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Resumo

Esta tese é composta por 3 estudos empiricos sadceoeconomia. O primeiro ensaio discute a
persisténcia da inflagdo no Brasil. O segundo esaurdlisa o produto potencial e, principalmente, a
questdo taxa neutra de juros no Brasil, tema fuedéah para a conducdo da politica monetaria. O
altimo trabalho discute a questdo da paridade estjeros no Brasil e no exterior.

O primeiro ensaio desta tese estima a taxa rgafoe de equilibrio no Brasil durante o periodo7-:99
2012 usando diversas metodologias. Os resultaderano alguma diferenca nas estimativas da taxa
de juros de equilibrio dependendo da especificatéipada, principalmente na modelagem da Curva
IS. A mensuracao do hiato do produto ndo é o graiecesponsavel pelos resultados encontrados para
a taxa de juros de equilibrio. A estimac¢éo conjaiat®|B potencial e taxa neutra de juros ndo leva a
resultados muito diferentes dos obtidos estimandaxa neutra isoladamente. Independente do
modelo utilizado, os resultados indicam reducétara de equilibrio no Brasil nos Ultimos anos.

O segundo ensaio estima a persisténcia da inflagadBrasil tanto em termos agregados quanto
desagregados. O trabalho ainda compara a persist@adnflacdo no Brasil com a persisténcia em
outros paises emergentes. Os resultados indicam geesisténcia da inflagdo no Brasil € maior do
gue em outros paises, mas este resultado ndod® giatia todos os métodos de estimacéo utilizados.
A persisténcia no nucleo da inflagdo é maior do na€‘inflagdo cheia”. Apesar da persisténcia
elevada, nossos resultados indicam que a expectivnflacdo € uma varidvel mais importante na

determinacédo da inflagdo corrente do que a inflag&sada.

O terceiro ensaio analisa a diferenca entre as @guros no Brasil e no exterior, particularmerids
EUA, e evidéncias de fluxos de investimentos locaisestrangeiros para explorar o diferencial de
juros. Os resultados indicam que os fluxos de imwesto estrangeiro tiveram pouco impacto nas
taxas de juros no Brasil. Medidas de risco-paisseorcambial sdo importantes para explicar o
diferencial de juros sendo que as medidas de pat®parecem ter sido mais importante no inicio de
nossa amostra enquanto as medidas de risco cafolbéah mais importantes nos dltimos anos.
Medidas de risco cambial, particularmente a vatiile do cambio ajudam a explicar a falta de
convergéncia dos juros no Brasil com os juros gadtis no exterior. Apesar da elevada volatilidade
da taxa de cambio, uma simples estratégia de corRat@ (BRL) e investidor no mercado local de
juros (estratégia similar a aplicar no contrataufotde Real) teria gerado um indice de Sharpe téo
elevado ou maior do que o observado em estratégiessofisticadas envolvendo diversas moedas.



Abstract

This thesis is composed of 3 empirical studies acrneeconomics. The first essay studies the
persistence of inflation in Brazil. The second gssaudies the concepts and measures of potential
output and neutral interest rate, two fundamernitklrp in the conduct of monetary policy. The third
essay studies the parity of local and foreign egerates.

The first essay measures the neutral real inteegst for Brazil during 1997-2012 using different
methodologies. The results show some differendbarestimates of the natural interest rate in Brazi
depending on the specification of the IS curve @adexplanatory variables. Measurement of the
output gap is not a source of divergence among estimation of natural rate as different
methodologies yields similar values for the outgap. Joint estimation of the inflation and output
cycles leads only to small difference in the outgap estimates and hence on natural interest rate.
Finally, our results indicate that the impact ofmatary policy on output gap increased during tise la
years.

The second essay analyzes inflation persistenBearil. Both aggregate and disaggregated inflation
persistence are computed. We also compare inflgg@sistence in Brazil with estimates for other
emerging countries with a long history of high &tibn. The results indicate that inflation persisee

in Brazil is higher than in other emerging markésre inflation presents more inflation persistence
than headline inflation, particularly due to theslesion of the low persistence food items. Destite
large persistence in Brazilian inflation, disag@tegl data are more sensible to expected inflalian t
lagged inflation and thus indicates a major roleféoward looking behavior.

The third essay studies the difference betweemesteates in Brazil and other countries, partidyla
US, and evidence of arbitrage investments aimirexploring this difference. Our results indicatatth
there is important evidence of foreign investmerfibivs to Brazil but the impact of these flows are
not sufficient to reduce local interest rates satsally. Both country and currency risk are impait
determinants of the interest rate difference betvEmzil and other countries but exchange rate ris
particularly exchange rate volatility, plays a nmajole in avoiding full interest rate convergence.
Despite the large BRL volatility, a simple stratexfygoing long BRL + local rate (similar to buy BRL
forward contracts) would have generated large Shaatios, closer or higher than Sharpe ratios
generated from more complex strategies involvimiglposition on high yield currencies and short
position on low yield currencies.
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1 Potential Output and Neutral Interest Rate in Brazi

1.1 Introduction

In the last ten years the conduct of monetary paficBrazil has been designed mainly by adjusting
interest rates to inflation and the output gapsThovement reflects the emergence of Taylor Rides a
one of the best way to conduct or at least desthné&onduction of monetary policy. The adoption of
inflation target regimes also favored the use ohetary policy rules in the way described by Taylor
(1993). A key aspect of Taylor rules is to adjusterest rates to inflation and output gap. The
reasoning behind this postulate is that real isterates must be increased or decreased to make
inflation converge to the target. Even when theraa explicit target, the monetary authority caa us
this framework. Indeed, Taylor (1993) shows thé& Kind of simple rule fits the conduct of monetary
policy in US, a country known for its option to radopt the inflation target framework.

A key variable in this framework is the so callegutral or equilibrium real interest rate (REIR).
Theoretically, the neutral rate of interest is thte at which real output equals potential outpguiro
other words, the output gap is zero. A zeroed dugay is consistent with no inflation pressures
according to the Phillips Curve theory. Over that hears, some monetary policy rules evolved in a
way to bypass the need to know the level of REIRe Of this monetary policy rule is to increase real
interest rate when one believes aggregate demagreéaser than aggregate supply. This is known as
first difference rules, as it doesn't use the leskinterest rate as the policy instrument, buftfiitst
difference. Even this being a way of conducting etary policy, it is of course a second best choice.
Knowing the level of REIR is the best way of coniitug monetary policy.

These two concepts, neutral interest rate and ogtgu plays a major role in the conduct of monetar
policy not only in Brazil but in several other cotes. These are part of what Blinder (1998) calls
fundamental concepts in modern macroeconomics awnel been widely studied and discussed in the
last years. In this paper we focus on neutral @sterate determination. More specifically, we apply
statistical methods to extract the neutral ratentarest in Brazil based on some measures of iofiat
and output gap.

In this paper we treat output gap as given in sgwestimations. In other words, we do not always tr
to joint determinate output gap (or potential otitpand neutral interest rate. We are aware of a
possible failure of our natural interest rate measis a good proxy but we judge the benefit oftjoin
determination can be small in the case of Braazile o the high variability of inflation over thesta
years and also due to the low explanatory powethefPhillips Curve, the joint estimation of a
“Phillips Curve consistent” output gap and the nauinterest rate from a IS curve can lead to a
process of error accumulation and barely reliabtemates. Considering these difficulties, made wors
in Brazil due to a small sample of data, we propsm®e models to extract the neutral interest rate
from the data.

Our results indicate that the neutral interest datereased in Brazil over the last years. Howeherg
is a large degree of uncertainty about the leveahefneutral rate. Different specifications for 1&e
curve lead to different estimation results for tieaitral interest rate. Different methodologies ueed
extracting the output gap lead to very similar tssand we see this as an indication that future
extensions of this paper would envisage more stratidetermination of the IS curve rather than
proposing new methods to extract the output gap.ré€sults also indicate that the impact of monetary
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policy on output gap increased over the last yeHns. coefficients obtained from the IS Curve and
Phillips Curve in this paper are close to the arfeserved in other countries and also close to tles o
estimated by other authors for Brazil.

The reduction in neutral interest rate in Brazilas expected result. As has been extensively
mentioned by the Brazilian Central Bank, the owghhinterest rate (Selic) was reduced from more
than 20% in the late 90’s to less than 10% witreobtuge acceleration in inflation (or GDP growth).
This result is consistent with a reduction in theutnal interest rate over the last years. The
contribution of this papers lies mainly on propgsenmethod for quantifying this reduction.

1.2 Brief Literature Review

The literature on real interest rates is vast aadwill discuss just a small part of it in this Senot We
will discuss three different kind of literature aputral real interest rates: i) theoretical, ii)pancal
and iii) empirical with Brazilian data.

The most recent studies on real equilibrium interage rely on the work of Woodford (2003).
Woodford (2003) uses a “wicksellian” approach tdirde the real neutral interest rate. Wicksell
described the neutral rate of interest in threesway the rate of interest that equates savings wit
investment, b) the marginal product of capital ahdhe rate that is consistent with price stahility
Muinhos and Nakane (2006) present empirical evideiocused on Brazilian data on these three
definitions of natural interest rate.

The concept is an important part of the modern oesmnomic theory represented by the Dynamic
Stochastic General Equilibrium Models (DSGE). Bodike® Woodford (2003) and Gali (2008)
presents some examples of these models. In thedelsnthe neutral rate has an exact expression and
will depend on some details (or hypothesis) inrttoglel. In the most conventional models, the natural
rate will depend on the rate of time preferencehofiseholds and their willingness to substitute
consumption across time. This conventional expoasappears not only in books like Gali (2008) and
Woodford (2003) but also in several empirical papie Laubach and Williams (2003).

Our empirical exercise will be based on this cohadémeutral rate, the rate that “closes” the outpu
gap. This is also close to the definition of neluinterest rate used by Blinder (1998), where the
neutral interest rate comes from the IS curve. disénction comes from the fact that we impose as
little as possible model structure in our estimadi¢only a measure of the output gap and a meas$ure
interest rate in most of the specifications). Alsoour estimations the neutral rate is assumegitp
slowly over time. In the DSGE models, the variablkat determine the natural rate are clearly
specified and the value is consistent with equiior output every period (or period by period). In
modeling the “neutral” interest rate using statestiools we are more closely obtaining a rate hiciv
the economy is trending over time (Amato, 2005).

Many empirical works on real interest rates hadnbgeblished in last years. Some of them offers
some theoretical background, like Laubach and ¥iB (2003), Neiss and Nelson (2003) and
Blanchard and Summers (1984), while others focasethe statistical procedures aiming at extract
the neutral real interest rate from the data. Irsthuases, the estimation of the output gap and the
neutral interest rate are made jointly by estingairsmall scale macroeconomic model. In most cases,
the macroeconomic models include both the poteotihut and the neutral interest rate as latent
variables and are estimated using standard Kaliftantechniques. This is the approach followed by
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Laubach and Williams (2003). We will not name otleenpirical works here. In most cases, the
Laubach and Williams (2003) procedures are simgficated or slightly modified.

In Brazil, there are only a few papers on the sttbjéhis small number of empirical work doesn’t

mean the subject is not important. Referencesdcetjuilibrium rate of interest are common in the
minutes of Brazilian Central Bank meetings. It icommon knowledge that the neutral real interest
rate in Brazil hover around 8%. This number istiede of several different model specifications in
Muinhos and Nakane (2006). Barcelos Neto and Pakt(®009) also provides estimates for the
equilibrium interest rate in Brazil using a methlodyy that is similar to the one presented in this
paper. The natural rate estimated by Barcelos BetbPortugal (2009) is close to 7% for the period
jan-00 to dec-05 (see section 5 and 6 for our oesults) and the close to 9.5% using a structural
macroeconomic model. The results from Barcelos Netd Portugal (2009) do not present any
evidence of a trend (downward or upward) in theirstinterest rate.

1.3 Potential Output Measures

As one can observe from the previous discussiotihenintroduction of this paper, the concept of
potential output is deeply connected with the cphad neutral real interest rate. Indeed, several
authors use a positive theory to define the equilib rate of interest: the REIR is the rate of iatt
that equalizes output and potential output. In sigistion we briefly discuss the evolution of Briazil
gross domestic product (GDP) and also factors tifigpotential GDP growth. The idea behind this
session is to give more facts related to the Beaz#conomy to improve the discussion of the result
regarding our estimates of potential output andRRHIl the next sections. We divide the discussion
into two themes: structural measures of potentigghat and statistical measures.

1.3.1 Structural Measures of Potential Output

In the literature of growth accounting, GDP growghusually decomposed into the contributions of
labor, capital and productivity. In this sub-sentwe briefly discuss labor and capital stock data f
Brazil.

Labor force growth has been diminishing in Brazil the last years. This is a result of lower
population growth over the last 15 to 20 yearspadiog to IBGE (Brazilian Institute for Geography

and Statistics), population growth was above 2%hénearly 80’s and diminished to close to 1% in the
last years. Working age population growth (popalatbetween 15 and 64 years) diminished from
close to 2,5% in the early 80’s to less than 1%@last years.

As a result of lower population growth and highédRsgrowth, the unemployment rate in Brazil has
fallen during the last ten years (this is cleafeere2002). Using data from PNAD, the unemployment
rate in the late 90's was above 12% and diminishdatie following years to reach values as low as
6%. This pattern is also clear using other sourtedata. Using the data from Dieese/Seade
Employment Survey (covering only Sdo Paulo metritqolarea) the unemployment rate fell from
close to 14% in the late 80's to 8% in 2010. Usihg Dieese/Seade unemployment rate for
metropolitan aredsour preferred measure, the unemployment ratdrfath close to 12% in the late
90’s to close to 7% in 2010. Using data from th&BEmployment and Unemployment Survey, the
unemployment rate fell from close to 14% in 2008% in 2010.

! The metropolitan areas are: S&o Paulo, Belo Hartep Porto Alegre, Distrito Federal, Recife and\&alor.
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The other variable usually included in the growttcaunting literature is capital stock. The
construction of capital stock data is more compéidathan estimate population or working age
population in a country. It is difficult to trackwvestments and mainly determine the depreciation of
capital. Also it is difficult to estimate the “indl” capital stock, the stock of capital at soménpan

the past from where we use a law of motion baseéheestments and depreciation to update the
values of capital stock.

Besides that it is difficult to compare capitald¢@mong countries. Different authors can use wdffe
methods to track the stock of capital in the econamd this can lead to different results. The stafck
physical capital in Brazil has been estimated byraidi and Reis (2004) and also Gomes et all
(2005). Morandi and Reis (2004) show that the Bigzicapital stock is not very different from other
countries, particularly more developed countrige WSA, Japan or the European countries. On the
other side, Gomes et all (2005) include in thelcwation a “wasting” factor. The implication ofigh
factor is to diminish the capital stock, i.e., ttapital stock is lower than you could infer usihg t
investment data along with a depreciation factarcadkding to these authors, this adjustment fastor i
particularly important in period of great publiovestment share in total investments. In the Morandi
and Reis (2004) study, the capital-output ratiddse to 3x in the recent period, while in Gomeallet
(2005) it is only close to 2x. In advanced econamikis relation hovers between 3x to 4x according
to Morandi and Reis (2004). It means that the Biearicapital stock lies in the lower bound of more
developed countries at best when adjusted fortaste factor”.

We bypass the problem of “measuring capital staghtt using data on the rate of utilization of

capital. This variable is considered a good praxyitfiflation pressures as the work of Gordon (1998)
indicates. This variable has also been used iniBaad is always mentioned in inflation reports or
minutes of the Brazilian Central Bank meetings.

The output gap derived from the production functi@proach can be described as follows. Y.ebe

the output any some time intervialK is the capital stock and is the labor force. The output is
produced using a production function like:

Y = AFR(K, L (1.1)
WhereA is the productivity factor anBl can be expressed as the traditional Cobb-Dougtagibn:

Y= AK L 12)

Now, assume there is r@on-accelerating inflation rate of capital utilizah, N:, and also anon-

accelerating rate of inflation rate unemployméRAIRU), U:. The potential output in this case is
given by:

Y, = A K NJT LL- U (1.3)

and finally assume that productivity is constantimy our sample period. Using this formulation and
these assumptions, the output gapcan be written as:

y, =a(N, = N)+@1-a)(U. - U,) (1.4)
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The values ofy, is computed calibrating the value @ffrom data on national accounts and value of
potential utilization rate of capital and NAIRU agstimated using statistical techniques like HBBr
filter or even simpler approaches like time trends.

The figures bellow present the evolution of themmariables in this production function approach to
determine the output gap. We used the Hodrick-Btestier to detrend the series. We used a three
months average to construct quarterly data for ha&yment rate and capital utilization. The data on
labor share is available only on an annual basiscdnstruct a quarterly series we first created a
quarterly series assuming the labor's share wastaohover the quarters. Then we used a centered 8
guarters moving average (three leads and threg lags

Fig. 1.1a: Capital Utilization Ratel],) Fig. 1.1b: Unemployment RateJ)
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1.3.2 Statistical Potential Output Measures: HP Filter ah Unobserved Components
Decompositions

1.3.2.1 Hodrik-Prescott Filter

There are several different statistical methodsn&asure the potential output of an economy. The
most common way is to use the Hodrick-PrescotrfilThe basic procedure of the HP filter consists

of decomposing any time seri&s into a growth componerg, and a cyclical componeqt:

X=0g+¢, t=1..T (1.5)
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The cyclical component has average zero over lengpgs. The growth component is referred as the
trend of the variable and the cyclical componenthis temporary deviation from this trend. The

growth component is relatively “smooth” and the &ttpn for decomposing; is given by:

(1.6)

t=1

l}/gj}n{ic‘f +Aé[(9[ ~9.)~(ga- 9-2)]2}

Hodrick and Prescott (1997) propost=1600 for quarterly series. To set this value, theyassas
a reference a 5% value for the cyclical componedta0,125% value for the variation of the growth

rate (A’g,). Also, they take into account the fact that iftbg and A*g, had normal distribution with
standard deviations of7; and g, ,respectively, the solution to the problem would ¥ = g, 0o,.

So, using the reference values just mentionedsbeﬁ =5/0,125, or, JA =40.

1.3.2.2 Structural Time Series Model

The Hodrick-Precott procedure is somewhat “deteistiai in the sense that some parameters are not
estimated but rather imposed into the model. Haiewey Jaeger (1993) propose a different way to

decomposex, into trend and growth components using an unokseoomponents model (UCM).

The model proposed by Harvey and Jaeger is a dietpliersion of the Structural Time Series Model
(STM)* which can be expressed as:

X =4 +y +Y +e, & ~NID(0,0%), t=1,..T (1.7)
=ty + B+0,, 17, ~ NID(0,0,) (1.8)
B =B+, ¢ ~NID(0,07) (1.9)
Vien=Vu—Va~Vatd, @ ~NID(00,) (1.10)

y2,t+l = ylt andy3t+ 1: ya

W, = IOCOS/]c‘/It—l +tp Simcl//tm—l + ’9t (1.11)
Y= =pSiNAY,, + p COSAW,, +5;
Equations (1.8) and (1.9) describes the stochasticess for théevel or trend (44, ) andslope(S,)

respectively. Equation (1.10) describes the modediseasonality( J; ). The stochasticycle, ¢, , is

described bgineandcosinefunctions, the frequency of the cyclek, and a damping factop .

The HP filter is a particular case of this more eyahformulation WherU,f =0 ando, /o, =1600

in the model without the seasonal component. Haarel Jaeger (1993) argue that this is a good

2 Harvey and Jaeger (1993) do not include the sealstactor since they use seasonally adjusted sefesirick and
Prescott (1997) also used seasonally adjusted dee. will also use seasonally adjusted data in masimation,
particularly the ones involving GDP.
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approximation for the US, particularly in the peristudied by Hodrick and Prescott, but are not good
for some other countries. The estimated coeffisiarsing Brazilian GDP data is presented in table
1.1. The plot of the estimated cycle is providethi®a end of this section together with other measur

of the cycle component of GDP. The results indieate of the restrictions imposed by the HP filter

(U,f =0) but not the otherd, / g, =1600). Despite the difference being large, the estithatele

component is similar using either STM or HP filees we shows in the end of this section. In the
Harvey and Jaeger (1993) paper, they estimenseﬂa( [] 78for US GDP and the cycle component is

also similar to the cycle estimated by the HPflite

Table 1.1 — Brazilian GDP: Estimates of Structurdlme Series (Unobserved Components) Model Paransater
(1Q96 to 3Q12)*

2 ? : o> o.lo, o} o 2m A

Brazilian GDP 1,496 0,000 0,066 n.a. 22,699 6,136,84® 11,3

Brazilian GDP
0,954 0,000 0,058 0,383 16,362 7,410 0,839 11,1
(not seas. adj.)

*Variances multiplied by 10277 is the frequency of the cycle in quarters.

**Seasonal adjustment as part of the STM.

1.3.2.3 Autoregressive Model

Finally, there is another way to calculate outpapgywe consider in this paper. The model is an
unobserved components specification with permamemt transitory components. The permanent
component is associated with GDP level (or “growth”the Hodrick-Prescott language) while

transitory component is the cycle component. Dedpiting very simple, this specification is among
the most tractable one that allow imposing cons@stebetween output gap measures and inflation
dynamicé. The model is described as:

X =p* g e (1-12)
W= fa* B+,
B=Ba+d

Z=87,+% 82,+@

The consistency between output gap and inflation & imposed by estimating this model jointly
with the Phillips curve. This model is similar tioet Structural Time Series model (STM) presented
earlier in subsection 1.2.2. The output gap (oticgccomponentz) in this model follows an AR(2)

3 The estimated parameters appear in the tableHanfey and Jaeguer (1993).

4 This model is attributable to Watson (1986) andtitert (1994). The link between inflation and this mea of output gap
will be presented in the next sections.
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process. The AR(2) structure is arbitrary. The cammxplanation for choosing this structure is that
allows more persistence in the cyclical componbanhtan AR(1) specification. Also, since this is a
cyclical or transitory component, the random watkucture is not applicable. We tested both an
AR(1) and an AR(2) specification with quarterly GldRta and the results were similar. The AR(2)
specification is the conventional formulation uge@@mpirical research following Kuttner (1994) and
Watson (1986).

We also estimated this model with a determinisope. The slope variable usually has a very low
variance, particularly in short samples like odiise deterministic slope model is also used by sgver
authors as discussed in Orphanides and van Nor2l@d2) and Stock and Watson (1988). The
deterministic slope model has less parameters estimated and can be useful in modeling Brazilian
GDP. Using the total sample for Brazilian GDP aailable from IBGE since 1Q96, the stochastic
slope formulation fit the data better than the deteistic slope formulation. Using data starting in
1999, the two models lead to very similar resutishee estimated variance of the slope component is
close to zero. Note that the slope component iapggroximation for the underlying growth of the
economy. Using large samples, it is possible tatifleperiods of lower or higher growth. But in sho
samples this task is more difficult. In the cas8Bdzil, using data from 1996 the model estimate an
increasing slope component: average GDP growthava the late 90's and increased after 2003 up
to 2008.

Multivariate versions of the HP filter have alseberoposed in the literature as a way to imprbee t
HP filter as a measure of output gap consistertt wiiation dynamics. The model described above
however is simpler and easier to estimate and h@e:n more widely used than the multivariate
version of the Hodrick-Prescott filter.

In table 1.2 we present the summary statisticstier AR(1) and AR(2) model specification using
quarterly GDP. The data used were seasonally adjusy IBGE and we don't need to include the
seasonal component as part of the model.

Table 1.2 — Brazilian GDP: Estimates of Structurdlme Series (Unobserved Components) Model Paransater
(1Q96 to 3Q12)*

o’ o J? o’ AR1 AR2 AIC SBC

w

Brazilian GDP 0,010 0,237 0,000 52,637 1,209 -0,369,105 -8,994

Brazilian GDP 0,004 7,142 0,000 19,290 0,850 8,888,774

*Variances multiplied by 10

A possible problem with the structural time se(®$M) approach is the existence of structural lseak
in the series. In Fig. 1.2 we present a structomahk test based on the auxiliary residuals. Thibe

standard test for structural break for models iat&StSpace form. The auxiliary residuals are
standardized residuals from the smoothed state.ouin case, the auxiliary residuals are

/_]t / var(a) where/_7t are the residuals of the level state equatl_qn,
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Fig. 1.2a: Structural Break in Level Fig. 1.2b: Stctural Break in Level
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1.3.2.4 Statistical Potential Output Measures: Concluding Rmarks

In this section we presented several ways to extteend” and “cyclical” components from time
series, particularly GDP. In the previous pagespopteto use the conventional or original notation i
every case. Note however that the components amdasiin every case. As already stressed by
Harvey and Jaeger (1993), the HP filter is a speeise of the STM modelin each of these models,
the dependent variable is being decomposed inemdtr and “cyclical” components. The HP filter
name the trend as “growth” component following treglition of Real Business Cycle Theory (RBC)

to focus on long term growth. The STM model and Ai%(2) formulation uses a random walk to
model the trend.

Despite these differences in statistical formulatemd notation, these methods yield similar results
The figure bellow presents the cyclical compondrgaxh of these three methods.

Figure 1.3: GDP cycles — HP and UCM (STM) decompasi
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5 More precisely, the HP filter can be written asEMSmodel with some restrictions on the parameters.
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1.4 Data Description

We construct our measure of output gapusing both the production function approach aatissical
methods presented earlier. Capacity utilizationpievided by FGV and unemployment rate by
SEADE. The main advantage of using the Dieese/Seadmployment rate is it longer data sample.
The latest IBGE Employment and Unemployment surseyts in 2001 while the Dieese/Seade
sample starts in 1988\e also used the Brazilian GDP “quantity index” the statistical measures of
potential GDP.

For the interest rate series we use the 6 montlp sate as a measure of nominal interest rate. The
reason for using the 6 months swap instead of 2hdnths swap is the higher liquidity of this rate

the first half of our sample period. This rate vedso used by the Brazilian Central Bank in their
simulations in the first part of our sample. Moeeently BCB started to use the 12 months swap rate
due to the good liquidity of this instrument. Th#atence between 6 months and 12 months swap rate
was low during most part of our sample, includihg second half (post 2005). The reason is that both
rates include a term premium (or market premiung) @so the forecast ability of market participants
is low. The 12 months swap rate is more volatil¢hi first half of our sample but the level of both
series are similar.

We use the 12 months ahead inflation expectatioa poxy for inflation expectations to form our
measure of real interest rate. This is the simphesasure of inflation expectation and the one
commonly used in empirical works in Brazil. It is@commonly used by the Brazilian Central Bank
along with the current and next year inflation ectpgon.

The other variables used are the CRB commodityepridex measured in R$. This is a measure of
external price inflation and will be used in theegification of the Phillips curve. We also used a
measure of external GDP growth (or external outgaj) provided by OECD. The reason behind
using this variable is to control the IS specifioatfor other determinants of GDP growth (besides
local interest rate) like higher foreign demand atsb higher liquidity in global capital marketsn A
alternative way to consider these forces into oadehwould be to include a measure of interest rate
in USD available for Brazilian companies or a mdetailed specification of demand, including a
specific equation for exports. The problem withsthalternatives is the small sample size: the more
variables we include into the model, the lower ploaver of the statistical tests and the lower the
confidence on the estimated coefficients. The siolu of external GDP growth was also included in
several other empirical works both for Brazil oh@t countries. Finally, the importance of external
GDP growth precedes the 2008 financial crisis astbrk of Holland and Santos (2008) shows.

