by approximately 150 billion USD while the currency appreciated about 22%. Each line of
Table 7 presents selected descriptive statistics for each of the (20.000×1.000) simulations
using different values for γ, β and θ . Careful analysis of Table 7 shows that the larger the
long run trend is, the higher the stock of foreign reserves will become. It is interesting to note
that the probability of the BCB accumulating 150 USD billions or more of foreign reserves is
high (being larger than 50% in some cases) when the signalling channel is weak. One can see
that our simulation results in Table 7 can successfully explain the average direction of the
changes in the observed data: exchange rates and level of foreign reserves. Actually, it is not
difficult to replicate the observed amount of currency appreciation. However, we are not able
to replicate, on average, the substantial change in the level of foreign assets held by the BCB,
only by chance.

There are many possible explanations for these findings that are complementary to the
ones put forward in the Introduction. One is that, during the period of analysis, the market
already expected some daily intervention from the BCB which significantly weakened the
signalling channel. This could be due to the knowledge of a small negative deterministic daily
time trend γ . As a matter of fact, this was an outstanding period for commodity exporters like
Brazil, who experienced improved terms of trade and fast growth of the quantum exported.
One hypothesis is that it would have been harder for the BCB to provide an effective signal
through initiated-buys, in other words, θ would be a negative function of the absolute value
of γ .

Another plausible explanation is that the BCB actually had another objective, different
from the one stated in the optimization problem. This could be, for example, the goal of
accumulating foreign reserves (for precautionary reasons, as previously stated) by deliberately

30Specially because all customer orders in the primary market, which will later be fed into interdealer
order flow, must be recorded in a BCB electronic system.
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Figure 5: Simulations Results for θ = 1.25,β = 1 and γ =−0,0005
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offsetting the aforementioned appreciating deterministic trend. In fact, there are many other
explanations that could be given and which could be linked to the parameter values chosen
for the calibration of the simulations. For example, a higher appreciation trend would explain
larger interventions and faster reserve accumulation, ceteris paribus.

The period known as the “daily ration”, which goes from August 2013 until April 2015,
registered a total of 115 billion USD in currency swaps31. During this period, the BRL
depreciated by approximately 35%, which, according to inference based on our model and the
results obtained in the previous simulations, suggests that the BCB would have intervened
by generating significant sell flows. As the period was characterised by a massive increase in
the number of currency swaps, there was no marked change in the level of foreign reserves.
Although our simulations correctly predict the average direction of the interventions, we were
also not able to replicate - on average - the massive increase in the number of swap contracts,
at least using parameters that seem to be in accordance to the available evidence32. The
justification is analogous to the ones put forward above. It must be also stressed that the
country went through a period of political and economic uncertainty which could have affected
the results in many different ways: for example by reducing the impact of the signalling
channel or leading to large outliers.

31According to information provided by the president of the BCB in a statement to the Federal Senate in
24th of march 2015.

32For these simulations, we considered that I( j)
t was divided into two components: zt and wt , representing

the spot intervention and the net result of traditional and reverse swap operations at date t, respectively.
We also assumed that market interventions through traditional currency swap operations had an analogous
impact to spot market interventions, the main difference being the absence of changes in the stock of USD
and BRL currencies. Hence, unless one of the parties need currency for some other non-portfolio balancing
reason, agents should be indifferent between currency swaps and spot operations. We implicitly considered
that the CB first decided on the composition of the intervention, i.e. via currency swap or through the spot
market, and then its magnitude. Although we do not propose a mechanism as to which composition to choose,

one simple way that we used to incorporate these two instruments was to define that I( j)
t ≡ ψ1zt +ψ2wt , where

ψ1 and ψ2 are parameters that capture the extent to which the magnitude of each type of intervention affects
exchange rates.
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Table 7: Summary of the Simulation Results - ARCH(1)

γ β θ Average Re-
serve Accu-
mulation -
billions of
USD (b)

Direction
of Interven-
tion

Average
with
BCB
(%)

Average
without
BCB
(%)

P(b) >
150 USD
billions
(%)

0 1 1 0.22 0.60 -0.27 -0.52 1.76
0 1 0.6 -1.52 -0.13 0.19 1.10 9.85
0 1 0.2 -2.81 -0.01 -0.09 0.47 33.11
0 0.8 0.8 -0.38 -0.22 0.62 0.93 0.88
0 0.8 0.48 -0.64 -0.02 0.09 0.40 7.47
0 0.8 0.16 4.00 0.25 -0.36 -1.00 32.13
0 0.6 0.6 -0.47 -0.15 0.51 0.80 0.20
0 0.6 0.36 -0.06 -0.04 0.07 0.09 4.21
0 0.6 0.12 -2.98 -0.29 0.74 1.10 27.96
0 0.4 0.4 -0.11 0.00 -0.08 -0.04 0.00
0 0.4 0.24 -0.25 0.11 -0.32 -0.26 0.77
0 0.4 0.08 0.27 0.03 -0.13 -0.16 21.02

