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Testing for asymmetric adjustment in weekly

Brazilian inflation

Teste para ajuste assimétrico na inflagdo semanal brasileira

Abstract

This study analyses the nature of weekly
inflation response to shocks in the Brazilian
economy by adopting a generalized quantile
autoregression model in which the autore-
gressive parameter is allowed to be quantile-
dependent. We test for unit root at different
conditional quantiles of the response variable,
by characterizing its asymmetric dynamics
along the business cycle. The method allows
us to estimate the magnitude, sign, and the
significance of actual shocks that affect Bra-
zilian inflation. We evaluate the robustness
of results by adopting a bootstrap procedure.
Concerning previous studies, we find evi-
dence of stronger asymmetric persistence in
inflationary dynamics in which an inflation-
ary shock below the average dissipates very
fast when compared to an inflationary im-
pulse occurring above the average. Location,
size, and the sign of a random shock might
be essential for inflation adjustment towards
long-run equilibrium. The results do not sup-
port the full inertia hypothesis.
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Resumo

Este estudo analisa a natureza da resposta da
inflagdo semanal a choques na economia bra-
sileira, adotando um modelo autorregressivo
generalizado de quantis, no qual o pardmetro
autorregressivo pode ser quantil-dependente.
Testamos para raiz unitdria em diferentes quan-
tis condicionais da varidvel resposta, caracteri-
zando sua dindmica assimétrica ao longo do ciclo
de negdcios. O método nos permitiu estimar a
magnitude, o sinal e a significincia dos choques
que afetam a inflagio brasileira. Avaliamos a ro-
bustez dos resultados adotando um procedimento
de bootstrap. Em relagdo a estudos anteriores,
encontramos evidéncias de uma persisténcia as-
simétrica mais forte na dindmica inflaciondria
em que um choque inflaciondrio abaixo da média
se dissipa muito rapidamente quando compara-
do a um impulso inflaciondrio ocorrendo acima
da média. A localizacdo, o tamanho e o sinal de
um choque aleatdtio podem ser essenciais para
o ajuste da inflagdo em dire¢do ao equilibrio de
longo prazo. Os resultados ndo suportam a hi-
pétese de inércia total.
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1 Introduction

The adoption of the Inflation Targeting Regime (ITR) in advanced and de-
veloping countries since the early 1990s is the primary paradigm in central
banking monetary policy decisions. As a formal framework, it assumes
that policymakers can reduce inflation by reducing the output level. The
output loss is lower when the inflation persistence is small. In Brazil,
this framework was adopted in mid-1999, moving from an asymmetric
crawling peg to a floating exchange rate system (Bogdanski et al., 2001).
The inflation response to shocks is related to the output loss throughout
the degree of inflation persistence. Persistence (or inertia) refers to the pace
at which the inflation rate returns to its mean or conditional quantile fol-
lowing a shock.

This study examines the nature of local persistence in the Brazilian
weekly inflation to test whether it exhibits unit root behavior in quantiles
resulting in asymmetric dynamics along the business cycle. We adopt the
generalized Quantile Autoregression model (QAR) proposed by Galvao
(2009) which allows the inclusion of stationary covariates and determinis-
tic time trend. Koenker and Xiao (2004; 20006) initially proposed the QAR
model in a more restricted version. In both approaches, a random shock
can change the location, scale, and shape of the conditional inflation distri-
bution, not only the average inflation rate.

To the best of our knowledge, there are only two studies for Brazil-
ian inflation persistence that adopt quantile regression methods. Maia
and Cribari-Neto (2006) applied the QAR model using monthly inflation
data to the period ranging from August 1994 to April 2004. More recently,
Gaglianone er al. (2018) applied the QAR model to analyze the Brazilian
monthly inflation based on samples ranging from January 1995 to May
2017. Both studies use only the restricted version of the QAR model.
Based on Monte Carlo simulations, Galvao (2009) shows that the general-
ized QAR model presents power gains when compared to the QAR model
initially proposed by Koenker and Xiao (2004; 2006).

