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Abstract

We estimate the hybrid Phillips curve to verify whether the explosive debt bubble regime can
affect inflation’s level and persistence as measured by the IPCA price inflation from January
2002 to November 2023. Gross debt-to-GDP ratio explosive behavior significantly increases
the weight of backward-looking price-setters, leading to cost push shocks that are more per-
sistent and policy less potent. We find a downward bias in the lagged inflation coefficient in
which only a lower fraction of the firms are backward-looking price-setters using the standard
approach. More specifically, the weight of past inflation ranges from 0.24 to 0.77 in standard
approaches, while accounting for debt bubble’s inertia coefficient increases to 0.99. The fis-
cal instance in operation partially explains the inflation dynamics at the time. Under normal
conditions, inertia tends to decrease and increase as the public debt reaches an explosive path.
Worse fiscal stances can considerably reduce the effectiveness of sounder monetary policy ac-
tions in accomplishing the target rising inertia. More sustainable fiscal conditions improve the
effectiveness of monetary policy in curbing inflation. Our empirical findings are supported by
consistent estimation applying instrumental variables regression methods robust to many (pos-
sibly weak) instruments in heteroskedastic environments. \We deal appropriately with structural
breaks and stationarity issues of the variables under study. Nonlinearity tests and structural
break tests at an unknown time with endogenous regressors show that the instability of the
parameters plays no role in the results.
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2 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

Persisténcia estrutural da inflagio brasileira em regime de bolhas fiscais

Resumo

Estimamos uma curva de Phillips hibrida permitindo mudancas ocasionais no coeficiente da in-
flagao passada e no coeficiente da expectativa de inflacdao, em que as mudancas nos coeficientes
estdo associadas ao comportamento explosivo e formacado de bolhas de divida publica. Para
dados mensais de janeiro de 2002 a novembro de 2023, utilizando o IPCA como medida de
inflacdo, constatamos que a ocorréncia de bolhas de divida publica eleva significativamente o
coeficiente da inflagdo passada, implicando maior perda de produto e menor eficacia da politica
monetaria para atingir a meta de inflacdo. Constatamos uma subestimacao do coeficiente da
inflagdo passada. Em particular, observamos que o coeficiente da inflacao passada varia entre
0,24 e 0,77 na literatura padrao, entretanto, tendo-se em conta 0 comportamento explosivo
da divida publica, o coeficiente aumenta significativamente para 0,99: a condicao fiscal explica
parcialmente a dindmica da inflacdo, caracterizada pela persisténcia e o nivel de inflagdo. Na
auséncia de bolhas de divida publica a inércia é significativamente menor, contribuindo favo-
ravelmente para o alcance das metas de inflacao com menor perda de produto e ganhos de
credibilidade. Empregamos métodos que sao robustos a presenca de (multiplos) instrumentos
fracos e heterocedasticidade. Nao ha indicios de instabilidade nos coeficientes nem erros de
especificacdo. Empregamos pré-testes formais para quebras estruturais e estacionariedade,
aspectos frequentemente negligenciados na literatura.

Palavras-chave
Curva de Phillips, Inflacao, Inércia, Bolha de divida publica, Politica fiscal.

Classificacio JEL
E31; E52; E63.

1. Introduction

This paper uses two decades of data under inflation targeting regime in
Brazil to verify whether the coefficients on lagged inflation and infla-
tion expectations for 12 months ahead remain stable when the debt-
to-GDP ratio follows an explosive path over the recurring episodes of
sovereign government debt bubbles. An increase in the share of forward-
looking price setters indicates that the Central Bank’s improvement in
communication strategies can bring inflation down more quickly and
at a lower output cost. In contrast, an eventual increase in the share of
backward-looking price setters prolongs price pressures, lowering the
power of monetary policy actions at a higher output and employment
costs. The closest studies to our paper are those by Kwon et al. (2009),
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André de Mattos Marques 3

Reinhart and Rogoff (2010), and Grigoli and Sandri (2024) which sug-
gest that public debt, rather than budget deficit, plays a significant role
in determining the level and persistence of inflation in developing coun-
tries.! The instability of the Phillips curve parameters and its source of
breaks are key considerations in our investigation (Boldea and Hall, 2013;

Chowdhury and Sarkar, 2016).

The main findings of the paper are as follows. First, the weight of past
inflation ranges from 0.24 to 0.77 in standard approaches. However,
adjusting for the effects of the debt bubble, the lagged inflation coef-
ficient increases to 0.99. Under a debt bubble regime, the share of the
price-setters that set prices based on past inflation rises substantially.
Worse fiscal stances can considerably reduce the effectiveness of sound
monetary policy actions in achieving targets over time, thereby increas-
ing inertia. This conclusion remains invariant with the fiscal indicator
used in the estimations (debt-to-GDP ratio or gross debt-to-GDP ratio).
More sustainable fiscal conditions improve the effectiveness of monetary
policy in curbing inflation by lowering the inertia component. Second,
the study provides modest methodological advice on the dating stamping
algorithm of Phillips et al. (2015), initially designed only for the detec-
tion of multiple bubbles in univariate time series. It works well and can
be used effectively to investigate multivariate economic relations (e.g.,
inflation and economic activity) to identify and quantify the effect of
policy regime changes.

Lastly, we pay special attention to twin issues of structural breaks and sta-
tionarity of the main variables, a drawback pointed out by Sachsida (2013),
Medeiros et al. (2017) and Chowdhury and Sarkar (2016). Structural
break tests show one sudden significant change in inflation expectations
with the estimated break date in October 2010, a few months before the
policy regime change in the Central Bank’s reaction function (Cortes and
Paiva, 2017). In the case of the output gap, the estimated break date is
October 2014, which is very close to the fiscal crisis that peaks in 2014-15

Woodford (2001) and Leeper and Leith (2016) presents in detail the theory of monetary policy in
an environment of inflation targeting and fiscal requirements to achieve inflation targets and shows
various channels by which public debt can affect inflation dynamics (several other references can
be found in Bianchi and Melosi (2022)). Marques and Carvalho (2022) have found some empirical
support for this line of reasoning using time series data from Brazil over two decades of the inflation
targeting regime. The paper by Bianchi and Melosi (2022) updates this issue in monetary and fiscal
policy and presents and extensive review of this literature.
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4 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

(Holland, 2019).? The primary empirical motivation in this paper comes
from observing Figure 1 and the associated behavior of Brazil’s sovereign
public debt sharp deterioration (Figure 2 below).

Figure 1 shows the evolution of the actual 12-month cumulative infla-
tion, the 12-month ahead inflation expected by the private sector, and the
12-month ahead inflation target. The main empirical finding in Figure 1
is that the actual cumulative inflation level remains above the target for
several periods. This wide gap suggests that the private sector tends to
expect that the increase in the inflation rate will not tend to reverse in
the medium term (Minella et al., 2003; IMF, 2023). Inflation expecta-
tions remained above the target at the beginning of the sample around the
presidential elections in 2002, along with the 2008-2009 U.S. financial
crisis, predominated after 2010 for several years over the Rousseff ad-
ministration, and at the sample’s end. Cortes and Paiva (2017) provide a
complete account of the change in the reaction function of the Central
Bank of Brazil during the Rousseff administration.