At this point it is important to mention what vdrias we do not include. The main variables used in
empirical work not incorporated in our models dre teal exchange rate misalignment and also a
measure of fiscal imbalance (or fiscal instanc&tedmining exchange rate misalignment is a difficul
task and there are few works on the subject iniBiagspite this, this variable could have played a
important role in determining the output gap patadly in the period of fixed exchange rate regime.
We consider the inclusion of exchange rate misaiigmt as a future refinement of this work. Studies
on cyclically adjusted fiscal imbalances are ewvearcer in Brazil.

5 We use the Dieese/Seade survey for several métampareas, similar to the survey performed by BG
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1.5 A Simple Model for Neutral Interest Rate Determinaton

1.5.1 Introduction

In this section we sketch a baseline new Keynegiaeroeconomic model. Our intent is just to
explain the theory behind the econometric exenaisavill present in the next pages. We will not get
into the details of the model and particularly tmgremises and assumptions. The discussion islbase
in Gali and Gertler (2007) but there are severaddgeferences for the new keynesian model including
graduate textbooks like Romer (2011), Gali (20G8) woodford (2003). The traditional model, in its
reduced form representation, is composed by traatEms: an aggregate demand equation (IS curve),
an aggregate supply equation (Phillips curve) ambaetary policy reaction function (Taylor rule).

In a very simple form, the model can be writteh as

Y, =aE Y, +a(f-r)+y (IS equation)
T=br,+(1-b)EZ, ,+by ,+¢ (Phillips curve’
I =Ciy +(L=C)(re + 71+ +C(E TR, ~ 77)) + Y (Taylor rule)

Despite this being a simple model, there are séeeraplication we will treat in our empirical tests

First, there is lags between changes in the reéafast rate gapr, —r, , and its impact on the output

gap. Second, the model as expressed above comdidarenly current interest rate gap is important
for the determination of the output gap but a mgeeeral formulation includes all expected future
interest rate gaps as being the determinant oéotioutput. We will use long term rates as a prfoxy
expected future rates.

In the Phillips curve equation we are only inclglthe output gap and lagged inflation and expected
inflation as explanatory variables for currentétifbn rate. In open economies, the external imffais
also an explanatory variable. And, as we mentiondde IS equation case, there may be lags at which
the output gaps affects inflation, so lagged ougjaytt could also be an explanatory variable.

In our estimations, we will not always rely on jogstimation of this model. Our main objectiveads t

make inference about the level l_pf, the neutral real interest rate. This variableegpp in the Taylor

rule equation and also in the IS equation. Noteydwer, that the Central Bank do not know this level
but also need to make some inference about ianthe the case that the Central Bank do not fadlow
Taylor rule just like the one specified above atttine level of the neutral interest rate inferdpgdhe
Central Bank is different from the one we can inising our specification for the IS curve. Taking
this into consideration, we will not include theyla rule in most of our models. We estimate a
neutral interest rate implicit in Selic target ratehe final part of this section. This is the ypphart of

this paper where we estimate a Taylor rule and stinate this equation on a standalone basis, i.e.,
without including of any other equation in the mibde

Also, the joint estimation of the model can somesnbe misleading, particularly in cases where the
Phillips curve cannot be easily estimated or inresashere the Phillips curve does not apply at all.

" In this section and in the following sectiory, will denote the output gap. In some of the previexamples, this variable

represented the output. As we already mentioned revéollowing the conventional notation in this papkr some examples
presented in section 2, we used the same notatexhinghe papers we were discussing.
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This seems to be the case of Brazil at least iffitbiehalf of our sample. Besides being in a pescef
disinflation that the output gap alone could notdide to explain, there were several episodes of
exchange rate devaluation with sensible effectsnfiation and also supply shocks like the energy
shortage of 2001. Note that these are some idaitfichallenges to estimate a Phillips curve in
Brazil. Several others, less easily identifiable ba also present in the data.

We incorporate the external output gapu,, into the model in some specifications to captilne

effects of a growing world economy into the Bramilieconomy. Holland and Santos (2008) shows
that this variable is statistically significant asleterminant of Brazilian output gap between 1996
2007. In the last years, several studies analy@edsynchronization of business cycles around the
world like Kose, Prasad and Torrones (2003). Wé vt review this literature. It suffices to sayth
business cycles synchronization have been high fong time and seems to have increased in the last
decade. Among the possible explanations for thisnpmena are the increasing commercial and
financial integration. The debt and inflation csisin Brazil in the 80’s and 90’s may have caused a
reduction in the correlation between Brazilian GB@®wth and GDP growth in other countries.
During the late 90’s and 00’s this correlation nieaye increased again. Another explanation for the
global business cycle synchronization is the oenae of a common, global shock. The oil shocks of
the 70’s is one example of such a shock. More ticehe subprime crisis can be considered another
example of a global shock. Independent of the cauke synchronization of the Brazilian and world
GDP growth seems to be an important source of nmdtion in the evolution of output gap in Brazil.
Taking this into account, we include a measure ofldvoutput gap in our model as explanatory
variable in some of our estimations.

1.5.2 IS Curve and Phillips Curve: Single Equation Estirtian

In order to estimate a State Space model for tralanterest rate it is important to define vaga
ratios between the equations’s errors and also $awve initial guess for the values of the pararseter
including equation coeficients. Considering thig present the estimation results for single eqoatio
estimation of the IS Curve and Phillips Curve udimg same data we will use for the estimation ef th
State Space model. We used a HP filtered serigseineal interest rateE() as a proxy for the neutral

interest rate in this first stép
Our estimated IS Curve is summarized by:

2 . (1.13)
_ (rt_j rt—J)
y, =0.934y - 0.409 ,- 0.153 —L—~+y

(0.128) (0.125) (0.065 Y~

DW =1.96, SER= 0.0087

8 we denotel, the neutral rate derived from statistical methdite HP filter and I't the neutral rate derived using an

economic model.
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And our estimated Phillips Curve is summarized by:

7,=00085 0.13%,+ 0.518%+ 0.037,+ 0068, +e (1.14)

(0.0032)  (0.110) (0.272) (0.012) (0.063

R =0.669, DW= 1.74, SER= 0.0063

In our preferred specification, we do not inclule tmeasure of external output gap nor the dummy
variable for the 4Q08, representing the 2008/08ixrin some specifications, we add these variables
and the results are presented in the next secfidresreported coefficients for the IS Curve is lbase
on the output gap measured using the HP filter. fEgelts are similar when we use the production
function approach but the standard error of theagqgu is lower in this case due to the lower vatgti

of this measure of output gap. We used the meatwoflags of the interest rate gap in our
specification. We do this to reduce the numberavhmeters being estimated. Laubach and Williams
(2003) among others use this specification. Sorheraduthors like Garnier and Wilhelmsen (2005)
use several lags of the interest rate gap. Thisifgaion is not appropriate to our small sample.

1.5.3 IS Curve and the Neutral Rate of Interest: the Sitept Model

The simplest model we want to estimate is givenjust an IS equation and a random walk
specification for the neutral interest rate. Fhrsiiration purpose, let's ignore for a while thetfthat
we use the average of the last two lags of theasteate gap. This “simplest” model can be written
as:

Y :a0+a1yt—1+a2yt—2+a3f+a4( L~TJ)+y (1.15)

M =rea+v,

In the Kalman Filter specification, the first eqoatin (1.15) is the “signal” or “observation” ediom
and the second equation is the “state” or “tramsitiequation. In order to estimate this model using

the Kalman Filter, some adjustments can be uskifidt we drop out the constant temmy and rewrite
the signal equation as:

Yi = _(*74Ft‘l TA YT ALYt asf'*' a, .ty (1.16)

Dropping out the constant term do not seem to peohlem since the variable has a zero mean in
almost all specification for the output gap. Indeiedour model the only variable with mean differen
from zero is the interest rate.

Define a,f,_, =T,_; to obtain:

-0 1.17
Y =l +a1yt—1+a2yt—2+a3f+a4¥— 1ty ( )

-0 -0
e =rea+v,

Written this way, the model can be estimated ugieg<alman Filter procedure. It is important toenot
that the variance of the error term in the neuirdkrest rate equation has changed. Since

- -0
Q,ra=rw1, 02, =aZ0;. It means that the variance of the error ternovger in this state variable.
As stressed by several authors, the maximum li@etihestimator (MLE) is biased when the one
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equation variance is much larger than the variasfcéghe other equations. This is called “pile-up
effect”. To bypass this problem, some author recenus alternative estimators or the imposition of
variance ratios. We will use variance ratios bazedstimates of the equation on a standalone basis
and filtering tools. This strategy is discussed lgubach and Williams (2003) and used more
explicitly by Mesonier and Renne (2007). This sienplodel with an exogenous output gap is used by
Cour-Thimanret al. (2006) and used by the Brazilian Central Bank (ECB/e will use two lags of

the interest rate like we did in (1.13) to estimie model (1.17).

To estimate the model by the Kalman Filter, we uasda reference value far,and g’ the

coefficient presented in (6.1). Fairv2 used as a reference the variance of the “trend’pom@nt of a
HP filtered sequence of the real interest rate.hWhtese values, we impose a ratio between the
variances in the two equations'ij and Jf). This restriction is important only when the \ate in

one equation is much larger than the variance efdther equations. This was the case in our
estimation. Without this restriction the optimizati procedure did not reach convergence in our
estimation. This is not a particular problem of sample. Laubach and Williams (2003) discuss this
problem in their estimation and also gives moreorimiation about the causes of this lack of
convergence. We also tried ratios twice as largthageference ratio proposed the single equation
estimation and the results were similar. Differstitos lead to more or less volatile neutral irgére
rate series but similar coefficients. The downwaighd in the estimated neutral rate is present with
lower and higher variance ratios.

The figure below presents the results for the edton of the neutral real interest rate in Brakhe
results differs depending on the specificationhef kS curve and shows a larger divergence in tde en
of the sample, particularly just after the 2008£8i8is. The inclusion of the foreign output gap esk
the estimated natural interest rate more volafilee inclusion of a dummy variable for the fourth
guarter of 2008, the most acute moment of the sinbepcrisis, makes the natural interest rate less
volatile. The international output gap, y*, is dfigant and the estimated coefficient varies frofa b

the model without the dummy variable to 0,2 in thedel with the dummy. This impact is close to the
one estimated by Holland and Santos (2008).

Table 1.3: Estimation Results of System (1.17) -98Qo 3Q12

Coefficient Std. Error z-Statistic Prob.
a; 0.933424 0.125566 7.433753 0.0000
a, -0.427405 0.111971 -3.817105 0.0001
a, -0.105809 0.076531 -1.382559 0.1668
log(c?) 9510592  0.180236  -52.76748  0.0000
Final State Root MSE z-Statistic Prob.
—Qur 0.005950 0.003159 1.883558 0.0596

The estimated persistence of the output gap i®dw®,5 @, + a, =0,50€). This is lower than the

% In the 2Q12 and 2Q10 Inflation Report, the BCB enés a small macroeconomic model with an exogenatmibgap.
Like in our model, the neutral rate is determinathg the constant and some other parameters iflSteguation.
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estimated persistence reported by other authorg wita from US or other countries. For instance,
Rudebuch and Svensson (1999) estimated a similan& for US and the estimated persistence of
the output gap is close to 0,9. The estimated gierste provided by Laubach and Williams (2003) is
also close to 0,9. Garnier and Whilhelmsen (20@%ated a similar model using data from US,

Euro Area and Germany and the estimated persistirtbe output gap is close to 0,9 using US data,
close to 0,8 using data from Germany and Euro Area.

The estimated impact of the interest rate gap erotliput gap is close to -0,1. This impact is ckose
the one estimated by Laubach and Williams (2008) Raodebusch and Svensson (1999) using US
data. We note however that in our case the estiiriaipact is not statistically significant at a 10%
level. This result does not change materially if welude the dummy variable or the global output
gap: in these cases, the estimated impact is gignifat a 15% level but still not significant at@%o
level. The results changes when we consider a esheagmple by excluding the first years of our
estimation period (for instance, 1999). We dis¢bssfurther in the next subsection. The small iotpa
of the interest rate gap on the output gap is nBrazilian phenomenon: Goodhart and Hoffman
(2005) discuss the small impact of interest ratéhenS equation in several countries.

Fig. 1.4: Neutral Real Interest Rate Estimates fBrazil (Ft)
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Our results favor the hypothesis of a reductiorthie equilibrium real interest rate in Brazil. The
estimated equilibrium real interest rate (fig. Iigtas large as 14% in the beginning of the sampte
diminishes to values close to 6% at the end ofsdmmple. It is also worth mentioning the large
dispersion of the estimation results at the begimm@ind at the end of the sample. This result seems
arise from the large variability of all variabletsthese points. Another important factor to conside
the exchange rate misalignment and also the fisstnce at these moments. We did not include any
of these variables in our estimation but we recognihat both variables are also important
determinants of GDP growth and output gap. Bothetkehange rate and the fiscal policy changed
significantly during the quarters covered in oumpée, particularly in the beginning and in the end
(during the crisis period). We consider a morecitmal model for the IS curve as a possible future

refinement of this paper.
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At this point it is important to mention that thboaze estimates of the neutral rate include a term
premium or a risk premium besides the expectedrduiinterest rates determined by the monetary
authority. We didn’t modeled the term premium irr @stimation since we are dealing with neutral
“effective” real interest rates instead of focusiog a real interest rate associated solely with the
expected short term rates.

1.5.4 The Impact of Monetary Policy on Output Gap

There has been a lot of discussion during the dastrters on the impact of monetary policy on

economic activity and particularly on output gapeTBrazilian Central Bank argued several times that
the impact of monetary policy on output gap inceeaduring the last years due to more credibility,

increase in the credit/GDP ratio, among other fattoln this section we perform the same “random

coefficient approach” to estimate the impact of etany policy on output gap.

To perform this calculation, we cannot use thenestied equilibrium interest rate estimated in the
previous section since it was already extractedhfe random coefficient estimation. Also, joint
estimation of two random coefficients could not gm¥formed since it would be difficult to reach
convergence or the estimated standard deviationddwae too large. To bypass these difficulties, we

used the HP filter to construct the natural raenaded byFt—l. We see the joint estimation of the
neutral rate and the impact of interest rate orotiiput gap as a possible refinement of this pafies.
availability of more data in the next year may litatie this refinement.

To measure the impact of monetary policy on theuugap we estimated a time-varying coefficient
model for the output gap as follow:

Yi = alyt—l'l'a1¥—1+a3f+a4tzz:w+
= (1.18)

a4,t = a4,t—l + Vt

Table 1.4: Estimation results of system (1.18) -98Q0 3Q12

Coefficient Std. Error z-Statistic Prob.
Q, 0.855497  0.152278  5.617991  0.0000
a, .0.316208  0.159131  -1.987102  0.0469
o 9565882  0.265439  -36.03796  0.0000
log(d?) -7.008783  4.147100  -1.711746  0.0869

Final State Root MSE z-Statistic Prob.

Oyt -0.275956 0.140428 -1.965105 0.0494

10 This discussion was present in most of the meetingtes of 2010 and 2011 and also present in abWeilation Reports
in 2010 and 2011.
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Fig. 1.5: Impact of monetary policy on output gapy)
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Our results indicate that the impact of monetarjcgamn output may have indeed increased in the las
years. The estimated impact of monetary policy, suesd as the “real interest rate gap”, increased
from close to -0,1 in the beginning of our samplelbse to 0.25 at the end of sample. The estimatio
results are consistent with the evidence providgdother authors. Holland and Santos (2008)
provided estimates for this coefficient close t670but using a sample that ended in 2008. If this
coefficient increased in the last years as ourltesudicates, the 0.11 presented in the estimation
the system (1.18) is consistent with previous esion. For United States, Rudebuch and Svensson

(1999) also report a coefficient close to 0.10.

Most empirical work on the equilibrium interest @aére concerned with the estimation of the
equilibrium rate and much less concerned with teémated impact of “real interest rate gap”,

R_l__R—l, on the output gap. This makes it difficult torqmare our result with time-varying

coefficient with other evidence. Boivin and Giann¢2006) estimates a more structural model for
United States and finds values for the impact efréal interest rate gap between 0.49 and 0.6@&hwhi
is larger than to the values estimated here, ewvéredinal part of our sample. Also, in this esiiion

with US data, the impact of monetary policy is &Ergsing the real interest rate gap than the impact

estimated using variation on the real interest rate

We finish this sub-section discussing again thedbje of estimating the impact of the intereserat
gap on the output gap. We already discussed sesteaitienges to estimating the neutral rate in Brazi
like the small sample problem and now the time-wayyparameter problem. The small sample creates
several well-known problems in econometrics. In case, we stress the fact that using a small sample
make it difficult or even prohibit the inclusion ekplanatory variables. As we discussed earlier, we
are including the minimum number of lags of exptanavariables and avoiding including additional
variables like the fiscal instance or a measureexafhange rate misalignment. The time-varying
parameter problem will not be addressed directlihis paper since it requires more parameters to be
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estimated which is troublesome particularly in ti@xt section when we estimate a joint econometric
model including the Phillips curve, the IS curva dine structural model of GDP.

1.5.5 Central Bank Reaction Function Approach

Another approach we can use for estimating theraletdate of interest is to use the Central Bank
reaction function (or Taylor rule). The reactiométion can be written as:

I, :ait—l+(1_a)qtm+,8n(]7f_]_Tt)+ﬁyyt)+gt (1.19)
itD:itD—l +ut

In this case, we are modeling a nomiri#i)(instead of real natural interest rate. We willlage the

neutral real interest rate is given Byzitu_l—l_ﬁ. This approach to the Central Bank target to real

interest rate is similar to the presented in thgimal paper of Taylor (1993). The estimation a fivoah
“neutral” interest rate is more problematic wheflatmon target is not constant or long run inflatio
expectation is volatile. This seems to be the gag&razil in the first half of our sample. Consiohey
this, we will focus our discussion on the resutsthe last part of our sample.

The results of our estimation indicates that therd#t” rate implicit in the estimated Taylor rule
diminished in the last years from a maximum of entran 20% to close to 10.5%. Note that the
inflation target in Brazil in the last years hacebdixed at 4.5%. This indicates that the targeal't
interest rate was close to 6% in the last yearss fdsult is line with the indications presentedhia
Copom minutes: the minutes did not mention a speedlue, but the minutes indicated sometimes
when real rates were close to 6% that the realwateclose to the equilibrium levels. More impottan
the minutes indicated several times that the dayiulin real interest rate in Brazil was trending éow
which we judge is consistent with the Central Btargeting a lower real interest rate.

Table 1.5: Estimation results of system (1.19) -98Q0 3Q12

Coefficient Std. Error z-Statistic Prob.
a 0.554908 0.042547 13.04231 0.0000
Bn 1.325374 0.389416 3.403492 0.0007
By 0.727678 0.656254 1.108836 0.2675
log(c) -10.48780 0.629929 -16.64918 0.0000
log(c,) -7.741062 0.381549 -20.28852 0.0000

Final State Root MSE z-Statistic Prob.

H|
It 0.054418 0.023377 2.327778 0.0199
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Fig. 1.6: Natural Interest Rate - Central Bank Retgn Function Approach
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1.6 Joint Estimation of Inflation, REIR gap and Output Cycles

This is the main part of this paper. In this sattiee jointly estimate the output gap, represented b
the cyclical component of GDP and also the neudtal of interest. We begin by estimating the output
gap jointly with the Phillips curve and later weclide the neutral interest rate equation into the
model. We already mentioned that the joint estiomatis difficult because of several factors like
possible changes in coefficients values over tiepta period, large residuals in some equations and
also small sample. The Inflation Target regime adepted in 1999 and before that the reference
interest rate was not the monetary policy instrum&o, before 1999 it is difficult to rely on the
reference rate to infer the neutral interest rétee Real Plan was implemented in 1994 and inflation
fell abruptly right after that. But the inflatiomte in the first years of the Real Plan was stijhrand
inflation presents a clear downward trend up to6188 1997. Finally, the GDP series have been
revised over the last years and the new methodgbogyides quarterly GDP data only from 1996.
These limitations will have an important role irr @mpirical exercise presented in this section.

1.6.1 Joint Estimation of Output Gap and Phillips Curv&he AR(2) Model

Before we proced to the estimation of the comphatedel, we estimate the structural time series
model (STM) for GDP jointly with the Phillips curv&he objective of this subsection is to introduce
the main difficulties of estimation the STM usirfietState Space formulation and also discuss the
merits of including the Phillips curve in the esiton of the output gap.

The simple model we will estimate can be written as
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T=a, b, + BT+ 7, e (1.203)

Y=z +e (1.20b)
W=yl + B +e (1.20c)
B =B +& (1.20d)
Z=Q7.,t@,7,+€ (1.20e)

This model was firstly estimated using data stgriim 1996 and we do not include the inflation

expectation variable since this data started todiected by the Central Bank in 1999. We used the
lagged output gap with two lags as suggested usiagsingle equation estimation. In this model,
several parameters are constrained to one andoarestimated. But even with this simplification,

several parameters need to be estimated: 5 vasiaane 5 coefficients. This is a large number of
parameters considering that this “long” sampledrdg 66 observations.

We also estimated this model with an exogenous egallibrium interest rate (REIR) gap. In this
case, we rewrite equation (1.20e) as:

2 = , (2.20e")
Z =03, @2, 0 (1~ k) 2+
i=1
Our proxy for the real equilibrium interest ratethis case is the HP filtered real interest ratee T

estimation results of these models are presentebia 1.6.

Table 1.6: Estimation Results of System (1.20) -96Qo 3Q12

AR(1) Model AR (2) model AR (2) model + REIR Gap

Coef.  5td. error Coef  5td. error Coef. Std. error
a 0.0083 00016 *** 0.0081 00015 *** 0,0083 00015 ***
bax 0,3776 00924 *4* 0,3880 00846 *** 03718 00863 ***
b+ 00195 00074 *** 00191 00074 **=* 0.0210 00075 ***
by 0,1291 04717 00112 00617 0,0806 0,0799
@1 06739 05104 1.2530 n.a. 0.8669 04276 ***
@2 -0,5904 na. -0,1470 04016
@3 -0,1424 0,0697 **

Variances (x10°)

u* 118100 122300 00000 0.7480 7.0000 9.2100
B 00079 0.0614 0.0650 (L0561 * 0.0319 0,0759
z 32700 10,4600 5.3800 1.8200 *** 4.9300 6.3500
T 3.8200 (L7470 *** 3.9200 (L6770 *** 3.7900 0.6760 ***
¥ 0,0000 na. 2.5000 1,1200 *#* 0.0001 3.1600

The AR(1) model lead to poor results. Some paraetethe model could not be estimated and the

cyclical component of output is less persistenhthimother specifications of the model. The AR(2)

specification of the cyclical component of outputhathe Phillips curve lead to a similar resultthe

model without inflation (see tables 1.2 and 1.6hisTcan be seen from fig. 1.7: there is a large

correlation between the estimated cyclical compborémutput from these two models. Adding the

REIR gap to the model leads to some small diffezenis the coefficients of the model and also on the
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dynamics of the output gap: the estimated outpptigahis case is more volatile in the first pédrtie
sample and less volatile in the final years. Howetke impact of REIR gap on the cyclical
component of output is closer to the single equagistimation of the IS Curve.

Figure 1.7: Estimation Results of System (1.20) utjput gap
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We also estimated a simpler version of the modilgudata starting in 1999. In this case, we made
more simplification into the model. The main sirfightion is to use a deterministic slope
formulation. In this casg%=/=cte. Doing this, we eliminate one parameter in th@region process,
var(f3). This simplification is also important to facilieathe convergence of the model parameters. We
include the inflation expectation variable in thiillps Curve equation. The estimation results are

presented in table 1.7 and figure 1.8.

Table 1.7: Estimation Results of System (1.20) erslsample (1Q99 to 3Q12)

Deterministic trend, AR(2) model

Deterministic trend, AR(2) model + REIR Gap

Coef  Std. error Coef. Std. error
a 0.0035 0.0030 a 0,0034 0,0029
br 0.1390 0.1096 br 0,1470 0,1076
b e 0.6564 02908 == b xe 06497 02893 ==
b a= 0,0351 0,0083 *=== b= 0,0344 0,0084 *==*=
by 00543 0.0601 by 0,0303 00354
c (level) 0.0087 0.0006 **=* e (level) 0,0093 0,0003 ===
gl 1.2455 0,1873 #== gl 1,1125 0,1818 #==
@2 -0.5888 0.1973 === @2 -0,3773 0,1698 *=*

@3 -0,2450 0,0783 *===

Variances (x107) Variances (x10°)
u* 3.1700 3.2200 u* 0,0000 fna
z 5.6000 3.3500 *=* z 6,2800 26400 *==*
T 2.5900 05080 *** T 2.6200 0,5060 ***
v 00156 1.0500 v 0.6000 1.0600
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The estimated impact of the output gap on inflat®fower in this model than in the single equation
estimation presented in section 1.5.2 despitestimated coefficients of the IS Curve being simitar
those obtained from the single equation estimafidre impact of REIR gap is higher in this short
sample estimation: this result was expected dubddncrease in the impact of monetary policy on
output gap discussed earlier. The cyclical compboéoutput is more volatile in the first part dfig
short sample. This can be related to the high Melaiflation data in this first part of the sample

Figure 1.8: Estimation Results of System (1.20) utput gap (short sample)
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1.6.2 The complete model

We will use the AR(2) model to joint estimate thetput gap and equilibrium interest rate. The
complete model can be written as:

m=a,+tbm +ht +hz, te (1.21a)
VSl +Z+E (1.21b)
A= hatBrel (1.21c)
Shi ) (1.21d)
L=97,+ @ z_2+¢3;( -T2+ (1210
TEfate (1.21f)

This model is similar to the one presented in secli.3. The main differences are: i) we included a
Phillips curve in the model, ii) the real intereste gap enters into the cyclical component of GBR

explanatory variable and iii) the equilibrium irgst rate is modeled as random walk in the model
instead of using some predetermined value. Equatftir®1a), (1.21b) and (1.21e) are observation
equations and equations (1.21c), (1.21d) and (L&#f state equations. Equations (1.21a) to (1.21e)
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form the standard structural time series model@BP with the only difference being the regression
effect given byg,(r,_, —T,_,) .

As we already mentioned, we estimate some of tiiasables previously to create initial values for
some parameters of the model. Equations (1.21a)(a2dd) were estimated using simple OLS
regressions. The structural time series model vgimmated using the Kalman filter. The model is
complex and several different parameters need tesbienated. This problem is discussed in more
detail by Orphanides and von Norden (2002). Dudné¢darge number of parameters being estimated,
we estimated the model using the long sample (1@2®12). The main advantage of using the long
sample is to better modeling GDP components, imetuthe output gap. The main disadvantage of
using this sample is the difficulty in estimatirtgetPhillips curve. Inflation was very volatile ihet
first half of our sample and there is not inflatexpectation data in this part of the sample.

In table 1.8 we present the results from the esiimaf the complete model. The results are sintiar
the ones presented earlier. The estimated coeffiofeoutput gap on inflation is close to the estiea

in other specifications of the model. This coeffitti is not statistically significant at conventibna
levels. This result is similar to the ones presgémarlier both with output gap measures generated i
the model and output gap measures generated otiideodel. The similarity in these results may
arise as a consequence of the estimation progesdl ¢ases, the initial values of parameters where
chosen using the single equation results preseagier. Besides that, the AR(2) specificationtfor
cyclical component of output was also used in mbsistimations performed in this paper.

