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RESUMO

LOPES, Luckas Sabioni, D.Sc., Universidade Federal de Vicosaremsy de 2014.
Mudancas recentes nos ciclos de negocios brasileir@rientador: Jodo Eustaquio de
Lima. Coorientadars Marcelle Chauvet e Marcelo José Braga.

A presente tese contém dois artigos. No primeiro ndatss sobre os ciclos de
negaocios ocorridos no Brasil entre 1947 e 2012 sao oferetltliza-se um método de
extracdo do componente ciclico do produto interno brui®) @ie combina o resultado
de diversos filtros Hodrick-Prescott, criando um conjutganformacdes que é robusto
aos problemas de quebras estruturais e de selecéo de Aitnosncipais conclusdes do
artigo sdo que os ciclos econdbmicos no pais sdo asswsetdom expansdes mais
longas que recessdes; a tendéncia de crescimento dangcdomou-se visivelmente
mais suave apos os anos 1980; e, ha uma quebra na volatilid&i® daorrendo
aproximadamente nos anos de 1996 ou 1997, quando o pais se tornastavalsFoi
também verificado que a taxa de crescimento de longo praecos@mia reduziu-se
em 50%, de um valor de 8% ao ano no periodo de 1947 a 1980, a pésiodo
seguinte. O segundo capitulo estuda profundamente a questdonda Gladeracao
aplicada ao caso brasileiro, investigando quais fatonesage a queda observada na
volatilidade da inflacdo e do produto no pais. Para tanto, eséimen modelo dinamico
de equilibrio geral estocastico (DSGE) Novo Keynesiano, atrale técnicas
bayesianas, ao longo de diferentes amostras para d@eeol975 a 2012. De acordo
com os resultados obtidos, a Grande Moderacdo Brasieimeecou no ano de 1995,
guando a volatiidade da inflacdo e do Produto Interno Br(RdB) -caiu
significativamente. Detectaram-se também instabilidadepar@snetros que descrevem
o setor privado, a politica monetéaria e a variancia togues exdégenos. Com respeito
as causas desse fendbmeno, mudancas na politica moeetérsachoques explicam a
reducdo na volatilidade da inflacdo (aproximadamente 508a, cde acordo com
algumas especificacdes). Entretanto, nas estimacopsiragira diferenca, percebeu-se

gue alteracdes na inclinacdo da curva de Phillips também forgortantes para a



estabilizacdo da inflagdo. Em relacéo ao PIB, a reddgaariancia dos choques foi o
Unico fator por tras de sua maior estabilidade. A Grande Mghterao Brasil €,
portanto, fruto de um misto de politica monetaria efetivandéancas no setor privado

e de um ambiente macroecondémico favoravel.



ABSTRACT

LOPES, Luckas Sabioni, D.Sc., Universidade Federal de Vigosaudfgp 2014.
Recent changes in the Brazilian business cycleAdviser: Jodo Eustaquio de Lima.
Co-adivisers: Marcelle Chauvet and Marcelo José Braga.

The present research work has two chapters. The fiestpavvides new information
about the Brazilian business cycle from 1947 to 2012, usingudegly and seasonally
adjusted real GDP time series. Our method averages ovariedy of HP-filters and
creates a set of information which is robust for strwadthreaks and filter selection. The
main findings are that Brazilian business cycle is asynmenetith expansions lasting
longer than recessions; the country’s long-term trend presented a noticeable flatter slope
after the 1980s; and, volatility decreased after 1996-1997, whestatsstically
significant structural break occurred. We also found tBedzilian real long-term
growth rate decreased by 50%, from 8% per year, in thedoleeinveen 1947 and 1980,
to 4% per year after that. The second one evaluates s Mpderation issue applied
to Brazil, investigating what has caused inflation and outoldtility to fall in the
country. In so doing, we estimate a structural New KeyneBi@GE model using
Bayesian techniques, across different sub-samplesdoeritire 1975-2012 period. Our
main findings are that the Brazilian Great Moderation bemari995, when the
volatility of inflation, and output gap, dropped sharply. iéee detected instabilities in
the parameters describing the private sector, the monethey, pnd the variance of
the shocks. Regarding the causes of the great moderalianges in monetary policy
and shocks explain the reduction in the instability of imfta{about 50% each, in some
specifications). However, some assumptions also inditattechanges in the Phillips
curve slope were also important for its stabilization.t@nGDP side, we found that the
sole reason behind its volatility fall was the reductibthe shocks hitting the economy.

Therefore, the Brazilian Great Moderation was mainlginated by a mix of thégood

Xi



policy” (implied by the Real Plan) angood luck hypotheses additionally to changes

in the price setters’ behavior.
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INTRODUCAO GERAL

A economia brasileira vem passando por mudancas profudémngo dos
altimos anos. O produto interno bruto (PIB) real, por eemsegundo dados de
Bonelli e Rodrigues (2012), cresce a taxa media de 5% ademde 1947. Além disso,
a inflacédo foi controlada e drasticamente reduzida, pdesae valores muito préximos
aos hiperinflacionarios entre 1984 e 1994, para uma média dso%00 apds 1995
(segundo o Indice Geral de Precos, disponibilidade inté@m;DI, calculado pela
Funcéo Getulio Vargak)

A dindmica dessas alteragfes, contudo, é sinuosa. Elenégua de periodos de
altos e baixos, de momentos de expansodes e recessdesmgede otimismo e crises e
de descontinuidades. Assim, a distincdo das forcasizemtisubjacentes a esses
fenbmenos é essencial para a formulacédo de politica®eicas adequadas ao atual

cenario macroecondmico do pais. Ainda mais quando se levaomsideracdo o

! A taxa de inflagdo medida pelo IGP-DI é disponibilizada fREA em:http://www.ipeadata.gov.hrO
PIB real pode ser consultado em Bonelli, R., e Rodrig@es(2012). PIB Trimestral: Proposta
Metodoldgica e Resultados para o Perido 194TrTitneo], 24 pp.



http://www.ipeadata.gov.br/

elevado custo de suas osciladdds nesse contexto em que a presente pesquisa se
insere, pretendendo, sobretudo, estudar as principaisesésticas e determinantes dos
ciclos de negdcios brasileiros entre 0os anos de 1947 e 2012.

Especificamente, objetivou-se, no primeiro capitulo:

1) Propor um método inovador de extragdo da tendéncialce dacatividade
econOmica brasileira;

i) Delimitar e caracterizar os ciclos de negdcios no Brezitaindo medidas
como persisténcia, duracdo e amplitude médias, e perdashesgdas
recessdes e expansoes;

iii) Analisar a possibilidade de quebras estruturais, possivelmeliitiplas, na

tendéncia de longo-prazo e na volatilidade das séries deRIB r

E, no segundo capitulo:

i) Estudar as mudancas ocorridas na economia brasileim, base em
resultados obtidos com testes de quebras estruturaivendolo PIB real, a
inflacdo e a taxa de juros; e,

i) Avaliar os principais determinantes das mudancas observadasonomia
ao longo dos anos, com intermédio de um modelo maandatoco Novo-

Keynesiano e técnicas bayesianas de estimacéo.

% Veja, por exemplo, Cunha e Ferreira (2004).



Para tanto, a tese contém, além desta Introducdo GdealGonclusdo Geral
outros dois capitulos inter-relacionados, porém indepeesle@ada um deles esti
redigido em formato de artigo cientifico completo, tibumislo de introducéo,
metodologia, resultados e concluséo proprios.

Na primeira pesquisa, capitulo 1 da tese e intitulddaend-Cycle
Decomposition of the Brazilian GDP: New Facts for the perietiveen 1947 and
20127, uma série de tempo trimestral do PIB real é analisada durante todo o periodo de
1947 a 2012. A abordagem foca-se em mapear as principais datigeieda atividade
econdmica no Brasil, levantando caracteristicas comgoao de persisténcia temporal
do PIB, a duragédo média, a amplitude de variacdo e asspeghinhos acumulados das
recessdes, das expansdes e dos ciclos completos, alévalide a possibilidade de
existéncia de quebras estruturais na tendéncia de creszimenlongo-prazo e na
volatilidade da série de tempo em questao.

O método de decomposicdo utilizado, que se constitui em omacgao
proposta pelo presente autor, baseia-se na média @#@mdéls resultados de diversas
fitragens do tipo Hodrick-PrescdttResultados adicionais s&o discutidos a seguir,
cabendo aqui destacar que uma das principais conclustescdpitdo refere-se a
constatacdo de que a economia do pais se tornou sensiveinastestavel apos os
anos de 1996/1997, provaveis datas de ocorréncia de uma quelitaasia variancia
do componente ciclico do PIB.

Nesse sentido, o capitulo 2, intitulad@he Brazilian Great Moderation:
Features and Explanatidhsnvestiga quais fatores geraram a reducdo observada nas

variancias da inflacdo e do PIB no pais. Estima-se,igswaum modelo dinamico de

® Filtro de Hodrick e Prescott, discutido em detalhesgaiseO leitor pode consultar, também, o artigo
original: Hodrick e Prescott (1997).



equilibrio geral estocastico (DSGE, da sigla em inglés)oN¢eynesiano, através de
técnicas bayesianas, ao longo de diferentes amosteas pariodo de 1975 a 2012. As
variaveis consideradas neste caso sédo o PIB, a inflagflida pelo IGP-DI, e a taxa de
juros béasica da economia, Selic.

Em concordancia com o capitulo anterior, mostra-se queaad&rModeracao
Brasileird comecou no ano de 1995, quando a volatilidade da inflacdo éBdoai
significativamente. As principais explicacdes para tabregno sédo, para o caso da
inflacdo, mudangas na politica monetaria advindas do Fe@ e a redugdo dos
choques exdégenos afetando a economia (50% cada, de acorda owioria das
especificacdes). Entretanto, nas estimacfes em primeeeer}h, percebese que
alteracdes na inclinacdo da curva de Phillips também foramrtampes para a
estabilizacdo da inflacdo. Em relacédo ao PIB, a reddgaariancia dos choques foi o
anico fator por tras de sua maior estabilidade. O periodo dria¢stabilidade
atravessado pela economia brasileira é, portanto, frutaundemisto de politica
monetaria efetiva, de mudancas no setor privado e de umrdenin@acroeconémico
favoravel.

Nesse formato, a estrutura logica da tese torna-se tmastdémitiva, com o
primeiro capitulo descrevendo as caracteristicas basica<idos de negocios da
economia brasileira durante os Ultimos anos, e 0 segunigo aelacionando tais
caracteristicas a parametros relacionados ao sewmdpria conducdo da politica
monetaria e a magnitude dos choques que afetaram o pdiig,R@le ressaltar que os
capitulos foram redigidos em lingua inglesa, objetivando rmaisibilidade e

divulgacao da presente pesquisa.

* Refere-se, assim, ao periodo de menor volatilidade nam@né um termo padrdo na literatura da
area.



CAPITULO 1: Trend-Cycle Decomposition of the Brazilian GDP: New Factsdr
the period between 1947 and 2012

1.1. Introduction

Economics has traditionally studied business cycle, baitctintributions of
Burns and Mitchell (1946) were a watershed, prompting a waventefest in
regularities and features of economic activity and iistélations in many countries.
Such investigation assumes great relevance whenever @sctnprovide grounds for
policy-making (both public and private), forecasting, modelbcation, and theories
testing, to name a few. However, as it is stated imebent literature, in order to obtain
consistent business cycle information, one of thenngsues is how to separate the
input series into trend and cycle components. The answéndbis not trivial, and it is
the object of this research wor

We will focus on depicting facts about the Brazilian busineycles, by
decomposing a quarterly and seasonally adjusted GDP time $arithe 1947-2012
period. Amongst all the currently available trend-cycle dgmosition methods, the
Hodrick-Prescott filter (HP-filter, Hodrick and Prescott, 198&nds out most. The HP-
filter has been largely employed. Examples include Kyalamd Prescott (1982; 1990),
Backus Kehoe (1992), Ravn and Uhlig (2002) and, more recentlygrPend Wada
(2009) and Kodama (2013), who applied it to U.S. and internaticetal. dror the
Brazilian case, this filter was utilized, inter alia, byeBE}-Jr., et al. (2002), Ellery-Jr.
and Gomes (2005) and Aradujo, et al. (2008).

Other popular methods to extract the cyclical componetitnef series include
the BN-decomposition (Beveridge and Nelson, 1981), based omstrained ARIMA

models and estimated by Campbell and Mankiw (1987), Coclit®88) and Morley,



et al. (2003) for the U.S., and by Cribari-Neto, (1990; 1993)HeBrazilian economy;
the band-pass filter (Baxter and King, 1999), used by Basu ayidrT@999) and
Ellery-Jr., et al. (2002); and the unobserved componenteln®C, due to Clark
(1987) and considered by Morley, et al. (2003) and Perron and \@08)( As far as
we know, the UC model has not been applied yet to the BrazBDP decomposition.
Nevertheless, Kannebley and Gremaud (2003) employ such typetlodaology in an
interesting study concerning the secular trend of tlaeiBan terms of trade.

Although the trend-cycle decomposition has become compuodly simpler
due to all abovementioned methods, practitioners sti# s@me key problems. For
instance, one can show that the HP-filter outcome remdly dependent on the smooth
parameterA) and, most of the time, the rule of thumb for settipgits value, provided
by Hodrick and Prescott (1997) and broadly employed, is not ade@Ratron and
Wada, 2009).

Another notorious problem is that distinct decomposition o may lead to
rather different trenetycle components and stylized facts about economic @ctivi
Canova (1994, 1998), for example, studies this questiondddif. economy, showing
that some evidence is not robust to changes in the. fiftesides, the dissimilarities
between the cyclic component of the BN and UC methodsxamined by Morley et
al. (2003) and Perron and Wada (2009). The BN-cycle tend® tguibe noisy and
leaves more of the fluctuation for the trend componemhile the UC models lead to
larger and more persistent cyclic oscillations. Theesftire choice of a specific method
for filtering the data is by no means inconsequential, @Enatbably affects the main

results and brings policy implications.



The Brazilian GDP trend and cycle decomposition may be fasing these
problems. In this respect, some recent results contrdmiccommon view that, since
the Real Plan implementation in 1994, the Brazilian econaasybecome more stable.
Araujo, et al. (2008) and Ellery-Jr. and Gomes (2005), fomele, after using a HP-
filter (A=100), found that the Brazilian GDP volatility did not decrease in the post-war
period. Additionally, Cribari-Neto (1990, 1993), while studying the ahBuazilian
GNP and GDP data, respectively, from 1900 to 1990, and using thdt&\drgued
that the cyclic component of the Brazilian economitviy is small; that is, most of its
oscillations are driven by “real-long-term” shocks to the trend. This conclusion does not
match with Cunha and Ferreira (2004), who found that theaveelbsses due to output
fluctuations are significant in Brazil and reached up to 18@%alue higher than those
estimated for the U.S. economy (e.g., Barlevy, 2004). &prently, there is still room
for improvements in the understanding of the Braziliasitess cycle, which is a deep
concern of the present work.

Two main contributions are provided. First, our estimatie@s a new quarterly
time series measured by Bonelli and Rodrigues (2012) for tieddsztween 1947 and
1979, and by the Brazilian National Accounts System from tre(nstituto Brasileiro
de Geografia e EstatisticdBGE, 2012). The first set of observations was calculated s
as to be readily comparable to the second one, which ssapdroximation errors.
However, it should be clear that, when analyzing a quatienky series, we are able to
cover oscillations shorter than one year and to conguarbusiness cycle dates to those

established by the Brazilian Business Cycle Dating Commi@@®ACE, for the years



between 1980 and 2009Thus, as in the U.S. case, the Brazilian economy ta#s a
natural benchmark for the trend-cycle decompositionues@n when studying higher
frequency data.

Second and more importantly, based on the theory ofdst@ombination, and
by exploring the flexibility of the HP-filter, we provide a nesgheme to compute
average trend and cycle components in which the probldnidtes selection are
minimized. Thebasic idea is that, by varying the filter’s smoothness parameter
properly, one can potentially reproduce the results obsiimif not all, the other
methods (from the BN-filter oscillating trend, to the sxiiodeterministic trends). In
this sense, we calculate a large variety of HP-filterk dikferent values fof, and then
we take an average from the decomposition outcomes. Asgant by Timmermann
(2006), this combination of different trend and cycle seseppealing at least for two
reasons: i) it is more adaptable, outperforming individuatlet® in the presence of
structural breaks (Pesaran and Timmermann, 2005); andcanitbe understood as a
way to make the filtering procedure more robust against such misspecification biases
and measurement errors, when compared to individual me{fadsermann, 2006).
Hence, the evidence reported here is more reliable than that which is grounded on “once
and for all” decompositions.

Our main findings are the following: i) the model has almost neatcthe
CODACE husiness cycle dates, with a correspondence of 88P686&% during
recessions and expansions, respectively; ii) the estimated tcomponent is noticeably
flatter after the 1980s, depicting a major structural btbak happened in that period,

als known as the “lost decade”; iii) there is strong evidence that volatility decreased in

® CODACE’s committee provides the Brazilian business cycle chronology between 1980 and 2009. Its
researches will expand the dating process for the 1947-2042 ygag the same data set employed in
this work.



the country (for example, we found significant structuraaksewhich occurred around
1996/97); iv) the persistence of the cyclic series tendstdlate between the 0.7-0.8
bands; v) the business cycle phases have a diffdteation in the full sample, with
expansions and recessions lasting for, respectively, 8 godréers on average, which
implies a full cycle of 3.5 years; however, during the Mrilt Regime, Brazilian
economy presented mean expansions about 80% longer thasioaese and, vi) the
mean growth rates of the phases are quite differeathieg a value of 1.7% per quarter
(or 6.8% per year) during expansions, and 0.45% per quarter (orpkBYear) during
slowdowns; however, between 1985 and 1993, the mean growth ratg cho@ssions
was around -0.2% per quarter, i.e., -0.8% per year.

The results described above are wide-ranging. For exampldound that the
Brazilian business cycles are asymmetric, with expass@xhibiting longer duration
and accumulated movements than recessions. These asigaraeross business cycle
phases are also observed in the OECD countries, as dotadnn Chang and Hwang
(2011), Chauvet and Yu (2006) and Artis and Zhang (1999). MoreoveQumd that
the Brazilian long-term trend is reasonably similar tat tthascribed by Perron and
Wada (2009) for the U.S. economy, except that, for ther]dtie major break occurred
in 1973. Our expansion and recession growth rates are atdteptar those obtained by
Chauvet (2002).

The remainder of this paper is organized as follows. Se&igmesents and
discusses the trend-cycle decomposition procedureo8e&presents some preliminary
results, unit root tests and comparisons between our metioithee CODACE business
cycle dates. Section 4 brings the filtered Brazilian GDP’s facts and information, using a

guarterly data set ranging from 1947 to 2012, while subsection 4lermants a



number of robustness and structural change tests. Fisaltyion 5 shows the main

conclusions and policy implications of the research work.
1.2. The Hodrick-Prescott filter and the average cycle

This section presents the trend-cycle decompositionadetpplied in the paper,
covering briefly the mathematics of the HP-filter, ritdiscussing its main caveats, and
finally showing how we can overcome them.

The Hodrick-Prescott filter is a method developed foraeting a smoothed
version,t;, from some given original series, say The z; component is considered as
being the long-term trend, while the residuais; z;, contain the cyclic components.

Strictly speaking, the HP-filter computefy; by solving:

min X% - 7)° + 25 (o~ ) - (7 - 7)) @1

o t=1

that is, the HP-filter minimizes the varianceypfiround the trend, subjects to a penalty
that constrains the growth ratemfthe second summation term (Hodrick and Prescott,
1997). The parameter controls the smoothness of the trend series. Asnitlg to
infinity, 7 approaches the linear trend case.

The value to be chosen faiis still an open question in the economic literature,
and it canhave profound practical consequences. A wranépr instance, may impute
the greater part of the:’s variation tothe trend, leaving the cyclic component
economically irrelevant. Nevertheless, most of theeaechers, for the sake of

simplicity, just follow the recommendations of Hodrick d&escott (1997), setting it as
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1600 for quarterly dafa(e.g. Kydland and Prescott, 1990; Backus and Kehoe, 1992;
Ellery-Jr., et al., 2002; Ellery-Jr. and Gomes, 2005; Aralgt al., 2008; and
Michaelides, et al., 2013; amongst several others).

On the other hand, Perron and Wada (2009) show tha#880,000 is good
choice for detrending the U.S. quarterly real GDP duringpgt@d between 1947:01
and 1998:02. While Pedersen (2001), making an effort to find thevddest for1 based
on the theory of optimal filtering and on five differeatitoregressive processes
suggests a value around 1,000 and 1,050 for this parameter omlyaiatiae

Possibly, the only consensus economists have reachedlinggaris that its
value must represent the underlying structure of some dataatjpggprocess (DGP).
However, since a DGP may vary across countries and atwssne, it turns out to be
extremely difficult to elect a particular smoothnpssameter as the true one. Indeed, a
good procedure shall consider a set of conceivable valuefndraut a way to use this
information in order to highlight features of the data Ehis is exactly how we proceed
in the present paper.