We interpret sustained periods in which expectations remain above the
target as a loss of credibility. Credibility is vital to conducting monetary
policy because it helps make disinflation less costly and gain public sup-
port for policy actions of the Central Bank (Malikane and Mokoka, 2012;
IMF, 2023). Credibility implies that if private sector expectations diverge
from targets, we should observe an eventual return (Minella et al., 2003;
Lyziak and Paloviita, 2017). Most authors, such as Minella et al. (2003)
and, more recently, Malikane and Mokoka (2012) and Cortes and Paiva
(2017), emphasize the Central Bank’s behavior and preferences in attain-
ing credibility, ignoring the fiscal stance disarray and its primary effects
in changing inflation dynamics. The literature is still silent on this point.
However, other approaches exist.

2 IPEADATA shows that Brazilian GDP growth dropped 3.5% and 3.28% in 2015 and 2016, respec-
tively, and the unemployment level has duplicated and takes around a decade to reach the pre-crisis
level.
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Figure 1 - This plot shows the evolution of the actual 12-month cumulative inflation
by IPCA (blue), the 12-month ahead inflation expectations (red), and the

annual inflation target (magenta), in percentage points, over January 2002
to November 2023 (T=263 observations).

This paper complements the work of Minella et al. (2003), Malikane and
Mokoka (2012), Cortes and Paiva (2017) and Lyziak and Paloviita (2017)
by examining the role that fiscal stance plays in changing inflation dy-
namics (e.g., inertia), affecting credibility and price stability (Dornbusch
et al. 1990; Erceg and Levin, 2003; Celasun et al., 2004; Bianchi and
Melosi, 2022). Dornbusch et al. (1990) agree with Fraga et al. (2004)
by claiming that better institutions, such as independent Central Bank,
are crucial to building credibility and reaching price stability. However,
a government unwilling to balance the budget can undermine credibil-
ity, for instance, by generating a public debt bubble (Bruno and Fischer,
1990; Woodford, 2001; Kwon et al., 2009). According to Dornbusch et al.
(1990), Dornbusch and Cline (1997), Celasun et al. (2004), Bianchi and
Melosi (2022), when building credibility, one needs to pay more attention
to fiscal stance behavior and not only to the Central Bank’s monetary
policy decisions. In particular, Celasun et al. (2004) empirically show the
importance of building fiscal credibility, in which improvements in vari-
ous measures of fiscal balances significantly reduce inflation expectations.
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6 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

The empirical findings of the present study suggest that the departure
from the target observed in Figure 1 can be statistically associated with
the identification of the date of the multiple debt bubbles (Table 2).
Furthermore, theory suggests that in a macroeconomic environment of a
sharp deterioration of the sovereign public debt, a worse fiscal condition
affects the performance of monetary policy under an inflation targeting
regime (Woodford, 2001; Reinhart and Rogoff, 2010; Leeper and Leith,
2016). It can increase the risk premia, interest rates, and expected in-
flation rates, compromising the effectiveness of monetary policy. More
specifically, Blanchard and Fischer (1989) and Bruno and Fischer (1990)
demonstrate that households and firms can change how they ser prices
and wages in response to a public debt bubble by putting more weight on
past inflation: the slope parameters of a Phillips curve can capture these
occasional changes (Gali et al., 2001; Blanchard, 2021; Fuhrer, 2011).

Based on all these considerations, we employ two decades of data under
inflation targeting regime in Brazil to determine whether the lagged and
expected inflation coefficients remain constant when the debt-to-GDP
ratio follows an explosive path over the recurrent episodes of government
debt bubbles. The fiscal stance in operation might partially explains the
changes in inflation dynamics at that time, significantly increasing inertia.
Under normal conditions, inertia tends to decrease and increase as the
public debt reaches an explosive path. These regime changes can be em-
pirically estimated. The existing literature studying the instability of the
Phillips curve fails to point out the sources of those changes when they
are present in the estimates.

In addition, regarding the potential structural breaks in the series, the
methods employed allow us to identify the source of the change in infla-
tion dynamics, while previous studies have not. Furthermore, we test
for structural changes in the trend function of the series without know-
ing whether the noise component is stationary or integrated (Perron and
Yabu, 2009), which represents some advances in regards to Luengo-Prado
et al. (2018) for US data and Medeiros et al. (2017) for Brazilian data.

The paper provides three main contributions to previous studies that
estimate the Phillips curve for Brazil. First, departing from Minella et
al. (2003), Muinhos (2004), Areosa and Medeiros (2007), Mazali and
Divino (2010), and Arruda et al. (2018), which assume constant param-
eters, we allow for occasional changes in two slopes of the Phillips curve
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by identifying its sources, associated with recurrent episodes of public
debt bubbles, as the theory suggests (Bruno and Fischer, 1990; Blanchard
and Fischer, 1989). Second, in contrast to Cati et al. (1999), in which
the chosen dates of changes in inertia parameter are given exogenously,
we let the data speak for themselves using recursive evolving algorithm
proposed by Phillips et al. (2015) and implemented by Vasilopoulos et al.
(2022). More specifically, we assume that we do not know exactly when
the bubble emerges and its duration over time, and let the data speak for
themselves in this regard by consistently estimating the start and end of
the bubbles. The simulations performed by Phillips et al. (2015) suggest
that the method is fully reliable in detecting multiple bubbles. Finally,
the paper pays special attention to the twin issues of structural break and
stationarity, an apparent gap in the literature in Brazil (Sachsida, 2013)
and worldwide (Chowdhury and Sarkar, 2016). Based on the methods
of Perron and Yabu (2009) and Kim and Perron (2009), we find that
actual inflation, the output gap, and the expected inflation at 12 months
follow a stationary process throughout the period from January 2002 to
November 2023, exhibiting transitory fluctuations around a more or less
stable trend path.

Two macroeconomic changes in fiscal and monetary conditions observed
in Brazil in the 2000s provide context to the present study. First, Holland
(2019) detects policy changes in fiscal conditions of the government’s
consumption during the 2000s that led to the fiscal collapse peaked in
2014-17. Campos and Cysne (2019) found that the Brazilian public debt
reached an unsustainable path in several periods using data from 2003
to 2016. Second, Cortes and Paiva (2017) detect changes in the reac-
tion function of the Central Bank of Brazil at the start year of the first
Rousseff administration. According to Zhang et al. (2008), any change
in the conduct of monetary policy can change the dynamics of the in-
flation. The structure of the paper is the following. Section 2 presents
the specification models and describes the data used in the estimations.
Section 3 discusses and compares the main findings to the literature on
prior empirical Phillips curve for Brazil estimates. Section 4 provides
brief conclusions.
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8 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