Table 1.8 — Estimation results Figure 1.9 — Estinmat results of system (1.21) — output gap

AR(2) Model 4%

Simple AR(2)
Coef. Std. error —Model AR(2)
b 06404 00403 %= oy
boas 0.0426 00125 *** 206
by 01417 01436
@1l 0,7009 05325 1%
@2 -0,2066 03830 o N
@3 -0,2098 0.1897
-1%
Variances (x107)
u* 00590 133600 2%
)i 0,2860 0.3400 P S B S
z 54700 64700
T 8.3500 1.5700 *** -4%
¥ 1.7300 41500
r 5.4000 n.a.

We present the estimated neutral real interestimafggure 1.10 together with the HP filtered real
interest rate data. The estimated neutral inteedstis more volatile than the HP filtered datae Th
estimated REIR is low at the beginning of the sangpid increases in the early 90’s. This result seem
to be a consequence of the estimation processetidhdahe REIR to the observed real interest rate
with the ¢ coefficient in (1.21d). The real interest ratdalat beginning of our sample is low due to
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large inflation rather than low nominal interederas in the final part of the sample. Accordin@to
estimation, the REIR decreased in Brazil over ts {/ears, particularly after 2002 (this occurs in
almost all estimations). There is a large decréaske estimated REIR during the financial crisis o
2008/9. We attribute this result to the sharpifatbutput in this period. We tried to estimate thedel
using a dummy variable in this period and also aguee of foreign output gap as in section 1.5.
However, in this case, the estimation procedurendidconverge to any interpretable result and the

results of this estimation were not reported.

Figure 1.10 — Estimation results of system (3.21heutral interest rate
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1.7 Real Interest Rates: International Comparison

1.7.1 Overview

In this section we discuss the evolution of restri@st rates in the world over the last 20 to 3rye
The discussion is brief and serves just as andatiion to the theme. The objective of this sectfon
just to introduce possible explanations for theuotidn in the neutral rate of interest in Brazikothe
last years. We do not, however, present empirigidleace for any of these potential explanations for
the reduction in interest rates in the last ye&sgura-Ubiergo (2012) presents an empirical
investigation on the determinants of real interatds with data covering the period from 1980 t020
for a large group of countries with focus in Bratil section 1.7.3 we discuss the evolution of the
marginal productivity of capital, a variable thataften used as a proxy for real equilibrium indere

rate.

Interest rates were high during the 80’s and al¥s. Beveral authors offer an overview of interest

rates across countries like Blanchard and Sumnié&&4j, Barro and Sal-i-Martin (1990) and Chadha
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and Dimsdale (1999). Among the common explanataynhfgh interest rates in the 80’s and in the
90's are the large budget deficits in several adesittight monetary policy, high inflation and als
inflation and overall economic uncertainty. Oth@menon explanation is the opportunity of high
returns on investments.

Over the last ten years, interest rates diminishegveral countries, particularly after the globasis

of 2008/09. In this period, low interest rate isimhaa result of loose monetary policy which is a

consequence of low GDP growth worldwide. In somentiees, yields on bonds have raised after the
crisis as a consequence of large deficits and debisercentage of GDP increasing risk premiums.
However, this did not happen in the largest coaatlike US and Germany. Also, emerging markets
like the so called BRICs still have bellow averalgdicits and debts. The rise in bond yields hasbee
concentrated in some European countries.

Among the common explanation for this reductiorreal interest are the reduction on government
debt and deficits over the last years, particularithe 90’s, the reduction in macroeconomic vbtati
and particularly the reduction in inflation andlatfon volatility or inflation risk. This reductiom
overall macroeconomic volatility is called “greabderation” by several authors. The absence of
global shocks like the oil shocks of the 70’s ansbahe debt crisis of the 80's is a potential
explanation for this lower volatility.

Fig. 1.11: World (OECD) Real Interest Rate (in %)
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Countries Australia, Austria, Belgium, Canada, Czech Remyenmark, Finland, France, Germany, Iceland,
Ireland, Israel, Italy, Netherlands, New Zealand, Noyw8pain, Sweden, Switzerland, United Kingdom andednit
States. Real rate calculated using last twelve nwirtfiation and quarterly short term interest ratédl data from
OECD Stats (stats.oecd.org).

Some authors like Goodfriend (2007) attribute thedr volatility to better macroeconomic policies.
According to him, some influential theories inclutlee Rational Expectations Theory and the
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abandonment of the idea of a permanent trade-défden inflation and unemployment, leading to
less active monetary policy in the late 80’s. Tikeaduction of Inflation Targeting regime in severa
countries and the compromise with low and steaflgtion also helped in this process of reducing
macroeconomic volatility. Another important factetated to all of these others was the improvement
in communication and increased credibility of pelimakers. Using the “financial” view of market
interest rates as risk-free rates plus market premmifor risk factors, the reduction in inflatiorski
could have caused a reduction in inflation risk ngitan and also the overall reduction in
macroeconomic and benchmark interest rate volatiituld have caused a reduction in overall risk
premium. The reduction in government debt and dsficould have lead to a reduction in default
premiums.

Another explanation for lower rates is the redurtin the productivity of capital. We discuss this
point in more detail in the next subsection alorith\data on worldwide productivity of capital.

1.7.2 The Country Risk Premium Approach

A common approach to infer about the neutral nate $mall open economy is to decompose the local
rate into the international risk-free rate plusoardry risk premium. This is the standard appraach
international economy textbooks. Note that thisas one of the determinants of the neutral interest
rate according the tradition Wicksell view. Thigwi is based on some aspect on free capital mobility
among countries and also on the notion of finarenibitrage among market participants. This view is
usually expressed in the Copom minutes in Brazlaa will discuss it briefly here. In Santos (2012)
this view is discussed in more detail. This “fineaticview of interest rate can be expressed as:

i =i0+0ef +4 (1.22)

Where i, is the local interest raté, is the international benchmarRe® is the expected exchange
rate depreciation and] is the country risk premium. If we assume that excie rates are well

represented by a random wal&etE =0 and we can focus on the other two components ®f th
relation: the international benchmark and the cgumgk premium.

Usually, the international benchmark is the FED dauRate or the US Treasury rates from long term
bonds. Whatever this rate is, it probably decreased the last years as we discussed in the previou
sub-section. For instance, the long-term treasatgsrin US hovered around 5% to 6% before the
2008/09 crisis and lately have been close to 2%.

The country risk premium also lowered in the lastng. As we will present in more detail in Essay 3,
the Brazilian country risk measured by the EMBIl€mased from more than 5% in 2004 to 2% over
the last two to three years. The 5 y€aedit Default Swap (CDS) Ratanother measure of country
risk, decreased from more than 5% in 2004 to do<géxs in the last two years. Note that the reductio

in itD and g are close to 4% each one. Using (7.1) and theseuresaof international interest rate and

country risk, the reduction in local rate shouldchese to 8%. This is approximately what happemned i
this period: the Selic rate was close to 15% ird280d decreased to close to 8% in 2012.

1.7.3 The Marginal Product of Capital

As we have illustrated in the last pages, seveqala@ations have been proposed for the reduction of
interest rates over the last years, including loimélation risk, lower exchange rate risk and lower
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debt and deficits in several countries since the.9¥nother possible explanation is the reduction i
the productivity of capital. The productivity of gigal plays a central role in the determinatiorthad
equilibrium interest rate. However, this variatdenot readily available as data on inflation ortd®b
deficits. Kfoury and Nakane (2006) offer an exptéora of equilibrium interest rates based on the
productivity of capital.

Y, = A K] _1;” (2.23)

This is the same expression as (3.2) with the rdiffee that now we include the subscript denote
the country. With this production function, the giaal product of capital is given by:

oY,

it

oK.

it

_ah K9 157 g Y. _ a (1.24)
Ki1 Kit Kit /Yt

Another common form to express relations (1.23) @n@4) is to use capitak(, = K, / L, ) and

output per worker ¥, =Y, / L, ). The reason behind this formulation is that outper worker is

directly associated with capital per worker. Alsmder certain circumstances or assumptions, the
marginal product of capital should be higher in rdoies where the stock of capital is lower. This
proposition follows two assumptions: the productibmction has decreasing returns to scale

(0°y/0k*<0) and there is some form of restriction to capikaivs that avoid the equalization of

capital’s return among countries. The figures heljaresent the output per worker and capital per
worker relation using data from the Penn World €altrsion 7.1 and also the marginal product of
capital. The capital stock was calculated usingpigoetual inventory method in the same way as in
Caselli and Feyrer (2007).

Some complications arise in the computation of4)L.Eirst, the capital share, may change over
time and its calculation may differ among countrigaselli and Feyrer (2007) use the same source for
all a; but do not discuss the possibility of this vareabhanging over time. Another complication is
how to account for different price levels of out@utd investment goods. When the price level of
output,P,, is growing faster than the price level of capiBal the return on capital investment is larger
than specified in (1.24). Difference in the relatprice of capital among countries makes it hatder
compare the marginal product of capital among atestWe will discuss the evolution of the relative
price of capital in Brazil and also the evolutiohcapital's share in our empirical exercise. Bus th
analysis is just a complement to the empirical ys8islof the neutral rate in Brazil from the presou
section. A more detailed investigation of the maagiproduct of capital in Brazil would need to be
done separately as new paper.

We presented the evolution of the labor shére, in section 1.3. As one can see, the labor share
increased over the last years which implies théaaghare decreased. Over the last years, patlgul
after 2004, there were a sensible acceleratiomengrowth rates of workers and also earnings per
workers. This rise occurred after a period of higlemployment and very low earnings per worker in
the late 90's and early 2000’s. Another possiblplaxation for the increase in labor share is the
“formalization” of workers if the labor share repedt in National Accounts do not account for part of
the self-employed workers. This increase in lalt@re in Brazil is a local phenomenon: on average,
the labor share decreased in the world as poinyedeleral authors like Rodriguez and Jayadev
(2010).
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Fig. 3.12a: Capital and output per worker
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Using this naive decomposition with data from PWT it is difficult to have some indication of why
interest rate is so high in Brazil. In most casks, marginal product of capital lies between 10% an
20%'". This statement is more appropriate to countriégh Wigher capital per worker but several
countries with low capital per worker also have éounterest rate than Brazil.

1.8 Final Remarks from Essay 1

In this paper we used different methodologies tonede the output gap and the neutral interest rate
Our results indicate little difference between dldput gap estimates obtained from different meshod
In particular, we call attention to the small difface from estimates obtained from purely stagtic
methods and more structural methods.

Our results indicate that the neutral real interats in Brazil decreased in the last years. Howetie
size of this reduction differs depending on thecgmation of the IS curve. The results also potats
high variability of the equilibrium real rates, gaularly in the final part of our sample. This u#iscan

be attributed to the high volatility of output im&&il and also in other countries following thedfitial
crisis of 2008. The inclusion of the foreign outmatp and also a dummy variable for the 2008/09
crisis lead to a sensible impact on the estimdtdiseoneutral interest rate and also on the cdeffis

of the IS curve. In our estimations of the IS cumve did not include measures of the fiscal instanc
or real exchange rate misalignment. We judge thisgdcbe a direction for further research.

The estimation of a structural time series modelG®P jointly with the Phillips curve and the IS
curve lead to results that are similar to the aiatdifrom the equations being estimated independentl
In particular, the output gap estimated using thectural time series model alone or jointly wittet
IS curve are very similar. As a consequence, thismason of the output gap jointly with the Phikip
curve does not meaningfully change the coefficiamthe Phllips curve.

Despite these uninspiring results we judge thelabidity of more information in the next years wdul
improve the estimation results since several siyiptyi assumptions were made in order to reduce the
loss of degrees of freedom in the estimation. & jestimation can be performed only after 1999
when the inflation targeting regime was implemeraed the interest rate started to be used as the
monetary policy instrument. This restriction cresagesmall sample of no more than 56 observations in

11 Our estimates are higher than those presentedasell and Feyrer (2007) using other version of PWT
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2012 to be used to estimate more than 10 param&essdes that, there is some evidence of time-
varying parameters, particularly in the first yeaf®ur sample.

The causes of this reduction in the natural interds are not clear. Interest rates is going lawehe
world since early 90’'s and real interest rates lmecaegative in several countries after the 2008/09
financial crisis. Besides that, several measurd3ratilian country risk like the EMBI+ or th@redit
Default SwapgCDS) rate declined over the last years. Thiissistent with the view of interest rate
convergence. The reduction in the marginal prodéicapital is another explanation for the reduction
in neutral interest rate. However, our descripawalysis of the marginal product of capital in sale
countries and also in Brazil over the last yearssdoot indicate that the marginal product of cépita
decreased.
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2 Why is Brazilian Inflation so High? Inflation Persistence in
Brazil and other Emerging Markets

2.1 Introduction

After reaching a hyperinflation environment for soipears, Brazilian inflation decreased to more
normal levels after the introduction of the ReahrPin 1994. Despite the sharp fall in Brazilian
inflation and the convergence to the level obseimdtle emerging market economies, it is still leigh
than those observed in developed countries.

The aim of this paper is to compare inflation pgesice in Brazil with other emerging markets,
particularly those with a long history of high iafilon. We consider this a first step to better
understand what lies beneath the higher inflatioBriazil. Other important differences may be due to
larger marginal costs (positive output gaps), lamgss-through of commodity price shocks, larger
inflation expectations, among others. All theseeatp may be further investigated in future works
related to Brazilian inflation. Larger inflation gz&stence could help explain why Brazilian inflatis
higher than in other countries: As the country eesl from a high inflation to a low inflation
environment, large persistence rates could makeptioicess slower in some countries.

Table 2.1: Inflation in Selected Emerging Market4980-2010)

1980 to 1994 1995 t0 2010 1995101999 2000 to 2004 2002010

Brazil 782,1 10,7 194 8,7 5,0
Chile 20,1 4.2 6,0 2,8 3.8
Colombia 24,4 9,7 17,9 7.3 4,7
Czech Republic n.a. 4,0 75 2,6 2,7
Hungary 14,5 10,0 18,9 7,1 51
Israel 81,9 4,0 8,2 1,6 24
Mexco 51,5 11,2 24,5 6,0 4.4
Peru 856,6 44 84 24 2,6
Poland 91,0 7,5 16,4 4.4 2,6
South Africa 13,9 6,5 7,3 55 6,6
Turkey 58,6 40,3 81,0 37,7 8,7
Mean 1995 10,2 19,6 7,8 4.4
Median 55,0 7,5 16,4 5,5 4,4
Source: IMF

In this paper we focus on emerging markets infigtjgarticularly on countries with a history of high
inflation in recent years. The question we addiesshy Brazilian inflation is higher than inflation
rates in other emerging markets. We do not exaitlyto answer why inflation is higher in emerging
markets. We think this could be an important stapards understanding why some countries reach
lower and stable inflation than others.

We do not deal with some aspects of inflation twatld explain large inflation in some countriestsuc
as the behavior of inflation expectations and tffece of indexation. Indexation mechanisms are
related to inflation persistence but they are met $ame. The main reason not to deal with these

guestions is the lack of comparable variables ahemuntry. Therefore, a few countries have data on
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inflation expectations and usually the methodologyies from country to country; that makes
comparisons very difficulty. The characterizatiohirtflation expectations data in each country, its
evolution and impacts on current inflation is unbi@aly a subject that should be further investidate
In this paper we use inflation expectation datay dot the estimation of the Phillips curve in Biazi
And, as we already mentioned, a deeper analysiglafion expectations in Brazil and other courdrie
is left for future research.

The countries we include in our sample of emerginagkets with a history of high inflation in recent
years are: Brazil, Colombia, Peru, Chile and Métaatin America; South Africa in Africa; Czech
Republic, Poland and Hungary in Europe and Isradlsia. All these countries have a history of high
or hyperinflation early in the 90’s and they halleparsued low inflation through an inflation tatge
regime during the last ten years or more. We dtud® neither developed countries nor emerging
countries in Asia in our sample due to their lormgjdry of low inflation.

Our results indicate that inflation persistenc®iazil between 1995 and 2011 is larger than estichat
for other emerging markets in the same period. Tésslt is valid both for headline inflation andeo
inflation measures and is based in simple autossgre models. Using the Hansen (1999) method of
median unbiased estimatidhe coefficient is close to our sample mean of ¢heerging markets
inflation persistence. The inflation persistenceBirazil is also close to persistence estimated for
developed countries by other authors.

Our result indicates that core inflation is morespstent than headline inflation. This result esiss a
consequence of the exclusion of food products fomme inflation. Regarding the determinants of
inflation persistence, our results are inconclusagethe persistence of most variables used in our
Phillips Curves estimation is very close to eadtent

Despite the relatively large inflation persistent®razil, our proxy for expected inflation hasaader
coefficient than lagged inflation in our estimateillips Curve. This result is more pronounced when
we use disaggregated than aggregated data. Oultsraasdicate that disaggregated inflation
persistence is much lower than aggregated inflgtiensistence. This result is also reported by other
author’'s estimation of disaggregated inflation @esce for other countries (mainly developed
countries). This can be a result of common facpoesent at aggregated data but not identifiable in
disaggregated data as indicated by Granger (1888uch cases, inflation expectations may capture
only this common factor which could explain ouruies We let this question as an issue for future
research.

2.2 Phases in Brazilian Inflation after the Real Plan

In this section we use an unobserved componenteinafdinflation to explain the evolution of
Brazilian inflation since the Real Plan by usingmidy data since 1995. Many authors have already
described the evolution of Brazilian inflation ugismall sample periods such as Minefal (2008).

In general, authors recognize at least two diffepemiods in Brazilian inflation after the Real Rla)

the first years after the introduction of the Plgimen inflation was still high but tending downwards
(in the 10-year period before the Real Plan irdlativas higher than 100% per year on average) and b)
the following years, when the Real Plan was alreamhsolidated and inflation remained low for some
time. There are also some interesting episodemgluhese periods, e.g. the introduction of the
Inflation Targeting Regime in 1999 and the conficenrisis of 2002.
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Figure 1 shows the evolution of the underlying lesk Brazilian inflation estimated by using an

unobserved components model. It is clear that tiofladiminished in the years that followed the
introduction of the Real Plan in 1994 and increas#iér the exchange rate devaluation in the
beginning of 1999. Another increase in inflatiorteed in the confidence crisis of 2002. After 2003
inflation had remained between 1% and 2% per quarte

The figures indicates that Brazilian inflation preta clear seasonal pattern: inflation is higheear
end and also at the beginning of each year. Tresaapattern is more pronounced in the second half
of our sample.

We did not test for structural breaks in Braziliaflation data. We will include a time trend foreth
first half of our sample (up to 4Q98) in our estiibas of the Phillips curve whenever this is polssib
We will also include seasonal dummy variables o#Rnodels as our preferred specification due to
the seasonality of inflation in Brazil. As a rolests test, we also use the AIC as a criterion for
choosing the appropriate lag length in our Philépsve estimation.

2.3 Inflation Persistence in Brazil: Aggregated Data

2.3.1 Introduction

Inflation persistence has been widely studied imettped countries but not so much in developing
countries. Levin and Piger (2004) and O’'Reilly afftielan (2005) are good references for the study
of inflation persistence in advanced economies.l&@krand Tillmann (2011) studies inflation
persistence in Asian countries. In Brazil, there ssme studies of inflation persistence by usimg lo
memory (ARFIMA) models like Figueiredo and Marqy2609) and Rebelet al (2009) and also by
using autoregressive models without long memorystngctural models (Phillips curve) like Oliveira
and Petrassi (2010).

A useful way to study inflation persistence is Istimating a simple autoregressive model and
computing the sum of coefficients on lagged infiati

p 2.1
mEa+t) AT +e &4
i=1

Where 71 is the quarterly inflation rate. Another specifioa that is useful to analyze inflation
persistence is rewriting the inflation process as:

p (2.2)
T=a+pr,+) GAT +e

i=1

By this equation, we can focus on the paramgtdihe main advantage of this specification is thist
easier to study the evolution of inflation pergisie as it is measured by just one coefficient atstaf
“p”’ parameters as in theR(p)model.

43



Figure 2.1: Inflation Decomposition - Structural The Series Model (1995-2011)
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Note: Structural Time Series (STM) model for Biaailinflation. The left column presents the estadat
components of headline inflation while the rightuton presents the core inflation. Inflation compuatseare
Level (first row), Seasonal component (second @wdg) Irregular component (third row).
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We also estimated afiR(1) model with seasonal dummies. The advantage ofniogel is that we
preserve the sample size in the estimation. Wighube of arhR(p),the first“p” observations is lost

in the estimation process g8’ lagged values for the exogenous variable are sape$o initiate the
estimation. This will be important for the estinmatiof disaggregated data in the next section. We
estimated this model also with aggregated datéhtvsake of comparability in the later sectionhis t
study. The model with seasonal dummy variablesbeawritten as:

4 2.3
m=atAn +) dT +e 23
q=2

Whereq refers to the quarters afdis the dummy variableg=2 indicates the second quarter of the
year and so on up to the fourth quarter4). Our measure of persistence in this case isdabéicient
113 bl'l i

An issue usually addressed by other authors ipdlsibility of structural breaks in the series adel
coefficients. Since we are using a small sample ctiances that a structural break occurred at some
point of the sample is small. Even so, we estinsatae of the structural parameters as random walks
(time varying coefficient) to increase the confidern the results.

We also include a dummy variable at the beginniny® sample in some estimations due to the initial
effects of the stabilization program in 1994. TheaRPlan was introduced in the beginning of 3Q94
and inflation was reduced from more than 10% pentimado less than 2% in the following months
(this can be clearly seen in figure 1). Our dumrayiable goes up to the end of 1998. It is not clear
however if the low inflation in 1997 and mainly 998 was due to continued effect of the
stabilization plan or a consequence of low GDP ginow Brazil and also in the world as a result of
several financial crises that occurred in 1997 2@@B. Global GDP growth was below the average in
1998 and commodity prices fell that year, contiiitto the low inflation in Brazil (exchange rate
was fixed at that moment).

Finally, we estimated this simple model includingnaasure of output gap and also a measure of
“external” inflation and a measure of inflation expation. Historically, many empirical works in
Brazil used the exchange rate depreciation as btigednflation determinants. Despite this being a
good proxy for the 1999 and 2002 episodes of exgdaate depreciation, this is a poor proxy in other
periods as this measure of foreign inflation doe¢ capture the “global inflation” factor. We
experiment with two different measures of globdlaition: The CRB commaodity price index and the
average CPI inflation in the OECD countries. Cietlarand Mojon (2010) show that the “global
inflation” is an “attractor” of local inflation foseveral countries. Ciccarelli and Mojon (2010) ase
factor model to derive their global inflation factbut call attention to the fact that the average
inflation is a good approximation to the globalttat?. The results for the estimations using the
“global inflation” variable are not reported: Whtmns measure of global inflation is used, it letals
highly significant coefficient and also makes altnal other coefficients in the model not signifita

at usual levels. We interpret this as one morecatdin that inflation is a “global” phenomenon in
some aspects. But this also indicates that thissureaof global inflation is not exogenous or an
independent variable. Both the Brazilian inflatenmd the global inflation (OECD median inflation, as
we defined earlier) are determined by the samefscivhich characterize an endogenous regressor.

12 This seems clear in figure 1 in Ciccarelli and Moj@010).
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The use of commodity price index is a better pritythe effects of changes in “external inflation”
during the 1995-2011 period as Brazil had a fixechange rate regime in the first part of the sample
and changes in foreign prices in domestic curremicgre dominated by changes in foreign prices in
the external currency. In 1999 and also 2002 dubeadarge depreciation of the Real, tradable price
(and also regulated prices) presented high ratésflation. In other periods, like in 2004-2005 and
later in 2007-2008, the exchange rate appreciat@s not sufficient to avoid an escalation of trddab
prices as commodity prices surged around the w&dtne theoretical papers also refer to the import
price as a measure of external inflation. We caerside commodity price index as a wider definition
of external inflation and preferred in our estimas. In our estimations we use the average of

commodity prices and exchange rate in the last moot the quarter: R$D: Etl?j and

77 =In(E,R") -In(E_, P)) where P*" is the commodity price index in dollar arf is the exchange
rate in R$/USS$.

Our measure of output gap is derived using theadievi of GDP from a trend (HP filter). Several
authors have used the variation in labor share measure of marginal cost. Data on labor costs in
Brazil are available only after 2001 due to a cleamgthe employment and unemployment survey.
Allowing for the output gap as an addition explamatvariable is important due to the fact that some
models attribute the persistence of inflation te thersistence of the driving variable, namely the
output gap (or marginal cost). This is called “intesl” persistence. Some authors such as Fuhrer
(2006) discuss this hypothesis.

Finally, we included the “twelve months ahead” atittn expectationsrt) provided by the Brazilian
Central Bank - BCB as a measure of inflation exgémn. The inflation expectation is the main
determinant of inflation in most economic modelscei the appearance of the “rational expectations”
models in the 60’s. This variable is provided bg BCB on a daily basis and we used the average of
the last month of the quarter as our measure [atioh expectation.

We also experimented using this variable with tegslinstead of just one as is the common practice.
Indeed, we consider this our preferred specificatithe reason is clear: The output gap used in the

Phillips curve equation ig,_,, which is known by market participants at titne Therefore, exchange
rate and commodity prices movements are knownna til (we use’sz_, and 77, in the Phillips
curve estimation). In this case, the result of gsiti, instead of77-, is clearly to overestimate the
impact of 77° in the determination of7 and underestimate the impact of other variablededd, in

this case, the impact of other variables is justithpact not pondered intutE_l. This could include,

for instance, some kind of market participants’ enainty about the true Phillips curve or sluggish
adjustment of market participants forecast propasi

There is another obvious explanation for not us;iﬁg: It may also capture influences already known

to affect inflation in period t. For instance, soraeady announced price adjustment (this is
particularly true for monitored prices) and alsq ather kind of price shocks known at time t-1.
Therefore, if market participants know inflation fgersistent in a way consistent with an

autoregressive model like the ones we are coneglan this paper, the inclusion GIZE_l in the
estimation together withrg,_ will also tend to underestimate the impactmf, in the Phillips curve

equation.
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Considering this complete specification for thelljisi curve, the equation we estimate can be writte
as:

TR =a+ P + Py, BIEL,+ YYoit € 24)

Dummy variables for each quarter are also incotpdranto this equation to control for seasonal
effects.

2.3.2 Inflation persistence using aggregated data

In table 2.2 we provided a summary of the mairisttas of dependent and independent variables used
in our estimations. The main highlight of this &lié the high autocorrelation of all inflation ddta
The autocorrelation of external price index is tiekdy small. This is an expected result as thealde

is composed of exchange rate and commodity pricdsath variables can be considered a financial
asset and so their movements are close to randdks.wa

The estimation results for inflation persistencegsggregated data are presented in table 2. {Qvera
the inflation persistence estimates are quite aimiil we use theAR(1) or the AR(4) model. The
inclusion of the dummy variable leads to an inceeiasthe inflation persistence estimate. This is no
different from results reported by other authorsgglifferent techniques. Many authors report rissul
indicating larger inflation persistence when thegke period is shorter: In most of these studies, t
shorter period accounts for possible breaks iniriflation process. In this paper, we used a dummy
variable instead to control for possible breakst@nges in the inflation process.