Our main findings indicate that we cannot reject the unit root at the
5% level in a broader set of upper-tail quantiles (zr = [0.75;0.95]) relative
to Gaglianone et al. (2018) and Maia and Cribari-Neto (2006). However,
there is strong evidence that the weekly Brazilian inflation rate is not a
unit root process at the average and lower quantiles. The asymmetric dy-
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namics of inflation is stronger relative to previous studies, and the persis-
tence parameter is higher for lower quantiles. Since our data are free of
the pegged exchange rate effects, we speculate that the current monetary
policy regime is associated with an exacerbation of asymmetric inflation
dynamics. Further, as the power of the ADF type tests depends upon the
sampling frequency and the sample size, we get more precise estimators
(lower uncertainty) and higher power of the test relative to Gaglianone
et al. (2018) and Maia and Cribari-Neto (2006).

The existing empirical literature that analyses the inflation persistence in
Brazil typically employs constant-coefficient time series models that con-
centrate only on the conditional mean of the response variable (Roache,
2013; Minella et al., 2002; Figueiredo and Ferreira, 2002). This assumption
is in stark contrast with the theoretical assertion made by Fraga et al. (2003,
p- 389): the optimal response of monetary authorities may depend upon
the nature and size of the shock that affects the economy.

Because the government might choose to alter almost continuously the
exchange rate in a pegged exchange rate regime as means of dampening
inflation in the short run (Dorbunsch et al., 1990), the period under analysis
in this paper is focused only on a floating exchange rate system. Maia and
Cribari-Neto (2006) and Gaglianone et al. (2018) use monthly observations
that include the pegged exchange rate regime and the floating exchange
rate system. Our estimates avoid such mixed effects on the inflation level
and its persistence. The agents’ monetary anchor has changed from (peg)
exchange rate policy (1994-1998) to inflation targeting based on a floating
exchange rate system from mid-1999 to the present.

Our main contributions, compared to the existing literature on Brazilian
inflation, may be summarized as follows. First, we adopt a model with a
time trend after applying a specification test instead of using the restricted
version of the QAR model. Second, we use more massive sample data
(weekly instead of monthly data) to improve the power’s test and effi-
ciency. Third, we calculate the half-life and impulse response functions
for weekly inflation. Lastly, we estimate the magnitude and sign of actual
shocks and test its significance based on wild bootstrap.

All these aspects are absent in the previous studies and add significant
information to better understand the dynamics of inflation dynamics in
Brazil. Using these additional procedures and data, we hope to find more
robust and reliable conclusions.
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In developing countries, the currency crises can be interpreted as a
source of inflationary shock because the exchange rate depreciation af-
fects the internal prices (Minella et al., 2002). That was the case of Brazil
in 2002, when the economy faced a negative swing of US$ 30 billion in
capital flows (6% of its gross domestic product — GDP), leading to a nomi-
nal depreciation of 50% in the exchange rate and higher domestic prices.
In contrast, because product or process innovations are the main drivers
of the productivity factor enhancement in the manufacturing industry,
the trade liberalization in Brazil in the early 1990s can be interpreted as
a significant source of a (deflationary) positive supply shock (Lopes, 1985;
Franco, 1998; Hayakawa and Matsuura, 2017). If a deflationary supply
shock can cause a permanent reduction in the inflation level, it contributes
to the operation of the ITR by the Central Bank, mitigating the inflation-
ary process.

If an external or a domestic fiscal inflationary shock produces a perma-
nent effect, and a supply deflationary shock does not, the focus of poli-
cymakers and their response to monetary policy issues must be limited
to the former. Shocks occurring below the average may have transitory
effects, and shocks above the mean may produce permanent rising prices.
Besides, according to the inertial inflation hypothesis, the degree of per-
sistence (inertia) may depend upon the level of inflation (Resende, 1985b,
p- 130; Lopes, 1985, p. 137; Simonsen, 1985, p. 27).

Arida and Resende (1985, p. 10-11) observe: “On a deeper conceptual
level (...), under trigger point indexation, the nominal readjustment occurs
whenever inflation reaches a given magnitude, say 20%. (...) Indexation
is a natural response of agents in processes of inertial inflation.” Simi-
lar observations can be found in Modiano (1985, p. 8). Resende (1985b,
p. 130) also observes that typically high inflation requires indexation, and
indexation prevents the reduction of inflation. We cannot test these theo-
retical claims using a constant-coefficient linear time series model based
only upon conditional mean regression methods.