The method proposed here comprises two steps. Firstoitmpeses the original
series, in our case the Brazilian quarterly GDP, inemdrand cycle components by
using the HP-filter with a variety of smoothness paramset8econd, it takes the
arithmetic mean over the outcome of these filtering mee® which provides series
with remarkable features, as discussed later. It is alesimq@thod, nevertheless,
strongly based on results obtained by the theory @&cémt combination. Now, let us

turn to details of each step, beginning with the second one.

®They found this value by squaring the ratio of the cyclicalpgmments variance, set as 5% per quarter,
and the variance of second differenced term, set asi¢8Yuarter.

A stationaryAR(1)-process:y; = gy 1+e, with 9=0.9 andp=0.95; two near-unit root processes with
9»=0.99 and=0.9999, and a near unit ro&R(2)-processy; = giyi1t@\-ote With ¢,=1.3297 and
9=—0.3318.
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The true trend and cycle components of an economic &gmessare unknown.
Practitioners try to forecast them, employing a spectiethod and choosing some
parameters of control, such asin the HP-filter case. Now, suppose that we are
interested in forecast the varialyle say, the GDP cyclic component of any country, and
that two predictionsy.; andy.,, are available, namely, the outcome of two diffei¢Rt
filters provided by distinct analysts. Let the first guess be based on some Nj-vector of
informationx, i.e.,y.1=0i1(X) while the second is based on soevector of information
z,i.e.,ye=02(2)%. If {x, 7}, the full information set, were observable, it wouldrizeural
to construct a forecasting model based on all variabletaioed inx and z i.e.,
Ye3=03(X, 2). On the other hand, if only the forecagts andy., are observed by the
forecast user (while the underlying variables are nogn tthe theory of forecast
combination states that the better strategy is to contbése predictions, using a model
of the typey.=dc(Yc1, Ye2; W), Wwherew refers to the combination weights (cf., Clemen,
1987; and Timmermann, 2006).

In this paper, we assign equal weights ¥grsince this assumption has been
providing better results even when comparing to others megam combinations of
weights. Clemen (1989, p.559), for example, after reviewiteggee number of papers
dealing with the forecast combination issues, states: “(...) in many cases one can make
dramatic performance improvements by simply averaging the forétBstsheir turn,
Palm and Zellner (1992) find that adopting a simple averagé&oahet interesting
because in many situations it will achieve a substarg@liation in the variance and
bias. In addition, Timmermann (2006), analyzed a quarterly @ateosnprising up to

43 time series for the G7 economies between 1959 and 1999, umbtifat the oubd-

®Here, these two analysts use their information whewosihg the smoothness parameter.
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sample mean square forecast error (MSFE) for the artitinmean forecast is about
10% lower than the MSFE obtained by the best single model.

Another positive effect may arise from the combinat@nfilter outcomes,
namely, the higher degree of flexibility when facing strudtbraaks. Structural breaks
are an important question when decomposing a time sereetheir incidence is almost
certain during long time spans. Breaks can affect thstaity of the series, introduce
spurious correlations among its points, and make the -tgrld decomposition
troublesome, thus affecting analyses that do not accounthi® question. Perron
(1989), for example, shows that the U.S. GDP trend may mawit root if one takes
into account a structural break occurred in 1973, due torteofl price shock. In this
sense, one should estimate the U.S. GDP trend as a tineawith a break in the
mentioned year (these findings are confirmed by PerroMéadh, 2009, using a model
of unobservable components with endogenous structural breaks

Typically, it is difficult to timely detect structural breaks, but it is plausible that,
on average, combinations of filter outcomes with differ@egrees of adaptability to
breaks will outperform decompositions emerging from il models. Some
decomposition procedures have a more oscillating trend thiabevonly temporally
affected by the break, while others have a smoother tretdwill slowly adjust. As
long as more data points are available after the breakm@nce, slow-adapting models
will perform better than fast-adapting ones, since thenpetexrs of the former are more
precisely estimated. On the other hand, if the data wirfdmm the most recent break is
short, fast-adapting models can be expected to produce the tieesl-cycle
representations (see Pesaran and Timmermann, 2005). Thtisrnis easily expanded

to the case where parameter and model uncertainty aenprés long as the DGP is a
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mutable process, the best decomposition model for a giwenoey will possibly
change over time, in a sense that combining diffefdiet outcomes can make the
decomposition components more robust agairch misspecification errors.

In short, the combination of filters is a way arounduheertainties arising from
a complex data generating process. As stated by Winkler (1989, p.606): “(...) in many
situations there is no such thing as a ‘true’ model for forecasting purposes. The world
around us is continually changing, with new uncertainties replacing old.’dbfiéss
insight implicitly assumes that one could not identify timelerlying process, but that
different filtering procedures are able to capture variagpeets of the information
contained in the time series, and produce more corststismess cycle facts by using
an averaging scheme. Moreover, as indicated by Zarnd®9@2, p.407), the idea we
make use here is a “(...) method for a decision maker to reduce the large-error risk
associted with relying on one particular model or one individual’s judgment.” Now,
let us explain why we average over a variety of HP-§ilter

As said before, thé parameter of the HP-filter controls the smoothnesthef
trend. In this sense, we can benefit from its flexibilityorder to mimic the trend and
cycle components of other filtering methods. An illustiatmay explain this statement.
First, we simulate a time series model as an autoréggga®cess taking the form=
0.2+0.99y.1+&, Whereg; is a Gaussian white noise. Then, we decompose thetiatter
series by utilizing two extreme case procedures: the nois\ABMAA(2,1,0) filter,
depicted in part “a” of Figure 1.1, below; and, the smooth third order polynomial trend,
illustrated in part “c” of the same graph. Next, we use the HP-filter trying to replicate
these two previous results. Part “b” shows the trend of a HP(A=1)-filter, and part “d” a

HP(=960,000)-filter. As we can see, the HP-filter is a good approkimdbr both
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methods, and by varyingproperly, one can reproduce an even larger range ofrftgeri

outcomes.
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Fig.1.1 Trend component of the autoregressive progese.2+0.99y.;+¢; according to
the following models: (a) BNARIMA(2,1,0) filter; (b) HP(A=1)-filter; (c) deterministic
cubic trend; and, (d) HP(A=960,000)-filter.

Moreover, we save time when making use of this approaute st avoids
subsequent, and necessary, adjustments on the timewbkersaveraging components
from distinct trend-cycle decomposition methods (®eg,, Lamo, et al., 2013, who
employ this alternative procedure).

An extra detail should be noted with respect to the algorittahaverages the
HP-filter components. In order to extract the best redudts such method, the degree
of overlap information between the series must be lovat ®) the more new features
are presented by the different filtering outcomes, theenuseful and general are the
combined series (see the intuition in Winkler, 1989; almm€n, 1987). Nevertheless,

the differences between two specific HP-filter outcomes dserexs the smoothness
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parameter increases. The series implied by10,000, for example, is quite similar to
another obtained by setting /&11,000. Therefore, if the algorithm’s step increases
together with/, the method will provide averaged trend and cycle compoleatsvill
hold richer information about business cycle.

In this regards, we divide the HP-filter into five groupstesato the degree of
the trend smoothness, as is shown below, in Talilelid each group, the algorithm’s
step was chosen as a simple function of zheriginally proposed by Hodrick and
Prescott (1997). In this table we highlight some interesting sdtuel, fetched by the
calculations. First we emphasizel, number that leads to an extremely noisy trend
component; next we have=960 and 1,120, which are closely related to the values
suggested by Pedersen (2001); finally we utilize a variety ef athincludingA=1,600
and 14,440 as recommended by Hodrick and Prescott (1997) for quartenhigonthly
data, respectively, an@d=800,000, considered by Perron and Wada (2009) for the
guarterly U.S. real GDP data. In all, we implement 43 differgypes of HP-
decompositions that, on average, shall bear a good resembldthcthe true Brazilian

GDP’s trend and cycle components.

Table 1.1: Number of HP-filters utilized for building the averrgad and cycle series

Algorithm  Number

Group Values ofi stef? of filters

1 1;17; 33; 49; 65; 81; 97; 113; 129; 145 1,6x10 10

2 160; 320; 480; 640; 80060, 1,120 1,280; 1,440  1,6x10° 9

3 1,600; 3,200; 4,800; 6,400; 8,000; 9,600; 11,2( 1,6x10° 9
12,800;14,400

4 16,000; 32,000; 48,000; 64,000; 80,000; 96,0 1,6x10" 9
112,000; 128000; 144000

5 160,000; 320,000; 480,000; 640,00800,000 1,6x10° 6
960,000

Total 43

Notes: (1) Algorithm step stands for the interval between two sequential A’s.
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1.3. Preliminary results: unit roots and decomposition evaluation

Perron (1989), in a seminal paper, brought light on the effettstructural
breaks while analyzing unit roots in economic time sehrethis paper, he showed how
a single break in a stationary variable can misleactissical unit root tests towards
the non-rejection of the null hypothesis (see, addlitliy, Enders, 2008). One major
problem with Perron’s (1989) methodology, however, is that he considers the breakdate
as exogenous, i.e., known beforehand. Thus, one could chio®dareakpoint dates
based on its prior observation of the time series hadge, problems associated with
datamining are applicable to Perron’s approach (Zivot and Andrews, 1992; Christiano,
1992). Zivot and Andrews (1992), instead, propose a test thahwients this problem,
by estimating, rather than fixing, the breakpoint datehis paper, we estimate Zivot
and Andrews’ (1992) statistics, as well as the Kwiatkowski, et al. (KPSS, 1992) tests, in
order to asses on unit root question, and verify whetheddterministic or stochastic
trend is a better assumption for the Brazilian quart&DP time series. Table 2.

shows the test results.

Table 1.2: Unit root tests, Brazilian quarterly GDP, 1947:@2012:04

Panel (a): Zivot and Andrews (1992) tests on level GDP

Break Hypothesis Lags SIC (Max.: Critical values Calcul.at.ed t-
8) 1% 5% 10% statistic
Intercept 5 -5.34 -4.93 -4.58 -3.38
Trend 5 -4.80 -4.42 -4.11 -3.95
Both 5 -5.57 -5.08 -4.82 -4.78
Panel (b): KPSS tests on level GDP

. , Critical values Calculated t-
Test assumption Bandwidth 1% 506 10% statistic
Intercept 12 0.74 0.46 0.35 2.05
Trend and 12 0.21 0.15 0.12 0.51
intercept
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As we can see above, Pana) (n Table 1.2 shows calculated t-statistics less than t
10% critical value for each one of the assumptions,ishdailing to reject the null of a
unit root with a structural break. By its turn, Par®ldisplays KPSS tests rejecting the
null of stationarity in both assumptions. Consequentlytests are confirming the
existence of a unit root in the log-levels of the BraziGDP data, even when one takes
account to the possibility of one structural change.

As the log-level of the Brazilian quarterly GDP is noatstnary around a
stochastic trend, we can turn our attentions to the decsitiggocomponents, since the
HP-filter is able to remove up to four unit roots of a givenese(see, e.g., Baxter and
King, 1999; and Pedersen, 2001).

Figure 12, below, brings four series. First, part “a” shows the log-GDP time
series with CODACE recessiatates illustrated in the shaded areas. Part “b” depicts
our first average time series, namely, our resultshierBrazilian GDP long-term trend
(solid line) and its two standard error bands (dashed lif®s)visually inspecting
Figure 1.2, one can clearly see a very smooth trend wittitar slope after the 1980s.
In fact, this reduction was remarkable: Brazilian long-téremd is now about 50%
times less steep than it used to be before the medtiaae.

According to Perron (1989), this type of smooth stochasgad is well-
described as a unit root process with strong mean-reveasibrat-tailed distribution
for the error sequences. As a result, most of shocks &areall, if any, long-term
effect; only a few numbers of events can modify teadrpermanently, as in the case of
the highly unstable period of 1980s, in which Brazil has undaraepolitical regime

switching (military to democratic), and several yearbygferinflation.

18



Fig.1.2 Brazilian time series. (a) Log of Brazilian quartewal GDP; (b) average trend series (solid line)
and two standard error bands (dashed lines); (c) averageseyids (solid line) and two standard errors
bands (dashed lines); and, (d) average cycle series. ShadedrartesCODACE recession dates.

Parts “b” and “c” also show that the trend and cycle components are less
accurately calculated during the periods of 1965-1970, and 1974-198% pésods
may be associated with many political and economic ingiabjlsuch as the beginning
of the Military Regime; a high and increasing inflation (in 196d4A8ian General Price
Index - Internal Availability -reached a peak of 92% per y&arthe whole 1947-1979
period); the extended slowdown in the GDP growth rate thatilBira economy has
passed through during 1963-1967, due to a large package of restfistiak and
monetary policies, aiming to control the soaring prieaseven longer period of high
growth, over the 1968-1973 period, also referred as the E¢omdinacle, in which the
real GDP grew at a rate of 11% per year (Abreu, 1989); andiréladl started around

1980.
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Such sources of uncertainties would have affected thel uselad-cycle
decomposition methods whenever it is assumed a particpkgifisation for the
filtering procedure. However, as we argued before, the gee@mponent series should
be more robust to them, since different decomposition outsotan adapt faster to the
vast complexity of the real world economic time series

In Figure 12, part “d”, we focus on the average cyclic series as well as on the
CODACE recession dates (the Brazilian committee providegh@isbusiness cycle
chronology for the 1980-2009 period). Besides, one can natitegh degree of
matching between both series. Still, in order to accessxaot eneasure of their
correspondence, we need to transform our cyclic series bmary indicator of the
business cycle phases. For such, first, we find the trpmint dates (peaks and
troughs), and, second, we create our own dummy series, deéxjpansions as the
period from a previous trough to the most recent peak, andgiens as the period from
a previous peak to the most recent trough.

In order to find the turning points, we employ a simple ruéaied by Wecker
(1979), and also employed by Canova (1994) and Pagan (1997), atherg) where a
peak is equal 1 when {Ayc:> 0; Ayci+1 < 0; Ay 2 < 0}, wherey, refers to the average
cyclic component. Conversely, a trough series is equal to 1 when {Ay:: < 0; Ayct+1 > O;
Ayc+2 > 0}. We also require that peaks and troughs altersatd,two or more peaks
(troughs) are subsequent we select the one with a highaliggnvalue fory.. Thus, the
algorithm replicates a common view among media membeds paiticians that

expansions (recessions) involve at least two quarteregitive (negative) growth.
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Table 13 presents comparisons between our cyclic series and CODACE’s

business cycle dates. This table also refers to the bindigators for expansions and
recessions §° and S7, respectively, derived from our decomposition after applying

Wecker’s (1979) rule. In a total of 120 quarters, our dummy indicator has a
correspondence rate of 86% ((79+24)/120) during expansions, and(88%61)/120)

in recessions.

Table 1.3: Decomposition-CODACE comparisons, 1986:2009:04

Expansions Recessions
CODACE CODACE
S 1 0 Total | S® 1 0 Total
1 79 8 87 |1 44 11 55
0 9 24 33 |0 4 61 65
Total 88 32 120 | Total 48 72 120
Correspondence 86% Correspondence 88%

Moreover, while the errors in the course of expansisagjaite similar, i.e., 8
cases in which our cycle series indicates a false ugswaim 9 cases in which it misses

a real one; during recessions the average cyclic seresesnonly 4 in a total of 48
CODACE dates, i.e., a matching of 92%. Finally, it shall beed that both seriesy®

and CODACE, are perfectly coordinated during the 1989:02-1992:01, 2002:01-2003:02
and 2008:03-2009:01 recessions.

In order to compare the performance of our method, we&tdbelow, in Table
1.4, correspondence rates of other four different methadsg the same Wecker’s
(1979) rule. The alternative decomposition methods consideeedaarthe classical
HP(1=1600)-filter; b) an ARIMA(1,1,1)-BN filter; c) the Baxtena King (1999) band

pass filter, assuming that business cycles lasts from d.B years; and, d) the
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unobservable components decomposition, considering thatcybkc component
behaves as an AR(2), process (that is, UC(2) model).

As can be seen in Table 1.4, our averaged decompositiper@rms all the
other methods, especially when it comes to expansionaudingl, we have gotten
gualitative gains even when comparing with the clasditfdfilter, the second best
option. It is important to note that if oridd means to check methods’ performance
between 1965 and 1980, a period with large filtering instabilit{siguere 1.2 shows, is

possible to think that our method could have obtained evéer besults.

Table 1.4: Comparative performance of decomposition methods

Filtering method Coincidence with CODACE in:

Expansions (%) Recessions (%)
Mean cycle 86 88
HP(1=1600) 82 85
ARIMA(1,1,1)-BN 31 20
Baxter-King 75 76
UC(2) 73 73

1.4. Features of Brazilian cyclic component from 1947 to 2012

In order to examine features of the Brazilian business cyede divide the
sample into four distinct subsamples, namely, thesybafore the Military Regime,
1947-1963; the Military Regime itself, 1964-1984; the Democratic pdvéidre the
Real Plan, 1985-1993; and the Real Plan period itself, 1994-2012.

In Table 1.5, which brings patterns of the business cyléesgs, the average

duration, a measure of the phase length, s calculatédg ubhe formula

D' =1/(1-4' - ,['5”), wherei = E, R, meaning expansions and recessions, respectively.
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In this case, parameters are obtained by the OLS reaaneSs=a' + #'S_,, wherei =

E, R,andS" and S§° represent the same binary variables analyzed in SeicBon
By its turn, the average range during the business cycle pifases estimated
as the slope of the linear regressions between AGDP; and §', and indicates the height of

expansions or the depth of recessions, in a given pefidone. Having the mean

duration and range, total gains and losses of the busiydsspbhiases follow directly by

using the triangle approximatioﬁ;Ti:O.S(f)i *A), whereCr; refers to the cumulative
movements inside a cycle’s phase (aforementioned calculations follow Harding and
Pagan, 2002).

Expansions in Brazil last for approximately eight quarterstwo years, and
recessions have a mean duration of six quarters, or hi.y&he three longest
expansions occurred from 1956:02 to 1961:02, related to the “Plano de Metds a
consistent and comprehensive plan of public investments; 1867:01 to 1971:01 and
1971.04 to 1973:04, related to the Brazilian Economic Miracle peaod; from
2003:02 to 2008:03, which was interrupted by the Great Recession.

On the other hand, the three longest recessions occuwed ¥950:01 to
1953:02, related with unbalanced public accounts and a cambial stasted around
1952; and the periods of 1981:01-1983:04, and 1989:02-1992:01, where political and
economic instabilities led to hyperinflation, and negativewtno (Brazilian GDP
reduced -4.25 in 1981, -2.93 in 1983, -0.06% in 1988, -4.35% in 1990, and -0.47% in
1992, according data from the Brazilian System of Natior@loAnts, IBGE). After
that, 2009 was the only year in which Brazilian economy ptegea negative growth,

with -0.33% of variation in its GDP.
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Table 1.5: Phase patterns, Brazilian business cycle

Panel (a): Expansions

Statistics/Period Pre-1964 Military 1985- Real Plan Full sample
1993
Duration (quarters)  8.40 9.00 7.67 8.00 8.36
Range (%) 1.14 2.27 1.84 1.36 1.62
Total gain (%) 4.79 10.23 7.04 5.45 6.75
Mean growth (%) 2.09 2.09 1.26 1.13 1.70
Panel (b): Recessions
Duration (quarters)  6.00 5.00 6.33 5.50 5.59
Range (%) -1.23 -1.76 -1.80 -1.17 -1.44
Total loss (%) -3.69 -4.41 -5.72 -3.21 -4.05
Mean growth (%) 1.10 0.49 -0.21 0.10 0.46

By closely inspecting Table 1.5, one can note that, whilebti®ness cycle
phases change across the subsamples, the durationubbfcgcle is quite constant,
around 3.5 years, i.e., 14 quarters. Another interesting isathat the duration of
expansions are longer than that of recessions, evemgdine 1980s. Additionally, total
gains are always higher than total losses, depictingnéfested asymmetry between the
business cycle phases in the country. Besides, aftéRébePlan, Brazilian economy
has had milder expansions and recessions (see total gainsandhl Table 1.5), which
shows some evidence of increased stability in the couinirg she mid-1990s.

Persistenck by its turn, has been quite stable in Brazil, usually lasiciy
around the 0.7-0.8 bands, as can be seen in Table 1.6velpwaring some recessions,
such as those occurred in 1989:02-1992:01, 1997:04-1999:01 and 2008:03-2009:01, the
cyclic series correlation has a tendency to reducdyaptg due to a higher degree of
uncertainty (as depicted by Figuré Ipart “c”, below).

Taking a closer look into the stability question, Tablé shows that Brazilian

volatility, measured as the standard deviation of the @gdries, has surely decreased

® Persistence is defined as the first autoregressiveaestfof the cyclic component as in Pivetta and
Reis (2007).
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after 1994. In fact, the quarterly volatility after thisayis less than half of that
observed during the 1964-1984 period, and about 40% lower than gsrutile value.
In order to make international comparisons, we can reproshatistics calculated by
Aguiar and Gopinath (2007) for a set of developed countries, fanod standard
deviations in the order of 1.39% for Australia, 1.64% for CanddB8% for Finland,
1.52% for Sweden, and 1.34% overall, between 1980 and 2003. Thusl9%fte our
results indicate that Brazilian instability may have rbemnverging to a number

comparable to those estimated in some developed countries.