Table 2.2 — Summary Statistics of Variables: 1Q1365Q2011

PCA Core Mgt::d PFrIl:ce :s Tradables Ire:izgles D;_I:;m Exé}:;;zf i&?ﬁi
T T T T T s ¥ T[E T[*
Mean 1.8% 1.7% 2.6% 1.6% 1.4% 1.9% 0.1% 1.3% 3.0%
Median 1.4% 1.4% 1.7% 1.3% 1.1% 1.2% 0.2% 1.2% 3.5%
Std Dewv 1.4% 1.4% 2.5% 1.4% 1.6% 2.0% 1.4% 0.4% 11.8%
Corr(ti-1) 0,57 0,75 0,50 0,53 020 0,70 0.62 0.67 0,07

*From 1000 to 1011 inflation expeciation was divided by 4 to convert into quarterly data

Inflation persistence is larger for core inflatibran headline inflation. Core inflation excludesdo
prices and also monitored prices, two groups vtk inflation persistence. The inflation persistence
of food prices will be discussed in the next sectibhe low persistence of monitored prices seems to
arise from the fact that this group of prices ardeked to two different price indexes, the consumer
price index (IPCA) and also the “general price ©iddGP), which is a mixture of producer price
index, consumer price index and also constructast index. The indexation mechanism also changed

13 These inflation groups are not completely différeom one another. For instance, core inflatioclecdes
monitored prices and part of the food product im @PI (IPCA) basket. So, core inflation includessinof the
free prices or non-tradable prices. Non-tradableeprare also free prices and so on. Despite theslap, the
segmentation is important since these groups awallysreferred to in macroeconomic analysis bothtly
Central Bank and by market participants.
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during the last years due to the inclusion of pobigity gains clauses aimed at reducing the
indexation and due to the change in the composdfahe baskets of price index used by regulators
for determining the monitored prices adjustmentsother words, the low persistence of monitored
prices inflation does not mean that this grouprafgpdoes not have strong mechanisms to propagated
inflation shocks.

Table 2.3 — Inflation persistence estimates

Monitored Free dabl Non
IPCA Core Prices Prices Tradables Tradables
a) Autogressive Model (eq. 1 and eq. 2)
AR (4) 0,430 0,502 0,529 0,367 0,309 0,312
p 0,408 0,538 0,492 0,361 0,317 0,507

b) Autoregressive model plus dummy variable forét290 1998:4
AR (4) 0,514 0,692 0,418 0477 0,290 0,692

P 0,488 0,681 0,352 0,499 0,277 0,695

c) Autoregressive model plus dummy variable for6t290 1998:4 and output gap

p 0513 0,699 0,332 0,546 0,303 0,705

y 0,039 0,026 -0,076 0,085 0,063 0,131

d) Complete Model (eq. 4)

p 0,47+ 0,70 0,30: 0,52( 0,28t 0,71

y 0,00¢ 0,01t -0,13¢ 0,05¢ 0,04 0,12

v/ (1-p) 0,015 0,051 -0,193 0,121 0,066 0,434
0,02¢ 0,02 0,04¢ 0,03( 0,06¢ 0,01

B/(1-p) 0,053 0,081 0,057 0,063 0,092 0,041

Notes: inflation persistence estimates using mod¢)g2) and (4) using quarterly inflation data m1Q95 to 4Q11.

The inclusion of the output gap does not lead sem@sible change in the persistence estimates. The
coefficient of output gap has an “unexpected” sigthe monitored prices equation. This result is no
completely unexpected since monitored prices iivitatiepends largely on past inflation: If outpupga
leads to an overall inflation rise in year one #meh due to a more rigid monetary policy the output
gap turns negative in next year, the monitoredegrimflation will rise when the output gap had
already fallen. Despite this “unexpected” sign, thefficient is not significant. The impact of outp
gap is larger on free prices and particularly im4r@dable prices as expected. The estimated impact
on core prices is also small. This result seemzdds with the large impact of output gaps on free
prices, which comprehends the majority of the doflation components.

In the last group of coefficients estimates in ¢abl3 we present the result from the estimation of
Phillips curve with external price inflation. Agaithe difference in the persistence coefficientrfro
previous estimations is minimal. The largest ddfeze between persistence estimates arise when we
allow for a time trend in the first part of our sals This result is in line with several other pepen

the subject that consider breaks in the inflatioocpss. In our model, the time trend for the post-
stabilization period is used to represent this krea
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In this last group of coefficient estimates we g the estimated long-run impagt/(1- o)) and
also S/(1-p)). The output gap coefficienty, is smaller when we include the external inflation

variable but in some cases this difference is \wnall (we did not make statistical tests for this

difference). The impact of output gap is larger fion-tradable inflation (services represent a good
portion of this group) and negative for monitoredc@s as was the case in the previous set of
coefficients estimates. The impact of the extepmale inflation is larger on tradable prices andédo

for non-tradable prices, two results that arene hvith conventional theory.

In the estimation results provided in table 3,ldgestructure was chosen toAR(4) modgldue to the
possible presence of seasonality in the dependwmidhble. A possible refinement of this estimation
would be to select the best lag structure accortbrgpme information criteria, like the AIC and the
SBC. In the following table we report the inflatipersistence of models (b) and (d) using the AIC to
chose the most appropriate model. We tested lagtates from 4 to 1 in all cases. We report boéh th
chosen lag structure and the respective inflatensiptence measure. Another refinement would be to
adjust the data for seasonal factors before estim#ie model. In next table report the resulttheke
two refinements. We used the Arima X-12 procedareréated seasonally adjusted inflation data.

The results are similar in qualitative terms: thieugps with the lowest inflation persistence are the
same independent of the model being used. Tradmlulds present the lowest persistence while non-
tradable the largest. The inflation persistencenohitored prices is not particularly high. A possib
explanation is the non-linear indexation mecharirsmany items: some prices are not adjusted every
year and in many cases the indexation may be detatthe General Price Index (IGP) which includes
producer, consumer and construction prices. Inratages, the revision of prices includes produgtivi
targets that must be met by companies and affieetsize of overall price adjustments.

The seasonal adjustment does not change the siiaftatibon persistence in a meaningful way with the
exemption of tradable and monitored prices.

Table 2.4 — Inflation persistence estimates

IPCA Core Monitored Prices Free Prices Tradables Non-Tadables
AR (4) 0,519 0,683 0,435 0,475 0,290 0,698
AlC AR(3) 0456 AR(4) 0,683 AR(1) 0,303 AR(3) 0433 AR(1) 8 AR(4) 0,699
AIC (S.A. data) AR(1) 0,480 AR(1) 0,639 AR(1) 0395 AR(1) 481 AR(1) 0,269 AR(3) 0,736
Complete Model
p AR(3) 0,420 AR(4) 0,665 AR(1) 0,202 AR(3) 0411 AR(1) 0,056 R@) 0704
Y 0,046 0,041 -0,115 0,084 0,036 0,139
y/I(1-p) 0,079 0,123 -0,144 0,143 0,038 0,469
B 0,030 0,021 0,051 0,029 0,053 0,013
B/(1-p) 0,052 0,062 0,064 0,049 0,056 0,045
Complete Model (seasonally adjusted inflation)
p AR(1) 0,366 AR(4) 0,694 AR(1) 0,293 AR(3) 0,462 AR(4) 0,218 R@) 0,737
Y 0,009 0,026 -0,090 0,076 0,082 0,036
y/(1-p) 0,015 0,086 0,128 0,140 0,105 0,137
B 0,029 0,022 0,050 0,033 0,048 0,019
B/(1-p) 0,046 0,070 0,070 0,061 0,062 0,072

Notes: inflation persistence estimates using modgls(2) and (4) with quarterly inflation rates froQ95to 4Q11.
The number of lags in each model was chosen usinglth criteria except for the “naive” AR(4) describin the first
line of the table.

49



2.3.3 The impact of expected inflation

The Brazilian Central Bank has been collectingaitidin expectations from market participants since
the end of 1999. We will use the “twelve monthsafieinflation expectation as our measure of
inflation expectation in this sub-section. This @@ is the most observed and also the one widely
used in empirical exercises. Since this data ig amhilable from 2000, we restrict our sample iis th
case to 1Q00 to 2Q¥2and use our seasonally adjusted inflation data ®uhe lower sequence of
data in this case, we estimate only the more parsons AR(1) specification.

We restrict our estimation to tineadlinelPCA and core inflation. We do this particularlgdause our
inflation expectation measure refers to headlifilation and this measure of inflation expectatioslym
not be good for groups representing a small poxticthe index.

The results indicate that inflation expectatiorsignificant when we usg", in our estimation. Our

measure of inflation expectation is based on tlerage of the last month of the quarter it can aaptu
price adjustments already known to affect inflationthe next quarter. Also, since some variables
affect inflation with a lag, the inflation expedtat collected at the end of the quarter may incrateo
several shocks or variables that will affect inflatin the next quarter. The standard Phillips eurv
estimation with Brazilian data lead to the follogiiresult when we use core inflation as our measure
of inflation:

7 =0,005+ 0,255z + 0,444% + 0,008,+ 0,088, *= 0,68E= 0D

(0,002)  (0,169) (0,281) (0,004) (0,008)

The results are very different when we uge,or 77-,as our measures of inflation expectations. In
these cases, the coefficient on expected inflatiamon-significant and have a negative sign.

2.3.4 Time-varying inflation persistence

In this subsection we assess the evolution oftinflapersistence during the last years. We do so by
using a random coefficient approach for the inflatpersistence coefficient. The random coefficient
estimated by using the Kalman filter. In ordereéduce the number of parameters to be estimated, we
adjusted the inflation series to eliminate the gpakfactors. The seasonal adjustment was made by
using the X-12 procedure but the results are pmeiigh the same if we had used the unobserved
components models previously discussed. Usinggbsonally adjusted series, the model we estimate
is:

. o 2.5
T =A Tty +6 23
At :At—l +£t

1% In most of the empirical exercises, our sampletsta 1Q95 with estimation starting in 1Q96 duettie use of 4 lags in
some models. In this section, we adjust the inflatide for seasonal factors using the X-12 procediihe “twelve months
ahead” inflation expectation is available at the B@rting in 2001. We used the “current year” andekt year” inflation
expectation to form the “twelve months ahead” exioecfor the first twelve months of our sample. lis ttase only, we
extended the sample to the last data available,2Q1
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O —
Where 7 = 77, — 77 is the deviation of current inflation from the aage inflation. We included the

dummy variable in all estimations. The reason ® desviation from mean is to eliminate the constant
coefficient in the equation to be estimated. Thestant coefficient in the above equation usuakbiylte

to more volatile time-varying coefficients and cailso lead to non-convergence in some
specifications.

The results from the time-varying coefficient daplno clear trend in our sample (figures 2a). For
headline inflation, the coefficient is indeed largethe second half of our sample. The resultsiolo

change significantly if we include more variablasthe Phillips curve equation. The results for core
inflation show less variability and also no cleand in the upward or downward in our sample period

Figure 2.2a: time-varying AR(1) model (random watloef.)
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We also estimated the structural time series maodilg quarterly data (the results in figure 1 used
monthly data). The structural time series modebdgmose the inflation rate into Level, Seasonal and
Irregular components. The structural break teshis case is based on a t-Test on the residuats fro
the Level equation. The results differ a littlevé use core or headline inflation. In both casestlis
some evidence of structural break at the beginafribe sample and also between late 2002 and early
2003, the period marked by a large increase iatiofh, inflation expectations and also large exgean

rate depreciation. In this period there were sommagnges in the indexation mechanism for some
monitored prices.

We didn't treat possible breaks in the inflatiomgess in the estimation results presented in té&b&es
and 2.4. We will discuss further a possible breathe inflation process using a dummy variabléhm t
next section when we deal with disaggregated data.
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Figure 2.2b: Auxiliary residuals from the local let model
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2.3.5 Sources of inflation persistence in aggregated data

The previous section presented evidence that iofiggersistence in Brazil differs if we include dw
not include explanatory variables in the model.sTigisult can be explained by using the “inherited”
versus “intrinsic” hypothesis for inflation persste.

Let us consider a simple rational expectations méaleinflation (usually called New Keynesian
Phillips Curve, NKPC) in which the output gap fell® an AR(1) process

T=PET, Yy, t e (2.6)
Y =PYatY

In this case, it is possible to show that:

o (2.7)
1- pﬂyt atK& K

]Zt' =
Where parameterg; and k, are functions of the other parameters in the &gation. It is clear

from the equation above that the “persistence”hef inflation variable depends on the degree of
persistence of the output gap. This is called theerited” inflation persistence. If we assuge= 0,

it is also possible to express the inflation equrats:

7T = yIT_, + KU, (2.8)

Again, the inflation persistence will depend on geesistence of the driving forces of the inflation
process. If we use more complex specification Ecmation (2.4), it gets very difficult to get an
analytical solution for the inflation equation. Pée that, it is possible to get some indicatioowb

15 This example is based on Fuhrer (2006).
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the forces behind the inflation persistence by ileglat the impact of each variable that entered int
the Phillips curve equation, its coefficient an@igocorrelation.

With the use of the results from table 2.3 and samnstatistics of the variables in table 2.2, it is
difficult to infer the causes of inflation persiste in Brazil. Except for external price inflaticthe
explanatory variables are all highly persistent dagde almost the same standard deviation. The
expected inflation variable is the most persistemtable but this is clearly a result of using estpd
inflation for the next twelve months on a quartdyfsis. The results indicate that more informaison
still needed for us to have a better understandirige high inflation persistence in Brazil.

2.4 Inflation Persistence in Brazil: Disaggregated Data

2.4.1 Introduction

Aggregate inflation dynamics depends on the dynsmifaisaggregated inflation dynamics. But this
natural result alone does not help in our taskrafenstanding the forces behind inflation dynamics
and patrticularly inflation persistence. Anotherulesf the aggregation process is that the persiste
of aggregated data will have a “tilt” towards thesn persistent individual series. Cecchetti and
Debelle (2006) offer a good explanation for thisuleand also a graphical illustration of it. Grang
(1980) and Zaffaroni (2004) give a more theoretiexpblanation about the consequences of
aggregation of individual series. In these pap#rs, importance of the distribution of individual
persistence parameters is commonly expressed awdikiElual series being stationary or not having a
mass in distribution at the unit root point.

2.4.2 Inflation Persistence in Disaggregated Data withoGbmmon Factors

In this sub-section we estimate inflation persisteffior disaggregated data. Several papers have
demonstrated that aggregate inflation persistenta@ger than disaggregated inflation persistevite.
calculate disaggregated inflation persistence #i2 Broducts using IPCA data during 3Q1999 to
1Q2010. Since 1995 there has been three chandBSA components: In 1996, in 1999 and 2006.
The items in the 1999 and 2006 poll are pretty msiafilar but the items in the 1996 poll are very
different and were not included in this analysibeTL999 poll had 511 items and the 2006 poll had
384 items. There are 341 common items among thesesamples. Among these 341 items, 9 were
excluded due to lack of dynamics and unreliablailltesfrom the autoregressive models used in
estimation. Most of these items are monitored grizbere price changes occur seldom and several
entries are zeroed. Due to this, &R(1)or AR(4)models used were not reliable. In order to chieck
common items we used the items coding providedBI®H. The final sample consists of 332 inflation
series from 3Q1999 to 1Q2011.

The table bellow presents the descriptive stasisticthe disaggregated data. As one can see in such
table, the median inflation is close to the aggregaflation (both weighted, “original data” or
unweighted) and is much more volatile and preskests autocorrelation than the aggregate inflation.
Klenow and Kristosov (2008) present similar resudtis US inflation data: In their sample, the
persistence of inflation is much larger in the aggite than in the disaggregated data. The samiésresu
were found by Clark (2006) also using data for bffation.

In this section we estimate several simple modgelaftation dynamics (or Phillips curves) by using
disaggregated data. The objective of these estimatis to understand the differences in inflation
persistence in different inflation groups. Thisingportant due to the impact that highly persistent
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series can have on the aggregated data. Grangg®)(1Zaffaroni (2004) and Pesaran (2003) have
shown that under certain assumptions, the dynaafitise aggregated data can be analyzed from the
disaggregated data. In particular, by consideringinaple AR(1) model for inflation dynamics in
disaggregated data, Granger (1980) shows thatgbeegated data can present long memory. This
result was later refined by Zaffaroni (2004) anddan (2003). We will use some results presented in
Pesaran (2003) to discuss our disaggregated resnttsits implication for aggregated inflation
persistence. Debelle and Ceccheti (2008) discuss imuch less rigorous way the impact of
aggregation of inflation series with different pstsnce on aggregated inflation dynamics. The
general results of these papers can be summarizddllaws: a) assuming independence of all
disaggregated inflation series, the aggregatedatiofi persistence will be determined by the
distribution of the inflation persistence of thedividual series and b) also depending on the
distribution of the individual series, the aggreghtseries can display long memory. The result
expressed in (a) is very intuitive while (b) is nét both cases, a beta distribution is used to
characterize the distribution of ti#R(1) parameters for individual series and it is posstiol show

that the presence or not of long memory can berridefrom specific parameters of the beta
distribution.

Table 2.5: Summary Statistics of Disaggregated &ifon Data

Mean Std Dev Corr(t,t-1)
Agreggate 1,65% 1,12% 0,447
Unweighted Aggregate 1,97% 1,50% 0,252
Minimum -1,92% 0,67% -0,545
Median 1,77% 2,80% 0,072
Maximum 12,06% 50,33% 0,843

The table bellow presents the results for sevgretification of the Phillips. In all cases, excémt
model 5, we present the coefficients for the agapedy specification and also the mean and median
coefficients of the disaggregated specification. Wik focus our discussion on models 1, 2 and 5.
Each model presents estimations results for indalidnflation items specifications as follows: Let

7T, be the inflation rate of productat the quartet (one of the 332 products we are using in this

section as we defined in the beginning of this settion). We estimate product specific Phillips
curves similar to equations (1) to (4) for eachdoieii. This can be written as:

by = AT A+ @y g B VYooY, 151,33 (2.9)

For each specification, we present the mean anthétkan of theAR(1)coefficient and also the mean
and the median of the individual coefficients of tither explanatory variables. The “aggregated” row
represents the coefficient estimated by using tbgremated inflation data, both weighted and
unweighted. The results are not exactly the sanie table 2 for headline inflation due to the diffet
sample periods: In table 2.2, we estimated the lsadeng the whole sample (1Q95 to 1Q11) and for
disaggregated data we are using just data from 392Q11 (this is the data available for
disaggregated data). We estimated the equationsaboace by using a simple routine written to
estimate each of the 332 equations and then stereoefficients in a specific matrix.

54



The estimation results in model 1 shows that iitftatpersistence in disaggregated data is much
smaller than in aggregated data. This result islaino the one reported by Clark (2006) and also
Klenow and Krystosov (2005) for US data.

The inclusion of the output gap in the inflatioruation lowers the persistence of inflation both in
aggregated data equation and in disaggregated bmatapposition to what happens to inflation
persistence, the impact of the output gap is largdisaggregated data than aggregate data. This is
indication of omitted variable bias in the otheuatipons.

In model 4 we also add inflation expectation anchiemdity prices in the inflation equation. The
results indicate a larger role for expected inflatthan lagged inflation. The impact of output g&p
lower than in model 2 and the impact of commoditiggs is small. This low impact of commodity
prices can be considered a puzzle since both egehaaie movements and also commodity prices
inflation are considered relevant variables inatiin dynamics almost everywhere.

Table 2.6 — Estimation results: disaggregated iriftan persistence

Model 1 Model 2 Model 3 Model 4 Model 5 Model 6 Model 7 o 8*

AR(1)

Aggregate 0,476 0,469 0,346 0,090 0,225

Unweighted Agg. 0,355 0,334 0,197 0,020 0,097

Disaggr. Mean 0,131 0,115 0,059 0,071 0,046

Disaggr. Median 0,146 0,116 0,049 0,036 0,030

Output gap

Aggregate 0,069 0,065 0,017 0,031 0,002 0,038 0,020
Unweighted Aggregate 0,116 0,129 0,064 0,057 0,028 0,079 ,0580
Disaggregated Mean 0,160 0,155 0,075 0,083 0,028 0,079 58 0,0
Disaggregated Median 0,057 0,047 0,011 0,060 0,030 0,063 ,0510
Commodity Prices

Aggregate 0,060 0,061 0,063 0,065 0,039
Unweighted Aggregate 0,073 0,078 0,072 0,076 0,045
Disaggregated Mean 0,035 0,077 0,072 0,076 0,045
Disaggregated Median 0,016 0,047 0,037 0,044 0,016
Expected inflation (t-1) & (t-2) t-1 t-1 t-2 t-1 t-2 t-2
Aggregate 1,103 0,972 0,125 1,134 -0,840 0,218
Unweighted Aggregate 1,373 1,013 0,054 1,542 -1,079 0,147
Disaggregated Mean 1,294 0,902 0,182 1,542 -1,079 0,148
Disaggregated Median 1,177 0,995 0,433 1,172 -0,639 0,270
Lagged Aggreg. Inflation

Aggregate -0,148 0,646 0,009
Unweighted Aggregate -0,366 0,674 -0,066
Disaggregated Mean -0,366 0,674 -0,065
Disaggregated Median -0,059 0,766 0,113

*|dentical to model 7 excepts for the Inclusionaodummy variable for 4Q02 and 1Q03

In model 5 we included the lagged aggregated ioflads an explanatory variable. The reason behind
this is quite simple: Indexation mechanisms areoatralways related to lagged “aggregated” inflation
and it is considered a “conventional wisdom” thetesal indexation mechanisms are still in practice
in Brazil not only among “monitored” or “regulategtices but also among “free” or “non-monitored”
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prices. The results of model 5 contradict this @mional wisdom: Expected inflation is more
important than lagged inflation as an explanat@able for disaggregated inflation dynamics.

The estimated impact of expected inflation is lowken we consider]f_zm instead oflqE_lm. Our

interpretation to this results is that expectethtidn incorporates several price adjustments anced

in advance and also some “macro trends” or “comfactors” in the sense of Granger (1987) already
known to affect inflation in the next quarter. Ither words, our measure of expected infldfionay

be at the same time a driving force of inflatiord an variable that is being impacted by current
inflation. If this is true, this could be an impamt cause of inflation persistence in Brazil. Nédveless
we recognize that this explanation is just “tentgdtiand we consider this hypothesis as a diredoon
further research on inflation persistence in Brdgilve run a regression of the variation in irifhat

expectation (z,,, = 71-,,,,,) on the variation of the underlying level of inftn (77 - 77-), we find

regression coefficients as large as 0.5 by usimg adflation. When using headline inflation, the
impact is lower - close to 0.15.

Miva =M s =0,50407 -7, r e (2.10)

The impact of different weights is attributed tdfelient items in the aggregation process as fi§. 2.
shows. There is no correlation between the weidlgagh item and its estimated persistence. The
distribution of inflation persistence in model ldspicted in fig. 4. The distribution is skewedtlie

left with mean of 0.131 and median of 0.157. Thesaes are much lower than tAR(1) coefficient
from the aggregated equation (close to 0.5). Theigience of unweighted aggregated inflation is
lower than the persistence of weighted inflatidme (iveighted inflation is actual data informed by
IBGE). In the next section we compare this distiiiuwith the Beta distribution and the values upon
which a long memory in aggregated series couleéaris

Figure 2.3: AR(1) Persistence (model 1) x Weight ghire 2.4: AR(1) Persistence (Model 1)
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18 This is also the measure commonly used by the &d3ank.

56



The figures (2.5), (2.6), (2.7) and (2.8) presartdstimated coefficients for expected inflati@ygded
inflation, output gap and the’Rf each equation in model 5. The figures just makasier to see the
impact of each variable in disagreed inflation dyies as summarized in table 2.6.

For each graph we present the estimated coeffimahey axisfollowed by the group from which the
specific product belongs to. We did not write theaa name of the product because it would be
almost impossible for anyone to read it. Therefohe, several bars labeled “food” are indeed the
several products belonging to the food group indhme order as presented by IBGE in its inflation
(IPCA) releases. For example, the very first baresents the coefficients for “rice” (FOOD group)
and the last bar represents “telecommunication $ethd COMMUNICATION group). Since the
communication group has only 5 products, in moaplgs the last label that appears is EDUCATION.

Figure 2.5: Expected inflation coef. (model 6) Fige 2.6: Lagged inflation coef. (model 6)
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In figure (2.8) we present theé? for model 6. The explanatory power is lower fosatjgregated data
than for aggregated inflation data. By using maglethe mean Ris just 0.41. The result is very
different from the ones observed by other auth@isgua similar dataset for other countries. For
instance, the mean?Rn Gianoni et al (2010) is just 0.15 when using a factor mdddor
disaggregated data. Thé Rses close to 0.70 when using aggregated dat&hlrdik and Pesaran
(2011) the estimated®Rvaries from 0.36 to 0.39 by using an autoregressiedel for disaggregated
data and the estimated Rses to values between 0.48 and 0.56 when tHeairicludes “common
factors” in the estimated model. Gianoehial (2010) use US data and Chudik and Pesaran (28&1) u
data from Germany, France and Italy.

¥ The factors are extracted from a large datasematroeconomic variables. Most of the variables erenomic activity
indicators. The nominal interest rate is also uasd factor.
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Figure (2.9) shows the dispersion of the estimatedfficient of lagged inflation and expected
inflation on disaggregated inflation dynamics. T¥hds a clear negative relation between the
coefficients: Items with strong response to laggefthtion present a low response to expected
inflation. This result was somehow expected: Whdtation is stable, the sum of coefficients of
lagged inflation and expected inflation must noteed one in modultfs The estimated impact of
inflation expectation is usually larger than thepaunt of lagged inflation (both last 12 months
cumulated inflation and the AR(1) coefficient). Antgpthe several different estimated equations, the
lagged inflation coefficient is larger than theimstted coefficient on expected inflation in alm8ét
equations out of 332. The products that show greamieact of lagged inflation are evenly distributed
across the several inflation groups.

Figure 2.9: Dispersion of expected inf. coefficie(X-axis) and lagged inf. coefficient (Y-axis)
Figure 2.9a: Model 6 Figure 2.9b: Model 7

10,0 105

y =-0,4327x + 0,8017 y=-0,3999x + 0,2423

2.4.3 Inflation Persistence in Disaggregated Data: The IBeance of Common Factors

A possible explanation for the low’Rf the estimated equation in the previous subiaeds the
presence of common factors at the cross-sectiothefestimated model. This problem was first
studied by Granger (1987). The presence of comnagstoffs at the cross section can explain the
existence of a good fit of statistical models & dggregate level but almost no fit at the disagpped
level.

Let us consider a simple dynamic linear model fsagigregated data:
T =AT  tan Y, (2.11)

Where 77, is the inflation rate in the itemat the time interval and 77, is the common factor for all

items att. This model is similar to the ones presented presly except for the inclusion of a common
factor 77, at every cross-section. There is a large liteeatur estimation and inference in such kind of

specification and we will not review the differegiproaches and results from this literature

8 In almost 40 equations out of 332 the sum of mierfits on lagged inflation and expected inflatierceeds one in
modulus. We did not perform any test to checleistiims are statistically different from one.

19 Coakley et al (2002) and Chudik and Pesaran (201@)tlae most similar research we found. Pesaran (P@Bésents a
more theoretical discussion of the subject.
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Coakleyet al (2002) propose using principal components teclesdo construct instruments fgy.
Pesaran (2006) proposes the average of the diwjgreariable,?ﬁ = N_lzi 7T, , as an instrument

for 17,. This approach is similar to model 6, model 7 amutiel 8 in our previous estimations. The

difference is that we used the lagged (and aggedyjaliependent variable instead of contemporaneous
aggregated variable. We will use the principal congnts approach to derive the common factor at
the cross-section of our data. In order to do soywll used model 1 and model 5 residuals to eséma
the principal components. In model 1 we incorpatat® “macro” structure to each individual
inflation series whereas in model 5 we incorporagederal variables that could be a proxy for the
common factor. This could indicate higher and lowends common factors. However, the two
factors are pretty much similar to a correlatioosel to 0.9. Due to this result, we will only presen
results with the use of the common factor extradtech residuals of model 5. After extracting the
common factor, we estimate the model again by utiegqaugmented equation:

T =AM *af+y, (2.17)
Where f, is the common factor extracted from the resido&fsodel 5.