Conditional mean regression assumes that the speed of inflation adjust-
ment is constant, no matter how far the inflation is above or below its
long-run level (or how big the negative or positive shock is affecting the
prices). In contrast, the generalized QAR model can be viewed as a case
of a random-coefficients model in which the autoregressive coefficient is
dependent on the specified quantile, T € (0,1). Thus, it can describe the
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entire conditional distribution of a response variable, providing a complete
picture of its dynamics. The level of inflation might correlate with the de-
gree of indexation (inertia).

We test the unit root hypothesis not only on the conditional mean of
the inflation path but also on the tails of the distribution in specific quan-
tiles. Hence, we can distinguish between the response to shocks when the
inflation realizations are high or low concerning previous periods. Besides,
most of the studies use only monthly datasets since it is difficult to collect
data and compute inflation indexes at a greater frequency.

The sampling frequency can affect the power of unit root tests. In a
study based on Monte Carlo simulation, Choi and Chung (1995) show
that, in the case of ADF-type tests, using high-frequency data (weekly ob-
servations instead of monthly, for example) can provide a considerable
improvement in the finite sample power of the unit root test. Hence, we
hope to reach more robust and reliable results when compared with stud-
ies for inflation persistence based only on monthly data, as done by Maia
and Cribari-Neto (2006) and Gaglianone et al. (2018).

Bogdanski et al. (2001) and Fraga et al. (2004) argue that Brazilian in-
flation persistence may depend on a series of state-regulated prices like
indexed wage contracts, public transport fare, gasoline, Diesel oil, elec-
tricity, telephone and post office rates, education, health plan rates, and
many other prices (see Figueiredo and Ferreira, 2002, p. 6). These goods
and services have their pricing rules based on contractual law, which is
unrelated to supply and demand, and the government is an important sup-
plier. Thus, besides the demand and supply shocks, institutional rules cre-
ated by the government give rise to a perpetuation of inflation inertia after
the implementation of the Real Plan (Carvalho, 2014).

In addition, in the private sector, the results presented by Correa et al.
(2016) indicate that the majority of firms in Brazil adjust their prices ac-
cording to a monopolistic structure in a closed economy, where mark-up
pricing is the dominant pricing strategy: 67 % of firms in the private sector
change prices only after knowing how competitors have readjusted their
prices. The main drivers of price changes are the costs of intermediate
goods and the inflation rate. This pricing rule also tends to perpetuate in-
ertia overall.

The main findings of the present paper do not support the hypothesis
of symmetric response to economic shocks. We present econometric evi-
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dence that the degree of indexation depends upon the level of inflation,
as suggested by the theoretical models designed to describe the inertial
inflation in Brazil, such as Lopes (1985), Arida and Resende (1985), and
Simonsen (1985). In general, inflationary shocks occurring above the av-
erage of inflation have permanent effects on their level, while deflation-
ary shocks occurring below the average produce transitory effects on the
inflation level.

The remainder of the paper is organized as follows: Section 2 briefly
reviews the works seeking to measure inflation persistence in Brazil and
discusses their findings. Section 3 outlines the methodology and describes
the data. Section 4 presents the results and discusses the main parameters,
while Section 5 concludes the paper.

2 Inflation Persistence in Brazil

Koenker and Xiao (2004) proposed the Quantile Autoregressive model.
Galvao (2009) extended it, allowing the inclusion of stationary covariates
and a deterministic time trend. This generalization ensures a more flexible
specification and presents power gains in unit root testing relative to the
initial version. Quantile unit root tests have been used to describe asym-
metric persistence behavior as a viable alternative to conditional mean re-
gression models. Hosseinkouchack and Wolters (2013) apply the unit root
test in quantiles to test whether the 2008 financial crisis produced a per-
manent or a transitory effect on the US GDP. Lima et al. (2008) investigate
fiscal sustainability by using the QAR model with Brazilian data. Koenker
and Xiao (2006) apply the QAR model to analyze whether the response of
the US unemployment rate and the weekly gasoline price to expansionary
or contractionary shocks may be asymmetric.