2. Econometric methodology

2.1. Dating the debt bubbles episodes

Phillips and Shi (2019) apply the evolving date stamping algorithm pro-
posed by Phillips et al. (2015) to identify the increasing sovereign risk
in Greece, Ireland, Italy, Portugal and Spain from January 2001 to
September 2016, which preceded a high level of public debt. Unlike
Phillips and Shi (2019), in which the main objective is exclusively to de-
tect dates of exuberance and collapse embedded in univariate setup, in the
present study the main objective is to investigate the role of public debt
on the level and persistence of inflation embedded in a multivariate setup
guided by economic theory, as suggested in Kwon et al. (2009), Reinhart
and Rogoff (2010), Leeper and Leith (2016), and Grigoli and Sandri
(2024). Thus, this paper follows the standard approach to represent the
fiscal instance of the economy as reflected in the debt-to-GDP ratio (Silva
and Medeiros, 2009; Reinhart and Rogoff, 2010; Holland, 2019; Blanchard,
2021; Grigoli and Sandri, 2024) because economic theory suggests greater
and significant influence of public debt on determining inflation level
and persistence, which is the central focus of the present paper. As there
is well-documented empirical evidence from Brazilian data (Grigoli and
Sandri, 2024) showing that agents systematically underestimate the public
debt level in Brazil when measured by the standard debt-to-GDP ratio, we
also use the gross debt-to-GDP ratio, the second most important fiscal in-
dicator according to Silva and Medeiros (2009), to further investigate the
likely influence of public debt on inflation level and persistence. In fact,
institutions such as IMF (2024) and some researchers, such as Barbosa
Filho (2017), when studying the Brazilian economy, consider the govern-
ment’s gross debt as a percentage of GDP as the main fiscal indicator. In
the same direction, Leeper and Leith (2016) has also used the govern-
ment’s gross debt to GDP as the main fiscal indicator that affects inflation
when studying the same issue for the US economy. We left to the data to
speak for themselves, which is the most informative fiscal indicator when
studying the level of inflation and persistence in Brazil. Silva and Medeiros
(2009) provide detailed information on the main concepts of public debt
in Brazil, including available statistics and data sources, as well as their
application in empirical studies.?

3 The author thanks an anonymous referee for suggesting gross debt to GDP in percentage points as an
additional fiscal indicator.
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The class of test procedures described in Vasilopoulos et al. (2022) can be
applied to identify and date-stamp explosive behavior periods of exuberance
in public debt and asset price bubbles (Phillips et al., 2015; Phillips and Shi,
2019).* The method is based on the ADF model specification for fitted regres-
sion, along with flexible window widths to consider time-varying dynamics
and potential structural breaks. Consider the following ADF regression model:

Ay = ar1p2+Vrip2Ye-1t Z;Ll lpr]1,r2 Aye—j+ & (1)

where ¥; represents the ratio of the debt to GDP or the data on the ratio
of gross debt to GDP, Ay, with j =1, ..,k are lagged first differences of
the series to deal with serial correlation. &; are the Gaussian residuals, and
Ar172, Vriz,and W) o with j =1,k are regression coefficients. The sub-
scripts 13 and 1, represent fractions of the total sample size T and specify
the starting and ending points of a sub-sample period. The generalized
SADF (GSADF) statistic used in this paper verifies whether exuberance
is present in a sub-sample by comparing the test statistic with the right-
tailed critical value of its limit distribution. Data reject the null hypothesis
of unit root against the alternative of exuberance (explosive behavior)
when the test statistic exceeds the corresponding critical value at the
5% level. Because this method uses only a univariate approach, it does
not distinguish between the various potential causes that could lead the
public debt to an explosive path, such as geopolitical changes or domestic
mismanagement of public debt. An important lesson comes from Bohn
(2007). Testing for unit root does not provide any information regarding
the fiscal solvency of public debt, because the intertemporal government
budget constraint holds under very weak time-series assumptions that are
generally satisfied in the data. Recently, D’Erasmo et al. (2016) suggested
three empirical approaches that are considered valid to investigate whether
a public debt is sustainable or not. The sustainability of public debt is not
studied in the present article.’

Hall et al. (1999) proposed an indirect test for bubbles. There are important differences between
the methods proposed by Hall et al. (1999) and the methods proposed by Phillips et al. (2015). The
first difference comes from the fact that method of Phillips et al. (2015) is not based on the exis-
tence of small or limited number of regimes. In contrast, Hall’s methods are applicable when there
are two regimes at most. Another important feature of the method proposed by Phillips et al. (2015)
comes from the fact that the power is quite high to detect multiple bubbles in time series even when
there is conditional heteroskedasticity, as their simulation shows. In contrast, the method of Hall
et al. (1999) assumes i.i.d. errors. The analysis of time series data from Brazil shows that there are
multiple bubbles present in the data.

The generalized SADF test statistic is an extension of the supremum ADF test statistic, which
covers a larger number of subsamples and is suited to detect multiple changes in regime.
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10 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

2.2. The hybrid Phillips curve specifications

There are at least two theoretical reasons for choosing the hybrid Phillips
curve as a valid tool to examine the effect of recurrent debt bubble epi-
sodes on the level and persistence of Brazilian inflation. First, while the
traditional Phillips curve is subject to Lucas’ critique, the hybrid Phillips
curve is not (Gali et al., 2001; Chowdhury and Sarkar, 2016). Second,
the treatment of inflation expectations on the traditional Phillips curve
is insufficient to capture the forward-looking behavior of an individu-
al (Chowdhury and Sarkar, 2016; Fuhrer, 2011). In contrast, the hybrid
Phillips curve can adequately capture the backward-looking and forward-
looking behavior of price-setters (Gali and Gertler, 1999; Gali et al., 2001;
Fuhrer, 2011; IMF, 2023). Based on Gali and Gertler (1999), Gali et al.
(2001), Fuhrer (2006; 2011) and IMF (2023), the standard structural
hybrid Phillips curve is given by

T = YpTe—q +Vfliip + AX + vy 2)

where m,_; is the past inflation,n/,q, is the 12-month ahead expected
inflation given the information available up to period ¢, x; measures real
economic activity, such as the output gap. The error v, term encapsu-
lates all the unmeasured or latent factors that affect the inflation rate.
The parameter y, measures the importance of backward-looking behavior
in current average inflation that comes from the existence of a fraction
of monopolistically competitive firms that set prices using a backward-
-looking rule of thumb. The parameter y; quantifies the importance of
forward-looking behavior for price-setters on average current inflation.
Lastly, the 1 parameter measures the influence of the tightness of the
labor market on the average current inflation rate. Our methods do not
assume “inflation shock” v, is white noise. Indeed, in a more general sense,
the inflation shock can be heteroskedastic as serially correlated over time.

As explained in the Introduction, we specify an augmented version of the
hybrid Phillips curve able to describe policy regime changes based on the
assumption that the slopes on lagged and expected inflation may quite
well embed expectations of future inflation (Gali et al., 2001; Blanchard,
2021), where occasional parameter instability may reflect a change in how
price-setters form expectations under hostile macroeconomic conditions
(Blanchard and Fischer, 1989; Bruno and Fischer, 1990). In this direction,
IMF (2023) has implemented a dynamic stochastic general equilibrium
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model with a mix of forward- and backward-learner agents, showing that
the output costs of the monetary policy tightening increase with the share
of backward-looking learners. Under hostile macroeconomic conditions,
backward-learner agents set prices and wages using only more recent and
past information (IMF, 2023).

The t-statistic associated with the categorical variable D (defined below)
allows testing this assumption. The model to account for fiscal conditions,
as measured by the debt-to-GDP ratio when it reaches an explosive time
path, is given by

T =Ypeq +YuD ) + ¥pmipp + vg(D - miigp) + Axe + g (3)

where D assumes one if the debt-to-GDP ratio reaches an explosive path
and zero otherwise. When the economy experiences a normal condition of
public debt management, Eq. (3) collapses to Eq. (2) because D = 0. We
apply the generalized supremum ADF (GSADF) test statistic proposed
by Phillips et al. (2015), as described in Vasilopoulos et al. (2022), to con-
sistently estimate these dates. The categorical variable D defined above
is commonly applied to identify and measure policy actions (Cati et al.,
1999) and the output effects of the currency and balance of payments
crises in emerging market economies (Hutchison and Noy, 2005), to ac-
count for changes in the slope of the traditional Phillips curve in the US
economy (Luengo-Prado et al., 2018).