Overall, the inclusion of the common factor doesaause great changes in the estimated coefficients
of the model. When we use the common factor intdeh6, the common factor is almost always non-
significant and the model results do not change mdde estimated coefficients on lagged and
expected inflation are very similar and th&iR also similar. When we include the common facto
into model 1, the results change but not much. &liea sensible increase in the it this can be
explained by the simple structure of the modelitmthck of macroeconomic variables as explanatory
variables. The t-statistic is larger than two fewveral products indicating this common factor is
significant in most regressions.

2.4.4 Relation to long memory models

In the last years several papers estimated longanemodels for aggregated inflation data on the
grounds of the results presented by Granger (£98@3suming a simple autoregressive model for
disaggregated data, the aggregated data may ptesgnhemory depending on the distribution of the
autoregressive coefficients of disaggregated ddtis. results is not only applicable to inflationt hor
any aggregated data. See Pesaran (2003) and Zaffa604) for more examples.

Let y, represent the value of the y variable observeunat t for i-th individual’. Thus let us consider
that the dynamics of this variable follows an AR(igdel for all individuals:

Ye =AY, oty =12, ., N, t=1,2,..,° (2.12)

Therefore, let us assumg follows a Beta distribution of the second typetioa range (0,1):

20 pesaran (2003) and Zaffaroni (2004) present soefi@ements of the Granger (1980) results.
21 This explanation for the long memory result amsfrom aggregation is based in Pesaran (2003).
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2.13
F(1) =—2 A2 1= 1%L 0< A< (2.13)

B(p. 9

In this case:

3= B(p+ j/2,q) (2.14)
B(p. 0

And for a largg:

Al =(p+jl2)® (2.15)

N
In this case, the aggregated datas z Y, / N will present long memory whedxg<1.

i=1

By using the results from the previous sectiondsiaggregated data, we could approximate a Beta
distribution for the AR(1) coefficients as a form é€stimate the parametepsand q of the Beta
distribution and check if it is consistent with gpmemory models for aggregated inflation data in
Brazil. Usually, the long memory hypothesis is ddstlirectly from the aggregated data. In some
circumstances, for instance in our small sampleyudrterly inflation data, this approach can be
considered an alternative to the more traditioastist of long memory in time series data.

It is clear from figure (2.4) that the case prombsetially by Granger (1980) does not apply to our
estimation results. The distribution of thE's are not restricted to the interval [0,1] and theteB
distribution cannot be applied. It does not meat Hyggregated inflation does not have long memory.
The generalization of long memory proposition i awo easy task and we do not intend to do it ig thi

paper.

2.5 Inflation Persistence in Emerging Markets

In this section we study inflation persistence theo developing countries. The sample of countries
we use is based on two aspects related to thenhisfathese countries. Firstly, we include in our
sample countries with a history of high inflationthe recent past, particularly in the 90’s. Setgnd
we include in our sample countries that introduaedear strategy to pursue monetary stability, in
particular by using the inflation target regime .€8h countries resemble Brazil and are more prone to
show the same problems in dealing with inflatioleg and also inflation expectations. Therefore,
high inflation can lead to several mechanisms déxation similar to the ones observed in Brazil and
thus lead to high inflation persistence.

Table 2.6 presents the results for inflation péegise estimates for our sample of developing
countries. The estimated inflation persistenceargdr in Brazil than for most of other developing
countries considered in our sample. Only Polandvshimflation persistence larger than the one
estimated for Brazil. It is important to notice tlwsv inflation persistence for most of the courdrie
This result seems to indicate that inflation peesise is similar for most of the countries. The
difference in inflation dynamics among emerging rtoies and developed countries may lie on other
aspects of the inflation dynamics and not on peEsce.
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Table 2.5: Summary Statistics of Emerging Marketslation

Headline Inflation Core Inflation

Mean Std Dev  Corr(tt-1) Mean Std Dev  Corr(t,t-1)
Chile 3,8% 1,8% 0,443 2,3% 1,2% 0,337
Czech Republic 4,0% 24% 0,174 3,9% 2,6% -0,019
Hungary 8,9% 3,9% 0,643 8,5% 4,0% 0,734
Israel 3,6% 2,5% 0,362 3,3% 2,6% 0,379
Mexico 10,1% 5,5% 0,760 9,6% 5,3% 0,775
Poland 6,4% 3,6% 0,650 6,0% 3,3% 0,869
Turkey 29,3% 12,2% 0,849 29,1% 12,1% 0,913
South Africa 5,6% 2,1% 0,592 n.a. n.a. n.a.
Colombia 8,7% 4,0% 0,411 5,2% 1,9% 0,045
Peru 4,0% 2,0% 0,565 n.a. n.a. n.a.
Brazil 7,3% 2,7% 0,714 7.3% 2,7% 0,714
Mean 8,3% 3,9% 0,560 8,4% 4,0% 0,527
Median 6,4% 2,7% 0,592 6,0% 2,7% 0,714

Source: OECD and authors’ calculation. All data bdss annualized quarterly inflation rates.

Several authors have used Hansen (1999) bootse#mohto estimate the mean of the autoregressive
coefficients in dynamic models like the ones weehastimated so far. The first reason to use Hansen
(1999) is the bias in OLS estimation. The secorasog is to construct confidence intervals to the
estimated coefficients. Considering these reasoashave also used Hansen (1999) method for
emerging markets inflation (using this method atske it easier to compare our results with those
reported by other authors). All models were estdancluding both a constant and a time trend. The
time trend is not a dummy variable as in the previestimation (results from table 6). This makes th
results not directly comparable. A possible futtgnement of this estimation would be to reduce th
estimation interval to exclude the stabilizatiomige in most countries (usually from 1995 to 2000).
The constant term and trend coefficients were eponted.

In table 2.7 we report the results of emerging rrkestimates. In figure 2.10 we show both
coefficients estimates for both emerging and depedocountries. Using this alternative estimation
procedure, inflation persistence is lower than agerin Brazil and not higher as in other casess Thi
can be a result of the estimated model, which didaflow for structural break or a dummy trend

variable. In many emerging markets, the estima@d 8onfidence interval fqp is very large. Again,
this can be a result of the post stabilizationgakrivhich could have made the coefficients unstable
the first part of our sample.
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Table 2.6: Inflation persistence estimates for erggig markets

Headline Inflation Core Inflation

P ARM) P ARM
Chile 0.151 0375 0223 0295
Czech Republic -0.076 0174 0328 0,505
Hungary 0482 0,508 -0.041 0236
Israel -0.226 0.022 0.226 0.404
Mexico 0433 0423 0488 0487
Poland 0,543 0,670 0,708 0,650
Turkey 0393 0411 0.209 0.193
South Africa 0,368 0,448 n.a. n.a.
Colombia 0310 0412 0.461 0.682
Pera -0.052 0.033 f.a. na.
Brazil 0,594 0,598 0.681 0,692
Mean 0.266 0,370 0.365 0461
Median 0.368 0412 0.328 0487

Notes: inflation persistence coefficient based onlel® (1) and (2) using data from selected emergiagkets from 1Q00 to
4Q11.

The estimated confidence interval for emerging meerkis usually larger to the estimated for
developed countries by Levin and Piger (2004): dn d1 countries sample, the average interval is
0.51while in the Levin and Piger (2004) sample 2ttuntries, the average interval is 0.38.

Table 2.7: Inflation persistence in emerging marlket Hansen (1999) median unbiased approach

Coef. Estimate Grid Confidence Interval (90%)

P S.E. lower higher
Chile 0,453 0,141 0,294 0,846
Czech Republic 0,408 0,147 0,230 0,812
Hungary 0,732 0,086 0,651 1,058
Israel 0,487 0,172 0,317 1,091
Mexico 0,797 0,061 0,740 1,032
Poland 0,837 0,084 0,791 1,102
Turkey 0,608 0,135 0,489 1,076
South Africa 0,480 0,124 0,330 0,804
Colombia 0,686 0,132 0,581 1,112
Peru 0,574 0,136 0,436 1,069
Brazil 0,547 0,110 0,418 0,848
Mean 0,601 0,121 0,480 0,986
Median 0,574 0,132 0,436 1,058

Notes: inflation persistence coefficient based onleh¢l) using Hansem (1999) medium unbiased estmand bootstrap
confidence interval.
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Using Hansen (1999) method, the inflation persitan higher for all countries but Brazil. Thisuks
was expected since OLS estimation of autoregresaivels are biased downward as expressed by
Hansen (1999) among others.

Figure 2.10: Inflation persistence in emerging magks and developed countries*

T T
United States

United Kingdom
Switzerland I
Sweden I

New Zealand I
Netherlands I
Japan I

Italy I

Germany I
France I
Canada I

Australia
Brazil #

Peru
Colombia

South Africa I
Turkey I
Poland I
Mexico I

Israel

Czech Republic

Chile

\
\
\
Hungary ‘
\
I
0

0,000 0,200 0,400 ,600 0,800 1,000

*The results for emerging markets are those frobieg&. The results from developed countries wetaeted
from Levin and Piger (2004), figure 2.

2.6 Final Remarks from Essay 2

This paper estimates inflation persistence for Brasing both aggregated and disaggregated data and
also estimates inflation persistence for other gngrcountries. The results can be summarized as
follows: inflation persistence in Brazil is largéyan in other emerging markets when traditional OLS
estimation is used. Using the median unbiased astm inflation persistence in Brazil is not
different from other countries.

Disaggregated inflation persistence is much lowantaggregated inflation persistence. Such results
hold for both the mean and median of disaggregetation persistence. Despite the large role for
lagged inflation in aggregated inflation dynamiogy estimates indicate that expected inflation play
major role in disaggregated inflation dynamics na#l.

Our results did not identify the sources of infiatipersistence. One of main difficulties in ideyitify
the sources of inflation persistence is the sim#éaels of autocorrelation in the variables we uasd
inflation determinants. The most persistent vagainl our study is inflation expectation but this
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variable is very persistent by construction (wedusdélation expectation for the next twelve months

on at quarterly frequency). In this paper we ditl aralyze carefully the existence of common factor
among disaggregated inflation data. One possilgaaation for the large persistence in aggregated
inflation in Brazil is the presence a common peesisfactor in disaggregated inflation. We consider
this possibility as a refinement of this paper.

In sum, our results points out that inflation pstesice in Brazil is larger than in other countihes
this result is not common to all methods we usdtkeré@ are still several questions that should be
addressed before calling inflation persistenceataar problem in Brazil.
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3 Interest Rate Convergence in Brazil: Country Risk Pemium,
Currency Premium and Limits to Arbitrage

3.1 Introduction

According to most macroeconomic textbooks, if theal interest rate is greater than the internationa
interest rate, capital would flow to the highereatst rate country until the difference goes t@zkr
practice this hardly happens. Despite some evidehdaterest rate convergence (or transmission)
among countries as pointed out in Frenkel, Schmudhel Serven (2004), interest rate differences
among countries remains in place for several y&ome possible explanations for this empirical fact
include greater probability of default among highaterest rate countries, expected currency
depreciation, market segmentation, and limits biti@age, among other explanations.

The concept of “limits to arbitrage” and also “riakbitrage” will be very important throughout the
paper. The plain vanilla example usually givenntraductory economics and finance textbooks of
arbitrage opportunities only exists in rare circtanses. For instance, the covered arbitrage operati
usually yields no gain as the forward exchangesratee priced according to the interest rate
differentiaf®. Schleifer and Vishny (1997) called “risk arbiteighe operations that are not exactly
risk-free. This includes for instance, investinghigh yield currencies like the Real. The textbooks
arbitrage is flawed in another aspect: funds abkdlgdor speculators are limited. Usually, fund
managers use other people’s money to engage inragwdbi operations. Several papers already
demonstrated that funding constraint is usuallyingid This funding constraint explains why some
prices deviated from fundamentals in the crisi@@®8 and also in other crises. An example of this i
Griffoli and Ranaldo (2011). Adrian and Shin (20H0 presents evidence of liquidity and funding
constraints on financial intermediaries positioning

The aim of the present paper is to study the reabehind the non-convergence of interest rate rates
in Brazil to levels observed in developed countrégsl even developing countries (for instance

Mexico, Chile, Colombia and Peru have had interass lower than 10% and sometimes lower than
5% for several years). The results are hardly ecmivk considering the ample scope of the paper.
However, we present some evidence of exchangearateo a lesser extent country risk as factors

behind the larger interest rate in Brazil. Anotlwentribution of this paper is to present a clear

presentation of the main investment opportunitégmrding the Brazilian fixed income market and the

existing risky arbitrage opportunities.

Another problem with this concept of “interest ratenvergence” is that in fact, there is not one
“interest rate” but several different rates in eaolintry. In this paper we will study short terntesa

most of the time but we will also study the dynasnif long term rates. In practice, short term rates
are less risky (considering volatility as a measafreisk) and is more used in arbitrage operations.
However, it is a conventional wisdom in Brazil tHateign investors represent a large fraction of
trades in long term bonds and also long term ister@te derivatives. Taking this into account, we

22 3ome authors present evidence that covered intareiirage was possible (forward price deviated frora interest rate
differential) during the crisis in 2008. However, ments like the final months of 2008 are an excapliiois interesting to
note that prices exceptionally deviating from fum@mtals by a large amount are one of the results®imodel in Schleifer
and Vishny (1997).
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study the impact of foreigners’ position in intdregte futures on the shape of the yield curveasd
two-year rates (long term for Brazilian standards).

Over the last few years, the Sharpe ratio of ceiages involving both long position in the BRLXUSD
(or simply BRL) exchange rate and a long (receiyasition in a local fixed income instrument (or
fixed income derivative like interest rate futdf@siave been high. As the local interest rate has be
higher than interest rates of other countriesnlan risk factor over the last years was exchaatg r
volatility. Our results indicate that even adjugtiior the high BRL volatility, carry trades invohg

the BRL yielded a positive risk adjusted gain. Wk examine FX volatility in the last section ofish
paper. Contrary to common statements made by tte |oress, the BRL is not the most volatile
exchange rate among the most traded currencieth yed currencies like ZAR, PLN and CZK
presented higher volatility over the last eightrge@lso contrary to local “conventional wisdomfigt
BRL did not present the largest “beta” among thestmegotiated currencies. Despite being among the
most volatile and highest beta currency, sevefraraturrencies are more volatile and present &iarg
beta. However, the BRL presented one off the ldargppreciation over the last years, particularly in
the first part of our sample (2004 to 2007). Intbgsis, the BRL presented a low beta and a large
alpha in the first part of our sample and a lowhaland large beta in the second part of our sample
(2008 to 2011). In any case, the Sharpe ratioropla strategies involving the BRL was large over th
entire sample period. The explanatory power of #isple APT model for the BRL is lower than
average, particularly in the first part of our sdenand the explanatory power of this model is highl
dependent on the currency in the denominator oFtheair.

We summarize our results as follows: a) there aversl indications of arbitrage operations invadvin
the BRL and local rates both by foreign and loogkestors; b) the returns of investing in the BRL +
local rate was positive on average and the Shatie was also large; ¢) the BRL volatility was the
most important risk factor over the last years seweral forms of interventions or restriction on
trading activity or investment positions also presd a risk; d) the volumes traded or invested by
foreign investors in one of the liquidity intereate markets was not sufficient to cause disceznibl
increases or decreases in local interest rates. Jdgper is organized as follow: in section 3.2 we
present a brief discussion of the literature relate this paper. In section 3.3 we discuss a simple
analysis of interest rate differences among coesitaind FX futures pricing and the evolution of spot
and forward BRL rates and presented some evidehqeositive carry trade returns for foreign
investors or local investors with long positionstie BRL (short USD). In section 3.4 we study a
foreign investor’s position on local interest ratstruments and its impacts on local rates. Inisect
3.5 we study country and currency risks faced bgigm investors investing in Brazil. Section 3.6
presents our conclusions for this chapter.

3.2 Brief Literature Review

In this section we briefly discuss some relevandigis on covered and uncovered interest rate parity
capital flows and the more recent theme of “caradé”. Most of the older research focused on
interest rate parity and capital flows as these wubjects are connected as mentioned in the
introduction: differences in interest rates leamls tcapital flow from the low interest rate countoy
the high interest rate country. Lately, the litarathas focused on so called “carry trade” activityis

2 When using interest rate futures, the equivalersitipn to a long position in a fixed income seuis a “receiver”
position. We may use this term in the following jgaigstead of “long” interest rate futures. Note tithese terms represent
the same position being the “receiver” the usuahi@mong market participants.
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recent literature has some differences with thes &0id 90’s literature as it clearly recognizes that
there are limits to arbitrage and, more importtr, arbitrage opportunities in investing in higblgi
countries are not “risk-free” as usually expressetéxtbooks. The risks arise not only from possibl
defaults (default risk or country risk are usualgognized in theory) but also from interest raid a
exchange rate volatility, decreasing liquidity, ke&rto market adjustments on positions and possible
redemptions of funds from clients, among others.

3.2.1 Covered and uncovered interest parity and curremsk premium

Frankel (1995) proposes several measures of fiahmtegration, including covered and uncovered
interest parity. The author’s results indicate tleal interest differences among countries caratgel
and persistent. Regarding the covered interestréiftial, the author’s results indicate that theme
differences too but he attributes it to a “coumgrgmium”.

Frankel et al. (2004) study the correlation/co-mmogat between short term interest rates in several
countries and conclude that changes in interegsrat industrial countries are transmitted to
developing countries. The impact is large everctamtries with floating exchange rate regimes. The
authors argue that the result is an indicationnédégration in financial markets, high correlation i
business cycles among different countries is afcatidn that rates in developing countries are
dependent on interest rates in developed or industuntries. The authors do not study the size of
the difference in local and international intenreges.

3.2.2 Capital Flows in the 90’s

Large capital inflows to Latin America is not newgmomenon. Several papers describe earlier
episodes of capital inflows to emerging marketsluding Latin America countries in the ‘80s, early
‘90s, and also late ‘90s. In many cases, the irdlave associated with both better economic prospect
in emerging markets, including structural refornmprovements in the Balance of Payments, etc.
Besides that, the situation in global financial ke#s and particularly in developed markets like US
played an important role in explaining the infloefscapital to emerging markets.

Diaz-Alejandro (1984) describes the external ciisithe early ‘80s. According to Diaz-Alejandroeth
“breakdown of international financial markets and abrupt change in conditions and rules for
international lending explains the severity of the crisis in Latin Armar in the early ‘80s. In this
case, the major form of capital inflows was extetoans particularly borrowed by local banks instea
of the portfolio inflows predominant in later episs of capital flows. As the author argues, the
tightening affected all countries in a similar manmlespite the efforts made in terms of structural
reforms or external positions. The importance d@émal condition was large also as the sourceef th
inflows: the end of financial repression in the WShe late ‘70s explains why several countries in
Latin America (Latam), particularly Chile and Argera according to Diaz-Alejandro, were able to
receive massive lending from international investor

Calvo, Leiderman and Reinhart (1993) analysesatgelcapital inflows into Latin America countries
in the early ‘90s. Several characteristics of #pgsode resemble the more recent episodes including
lower yields on external debt (lower risk premiupeychange rate appreciation, and also exchange
rate intervention by major central banks in thaoegstock market appreciation, etc. Also in thase,

the differences in macroeconomic performance weteardriver of these flows. As Calvo et al (1994)
describe it, tapital is returning to Latin American countries spite wide differences in
macroeconomic policies and economic performancesxcthe regioh Calvo et al (1994) construct

principal components from two sets of data fromltatin American countries: real exchange rate and
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foreign reserves. The first and second componedisia a large portion of the variance of these two
variables in these ten countries. The author atebthis result to the fact that “external factovere

the main source of capital inflows. The real exgeappreciation is a consequence of these flows and
the accumulation of international reserves is aeqoence of the policy response in these coufitries

3.2.3 “Carry-trade” and capital flows in the last decade

The recent literature has focused on the themewoj-trades: inventing in high yield (high interest
rate) currencies with money borrowed from low yieldrencies. Note that this strategy assumes from
the beginning that it is possible to earn positierirns investing in high interest rate countrieshw
funds obtained from countries with low interesieratFrankel (2007) notes that capital flows in the
‘90s were also associated with the name “carryetrdmit, at the time the nomenclature was more
common among market participants. In the last jigars several studies were released with a better
explanation of the operation, including its riskéso, the very low interest rate in US in the lgsars
(summing to the already low interest rate in Jaguash Switzerland) appear to have contributed to the
increase in carry-trade operations and consequéatithe increase in empirical research on this
subject.

Clarida, Davis, and Pedersen (2009) show that d¢eades returns are negatively related to exchange
rate volatility. In particular, the authors shovatlfor a large number of currencies, high interat is
associated with appreciating currencies. While ionmants of high exchange rate volatility the
expected result based on uncovered interest ratg peses: high interest rate currencies deptecia

Brunnermeyer, Nagel, and Pedersen (2009) showthbategative return in high volatility regimes in
carry trades is associated with funding liquiditdacrash risk in these investments. This resuh is
line with the findings of Ranaldo and Soderlind @R some currencies, like the Japanese Yen and
Swiss Franc tend to appreciate in moments of higihange rate volatility and also moments of low
liquidity in financial markets.

Both Brunnermeyer et al (2009) and Clarida et D@ call attention to the asymmetric distribution
of exchange rate variation in many countries. Thigracteristic of FX returns is related to episanfes
carry-trade “unwind” according to these authorsisToint is also made by Frankel (2007). The
common explanation to this fact is the leverageeatff similar to the already well-documented
asymmetric distribution of equity return: due tedeaged positions, investors may be forced to *stop
long positions in assets when the value of thigtafsdls. When the asset price rises, investorh wit
long position are not forced to “stop the gain”.

Burnside, Eichenbaum, Kleshchelsky, and Rebelo {P&how that carry trade strategies yield a
positive return on average. This return is uncateel with common risk factors observed in other
financial instruments like equity.

24 Brazil is part of these 10 countries together wMtyentina, Bolivia, Chile, Colombia, Ecuador, Mexiéteru, Uruguay
and Venezuela. The accumulation of internationaérees in the early 90’s was important in Brazilitdselped to introduce
the fixed exchange rate in the first years of tealRlan.
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3.3 Spot and forward exchange rates and interest rategoity relations

3.3.1 Foreign and local interest rates: the covered andaovered interest parity
Uncovered interest parity states that local inten@®s,i , must be equal to international interest rates,
i", plus expected exchange rate variatidhAs,,. This statement is based on simple arbitrage

operations: let§ be exchange rate measured in REAL/@%E[D]dit the local interest rate (Certificado
de Deposito Interbancéario — CDI; local interbarﬂe)ranndi: the US interest rate (T-Bills for instance).
Then, a US investor would borrow $1 and b8y Reais and eart§ (1+ | ) after one period. The
amount is than converted in USD to g&:1+ )/ S,,. The amount should be equal to the cost

incurred by the American investdk+ i: . This is usually stated as a simple equation:
SA+ /8. =1+ (3.1)

This is the ex-post result of the arbitrage operatrThis is not a risk-free operation: at the atitin of
the operation the investor knows the interestirat®th local and foreign marketg (andit* ) and also

knows the spot exchange rafg,. But he cannot be sure about the exchange ratatatity (or “exit”

exchange rateS,,). Several authors like Clarida et al (2009) andrBermeyer and Pedersen (2009)

have argued that carry trades increase in momémdsvovolatility in exchange rates. This resultas
consequence of the risks associated in investirnggim yield countries like Brazil. A possible way t
diminish the risks is to make “covered arbitragsihg exchange rate forward contracts. As we discuss
the latter, this is not such a clear source oftetye opportunity as many would argue: the exchange
rate forwards are usually priced using the interest differential, eliminating any gain in the
operation.

The uncovered interest parity is usually statedhiepns of expectations:
SA+{)/ES, =1+ (3.2)
Where E, §,, is the expectation at time t for the exchange aitéme t+1.

The covered interest parity differs from the uneedeparity only as the investor does not assume the
risk of variations in the exchange rate, insteabines the forward exchange rate

SA+{)/ R =1+ (3.3)

As we already know, the local interest rate wahdighan the foreign interest rate in the last year
1+i>1+i". So, for this relation to hold, we need §)/ E $,, <1, or b)§ / F,, <1. These two
inequalities do not represent the same relatiofa)nt is implicit that the local currency (the &én

our example) is expected to depreciate. In (k3 inplicit that the Real trades at a forward distdo
the USD (or the USD trades at a forward premiumelation to the Real).

25 Since our interest in on the evolution of Braziliaterest rates and exchanges rates, we will algoBrazilian convention
in our illustrations.
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We show in the next sections that a) investorsnditl expect a depreciation of the Brazilian Real
during all the period analyzed and b) the Realesaat a forward discount relative to the US dollar.

The forward discount arises as a non-arbitrage itondused to price exchange rate forward
contracts:

Foa =S+ D/A+) (3.4)
F..1 § are expressed in local currency peit of the foreign currency (LC/F(

This is the standard formula for pricing FX futures forwards and used in practice by market
participants.

In Brazil, the foreign interest rate used in preetio price exchange rate future contracts isdbal |l
interest rate denominated in USD, the so calleghdou cambial”. The name arises from the fact that
foreign currency denominated local bonds or cotdrace settled in Reais. Therefore, this kind of
bond more precisely pays the exchange rate vamigilas an interest rate or yield. The “cupom
cambial” is this extra payment embedded in dollanamminated local bonds or contracts. The
mechanics of this derivative is similar to a flogtirate FX swap (local currency floating rate and
foreign currency fixed rate, the swap rate). Wel@rythis further in the next sub-section.

3.3.2 Foreign and local interest rates: the foreign cumey denominated local bonds

Several emerging countries issue bonds denominatgdreign currency, mainly in USD. This
phenomenon is usually described as “original simdny emerging markets are not able to issue debt
in their own currency. The existence of foreign @mmated debt traded in the local market is also
useful to study interest convergence.

In Brazil, bonds denominated in USD were issueddeveral years by the Brazilian government
(including the Brazilian Central Bank and the Blian Treasury). The amount of this kind was large
in the period of fixed exchange rate regime as stors were concerned about possible currency
devaluation. The amount was also high in the fiestrs of the floating rate regime.

More recently the Brazilian government has issuetdenmnflation-linked bonds and also zero coupon
bonds. Despite this change in the composition cdizBian government debt, the local bourse,
BMF&Bovespa, developed interest rate derivativethwlie same characteristics of foreign currency
denominated local bonds. The contract, called pBAYs an interest rate (calledpom cambiglplus
the variation in the BRL/USD exchange rate. In reathtical terms, the total return of this contract
can be written as:

Total return of dollar denominated debt instrumeﬁ& AS (3:5)

The interest raté; is thecupom cambiabr the local interest rate in USD. The conventi@x@ression
for the forward rate using local variables is then:

Fo=S@+()/@A+1) (3.6)

Note that in this case the arbitrage is less r@kypared to investing in the local denominated .debt
As already mentioned works like Clarida et al. @08nd Brunnermeyer et al (2009) show that FX
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volatility is one of the most important determinatcarry trade results. By eliminating the FXkris
the dollar denominated local bonds offer a leskyriarbitrage operation than the local rate debt
instrument. At this point, it is also important treention that all the operation mentioned above are
“risky” arbitrage operations. The concept of riskd arbitrage operations or risk-free arbitrage
opportunities is almost inexistent in practfce

3.3.3 The forward premium puzzle in Brazil: early evidemof positive carry trade returns

The forward premium in different countries had begdely studied in the last years. In Brazil, some
studies on this subject are Chrity, Garcia and Medg2006) and Garcia and Lowenkron (2006). In
both cases, the authors show that forward FX precesa bad predictor of future values of the spot
rate.