The inflation persistence in Brazil is a significant issue in economic pol-
icy since the implementation of ITR in mid-1999. Early theoretical works
on inertial inflation, especially Lopes (1985), Arida and Resende (1985),
Resende (1985b), and Simonsen (1985) emphasized the need to abolish
the indexation of wages, prices and other forms of state-induced rules for
price setting that are independent of supply and demand.

Dornbusch ez al. (1990) examine the same theoretical and empirical is-
sues of indexation and hyperinflation problems in a large number of coun-
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tries, including Brazil. The policy prescriptions derived by the authors are
all in line with early theorists of the inertial inflation hypothesis. However,
even after many years of hyperinflation and efforts to reach low and stable
inflation since the Real Plan, the government still maintains mechanisms
that may stimulate indexation rules in the economy. All these formal and
informal rules contribute to increasing the inflation persistence, resulting
in a relatively higher output loss which follows a given economic distur-
bance (see Bacha (1998) for a detailed account of Real Plan).

Some studies have been conducted to analyze the inflation persistence
in the Brazilian economy, most of them by using monthly databases for
several periods. In general, these studies report a reduction in inflation
persistence after the Real Plan, even when employing only conditional
mean regression methods. Minella et al. (2002) find evidence of change
in inflation rate dynamics. Their results suggest that after ITR, the infla-
tion persistence dropped from 0.81 to 0.23 using monthly data from July
1999 to August 2002. Minella et al. (2002) conclude that there had been a
substantial reduction in the degree of inflation persistence after ITR. This
finding implies a lower output loss to reduce average inflation. When com-
paring the average inflation after ITR and few years before it, they con-
clude that “the smaller average of the inflation rate is, to a large extent,
a consequence of the pegged exchange rate regime, which turned out to be
unsustainable in the medium run” (Minella et al., 2002, p. 10).

Figueiredo and Marques (2009) analyze several sub-samples of the Bra-
zilian monthly inflation rate by applying the unit root test introduced by
Zivot and Andrews (1992). They concluded that shocks have a transitory
effect on the inflation path using monthly data ranging from 1994 to 2008
(IGP-DI index). Further, the fractional coefficient (&) is 0.25, which indi-
cates that after the Real Plan, the Brazilian inflation faced a lower persis-
tence and can be considered stationary:.

Figueiredo and Marques (2011) employed a model which accounts for
regime-changing and estimates the fractional coefficient for the Brazilian
inflation using a monthly dataset ranging from 1944 to 2009 (IGP-DI in-
dex). They conclude that the inflation rate can be considered stationary
after the Real Plan.

Maia and Cribari-Neto (2006) applied similar methods to the ones used
here for the monthly Brazilian inflation rate. They employed the restrict-
ed QAR model to test for a unit root in a range of quantiles using monthly
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data ranging from 1994 to 2004. The datasets used in that work were the
IGP-DI index computed by Fundacio Getdlio Vargas and the IPCA (Indice
de Precos ao Consumidor Amplo) computed by the Instituto Brasileiro de
Geografia e Estatistica (IBGE). In the same vein, Gaglianone et al. (2018)
investigated the behavior of Brazilian inflation based on the restricted
QAR model using the IPCA monthly index ranging from January 1995 to
May 2017.

The findings of both studies indicate an asymmetric behavior in infla-
tion persistence, supporting the hypothesis of a unit root in the Brazil-
ian inflation rate only for the IPCA index at specific quantiles. Maia and
Cribari-Neto (2006) could not reject the unit root hypothesis at quantiles
7=0.85 and 7= 0.90 at the 5% level, but they were able to reject the null
hypothesis of infinite persistence in all lower quantiles. Gaglianone et al.
(2018) could not reject the unit root hypothesis only at quantiles = = 0.80
and 7= 0.90 at the 5% level.

In both studies, the authors use a smaller (and lower frequency) sam-
ple size of data collected in different regimes of exchange rates in Brazil
which included both the pegged exchange rate regime and the floating ex-
change rate system. Since, in developing countries, internal prices typically
depend on the movements of the exchange rate (Dorbunsch et al., 1990;
Minella et al., 2002), we suspect their findings reflect the mixed effects of
pegged and floating exchange rates.