Table 1.6: Volatility and Persistence of the Brazilian Bass Cycle

Statistic/Period Pre-1964 Military  1985-1993 Real Plan Full
sample
Stand. Deviation%) 2.22 3.85 3.23 1.79 2.88
Persistence 0.74 0.89 0.73 0.71 0.82
N. Obs. 68 84 36 76 264

Figure 1.3, below, provides additional information about HBieazibusiness
cycles. In that figure, we estimate moving standard dewiatiariance, and persistence
of our cyclic series using a 14-quarter window, which issdmae average duration of a
full cycle, besides the GDP 14-quarter mean growth-rateseltime series are depicted
in parts “a”, “b”, “c”, and “d”, respectively.

As one can see, parts “a” and “b” of Figure 1.3 confirm that Brazilian instability
has decreased since mid-1990s. Moreover, during periods of ioesgesstandard
deviation and variance tend to increase, but after the omewti period, peaks of
volatility are consistently lower than the previous d¢tie only exception is the last
international crises peak). In this sense, all the evalegworted so far seems to support

the incidence of a delayed great moderation in Brawzlines with that found by several
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authors for the U.S. economy (see, e.g., Kim and Nel€#9; McConnell and Perez-

Quiros, 2000; and Stock and Watson, 2002).
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Fig.1.3 Brazilian moving statistics: (a) standard deviation; \@riance; (c) persistence; and, (d) GDP
growth rates. Note: moving window of 14 quarters, one fulllecygeriod. Shaded areas represent
CODACE recession dates.

According to Stock and Watson (2002), there are generale thrain reasons
for this phenomenon. The first one is related witlhitiral changes that might have
affected the economy; for example, the shift in outpainfgoods to services (Moore
and Zarnowitz, 1986), improvements in the inventory managemade possible by
the advancements in information-technology (McConnadl Berez-Quiros, 2000), and
financial innovations that facilitates intertemporal osthing of consumption and
investment (Blanchard and Simon, 2001). The second reasord veulimproved

monetary policy (e.g., Cogley and Sargent, 2005; Canova, 280@Yhe third category
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Is good luck, that is, a number of exogenous shocks tlhiced U.S. volatility
(Bernanke and Mihov 1998; Leeper and Zha 2003; Sims and Zha 2006).

Since the Real Plan implementation, Brazilian goneent has committed to
foster a sstainable budget policy and the Central Bank’s monetary rules have
concentrated on price stability, especially after the adopif the inflation targeting
regime. Together, the more predictable monetary arahlfipolicies and the low-
inflation scenario might be the reason why the current Brazilian macroeconomic
environment is less volatile. However, a consistent anfovethis question is beyond
the objectives of the present paper. Our focus is relateshpping process and raising
guestions and characteristics which shall be explained bsefutvestigations.

Additional information is found in Figure 3. part “d”. In the full sample,
Brazilian economy has had 14 quarters of negative growtt.historical growth-rate
peak was found in 1973:04, which equals to 3.09% per quarter, whilewbst lgalue
occurred in 1983:03, equaling t©.42% per quarter. Before the 1980s, the 14-quarter
growth rate of the GDP was swinging around 2% per quarterjua zéoser to that
believed as being the Brazilian natural growth-rate up to #as, yhich equals to 7%
per year, as pointed out in many sections of Abreu’s book (1989, p.222, for instance).
Since then, the Brazilian’s GDP long-term growth-rate seems to have converged to half

of this value, about 1% per quarter.

1.4.1. Robustness tests on the decreased volatiliand structural change
tests

In this subsection, we seek to investigate further questiegarding the

reduction of the Brazilian instability, since this is atefasting feature, also found in
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other countries that had not yet been detected by previapesrg Specifically, we
intend to examine if this finding is robust to changes@éwolatility measure, and when
it has really happened.

Table 1.7 brings a variety of proxies for the volatilit the country. The first
three series (“dgdp variance i), i = 4, 8, 14) refer to the variance of the GDP log
growth-rate considering 4, 8 and 14 quarters moving windows, resgdgctNext, two
classical measures of instability are presented, i® altsolute and the squared returns.
Table 1.7 also shows the one step ahead forecasts odriigional variance emerging
from an ARIMA(7,1,0)-Garch(1,1) model for the log-GDP tinseries, and an
ARIMA(5,1,0)-Garch(1,1) model for the mean HP-cycle. Baecifications were
chosen according to the Akaike (1987) information critenere, for the sake of
simplicity, we assume normally distributed disturbandésally, we present, within
parenthesis, the classical Student’s t and Welch’s (1951) statistics for the null that the
estimated volatility in a certain period is equal to thantb after 1994. Welch (1951)
test considers the possibility of different varianaesss subsamps

The first pattern seein Table 1.7 is that volatility increased from 1947 to 1993
and then, after 1994, it fell to lower levels. On average jristability of the 1994-2012
years is 28% lower than that observed during 1947-1963; 41% lowethiiaunder the
Military regime; and, 63% lower than the volatility oeth985-1993 years. The major
difference across periods was measured by the variarte gfrowth rate within one
year moving window, an approximation for the short-run viilat{4gdp variance, 4
guarters). According to this proxy, instability has decreadedit 40, 70 and 230% in

the Real Plan, comparatively to the pre-1964, Military and 19893 periods, in that

9We do not include the log-squared returns because of theiraseroblems, such as negative, large,
and/or undetermined values for volatility.
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order. Conversely, the minor differences were estthéty the Garch(1,1)-GDP proxy,

wherein the instability after 1994 has decreased 7, 21, and 64%vailgito the periods

in the same order as before. A second feature is thgtetiod from 1985 to 1993, in

which inflation levels were extremely high, was the mosstable in the Brazilian

history, for nearly all volatility measurés

Table 1.7: More volatility statistics and mean equalitystest

Statistic/Sample Pre 1964 Military 1985-1993 Real Plan
Agdp variance (4) 2.07 2.51 4.81 1.47
(1.95%*; 4.03**)  (3.26* 10.56%) (4.49% 11.33%)
Agdp variance (8) 2.40 3.15 5.35 1.82
(2.25%*; 5.61*)  (4.84* 23.45%) (5.55% 17.22%)
Agdp variance (14) 2.61 3.32 5.76 2.01
(3.08*% 11.08%)  (6.11* 37.80%) (8.16%; 37.28%)
Absolute returns 1.97 2.08 1.96 1.24
(3.77%, 13.75%)  (4.25% 18.70%) (2.88% 6.07*%)
Squared returns 0.055 0.063 0.063 0.026
(3.26%,10.19%)  (3.87* 15.67%) (2.75* 4.68%)
Garch(1,1) GDP 0.030 0.034 0.046 0.028
(1.35; 1,87) (3.76%; 14.14%) (4.68%; 12.40%)
Garch(1,1) HP-cycle 0.025 0.028 0.038 0.022
(2.96%; 9.48%) (4.68%; 22.33%) (5.53%; 16.98%)
Number of obs. 68 84 36 76

Notes: *, ** *** denotes statistical significance at 1, 5dat0% levels, respectively. Inside parentheses
aret and Welch (1951) mean equality test statistics. All figueéar to the Brazilian quarterly data, 1947-

2012, and are in percentages.

Throughout this paper, we have assumed a fairly logicadidiviin the data set,

beginning with pre-Military period, then the Military regirtself, passing through the

1980s and, finally, the Real Plan’s years. It seems to be a natural assumption, given the

recent political history of the country. Nonethelegstistically, this type of a priori

division of the sample makes the breakdate endogenousléted with the data), and

tests as those presented in Table 6 are likely to faisdigate a break, when none in

fact exists (Hansen, 2001).

1 Exception for the absolute returns.
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In order to circumvent this difficulty, we apply three drnt classes of
methods, which are the Nyblom’s L test of structural changes with unknown breakdate
(Hansen, 1992), the Quandt (1960)-Andrews (1993) procedure, and teenH2001)
tests. The first one evaluates a structural changall ithe parameters of a model,
without assuming a specific date, but it does not prowdestimated date of change.
The Quandt (1960)-Andrews (1993) and Hansen (2001) methodologies, hodever,
estimate a breakpoint date, besides providing complemepitargs of information.

When computing Nyblom’s L test, we follow Hansen (1992) and McConnell and
Perez-Quiros (2000), assuming that the Brazilian GDP logigrowtes behave
according an AR(1) process with a drift. It is a simpd¢ powerful model, as showed
by Hess and Ilwata (1997). Proceeding in this way, we are aldsttiot breaks in the
mean, in the autoregressive coefficient and in thexnee of the time series, which are
associated, respectively, to structural changes in thd,tpersistence and volatility of
the GDP.

In order to calculate Nyblom’s L statistics for the null hypothesis of constancy in

the model’s parameters (¢, ¢, °), first we need to run OLS estimation, and then define:

(1.2)

Where, x; is equal to one, for the’s case, and equal to Agdp:.1 for the ¢ parameter’s

casef represents the OLS residuats? the OLS model’s variance; and m + 1 the total
of parameters estimated, in our case= 3. By OLS definition, equation (1.2) is

equivalent to>,, f, =0, i= 1, ..., m+ 1,nis the data set length. The varialieare
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the OLS first order conditions (Hansen, 1992). Now, we defhe= thzl fij, the

cumulative first order condition up to a given timd hus, by the first order condition,
Sn = 0. Hansen (1992) provides two types of statistics, one $tingethe stability of
each parameter individually, and other for testing thbily of all parameters jointly.

For the single parameter case, test statisticsiaea gy,

_ 1o
h—nwgﬁ, (1.3)
where,
V =3 f2, (1.4)

t=1

For the joint stability test, it is convenient to use iRatotation, that is,

L -13svis, (1.5)
Nt=1
where,
0 (1.6)
V=3ff.
t=1

In Equations (1.5) and (1.6), the bold letters represenbrgeathich collect the (m + 1)-

fi and S elements. Expression (1.5) is an average of the squanedlative sums of
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first-order conditions. Under the null hypothesis, thesewatiwe sums will tend to
wander around zero, but under the alternative, they willthog, developing a nonzero
mean in parts of the sample, and leading to larger testista(Hansen, 1992).

Table 1.8 brings the oput of Nyblom’s L test. In this table, we present five
Panels; from “a@” to “€”, in which Nyblom’s tests are applied to different samples. First,
Panel &) shows the method for the whole data set. In this, ¢hsesstimation shows a
clear break in the trend, with a calculated statigiic$.27 that can be compared to the
critical values of 0.47 (5%), or 0.35 (10%). Besides, we dafimd a significant break
in the autoregressive parameter, and the variance presd&méak only considering a
critical value of 10%.

However, we have seen before that the variance redulisg the pre-Military
and the post-Real Plan periods are somehow similar, amdnight be distorting the
tests. As presented in the table, if the sample is givettecades, the break in the
variance becomes clearer, with thetatistic reaching a peak of 0.97 during the 1980s,
and 0.94 after the 1990s. Besides, as long as we move thde sasnbefore, the
structural change in the mean,disappears after 1980, which indicates that the break
may have occurred around this year.

Results from Table 1.8 for the autoregressive parametaniaed, and they may
not have suffered a major change during the period o&miadysis of the sample, as
shown in Table 1.8 Paned)( Table 1.6 and Figure 3.

Hansen (1992) tests are informative and have a solidtsttibasis, but they
lack information regarding the timing of the breakstHis sense, we apply two other

tests, the first one due to Quandt (1960) and Andrews (1993, hehcé€foandt-
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Andrews), and the second one to Hansen (2001). Here we piiesépnandt-Andrews

test first, since Hansen (2001) utilizes some of itsepts.

Table 1.8 Nyblom’s L test for stability of Brazilian real GDP growth1947:01 to

2012:04
SpecificationAgdp: = u + ¢ Agdpr1 + &
Panel (a): 1947:01 to 2012:04
Parameter Estimate Lc CV (5%; 10%)
u 0.0103 (0.00) 1.268 0.47;0.35
¢ 0.1525 (0.01) 0.274 0.47;0.35
o 0.0003 0.363 0.47;0.35
JointL, 1.7345 1.01; 0.85
Panel (b): 1960:01 to 2012:04
Parameter Estimate Lc CV (5%; 10%)
U 0.0087 (0.00) 0.7643 0.47;0.35
) 0.1837 (0.09) 0.3911 0.47;0.35
o 0.0004 0.5634 0.47;0.35
JointL, 1.5347 1.01; 0.85
Panel (c): 1970:01 to 2012:04
Parameter Estimate Lc CV (5%; 10%)
U 0.0078 (0.00) 0.6332 0.47;0.35
) 0.2073 (0.01) 0.5784 0.47;0.35
o° 0.0003 0.6917 0.47;0.35
JointL 1.7345 1.01; 0.85
Panel (d): 1980:01 to 2012:04
Parameter Estimate Lc CV (5%; 10%)
u 0.0056 (0.00) 0.1426 0.47;0.35
) 0.0764 (0.25) 0.1363 0.47;0.35
o° 0.0003 0.9688 0.47;0.35
JointL 1.1734 1.01; 0.85
Panel (e): 1990:01 to 2012:04
Parameter Estimate Lc CV (5%; 10%)
U 0.0073 (0.00) 0.1273 0.47;0.35
) -0.0651 (0.75) 0.3805 0.47;0.35
o° 0.0003 0.9422 0.47;0.35
JointL 1.2292 1.01; 0.85

Notes: P-values are within parenthesisis the statistic for a break point in each of theapeeters listed
in the first column. CV is the critical value for bothridal 0% of significance, according Hansen (1992).

The Quandt-Andrews method tests one or more unknown strubtaekpoints

in the sample for a specified equation. Quandt (1960) proposedhad that calculates
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Chow’s statistics for every point of the sample between two dates, say, t; and t;*2
Through this search procedure, the breakdate can be fated @sing the maximum of
the Chow’s statistics (the original Quandt’s test), or the exponential and average
statistics, for all Andrews (1993) and Andrews and Ploberger (I28e)lated tables of
critical values, while Hansen (1997) provided approximate asymotidues. In this
research work, we apply the maximum and the exponenaastgts, standard in the

literature, and presented below, in equations (1.7) and (&spectively:

MaxF = trgag(F(t)). 1.7)
ExpF=In [% ttzt exp{% F(t)D. (1.8)

When applying Quandt-Andrews tests, we assume two specificatioasfor
breaks in the AR(1) modeligdp: = u + ¢ Agdpr1 + &, which tests for breaks pnandg,
and other for breaks in volatility, where the dependaniable is a variety of proxies
for the Brazilian instability, most of them listed befome,Table 1.7 x is a parameter
that refers to the average volatility, and v; iS an error term. The positive point about this
approach it that it allows testing for breaks in a vastbarrof instability indicators.

Finally, Hasen’s (2001) test integrates both Hansen (1992) and Quandt-Andrews
methodologies in a single framework. Assuming, again, arfilARrocess for the
Brazilian GDP log-growth rates, Hansen (2001) procedure estiraatétests the time

of a break occurrence for the full set of parametiegs (he OLS estimates far ¢ and

'2 Andrews (1993)statistics diverge to infinity in probability if oneses them to the full sample. Thus,
following his suggestions, we exclude from the analysiditbteand the last 7.5% of the observations.
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o®) by means of the maximum and exponential statistice fsults of Quandt-
Andrews and Hansen (2001) tests are presented in Table 1.9.

Beginning with the break on the mean growth-rate of the pspgeTable 1.9
shows that Quandt-Andrews method estimates it in the degquoarter of 1980, while
Hansen (2001) estimates a break in the first quarter ofatree year. Besides, MaxF
and ExpF Wald statistics for both methods are highly saamit. In this sense, based on
the findings of the trend-cycle decomposition, and asehresults, one can be quite
sure about the timingf the break on the trend: the first semester of 1980. The GDP’s
log-growth rate was estimated at 1.8% per quarter, before 18800.@% after that
year, which is similar to the results found in Section 1/# @vidence reported here
agrees, therefore, with the Lost Decade view, which has setpdo the Brazilian
economy a permanent slowdown in its rate of growth.

With respect to the autoregressive coefficient, TablePh®el (b) confirms our
previous expectations, showing that at 10% of significanceammot reject the null
hypothesis of constancy in tlgeparameter. Specifically, MaxF statistic was calculated
as 7.24, with a p-value of 14%, while ExpF was calculatetl. 25 with a p-value of
12%. By reviewing Tables 1.6 and 1.8 Par&), (ve are able to reach the same
conclusion.

Now, we shall turn attention to the volatility question. Amdhally to the
proxies presented before, Panel (a) from Table 1.9 brimge moving variances of the
cyclic series (HP-mean cycle series), for windows airf eight and 14 quarters,
respectively, the “Moving var. cycle (i)”, with i = 4, 8, and 14. Almost all short-term
volatility measures, namely, Moving var. cycle (43dp variance (4), Garch(1,1)-GDP,

and Garch(1,1)-HP cycle estimate one break around the }@a6sor 1997. This result
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is confirmed by the Hansen (2001) test in Panel (b), which &stéa break in 1996:04.
All statistics are highly significant. The long-term instépilmeasures, Moving var.
cycle (8), Moving var. cycle (14)Mgdp variance (8), andigdp variance (14), by

construction, postpone the timing of the break by few grerte

Table 1.9: Breakdate tests

Panel (a): Quandt-Andrews methodology
Specifications: iMgdp; = u + ¢ Agdpia + e and, i) o7 o, = K+, for variances

Variable Breakdate MaxF (p-value) ExpF (p-value)
Agdp 1980:02 26.04 (0.00) 9.39 (0.00)
Moving var. cycle (4) 1996:01 13.42 (0.01) 3.98 (0.00)
Moving var. cycle (8) 1996:04 23.64 (0.00) 8.45 (0.00)
Moving var. cycle (14) 1997:04 40.98 (0.00) 17.09 (0.00)
Agdp variance (4) 1997:03 20.81 (0.00) 7.37 (0.00)
Agdp variance (8) 1998:03 30.83 (0.00) 12.15 (0.00)
Agdp variance (14) 1999:01 49.60 (0.00) 21.71 (0.00)
Absolute returns 1991.02 25.25 (0.00) 8.98 (0.00)
Squared returns 1991.02 19.30 (0.00) 6.88 (0.00)
Garch(1,1) GDP 1997:03 18.53 (0.00) 6.71 (0.00)
Garch(1,1) HP-cycle 1997:03 28.40 (0.00) 11.49 (0.00)

Panel (b): Hansen (2001) methodology
Specificationdgdp: = u + ¢ Agdpi1 + &

Parameter Breakdate MaxF (p-value) ExpF (p-value)
u 1980:01 24.18 (0.00) 8.04 (0.00)
) 1990:02 7.24 (0.14) 1.37 (0.12)
o° 1996:04 66.92 (0.00) 28.24 (0.00)

Note: In Panel (a), Hansen (1997) p-values.

Two series disagree with this timing, estimating 1991:02 asrdakpboint; they
are the squared returns, and the absolute returns. Ndessthihese series seem to be
an exception to the other findings, in a sense that webeaguite sure about a break
around 1996 and 1997.

Table 1.10 also supports the break occurrence in 1996 or 1997. taleiswe
calculate the percentage change before and after ¢aé& for our short-term volatility

measures. In general, the break in 1996/97 is more releviang the estimated
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reduction in volatility is larger, comparatively to theegoreak date. Thus, our results
show a significant reduction in the Brazilian instabiwhich is, nowadays, about 50%

lower than it was before the break (1996/97).

Table 1.10: Volality proxies’ percentage change, pre and post-break

Variable/Break 1991 (1%) 1996 (1%) 1997 (%)
Moving var. cycle (4) -38.91 -54.87 -55.31
Agdp variance (4) -38.35 -58.33 -61.57
Absolute returns -40.99 -40.95 -42.38
Squared returns -61.49 -65.14 -68.46
Garch(1,1) GDP -14.10 -24.42 -25.94
Garch(1,1) HP-cycle -15.34 -29.77 -31.02
Mean -39.44 -51.03 -53.44

Note: Figures for Brazilian quarterly data, 1947-2012.

Next, we analyze the possibility of multiple structurlalegesin Brazilian
output volatility. When doing so, Bai and Perron (1998) edoice is employed. This
method searches for breaks successively, aiming to reducegiiession’s sum of
squared residuals. Whenever a breakdate is identified, dlgpditiand another break is
assessed inside the smaller samples. The algorithm at@eumbenf, say,| breaks,
which minimizes some information measure (here, the Sagdnformation Criterion
BIC, is utilized). Trimming parameter is set at 15%, as udResults are shown in
Table 1.11.