The focus of the present paper is to identify and measure the explosi-
ve path of the public debt impacts on the level and persistence of ave-
rage inflation that can change the slopes of the hybrid Phillips curve,

given by an_(D =D =y, +% and - —(D =1) =y +y, Under

normal market conditions in which the pubhc debt is under control,
represented by D = 0, we expect structural stability in the two slopes
of the Phillips curve, which are expected to be similar in magnitude to
previous studies. More specifically, when the public debt does not fol-
low an explosive path, the slopes of the Phillips curve will be given by

" (D =0) =y, an

= 0) = ;. In this setting, the parameters
61rt 1

Yuandy, are termed dlfferentlal slopes in the standard textbook literature,

and the t-statistic tests its statistical significance. In sum, in the present
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12 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

study, the y, andy, parameters measure the differential slope associated
with public debt’s explosive path that we expect to modify inflation per-
sistence, changing the way agents form inflation expectations to set prices
and wages in the economy (Bruno and Fischer, 1990; Gali et al., 2001,
Blanchard, 2021).

The model specification in equations (2) and (3) imply the following mo-
ment conditions for parameter estimation,

Ef{(me— ypme1— Vf”te+12 — Ax¢)ze} (4)
E{(m—ypme—1 — Vu(D " 1) =¥V fTip1p — VgD i 12) — Ax)z,} (5)

where z, is a vector of variables dated ¢ and earlier. The orthogonality con-
ditions (4) and (5) are the basis for estimating the basic models (2 and 3)
by using the two-step generalized method of moments (GMM) estimator
introduced by Hansen (1982) and studied in detail by Hayashi (2000).

The GMM estimation method, despite its wide use and generality, is based
on two main conditions. Exogeneity of instruments and relevance of in-
struments. Even when the instruments are exogenous, as indicated by the
p-value of the Hansen J test being higher than the significance level, the
GMM method can generate an unreliable inference in the presence of
low correlation between the instrumental variables and the endogenous
regressors (weak instruments). Stock et al. (2002) provide a review of
this literature and discuss various issues, including the issue of the weak
instruments problem. Maka and Barbosa (2022) show that this problem
can be quite relevant when estimating the various strands of the Phillips
curve using Brazilian data.

To circumvent the problems associated with weak instruments in GMM/
IV methods, which are pretty standard in practice (Dufour et al., 2006;
Maka and Barbosa, 2022), we adopt an IV (instrumental variable) estima-
tion approach that is consistent, efficient, and reliable even in the presence
of potentially many weak instruments and heteroskedasticity proposed
by Hausman et al. (2012). To test for the validity of the instrumental
variables, we use the bias corrected J test statistic suggested by Chao et
al. (2014), which overcomes the problems of testing for overidentifying
restrictions based on Sargan and Hansen J statistic. The bias corrected J
test statistic suggested by Chao et al. (2014) is robust to potentially many
weak instruments and heteroskedasticity. We also further investigate the
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influence of the debt bubble by applying the conditional likelihood ratio
(CLR) test statistic proposed by Moreira (2003), which presents high
power advantages even in the presence of weak instrumental variables.

2.3. Data and descriptive statistics

We chose the Broad Consumer Price Index (IPCA) reported by the
National Bureau of Geography and Statistics (IBGE) because it is the
main inflation indicator to gauge the inflation targeting regime in Brazil
(Bogdanski et al., 2001; Minella et al., 2003). According to Feijé and
Ramos (2013), the IPCA inflation index covers a basket of goods relative
to families with personal income between 1 and 40 minimum wages.
It includes eleven metropolitan areas (Rio de Janeiro, Porto Alegre, Belo
Horizonte, Recife, Sao Paulo, Belém, Fortaleza, Salvador, Curitiba, Brasilia,
and Goiinia). All inflation data are used in percentage points per month,
and all data series come from IPEADATA (www.ipeadata.gov.br) and
Central Bank of Brazil (www.bcb.gov.br).® We follow the work of Minella
et al. (2003), Cerisola and Gelos (2009), and IMF (2023) using inflation
expectations as the Central Bank conducts the survey among financial
institutions and consulting firms, reflecting what firms expect for the
year-end inflation in current and following years.

Muinhos (2004), Mazali and Divino (2010), and Malikane and Mokoka
(2012) estimate Phillips curve using generated regressors by imputing
values to unobserved regressors, such as market expectations, from an
auxiliary econometric model. Murphy and Topel (2002) have shown that
this two-step procedure to impute the values of unobserved regressors
can lead to erroneous inference because the sampling error from the first
stage contaminates the second stage estimation. The standard asymptotic
variance-covariance matrix does not account for this (Pagan, 1984; Murphy
and Topel, 2002). Murphy and Topel (2002) report some examples in
which the generated regressors overestimate the #-statistic by 60%, leading
to false significance. Pagan (1984) gives a more formal and fully economet-
ric treatment of this problem.

All data used in the paper are available under request, and they were downloaded from reported of-
ficial homepages on April 13, 2025. The availability of the industrial production index sets the first
observation of the sample data. In contrast, the availability of the debt-to-GDP series on the Central
Bank of Brazil defines the end of the sample data.
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14 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

This paper departs from Chowdhury and Sarkar (2016) that used realized
inflation as if it were inflation expectations and from those authors that
employ generated regressors (Muinhos, 2004; Mazali and Divino, 2010)
and follows Minella et al. (2003), Cerisola and Gelos (2009), and IMF
(2023) to avoid this econometric issue using survey expectations sampled
from market participants. Lastly, regarding the measurement of economic
activity, based on the works of Clarida et al. (1998), Favero (2002), and
Hosseinkouchack and Wolters (2013), we compute the measurement of
the output gap by taking the residuals of an Ordinary Least Squares (OLS)
regression of the logarithm of the seasonally adjusted industrial production
index on a constant, a linear trend, and a quadratic trend. It would only be
a valid output measure if it features a determinist quadratic trend.

As Perron and Yabu (2009) explain, a structural break in the trend func-
tion is a problem of long horizon data (two decades of monthly data un-
der inflation targeting regime in Brazil) as in the present study, and the
noise component may be stationary or have a unit root. The test statistic
proposed by Perron and Yabu (2009) is essential in confronting the cir-
cular problem involved in stationarity and structural break in empirical
investigations. The circular problem means that most conventional struc-
tural break tests, such as the Bai and Perron (2003) methods applied to
Brazilian data by Medeiros et al. (2017), require prior information on
whether the noise component is stationary or has a unit root. However,
verifying whether the noise is stationary requires determining whether the
series has a structural break.

Perron and Yabu (2009) proposed a solution to this circular problem by
recently devising a structural break test to verify the existence of a break
in the trend function of a univariate time series without prior knowledge
of whether the noise is stationary or has a unit root. The second column
of Table 1 presents the results of the Perron and Yabu (2009) structural
break test results. According to Kim and Perron (2009) and Perron and
Yabu (2009), these results provide safer guidance in choosing between the
standard ADF test and the test introduced by Perron and Yabu (2009) in
terms of greater power and correct size.’