In practice, spot and forward exchange rates movandem, especially short term forward rates (in
Brazil, forward rates expire monthly making the rsbst term for forward rate always less than one
month). However, the difference between spot amivdod rates usually do not provide good
information about the expected path for spot exghamates. This empirical evidence dates back to
Fama (1984). Note that the forward premium puzziplies positive carry trade returns: if the high
yield currency does not depreciate as predictetthéyincovered interest rate parity, there is atipesi
carry gain if the investor borrows in the low yialdrrency and invest the proceeds in the high yield
currency. This implication had not been stresseddsly studies on the forward premium but has been
pointed out in recent studies on carry trades.

As one can see in fig.1, the spot and forward rateBRL/USD moved very much close each other
over the last years. A simple regression of thenfor

Sa = 0’+ﬁ ft,t+1+ &1 (3'7)

Would lead to values af close to zero an@ close to unity (we use lower case letters to deitiog
natural logarithm of variables). However, this @& the best way to infer the accuracy of forwatésa
as a predictor of future spot rates. The usual temjuases the variation in spot rates and the fodwa
premium or discount:

§+1_$=A$+1=a+18( I,t+1_ §)+ @1 (38)

In this case the results are very poor and somstiime estimated beta coefficients are even wrongly
signed. This result is often called “forward premipuzzle”. The variabl€ f,,,, —s)is the forward

premium for the currency in the numerator (forweistount for the currency in the denominator, i.e.,
the BRL usually trade at a discount to the USDsaslly f, ., > §).

Estimating equation (3.8) using monthly data fram-4 to dec-11 leads to the following result:

% For further discussion of this point see Schle#ied Vishny (1997). Considering that most arbitraggortunities are
“risky investments”, the Sharpe ratio has been usedvaluate the attractiveness of these oppoiasit

71



As,, =-0,0022 - 0,2927{,,~ s } e, (3.8)

(0,0123) (1,4420)

0,=0,0452 R= 0,0004

This result is in line with the literature on therward premium as th coefficient iswrong signed
considering the expectation hypothesis for forwatts. Note however that the coefficients are not
significant. This result is different from thosepoeted by Chrity et al (2006) who finds the postiv
and significant value for bet@+$0,33(0,14)] for the period dec-95 to dec-98.

Fig. 3.1: Spot and forward exchange rate
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Notes: the data were provided by Bloomberg. The falwate is the generic first contract.

The weak relation between the forward discountrenBRL/USD exchange rate and spot exchange
rate variation can be seen using a graphical depicf these two variables as in the figure 3.2e T
plot of exchange rate variation with expected erdearate variation does not present a clear pattern
between these two variables as well (fig. 3.2ak0Alno clear pattern emerges when we use the
forward premium and future spot rate variation. wes show in the next pages, the forward rate is
closely related to the interest rate differentgkaplained in section 3.3. The BRL traded at wéod
discount to the USD in every month in our sampleasbe seen in fig. 3.2a and 32b

Expression (1.6) is based on the notion that fadwates are based on expected future spot rates. On
the other hand, we showed in the third sectionhif paper that the non-arbitrage condition for
forward rates implies that the forward premiumekated to the interest rate differential as:

27 Chrity et al (2006) present evidence that thisgmattwas also present in previous years.
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ft,t+1 =% It - itD+q (3.9)

ft,t+1 3= It - itD+q (3.9)

The relation is not so widely studied as an equat®7) or (3.8) but is widely used as a reliapilit
check in empirical works using forward rates. Budtaset al (2011) for instance rank interest rate
differentials by the forward premium in their enipéd investigation of carry trade returns. We
estimate this equation using both the libor ratthaseference USD rate as in equation (3.4) arid wi
thecupom cambiahs the reference rate in USD (eq. 3.6). Notewlsare using log variables in (3.9).

Fig. 3.2a: Forward discount & expec. FX variation if. 3.2b: Forward discount & spot FX variation
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Notes: the data were provided by Bloomberg. Expeetathange rate variation (appreciation or depreaal was
provided by the Brazilian Central Bank through Fo&usvey.

The unit root tests for the forward premium anderest rate differences are presented in the
Appendix. There is indication that all variableyé&a unit root. For the forward premium the presenc
of a unit root is less clear. The ADF test rejebts unit root hypothesis at the 5% level the KPS t
reject the hypothesis of stationarity at the 5%leWe will treat all variables are non-stationand
estimate (3.9) using both OLS and error-correctimaels.

Fig. 3.3: Forward discount & Interest rate differetral
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Notes: “CC Factor” is the interest rate differentiabing the cupom cambial as the USD rate as in eqna3i6.
The “Libor Factor” is the interest rate differeri using the libor rate as the USD rate as in edquaB.4.
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The results of our estimation for equation (3.9 presented in the table 1a. The results inditete t
both Libor andcupom cambiabare good explanatory variables for the forwardrpoen, as expected.
In both cases, the coefficient is very close to.dFtee R is larger in the model with theupom
cambialas an explanatory variable and the coefficieriaser to one is this case, indicating a better
fit of this variable. This is in line with markeagicipants’ indications.

We also estimated the model using an error-comedtirmulation. The unit root test indicated the
presence of unit root in the interest rate difféeds and was inconclusive in the forward premium
variable and we will treat all variables as I(1h€eTcointegration test indicates the presence of one
cointegration relation between the forward premamd the interest rate differenc&®Q Factor and
Libor Factor) as expected.

Table 3.1a: OLS specification for the forward diseot (f,,,,~s =a+@i-i)+e)

Model 1 Model 2
Constant 0.00013 20,0018
(0, 0051) (0, 00076y
CC Factor 0,995 #**
(0,0615)
Libor Factor 11580 **=*
(0,0874)
T 0.00168 0,00192
R? adusted 0.7310 0.6478

Notes: “CC Factor” is the interest rate differentiabing the cupom cambial as the USD rate as in eqonadi6.
The “Libor Factor” is the interest rate differentiaising the libor rate as the USD rate as in eqoatB.4. In both
estimations, the dependent variable is the forwgisgount, fs, as in 3.9'. All variables are expressed in petcen
per month. Standard deviation inside the parenthesi

Table 3.1b: Error-correction model for the forwardiscount (f,,,,~s =a+@i —i))+¢)

Model 1 Model 2
Error-correction relation Error-correction relation
bis cef c bis liborf €
1 -0.9652 -0,000033 1 -1.1053 0.00147
(0.07%) (0.0987)
Lagzed error-correction deviation Laggzed error-correction deviation
his ccf bis liborf
-0.8302 -0,0373 -0.8032 -0,0381
(0,1559) (0,0820) (0,1331) (0,0270)

Notes: “CC Factor” is the interest rate differentiabimg the cupom cambial as the USD rate as in equadi6. The
“Libor Factor” is the interest rate differential usg the libor rate as the USD rate as in equatiod.3n both
estimations, the dependent variable is the forwasdaiint, fs, as in 3.9". All variables are expressed in petqaer
month. Standard deviation inside the parenthesis.

74



The summary of error correction formulation is prged in table 3.1b. The results are not materially
different from the OLS estimation. It is importat mention that in both estimations the deviation
from the cointegration relation is significant fitwe dynamics of the forward premium but not for the
interest rate difference. This is an indicatiort tie forward premium or exchange rate adjustfieo t
interest rate movements but not the opposite. \&& this result with caution since this could adse

a result of measuring errors in variables, paréidylin the forward premium.

A possible drawback of this estimation is that thevard premium is not exogenous to itigom
cambial rate. These two variables can be both endogensubeamarket focupom cambialate
adjusts to movements in the forward premium anddheard premium could also adjust to changes
in the cupom cambiallndeed, as the market for forward USDBRL excharade is larger than the
market forcupom cambialit is probably more accurate to say that the fwdapremium is exogenous
to thecupom cambiabut not the opposite.

3.3.4 Final remarks

This section presented empirical evidence on sceng @lementary results of interest rate paritystest
and forward exchange rate determination. Our redotiicate that forward exchange rates are not
good predictors of future spot rates and that fodwates are priced according to the interest rate
differential (covered interest parity). This is iamport result for our main question (why interestess

in Brazil do not converge to international levals)it indicates that there are not risk-free investts
opportunities involving Brazilian assets like deidas from the covered interest parity. Investors
aiming at benefiting from the high interest rateyimnment in Brazil must bear some risk, mainly
from exchange rate variation.

3.4 Risky arbitrage: carry-trades and factor models ofexchange rates

The most common form of risky arbitrage with instreates in different countries is so called “carry
trade”. In this operation, investors go “long” igh-yield currencies and “short” low-yield curreesi
Contrary to the covered interest parity, in thiedkiof operation the investors do not hedge the
exposure by selling exchange rate forwards. As veationed, since forward contracts are priced
taking into consideration the interest rate diffee selling forward contracts would eliminate the
gain related to the interest rate differential.

Several authors show that “carry trade” strategmserated positive returns in the last years. Among
others, studies on carry—trade include Burnsidd €2011). But this result is implicit to the “foard
exchange bias” documented as earlier as in the T#s forward bias or forward puzzle is originated
from the hypothesis that forward exchange ratesildhiodicate expected future spot exchange rates:
if a forward exchange rate is being traded at eadist, it is expected that the spot rate will defarte

in the future. In practice, what happens is tha #xchange rate trading at a discount usually
appreciates. As we mentioned earlier, currenciastthde at a discount are those where local isitere
rates are higher.

The well-documented “forward puzzle” indicates thmgh-yield currencies do not depreciate on
average. If the spot rate does not depreciate lamdotal interest rate is higher, there is a pasiti
carry return from investments in the so-called hjghd currencies.

So, if there is a positive return, why does thernest rate not fall to a point where the positiveess
return is canceled? There are several possibl@aeatibns for this. The most common relates the risk
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return relationship in this kind of operation. Somehors, like Lyons (2001), argue that the Sharpe
ratio on carry trades may be low, diminishing tippetite for this operation. Another explanation is
that there are several kinds of investors in tharfcial market with different demand motives ralate
to the same asset. There are also different steateglated to the same asset. For instance, $evera
asset managers have offered both “yield” investmdike the ones related to carry trades and
“momentum” stile investments based on short-terst peturns of a given currency.

Historically, interest rates presented low volgtjliespecially short-term rates. On the other hand,
exchange may exhibit large swings. Indeed, excheetgevolatility has been widely studied in the las
years. As a consequence, the main risk relatedny trades relies on exchange rate volatility.sThi
result is well documented in Clarida et all (2008)this section we study the characteristics ahbo
risk and return from carry trades involving the BRom the point of view of foreign investors. In
section 5 we study arbitrage operations from thetpis view of local investors.

3.4.1 The Carry-Trade and the Sharpe ratio

The following equations showed in this section tedlaspot and forward exchange rates and also
interest rate differences. These are mathemabcaiulas used to price forward rates that will bedus

in the next sections. Another important concept Witk be used in the next sections is the caragdé
and another important concept is the Sharpe ratie. Sharpe ratio is widely used to analyze risky
investments carry trades.

The basic idea of carry-trades is to buy forwarchexge rates in countries with high interest rates
fund the investment with short positions in curiesawvith low interest rates. The carry-trade payoff
can be expressed as:

yt[(1+ 02— -, )} o0
S

Where:

y _{+1 if i, <i’ (3.11)

- i i, i

This strategy can also be constructed using thediar premium as a reference instead of looking at
interest rate differences spot exchange ratesidrcase, the strategy consists of selling curesnitiat

are at a forward premiumk, >§ . This is a simpler way to look at currencies tbier a larger

interest rate assuming that the covered interegly gelds (equation (3.9)). Just to make the stygt
clear for now, let us look at the Brazilian ReaR{B example. The interest rate in Brazil is amdmg t
highest in the world and the Real trades at a discto the US Dollar most of the time. In this gase

F.>S. A simple carry-trade strategy in this case wobddto buy sell forward contracts on the

USD/BRL exchange rate contract. The investor véll this contract bysF, and expiration its value
will be $S;. In simple terms, the payoff is positive when ylowy a currency that is trading at a
discount and this currency do not depreciate upeanaturity of the contract. In the case of thalRe
the forward currency traded at a discount ovelldbefew years (the USD traded a premium) but the
Real indeed appreciated in this same time periodaSimple strategy of selling forward USD/BRL
contracts would produce positive payoffs.
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Several authors like Burnside et all (2011), Lustigll (2011) and Verdelhan (2012) form portfolios
of currencies based on their forward premium froum highest to the lowest. A typical strategy is to
form 6 portfolios and form long position in the golio with the largest discount and short the
portfolio with the largest premium. We will use tata provided by Verdelhan (2012) since it is the
most recent study. But the payoffs provided by éhmsthors are very similar.

The Sharpe ratio is then used to address the tateraess of carry trade investments. The variabke h
been measured and used both by academics like iBeresall (2011) and also by market participants
as expressed by Lyons (2001). The Sharpe raticeessured as the excess return from an investment
divided by the standard deviation of returns. Tiamdard deviation is a usual measure of risk fgr an
investment following the CAPM.

Sharpe Ratio R - i)/ g, (3.12)

Where R is the total return from a risky investmeit; is the risk free rate and; is the standard
deviation of returns.

3.4.2 Risk and return in carry trades with Brazilian aste

The main difficulty in calculating “theoretical” @tpe ratios refers to the interest rate instrument
being used. We will assume an investor borrowsiawnests in one month Libor rate and one month
CDI rate respectively. Some authors use 3 mont#sriatit this makes little difference since most of
the variation in returns comes from variationsalenge rates. At this point it is important torifia

the sources of risk and return: in a typical camde, investors expect to earn the interest rate
differential (main source of gain) but the risktbfs operation lies mainly in the exchange variatio
Consider for example the result from a carry trad the characteristics given above: if the one
month rate is “contracted” at both the long andrshigle of the operation there is no interest resle
when the operation is carried up to maturity. AB®the money is borrowed from short term rates, th
variation in these rates during the “life” of thentract tend to be small (variations in these reges
also a source of risk if the investor expects tselthe operation before the maturity of thesaéste
rate contracts, but the risk is lower than the as&ociated with exchange rate variations).

On the other hand, the exchange rate variatiorstemfluctuate during the life of the operationisTh
is the main risk for the carry trade. Several arghghow that carry trades results are positive in
moments of low volatility in exchange rates. Takihg perspective of US investor investing in Brazil

it is easy to understand the sources of risk andirén a carry trade operation. L&t be the exchange
rate between US dollars and Brazilian Real andilée the interest rate in Brazil (high yield
currency). The gross return at tifieon the long position of the carry trade will &1+ i)' / S .

The gross return on the short position will fetiy)'. Where S, i, i, denotes variables at the
initiation of the operation.

Since we know Brazil is the “high yield” currencye havei, >i;. The return to the foreigner

investor will be exactly this interest rate diffetial if the currency does not appreciate or deptec
betweent andT (i.e., $=Sy). If the Real appreciates, the gain for the forergnvestor will be even

greater than the interest rate differential§9 § >1. On the other hand, the return will be lower
when the Real depreciates. This simple example sltbat even investors aiming at only benefiting
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from higher interest rate in Brazil would care abobe movements in exchange rate. Market
participants sometimes call these strategies a®fiie strategies” since the main expected source of
return is the interest rate differential. As a fesi this, inflows to high yield currencies tena be
higher in moments of low exchange rate volatility.

An important characteristic of currencies subjectdrry trades as the “yield currency” is its vaoia
asymmetry: these currencies may suffer from laeyensals of carry trade operations or “unwind” of
carry trades, resulting in relatively fast excharafe depreciations as investors sell the yieldenay

and buy back the “funding currency”. The asymmatrgxchange rate variation is usually explained
as a result of levered investors and risk manageridémen the position is yielding a gain, therers “
need to hurry” but when the position starts, ildsea loss of a certain amount, a stop-loss oragsr m
be given by the investor. If the order is large w@gioto depreciate the assent even more, this may
trigger stop-loss orders from other investors.

In the figure bellow we present rolling 21 daysuras on the BRL as a yield currency and the USD as
a funding currency (we will refer to this singler@ncy carry trade strategy BRL Strategy The
returns are positive on average (+1,4), but higihtyatile and subject to large negative returns
eventually. As already described, most of the Wldlain returns arise as a result of exchange rate
variation. We construct this example using spoharge rate without adjusting for bid and ask spread
and one month rate as a measure of interest razest rates are originally presented as anntes ra
and they were converted into daily rates usingad#y basis.

In order to make our example more comparable witterostudies with construct monthly returns
using one month rates (CDI in Brazil and Libor @8) together with one month spot exchange rate
variation and also present results from two cuiyefunds: Deutsche Harvest G10 Index from
Deutsche Bank and UBS V24 Carry Index from UBSngghese funds as benchmark, the return and
Sharpe Ratio on the BRL Strategy is much gredterahnualized return from 2004 to 2011 is close to
21% on the BRL and 7% and 2% on Deutsche and UB&otively. The Sharpe Ratio on the BRL is
1,37 and 0,99 and 0,21 on the Deutsche and UB&cteply. The returns and Sharpe Ratio we
calculated for these two funds match the numbersgmted in marketing materials provided by these

banks and discard miscalculation as a possibleaeatibn for the large difference in returns and
Sharpe Ratios.

Fig. 3.4a: 1m rolling “BRL" carry trade return* Fig.3.4b: “BRL" carry trade return decomposition
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A possible explanation for these differences wdiddon bid and ask spread and trading costs that
were not included in our BRL Strategy index. Padies Burnside et al (2011), Menkhoff et al
(2011), Lyons (2001) among others present resoittsdrry trade strategies both with and without bid
and ask spreads. In their results, the reductiaetiirns attributable to bid and ask spreads isllysu
smaller than 1% and the increase in volatility lisse to 1% both at an annual basis. Using these
values as a reference, the Sharpe Ratio on theRRitegy would be close to 1,2, still larger thaa t
ones observed in the funds we are using as benkhmar

In a 2007 study on carry tradgsGoldman Sachs presented results based on sinhudatey trade
strategies similar to the ones we are using andasito the strategies from the funds we are taliag
benchmark. In their study, allowing for emergingrkes currencies in the portfolio increases both the
return and Sharpe Ratio: the average annual réguti8% from 1987 to 2006 for the G10 portfolios
and 16,7% for the Global portfolio (includes emaggimarkets). The Sharpe Ratio is close to 2,0 in
the Global portfolio and 1,6 in the G10 portfolidhe results are in line with the conventional wisdo
about large returns in emerging markets.

If we break our sample in two parts, from 2004 @2 and from 2008 to 2011 the results are a little
bit different. Both the returns on BRL Strategy dhd funds are larger in the first half of the skmp
28%, 15% and 6% for BRL, Deutsche and UBS respalgtiihe Sharpe Ratio is also larger: 2,2 for
the BRL and 2,3 and 0,8 for Deutsche and UBS réispede These values are also close to the ones
presented by Goldman Sachs for the period 2008@6.2The values presented by Goldman Sachs are
also close to the ones reported by Burnside &MIQ).

Fig. 3.5a: Carry-trade index Fig. 3.5b: Carry-tradé month rolling return
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Notes: the data for DB and UBS carry trade index ar@vided by Bloomberg. The “BRL” index was simuthtssing
the BRL/USD exchange rate and the local (CDI) amdifm (Libor) interest rate.

These results indicate that the BRL or carry tradeslving the BRL offered investors a positive
return and in many cases greater than those olisean&rategies involving currencies in developed
countries. The Sharpe Ratio is also greater irBRe Strategy. The result is also an indicationiaf t
attractiveness of the BRL as an investment: its¢éaamdard result in finance that diversificatioalgs

to better risk-return trade-offs. The Sharpe Ratiothe simple BRL Strategy described above was
close to or higher than the ratios in diversifieutfolios.

2 Can the Carry Trade Carry On? Global Economics Rapel56. The sample period is 1987 to 2006.
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3.4.3 Exchange rate risk premium and the “Dollar factor”

According to the conventional theory, exchangesratee expected to depreciate in countries with
higher interest rates. This means that the intewst differential is a compensation for expected
exchange rate depreciation and on average therk Wweuno gain in investing in high yield countries
(this is the notion of uncovered interest paritWe already presented evidence that this is not
corroborated by the data. On average, exchangs agereciated in countries with higher interest
rates: this is another way to express the forwaaha&nge premium anomaly discussed in section 3.3
and the negativ@ usually estimated in empirical works.

The fact that investing in high interest rate caestyields a gain on average does not mean tlas is
risk free operation. Exchange rates in high yieldencies tend to be more volatile and also present
positive skewness (Brunermeyer et all, 2009), nmegtiiat a large depreciation is more probable than
a large appreciation. These facts together canirbplys stated as: investing in high interest rate
countries leads to a gain on average at the cobtioly exposed to large losses eventually. In the
picture bellow we plot together volatility and skeegs of monthly exchange rate variation from jan-
04 to dec-11. The picture illustrates the positogrelation between volatility and skewness in
exchange rate data.

Past studies of the exchange rate risk premiumraziBas Garcia and Olivares (2001) relied on
statistical approaches to extract expected depi@tifrom financial instruments in a time of fixed
exchange rate regime. Since Brazil had a floatixgh@nge rate in our sample, this approach is not
possible here. We will rely on some measures okebtgal depreciation but we attributed most of the
risk in exchange rate to its volatility and skewsyadsvo measures that are completely unimportant in
the period of fixed exchange rate.

The Sharpe ratio described in section 3.4.1 is wtewaut together these two concepts: average gain
and average risk. The Sharpe ratio however doetaketinto account the skewness or downside risk
of the investment. As one can see in fig. 3.6a,sttevness of the BRL is among the largest in our
sample currencies. Brunnermeyer et all (2009) pteiselications that large positive skewness is an
indication of net long position from speculators: iavestors unwind the carry trade, the currency
being disinvested by these speculators suffer@$o&tepreciation) that can trigger “stop loss” osde
from other investors leading to further depreciatidhe spiral effect does not happen when the
position is yielding gain since there is no impiasitof “stop gain” in most institutions. The staps$
order can be a consequence and exigency of thenaslagement setting of the institution.

Fig. 3.6a: FX volatility and skewness Fig. 3.6b: P0latility and short term rates
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Another form to express exchange rate volatilitysystematic and unsystematic volatility using a
market model. The concept of “beta” on exchangesraas been widely used by market participants
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despite no clear explanation about what is theaggibry variable. Some candidates are measures of
market risk appetite on risky assets like equitiebonds, the dollar index or other measures eetiac
from exchange rates. We estimated the model with dvgtinct measures of “market factor”: the
median from our sample currencies and the prin@paiponent extracted from our sample currencies.

Let X be the market factor ang;,, the return (variation of spot exchange rate) afhexge rate.

Using these variables we can run a simple markelehfor each exchange rate:
Vi, =a+Bx+y, (3.13)

At this point one would wonder why this could befus. A well know result form market models like

(3.13) is that the variance of returng, , can be decomposed into market factors and inciwse

“currency specific” factors:
2 = 3252 2 3.14
UYi _‘6, O-X +0-L| ( )

This decomposition can be used to indicate if #igd volatility of the BRL is due to country spécif
factors @) or “leverage” B) on the market factor.

In the CAPM model, the, is a proxy for the market portfolio. In the FX nebdthere are some proxies
for % as the DXY index (also known as US dollar indem)l ahe TWI (trade weighted US dollar
index). The disadvantage of using these indexésaisthey are based on a small group of currencies
and give a large weight to an even smaller grouguafencies. The DXY is a weighted average of the
EUR (58%), GBP (12%), JPY (14%), CHF (4%), CAD (986)d SEK (9%). The TWI includes the
AUD (4%) and the weights are better distributed thus index is heavily weighted on just two
currencies, EUR (37%) and CAD (30%) due to largammerce with US.

We use a large set of currencies to extraetsing both principal components methods and sample
median. Our sample currencies are listed belove Jdmple is based on countries with a floating
exchange rate regime and also currencies that ghaimportant role in international FX market.
Among the most traded currencies, we do not inciiigeCNY since China uses a fixed or strictly
managed exchange rate regime. The median and gaincomponent proxy calculated from our
sample of currencies yielded very similar result® two sequences have a correlation above 0,98.
The result is very similar if we normalize the eanbe rate variable or not. The main difference
between the two variables (median and principal gmment) is the large volatility of the principal
component sequence. This is a result of the lakgéght attributed to more volatile sequences in the
principal component method vis-a-vis the simple imedThe results presented bellow are based on

the median FX variation as a proxy far(x = mediarf y;)). If we use the principal component

extractedx, the result is qualitatively the same (currenciggh the highest/lowest betas and
highest/lowest Rare in the same position using any measunrg)oThef values are different: since
the principal component method yields a more a@aequence fox, the b using this variable is
lower for anyy;.

The figure and table bellow summarize the resdlte beta for the BRL is above one and above
average as expected but the value is not in thguaptile. Other currencies like the Hungarian iflor

2 This is result arise assumi@V(X,u)= 0.
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(HUF) and the Polish Zloty (PLN) present a largading into the common factor than the BRL.
Also, the Australian and New Zealand dollar (NZDggent a larger beta than the BRL. The results
also present evidence of the influence of fundaaiemind risk factors on betas: commodity currencies
like the BRL, AUD, NZD and even NOK present lardgpetas than average. The betas are also larger
at low rated currencies like HUF, PLN, CZK and TRYese countries also have larger interest rates.

The residuals of these models are not homoced#éséicadherence of the data to the model is better
during the second part of the sample. The resdtaat change significantly if we use the sterling
pound as a base currency: since the US dollar deped against most currencies during the last
years, some critics would argue that our resultalccandicate only sensitivity to US dollar
depreciation instead of a market model. A possiteension of our estimation would be to include
other variables like commodity index and measufasarket risk premium on fixed income securities
as explanatory variables.

The result for the BRL also indicates a low exptanapower of this model considering the high
value of the beta coefficient. Theé Rr the BRL is among the lowest in the sample. Tésult may
arise as a consequence of FX interventions duhiagriost part of our sample and also as a result of
the transformations the country suffered in theé yasrs, particularly in the first part of our sdep
The BRL suffered a large depreciation in 2002 dedréversal of this depreciation took long to occur
as investors were cautious about the new governiherimg the first years of its mandate (2003-
2006).

A possible refinement of our results would be tgidk the sample into two or more parts and
investigate the stability of the beta coefficientbe table with estimated coefficients is preserited
the appendix. The results indicate that large beteencies in the first part of the sample are ksge
beta currencies in the second part of the samipdegtoup of commodity currencies like ZAR, AUD
and NZD and high risk currencies like PLN, CZK, HdRd TRY are among the largest beta in both
parts of the sample. The explanatory power of simgple model is larger in the in the second half of
the sample. This result could arise due to morespcead use of this idea among market participants
after some years of “learning” or due to the largelatility in the second part of the sample and
particularly global shocks that could have affeatambt currencies in a similar way. For instance, th
second part of the sample includes both the sulepeimis and the Euro Zone crisis.