According to Table 1.11, most of the considered volatpitgxies present two
structural breaks. The only exceptions are absolute and dqredtens, in which, in
both cases, only one breakpoint was detected (1991:01). Theniremaariables
indicate that Brazilian instability has an interesting ite@iJ-shape pattern, peaking in
the period from 1980, or 1985, to the first half of the 1990’s. Moreover, regarding dates

of the last break, results in Table 1.11 are consistetfit thie evidence previously
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presented, in which we estimate a regime of lower vajatdeginning around 1996 or

1997.

Table 1.11: Multiple breaks test in volatility

*

Volatility in sample:

Volatility proxy I Breakdates 1 5 3
Moving S.D. cycle (4) 2 1979:04; 1995:04 1.3 1.8 0.9
Moving var. cycle (4) 2 1979:04; 1995:04 15 3.2 1.0
Agdp variance (4) 2 1987:03; 1997:02 2.3 5.3 1.0
Absolute returns 1 1991.01 2.3 1.3 -
Squared returns 1 1991.01 0.063 0.026

2

Garch(1,1) GDP
Garch(1,1) HP-cycle 2

1987:03; 1997:01
1988:03; 1997:04

0.032 0.049 0.026
0.027 0.040 0.019

Note: (*) | stands for the number of estimated breaks.

Finally, Figure 1.4, below, displays the moving standard dewvstw the HP-

cyclic time series, when using only the 19802 sample, part “a”, and the 1994-2012

sample, part “b”. In this figure, we compute the moving standard deviation, using,

again, moving windows of four, eight, and 14-quarter-long, ctsdy.

Moving stand. dev. (4)
---- Moving stand. dev. (8)
——- Moving stand. dev. (14)

(a)

Moving stand. dev. (4)
—--- Mouing stand. dev. (8)
——=- Moving stand. dev. (14)

(b)

Fig.1.4 (a) Moving standard deviations after 1990:01; and, (b) maostangdard deviations after 1994:01.
Note: shaded areas refer to CODACE recession dates.
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The data show that, after the last break, Braziliaralnility has become cyclic
and has presented phases of higher volatility in recessigmsh is the case of the first
three quarters of 1995, when the economy was adjusting tethenonetary and fiscal
scenario, and during the Great Recession; and phases ef \oatility. Besides,
although the Great Recessions did not have the sametiompp&razil instability as the

crises of the 1980s, their effects were quite relevarepost 1994 conjuncture.

1.5. Conclusions

The present work aimed to provide new facts about the |[Bratusiness cycle
during the period of 1947 and 2012. Therefore, we have decomjiesqdarterly and
seasonally adjusted real GDP into its mean trend ané cgchponents, by estimating
and averaging on a variety of HP-filter outcomes. Indhisse, we provide many pieces
of information which can be utilized in other models andlies.

Our three main findings are the following: Brazilian businesycle is
asymmetric, with expansions lasting longer than recessions; the country’s long-term
trend has a break at 1980, thus becoming noticeable fldtéertlaat (real long-term
growth rate was reduced by 50%, from a value of 8% per yeamngdiL847-1980, to 4%
per year, from then on); and, volatility has a strudtbreak around 1996/97, when
“Brazilian Great Moderatiohmay have started. We also found that after the 1990s,
Brazilian volatility has become cyclic, tending to grianger in face of a major crisis.

Specifically to the volatility reduction, it shall be atethat the present paper
concluded that it happeneafter the Real Plan implementation. We are not stating,
however, that the Real Plamas the only or the most important source of such

phenomenon. As we discussed before, the strand of diteraivestigating on this issue
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usually finds that changes in the private sedatothe monetary policy conduction, and
in the size of the shocks hitting the economies cath eae of them, be responsible for
the structural break in the variance. Thus, we leagatdipic for future research.

All these regularities, namely, phase asymmetries andraated volatility over
the time, are also observed in the OECD countries,Sanse that Brazilian business
cycle, although delayed (and contrary to the evidence texpby previous papers), does
share central qualitative features with other decentcimarket economies.

Finally, the Brazilian business cycle facts reported Baggest that policies to
promote growth can be productive, since during expansionsithelative increases in
GDP from the beginning to the end of the phase are ldngarthe cumulative losses of
recessions. However, it is extremely important thagtheernmental actions do not put

at risk all the achievements obtained since the stalwlizat the economy.
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CAPITULO 2: The Brazilian Great Moderation: Features and Explanations

’

“It’s a kind of magic...’
Roger Taylor and the Queen (1986)

2.1. Introduction

Economic studies have recently documented an amowvidgnce supporting a
common business cycle feature among industrialized coyntrdading the U.S. and
many OECD members, which is a substantial decline in voyatifi macroeconomics
aggregates, for example, inflation and real GDP (see, I€ugn,and Nelson, 1999;
McConnel and Perez-Quiros, 2000; Stock and Watson, 2002; Ceetlat, 2006; and
Summers, 2005). The beginning of the period of increased stahiso known as the
Great Moderation, is usually detected in the middle ef 2880s, with 1984 being a
good point estimate.

Since then, the literature has tried to investigatentbet important causes of
such phenomenon. In this regard, theendidates have drawn researchers’ attention.
The first one argues that private sector changesn$bance, information-technology-
led improvements in inventory managements (McConnel and arieas, 2000; and
Barnett and Chauvet, 2008), and innovations in financial markes makes
intertemporal smoothing of consumption and investmenee@lanchard and Simon,
2001), are responsible for the volatility fall of the GDRha U.S. The second category
is related to the Central Banks’ actions, in which credible, and committed policies may
have stabilized inflation and GDP fluctuations (the goodcpdtiiypothesis; see, e.g.,
Taylor, 1999; Cogley and Sargent, 2005; and, Gianonne et al.,. Z0@8}hird source
of explanation is reductions in the variance of the exogerghocks hitting the

economies, or the good luck hypothesis, where the dro imatatility of inflation and
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output is mostly associated with a favorable macroaoom@nvironment (Stock and
Watson, 2002; Moreno, 2004; Primiceri, 2005; Smets and Wo2@03, and, Canova,
2009).

As far as we know, similar studies for Brazil are reklgivscarce. The history of
high inflation in the country imposes serious barriers dompirical testing in the
monetary policy field, whenever longer periods are cmied. Nevertheless, there are
important results in the literature. Pastore (1997), fangie, showed that monetary
policy was essentially passive from 1975 to 1983, with reclhange rate being kept
fairly constant over the time, due to import substituppoagrams. Minella (2003),yb
his turn, investigated monetary policy and basic macrsoa relationships involving
output, inflation rate, interest rate, and money. Based on vectimregressive (VAR)
models, the author compares three different periodsmaderately-increasingflation
(1975-1985), highinflation (19851994), and lowinflation (19942000). His main
results are that monetary policy shocks have signifiedigictson output; monetary
policy shocks do not induce reductions in theéation rate in the first two periods, but
there are indications that they have gained power totaifees after the Real Plan was
launched.

Regarding exclusively the Real Plan period, Barbosa-K2008) showed that
inflation targeting managed to reduce inflation in Brazilhe 1999 and 2002 currency
crises, and that the economic growth was slosvless volatile under this regime than
during exchange rate targeting (operated from 1994 to 1998). Wkile &hd Moccero
(2011), estimating a conventional New Keynesian model in a ¢@Rext for Brazil,
Chile, Colombia and Mexico, showed that the post 1999 regiméd®s associated

with greater responsiveness by thenetary authority to changes in expected inflation
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in Brazil and Chile; that the lower interest-rate vditgtin the post 1999 period owes
more to a benign economic environment than to a chandpe ipolicy setting; and, that
the change in the monetary regime has not yet resal@deduction in output volatility
in these countries.

There is therefore a lack of research on the Grealelkédion issue applied to the
Brazilian case, the point which we shall concentratéeénpresent paper. Basically we
aim to provide answers to the following questions: Has thisgrhenon happened in
the country, that is, has the volatility of inflationda®GDP dropped? When? And,
finally, what are its main determinants?

We believe, however, that experience would lead most aegsionals to a
good guess for these questions, which is the Real Plan lalinsmatural to think in
that way, since output gapstandard deviation fell from 3.3% per quarter during 1975-
1994, to 1.6% per quarter during 1995-2012; a 50% reduction. Moredages in
inflation were even more remarkable, with average quritglation rate falling from
about 39% to 2%, and its volatility diminishing from 38% to 2ia%he same peridd
Thus, our paper also addresses to additional research, tapich are: Was the Real
Plan and its monetary policy important for these redus? In case of a positive
answer, how much?

Specifically, our paper analyzes the entire 1975-2012 period, gsiagerly
data on inflation, output gap, and interest rate, inaadstrd New Keynesian DSGE
model. The methodological approach followed in this paigebased upon three
fundamental blocks. First, we divide the data into subp$éesnaccording to a test of

(possibly multiple) breaks at unknown dates, applied on a VAERBY(Qu and Perron,

13 Measured by the cyclical component of HP-filter decomjuus{#=1600; Hodrick and Prescott, 1997).
GDPdata is provided by Bonelli and Rodrigues (2012
14 General Price Index Internal Availability (IGR-DI), published by Getulio Vargas Foundation.
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2007). We then characterize the most significant vanatim the macroeconomic
aggregates across the samples, identifying periods of loghawer volatility. Second,
we estimate the theoretical model in each subsample Bsipgsian techniques, and
observing the systematic changes occurred in parametetedrédathe private sector,
the monetary policy, and the exogenous shocks overirtige Finally, we divide our
sample into periods pre and post Real Plan, taking irousat our structural breaks test
results, and analyze which set of parameters mattenaise for the volatility fall in the
country, using a counterfactual method based on Canova (2009).

The importance of the paper lies on the evidence showaiglte welfare losses
due to output fluctuations are significant in Brazil, reaghip to 10% of the aggregate
consumption (Cunha and Ferreira, 2004). Besides, Fischer (1B&l)and Cecchetti
(1990), Feldstein (1997), and Lucas (2000) found that high andilealaflation is
socially costly. A 10% rate, for example, can producedssf around 3% of the real
GDP, via savings and investments misallocation, or lossesloé of real balances
(Moreno, 2004). In countries where inflation has a pastadfes far higher than such
benchmark, as it is the Brazilian c&Sehe distortionary costs of inflation are even
higher. In this sense, as pointed out by Moreno (2004),utrent era of low inflation
and volatility constitutes a major macroeconomic devalnt, where the
understanding of the driving forces behind this phenomenorgesatly improve the
monetary policy effectiveness. Furthermore, we providee heew and interesting
business cycle facts for the economy, which can be osdutéire research.

Our main findings are that, according the structural breaks ttes Brazilian

Great Moderation initiated comparatively late, in 1995, ywhen the volatility of

¥ Yearly inflation reached triple-digit figures betwet®88 and 1994.
1 Our research has an additional benefit, i.e., italtesnd/or methodological procedures could be
applied to others developing countries with a similar histwkinflation.
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inflation, output gap, and interest rate dropped shaig. also detected that the
inclination of the Phillips curve has reduced, and agents heaveme more forward-
looking over the time. Similar results were found for th&. economy by Moreno
(2004), and Canova (2009). Besides, monetary authority hasnbemore averse to
inflation; the coefficient of this variable in the Tawyrule is about three times higher
than the weight of GDP deviations after 1995. Lastly, exogershocks hitting the
economy have become milder, as it has been documemtseMeral other countries.

Concerning the causes of the great moderatim reduction of Phillips curve
inclination was the only private sector parameter withssizdlly significant effect on
the fall of inflation volatility. Moreover, the larger paf such feature of the data is due
to changes in monetary policy, and reductiomghe size of the exogenous shocks
hitting the economy. On the GDP side, we found that the sshson behind its
volatility fall was the reduction of the shocks (similasutts were found by Mello and
Moccero, 2011, when analyzing data from 1996 to 2006). Therefer8r#zilian Great
Moderation is mainly a mix of thégood policy and “good luck hypotheses.
Improved monetary policy was important to reduce both leaeld volatility of
inflation, but its success was also owed to a favoreteomic environment.

The remainder of this paper is organized as follows. Segtidiscusses briefly
the monetary policy in the country between 1975 and 2012.08€8tidescribes the
theoretical model. Section 4 brings the econometethodology, based on Bayesian
techniques, the description of the data, and the struchuealk results. Section 5

presents our main results, and Section 6 concludes.
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2.2. A brief review of the macroeconomics and the monetary policy in Bzd (1975-

2012)

In this section we present review of the Brazilian ma@oemic panorama
between 1975 and 2012, giving special attention to the monethey ponduction in
the period. Such information provides important grounds feretonometric findings
of the following sections.

Between 1967 and 1973, the Brazilian economy grew at unusually dtegy r
GDP, for example, increased 10% per year on average; ymgi, 4%; fixed capital
investments were steady at a rate of 21% of the GDP par wad, industrial
production increased 10 and 14% per year, between 1967-1970 and 1971-1973,
respectively. Besides, by 1973 the Brazilian economy was floattbdexternal loan
capitals. As one can expect, inflation rate (IGP-DI),clvlwas moderate in almost the
entire period at a rate of 20% per year, after 1973 waslclaecelerating, reaching
35% in 1974, 29% in 1975, and 51% per year on average during 1976-1978sak a
of the internal and external demand pressures (Cari€ig®).

In the first years of Geisel’s term, his economic team was not completely aware
of the severity of the international crisis, whidiarsed in 1973 due to the oil shocks,
and the President was not willing to accept the politicatsco$ a contractionary
monetary policy that could reduce the distortions of aerlweated economy. Thus,
although the nominal rate has increased in the periodSedial rates were negative in
1974, 1975, and 1976. Moreover, the fall in the M1 monetary aggrégatderms) in

1976 and 1977 was compensated by loans of the Central Bafdaand do Brastf’ to

" The first bank to operate in the country, founded in 1809.
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commercial banks, in order to keep the liquidity, and bylkth¢ational Development
Plart® (Il PND), a governmental plan launched late in 1974, anddbasehe stimulus
of sectors such as capital goods, basic inputs, heavyalest, and energy (Carneiro,
1989).

The Il PND policy was successful regarding growth rateshef economic
activity; real GDP grew 7% on average per year between 1974 and da9¥9he
investment rate was stable at 25% of the GDP. This poliowever, was mainly
financed by external debt, which grew by US$ 10 billion per yeawdmst 1974 and
1979. Additionally, the external debt services were eighégihigher in 1979 (US$ 4
billion) than in 1973 (US$ 0.5 billion). Thus, by 1980, in the first gealr President
Figueiredo’s term, the Brazilian economy was suffering with an upward trending
inflation, high level of external debt, and unbalanced pubhances, three key
ingredients of the Lost Decade.

During the period of 1980 and 1984, Brazilian macroeconomic policy wa
extremely dependent on the availability of external fagdForeign-exchange reserves
were reducing in face of a duplication of the oil priced 980 and investors were not
willing to rollover the Brazilian external debt. It becarokar by the time that
contractionary policies were needed (Carneiro and ModiH2®0).

Indeed, in 1981 the Brazilian government started a set ofig®lirying to
restrain salaries, public spending, and real liquidity. &@mple, real M1 growth rate
was negative from 1981 to 1984, and real interest rate wasvpoaitd above the
international level in 1982, 1984, and 1985. In this sense, reBl @gbwth rate was -

4.25% in 1981, 0.83% in 1982, -2.93% in 1983. Industrial production fell 52988,

18 |n Portuguese, Plano Nacional de Desenvolvimento.
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and capital goods sector retracted 55% between 1981 and 1983omnfatwever, kept
its trend, being 95, 100, 211, and 223% per year from 1981 to 1984 i(Gaand
Modiano, 1989).

In the second half of the 1980°s with the ending of the military regime, there was
a feeling in the new democratic government that orthodoxuments, including
changes in the interest rates and monetary aggregates,invedfective and socially
costly (Marques, 1988). Meanwhile, inertial inflation modelgehgained force amosy
economists and politicians in the country (see, e.g., Mmdi1983; Lopes, 1984; and,
Resende, 1985). In such clagsnaodels, in chronic inflation environments, economic
agents are assumed to adopt a defensive stance on paiemags trying to restore the
peak of real income in periods of price increase. When aifitagi that, inflation is
perpetuated. In other words, in the absence of any shotdjanfis equivalent to that
of the previous period (a random walk). In this contexgeabruary 1986 was launched
the first attempt to stabilize the economy based omiwial inflation concepts, the so-
called Cruzado Plan.

With the new monetary plan advent, the so far Biaziturrency, Cruzeiro, was
replaced by another one, Cruzado, and three digits wemanated. Prices and
exchange rates were indeterminately frozen at theiuBeprl 986 level. The minimum
wage was readjusted with 16% of real gains, and could be tmmrécaccumulated
inflation were above 20%. Additionally, indexation wagulated in long term contracts
and not allowed in short term ones (lasting less timenyear). This plan, however, had
no clear position about the monetary and fiscal pdfioyfact, in most of the time,
interest rate was below the international level aggative in real terms (see, Moraes,

1990).
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The Cruzado Plan was initially successful; real GDP growté waas about
7.5%, and monthly inflation was stable at 1% from March to xtd986. However, a
consumption bubble originated from appreciated salariesxegdtive interest rate had
quickly pressed on prices (Marques 1988). Commodities disaggp&am stores, and
goods such as gas and gasoline were under rationing (Cati 492@). An extra
premium over the price of many goods (nondurables and durable$jegaently asked
to consumers. In April 1987 monthly inflation rate had retdrto 20%, staying at this
level until June of the same year, when the econteaim gave up on the plan.

By June, with the substitution of the Minister of Finepanother monetary plan
was attempted, the Bresser Plan. Mixing orthodox and heteregments, such as
public deficit reductions, positive real interest rate, guler wage adjustments, and
frozen prices, this plan was relatively successful atstiwt term, shrinking internal
demand and reducing inflation rates to 9 and 4.5% in July and Augspgctively.
However, in October prices were allowed to be readjusteth@pmflation to rise again.
Additionally, in 1988 the new Brazilian Constitution was eed¢ct expanding
significantly social benefits and, thereby, the goverringpending (Modiano, 1989).
By the end of 1988, monthly inflation rate was above 25% mb#te time, and the
economy was in recession again (real GDP growth rate@i% in 1988).

In January 1989, Cruzado’s accumulated inflation (IGP-DI) was about 7,000%,
the highest ever seen in the Brazilian history. The ogyrevas discredited and the
economy’s uncertainty was immeasurable. In this context, a third monetary plan was
launched, the Summer Plan. The latter introduced a riéisiab currency, called
Cruzado Novo, and another three digits were cut out. Itidexeechanisms were not

allowed in contracts, prices were frozen, and contmaatipfiscal and monetary policies
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were intended. Besides, a oweene parity with the U.S. dollar was announced,
expecting to produce positive psychological results ortl@omics agents.

The Summer Plan, however, was unsuccessful when cuggmgrnment
spending, since the fiscal reform had no political supfBrésser-Pereira, 1989). In
addition, the population was not confident about the plan’s effectiveness; consumption
bubbles would always appear anticipating new rounds of pmgestanents. The
monetary anchor with the dollar was ineffective; theypoen asked in the black market
was about 200% already in May of the same year. Byriti@€&President Sarney term,
in the beginning of 1990, monthly IGP-DI inflation rate was alf®. The country
was on the verge of hyperinflation and economic chaos.

In March 1990, with the beginning of President Collor terngtler monetary
plan was tried. Commonly known as Collor Plan, it reeiduced Cruzeiro as eh
currency, but this time using a oteene parity with Novo Cruzado, the previous one.
Prices and wages were frozen and under official corgxahange rate was appreciated,
and the economic team had announced a series of figuatradnts, such as spending
cuts, privatizations, creation of a new tax on finanoérations (IOF), and so on. As
pointed by Pastore (1991) and Carvalho (2006), however, thedmstisguished feature
of the plan was the confiscation of 80% of all M4 finahec&sources, which were
converted into long-run deposits under the responsibilitheBrazilian Central Bank.

The motivations behind this policy, according to Carv2@03), was to reduce

the tendency to an accelerated monetization in tlwaeny, which increases the
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aggregate demand after abrupt deflationary processes, ahguibeéy of the financial
assets, known at that time as indexed mbhey

The confiscation of assets had a severe dampening effeabney supply, thus
reducing inflation during the first months of the plan; frbtarch to June, it was below
10% per month. Economic activity fell sharply as well; stdial production reduced
40%, and industrial employment 6 and 4% in the first andnsesemester of 1990
respectively. Overall, real GDP growth rate was -4.5%igyear.

Due to confiscation policy characteristics, however, banlksector faced a
liquidity and confidence crisis. These institutions did eaebctly know their cash
stances, forcing the Central Bank to finance them deioto avoid serious bank runs.
Therefore, this policy failed in its main objective, whichswa give the money supply
control back to the Central Bank. Besides, as lonthadotal debt problem was not
solved in the fiscal area, it was only a matter of tumél inflation return (Carvalho,
2003). In fact, from November 1990 to February 1991 general p¥eédbeanges were
about 18% per month on average. Accumulated inflatid®@0 was 1477%.