7 The MATLAB codes of the structural break test proposed by Perron and Yabu (2009) and the unit
root test proposed by Kim and Perron (2009) are all available at: https://blogs.bu.edu/perron/codes
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Table 1- Results of the Perron-Yabu test on structural break and the Kim-Perron/ADF
test on unit roots — 2002:01-2023:11

Variable Perron-Yabu structural break test  Kim-Perron/ADF unit root test
1. Monthly IPCA inflation rate (%) 0.7028 -4.8159*
2. 12-month ahead inflation expectations 12.7331* -3.1736"
(TB = 2010:10)
3. Output gap 49.5172* -4.2461*
(TB =2014:10)

Notes: (**), (*) denote statistical significance at the 5% and 10% levels, respectively. We apply model
I of Perron and Yabu (2009), which tests a change in the series level for the actual inflation series, the
12-month ahead inflation expectations, and the output gap for the Perron-Yabu test. The null hypothesis
of the Perron-Yabu test is that the series has no structural break. The reported test statistic uses a trim-
ming percentage of 0.15. The critical values at the 5% and 10% levels are 1.74 and 1.26 for the Perron-
Yabu test statistic (Perron and Yabu, 2009, Table 1), respectively. The null hypothesis for the Kim-Perron
unit root test is that the series has a unit root. The critical values at the 5% and 10% levels for the Kim-
Perron unit root test are -4.24 and -3.96 (Perron, 1989, Table VI.B), respectively. The null hypothesis for
the ADF unit root test is that the series has a unit root. The critical values for the ADF unit root test at
the 5% and 10% levels are -3.41 and -3.12 (Banerjee et al., 1993, Table 4.2), respectively.

In a recent survey on inflation expectations using Brazilian data, Cambara
et al. (2022) tested whether inflation expectations for the next 12 months
follow a unit root or are a stationary process applying the standard ADF
test from December 2001 to August 2018. The authors do not reject null
hypothesis of the unit root for inflation expectations. The drawback of
this conclusion is that it ignores the potential breaks in the series, which
can generate incorrect inferences (Perron, 1989; Perron and Yabu, 2009).
In contrast, the findings presented in Table 1 point to a firm rejection of
the null hypothesis that the trend function of the inflation expectations
and output gap is stable over decades. The last column of Table 1 shows
that the data reject unit root for inflation expectations, the output gap,
and the series of actual inflation over 2002:01 - 2023:11.

More specifically, the empirical evidence reported in the second column of
Table 1 indicates that the trend function of actual inflation in Brazil does
not contain a structural break. Thus, in this case, the standard ADF unit
root test is the most suitable test to detect the integration order of IPCA
price inflation (Kim and Perron, 2009).

However, the same column of Table 1 shows a significant structural break

in the deterministic trend in inflation expectations and the output gap.
Then, for these two variables, the Kim-Perron unit root test, rather than
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16 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

the standard ADF test, allowing for a structural break under the null and
alternative, is the most suitable test to detect the integration order of the-
se series (Kim and Perron, 2009). Overall, as the last column of Table 1
suggests, we can consider the main variables of interest stationary for our
GMM/IV estimation procedures.

3. Results and discussion

3.1. GSADF statistic results

Figure 2 shows that both indicators of public debt strongly changed their
path a few months before 2015. An upward trend after 2015 replaced a
previous downward trend in both fiscal indicators, showing a sudden chan-
ge in the fiscal conditions of Brazil.

Debt/GDP (%) Gross Debt/GDP (%)

DebtGDP (%)
¢
T
Gross DebUGDP (%)

szszsz

Figure 2 - This plot shows the debt-to-GDP ratio in the left panel and the gross
debt-to-GDP ratio in the right panel over the period from January 2002 to
November 2023 (T=263 observations).

Figure 3 below reveals that once the explosive behavior starts, the GSADF
test statistic (in blue) smoothly increases and exceeds its critical value (in
dashed red line), rejecting the null hypothesis of no explosiveness. Table 2
shows the estimated start and end dates of crisis episodes (explosive path)
faced by public debt in Brazil from 2002:01 to 2023:11, as measured by the
debt-to-GDP ratio in percentage points in the upper panel and measured
by the gross debt-to-GDP ratio in percentage points in the lower panel.
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Figure 3 - This plot shows the periods where the GSADF statistic (in blue) exceeds
its 95% bootstrap critical value (gray shaded areas), over January 2002 to
November 2023 ( T=263 observations), considering the estimation results for
debt-to-GDP ratio in percentage points in the left panel and the estimation
results for gross debt-to-GDP ratio in percentage points in the right panel.

Table 2 - Identified periods of fiscal bubbles: debt/GDP results in upper panel and

gross debt/GDP results in lower panel

Start End
2008-03-01 2008-05-01
2008-08-01 2009-01-01
2016-03-01 2016-05-01
2016-06-01 2018-05-01
2018-10-01 2018-11-01
2019-01-01 2019-02-01
2020-11-01 2021-01-01
2015-09-01 2015-10-01
2015-12-01 2016-01-01
2016-03-01 2016-04-01
2016-12-01 2018-10-01
2020-06-01 2020-07-01
2020-09-01 2021-04-01

Source: author’s elaboration from data.
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18 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

The first line of Table 2 indicates that the bubble started in March
2008 and continued until April 2008 (two months). From May 2008
onward, we observe no bubble episode until July 2008. The second
bubble episode began in August 2008, and so on. The most prolonged
period of explosive behavior identified by the GSADF statistic applied
to the primary fiscal indicator debt/GDP began in June 2016 and en-
ded in May 2018 (23 months). The same conclusion applies to gross
debt/GDP indicator, in which the bubble started in December 2016
and ended in October 2018. Interestingly, these major macroeconomic
events in Brazil preceded the advent of the COVID-19 pandemic, likely
associated with the short-lived a few months of debt bubbles in 2019
and 2020.

3.2. Hybrid Phillips curve estimation results

This section presents and discusses the paper’s main empirical findings
and compares them to other representative results in the literature on
the hybrid Phillips curve estimates. We first discuss the specification
issues of the hybrid Phillips curve estimates and then elaborate on pa-
rameter interpretations. On the former topic, we pay special attention
to the validity of the instruments, exogeneity of the regressors, absence
of nonlinearity, and parameters’ structural stability. The instruments
include two up to six lags in oil price growth, two up to six lags of target
inflation, three to six lags of Selic policy interest rate, two up to six lags
of US inflation rate, three up to six lags of Brazil inflation rate, one up
to three lags of unit labor cost, and one up to three lags of real output
level, along the lines of Gali and Gertler (1999), Kuttner and Robinson
(2010) and Fuhrer (2006; 2011).

We employ the RESET test as suggested by Pesaran and Taylor (1999),
initially proposed by Pagan and Hall (1983) in a setting of exogenous re-
gressors. Pesaran and Taylor (1999) extends the test statistic of neglected
non-linearities in choosing the functional form to a regression model with
endogenous regressors. The null hypothesis is that there are no neglected
non-linearities and the model is well specified. As in Zhang et al. (2008)
and Chowdhury and Sarkar (2016), we study the stability of the Phillips
curve employing the tests proposed by Andrews (1993) and Andrews and
Ploberger (1994) specifically designed to verify the structural stability
of the estimated parameters.
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Table 3 displays the two-step GMM parameter estimates for the specifi-
cation in Equations (2) and (3). In order to overcome potential problems
on many weak instruments along with heteroskedasticity, we present the
estimation results based on the methods recently suggested by Hausman
et al. (2012) and the specification tests proposed by Chao et al. (2014).
We find no misspecification issues in the estimates of Equation (2).
Concerning misspecification tests, we may extract the following conclu-
sions about the standard hybrid Phillips curve that ignores changes in the
inertia parameter. First, the p-value magnitude of the Hansen J statistic
is higher than 0.10, indicating the validity of the instruments. Second,
the p-value magnitude of the Hausman statistic is 0.0000, indicating that
data reject the exogeneity of the regressors (inflation expectations and
the output gap) at the 5% level; thus, an OLS regression would lead to
inconsistent and biased results. The rk statistic value is higher than the
critical value for 5% maximal IV relative bias in all estimated models,
showing that there is no evidence of weak instrumental variables in the
estimation.