-0.05 1 1 25.97 10.35 -24.50 -50.50 3.64
-0.05 1 0.6 44.56 10.74 -24.88 -51.62 18.29
-0.05 1 0.2 129.91 10.50 -24.70 -50.68 47.74
-0.05 0.8 0.8 26.05 11.29 -29.06 -49.90 2.40
-0.05 0.8 0.48 43.79 11.29 -29.25 -50.28 15.35
-0.05 0.8 0.16 129.77 11.28 -29.40 -50.17 47.42
-0.05 0.6 0.6 22.92 11.14 -35.59 -49.34 0.74
-0.05 0.6 0.36 40.40 11.56 -36.42 -50.96 10.20
-0.05 0.6 0.12 119.80 11.47 -36.30 -50.68 45.36
-0.05 0.4 0.4 15.11 7.95 -43.83 -49.87 0.01
-0.05 0.4 0.24 25.71 7.98 -43.72 -49.89 2.23
-0.05 0.4 0.08 76.60 8.12 -44.07 -50.19 34.58
-0.1 1 1 51.27 20.79 -48.70 -99.97 8.12
-0.1 1 0.6 85.74 20.51 -48.21 -99.65 29.19
-0.1 1 0.2 255.77 20.74 -49.05 -100.20 61.80
-0.1 0.8 0.8 52.92 22.69 -58.67 -101.00 6.25
-0.1 0.8 0.48 85.56 22.22 -57.46 -98.53 26.72
-0.1 0.8 0.16 258.96 22.53 -58.11 -99.54 63.52
-0.1 0.6 0.6 47.51 22.71 -71.83 -100.34 2.44
-0.1 0.6 0.36 80.01 22.69 -71.52 -100.32 21.16
-0.1 0.6 0.12 240.31 22.76 -71.57 -100.41 63.33
-0.1 0.4 0.4 30.93 16.20 -87.65 -100.02 0.07
-0.1 0.4 0.24 51.62 16.09 -87.78 -100.17 5.38
-0.1 0.4 0.08 154.98 16.05 -87.86 -100.26 51.07

Notes: 20.000 simulations for 1.000 days. γ is the daily % constant change; β and θ refer to the impact of a one billion USD order flow
on the exchange rate (β = θ = 1, for example, implies that a 1 billion USD order flow changes the exchange rate by 1%); mean with and
without CB are the averages for a total of 1.000 days in percentage terms; the probability of an accumulation of 150 USD billions in
foreign reserves in the last column is also expressed in percentages.
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6 Concluding Remarks

We presented a simple but innovative and, hopefully, practical model that can help CBs
across the world to understand the stock and flow implications of a “flexible” exchange rate
regime that adopts a smoothing volatility policy. Our results imply that the exchange rate
follows a non-linear dynamics and that small daily deterministic trends in the exchange rate
can have a large impact on the stock of foreign assets in a matter of a few months. Simulations
show that either a non-neutral or an unaware (with respect to the drift) interventionist
smoothing policy affect both moments of the exchange rate change (or the currency returns
distribution). These effects can also be large according to our findings.

We were also able to show that, on average, CB interventionist policies could only have
affected volatility, without changing the level of the exchange rate and the amount of foreign
reserves, if there were no deterministic trends in the data generating process of the exchange
rate. During the period of large swings in the stocks of foreign assets in emerging economies,
and particularly for the case of Brazil, there are some possible explanations: 1) small but
persistent daily appreciating trends during the accumulation period, probably due to the
observed large swing in commodity prices, and a depreciating one during the de-accumulation
episode studied in this paper, the latter probably due to a change in the level of FX hedge
demand; 2) the BCB effectively partially offset the impact of these trends on the BRL for other
reasons than only being unaware of the drift, such as the intentional build up of precautionary
savings; 3) the signalling channel of the BCB was small. These explanations are non-exhaustive
and non-mutually exclusive.

A future direction of investigation should consider extending the model to incorporate a
richer description of the FX market. This could include the relationship of the spot rate with
other variables such as the forward rate, which represents a large and liquid market in many
markets. One could develop more interesting and complex learning processes for the CB with
regards to the drift term. It would be interesting to investigate whether and how the drifts
are related to permanent interest rate differentials in small open economies. Peso problems
and speculative attacks also seem to be promising modelling options for the drifts. Finally,
one could integrate other social welfare weights in the social welfare function of the monetary
authority, given capital mobility.
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