In February 1991, another economic plan was attempted unedéht Collor
term, the so-called Collor Il Plan. Mixing again hetenroddath orthodox instruments,
such as prices and wages control, and public tariffs angus, this plan could not stop
inflation rate for more than four months, which staeitl at about 25% per month, and

ended 1991 in 480%. The government team and their economidepoiiere

¥ The indexed money was comprised by financial assets witantaneous liquidity, monetary
correction, and a positive interest rate, including, amohgrst savings account, the major part of the
investment funds, and monthly government bonds that were batighe overnight rate (Carvalho,
2006). Developed over the years, the indexed money worked dsmamiga of protection against the
effects of hyperinflation. But, it also worked as a sowftendogenous money supply, i.e., whenever
agents see that inflation rate would be above interest, g could assume a protective stance by
withdrawing their deposits and raising consumption of lesaabove their income, adding extra money
in the economy, since liquidity was guaranteed by the GdBdrek (Pastore, 1991).
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completely discredited by the Brazilian population, due¢ht® incapacity of stopping

prices explosion and to numerous corruption accusatidms.economic and political

crisis ended up with the impeachment of President Call@eicember 1992, year when
inflation was about 1160% and GDP growth rate was -0.5%. Theefgpresident was

replaced by Itamar Franco, who inherited a monthly iifatate of 30 to 40% between
January 1993 and July 1994, month when the Real Plan was launched.

The Real Plan was being prepared since 1998 December of this year the
government announced it as having three phases. Theresitempted to balance the
operational budget; the second one introduced a new accotntnuarder to adjust
relative prices; and, the third one established the celmvebetween this account unit
and the new currency, the Real (Bacha, 1997).

As explained by Bacha (1997), before Real Plan, the govetnm&iget had
traditionally been approved with a large deficit. But, withmially predetermined
spending and indexed taxes, inflation was an important etevfdéiscal balance. Thus,
the first policy, by predicting budgetary cuts of about 20%dlie 1994 and 1995 fiscal
years, signalized to economic agents that the governwmuitl be able to finance its
expenditures without inflationary taxes (corroboratinge tview that the ex-ante
equilibrium of the public finances was an essential step tovirdtdgon control).

The second and third stages of the plan were extremely dtiwey breaking,
effectively, the inertial trend of inflation in the cdon (Bresser-Pereira, 1994). The
idea was first to promotée total indexation of the economy’s prices and contracts to a
single and trustable unit of account only then, replace the old currency, Cruzeiro

Real (CR$), by the new one, Real (RB) this sense, in March 1994 the government

0 |ts main ideas date Haeo the middle of the 1980’s. See Bresser-Pereira (1994) for a discussion.
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introduced a mechanism kwa as “Real-Value Unit”, or URV, a daily-adjusted index,
which had a maximum parity of orte-one with the US Dollar (the exchange rate
anchor), that would serve as benchmark for the econordgxing its prices, wages,
and contracts. After establishing the URV, it was replacethéyew currency in July
1994, using a conversion rate of CR$2750 =R$1

In practical terms, the parity with the Dollar was guéead by the Central
Bank, which kept the exchange rate oscillating within R$0.85/U88#1R$1/US$1, on
a system of asymmetric bands. This policy was made podsyble high level of
international reserves, which had accumulated US$40 bitidane 199%.

Since then, in fiscal area the Brazilian government hs#ensified the
privatization process, and has been working with budgetusap| instituting, in the
end of 1998, targets for the primary result (Oliveira eollay 2003; Bresser-Pereira,
2003). Notwithstanding, in 2007 and 2010 it was launched a setoaf f®licies
intended to accelerate GDP growth rate in the countryhe form of tax exemptions
and direct public investments (these programs are known astiGdcceleration
Progranm?® I and II, or simply PAC I, and PAC I1). Thus, real GBRwth, which had
been modest between 1998 and 2003, at about 1.6% per yeaedréadh and 7.5% in

2007, 2008, and 2010, respectivély

1 The URV promoted a gradual realignment of the most impbrdative prices in the economy, giving
time to contracts to be adjusted, and avoiding that afsrdden stop of the inflationary process the
delayed indexation could generate additional pressures on tes,@ghappened before with the earlier
policies of prices control (Bresser-Pereira, 1994; Sicsu, ¥9h;Bacha, 1997).

“2 Batista-Jr. (1993), and data from the Balance of Paynséxoig the commercial surplus since 1984 as
the main determinant of international reserves accumulation.

3 Programa de Aceleracédo do Crescimento, in Portuguese.

24 In 2009, due to the Great Recession effects, real nate was -0.33%.
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The exchange rate politywas an important instrument during the earlier years
of the Real Plankeeping agents’ expectations stabilized. However, its overvaluation
generated persistent trade and current account defiatdafter via interest payments)
in the country, which, by 1998, became critical (Goldfajn and N&ine2005).
Additionally, in 1997 the economy was hit by an externalrama crisis that also
affected Mexico, the Asian Tigers, and Russia. Thus,ntheroeconomic panorama
requested a change in the exchange rate policy, which edcurrJanuary 1999 with
the implementation of a system of dirty fluctuatiotie (upto-date regime).

Regarding monetary policy, as tested by Pastore (1997), itessantially
passive in the period before the Real Plan. From 1975 to 16B3nstance, real
exchange rate was kept relatively constant, due to impostistlon programs, with
the Central Bank mainly working accommodating the int@nat capitals inflow.
With the outbreak of the external debt crisis in 1984 and 1@8&ch closed the
country’s access to financial markets, Central Bank operated actively for a short period,
setting real interest rate above the internationagléein order to reduce aggregate
demand, and to minimize bond prices’ fluctuations. After that, from 1986 to 1994, the
acceleration of the inflationary process subdued, iewere way, the Central Bank
options and operations. During this period, money was compkteogenous, and the
monetary policy was primarily focused on avoiding massives rto real and, or,
international assets (Paula, 1996). According to Gai®8X), the objective was not to
reduce inflation, but only to circumvent hyperinflation irstheriod.

The monetary policy has progressively become more dective 1995 on. In the

first phase of the Real Plan, there was a legal conenitfor keeping exchange rate

% Started as a crawling band regime, it increasingly titoe crawling peg system between 1995 and
1998 (see, e.g., Goldffajn and Minella, 2005).
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relatively constant, and interest rate was an importastrument in this regard.
Nonetheless, by exogenously monitoring the inflow of ma&onal resources, the
Central Bank had room for pursuing a somewhat independametary policy. Deposit
requirements (compulsory) were also employed for #dgisaggregate demand,
especially during the beginning of the plan implementatiociBal997).

Since 1999, alongside with the changes in the exchamhgeodicy, monetary
authorities have inbiduced a system of inflation targeting for anchoring agents’
expectations in the country. Inflation targets are defibgdthe National Monetary
Council (Conselho Monetario Nacional, CKfiNfor a calendar year, and pursued by the
Central Bank via interest rate changes.

There is a strand of literature suggesting that inflatiogetarg has resulted in
less-volatile monetary environments in industrial countrg@sce it would enhance
policy-making transparency and effectiveness, by sanctioaingiore aggressive
response of the Central Bank to deviations of inflatiom its target (see, e.g., Kuttner
and Posen, 1999; and, Woodford, 1999, 2004).

In this regard, recent Brazilian literature has present dniexed interesting
results. On one hand, a variety of papers have foundrihiaétary policy, measured as
interest rate shocks, has had significant contractjoetiects on the economic activity
in the Real Plan period (Minella, 2003; Fernandes and Toro, ZD&pedes et al.,
2008; and, Mendoncga et al., 2010), especially after inflatiogeting regime has been
implemented (Minella et al., 2003; Barbosa-Filho, 2008; and, dviatid Moccero,

2011). On the other hand, studies have also found pieces ohewideipporting

6 The CMN has three members, the Minister of Finaneaifman), the Minister of Planning and Budget
and the President of the Central Bank.
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monetary policy passivity after the Real Plan, ia form of price-puzzfé (see, for
example, Moreira et al., 1998; Rabanal and Schwartz, 2001; Arguet Jayme-Jr.,
2003; and, Sales and Tannuri-Pianto, 2005).

In this sense, the effect of the monetary policy @natonomic stability of the
country is still a fruitful line of research, whethemesidering the period before or after
the Real Plan. The present paper aims to provide adalitioformation regarding this

issue, being a useful guide for the monetary policy conductio

2.3. Theory: A three-equation New Keynesian model for monetary policy

evaluation

In this section we present a small-scale New Keynesiar) fNithework that
contains three equations, i.e., an aggregate demaifstcarve; an aggregate supply, or
Phillips curve; and, a Taylor-type policy rule. All thesguations are behavioral,
derived from optimizing and forward looking agents, addressiegefbre, to the Lucas
critigue. Related versions of it have been largely engulpysee, for example, in
Svensson (2000Btock and Watson (2002), Moreno (2004), Canova (2009), and Creel
et al. (2013), among others, for the international casd; Minella et al. (2003) and
Mello and Moccero (2011) for the Brazilian case. But, befeeeproceed developing
the full block of the mdel’s equations, it is interesting to provide a brief review of its

main elements and features.

#" price-puzzle refers to a positive causation from posititerest rate shocks to increases in the price
level. This phenomenon would emerge when Central Banks wéth a lag to increases in the inflation
expectations. However, Sims (1992), Romer and Romer (2004), &ad&42007), among others, argue
that the price-puzzle may simply arise as measurenmmesrsen the VAR methodology, since it cannot
identify the unexpected component of monetary policy shock
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According to Gali (2009), the New Keynesian system has interitportant
characteristics from Real Business Cycle models (BBGych as: i) infinitely-lived
households, who maximize the utility from consumption amglte, subject to a budge
constraint; ii) a large number of firms with identitathnology and subject to random
fluctuationg®, and, iii) the equilibrium is stochastic process fdrthe economis
endogenous variables, consistent with all the constraand with the optimizing
behavior of the agents (it is a market clearing equilibriin a dynamical, stochastic
fashion, often known as Dynamic Stochastic General bauith models, or simply
DSGE).

There are, however, significant differences betweenRBE and the New
Keynesian approaches, from which emerge their main divezgeregarding policy
making. They are (see, Romer, 2012; Gali, 2009; and Mankiw, 1998K models
assume monopolistic competition, where the price of gaadsnputs are set by private
agents, according to their objective functions; ii) NKdals deal with nominal
rigidities, i.e., firms may face constraints on frequency or on the magnitude of the
price adjustments, and workers face some kind of friadiortheir nominal wages; iii)
NK models present short-run non neutrality of moneyg esnsequence of the nominal
rigidities. In this sense, changes in the nominal istergtes due to monetary policies
are not fully compensated by changes in the expected prids, ldues affecting the real
interest rates, and then the consumption and invetssmewels, finally resulting in
changes on production and unemployment. In the long ruh, tivt flexibility of the
prices and wages, the economy reverts back to its hagudibrium, determined only

by real factors.

%8 See, for instance, Kydland and Prescott (1982), Préd&a6).
29 Medium-scale New Keynesian models can incorporategamdmis technology or capital accumulation
(Smets and Wouters, 2003). For our objectives a small-seaheWork is sufficient.
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Taking account to the points highlighted the last paragraph, the most
important corollary is that in the NK models, tbeonomy’s response to shocks is
inefficient, since prices and wages stickiness avoid iattain the full-employment
equilibrium. Therefore, as the money is not neutraherghort run, there may be room
for beneficial interventions by the monetary authofitentral banks?.

The international literature has found strong evidence stipgonominal
rigidities assumptions. Taylor (1999), for example, esenahat prices are fixed for
one year in average, and that prices re-adjustments asymchronized, which could
validate the hypothesis of staggered prices in the US econamijarSesults are found
by Nakamura and Steinsson (2008) that estimates the mediatoduof a price at
about eight to 11 months in the U.S., and by Dhyne et al. (20@6ktter for the Euro
area. By their turn, Kanczuk and Botelho (2003) find thaérdhe Real Plan, a model
with one fourth of prices fixed at the short run desaitiee Brazilian economy better
than one with fully flexible prices.

However, as we are analyzing the Brazilian economy duringeiitee 1975-
2012 period, it is necessary to compute for a wider range adf-qidkiness’ degrees
over the years. Between 1985 and 1993, for example, theragan@erienced years of
extremely high inflation, situation when the prices aogmally adjusted on a higher
frequency (see, e.g., Marques, 2013; and, Lopes, 1984). Nevsstheler estimation
procedure is flexible enough to capture changes in pricditigd, as well as in other
parameters.

After providing a brief background of the empirical ressiigpporting the NK

assumptions, we are able to proceed describing the buildiegsbtdf our dynamical

% The RBC literature, on the other hand, states thatyefluctuation of the economy is an optimal
response of the agents, households and firms, to exogehodiss. In this context, fiscal and monetary
policies are counterproductive and should be avoided (KydaddPrescott, 1982; and, Plosser, 1989).
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model. In this sense, subsections 2.1, 2.2 and 2.3 presgmectively, the IS (demand)

curve, the Phillips (supply) curve, and the monetary poligy {Taylor rule).
2.3.1. IS-curve
This section is mainly based on Gali (2009) and Moreno (2004hidnmodel,

there is a representative household who seeks to maxitsiliéetime utility coming

from consumption and leisure, that is,

Eo 0 w'U(C,N,)} 2.1)

WhereC is an index of aggregate consumptidhrepresents hours of worlg, is time

preference, or impatience parameter, § < 1; andt is the time index. Utility function

ou N
is assumed to be continuous and twice differentiable, With E%>O,
92U (Cy Ny) 2U(Cy. Ny) 920Gy, Ny) _
U 5—230, U,=——7—<0 U, E—ZSO, meaning that
ocC Nt oC

t t

the marginal utility is positive and non-increasing ansumption, while the marginal

disutility of labor,—U,, is positive and non-decreasing.

Our aggregate consumption index is a continuousidferentiated goods (produced by

i firms in a monopolistic competitive environment), witk [0,1], thus,
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(2.2)

el(e-1)
C = @Ct (i)l_ﬂgdiJ

where, ¢ is the elasticity of consumption. Using (2.2) and a @onfaggregate price

index, P, the following relationship represents the flow of budgeistraints:
RCt + QB < Br_y +WN¢ Tt (2.3)

Following Gali (2009), in (2.3:C; represents the consumption expenditures in
time t; B; denotes the quantity of one-period, nominally riskless §gnachased in
(with maturity int + 1); each bond pays one unity of money at maturity, and Ipage
of Q; W, is the nominal wage; and is the lump-sum additions or subtractions to period
income (e.g., taxes, subsidies, or dividends). In ordecotstraint the household

behavior, we still need to a transversality conditiont, iEha!im E,{QB}=0.

One can find the household’s optimality conditions by plugging (2.3) into (2.1)
and solving the unconstrained maximization problem for th@ p& consumption.
However, here we take a shortcut, simply employing a vamigtargument in order to
find its equilibrium. Consider, first, that agent wantsaise its consumption level while

offering more work and keeping all the other variables urgd@dnlf he or she is
maximizing, it must be the case whefd,,dC +U,  dN =0, for all dC, dN. In

words, if the agent is on its optimal path, he or sheatainarease its utility by working

and consuming more in Additionally, if he or she is satisfying the budget caaisty

60



then: PdC = WidN.. The previous argument provides us the first optimabiyddion,

which is:

nt

(2.4)

o|Z

c,t

We now analyze the impact on the expected utility ofresemption reallocation
between dates andt + 1, while holding consumption, and hours worked in other

periods unchanged. Again, if the agent is maximizing, it musthieecase that:
U, dG +yE, U, .,dC.,}=0, for all dC, dCsy. That is, if the household is on its

optimal path, decreased consumption today must be equally caatgeb iy increased
(discounted) consumption tnt+ 1. As the agent is not offering additional hours of work

its increase in future consumption is made possible by additisavings, RdGC,

P
allocated in one-period bonds, thug;,dG,; :—atdq. Combining these two latter
t

equations, we find the second optimality condition for theskehold, i.e.:

t+1

_ Uc,t+1 Pt
Q =yE, u,, [ (2.5)

Above, (2.5) is the well-known Euler equation. In orderléwify the conditions

needed for the equilibrium, we specialize to the isoelaktss ©f utility functions,
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o N
1-c 1+¢’

U (Ct,Nt) = (2.6)

wheres andgp measure the elasticity of utility with respect to congtiom and hours of

work. In that case, (2.6) makes (2.4) and (2.5) become, tesgc

—=C7NY?, (2.7)

Ct+1 - Pt
Q_WE‘{[?] P} (2.8)

In order to find our 1S-curve with micro-foundations, we né®dog-linearize
(2.8) around its steady-state. In this sense, we divide el of (2.8) byQ;, and then
we take the exponential of the logarithms on the rigla sf the resulting equation, that

is,

1=E{exd-nQ-o(nC,,~InG)-(n R, ~INR)+Iny]; (2.9)

Given thati; = -logQis the log of the gross yield on the one-period Bgrahd

defining b = log y, andz+1 = logPw+1 — logP;, (2.9) becomes,

1=E {exp{, — oG, — 7., — b))} (2.10)

31 The yield on the one period bond is defineddy (1 +yield)™. Thus,i; = -logQ; = log(1 +yield) =
yield.
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In equations (2.9) and (2.10) the lowercase letters denoteatbeal logs of the
original variables. In the steady state, with certainbhsumption and prices grow at a

constant rate, say,andr, then, by (2.10), the real interest rate is:

| —7=0oy+h. (2.11)

A first-order Taylor approximation ofexp, —oAc,,, — 7, , —b) around the

steady state (2.11) yields a result that we plug ireosdtond line of (2.10) in order to

obtain the log-linearized Euler equation:

¢ =E{c..}—o(, —E{7..}), (2.12)

whered = llo. In equation (2.12), variables now are measured as log-esgdtom
their steady state values. As in our model consumpsidhe only source of aggregate
demand, we may substitutein (2.12) byy; = (logY; — y), whereY; is the economy’s

output andy; is the output gap,

e =Ed Vit =6 —Ef{7..})- (2.13)
Equation (2.13) is the IS-curve. Its most important feaisithat it implies an

inverse relationship between the expea&dantereal interest rate and the output gap

(Romer, 2012). Moreover, according Clarida, et al. (1999) aarwe assume here, with

the nominal interest rate as policy instrument, itn@ necessary to specify an
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equilibrium equation for the monetary market (a LM curv@)erefore, (2.13) is also
the aggregate demand equation of the economy.

In this model, the dynamics of output gap is entirely duext@enous shocks.
The business cycle literature, however, has been camdystending evidence of
endogenous persistence in the ecoyia output (see, for instance, Kydland and
Prescott, 1990; Backus and Kehoe, 1992; and Basu and ,Ta9%8). In this regard,
following Fuhrer (2000) and Moreno (2004), we may assumelity dtinction with
habit formation, where households alters their conswmpgiaths slowly. In this case,

(2.13) is generalized to

Y = =00 =B{7al) +65Yia + L= 0 )E{ Yo} + Vi, (2.14)

where, in equation (2.14), 0 < 64 < 1 index the influence of lagged versus future output

gap on its current value (persistence), and we added.@ndisturbance related to
measurement errors and/or exogenous shocks on the aggtegated,V,,. We now

proceed presenting the New Keynesian Phillips curve (NKPC).

2.3.2. The Phillips curve

The Phillips curve represents the supply side of the ecpnaaiating inflation
and output gap. We focus on the work of Calvo (1983), but singjlalitative
implications are obtained by Taylor’s (1979) model of fixed prices.

Calvo (1983) assumes that prices change stochasticallye pecifically,

firm’s opportunities to change its price follow a Poisson process. Thus, the probability
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that firms are able to change their prices is the samach period; regardless of when
it was the last time they did*#t Besides, as in Taylor (1979), prices are fixed between
the times they are adjusted (Romer, 2012).

Following Calvo (1983), each period a fract@ifO <« < 1) of firms chosen at
random set new prices, say, The remaining fraction of firms (1 &) receive an
average price that is equal the price charged by all fimrtha previous periody:.s.

Thus, we may write,
p, =ax +L—a)p,, (2.15)
as the economy’s average price in t. Subtractingp.; from both sides, (2.15) becomes an

expression showing that inflation is determined by thendirchanging their price

(equation 2.16),
7, =% — Py)- (2.16)

Firms set their new prices;, as a weighted average of the expected profit-

maximizing prices for the next periods; (Romer, 2012). In this sense,

j .
x -3 29

. k
=020 B0,

E{p.} (2.17)

32 Consequently, the waiting time for a price change isawit memory or, in other wordsi.d.
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whereg is a discount factor; and; is the probability the price set in periodill still be
in effect in period + j. Given Calvo’s (1983) Poisson assumption, ¢ = (1 -a). Thus,

(2.17) is simplified t&°,
X =[- -2 f @-a) E{p ) (2.18)
We now rewrite (18) expressingin terms ofp* andEf{ x.+1}, that is,

X ~l1- AL @IE ]} + A= )1~ A~ £’ Q- ) B P} for
~[- - P + A~ E %)

(2.19)

where, the second line uses the fact fifatis known at timet, and shifts (2.18) one

period ahead.