Third, the magnitude of the RESET test p-value is higher than 0.10, in-
dicating that there are no neglected nonlinearities, and the model is well
specified. Lastly, the magnitude of the p-value of the structural break
test is greater than 0.10, indicating that there is no evidence against the
assumption of stability of the structural parameters. The reported results
confirm the absence of misspecification issues.
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20 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

Table 3 - Estimation results of the standard hybrid Phillips curve and with identified

debt bubbles effects.
7b u 1Z; 1z p) Yot Vs YotV
=1 tyrt+ vy
=1
Eq. (2) GMM 0.749* 0.024** 0.048* 8.1e+06
(0.0001) (0.0000) - (0.0001) [0.0000]
Hansen’s J-statistic [0.9432]
Eq. (2) HLIM 0.606** 0.037** -0.0191 50.30
(0.0561) (0.0069) - (0.3930) [0.0000]
Chao's J-statistic [0.1516]
Kleibergen and Paap rk statistic 41.242
Hausman y? test statistic [0.0000]
IV RESET test [0.9816]
supWald test statistic [0.4946]
Eq. (3) GMM (Debt/GDP) 0.598** 1.257  0.044* -0.122** -0.357** 143.64 9.62
(0.0332) (0.2683)  (0.0039)  (0.0246) (0.1183) [0.0000]  [0.0019]
Hansen'’s J-statistic [0.5334]
Eq. (3) HLIM (Debt/GDP) 0.566* 0.757**  0.043** -0.073* -0.345 62.50 2.65
(0.0552) (0.1952)  (0.0070)  (0.0194) (0.4135) [0.0000]  [0.1047]
Chao’s J-statistic [0.3454]
Kleibergen and Paap rk statistic 34.877
Hausman y? test statistic [0.0000]
IV RESET test [0.9498]
supWald test statistic [0.8680]
Eq. (3) GMM (Gross Debt/GDP) 0.667** 0.706*  0.032** -0.064** -0.164** 6480.44  2986.51
(0.0043) (0.0043)  (0.0006)  (0.0013) (0.0117) [0.0000]  [0.0000]
Hansen'’s J-statistic [0.8991]
Eq. (3) HLIM (Gross Debt/GDP) 0.565** 0.798"  0.041** -0.073** -0.210 67.70 6.30
(0.0534) (0.1449)  (0.0067)  (0.0204) (0.4008) [0.0000]  [0.0127]
Chao’s J-statistic [0.2882]
Kleibergen and Paap rk statistic 36.006
Hausman )(2 test statistic [0.0000]
IV RESET test [0.7571]
supWald test statistic [0.3576]

Notes: This table reports GMM estimation results with HAC standard errors. HLIM stands for heteroskedastic limited-
information maximum-likelihood estimator proposed by Hausman et al. (2012). Estimates are based on monthly data
from 2002.01-2023.11. (**), and (*) denote statistical significance at the 1% and 5% levels, respectively; standard errors
are in parentheses and the p-values are in brackets. The null of the Hausman test statistic is that the regressors (output
gap and inflation expectations) are exogenous. The null of the Ramsey/Pesaran/Taylor RESET test is that the expected
value of the inflation is linear regarding the regressors. In all estimations using GMM, we use HAC standard errors based
on Andrew’s kernel along with the data-dependent bandwidth selection according to Newey and West (1994) in order
to account for serial correlation. We perform structural break tests for unknown dates for the null hypothesis of the
stability of the parameters (Andrews, 1993; Andrews and Ploberger, 1994). The p-value of the structural break test on
an unknown date is computed using the method of Hansen (1997) and default symmetric trimming of 15%. We follow
Inoue et al. (2024) in treating both the output gap and inflation expectations as endogenous. Chao’s J-statistic refers to
the p-value of the bias-corrected J-statistic proposed by Chao et al. (2014). The Kleibergen and Paap (2006) rk statistic
for underidentification tests whether the employed instruments are weak for identification and is robust to heteroske-
dasticity. The rk LM statistic critical value is 20.97 (5% maximal IV relative bias).
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However, the main issues regarding the estimation results of Eq. (2) are the
lower p-value for Chao’s J statistic compared to alternatives in the middle
and lower panel of Table 3 (Eq. (3)) and the structural restriction of the
Phillips curve that the data reject. Specifically, the structural restriction of
the parameters y;, + ¥ = 1 is not supported by the data, as in Medeiros et
al. (2017). These two remaining issues suggest that the model, as specified
in Eq. (2), does not present the best goodness of fit to the Brazilian data.

To assess the goodness of fit of the estimated alternative models, we fol-
lowed the same lines as Dufour et al. (2006). We used the largest p-value
of the associated bias-corrected J test statistic proposed by Chao et al.
(2014) as formal specification test. This method is more reliable than the
Hansen J statistic and the associated p-value based on GMM estimation.
We consider the parameter estimates (9, 7, 7£,74,4) that lead to the largest
p-value, yielding the set of “least rejected” models, that is, models that are
most compatible with the data.

After comparison of the parameter estimates of Eq. (2) and Eq. (3) and to
examine the goodness of fit to the data in each in the middle and upper
panel of Table 3, we observe that the p-value of Chao’s J statistic increases
considerably from 0.1516 to 0.3454 when the hybrid Phillips curve allows
for parameter changes (inertia) and accounts for fiscal mismanagement dur-
ing the period 2002:01-2023:11. This conclusion applies for debt-to-GDP
and also for the alternative fiscal indicator, the gross debt-to-GDP ratio.

The middle and bottom of Table 3 shows the two-step GMM parameter es-
timates and the HLIM parameter estimates, which is our preferred method
in the present article, because the simulations show its superior properties
in terms of bias and precision (Hausman et al., 2012). The specification in
Eq. (3) is more flexible and inclusive than the standard approach (Eq. (2)).
We find no misspecification issues in the estimates of Eq. (3). With respect
to misspecification tests, we may draw the following conclusions. First, the
p-value magnitude of the Hansen J statistic is higher than 0.10, indicating
the instruments’ validity for GMM estimation method. The same is true
for the HLIM estimation method with respect to Chao’s J-statistic p-value
in all estimated models. Second, the p-value magnitude of the Hausman
statistic is 0.0000, indicating the data reject exogeneity of the regressors
(output gap and inflation expectations) at the 5% level, which indicates that
these regressors must be instrumented. Third, the RESET test p-value is
higher than 0.10 in all estimated models, which indicates that there are
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22 Structural persistence of Brazil’s inflation rate in times of fiscal bubbles

no neglected nonlinearities, and the models are well specified. Lastly, the
structural break test p-value is greater than 0.10, indicating that there is
no evidence against the assumption of stability of the structural param-
eters. As in the first part of Table 3, the rk statistic value is higher than
the critical value for 5% maximal IV relative bias in all estimated models,
showing that there is no evidence of weak instrumental variables in the
estimation. The reported results confirm the absence of misspecification
issues.