Table 3.2: FX beta model (USD) Fig. 3.7: FX beta del (USD)
Currency  Beta R’ Currency  Beta R 100% g
HUF 1778 71.4% CHF 1101 57.3% o0%
PLN 1772 76.6% MXN 108 64.5% o
AUD 1644  84.2% CLP 09625 41.4% 80%
NZD 15635  66.9% CAD 0947  58.1%
ZAR 15495  53.6% IDR 09112  46.9% 0%
SEK 1439 76.1% GBP 0.905  54.4% 0% |
czK 1427 66.6% IS 07289  42.6%
BRL 1331 54.1% SGD  0.685  79.3% 50%
NOK 1299  73.8% MYR 05577  62.5%
KRW 1295  69.2% TWD 0513  55.0% 0%
TRY 1244 48.0% PHP 046  33.5% 0% |
EUR 1121 785% THB 04518  41.2% B
DKK 11347  72.6% JPY 0.028 -1.0% 20% ' '

0,00 0,20 0,40 0,60 0,80 1,00 1,20 1,40 1,60 1,80 2,00

Notes: data provided by Bloomberg. The results aseld on OLS estimation of equation (3.13) usingtimpilata
using the median variation of the USD against tHiZ&eurrencies as the “x” variable.
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The result for the BRL is different: the first paftthe sample is marked by a large alpha and a low
beta. Most of the estimated alphas are not sigmificn both part of the sample. The estimated alpha
for the BRL is significant at a 10% significancedgein the first part of the sample and the vakia i
huge 0,76% per month. In the second part of theplnthe alpha is much smaller and the beta is
larger. Part of the explanation for the large alpphtne first part of the sample can be attributethe
large depreciation of the BRL in late 2002 andye2€03. This could lead to a depreciated currency i
real terms that lead to a subsequent appreciaiibe.causes for the depreciation in 2002/03 was
strictly local, this result do not appear in otharrencies.

We also include other explanatory variables in B¥sBeta model: the VIX volatility index and also
the CRB commodity index. Both variables are nomigigant in most of the estimations. This result
indicated that the beta alone explain most of #gation in the currencies in our sample. This does
not mean that variations in volatility or commodityices are not important for currency pricing.
Instead, indicates that these effects are wellucagtby the beta.

Another refinement would be to replicate the samerase using a different currency as the basis for
our estimations. We chose to use the GBP as the dasency instead of the USD due to its high
liquidity and the results are replicated in thel¢abelow. The results are not as good as the USD
results. The betas are closer to one and the extplgnpower of the model is overall between 30%
and 60% versus an explanatory power between 40% 8886l when we use the USD as the
denominator currency. The betas are lower for offmopean currencies like HUF and CZK and
PLN. Large beta, non-European currencies keep ldrgje beta status but the estimated beta are lower
than the ones estimated with the USD as the basisrncy. The second replication of the beta model
shows that a good part of the good explanatory powé the model lies in the
appreciation/depreciation of the USD.

Table 3.3: FX beta model (GBP) Fig. 3.8: FX beta del (GBP)

2 100%

2

Currency  Beta R Currency  Beta R R

HUF
PLN
AUD
ZAR
NzZD
SEK
CzK
BRL
NOK
KRW
TRY
EUR
DKK

1.0111
0.956
1.1132
1.1351
1.034
0.9648
0.799
1.2507
0.8897
1.1276
1.067
0.8911
0.8905

30.5%
31.0%
51.1%
25.6%
33.9%
47.8%
30.5%
41.5%
48.3%
52.4%
31.5%
60.3%
60.1%

CHF
MXN
cp
CAD
IDR
GBP
ILs
SGD
MYR
TWD
PHP
THB
JPY

0.9484
1.029
1.2495
0.8789
1.1562

1.0112
0.9644
0.9957
0.9575
0.9534
0.8314
0.7276

43.0%
52.4%
46.9%
45.0%
46.9%

48.4%
72.1%
62.0%
57.6%
46.4%
44.1%
14.2%

90%

80%

70%

60%

50%

40%

30%

20%

0 0,2 0,4 0,6 0,8 1 12 14

Notes: data provided by Bloomberg. The results asgeld on OLS estimation of equation (3.13) usingtimpilata
using the median variation of the british pound iagathese 25 currencies as the “x” variable.

In synthesis, what can we infer from the estimationthis section? The main message is that the BRL
is in fact a “high volume” currency and also praskigh skewness, making investments in BRL
denominated instruments risky. However, the BRLn amongst highest beta currency. An
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explanation for this fact is the relatively highespic risk (©,in our model). We acknowledge that
over the last years the estimatBdincreased and idiosyncratic risk diminished, iating the
movements in BRL replicated more closely the mediwmrket movement (amplified by a lar@g

The result for the second part of our sample seene®rroborate the concerns usually presented by
representatives of the Brazilian government stattiag the BRL is subject to speculative capital and
large swings derived from international market dast This result seems to be a consequence of high
interest rates in Brazil and elevated participattbocommodities among Brazilian exports: we did not
test this hypothesis but our results indicates thgh yield (low credit rating) countries and
commodity exports are among the highest beta desrfturrencies in our sample. This result is ie lin
with widespread market commentaries and technical-@cademic) research.

3.4.4 A factor model for the Brazilian Real

A novel literature surged in the last few years tfee determination of exchange rates using factors
like a dollar factor (similar to the one preseniedhe previous subsection) and also a carry trade
factor. For a recent exploration of these fact@s ¥ederlhan (2012). We estimated the following

factor model for the Brazilian Real:

Ds,, = a+B(i -i) +y(i, —i)Carry,,, + &Carry,,, +gDollar,,, + ¢ (3.15)

WhereCarry, andDollar, refer to the carry trade factor and the dollatdarespectively. The carry
trade factor is an index formed using portfolioagkets) currencies with the largest interest rate a
currencies with the lowest interest rates. We uskk data from Verdelhan (2012) but similar data is
constructed by Burnside et all (2011) and Lustigle€2011). The dollar factor is the average g®an

of the dollar against other currencies. Also irs tbise we use the data provided by Verdelhan (2012)
but similar data was presented in the last sulisecti

The results for the estimation of (3.15) are predidellow. The coefficient on the carry factor is
positive and statistically significant. The coeifict on the dollar factor is also significant. The
coefficient on the interest rate differential i#l stot significant in this estimation.

We start including only the carry factor. This adole is statistically significant and has the exgéc
sign. The coefficient on the carry factor is higiu&lose to the highest estimated by VerdelhanZp01
for other countries. The estimated coefficientloe dollar factor is lower than the one we estimated
the previous section.

As,, =-0,002+ 0,93PDollar,, + 0,38Carry,,, +¢&, (3.16a)
099)

(0,003) (0,136) (o,

0,=0,0293 R= 0,585

The inclusion of the interest rate differential sla@ot lead to any improvement in the estimation
results and this variable is not statistically gigant.

As,, =0,006- 0,861( i’ ¥ 0,38Barry,,,+ 0,94ollar,,+¢, (3.16b)

(0,008)  (0,894) (0,111) (0,156)

0,=0,0295 R= 0,588

The inclusion of an interaction term involving timeerest rate differential and the carry factoaliso
not statistically significant.
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As., =0,005- 0,791 -i” ¥ 0,29%arry,,, + 0,94ollar,, + (3.16¢)

(0,008)  (0,908) (0,375) (0,156)

+1,164( —i, Carry,,, +¢, , o,= 0,0297 R*>=0,58¢

e
(5,124)

This is another indication of speculative positignbn the Real that sums to the evidence provided i
the previous sections. Compared to the results efd&han (2012) our results share several
similarities like the large “beta” on the dollactar for Eastern Europe currencies like the Pty
and the Hungarian Forint. Additionally, our resuttdicate a relatively low loading factor of thedRe
on the dollar factor and a relatively large loadomg the Carry factor. The high load on the Carry
factor was expected due to the high interest rarazil. The low load factor on the Dollar facteas

not expected.

3.4.5 Summing up

This section provided some evidence of a positatern of speculative investments involving the
Brazilian Real and the large interest rate in Bradiso, there is strong evidence that the Braazilia
Real is positively correlated with measures of \etrade returns. In the next sections we look for
some evidence of impact of foreign flows on thealanterest rate. Returning to our original queastio
(the reasons behind the lack of convergence oloited interest rate to the international interese),
the results of this section are still far from claisove. We interpret our results as an indicatibthat
foreign investors (as well local investors) tryn@mke profits using simple strategies involving long
positions in high yield Brazilian financial instremts. In the next section we try to look for eviden
that these flows may have some impact on locatéstaates.

The discussion in this section is not exactly athef interest parity determination. It is moréated
to theories of exchange rate than interest ratidyphtowever, any theory interest rate parity viil
include exchange rate dynamics.

3.5 Interest rate differential: is it country or curren cy risk?

In the previous sections we showed that Braziliderest rates were higher than interest rateshierot
countries, particularly in US. This difference @der for interest rates in Reais than interestsrat
USD. In this last section we discuss the conceptoontry and currency risks and the evolution of
these risks in Brazil in the last years.

3.5.1 Country risk premium

In this section we assume rates in US play the dfleisk-free rates. In this case, a simple
decomposition of interest rates in Brazil wouldlirie the risk-free rate (US benchmark rate) plus a
risk premium as follows:

L =i0+g (3.17)
Where g, is the risk premium ani andi,’ are the local (BR) and foreign (US) rates.

Note that this is a rough approximation considethgevidence presented in previous sections where
different sources of risk where presented. Now iclamer that Brazil also issues debt instruments
denominated in US dollars both in Brazil and inefgn markets. The USD rate of Brazilian debt can
be shown as follows:
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~_iol 4 (3.18)

In this case, the risk premiu@ is closely related to the country risk premiumi:a$cupom cambial

and itD(IocaI US rate) is denominated in the same currébt§ dollar). These two variables usually

denominate onshore and offshore dollar rates. fislispremium was low at beginning of our sample
(between late 2003 and 2004) and increased inagtephrt of our sample. In true, this risk premium
took negative values at the very beginning of @amgle. A possible explanation for this evolution is
the more active approach from BCB at the exchaate market, including buying and selling US
dollars in the spot and future (swap) market, amel testrictions imposed on foreign investors
investing in Brazil fixed income market and regtdns on local banks position in foreign exchange
contracts, particularly short position on USD.

Another breakdown used to infer the size of thentgurisk premium is to use the difference between
yields on Brazilian debt denominated in US dollaegotiated in US (offshore) and US yields (T-bills
or Treasuries). This decomposition can be writ&en a

i“DziD+é (3.19)

As we did earlier, we use a “hat” to indicate doli@nominated yields on Brazilian securitié@.is
best represented by C-Bonds or Global Bonds. Tihesels are denominated in US dollar and
negotiated in the external market and issued atcapttle foreign rules. The country risk premiLétn

is a rough approximation of country risk measurks the EMBI (Emerging Market Bond Index)
spread calculated by JP Morgan. The EMBI risk meagibased on differences between emerging
market bond yields and Treasuries or T-Bills yietds the same maturities and also adjusted for
different durations of the these bonds associatéde different pattern of coupon payments.

In the last years, the market for Credit DefaulafwWCDS) became more liquid and the swap rate in
these derivatives is also used as a referencesfault risk. The increased importance of CDS market
became evident in the recent European crisis amts cited measure of country risk was the CDS
rates in countries like Greece, Portugal and others

Using both EMBI spreads or CDS rates leads to squaditative result in terms of evolution the

Brazilian country risk: there was a sharp decrahging the last years. The country risk premium
measured using offshore dollar yields was largthénearly 2000’s, particularly during the financial

crisis in 2002. The fall in the country premiumcisnsistent with the upgrades Brazil received from
several rating agencies in the last years.

Several authors already noted that part of vanatio country risk measures is due to better risk
appetite from investors and does not represergrbeitbdamentals. Taking this into consideration we
present the difference between Brazil and GlobabiEspread over the last 7 years in our table of
country risk measures. Even in this case, thereawage fall in Brazilian country risk.

There is no exact way to decompose the interestdifference between Brazil and USA or any other
country. However, it is possible to approximate tlifference using local and foreign interest rates
and other variables. The approximation was don&dngia and Olivares (2001) for instance. We now
propose an approximation using six months and omeyear rates. The problem with longer rates is
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that it will not be available in Brazil in the eagbart of our sample. If we choose even shorterstat
some variables we use to decompose the differemtiald make no sense. For instance, there is no
measure of default risk for one month or one dajodeEven for a period of six months there wilkno
be a default measure. On the other hand, some msasiuexchange rate risk for periods longer than
one year are not available.

Table 3.4: Summary statistics of country risk meassl

2004 2005 2006 2007 2008 2009 2010 2011

CDS 5Y 5,43% 3,28% 1,41% 0,89% 1,87% 2,11% 1,21% 1,33%
Embi Br 5,41% 3,99% 2,36% 1,81% 3,02% 3,07% 2,04% 1,94%
Embi Global 4,36% 3,16% 1,98% 1,88% 3,93% 4,81% 2,87% 3,29%
Embi Br - Global 1,05% 0,83% 0,38% -0,07% -0,91% -1,74% ,83% -1,36%

CC 1M: spread over Libor -0,28% -0,06% -0,45% 1,21% 92 1,20% 1,71% 2,89%
CC 3M: spread over Libor -0,37% -0,09% -0,26% 0,92% %09 0,95% 1,34% 2,80%
CC 6M: spread over Libor -0,10% -0,13% -0,32% 0,88% %66  1,15% 1,33% 2,72%

Notes: data provided by Bloomberg. The data are ywarages of the daily data.

Taking all these difficulties into account, we posp a breakdown based on some known variables
and also into “other” factors that may prevent futinverge. These other factors may account for
transaction costs, taxes, low liquidity in someafinial instruments used in the decomposition, risks
associated with government intervention and alsargin variables.

local rate = foreign rate+ default risk+ FX risk-  o¢h risk factors (3.20)

We use as a reference foreign interest rate therlrdde. Our preferred measure of default riskhés t
CDS rate as it is a direct measure of default pisiceived by investors and our measure of exchange
rate risk will be theCALL and PUT option prices on the BRL/USD rate. The measureeiter than
expected depreciation since there could be difteerbetween expected exchange depreciation and
appreciation among those providing information ke tBrazilian Central Bank (usually some
economists working at banks, brokerage houses dgeh&unds) and investors that in fact can make
investments locally or in foreign countries. Alsloe option price is the hedge price of exchange rat
variation and can be seen as a price to avoid egeheate risk. We do this decomposition using six
month and one year rates. We do not use longertates due to the low liquidity of longer rates in
Brazil especially in the beginning of our sample &w liquidity of options for longer maturitiesh&

FX risk is the net cost of buying a CALL and sajlin PUT’. On the other hand, the measures of
default risk are not appropriate for short term.

The results in fig. 3.9a and 3.9b indicate thatu@d part of the interest rate differential can be
attributable to the exchange rate risk. The FX riskbased in the CALL and PUT options as we
already explained. The CALL and PUT options aréveer from the standard Black-Scholes formula
and in this case the interest rate differentiaypla key role in this price together with the exu®
rate volatility. The average FX risk in our same4,5%. The lowest value was observed in 2007
when the interest rate difference and FX volatilitys the lowest in the sample.

The variation in country risk explains just a snyadirt of the interest rate difference in our sample
period. This variable was much more important i@ ylears of 2001 to 2003 when the country risk

30 Burnside et all (2010) also studies hedged pdagolike this.
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reached more than 20%. We used the CDS rate assuneeof country risk. The six month country
risk measure was created using a linear interpolatf one, two, three, four and five years rates.

Fig. 3.9: Interest Rate Decomposition (eq. 3.20)
Fig. 3.9a: 6 months rate Fig. 3.9b: 1 year rate

20% 20%
CI0ther FX Risk mmCountry Risk EmForeign Rate —Local Rate Other FX Risk mmCountry Risk mmForeign Rate =——Local Rate

18% -

4% 4%
0% ‘ ‘ ‘ - = =,

2004 2005 2006 2007 2008 2009 2010 2011 2012 2004 2005 2006 2007 2008 2009 2010 2011 2012

Notes: data provided by Bloomberg. The Local Rataken from the CDI curve and the foreign rate is 5D Libor
rate. The Country Risk is the CDS rate. We usedealiinterpolation of the 1,2, 3, 4 and 5 year sate get a 6 months
CDS rate. The FX risk is the price of an “at the mphCALL and PUT options (expressed in percentagthefspot
exchange rate). All data are year average of mgndialta.

According to this breakdown, a large portion of fhéerest rate difference is due to the “other
factors”. The portion of the interest rate differerwas relatively low in 2006 and 2007 but increase
in the last years.

3.6 Short-term foreign capital flows and interest rate

The concept of arbitrage embodies flow of fundsstame investment in order to eliminate this
arbitrage opportunity. Many authors that arbitragportunity may sometimes exist for a small period
of time and small trades can eliminate the arb@rggin. On the other hand, the difference in irstere
rate between Brazilian assets and interest ratethar assets has been large for long period.

In this section we look for evidence of the investiunds flowing into Brazil to exploit the gaing o
the high interest rates. We use mainly two diffesurces of data: the Brazilian Central Bank data,
including the Balance of Payments accounts and loaaks net position in USD assets, and data
obtained from BMF&Bovespa data on foreign exchasuge interest rate derivatives.

We also address the impact of foreign flows onregerates in Brazil. The impact of foreign investo
on local rates is not a new event and has beeredtud other countries like in the US between 2004
and 2006. In the US, yields on long term Treasur#sven after a series of increases in shorhter
(fed funds) rates starting in the end of 2004. TEuo& of response of long-term rates to the risketh
funds was called a “conundrum” at the time and sdvstudies offered some explanations for this
event. Most of these explanations relied on ladgevd of foreign investors buying Treasuries
securities. “Reserve rich” emerging countries liBeina and oil exporters were among the possible
large buyers of treasuries according to most cfetstudies!

31 warnock and Warnock (2009) studied the impaabiign investors on interest rates in US and isghper most close to
ours. Backus and Wright (2007) also discuss theahpf foreign flows into US interest rates.
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3.6.1 Balance of Payments Data

The figure bellow presents the evolution of foreigwestors’ flows to equity and fixed income
securities in Brazil. The data is taken from the#fian Balance of Payments. We use quarterly data
to make it easier to see important trends and dpsm the last fifteen years. In the first fiveaye
portfolio invesment flows into fixed income secig# were larger due to the very high interest irate
Brazil (above 40% in some moments) and also duleedow liquidity of the Brazilian equity market.
From 2007 to 2011 portfolio flows into equity ineents is larger than flows into fixed income
securities. This reflects the large amount of IROis period and the increased liquidity of Bliari
stock market. The rise in commodity prices may hplaed an important role in these flows as
commodity producers are the largest companies aziBrVale (mining) and Petrobras (oil) shares
represents close to 30% of Ibovespa index and MISEI index. Other commodity producers, like
steel and pulp producers, represent another godidpaof these indexes.

3.6.2 Futures and Derivatives Bourse (BMF&Bovespa) Data

A possible drawback of this data is that it do inctude positions into fixed income or exchange rat
derivatives. Exchange rate futures in Brazil aness times more liquid than spot exchange rate and
interest rate futures are the most traded deriwasiv BMFBovespa (even more than FX futures).
Considering this, we also look at foreign invespmsitions in fixed income and exchange rate
derivatives.

There are significant differences between dataooeidn exchange and interest rate futures. Usually,
most of the open contracts on exchange rate reftret so-called “active” contract or the closest to
maturity contract. On the other hand, for intemas¢ futures the most liquid contract is just alsma
part of the total contracts and the available diatan BMFBovespa refers to total contracts without
any distinction between long or short maturitiagation, DV1 or any other better measure of foreign
investors position. Anecdotic evidence is that ifpreinvestors buy more long-term contracts than
short-term contracts. However, there is no emgigealence of this due to lack of data.

At this point, some could argue that foreign ineestwould be better off investing in short termesat
to exploit the interest rate differential withoutasing the risk associated with the larger duraton
term premium implicit in long rates. The main exyton for this not happening is the implicit yield
on forward currency contracts as described at #ginbing of this work. The forward price on
exchange rate is derived from the interest raferdiftial. So, a simpler strategy to receive tlherest
rate differential is to buy forward exchange radetcacts (buy Reais or sell US dollars in the rfegu
market) and roll the contract at expiration.
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Fig. 3.10a: Portfolio flows: fixed income securit,e  Fig. 3.10b: Portfolio flows: equity investments
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Notes: data in US$ millions. The data were provided@kazilian Central Bank.

Fig. 3.11: Foreign investors position
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Notes: data provided by BM&FBovespa.

3.6.3 Short Term Flows and Interest Rates

In this subsection we estimate the impact of foreiyestors flows on interest rate. In particulae,
use data from foreign investors’ positions on ies¢rate futures. The interest rate futures neigokia
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at BMF are some of the most liquid instruments razdian fixed income market and the data
available is one of the most accurate regardingyibe of investor.

To estimate the impact of foreign flows on locaksawe use data from the Brazilian term structdéire o
interest rates together with data on inflation &P growth and also foreign flow information. This
is a tentative approach to incorporate foreign fanto traditional macroeconomic modeling of the
yield curve. We start the study by breaking dowatteld curve into level (L), slope (S) and curvatu
(C) factors using splines:

im,t = Lt +Stm+ q m + it (3.21)

The variables L, S, C are the coefficients of #ngression of interest rates at every point in timen

a constant and the variables “maturityi, and squared maturityyf. Some authors use a simpler
approach and define the slope as the differencedeet the longest and shortest rates divided by the
longest maturity in the yield curve and the curvatas the difference between the average of the
longest and shortest maturity and some intermedw®; This method is called “empirical” method
by some authors. The results are similar as poiotedn Santos (2006). However, we prefer to use
the spline method since the relation between th®ifa in this method is not deterministic as in the
“empirical” method.

Table 3.5 presents a statistical summary of thebls and the evolution of the term structurediesct
The level factor is close to the Selic rate. Thasult is in line with several different researches
available using Brazilian data or data observedtier countries. The slope factor is always paositiv
This can be interpreted as an evidence of greaetar premium in higher rates. The slope is lower in
periods when the Selic rate is falling reflectingriket anticipation of future monetary policy acton
The curvature factor is very small but negativardythe full sample.

We estimated separated equations for each factiheilyield curve and use as explanatory variables
the difference between twelve months ahead inflatexpectation and the targeted inflation

(77 = @ijz —lz'iflz, sometimes called expected inflation gap), a nmeastioutput gap formed using

the monthly economic activity indicator construclsdthe Brazilian Central Bank (known EC-Br).
This indicator is the best proxy available for nfdptGDP and we formed a measure of monthly
output gap using the HP filter.

We also included a measure of global inflation fedrusing the three months cumulated inflation
from the CRB commodity index measured in Brazilgeal. This variable captures both the pressures
arising as a consequence of exchange rate vari@tapreciation or appreciation) and the impact of
commodity price shocks. This is a better proxy ifdtation pressures on tradable prices than the
variation of exchange rate alone especially for pegiod post 2003. For each of the factors,

F ={L,S, G, we estimate the following single equation:
F=a,+ay +a,T+ajr+a,f +¢ (3.22)

We also included a measure of interest rate searprasn the Copom decisions. This variable is the
difference between market expectation of the nefidin decision and the actual decision:ijebe

target Selic rate set by Copom at dagnd effective front+1 up to the next Copom meeting and
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i the expected Selic rate. Thén-i‘is a measure of monetary policy surprise, whichidcthave a
significant impact on market rates at that mdhth

Table 3.5: Statistical summary of interest rate dat

1M 2M 3M 6M IM 12M 24M L S C
Mean 1323% 1321% 1324% 13,34% 1345% 13,53% 13,79% 9%2,010,61% -0,05%
Median 1229% 12,19% 12,08% 12,09% 12,36% 12,42% 12,79%26%l1, 0,60% -0,04%
St. Dev. 321% 319% 3,16% 304% 292% 280% 2,48% 312% 290,2 0,01%
Autocorr. 0,993 0,994 0,993 0,989 0,984 0,978 0,957 0,991 7980, 0,804
Asym. 0,539 0,566 0,566 0,545 0,525 0,529 0,606 0,522 0,177 ,2600
Kurt. -0,732 -0,709 -0688 -0,727 -0,789 -0,854 -0,804 406 0,918 1971
Fig. 3.12a: Level (L) factor Fig. 3.12b: Slope amirvature factor
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Notes: data from Bloomberg. The factors were calealdty the author following equation 3.21.

The results are presented in the table 3.6. Theatstd coefficients on the macroeconomics variables
are almost all in line with theory: positive outputd expected inflation gaps are associated wigeta
Level and Slope factor. However, the estimatedfmefit of inflation gap on the Slope factor wag no
significant at reasonable levels. The estimatechthpf commodity price inflation was negative ie th
level factor. This is at odds with the conventiotiedory. A possible explanation for this resulthat
market inflation expectations already capture tlifece of commodity price shocks. Another
explanation is that the variable is not well consted. The impact of interest rate surprises is
significant at the 1% level in all factors and i®se to one in the Level factor (the estimated
coefficient was 0,75 with a standard deviation @50meaning one cannot reject the hypothesis of the
coefficient being equal to one at reasonable cenfid levels).

The estimated impact of foreign position on interage futures is not significant in most regressio
and less so in the Slope and Curvature factors.€eBtienated impact of foreign flows is small but
significant in the Level factor. The estimated ¢ioédnt is not significant at the Slope and Curvatu
equations and we will restrict our comments tolteeel equation.

32 Up to 2005 there were monthly Copom meetings. Novgadlag meetings occur at intervals of circa 45 dayse best
measure of market expectation of Copom decisioheasrplicit rate from interest rate futures contrathis measure is

much more complicated to construct. We proceednaisgumarket rates are well approximated by econang@igpected rates
available at the BCB surveys.
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Table 3.6: Foreign flows impact on local term struge factors (F,

:a0+alyt +a271£+a3nﬂ+a4ft +£t)

L L L g s C C
F. 0,973 a= 0.962 **= 0,933 A= 0,626 *** 0,619 *** 0.6180 *** 0,5094 *x
(0,011) (0,011) (0,019) (0,074) (0,071) (0,068) (0,0582)
cte 0,000 0.001 0,006 0,002 *** 0,002 *** -0,00015 ** -0,00016 ***
(0.001) (0.001) (0.003) (0.000) (0.000) (0.,000) (0,0000)
¥ 0,113 #*= 0.100 **= 0,092 **= 0.020 **= 0.018 *= -0,0007 * -0.00047
(0,019) (0.019) (0,019) (0.008) (0.007) (0,000) (0,0003)
n 0,284 &= 0,293 #xx 0,345 e 0.020 0.018 -0,0022 ** -0,00217 **
(0,051) (0,048) (0,055) (0.021) (0,020) (0,001) (0,0010)
* 0,010 ** 00119 ** 00127 ** 0.006 *** 0.005 *** -0,00027 ** -0,0002 **
(0.004) (0.005) (0.005) (0.002) (0.002) (0.,000) (0,0000)
f 0,009 * 0.011 ** 0.011 ** 0.001 0.001 -0,00011 -0,00014 *
(0,005) (0,005) (0,005) (0,002) (0,002) (0,000) (0,0000)
if 0751 **= 0,648 **= 0272 *** -0,0242 *xx
(0253) (0255) (0.088) (0,0000)
trend -0,000035 *
(0,00002)
R?ad; 0.991 0.992 0992 0.708 0.733 0.704 0.780

Notes: F={L, S, C}. See full description in the m#ixt. This result is based on the flow% measurmfign investors in
local interest rate instruments. The results uslogi# are similar and will not be reported.

A possible explanation for the positive coefficiaitforeign flows on the Level factor is that these
flows may be endogenous to the interest rate irziBrideing greater in moments of higher rates or
increasing rates. The first objective of foreigmestors is to earn the interest rate differencevéen
low rates in their own country (example United &ap Europe) and high interest rates in Brazil. In
these cases, their position would be higher in nrmiserhen the difference between Brazilian rates
and rates in other countries are greater. Alsaeasing rates can have a positive effect in foreign
flows if investors expect that high and increasiages have a positive impact on exchange rates. As
we already demonstrated in previous sections, thie nisk to investors looking to earn the positive
interest rate difference between low and high yegdntries is the exchange rate variation. So & on
believes higher interest rates will have a positiffect on exchange rate, moments of increasirgs rat
can be seen a less risky environment for investiriigh yield countries.