The concluding steps in order to obtain our Phillips curve yrevslubtractingo;

from both sides of (2.19) and rewriting- p: as &— p-1) — (Pt — pr1), to get,

(% = Py — (P, — Py) = [1- BA-)(p; — ) + BA-)E{ X, .} - P,)- (2.20)

Now, using (2.16) to writex{ — pv1) = mla, (E{X+1} — p) = E{ 71}/ «, and

substituting in (2.20), give us the following expressions,

¥ Note: the sumS) of an infinite geometric progression with rati® <r < 1, isS = a/(1-r).
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7= (- f-a)l(p; — p) + Bl (2.21)

and, finally, replacingp: — P by ¢y in (2.21) whergp is a parameter measuring real

rigidities (a low value fop means a high degree of real rigidity)we are able to find

that,
7, =AY, + PEL{ w0} (2.22)
where 2 = 2= A=2)Bl¢. Equation (2.22) is a formulation for the New Keynesian

-

Phillips curve. It says that inflation depends on an expectecb(e) inflation term and
the output. Equation (2.22), however, does not inaplinflation inertia. Following Ball
(1994), we define inflation inertia as a continuous high infltatiaused by a large cost
(measured in output loss) of reducing it. In order to introdhiseféature in equation
(2.22), we use an approach developed by Christiano et al. (Z0@&se authors, rather
than fixing prices between each round of price adjustmestsyme that prices are
indexed to the previous period’s inflation rate. Economically, this is a reflection of firms
that do not continually obtain and use all available infaéiona In this case, (2.15)

becomes,

P = A-a)(Py + 7 y) + 0% (2.23)

3 p* — p = ¢y; comes from a standard profit-maximization problenmmnopolistic firms. It states that
the pricesetter’s optimal relative price is increasing in aggregate output. This may arise fromerae
reasons, for instance, increases in the costs of gfoducputs, diminishing returns to the factors, and/or
costs of adjusting output (Romer, 2012).
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Using (2.23) and solving the model in the same way we hawe lakefore, it can

be shown that (2.22) is generalized to:

m =Ky, +Om +Q-6)E 7, .} + Vo, (2.24)

where, in equation (2.24), 0 < 6; < 1 index the influence of lagged versus future inflation
on its current value (inflation inertiag; is a function ofx, £, and¢; and, we added an

Ii.d. disturbance related to measurement errors and/or exogestmeks on the
aggregate supplyy,,. Equations (2.14) and (2.24) are the building blocks of the New

Keynesian model. They have a recursive structure: the Phtlijpse (eq. 2.24)
determines inflation given the path of output gap; while (2.14rdwbes output gap as
a function of the real expected interest rates. Inrotdeclose the model it is only
necessary to describe our monetary policy rule (itee, determination of nominal

interest rates).

2.3.3. The monetary policy rule
Here we follow the influent paper of Clarida et al. (1999), whée monetary

policy has two components,

I, = Py + (L= )i, (2.25)

.k

Iy :i_*+7/i(Et7[t+l_7_Z-)+7gyt' (2.26)
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wherei’ is the desired interest rate, afdis the long-term desired inflation. Equation
(2.25) models the tendency of central banks towards smgoithierest rates, while
(2.26) is the “Taylor rule”, in which the monetary authority reacts to deviations of
expected inflation from its target, and to deviations of dufijoum its equilibrium level
(output gap). By plugging (2.25) into (2.26) and adding.é& monetary shocksiz;, we

write the final equation of the theoretical model, thenetary policy rule:

i =C+po+A-p)iE{m.}+ i Yi) Vs, (2.27)

where T=(1-p)(i -r.7).

The next section deals with the estimation methodgoigons (2.14),4.24),
and (2.27). But, before we proceed, it is noteworthy that wadv@ther use a model
without exchange rates in this paper. This variable weed before as a policy
instrument, stimulating investments, as with the impsutsstitution policies (between
1975 and 1984), and controlling inflation, as in the early yefitse Real plan (1994 to
1998). Thus, its value had been fixed by the monetary autHoritseveral periods for
policy purposes, making difficult its utilization in regsem methods. Besides, Mello
and Moccero (2011) estimated a model similar to ours, butdimg exchange rate, for
the period after 1999. They found that changes in the nomktdlange rate were not

statistically significant in the Brazilian Central Bank’s reaction function.
2.4. Methodology: estimation, series, and samples

In this section, we first describe the method of edionain which Bayesian

techniques are employed. Second part presents the utilizedséres. Third section
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deals with the division of the data into sub-samplesstifnation, the structural breaks
test, and with the approaches utilized to investigatsdhbeces of the observed changes

in the country.

2.4.1. Estimation method

The theoretical model employed in this paper, comprisiggagons (2.14),

(2.24), and (2.27), has 12 parameters, including nine of which wvitstructural
interpretation &, 0y, «, 6i, B, T, p, 7,, 7,), and three auxiliary ones>€,0;,07). The

first set of coefficients is related to the privatetsed, «, f), to inertia @g, 6;), and to

the monetary policy ruled, p, 7,, 7,); by its turn, the second set represents the

variance of the disturbances in each equation. Estimas carried out by Bayesian
methods.

As Zellner (1971) shows, Bayesian estimation connects dadibraxercises,
through the specification of priors, to methods of ediona via maximum likelihood
function, confronting, in this way, the model with theéaddavioreover, priors are seen as
weights on the likelihood function, prioritizing certagreas of the parameters
subspac®.

Following Zellner (1971), An and Schorfheide (2007), and Fernandez-

Villaverde (2000), a density function describing a prior hédielefined asp(a) where

SA Bayesian approach for estimating DSGE models isaimgefor several reasons. For example, as
pointed out by Fernandez-Villaverde (2010), the likelihood funatfwystems as we are working here is
highly dimensional and complicated, probably having mamgall maxima, minima, and flat surfaces.
Thus, even the most sophisticated maximization algorithenge tremendous difficulties finding the
estimated parameters and their standard errors. Mordgagesian techniques provide us a simple way
to introduce prior knowledge of the data by restricting pararaeb shapes and regions that match the
economic theory.
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a is a vector containing all the model’s parameters; and, p(-) stands for a probability

density function (pdf), such as normal, gamma, uniform, arotimegys.
In order to obtain the likelihood functiorif,(zT|a), where z, sums up all the

observable variables of the model (inflation, output gagd,iaterest rates, described in
details below), we first write our system of equations stade space format so that the
likelihood can be calculated by means of the Kalman fdied the prediction error
decomposition (Canova, 2009). Thus, equations (2.14), (2.24§28%) are organized

as,

Z]I+1 = Ai(a) 21t + AZ(G)V'[{U

Zy = A(0)z,. (2:29)

Where, in (2.28)2: = [m, Y, it]; 21t = [mea, Yea, ie1, Vi Vo, VaY; @nd, the matrices, i =

1, 2, 3, are nonlinear functions of the structural paramete
Our goal is to usep(a) and (2.28) in order to estimaqe(a|ZT), the posterior

density of the parameters. Using the Bayes theorenhgttke can be written as

p(e) f(z|w)

p(a|ZT) = f(z.)

, (2.29)

where the numerator corresponds to the prior and thighbloel function, respectively;

and, the denominator is the marginal density of the dattgined by integrating
p(a) f(zT|u) with respect toa, in our case, a 12-dimensional vector. Although an

analytical computation of the posterior density (eq. 2.29rastically impossible, we
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can make use of numerical routines in order to obtairpdsterior distribution o
(that is, their point estimates and confidence intervals)
In this sense, as suggested by Schorfheide (2000), we erpl®andom-Walk

Metropolis-Hastings (RWMH) algorithm, which comprises fin®wing steps:

1. Use an optimization routine to maximize the log-posterikernef®

(In f(zT|a)+In p(e)) . Denote the posterior mode by

2. Let £ be the inverse of the Hessian computed at the posteside an

3. Draw @© from N(a,c2X);

4. For s = 1, ..., ngm draw a proposala’ from the jumping distribution
N(@®?,c%X). The jump froma®? is accepted d® =a’) with probability
min{Lr(@®?,0%z)} and rejected ¢ =a®?) otherwise. Where

In(a*|z) pe*)
In(a®?|z) p(e®?)

ra®?,a¥z) = defines the acceptance ratio. Update the

jumping distribution if necessary;
5. After having repeated step four several times, build histog@ithe posterior

distribution of the parameters.

As explained by An and Schorfheide (2007), under general regutarititions
the posterior distribution ofx is asymptotically normal. Moreover, the RWMH
algorithm generates a sequenceaothat will be averaged to approximate posterior

moments and confidence intervals for the estimated péeesne

3% We use a Monte Carlo based one, option 6 in Dynare 4h& 3pftware utilized. This method is useful
when posterior mode is difficult to obtain with standaptiroization routines (Newton type ones, e.g.,
Klein, 2000; Sims, 2002). It provides a suitable covagamatrix for the RWMH algorithm.
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Specifically, when running the RWMH algorithm, we set the esgarameter
(constant in step 4, above) such as that the acceptance rabeus 20 and 50%. Thus,
the algorithm is allowed to visit the tails of the partere distribution, and would not
get trapped around regions of local maxima in the parametespate. Moreover, for
all the samples of estimation we draw five MH-chains46f000 iterations each,
keeping 14,000 draws in order to construct the histograms. Coneergeaddressed by

the Brooks and Gelman’s (1998) method.

Priors are assumed to be factoredpda) = [T p(e;) , that is, parameters have
independent distributions. When selecting the shape of the priors’ distributions, we
proceed as suggested by Canova (2009), setting: inverse gammautibsisifor

parameters that must be positive £, o,,0,,0;); gamma distributions for parameters
that are truncated below a certain value £ 0, y, > 1); beta distributions for

parameters lying in an intervaldy( &, 5, p); and, normal distributions for the remaining

parameters X,). The y; > 1 restriction follows from Gali at al. (1999) who solved the

problem of a discretionary central bank that minimizeaal loss-function. It also
assures a single solution for the theoretical syst@rangeasonable values of the other
parameters (see, for example, Clarida, et al. 2000; LudkSxhorfheide, 2004; and,
Romer, 2012). This is a standard setup, employed by severalrsauththe DSGE
literature (see, e.g., Smets and Wouters, 2003, 2007; S|l26id&8; Canova, 2009; and,
Levine et al., 2012).

Means of the priors are set around standard calibrate@syalvhile standard
deviations are set loosely, in order to minimize the eftdcsubjective beliefs, thus
letting the algorithm to move away from the priors ifad& informative. Table 2.1

shows the first two moments of each prior.
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Table 2.1Priors’ shapes, means and standard deviations

Prior standard

Parameter Shape Prior mean deviati Range
eviation

) Inverse Gamma 2.00 0.25 Strictly positive
K Inverse Gamma 2.00 1.00 Strictly positive
B Beta 0.98 0.01 [0, 1]

Oy Beta 0.80 0.25 [0, 1]

6, Beta 0.80 0.25 [0, 1]

c Gamma 2.00 0.25 [0, )

p Beta 0.80 0.25 [0, 1]

Vi Gamma 1.50 0.25 [1, )

Vg Normal 0.50 0.25 (o0, 0)

o, Inverse Gamma 0.01 0.50 Strictly positive
o, Inverse Gamma 0.01 0.50 Strictly positive
O3 Inverse Gamma 0.01 0.50 Strictly positive

2.4.2. Data and procedures

The time series we use in this paper are quarterly spackdvéien necessary,
seasonally adjusted with the12 method. Sample ranges from the first quarter of 1975
to the last one of 2012.

Quarterly inflation rates;, is approximated by the average of the monthly rate
within each quartéf. The latter is measured as variations in the Geneizd Fhdex—
Internal Availability (IGR-DI), published by Getulio Vargas Foundation, which imputes
weights of 60, 30, and 10% to, respectively, wholesale, comswand construction
price indexes.

Whereas the literature evaluating monetary policy in iBres mainly focused
on consumer price indexes when measuring inflation (see, Silgeira, 2008; and,

Mello and Moccero, 2011), here we work with the general pnidex, provided that it

3" This proxy allows for a better fit in the Bayesiatiraation. Besides, as long as desired inflation goes
to the intercept term in (2.27), we do not necessarilg t@ese annualized quarterly inflation rates in our
estimations.
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has a longer time series, including data between 1975 and 1980tfiasfor our
comparative purposes. This, however, shall not alter aim oonclusion¥. In order to
keep the database conformity, quarterly nominal inteedst iy, is the average of the
monthly Selic rates within each quarter. Selic measureBrdmlian basic interest rates,
and it is published by the Central Bank (BACER!)

When it comes to the output gap,we follow Orphanides (2004) who suggests
a flexible way to compute it, such as deviations from a Hl&ePrescott filter (HP-
filter, Hodrick and Prescott, 1997) or a quadratic deterministnd, or even the growth
rate of the logsDP. According to this author, model based methods for compthing
potential output and, therefore, the output gap, fails toktuiadjust to persistent
adverse shifts inhe trend, as it has occurred in Brazil in the beginning of the 1980’s
(period broadly known as tHeost Decade As a result, estimates of potential output
during this period may appear consistently overestimated,hwbads to output gap
misperceptions. In this sense we define our output gap proxye as/¢hc component
coming out from a HP-decomposition over the log-GDP timesewhen assuming the
classical smoothing parameter of 1,600. Additionally, fdyusbness, we also run our
estimation for the output growth rule. GDP data is pravidg Bonelli and Rodrigues
(2012.

Concerning whether inflation and interest rates areosiaty, results presented
in the literature so far are mixed. Regular ADF tests termbmalude that inflation and
interest rates are 1(0), but this feature is probably dugetpriesence of structural breaks

and, or, abrupt governmental interventions. Cati et1899), for example, built a test

3 As matter of fact, the correlation between the @fficonsumer price (also known as IPCA, provided
by Instituto Brasileiro de Estatistica e Geografia, IB@RJ the general price (IGP-DI) series is 0.998,
for the period from 1980 to 2012.

39 Both are available at https://www.ipeadata.gov.br.
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that accounts for such interventjarbtaining pieces of evidence that support the unit
root hypothesis for the inflation rate and interest rateBrazil, between 1974 and
1993. In the present paper, instead of going thoroughly ovecdhtsoversial issue, we
assume both specifications for the variables enteringuirsgstems, that is, one with
inflation, output gap, and interest rates in levels, andther where we take the first
difference of inflation and interest rates. When daso, our results are also enriched,
since they offer important insights for the evaluatibthe monetary policy whenever it
is dealing with the level or the growth raté ioflation. Figure 2.1 below depicts the
analyzed time series.

As one can easily see in Figure 2.1, Brazilian inflation amerest rates are
highly unstable, showing periods of rapid growth and sudden.sBgsides, they are
remarkably more stable after 1995. Such feature makes tineaisti for the entire
1975-2012 period unmanageable, with inconsistently estimated parant&acerning
this problem, we divide our full sample into specific samples, according to a three
equation test for multiples structural breaks that oatwnknown dates, as described
below (the test is due to Qu and Perron, 2007). Once we haineddeur sub-samples
we estimate the system of equations (2.12p4(), and (2.27) for each one of them,

comparing the results subsequently.
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Fig.2.1 Time series. (a) IGP-DI inflation; (b) first difference I&P-DI; (c) log real GDP in levels; (d)
HP-filtered output gap; (e) interest rates, Selic; and, () diifferences of Selic.

2.4.3. Structural breaks and sub-samples of estimaitn

In order to assess the possibility of structural changbearBtrazilian economy,
we apply a test of (possibly multiple) breaks at unknowtesjaon a three equation
VAR(p)* (Qu and Perron, 2007). The three variables entering the &&Rnflation,
output gap' (HP-filter rule), and interest rates. The same we miiesi estimation of our

theoretical model.

“0Vector of auto-regressiongjs the lag order.
1 Results also apply for the output growth rule.
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As stated by Perron (2006) the estimation of break datefidoyneans of a
system of equations is appealing because it is more acthestehe single equation
case, since variables may affect each other via likedifoaction. This result is true
even if some of the equations have invariant parameterssaregimes. Besides, Bai et
al. (1998) show that the precision of the asymptotic confidemieeval for a particular
break date increases proportionally to the number of teriesswhich have a common
structural break date.

Hess and Iwata (1997) have shown that an ARIMA(1, 1, 0) nuseribes well
the duration and amplitude of the log real U.S. GDP. Foligwhis result we estimate
our autoregressive system as a VAR(1), assuming the \ewiablevels, or taking the
first difference of inflation and interest rates. \Wdow for breaks in all parameters,
including intercepts, autoregressive parameters, and icdhariance matrix of the
errors. Moreover, given the length of data, we allow foeé¢ breaks at most, that is,
four different regimes, and we rule out breaks that caplgear at the first and final
15% of the data (setting the trimming parameter at 0.1&)mB&tion is carried out via
an iterative feasible generalized least squares procedatail§ in Qu and Perron,
2007). Test results are described in Table 2.2.

As Table 2.2 shows, for the assumption of one structurgkbrin both
specifications, that is, levels or first differencesbr@akpoint is estimated around
1994/1995. That latter is the most dominant structural changer isystem, since it is
the first one being highlighted by the data. It is alsdassiedlly significant, with fairly

tight confidence intervals.
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Table 2.2: Multivariate structural changes dates

Specificatiof’ SupLR. Break number1 Break number2 Break number 3
P Statisti®®  [90% C.1] [90% C.1] [90% C.1]
(at most 1 break) [1993.111, 1994.11]

Levels 685+ - 1985.1 1994.1

(at most 2 breaks [1984.1V, 1986.1V]  [1993.111, 1994.11]
Levels 880* 1985.11 1994.1 2002.111

(at most 3 breaks [19841V, 1986.1V] [1993.11, 1994.1]  [2001.V, 2003.1V]
Differences - - 1995.1V

(at most 1 break) 560* [1989.11, 1996.1]

Differences - 786* - 1985.11 1995.1vV

(at most 2 breaks [1985.1, 1992.1V] [1987.111, 1996.1]

Differences 897+ 1985.11 1994.11I 2003.1l1

(at most 3 breaks [1985.1, 1993.11] [1992.11, 1994.1V] [2002.11, 2003.1V]

Notes: (1) 18 parameters changing across regimes; (2) *, **, andettote statistical significance at 1, 5
and 10%, respectively.

Considering the possibility of two structural changes, #wel$ specification
suggests the first quarters of 1985 and 1994 as breakpoints, witiéefirst difference,
the second quarter of 1985 and the fourth quarter of 1995 aestih@ted breakpoints.
Again, the dates of changes are similar in both setupscdnftdence intervals are
narrower when variables are in levels. Besides, the seguist developed by Qu and
Perron (2007) indicates two breaks instead of one for Ipettifecations (test statistic is
205 for variables in levels; and, 226 for the first differe case).

The last significant break is estimated around 2003, with dbguential
likelihood test suggesting three as the number of structhaiges in our estimated
VAR. Statistics are now 195 and 102 for inflation and nomiass in levels and
differences, respectively. In both cases, significandegh, rejecting, therefore, the null
of two breaks against the alternative of three breaks

Based on the results of Table 2.2, we are able to diefuresub-samples to be
used in the Bayesian estimation. We set the firstpfamanging from 1975.1 to

1984.1V; the second one from 198%0 1994.1V; the third one from 199%0 2004.1\V/
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and, the last one from 2005 on. When doing so, we delimit dfereht samples

according to the structural breaks test, while keeping eaehof them, except to the
last one, with the same length, 40 time series obsenga This procedure is important
for minimizing the differences in the parameter estimatimat would emerge from

changing the precision of the estimates (Canova, 2009).

In Table 2.3, we depict mean, standard deviation, and pexsstef each
variable, taking account to the different samples. ifterxe is defined as the first
autocorrelation coefficient, as it is common in thasiness cycle literature. By
analyzing this table, some interesting facts appear. Riestn and standard deviation of
the output gap have been falling over the years. For testdhe standard deviation
after 1995 is half of its value in the previous years. Maggowe cannot reject the null
of equal means and variances between the samples of 199528602005-2012.
Conversely, output gap persistence is quite stable acrosartides.

Second, inflation rates in levels show a remarkable deergmits mean and
standard deviation after 1995. The period of 1985-1994 containpetdie of these
statistics for the variable, when the seasonally &efjusflation reached an average
value of 840% per year, approximately.

If one compares the last two samples, that is, 1995-20042868-2012,
regarding to inflation’s mean and variance, equality tests t andF lead to the rejection of
the null at 1% of statistical significance. Thus, théuction in the mean inflation rate
and in its instability after 2005 is significant, which agreethwiur structural break
tests. Nominal interests rates have a similar pattaitretone described for inflation.

Finally, mean values of the first difference of inflaitiand interest rates has also

decreased over the years. The most interesting feafttinese variables is related to the
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persistence. While in the post 1995 years inflation has be@-persistent, that is,
tending to alternate high and low (or negative) valueterest rates have become
persistent, meaning that a higher Selic today will probablyobewed by an even

higher value tomorrow. These results may reflect éightonetary policy conduction by

the Brazilian Central Bank. We address to this questitimeimext sections.