Overall, after analysis, the main conclusion derived from Table 3 estima-
tion results is the following. In all estimated models, the parameters of
interest in the study (y, +y, and ys +y,) follow the same pattern invariant
to the fiscal indicator used: 7, is always positive and statistically signifi-
cant at 5% level and 7, is always negative and statistically significant at 5%
level. Brazilian data show that under hostile macroeconomic fiscal condi-
tions, in which debt-to-GDP or gross debt-to-GDP follow an explosive
path, the share of backward-looking price setters increases significantly
and the share of forward-looking price setters decreases significantly. It
empirically confirms the assumptions used by IMF (2023) in its dynamic
stochastic general equilibrium model, designed to accommodate policy
regime changes embedded in the formation of agents’ expectations.

Regarding the role that expected inflation plays in average inflation in
Brazil, we find a significant but quantitatively irrelevant magnitude for
Y, estimated at 0.043 in our more complete regression model (Eq. (3))
in which the long run restriction applies to data. Thus, forward-looking
behavior based on survey expectations data does not play a discernible role
in determining inflation in these data. This result is quite similar to the
findings for the US economy of Rudd and Whelan (2006), in which they
estimated the same parameter at 0.025 for post-war US data.

Based on the above estimations, the main findings of the paper can be
summarized as follows. First, our preferred specification (Eq. (3)) fits
better to Brazilian data than other alternative and more restrictive speci-
fications. Second, in all estimated models, the empirical findings indicate
that the primary source of inflation dynamics and persistence comes from
past inflation and not expected inflation rates, as opposed to advanced
economies, supporting the previous findings of Mazali and Divino (2010),
Areosa and Medeiros (2007), Arruda et al. (2018), and IMF (2023), whose

results include Brazil. Third, concerning the central hypothesis of the
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work, we find robust evidence across alternative specifications that the
share of the backward-looking price-setters rises significantly when the
public debt reaches an explosive path, supporting the idea of Dornbusch
et al. (1990), Bruno and Fischer (1990), and Blanchard (2021), in which
agents tend to employ only more recent and past information to set prices
and wages in hostile fiscal conditions.

The Brazilian government debt bubble explains the change in inflation
dynamics, substantially increasing inertia by more than 100 percentage
points.® This conclusion is derived from the observation that the differen-
tial slope ¥, remains statistically significant in all estimated models. More
specifically, when the public debt fluctuates under normal conditions, the
estimated inertia coefficient is 0.566 (Table 3). However, in the fiscal debt
bubble regime, it increases significantly to 1.323, the sum of y, and y;.
This magnitude increases less, estimated at 0.987 when the model allows
for changes only in the lagged inflation coefficient (Table 4).

Unlike the present study, which identifies the origins of the persistence
parameters structural changes, the instability of the Phillips curve has
been studied in Brazil by Medeiros et al. (2017) using data from 2002 to
2015. They found a significant structural change in the parameters of the
Phillips curve between March and September 2004. In a recent study
for the US economy, Luengo-Prado et al. (2018) employs a categorical
variable to test for a change in the slope of the traditional Phillips curve.
They found that US inflation became less responsive to unemployment
from 2009 to 2010. Similarly, Zhang et al. (2008) examined US inflation
quarterly data from 1960 to 2005 and found evidence of breaks in US
inflation in which the backward-looking component plays a more substan-
tial role during the high and volatile inflation regime. Zhang et al. (2008)
empirical findings show that changes in monetary policy rules may induce
changes in the share of forward- and backward-looking price-setters, in
line with Erceg and Levin (2003) who suggested theoretically that infla-
tion inertia may vary with the stability and credibility of the monetary
policy regime.

The two main implications of our findings for the conduct of monetary
policy are as follows. First, since the weight of expected inflation is low
and the inertia coefficient is high, Zhang et al. (2008) observe that in

8 We find 7} +7;, = 1.323 while 3, = 0.566. Thus, (1.323-0.566)/0.566 = 1.34. During fiscal bubbles,
the persistence of inflation increases by 134 percentage points.
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the present case with a dominant role for inflation inertia, the optimized
policy should have a moderate interest smoothing, but a significant re-
sponse to the output gap.

Related to the first implication, Aragén and Medeiros (2015) detect a
slight reduction in the Brazilian interest rate smoothing parameter, from
0.86 in November 2001 to 0.78 in December 2011. In addition, since
mid-2010, the policy response to inflation has been lower than 1, thus not
satisfying the Taylor principle (Aragén and Medeiros, 2015). Lastly, the
response of the policy rate to the output gap remained stable during the
2003-2008 period.

Second, IMF (2023) warns that when a large share of agents behaves as
backward-looking price-setters, as in the present case, the output costs of
tightening monetary policy rise and the prevailing level of inflation can
feed the next period inflation. All these implications rise the chances of a
hard landing for Brazil in the event of a new inflationary shock.

Related to the second implication, since the present study safely identi-
fies the source of the increase in the lagged inflation coefficient, we can
conclude that the fiscal policy stance can help monetary policy achieve the
targets and increase the chances of a soft landing by maintaining the public
debt under control and on a sustainable path. Changes in the inertia coef-
ficient show that a suitable fiscal policy management can significantly re-
duce inflation inertia, generating more credibility for the monetary policy
regime, as long ago emphasized by Dornbusch et al. (1990), Celasun et al.
(2004), and Bianchi and Melosi (2022).

To assess how sensitive our findings are to the specified models, we re-
port in Table 4 additional estimation results that allow only changes in
the lagged inflation coefficient (Eq. 3A) because inflation expectations
have a negligible direct effect on observed inflation in Brazil, as previous
findings of IMF (2023) document for a sample of developing countries,
including Brazil.
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Table 4 - Estimation results of the standard hybrid Phillips curve and with identified

debt bubbles effects.
Vb 12 VP T i vtyve Ve tn
=1 +yp=
Eq. (3A) GMM (Debt/GDP) 0.749**  0.016**  0.024** 0.056** 6.0e+06  4.5e+05
(0.0001)  (0.0002) (0.0000)
Hansen’s J-statistic [0.9202] ---
Eq. (3A) HLIM (Debt/GDP) 0.609**  0.157**  0.036**  -- 0.050 49.98 2.31
(0.0560) (0.1208) (0.0069) - (0.3998)  [0.0000] [0.1302]
Chao’s J-statistic [01741] -
Kleibergen and Paap rk statistic 36.006 -
Hausman y2 test statistic [0.0000] -
IV RESET test [0.8385] -
supWald test statistic [0.1726] --
CLR test statistic [0.0000] -
Eq. (3A) GMM (Gross Debt/GDP) ~ 0.716**  0.322*  0.024**  -- 0.218** 1.6e+05 9223.39
(0.0007) (0.0009) (0.0001)  --- (0.0017)  [0.0000] [0.0000]
Hansen’s J-statistic [0.9398] ---
Eq. (3A) HLIM (Gross Debt/GDP) ~ 0.595**  0.392**  0.041**  -- 0.193 57.53 0.05
(0.0543) (0.0924) (0.0067) - (0.3804)  [0.0000] [0.8291]
Chao’s J-statistic [0.2785]  ---
Kleibergen and Paap rk statistic 41246 -
Hausman x2 test statistic [0.0000] -~
IV RESET test [0.7549] -
supWald test statistic [0.1345]  ---
CLR test statistic [0.0000] ---