We addressed these questions first estimating altsineous equation model allowing the foreign
flows to be endogenous variable depending on ttexdst rate difference and also on a measure of
risk aversion denoted ByL

i, =a,+ay, +ajt+agr+a,f +e (3.23)

=g +al -i)+eRL +q
Using this approach the results were not satisfpagbarticularly due to the difficulty in reaching

significant coefficients on the flow equation. Oadbrthe results indicated that neither the local o
external interest rate was significant. Also, thek @aversion variables were not significant in some
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variations of (3.23) allowing for other variableslagged dependent variables on the right hand side
of (3.23). The results of these regressions ar@msented in this paper.

As an alternative to the simultaneous equation maede used a VAR model with the flow equation
and the local rate as dependent variables and aeotiter variables as exogenous variables. The
exogenous variables include both variables thesaigtiimportant for the local interest rate likeeth
inflation and output gap, interest rate surprissnmodity price inflation among others and also
include variables that should be important for flesv equation like the risk aversion index and
foreign interest rate (note that for foreign inwest what we refer to as foreign interest rate lwathe
local interest rate or the benchmark rate - Libbhe VAR model can be represented as:

Yo = A+ BY, + C)t(—1+Zt (3-24)

WhereY=[i,f] andX includes the variables listed in (3.23). The eated coefficients of this VAR
model are presented in the appendix.

Using the VAR approach, the results for the invedtow variable are more interesting. As it
happened in the simultaneous equation model, tve Viariable is more difficult to model than the
interest rate variable. The? & smaller and several variables are not signifiga the flow equation.
The coefficients are presented in the Appendix &adwill focus on some coefficients and impulse
response in this section. We estimated the VARgubimth 2 year rates as the local interest rate and
also using the slope defined earlier and also usisgnple measure of slope: 2Y rates less 1M rates.
The flow variable was represented by both the number ofracts {low#) and the percent of open
contracts on interest rate futurdb\%) but always one at once in the system. We summéhnize
results in the next lines.

Our results indicate that the impact of interett slnocks on foreign investors’ flows into CDI frds
contracts is small and not significant. A possiélanation is the misspecification of the model. |
the model we included variables that proxy for ilifity conditions in the international market, risk
premiums, among others. However, the variablesabr@pproximations for the theoretical variables,
specially the variables that proxy for liquidityrmbtions, risk appetite and returns in alternatigsets.

A possible refinement of this model is to includbedter measure of yields in alternative investment
(here we use only medium term, 2V, rates in US).

We also estimated the model without including owasure of Copom surprises (difference between
expected and actual Copom decision regarding tHe &ste) but, the results did not change

significantly: despite this variable being one bé tmost significant in the model, the explanatory
power of the model is barely affected when we ekelthis variable making the residuals of the

equations with and without it very similar to eaxther.

An interesting question we should answer at thiatge how much money is needed to change local
interest rates by some specific amount, for exartpbasis point? Considering the results from fig.
10d, the estimated amount is indeed very large. Slamdard deviation in th#ow# equation
represents 342 thousand contracts (close to 20eddverage position). The estimated impactamf 1
of flow# on 2Y interest rate is close to only 0,25% (ortpj. Despite being statistically significant,
the estimated impact of foreign flows on local iest rates is minor. It is also important to memtio
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that the notional value of thisolis very large: 342 thousand contracts represenme tian R$ 30
billion®,

Fig. 3.13a: Response of FLOW% to BR2Y Fig. 3.13Response of BR2Y to Flow%
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3.7 Final Remarks from Essay 3

Our results indicate that BRL forwards are pricextoading to the interest rate differential, as
predicted by standard financial models (nhon-argéreonditions). Expected future exchange rates play
no role in determining the FX forward price. Ingliinancial model, the local rate in US dollar, fue
calledcupom cambialis more important than the Libor rate.

Foreign flows to fixed income securities had a $immabact on interest rates in Brazil. Data ava#abl
for foreign position into interest rate futuresicated that this position was “net long” since 2004
However, increases or decreases in this positioe had only a limited impact on the yield curve or
long rates (2 years). We interpret this result msndication of limited funds available to extinghi
the arbitrage opportunity. As we have stressedrbefibis is not a risk free arbitrage opportunity.
Considering this, even individual investors woué/é to limit the size of their position.

Our results also indicate that the Sharpe ratiorfeestments on the BRL is greater or at last etpual
Sharpe ratios for carry trade funds and also fotffgias formed based on the interest rate difféegn
calculated in papers like Burnside et all (2011)e Volatility of the BRL is larger than average and
represent a risk for foreign investors investindgiazil. However, over the last seven years, thle-ri
return trade-off on the BRL was attractive relatioesimilar strategies based on carry trades.

33 Since we do not have the open position by tenureameot infer the duration of this position. Theiopal value is not
the value of the flows to the country since investoged only some part of this value to be put carajiee (margin
account) to trade interest rate futures.
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A large part of BRL movements can be explained bpva average sensitivity to global FX
movements measured by a common component extriiotach large sample of currencies. This large
hoarding on the global FX factor may be a resulhigh interest rate in Brazil and net commodity
exports. The high liquidity of BRL, particularly dhe futures market may have a positive impact on
these results. These characteristics of the BRImare pronounced in the second part of our sample.

Now returning to the title of the present paperatveems to be the best explanation for the lack of
convergence of local rates to international (saypyJ&tes: country risk, currency risk or limits to
arbitrage? There is not a clear answer even censgl the extensive research on the subject
presented in this paper. But, after acknowleddiglimitations of our study and the complexity lod t
subject, we are prone to argue in favor of currems®yand also limits to arbitrage. There are 13t-ri
free investment opportunities for foreign investtwsearn the high interest rate differential betwee
BRL interest rates and interest rates in other ta@smand the main risk for foreign investors otrex

last years was the high BRL volatility (currencgkii. Also, a large amount of money is necessary to
change local interest rates in the futures markigially, even local institutions have limitations o
foreign investments (institutional setting impo4ydBCB or other local government institution) and
earn the higher USD rate available in the localk@iafcupom cambidl Institutional limits for foreign
investors are also set by the local government exmireg foreign investors’ flows to Brazil. The
country risk diminished by several times in the {gsars and is not relevant for this discussion.
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3.8 Appendix from Essay 3: Unit root tests and other @snation results

3.8.1 Unit Root Tests

We present here the unit root tests for severahblas used in this paper. The order follows thaepr
in with each variable appears in the text. We paréal Augmented Dickey-Fuller (ADF) test in all
cases and the KPSS test in cases where the AD§etsis inconclusive.

Table A.1 presents the unit root test for variabigsd in section 1.3. There is evidence of unit imo
both interest rates differences (CC Factor and Liaxtor). In the case of the forward premium, we
can reject the hypotheses of unit root at the 5%lldéJsing the KPSS test on the FP variable, we can
reject the hypothesis of stationarity at the 5%leVhe results are inconclusive for this variable.

Table A.1: Unit Root Test

FP CC Factor Libor Factor
Lag 1 0 2
Constant, Trend C C C
ADF Statistic -2,903 -2,186 -1,637
p-value 0,0486 0,2128 0,4599

Table A.2 presents the unit root tests for varishleed in section 1.6. The results indicate that th
estimated level (L) of the yield curve and thedtifin expectation variable are not stationary.dthb
cases, the KPSS would indicate the opposite. Thel Mariable is expected to show a significant
persistence due to “interest rate smoothing” byGkatral Bank. The inflation expectation varialde i
the “next twelve months” inflation expectation adlted on a monthly basis. This seems to explain
why the variable is highly persistent. We will cales both variables stationary.

Table A.2: Unit Root Test

S C Flow# Flow% y 0
Lag 2 0 0 0 0 0 1
Constant, Trend CT C C CT C C C
ADF Statistic -3,070 -4,049 -4,747 -3,795 -4,301 -2,906 ,858
p-value 0,1195 0,0018 0,0002 0,021 0,0008 0,0484 0,3506
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3.8.2 VEC coefficients (from section 1.6)

Vector Error Correction Estimates

Sample (adjusted): 2003M11 2012M01
Included observations: 99 after adjustments
Standard errors in () & t-statistics in []

Cointegrating Eq:
FP(-1)

CCF(-1)

C
Error Correction:

CointEql

D(FP(-1))

D(CCF(-1))

R-squared

Adj. R-squared
Sumsgq. resids
S.E. equation
F-statistic

Log likelihood
Akaike AIC
Schwarz SC
Mean dependent
S.D. dependent

CointEql
1.000.000

-0.969221
(0.07309)
[-13.2613]

-0.000355
D(FP)

-0.850205
(0.15996)
[-5.31496]

-0.209040
(0.11157)
[-1.87360]

0.031751
(0.23008)
[ 0.13800]

-7.76E-05
(0.00019)
[-0.41722]

0.495702
0.479777
0.000323
0.001845
3.112.690
4.848.079
-9.713.292
-9.608.439
-6.43E-05
0.002558

D(CCF)

-0.057353
(0.08204)
[-0.69910]

0.014895
(0.05722)
[ 0.26031]

-0.224355
(0.11800)
[-1.90134]

-7.99E-05
(9.5E-05)
[-0.83827]

0.047928
0.017862
8.50E-05
0.000946
1.594.112
5.509.162
-1.104.881
-1.094.396
-6.58E-05
0.000955

Vector Errori@ation Estimates

Sample (adj)s2®03M11 2012M01
Inetldbservations: 99 after adjustments

Stamd errors in () & t-statistics in []

Cointegrating Eq:
FP(-1)

LIBORF(-1)

C
Error Correction:

CointEql

D(FP(-1))

D(LIBORF(-1))

R-squared
Adj. R-squared
Sumsq. resids
S.E. equation
F-statistic
Log likelihood
Akaike AIC
Schwarz SC
Mean dependent
S.D. dependent

CointEq

1.000.000
-1.105.299
(0.09875)
[11.1924]

0.001417

D(FP) (UBORF)
-0.803278 -0.03811
(0.13312) (0.02703)
[-6.03416]  [-1.41019]

-0.171879 (2036

(0.09958)  (0.02022)
[-1.72606] [ 0.30682]
-0.659612 0.338617
(0.50710)  (0.10295)
[-1.30076] [ 3.28911]
-0.000114  -3.14E-05
(0.00019)  (3.8E-05)
[-0.61497] [-0.83512]
0507630 69504
492081  0.143279
000316  1.30E-05
18200  0.000370
3.264.80%.463.204
2028 6.438.434
-0.73B22 -1.292.613
-0.682.371.282.128
43E65  -5.07E-05
002558  0.000400
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3.8.3 VAR coefficients (from section 1.6)

Vector Autoregression Estimates

Sample (adjusted): 2004M02 2012M01

Included observations: 96 after adjustments

Standard errors in () & t-statistics in []

i f (%)
i (-1) 0,939058 0,296219
-0,05731 -0,3718
[ 16.3848] [0.79672]
f(-1) -0,021566 0,61125
-0,01238 -0,08034
[-1.74142] [ 7.60841]
C 0,009551 0,034946
-0,00727 -0,04715
[ 1.31409] [0.74117]
y 0,114737 -0,066373
-0,06476 -0,42014
[1.77159] [-0.15798]
TF 0,01688 0,585511
-0,24538 -1,5918
[ 0.06879] [0.36783]
i-if 0,591798 -6,280164
-0,66358 -4,30472
[0.89183] [-1.45890]
VIX 0,000259 -0,001146
-0,0002 -0,0013
[1.29147] [-0.88054]
VIX(-1) -0,000164 -0,000457
-0,00015 -0,001
[-1.06214] [-0.45515]
EMBI 0,276906 1,575952
-0,28052 -1,81976
[0.98713] [ 0.86602]
EMBI(-1) -0,23549 -2,214878
-0,29192 -1,89376
[-0.80668] [-1.16957]
i* 0,823316 -5,803027
-0,42183 -2,73649
[1.95176] [-2.12061]
i* (-1) -0,788539 6,174456
-0,41319 -2,68045
[-1.90840] [ 2.30351]
R-squared 0,935613 0,557494
Adj. R-squared 0,927181 0,499547
Sum sq. resids 0,004138 0,174133
S.E. equation 0,007019 0,04553
F-statistic 110,9639 9,620733
Log likelihood 346,2747 166,7717
Akaike AIC -6,964056 -3,22441
Schwarz SC -6,643513 -2,903866
Mean dependent 0,136395 0,175834
S.D. dependent 0,026009 0,06436
Determinant resid covariance (dof 1,00E-07
Determinant resid covariance 7,68E-08
Log likelihood 513,8787
Akaike information criterion -10,20581
Schwarz criterion -9,564719

Vector Autoregression Estimates

Sample (adjusted): 2004M02 2012\
Inetldbservations: 96 after adjustments

Standard errors in () & t-statistics in []

i f#
i (-1) 0,869823 -3188,245
-0,05827 -2967,07
[ 14.9270] [-1.07454]
f(-1) -4,40E-06 0,746605
-1,30E-06 -0,06806
[-3.29114] [10.9702]
C 0,022041 969,8213
-0,00821 -417,865
[2.68577] [ 2.32090]
y 0,116017 1,624413
-0,06106 -3109,25
[ 1.89992] [0.00052]
T 0,134593 7190,02
-0,23885 -12161,7
[ 0.56350] [0.59120]
i-if 0,488038 -206,9911
-0,63545 -32355,4
[0.76802] [-0.00640]
VIX 0,000287 -7,665398
-0,00019 -9,75504
[ 1.49606] [-0.78579]
VIX(-1) -8,27E-05 -4,788122
-0,00015 -7,69766
[-0.54688] [-0.62202]
EMBI 0,226586 11346,68
-0,26925 -13709,4
[ 0.84156] [0.82766]
EMBI(-1) -0,246842 -19392,39
-0,27926 -14219,1
[-0.88393] [-1.36383]
i* 0,752927 -42567,19
-0,4048 -20611,6
[ 1.85999] [-2.06520]
i* (-1) -0,749159 40537,25
-0,39478 -20101,4
[-1.89765] [ 2.01664]
R-squared 0,940908 022547
Adj. R-squared QB33 0,689522
Sum sq. resids 70803 9845514
S.E. equation 0,006724 342,3573
F-statistic 121,5917 17398
Log likelihood 353 -690,0507
Akaike AIC -7,049877 6606
Schwarz SC -6,729333 94661
Mean dependent 305136 1050,052
S.D. dependent 09260 614,4183
Determinant resid covariance (dof 5,194032
Determinasidrcovariance 3,976681
Log likelihood -338,6977
Akaike infoation criterion 7,556202
Schwarz criterion 8,8972




3.8.4 FX Beta model: additional results

Full Sample Estimation Results

o s.e t-stat. B 5.8 t-stat. o R°

AUD  -0.0009 0.0018 -0.49 1.538 0.068 22.79 1.76%  84.4%
BRL -0.0026  0.0032 -0.82 1.236 0.121 10.25 311% 52.0%
CAD -0.0011  0.0021 -0.53 0.889 0.078 11.33 2.02%  57.0%
CHF -0.0013  0.0023 -0.535 1.066 0.089 12.02 228%  59.9%
CLP 0.0001  0.0029 0.05 0.8%6 0.111 8.06 2.86%  40.0%
CZK  -0.0007 0.0023 -0.29 1.403 0.089 1571 230% 71.9%
DKK 0.0013  0.0015 0.84 1.117 0.039 18.89 1.52%  78.8%
EUR 0.0013  0.0016 0.86 1.122 0.039 18.88 1.53%  78.7%
GEP 0.0028 0.0020 1.39 0.877 0.077 11.36 1.99%  572%
HUF 0.0041  0.0027 1.52 1.716 0.103 16.73 264% T44%
IDR 0.0020 0.0025 0.82 0.843 0.095 8.87 245%  448%
LS -0.0004  0.0021 -0.18 0.709 0.079 8.04 2.04% 451%
IPY -0.0031 0.0028 -1.09 0.036 0.107 0.52 2.76%  -0.8%
KRW 00014 0.0022 0.64 1.209 0.086 14.13 220%  67.4%
MXN  0.0038 0.0021 1.81 0.9%4 0.081 1232 2.08%  61.1%
MYR  -0.0011  0.0011 -0.98 0.518 0.043 12.06 1.11%  60.1%
NOK 0.0007  0.0018 0.38 1.253 0.070 17.84 1.81%  76.8%
NZD 0.0005  0.0027 0.17 1.495 0.104 1443 2.67%  68.3%
PHP -0.0018  0.0015 -1.18 0.394 0.058 6.79 1.50%  31.9%
PLN 0.0018 0.0024 0.76 1.694 0.091 18.58 1.50%  31.9%
SEK 0.0016  0.0018 0.86 1.400 0.070 19.98 1.80%  80.6%
SGD -0.0019  0.0009 -2.04 0.643 0.035 1840 0.90% 77.9%
THB  -0.0017 0.0013 -1.24 0.432 0.052 8.38 1.33%  41.9%
IRY 0.004%  0.0033 1.48 1.146 0.127 9.00 328% 45.5%
TWD  -0.0004 0.0012 -0.39 0.486 0.045 1091 1.15%  55.2%
ZAR 0.0044  0.0039 1.13 1.550 0.148 1047 3.79%  534%
Mean 00005 00022 0.1134 1.027 0.082 12.987 2.09% 37.51%

Full Sample Estimation Results with Additional Explanatory Variable

o 5.8 t-stat. B s.e t-stat. CEB 5.8 t-stat. VIX s.€ t-stat. o R
AUD -0.0011  0.0018  -0.63 1.451 0.107 13.51 0.011 0.044 0.25 0.0008  0.0004 1.85 1.75%  84.5%
BRL -0.0031  0.0031 -0.9% 0.944 0188 5.01 -0.047 0076 -0.61 0.0016  0.0007 223 307%  53.0%
CAD -0.0012  0.0021 -0.56 0,904  0.126 7.18 0.005 0.051 0.10 -0.0001  0.0005  -0.18 205%  55.7%
CHF -0.0012  0.0023  -0.335 1378 0135 1021 0.153 0.055 279 -0.0012  0.0005 225 220% 62.7%
CLP -0.0002  0.0029  -0.08 0.724 0176 4.11 -0.017 0071 -0.24 0.0010  0.0007 1.47 287%  39.46%
CZK -0.0004 0.0023  -0.1% 1.670  0.138 12.12 0.058 0.056 1.03 -0.0015  0.0005 272 225% T732%
DEK 0.0013  0.0015 0.85 1.271 0.092 13.83 0.088 0.037 236 -0.0005  0.0004 138 1.30%  79.4%
EUR 0.0013  0.0013 0.86 1270 0.093 13.72 0.0835 0.038 226 -0.0005  0.0004 -134 1.51%  79.3%
GBP 0.0033  0.0019 1.76 1014 0111 913 -0.095  0.045 =210 -0.0015  0.0004 352 181%  645%
HUF 0.0042  0.0027 1.53 1.874 0163 11.48 0.05% 0.066 0.89 -0.0007  0.0006  -1.11 2.66%  T4.0%
IDR 0.0014  0.0024 0.61 0510 0142 338 -0.033  0.058 -0.57 0.0020  0.0006 3.62 232% 50.3%
ILs -0.0005  0.0021 -0.26 0.68% 0127 542 0.013 0.052 0.26 0.0002  0.0005 0.3% 207% 43.6%
IPY -0.0028 00026 -1.10 0.508  0.138 321 0.125 0.064 1.95 -0.0023  0.0006 -3.80 258% 11.6%
KRW 0.0010  0.0022 045 1.059 0132 8.03 0.040 0.053 0.74 0.0012  0.0005 242 215% 69.1%
MHN 0.0035  0.0020 1.72 0.672 0122 5.50 -0.104 0045 =210 0.0015  0.0005 319 1.98%  64.4%
MYR -0.0013  0.0011 -1.15 0498  0.067 740 0.035 0.027 1.28 0.0003  0.0003 1.30 1.10%  60.7%
NOK 0.0008  0.0019 043 1286 0.112 11.53 0,032 0.5 -0.71 -0.0004  0.0004  -099 1.82% 76.5%
NZD 0.0002  0.0027 0.07 1.504 0164 9.17 0.080 0.067 1.21 0.0004  0.0006 0.64 267% 682%
PHP -0.0018  0.0015  -125 0443 0092 4.80 0.046 0.037 122 -0.0001 00004 -020 1.50%  31.0%
PLN 0.0020  0.0024 0.81 1.807 0145 12.47 0.006 0.059 0.10 -0.0007 0.0006 -1.30 236% 779%
SEK 0.0015  0.0019 0.7% 1450 0111 13.03 0.062 0.045 1.36 0.0000  0.0004 0.09 1.81%  804%
SGD -0.0020 00009 217 0710 0034 1315 0.058 0.022 263 -0.0001  0.0002 051 0.88%  78.7%
THB -0.0016 0.0013  -1.18 0592 0079 7.50 0.034 0.032 1.06 -0.000% 0.0003  -2.89 1.29%  45.1%
TRY 0.0045  0.0034 134 1.007 020 5.01 0.03% 0.082 047 0.0011  0.0008 147 328% 456%
TWD -0.0005  0.0012  -0.40 0.506  0.071 7.08 0.003 0.029 0.10 -0.0001  0.0003  -045 1.16%  33.8%
ZAR 0.0040  0.0039 1.04 1362 0232 5.88 0.016 0.094 0.17 0.0014  0.000%9 1.50 3.78%  53.7%
Mean 0.0004 00021 00669 1.042 0.128 §.580 0.026 0.052 0.612 0.0000 00005 -00953 209% 606%
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2004 to 2007 Estimation Results

o 5.8 t-stat. B s.€ t-stat. = R?
AUD 0.0025  0.0026 0.98 1.465 0.170 8.62 1.71%  61.4%
BRL -0.0076  0.0048  -1.39 0.642 0.314 205 3.15% 6.5%
CAD -0.0020 00033  -0.60 0.871 0.220 3.95 222%  241%
CHF 0.0034  0.0021 1.63 1.382 0.137 1012 1.37%  68.8%
CLP -0.0008 00032  -0.26 0.573 0.211 272 212%  122%
CZK -0.0018 00027  -0.66 1.509 0.180 8.37 1.81%  60.0%
DKK 0.0017  0.0016 1.07 1.269 0.107 11.85 1.08% 75.2%
EUR 0.0017  0.0016 1.02 1.262 0.108 11.71 1.08%  74.7%
GBP 0.0017  0.0022 0.79 1.205 0.142 849 1.43%  60.7%
HUF 0.0027  0.0032 0.84 1.699 0211 8.06 212%  582%
IDR 0.0041  0.0034 1.21 0.510 0.223 229 2.24% 8.5%
ILS -0.0006 00023  -0.24 0.584 0.155 377 1.56%  22.3%
JPY 0.0042  0.0031 135 0.908 0.200 4.41 207%  28.6%
KRW -0.0021 00019 -1.11 0.860 0.124 6.94 1.25%  50.7%
MXN 0.0006 0.0024 025 0.243 0.157 1.54 1.58% 2.9%
MYR -0.0017 00012 -1.44 0.252 0.077 3.28 0.77%  17.5%
NOK 0.0015  0.0031 047 1.391 0.203 6.86 2.04%  50.0%
NZD 0.0031  0.0040 0.78 1.592 0.261 6.09 2.63%  H.0%
PHP -0.0051  0.0020  -2.50 0.180 0.133 1.34 1.35% 1.7%
PLN -0.0016 00030 -0.33 1.770 0.197 8.97 1.35%  63.3%
SEK 0.003%  0.0024 1.61 1.625 0.160 10.18 1.98%  69.1%
SGD -0.0009  0.0011 -0.78 0.649 0.072 9.06 0.72%  63.8%
THB -0.0003 0.0016  -0.18 0.776 0.106 7.35 1.06%  33.5%
TRY 0.0008  0.0032 0.15 1.086 0.343 3.17 345%  10.4%
TWD 00011 0.0016 0.67 0.356 0.108 3.13 1.09%  35.5%
ZAR 0.0090  0.0055 1.65 2.092 0.361 5.80 3.63%  41.5%
Mean 0.0007  0.0027  0.1759 1.037 0.180 6.236 1.80%  41.2%
2008 to 2011 Estimation Results
o 5.8 t-stat. B 5.8 t-stat. [+ R?

AUD -0.0046 0.0025  -1.81 1.588 0.076 20.98 1.77%  90.1%
BEL -0.0004 0.0043  -0.10 1.328 0.128 1040 2.99%  69.1%
CAD -0.0005 00027 -0.17 0.885 0.080 11.04 1.88%  71.6%
CHF -0.0047  0.0041 -1.15 1.017 0.122 8.31 2.87%  358.6%
CLP -0.0005 0.0049  -0.09 0.950 0.148 6.43 3.46% 45.7%
CZK 0.0007  0.0039 0.17 1.374 0.117 11.79 2.73% T42%
DKK 0.0014  0.0027 0.54 1.088 0.080 13.39 1.88%  79.3%
EUR 0.0015  0.0027 0.56 1.094 0.080 1359 1.89%  79.3%
GBP 0.0051  0.0034 1.49 0.805 0.101 7.94 237%  56.4%
HUF 0.0053  0.0045 1.19 1.712 0.133 12.83 3.13% 77.3%
IDR -0.0014 0.0037  -0.39 0.914 0.111 8.24 2.60% 58.2%
LS -0.0009 00035  -024 0.729 0.105 6.94 246%  493%
JPY -0.0073  0.0043  -171 -0.098 0127 -0.77 298%  -0.9%
KRW 0.0033  0.0040 0.83 1.262 0.120 10.49 2.82%  069.4%
MXN 0.0039  0.0032 1.23 1.130 0.095 11.95 222%  T47%
MYR -0.0017 0.0019  -091 0.567 0.056 10.15 131%  68.0%
NOK 0.0004 0.0023 0.19 1.227 0.069 17.90 1.61%  86.9%
NZD -0.0018  0.0040  -0.46 1.483 0.118 1256 277%  76.6%
PHP 0.0004  0.0023 0.16 0.419 0.068 6.16 1.59%  43.5%
PLN 0.0053  0.0038 1.39 1.662 0.114 14.63 1.59%  43.3%
SEK 0.0002 0.0028 0.07 1.363 0.085 16.07 1.99%  84.3%
SGD -0.002% 00015 -182 0.644 0.045 1429 1.06%  80.%%
THB -0.0018  0.0021 -0.83 0.365 0.063 3.82 1.47%  40.7%
TRY 0.0085 0.0045 1.88 1.136 0.135 8.42 3.16%  59.3%
TWD -0.0018  0.0017  -1.01 0.476 0.052 9.20 1.21%  63.3%
ZAR 0.0021  0.0056 0.37 1.460 0.167 8.75 3.91% 61.2%
Mean 0.0003  0.0033 -0.0288 1.022 0.100 10.681 2.30%  63.9%

101



3.8.5 Intervention on the BRL
BRL Intervention: US$ millions
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Administrative measures

- External borrowing by local companies tax increased from 5% to 5,38% in dec-07 if debt

maturity is lower than 3 months. Increased to 692011 and maturity was also increased several
times until reach up to 5 years in early 2012.

- Fixed income (for foreign investors):1,5% tax in mar-08. This tax was zeroed in octah@ then
charged again in sep-09. The tax rate was incraéas#ll O first to 4% and then to 6%.

-Equity investments (foreign investors):2% tax charged starting in sep-09. This tax wasetkin
dec-11.

-Bank’s net position on USD 1% tax charged starting in jul-11.
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