Table 2.3: Subsamples descriptive statistics

Stat"/Sample 1975-1984 1985-1994 1995-2004 2005-2012 Full sample

Output gap(HP filter)

Mean -0.52 0.24 0.21 0.09 0.00
Std. Dev. (%) 3.46 3.06 1.53 1.74 2.62
Persistence 0.87 0.69 0.65 0.71 0.77
Inflation
Mean 5.45 20.56 0.91 0.46 7.18
Std. Dev. (%) 2.94 14.1 0.84 0.47 11.03
Persistence 0.96 0.55 0.21%° 0.42 0.81
Nominal rates - Selic
Mean 5.02 21.14 1.86 0.97 7.58
Std. Dev. (%) 3.20 13.75 0.79 0.25 10.96
Persistence 1.00 0.63 0.60 0.96 0.85
A(Inflation)
Mean 0.06 -0.07 -0.01 0.01 -0.004
Std. Dev. (%) 0.63 5.45 0.37 0.21 2.81
Persistence -0.24'° -0.26"%° -0.45 -0.42 -0.26
A(Selig
Mean 0.08 -0.06 -0.02 -0.01 -0.002
Std. Dev. (%) 0.33 3.51 0.27 0.03 1.80
Persistence -0.45 0.04% 0.01%® 0.38 0.04%
N. obs. 40 40 40 32 152

Notes: (1) NS stands for a not significant parameter at 10%.

In general lines, the structural change test and theathgi®f the sample are in
line with the previous literature as well. It is a commonwibat the period from 1975
to 1984 can be classified as “moderate to accelerating inflation”, the one from 1985 to
1994 as “high or hyperinflation”, and after 1995 as “low inflation” (see, Cati, et al.
1999; Minella, 2003, for example). Here we apply a methodolbgly donfirms such

partitions, by estimating and testing for multiple breaksa VAR(1) with inflation,
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output gap, and interest rates as variables. However, éag&dwint test also suggests a
change around 2003/2004. When inspecting Table 2.3, one is leadctodenthat this
break is related to an even higher stability of inflatiod enterest rates in the economy.

The division of the sample according the breakpoint Sdatbows us to
understand the monetary policy conduction throughout ithe in Brazil, and to
associate it to the facts in Table 2.3. However, anotlevaet question pops up from
the last table: given the results presented so farBtheilian economy has clearly
entered in a period of “Great Moderation” after 1995. Is this a reflection of the Real
Plan? Or, in another words, what is the importance of ntosetary plan for the
increased stability in the country?

According to Stock and Watson (2002), the explanationshisphenomenon in
the U.S. economy, which has begun around 1984, are dividadem thain categories.
The first one is related with changes in the privatéase such as improvements in the
inventory management made possible by the advancementkeinnformation-
technology (McConnell and Perez-Quiros, 2000; and, BaamettChauvet, 2008), and
financial innovations that facilitates intertemporal osthing of consumption and
investment (Blanchard and Simon, 2001). The second reasord veeulimproved
monetary policy (e.g., Cogley and Sargent, 2005; Canova, 2@0%), the third
category is good luck, that is, comparatively milder exogershocks impinging the
U.S. economy since then (Bernanke and Mihov, 1998; Lemm#Zha, 2003; Moreno,
2004; and, Sims and Zha, 2006

By using the New Keynesian system we can address to a# flaetors in a
simple way. First, we estimate the model before arat #ie Real Plan, taking notes to

the simulated variances of the variables and the parameters’ values. Then, we re-
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estimate the model after the Real Plan while fixingpecsic set of parameters at their
pre Real Plan posterior mean values. Therefore, thetiqaas: will the restricted model
reproduce the observed fall in the volatility of output anflaiion? The sets of

parameters hold constant at each round of estimat@n(daiy, «, 6;) representing the

private sector and inertiap,(y;, 7,) for the monetary policy; andof,o5,07) for

good luck hypothesis.

When setting the pre and post the Real Plan samplesliseward the year of
1994 since it can be understood as a transition period. dnsémse, pre Real Plan
sample is defined from 197591 to 199394, and post Real Plan from 129312q94.
When doing so, we are able to examine the contributicaci particular factor to the

Brazilian Great Moderation.

2.5. Results

Results are presented in two sections. First, we checititity of the estimated
models in reproducing the volatility drop of inflation, GDRd&Selic rate. Following
that changes in models’ parameters over time are analyzed. Second, we investigate
which group of parameters hasignificant impact on the volatility reductipthat is,

what would be the main determinants of the Brazilian Gvterteration.

2.5.1. Volatility drop and parameter changes

As shown previously, the Brazilian economy has passed by #iraetural
breaks between 1975 and 2012; a major one in 1995, and two laesend 985 and

2003, approximately. This fact has encouraged us to divide ouintafaur periods, as
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follows: 1975-1984, 1985-1994, 1995-2004, and 2005-2012. The most remarkable
change across these subsamples is the drop of @udityoin the country, in which, for
example, real GDP’s standard deviation fell 50% after 1995, while the instability of
inflation and nominal rate had even sharper reductieesTable 2.3 in this regard).
Accordingly, we first verify the adequacy of the modelsHis feature, which is
done in Tables 2.4 and 2.5 below. Table 2.4 brings estimate@riposstandard
deviations when output gap is derived from a HP-filter1600), both considering the
variables in levels, in Panel a, and first differendeisftation and Selic rate, in Panel b
90% confidence intervals for the statistics are predein@de brackets. Table 2.5, by
its turn, has the same structure, except that outpusgapasured by the first difference

of real log-GDP.

Table 2.4: Estimated posterior standard deviations of thegendas variables for the
HP-filter specification

Variable/Sample  1975-1984 1985-1994 1995-2004 2005-2012

Panel a: levels

Inflation 8.41 41.26 1.98 1.45
[5.5, 10.5] [27.6, 53.5] [1.5, 2.4] [1.2, 1.6]

Gap (HP-filter) 3.77 5.01 1.83 2.02
[3.1, 4.3] [4.2, 5.8] [1.3, 2.1] [1.6, 2.4]

Selic rate 8.02 39.87 2.69 1.76
[5.2, 10.1] [22.8, 51.4] [2.2, 3.2] [1.3, 2.2]

Panel b: differences

Alnflation 1.95 18.36 1.87 1.03
[1.7, 2.2] [14.8, 21.8] [1.5, 2.1] [0.9, 1.2]

Gap (HP-filter) 2.80 5.11 1.63 1.59
[2.3, 3.2] [4.1, 6.6] [1.3, 1.9] [1.3, 1.8]

ASelic rate 1.67 12.81 1.33 0.82
[1.3, 1.9] [9.5, 16.6] [1.0, 1.5] [0.6, 0.9]

Notes: 90% confidence interval is between brackets.
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As can be seen in Table 2.4, the drop in the volat8itgresent. In Panel a, for
example, the upper 90% limit of the variables’ standard deviation after 1995 is smaller
than the lower limit in the previous samples, which denatesgnificant structural
break on the country’s instability. In Panel b, although results show a reduction on the
volatility, significant breaks occur only after 2005, sinoe 1995-2004 statistics aretno
statistically different from those obtained in thestfirsample, considering a 90%

confidence interval.

Table 2.5: Estimated posterior standard deviations of thegendas variables for the
output growth specification

Variable/Sample 1975-1984 1985-1994 1995-2004 2005-2012

Panel a: levels

Inflation 5.39 39.51 1.49 0.95
[3.5, 6.6] [24.9, 49.9] [1.2, 1.7] [0.7, 1.1]

Gap (AGDP) 1.55 2.58 0.62 0.53
[1.2, 1.8] [2.1, 3.0] [0.5,0.7] [0.4, 0.6]

Selic rate 5.70 38.50 2.11 1.27
[3.6, 7.0] [23.0, 48.7] [1.7, 2.4] [1.0, 1.4]

Panel d: differences

Alnflation 1.74 16.95 1.14 0.59
[1.5, 1.8] [14.7, 18.5] [1.0, 1.2] [0.57, 0.64]

Gap (AGDP) 0.70 2.63 0.37 0.28
[0.6, 0.8] [2.2, 3.0] [0.3, 0.4] [0.2,0.3]

ASelic rate 1.30 13.18 0.73 0.22
[1.1, 1.5] [10.7, 14.6] [0.6, 0.8] [0.17, 0.22]

Notes: 90% confidence interval is between brackets.

In Table 2.5, where output gap is measured as the firstatiffes of real log-
GDP, for both assumptions, that is, with inflation ammminal rate in levels and
differences, respectively, the reduction on the variables’ standard deviation is significant
after 1995 at 90% of statistical confidence. Whicheverctse depicted in Tables42.

and 2.5, however, a clear inverted U-shape pattern emeogedtfe estimated standard
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deviations of the variables across different samplethy peaks located in the 1985-
1994 sample. Such result reinfesour conviction towards a Great Moderation period
in Brazil after 1995.

We now analyze systematic changes in the estimatedisioal@meters. Results
are presented in a graphical form, such that the exposfia large set of information
is eased. The interested reader may turn his/her atie@ntibables A.1, A.2, and A.3, in
annex, which bring the complete output of the estimapimcesses. Hence, we begin
analyzing the private sector and inertia coefficients, degien Figure 2.2, below.
Estimated parameters in this figure are presented separatety parts; toiv. In each
one of these, letters, b, ¢, andd stand for the models considering, respectively, HP-
filter output gap, and inflation and Selic in levels; HP-fileutput gap, and inflation
and Selic in differences; first difference output gamd @nflation and Selic in levels;
and, lastly, output gap, inflation, and Selic in firdfatiences.

The parameter controlling IS-curve inclinatiod, (delta), which captures
contemporaneous dependence of the output gap on changesiaime real interest
rate, is fairly constant over time in all four modeleingy estimated at 1.5 or 2.0. Thus,
one is lead to conclude that monetary policy impactserntimain proportionally on real
economic activity. There is also a little evidence ting effect has grown in the last
years, as showed by modélandd (however, the 90% confidence intervals foare
overlapped across subsamples in every tested caserSmliles for the IS inclination
were found by Mello and Moccero (2011), when utilizing a VAR medtthagy for the

periods 1996-1998, and 1999-feb/2006, with monthly data.
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Fig.2.2 Changes in private sector and inertia parameters asubsamples in different models. Model
(a) Inflation and Selic rate in levels, HP-filter medsy output gap; (b) inflation and Selic rate in
differences, HP-filter measuring output gap; (c) inflatiod &elic rate in levels, log-GDP in differences
measuring output gap; and, (d) inflation and Selic rate inrdiffees, log-GDP in differences measuring
output gap.

The influence of output gap on inflation, measured bythe Phillips curve, has
an interesting dynamic over time. In most of the cabes parameter reaches a peak in
the sample ranging from 1985 to 1994 (the only exception istgelpin Figure 2.2, part
ii, modelc). Besides, if it is considered models where inflatiod arerest rate are in
differences, that is, in rates of growth, this effisotven more pronounced (see models
b and d in Figure 2.2). Thus, agreeing with the macroeconomic reyigviously
presented, such dynamic is reflecting the effects ofuwroption bubbles generated right
after the price-freezing economic plans. Following fReal Plan implementation,
output gap coefficient on inflation has been smaller thax being located around 0.75
and 0.9.

Endogenous output persistence is captureddpyn our models. Whenever

output gap is measured by the HP-filter, this parameter tenoks sonaller in the last
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years of the sample. However, if one uses the fiffstrdnce of GDP as a proxy for the
output gapfy is estimated as the unity in most of the time, appraxngahe NKPC to
the backward-looking framework utilized by Svensson (1997),Baid(1999). In this
sense, based on our estimations, drawing general comdusimut the persistence in
the aggregate demand is troublesome. Perhaps, Table 2@sdsinformative in this
regard, where we show that the autoregressive coefficieouiput gap oscillates
around 0.75 over the years.

The next parameter to be analyzed in Figure 262 which captures inflationary
inertia degree in the models (see parof this figure). It is, without any doubt, one of
the most important sources of informatiohour estimations, given the importance of
the inflationary process in recent Brazilian history. thar case illustrated in moda)|
where variables are in levels, and output gap is derived &ditf-filter, our results
show that inflation inertia has slowly reduced over timigh a 90% confidence interval
of [0.98, 1.00] foré; in the first sample, and [0.92, 1.00] between 2005 and 2012. In
modelc of Figure 2.2 pariv, where we measure the output gap as the first differ@ihce
real log-GDP, this result strengthens, with point esesdor g; starting at 0.97 ([0.91,
1.00]) between 1975 and 1984, and 0.97 ([0.89, 1.00]), 0.81 ([0.66, 1.00]),6hd O.
([0.50, 0.81]), in the next three samples, respectively.

In modelsc andd of Figure 2.2 pariv, where inflation and Selic rate are in rates
of growth, both estimations indicate a reduction of imdlatinertia. In modelc, the
smallest value fo#; is found in the 1994-2005 years, being estimated at (h#8odel
d, our results are rather interesting, wikhbeing estimated at 0.29 in the first sample,
and 0.94, 0.21, and (only) 0.07 in the next three samples, tiesbecT hus, according

modeld, inflation inertia has greatly weakened after 1995, refigabn a Phillips curve
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that has become more forward-looking over time, withepgetters putting a higher
weight on expected future inflation. Besides, the peakneftia was found between
1985 and 1994, matching with the information previously presentedgdhe review
of the Brazilian macroeconomic panorama.

Overall, we can conclude that the inflationary inertia feaisiced in Brazil over
the years, but this reduction is extremely more apparernha specifications with
variables in rates of growth. Therefore, even in thargefollowing 1995, the
inflationary process still tends to be persistent, butoisdnot have an explosive
dynamic, as it used to have before this year. Our resulighich concerns to the cases
where inflation is in levels, are related with Figueiredo and Marques’ (2009) findings
who, using a monthly IGP-DI data ranging from 1994:8 to 2008:1, and dM¥RF
GARCH methodology, showed that inflation is a stochgstbcess with long memory.

We now analyze changes on the policy set of parametegsre 2.3 brings
information about the coefficients governing interesk ratmoothnessp, and the
weights of inflation and output gap in the Taylor ryleandyy. Beginning withp, it
tends to be small and alike in all of our estimation setlips/alues are around 0.05,
varying from 0.01 in 1985-1994, when all variables are in diffeer{€egure 2.3,
model d), to 0.12 in 2005-2012, when inflation and interest ratenadifferences, and
output gap is measured by the HP-filter (Figure 2.3, model lsjd8& 90% confidence
interval includes 0.00 most of the times. In this sense,results support that the
Brazilian Central Bank have not been pursuing gradual rapnetolicy conduction

over time; interest rate adjusts quickly towards the Bank’s intended value®’. This is an

“2This may be a reflection of our interest rate dafsickvisa quarterly average of the monthly data. The
Brazilian Monetary Policy Committee (Copom) meets astlegght times in each calendar year since
1996. Therefore, monthly (raw) dataay better detect the smoothing behavior if it existaaélla et al.
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interesting feature of the Brazilian economy, since @astlas Moreno (2004), and
Canova (2009) found higin values forp (usually above 0.8), reflecting the smoothing
behavior of the FED.

Regarding the weights of the monetary policy rule, windlation and interest
rates are in levels, specificatioasandc of Figure 2.3, one can see that the models fit
well some of the features highlighted before, such as1 the years before the Real
Plan, monetary authority imputed a higher weight on theutwtabilization; and, ii)
after 1995, Central Bank has increasingly become more sel\ard responsive to
elevations in the inflation expectations. As we hawndeefore, there was a feeling in
the Brazilian economic team that conventional insemi® for controlling inflation
were ineffective. Thus, price-freezing stabilization plarespecially the ones
implemented between 1985 and 1990, always attempted to stop th®nnitedrtia
without generating large output losses, avoiding thetipaliand social costs of a
restrictive policy. After 1990, however, when the economys waffering from a
deflagrated hyperinflationary process, inflation itself Ineeahe worst social problem
in the country, gaining a much higher weight in the CenteaikBreaction rule over
time. Considering specifications in differences, represem modeld andd of Figure

2.3, coefficients’ patterns through the years are pretty much the same as before.

(2003), and Mello and Moccero (2011), for example, using data thithfrequency for the periods
1999:7-2002:12, and 1999:1-2006:2, respectively, found estimatesutfGaBdorp in Brazil.
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Fig.2.3 Changes in policy parameters across subsamples in difieratels. Model (a) Inflation and
Selic rate in levels, HP-filter measuring output gap; fifffaiion and Selic rate in differences, HP-filter
measuring output gap; (c) inflation and Selic rate in &Jeh-GDP in differences measuring output gap;
and, (d) inflation and Selic rate in differences, log-GbHifferences measuring output gap.

In Figure 2.4 we present the last set of estimated pagesneeferring to the
exogenous instabilities of the system, which are reprasdiytdéhe standard errors of
the shocks on the IS and Phillips curv@sando,, respectively, and on the Taylor rule,
o3. Two facts emerge from this figure. First, the sizettod shocks faced by the
Brazilian economy in 1985-1994 was much larger than the obsenvedei U.S.
Estimations for that country show that the standard tlewiaf disturbances reaches
3.0 at most in systems similar to the one employed (s&& e.g., Stock and Watson,
2002; Moreno 2004; and, Canova, 2009). Since the first halfeofl#90s, however,

shocks in Brazil have also become milder, being estimdt8dap;, both output gap

specifications), 1.0d¢, inflation in levels), and 1.4s¢, interest rate in levels). Second,
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all three graphs in Figure 2.4 display an inverted U-shaperpattiosely related to that
observed in the raw data (see Table 2.5, above). Nevesshéles information should
not conduct us to hastily conclude that the milder shooksle main causes of the
increased stability in Brazil. As Canova (2009) points ousaome cases, variations in
parameters that are statistically large may produce om&l £conomic consequences.
Thus, in the next section we address to this question deepdstigating which set of

parameters can explain the Brazilian Great Moderation.
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Fig.2.4 Changes in shock parameters across subsamples in diffeoeleis. Model (a) Inflation and
Selic rate in levels, HP-filter measuring output gap; fiffaiion and Selic rate in differences, HP-filter
measuring output gap; (c) inflation and Selic rate in &Meh-GDP in differences measuring output gap;
and, (d) inflation and Selic rate in differences, log-GbHifferences measuring output gap.
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2.5.2. Explanations for the Brazilian Great Moderaton

Now, we seek to explain the causes of the drop in the volatilioutput and
inflation in Brazil. Such feature of the data, also seemany industrialized countries
after 1984, is associated with changes in the private sectmmetary policy, or the
shocks impacting the economic activity (see, for exapnipdenanke and Mihov, 1998
McConnell and Perez-Quiros, 2Q0Bloreno, 2004; Cogley and Sargent, 2005; and
Canova, 2009).

For the Brazilian case, the instability has decreasetivedialate (by the middle
of the 1990s, as we have already shown). There exissgefore, a chronological
coincidence between the Real plan launch and the peridowef volatility, which
could lead us to conclude, perhaps erroneously, that chandges monetary policy
were the only cause behindigistructural break. Thus, when evaluating the effects of
several possible explanations for the volatility felle present paper provides a useful
guide for policy making in the country.

As it was stated before, in order to analyze the vdiatitill we estimate the
theoretical model using two samples, the first one @9&5-1993, or pre Real Plan, and
the second one over 1995-2012, or post Real Plan. Next, wag tepeestimation over
the Real Plan period, while restricting some parametetBea 1975-1993 estimated
values. According Canova (2009), this procedure allows us tatigaee whether the
restricted models are able to reproduce the volatilityofasserved in the data. In each

respective turn, one of the following set of parameteesfiaed: o, 9y, x, 6; for the
private sector and inertia, 7,, 7, for the monetary policy; andaf,a§,032 for the

good luck hypothesis. Results are presented in Table 2d8y.bel
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The evidence in Table 2.6 is clear. First, whenever weidemsflation and
interest rate in levels, that is, specificatiomsand c, if the policy parameters had
remained at their pre Real Plan values, inflation instgbtould have been about 5
times higher (compare, for example, the values 1.6 andn8P&anela). Output gap
volatility, however, is rather unresponsive to changes h@a policy rule in all
estimations. By their turn, exogenous shocks stronglyctatfee volatility of inflation
and output gap. In some estimation, these variables wawtel leen four or five times
higher if the shocks had stayed at their 1975-1993 values, fHmisnproved stability
of the economic environment has also been a key ingrediethe Brazilian Great

Moderation.

Table 2.6: Posterior moments. Restricted and unrestrgpedifications, 1995-2012
sample

Unrestricted  Stand. Errors restricting paramet@ne Real values)
stand. error,

Variable post Real Pr:vatg and Policy Shocks
[90% C.1.] hertia
Panel a: inflation and Selic in levels, HP-filter gap
Inflation 1 S . 1.4 8.2 5.6
Output gap 1 7192 . 1.8 1.6 3.1
Panel b: inflation and Selic in differences, HP-filter gap
Inflation [ %21 3] 2.5 2.0 7.5
Output gap 1 %31 5] 1.3 1.6 3.5
Panel c: inflation and Selic in levels, AGDP gap
Inflation [ %31 4] 1.3 5.3 5.2
Output gap [0 2% 6] 0.7 0.7 1.8
Panel d: inflation and Selic in differences, AGDP gap
Inflation [0 éol 0] 2.6 1.1 6.4
Output gap [0 24(') 8] 0.3 0.3 1.8
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Private sector as a whole had no statistically signifieffiett on the volatility of
inflation and output gap whenever one considers variablésvels(Panelsa and c).
However, in specificationd and d, whee inflation and Selic are in differencethis
situation changes, with private parameters affectingtiofh significantly. In order to
filter which parameter of this set matter the most, weehawplemented our
comparative exercise restricting, in each turn, theliphilcurve inclination and
inflationary inertia in modeld and d at their pre Real plan valuifs Results are

presented in Table 2.7, below.