Notes: This table reports GMM estimation results with HAC standard errors. HLIM stands for heteroskedastic limited-
information maximum-likelihood estimator proposed by Hausman et al. (2012). Estimates are based on monthly data
from 2002.01-2023.11. (**), and (*) denote statistical significance at the 1% and 5% levels, respectively; standard errors
are in parentheses and the p-values are in brackets. The null of the Hausman test statistic is that the regressors (output
gap and inflation expectations) are exogenous. The null of the Ramsey/Pesaran/Taylor RESET test is that the expected
value of the inflation is linear regarding the regressors. In all estimations using GMM, we use HAC standard errors based
on Andrew’s kernel along with the data-dependent bandwidth selection according to Newey and West (1994) in order
to account for serial correlation. We perform structural break tests for unknown dates for the null hypothesis of the
stability of the parameters (Andrews, 1993; Andrews and Ploberger, 1994). The p-value of the structural break test on
an unknown date is computed using the method of Hansen (1997) and default symmetric trimming of 15%. We follow
Inoue et al. (2024) in treating both the output gap and inflation expectations as endogenous. Chao’s J-statistic refers
to the p-value of the bias-corrected J-statistic proposed by Chao et al. (2014). CLR stands for Conditional Likelihood
Ratio test statistic (Moreira, 2003), which tests the null hypothesis that the endogenous regressors do not affect the
dependent variable. When computing the CLR test statistic, we assume that D, the output gap and inflation expecta-
tions are endogenous regressors, and we compute the p-value by simulation (25,000 replications). The Kleibergen and
Paap (2006) rk statistic for underidentification tests whether the employed instruments are weak for identification and
is robust to heteroskedasticity. The rk LM statistic critical value is 20.97 (5% maximal IV relative bias).
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In order to choose the best model fit for our dataset, we combine two criteria.
The first is the same as that used by Dufour et al. (2006), which is the highest
p-value of the bias-corrected J statistic. The second is the long-run restriction
for the Phillips curve. Schwartzman (2006), Zhang et al. (2008), Mazali and
Divino (2010), and Medeiros et al. (2017) consider this assumption an es-
sential indication of the long-term proximate behavior of the hybrid Phillips
curve. The best fit to the data must match both criteria simultaneously. After
analysis, we observe that the best fit to the Brazilian data in Table 4 is the
parameter estimates based on the HLIM estimator of Hausman et al. (2012)
using gross debt to GDP as fiscal indicator, as suggested by Barbosa Filho
(2017) for Brazil and Leeper and Leith (2016) for the US. The second best
fit of the model to the data is the parameter estimates based on the HLIM
estimator of Hausman et al. (2012) using the debt to GDP as a fiscal indicator,
as suggested by Kwon et al. (2009) and Grigoli and Sandri (2024).

The above result helps to clarify an open question in the literature that these
empirical findings address. While Grigoli and Sandri (2024), Bianchi and
Melosi (2022), and Kwon et al. (2009) suggest that the primary fiscal indica-
tor affecting inflation level and persistence is the public debt to GDP ratio,
Barbosa Filho (2017), Leeper and Leith (2016), and IMF (2024) have indi-
cated that the primary fiscal indicator affecting inflation level and persistence
is the gross debt-to-GDP ratio. After applying our double criteria (highest
p-value for Chao’s J statistic and matching long-run restriction), we find that
the most informative indicator for predicting changes in inflation level and
persistence is the gross debt-to-GDP ratio in percentage points (as suggested
by Barbosa Filho (2017), Leeper and Leith (2016), and IMF (2024)).

The influence of real activity on inflation is positive and significant in the
estimated models in Table 4, as in Gali and Gertler (1999) and Kuttner
and Robinson (2010). Using GMM with serial correlation adjustment yields
more precise estimates (lower standard errors) than the HLIM method,
which does not account for serial correlation. Both methods, GMM and
HLIM, deliver consistent parameter estimates. In fact, the size of the es-
timates is quite similar when comparing the GMM and HLIM estimation
results. Gali and Gertler (1999) warn of the difficulty in estimating this
coefficient using the output gap, which is an unobservable magnitude. A
better strategy may be to employ the unit labor cost or the share of labor in

income as a measure of real activity (Gali and Gertler, 1999; Kuttner and
Robinson, 2010; Fuhrer, 2011). We left it for future research.
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An instructive and informative exercise is to compare the estimates of the
present study with recent findings on the topic. Areosa and Medeiros (2007)
employ the GMM estimator using Brazilian monthly data from 1995 to
2003. They found that the weight of the past inflation varies between 0.24
to 0.58. Mazali and Divino (2010) employ the same methods using Brazilian
quarterly data from 1995 to 2008. Instead of using survey expectations
sampled from market participants, the authors use two-step procedures to
impute unobserved expected inflation. They estimate that the weight of
past inflation is 0.60, and the weight of the (imputed) expected inflation is
0.44. A recent empirical study of price-setting behavior in Brazil supports
the importance of employing inflation information in price decisions. Correa
et al. (2016) found that the cost of intermediate goods and the inflation rate
are the main factors that influence the formation of firm prices.

More recently, using the standard GMM estimator with monthly data
from 2002 to 2012 from Brazil, Arruda et al. (2018) estimated that the
weight of past inflation (IPCA) varies from 0.53 to 0.67, in which the
weight of past inflation (¥p) is always higher than the weight of expected
inflation (¥f), for various measures of economic activity. Our findings align
with those results, which identify one of the sources of increasing inertia
over time. Arruda et al. (2018) conclude that when agents posses a lower
degree of foresight, the larger the inertial component.

4. Conclusions

This paper uses two decades of data under inflation targeting regime in Brazil
to verify whether the coefficients on lagged inflation and inflation expecta-
tions for 12 months ahead remain stable when the debt-to-GDP ratio follows
an explosive path over the recurrent episodes of Brazil’s sovereign government
debt bubbles. The present study identifies and estimates one of the potential
origins of varying degrees of inflation persistence (inertia) in Brazil.

The main findings of the paper can be summarized as follows. First, the
hybrid Phillips curve with varying degrees of persistence fits Brazilian data
better than other alternative and more restrictive specifications. Second,
in all estimated models, empirical findings indicate that the primary
source of inflation dynamics and persistence comes from past inflation,
not expected inflation rates. Third, in relation to the central hypothesis
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of the work, we find robust evidence across alternative specifications that
the share of the backward-looking price-setters rises significantly when the
public debt reaches an explosive path, supporting the idea of Dornbusch
et al. (1990), Bruno and Fischer (1990), and Blanchard (2021), in which
agents tend to use only more recent and past information to set prices
and wages under unfavorable and hostile fiscal conditions. The prevailing
inflation level can feed the next inflation period.

The Brazilian government debt bubble plays a statistically significant role
in the change in inflation dynamics, substantially increasing inertia by 66
percentage points in the best fit to the data. When the public debt fluc-
tuates under normal conditions, the estimated inertia coefficient is 0.60.
However, in the fiscal debt bubble regime, it increases significantly to 0.99
in our preferred model specification.

However, since the present study safely identifies the source of the increase
in the lagged inflation coefficient, if the government is willing to (Dornbusch
et al., 1990; Celasun et al., 2004), the fiscal policy stance can help the mon-
etary policy achieve the targets and increase the chances of a soft landing
by maintaining the public debt under control and on a sustainable path. As
changes in the inertia coefficient show, appropriate fiscal policy management
can significantly reduce inflation inertia, generating more credibility for the
monetary policy regime, as emphasized long ago by Dornbusch et al. (1990),
Woodford (2001), Celasun et al. (2004), and more recently by Leeper and
Leith (2016), Bianchi and Melosi (2022), and IMF (2024).
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