Table 2.7: Posterior moments when some private parameteresricted, modelb
andd, 1995-2012 sample

Unrestricted Stand. Errors restrictingre Real values)

Variable star:;is/eoeréir], Pos Inflationary inertia ¢;) IEEII::’IIF;fIOC:rl]JrQ\c/)e
Panel b: inflation and Selic in differences, HP-filter gap
Inflation [1'%21.3] 1.3 2.3
Output gap [1'i'?’1.5] 15 1.4
Panel d: inflation and Selic in differences, AGDP gap

Inflation [O.S:JL,-Ol.O] 1.3 2.6
Output gap [0.2,-46.8] 0.5 0.4

If inflationary inertia is restricted, the effects tre volatility of inflation and
output gap are almost irrelevant. For example, consigehe specifications andd of
Table 2.7 when we restrictd; at their pre Real Plan values, inflation and output

volatility would be, respectively, 1.3 and {Panelb), and 1.3 and 0.5 (Pard)l. Thus,

3 Consumption elasticity and output persistence are quliesibong the estimation samples, being
disregarded at this point of our analysis.
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albeit there were reductions inflation inertia, with price setters becoming more
forward looking, this change dslittle to explain the volatility fall.

The inflation inertia issue deserves an in-depth look,ngitgeimportance for the
formulation of the recent monetary plar@ur results show that the reduction of
inflation inertig i.e., of the importance of past inflation on the future valuéshs
variable is not a decisive element for improving macroeconomidilgta in the
country In other words, even if the inertia had been totally eliminatdde monetary
policy and exogenous shockadremained at the pre Real Plan levels, inflation would
continue to rise and, almost certainly, new indexing mechanisould have been
created. Moreover, GDP volatility is not affected by thféationary inertia degree.

On the other hand, if Phillips curve inclination is restdgtinflation volatility
would have ben twice as higher after 1995. The explanation for this lrasuvery
interesting indeed. Such parameteris related with real rigidities in price setting, and
it reached a peak in the sample from 1985 to ¥99auring these years, monetary
policy often froze prices for short periods of time, themsding price setters to readjust
them in every possible situation, in order to restoratik@ prices and profits.
Moreover, it is easy to think that menu costs werdigiete in this hyperinflationary
context. Our paper confirms, therefore, the common vigiahan important feature of
the Real plan was the URV mechanism, which allowed a graeali@inment of prices
in the economy, stabilizing price setteoghavior after its implementation.

Table 2.8, below, brings additional results regarding thatiity fall in Brazil.

In this table, we present our four specifications, thatasables in levels and HP-filter

output gap, inflation and Selic rate in differences HiRdfilter output gap, variables in

“ A greaterc denotes more flexible prices.
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levels and output growth rule for the gap, and inflation arid &de in differences and
output growth rulefor the gap, respectively, in Panasb, ¢, andd. “Pre Real” plan
column denotes the posterior standard error of theblasian the 1975-1993 period; by
its turn, “Restricted” column shows the same statistics for the post Real plan period,
while the exogenous shocks and the policy rule parametefxad at their first sample
values. Therefore, the question we want to address isherhéte volatility in the
economy after 1995 would be similar to the one observed during 1993%-if shocks
and monetary policy had remained unchanged over the timea\be seen in Table
2.8, in most of the estimations, the restricted modgdsoduce a significant percentage
of the first period instability. Especially in the levelswasptions (Panels, andc), all
ratios are very close to 100%, and, sometimes, theyewa higher. In this sense,
exercises in Table 2.8 show that both sources of exjpasathat is, the good policy

and good luck hypotheses, can account for the Great Maxtenatihe country.

Table 2.8: Comparisons between pre and restricted posPReavolatilities

: Restricted Restricted
\éz;c;t:il(e)ftd. Pre Real (policy+ Percentage Pre Real (policy+ Percentage
shocks) shocks)
Panel a Panel b
Inflation 41.2 38.5 93.4 10.6 8.6 81.1
Output gap 3.8 3.9 102.6 4.1 4.5 109.8
Selic 40.4 37.8 93.6 8.1 5.1 63.0
Panel c Panel d
Inflation 37.8 38.5 101.9 8.8 7 79.5
Output gap 1.8 1.8 100.0 1.1 1.4 127.3
Selic 36.8 37.8 102.7 6.7 4 59.7

In conclusion, our investigation shows that the main sguodethe Brazilian
Great Moderation are as the following. Regarding to thatwiio}y of inflation, both

good luck and improved monetary policy hypothesis are corrdwt. Real plan
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implementation and its monetary policies have truly begyortant to reduce inflation
instability. But, smaller shocks played another key inle¢his respect. No source of
explanation, by itself, can account for the entire ta@ladrop, but considered together,
they almost completely reproduce the pre Real Plartibylgwith data in levels, for
example, both hypotheses accounts for about 50% ofaladility fall). Regarding to
output gap, the reduction of the volatility, instead, né/alue to the reductionsf the
shocks. No parameter change in the Taylor rule accountsd increased GDP stability
since 1995.

As a final result we present, in Table 2.9 below, someepéevidence showing
that the Great Recession has not changed the currémieref)low volatility in Brazil.
Using dates provided by the Brazilian Business Cycle Dating Caeanwhich sets
such recession from 2008.1II to 2009.1 in the country, we split $amples of 15
observations covering periods before and after this e@patcifically, we work with a
data set from 2004.1V to 2008.Il, and another one ranging £669.1l to 2012.IV.
Next, trying to circumvent the lack of a longer time series, egtimate posterior
volatilities of inflation, output gap, and Selic ratestisgtthe algorithm to implement
100.000 Metropolis-Hastings draws.

As showed by Table 2.9, volatility before and after the GReaession in Brazil
are pretty much the same. For example, in Panelith inflation and Selic in levels,
and HP-filter gap, figures in the second sample are slitdrtyer than estimates for the
first period The same happens in PahelHowever, the estimated posterior standard
errors of the variables are smaller in the last samplPanel andd. In this sense,

based on this result, and on the fact that 90% confidenieevals of the estimated
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volatilities are overlapped in every case reported &yld 2.9, we can conclude that the

Brazilian economy kept in its low volatility regime exfthe Great Recession.

Table 2.9: Posterior standard errors of the variables prp@st Great Recession

Variable Volatility (Stand. errors) in Brazil
Before G. Recession After G. Recession

Panel a

Inflation 1.58 1.82

Output gap 1.40 1.77

Selic 1.79 1.61
Panel b

Inflation 1.21 1.49

Output gap 1.10 1.57

Selic 0.87 1.01
Panel c

Inflation 1.44 1.19

Output gap 0.77 0.53

Selic 2.15 1.62
Panel d

Inflation 0.74 0.62

Output gap 0.33 0.28

Selic 0.61 0.55

Note: Panek: inflation and Selic in levels, HP-filter gaPanelb: inflation and Selic in differences, HP-
filter gap Panelc: inflation and Selic in levels, AGDP gap; Paneld: inflation and Selic in differences,
AGDP gap.

2.6. Conclusions

In this paper we investigate the occurrence of a volafdityn Brazil, in similar
process of those occurred in many OECD countries. In thisopar we estimate a
small-scale New Keynesian DSGE model, using time series spafioimgl1975 to
2012, and Bayesian techniques. The main conclusions and rasutiepicted below.

Using a test for unknown break points in a VAR system, we li@tected the
presence of three structural changes in the data; thetfiesin 1985, the second one in
1995, and a third one around 2003. Therefore, we show that theocoproctedure for

dividing the data into periods of moderately high inflation (12984), explosive
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inflation (1985-1994), and stability (1995 on) has statistical backgt in analysis of
monetary policies in Brazil. The last break may beteelao the consolidation of the
inflation-targeting regime. After this year, observed ftidla rate was always inside the
limit bands. Moreover, our results also indicate an additiceduction in the mean and
standard deviation of inflation and interest rate followtimgg mentioned year.

We found that the inflation and output volatility helear inverted U-shape
pattern, reaching a peak in the sample between 1985 and 1994.1B8%mon,
instability has noticeably decreased in the country, witlatioh and output becoming
far more stable, a phenomenon that we labelled “Brazilian Great Moderation”.
Consequently, another result of the paper is thatdlsikty fall in Brazil was delayed
by 10 years, when comparing with the major industrializadtries.

On the inflation side, the main explanations of suctufeadf the data are milder
shocks, related to the good luck hypothesis, and changes imdhetary policy
parameters. Over time, the weight of inflation in thgldarule has been increasing as
opposed to the weight of the output gap, which tended to redhas, since 1995 the
Brazilian Central Bank has been focusing on controlling tiofterather than exploring
the tradeoff between inflation and output growth, a padiieat has been important to
keep inflation on track. On the output side, we found thatsthle reason behind its
volatility fall was the reduction of the shocks hitting #@nomy (similar results were
found by Mello and Moccero, 2011, when analyzing data from 1996 to 2006)is
sense, our results are in line with some well-known pajetse literature, which
focused on the U.S. case, for instance, Stock and Wagi®2), Moreno (2004),
Primiceri (2005), Cogley and Sargent, (2005), Sims and Zha (2@d@),Canova

(2009).
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Changes in private sector parameters, such as more forw&iddgrice setters
and declines in inflation inertia cannot explain the BrazilGreat Moderation. The
most interesting result we have obtained regarding thisfsgarameters refers to the
reduction of the Phillips curve inclination after 1995, denoting phee-setting became
stickier after the Real plan, which reduced volatihfynflation growth rates.

Therefore, the main lesson of the paper is that #ed Rlan and its subsequent
monetary policy were remarkably successful regarding tbact®n of inflationary
instability in the country, but they are not the sole weigant of this structural change.
Milder exogenous shocks hitting the economy have also de@nbuting in this sense.
Thus, the Brazilian Central Bank shall assume that oméirwity of the low inflation
regime rests on monetary policies that keep their engphas inflation control.
Depending on the force of the shocks, inflation will réggin, but without credible

responses by the Central Bank, this movement will be eoese.
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2.7. ANNEXES:

Table Al: Private and inertia parameters estimates im ®#zsample

— . 1975-1984 1985-1994 1995-2004 2005-2012
Coefficient/sample Priors o cioior C110% CI90% Posterior CI10% Cl90% Posterior Cl10% CI90% Posterior CI10% CI90%
Panel a
Delta () 200 1.851 1503 2.190 1.831 1.435 2174 1.759 1.439 2.002 1.834 1.496 2.174
Kappa(x) 200 0527 0452 0585 0910 0.728 1.177 0759 0585 00914 0.735 0555 0.911
Beta() 098 0980 0965 0.995 0979 0.964 0.993 0983 0974 0994 0.980 0964 0.996
Theta g(6;) 0.80 0383 0.202 0556 0900 0.706 1.000 0.976 0921 1.000 0.382 0.001 0.840
Theta i() 0.80 0994 0984 1.000 00984 0.948 1.000 0.992 0977 1.000 0.970 0915 1.000
Panel b
Delta () 200 1913 1.607 2290 1.760 1.483 2.062  1.974 1.633 2.313 2.080 1.724 2.484
Kappa(x) 200 0797 0624 0956 2526 1.426 3.795 1.040 0726 1.330 0.845 0.658 1.047
Beta () 098 0.980 0966 0996 0979 0963 0995 0980 0966 0.995 0.981 0.966 0.995
Theta o(0,) 080 0416 0268 0599 0.849 0580 1.000 0534 0293 0.782 0.379 0.166 0.583
Theta i(6) 080 0971 0911 1.000 0.858 0653 1.000 0.777 0503 1.000 0.891 0.682 1.000
Panel c
Delta (5) 200 1712771425 71695 1707 1416 2.005  1.668 1.374 1.946 1.785 1454 2.114
Kappa(i) 200 1247 0929 1573 1.245 0858 1.622 1968 1458 2508 1.297 0.975 1.593
Beta(s) 098 0.982 0970 0996 00980 0966 0.996 0.980 0964 0.995 0.979 0.960 0.992
Theta g(6,) 080 0.960 0.881 1.000 00958 0.868 1.000 0.964 0.886 1.000 0951 0.841 1.000
Theta i(6) 0.80 0.968 0.906 1.000 0966 0.893 1.000 0.805 0.658 1.000 0.667 0.504 0.810
Panel d
Delta (5) 200 1.739 1449 2.015 1560 1.348 1.748 1.676 1.396 1.914 1.897 1578 2.228
Kappa(i) 200 1420 1.025 1.788 6.194 4393 7.775 1624 1162 2.025 0899 0.681 1.100
Beta(f) 098 0979 0963 0994 0979 0969 0995 0981 0967 0.996 0979 0.962 0.993
Theta o(d,) 080 0.925 0783 1.000 0980 0934 1.000 0962 0.885 1.000 0911 0.738 1.000
Theta i(6) 080 0.290 0.159 0419 0943 0791 1.000 0218 0.114 0.315 0.074 0.007 0.136

Note: CI10% and CI90% stand for the lower and upper limits d@@8€ confidence interval, respectively.
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Table A2: Policy parameters estimates in each subsample

Coefficient/sample Priors _ 1975-1984 _ 1985-1994 . 1995-2004 _ 2005-2012
Posterior ClI10% CI90% Posterior CI10% CIl90% Posterior Cl10% CI90% Posterior C110% CI90%
Panel a
Constant(c) 2.0 1.506 1.208 1.849 1.831 1.498 2.181 1.790 1.531 2.069 1.591 1.239 1.946
Rho(p) 0.8 0.048 0.000 0.100 0.031 0.000 0.066 0.077 0.000 0.155 0.055 0.001 0.118
Gammai () 15 1.194 1.082 1.299 1.092 1.036 1.146 2.302 1.848 2.716 3.086 2.523 3.727
Gamma ) 0.5 1.264 0.994 1531 1.298 1.025 1.566 0.541 0.296 1.031 0.144 -0.146 0.438
Panel b
Constant(c) 2.0 1.654 1.380 1.977 1.965 1.634 2.378 1.520 1.213 1.896 1.328 0.996 1.633
Rho(p) 0.8 0.047 0.001 0.104 0.025 0.000 0.050 0.073 0.001 0.151 0.123 0.012 0.218
Gammai () 1.5 3.059 2.442 3.593 1.798 1.398 2.116 3.157 2519 3.894 3.390 2.720 4.040
Gamma dy,) 0.5 0.029 -0.197 0.251 0.897 0.599 1.256 0.293 0.009 0.606 -0.136 -0.374 0.104
Panel ¢
Constant(c) 2.0 1.461 1.145 1.722 1.700 1.321 2.052 1.717 1.365 2.043 1.584 1.231 1.868
Rho(p) 0.8 0.029 0.000 0.058 0.018 0.000 0.038 0.029 0.000 0.062 0.047 0.000 0.100
Gammai () 1.5 1.208 1.103 1.331 1.060 1.026 1.096 2.974 2.432 3.504 3.032 2.367 3.671
Gamma dy,) 0.5 1.243 0.924 1.578 1.625 1.320 1.967 1.077 0.742 1.416 0.738 0.394 1.083
Panel d
Constant(c) 2.0 1.627 1.306 1.960 1.950 1.538 2.372 1.435 1.105 1.703 1.010 0.800 1.192
Rho(p) 0.8 0.022 0.000 0.049 0.009 0.000 0.019 0.026 0.000 0.051 0.053 0.000 0.107
Gammai () 1.5 3.326 2.667 3.949 1.754 1.572 1.938 3.409 2.847 3.953 4.391 3.929 4.959
Gamma dy,) 0.5 0.842 0.494 1.184 1.219 0.985 1.548 0.925 0.593 1.275 0.548 0.213 0.894

Note: C110% and CI90% stand for the lower and upper limits dd@9€ confidence interval, respectively.

103



Table A3: Exogenous shocks estimates in each subsample

Coefficient/sample Priors 1975-1984 1985-1994 1995-2004 2005-2012

P Posterior ClI10% CI90% Posterior ClI10% CIl90% Posterior Cl10% CI90% Posterior Cl10% CIl90%
Panel a

Sigma 1(o1) 0.01 2.839 2.110 3.678 8.124 5.996 10.390 3.643 2.789 4.767 3.028 2.047 3.935

Sigma 2o>) 0.01 2.366 1.910 2.895 12.233 10.366 14.499 1.343 1.078 1.606 1.405 0.973 1.853

Sigma 303) 0.01 5.450 3.977 6.600 6.578 5.299 7.907 1.914 1.458 2.574 1.255 0.665 1.941
Panel b

Sigma 1(o1) 0.01 2.807 2.112 3518 10.230 7.445 12.818 1.802 1.363 2.278 1.485 1.008 1.999

Sigma 2o>) 0.01 3.297 2514 4046 17.425 12.112 21.292 2.042 1.438 2.564 1.771 1.196 2.288

Sigma 3o3) 0.01 1.934 1.350 2.428 7.079 5.363 8.579 1.604 1.072 2.095 0.711 0.425 0.985
Panel ¢

Sigma 1(o1) 0.01 3.334 2.298 4.330 6.665 4353 8.512 3.534 2.689 4.407 2.344 1.704 3.067

Sigma 2o>) 0.01 1.248 1.012 1.450 12.365 10.029 14549 0.952 0.725 1.171 0.511 0.386 0.629

Sigma 3J03) 0.01 2.386 1.907 2.962 3.524 2.866 4.382 1.475 1.195 1.746 0.907 0.712 1.134
Panel d

Sigma 1(o1) 0.01 2.113 1.554 2.599 9.692 7.349 11.320 1.319 0.994 1.618 0.515 0.359 0.675

Sigma 2o>) 0.01 1.286 1.030 1.547 18.662 14507 24.187 1.044 0.766 1.225 0.553 0.436 0.668

Sigma 303) 0.01 1.435 1.109 1.740 4.797 4096 5.518 0.993 0.776 1.216 0.511 0.370 0.675

Note: C110% and CI90% stand for the lower and upper limits d@@9€ confidence interval, respectively.
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CONCLUSAO GERAL

Em termos gerais, as principais conclusdes da presergeséEs bastante
instigantes. Primeiramente, o capitulo 1 mostra quecssale negécios da economia
brasileira possuem caracteristicas similares aos de nexghestrializadas, em estagio
de desenvolvimento mais avancado. Por exemplo, foi mosiueelas fases dos ciclos
sdo assimeétricas, com expansdes mais longas que recessieshouve uma quebra
estrutural na varidncia em meados da década de 1990, datimei® também
observadas na maioria dos paises membros da Organizacd@ gzvaperacao e
Desenvolvimento Econémico (OCDE).

Adicionalmente, com o Capitulo 1, mostrou-se que a t@m&e crescimento
de longo-prazo brasileira sofreu uma quebra estrutural apésassde 1980, como
reflexo da “década perdida”. Dessa forma, a taxa de crescimento da economia reduziu-
se em 50%, de um valor médio de 8% ao ano no periodo de 198Daa 4% ao ano
apos isso. A persisténcia da série ciclica, contudo térbaestavel ao redoasbandas

0,7-0,8. Logo, a funcdo impulso-resposta do PIB brasil@presenta um decaimento
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lento, indicando que choques exdgenos tendem a ter um efeddoduw sobre a
atividade econdmica.

Por sua vez, a principal conclusdo do segundo capitulo é geenanga
brasileira passou por varias mudancgas estruturais. Aimadstante delas ocorrida em
1995, ano em que um periodo de Grande Moderacao se iniciou rfpgraéba-se que
o resultado deste capitulo € bastante similar ao anteffioirtambém verificada uma
alteracdo sistematica nos parametros da regra derTdgylpolitica monetéaria. O peso
imputado as variacbes de precos cresceu consideravelmente 1675 e 2012,
enquanto que o peso dado as variacbes do hiato do produto se redumasmo
periodo, inclusive, aproximando-se de zero apos o ano de 2005.

As alteracdes na politica monetéaria foram importantesgpegducao da inflagéo
e de sua volatilidade, mas parte do efeito total tambénaidoda alteracdes no sistema
de precificacdo do setor privado e a reducdo dos choques exogee afetaram
economia (ou seja, um misto das hipotegesd policy e good luckcom contribuicdes
do setor privado).

Com respeito a reducéao da volatilidade do PIB, ndo é pbsdinmaar que tal
fenbmeno tenha sido gerado pela mudanca da politica manetér porque, como foi
mostrado, o Banco Central Brasileiro pondera muito @oas variacdes do PIB
atualmente. Assim, € seguro afirmar que o Plano Real dstabte efetivo para a
reducdo da inflacdo, mas a queda na volatilidade do PlBiéamente devida a um

ambiente macroecondmico mais favoravel.
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