3 Methodology
3.1 Description of the data

The data used in this study are the IPCS (Indice de Precos ao Consumidor
Semanal, %) computed by Fundagdo Getdlio Vargas, ranging from Febru-
ary 06, 2003, to March 31, 2017, corresponding to 15 years of weekly
observations (T = 688). We have made this choice based on three reasons.
First, while Maia and Cribari-Neto (2006) and Gaglianone ef al. (2018) used
only monthly sample data which included both the pegged exchange rate
regime (1994-1998) and also the floating exchange rate system (1999 to the
present), we wish to avoid such mixed effects on the inflation level and
its persistence estimates (Minella et al., 2002). Second, the data availability
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covers only the above period. Lastly, based on Monte Carlo simulations,
Choi and Chung (1995) have shown that in the case of ADF-type tests, us-
ing greater frequency data (weekly instead monthly) can provide improve-
ments to the power of the unit root test.

The mixed sample sizes used by Maia and Cribari-Neto (2006) and Ga-
glianone et al. (2018) correspond to 17 % (T=117/688) and 39 % (1=269/688)
of ours, respectively. The IPCS inflation (%) is defined as IPCS = 100 *
(IP,—IP,_,)/ IP,_,, where IP, and IP, | are consumer price levels in current
and previous period. The dataset is available at http://www14.fgv.br/fgvda-
dos20/consulta.aspx. Table 1 presents the descriptive statistics.

Table 1 Descriptive statistics for the weekly inflation rate (%)

Summary statistics

Mean 0.52
1° Quartile 0.28
Median 049
3° Quartile 073
Minimum -044
Maximum 2.16
Skewness 048
Kurtosis 418
JB test 66.57%**
SW test 0.98***

Notes: *** Significant at 1% level. JB is the Jarque-Bera test statistic (Jarque and Bera, 1980) and SW is
the Shapiro-Wilk test statistic (Shapiro and Wilk, 1965).

Source: author’s elaboration.

The data presents positive skewness indicating that most of the time, the
inflation rate stood above the average of the sample. The kurtosis and
statistical tests for normality suggest that the data does not fit in a nor-
mal distribution. We reject the null of the normal distribution in both the
Jarque-Bera and the Shapiro-Wilk tests at 1% level. The positive skewness
and departure from normality highlight the virtue of the QAR modeling
approach, which is robust for these data characteristics and may better de-
scribe the changes in the conditional distribution of the response variable.
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3.2 The generalized QAR model

Let Y, be the weekly inflation rate. The generalized QAR(g) process at
quantile 7 can be expressed by:

Qr (yt l yt—ll""Vt—q) = aO(T) +0‘1(T)VH + ﬁ(7>t + 27:1(pi+1 (T)Ayz—i

where the 7 th conditional quantile function of the response y, is expressed
as a linear function of lagged values of the response plus deterministic
components. By estimating (1) at different quantiles e (0,1), we obtain a
set of persistence parameter estimates a,(t). Hence, we shall be concerned
more specifically with a,(z) and its t-ratio statistic under the hypothesis of
unit root, in which o,(r) = 1. We use the r-ratio statistic as developed by
Koenker and Xiao (2004) and Galvao (2009) to implement the hypothesis
testing. The parameter estimate ,(7) is the main focus of this work, since
it is the basic persistence measure and can be used for posterior analysis,
e.g., the impulse response functions (IRF) and half-life (HL) computations
(Andrews, 1993).

Following Andrews (1993), we calculate the length of time until the im-
pulse response function of a unit shock to the inflation rate is equal to half
of its original magnitude — the half-life of a unit shock (HL). This number
represents (in weeks) the most likely duration of inflation in response to
shocks in each specified quantile and is defined by:

— 10g(1/2) (2)
~ log(6,(v))

along with the impulse response function (IRF) defined by,

HL(Gy(7))

IRF(6,(r)) = &! V1 =1,2,... 3)

which can also be found in Andrews (1993). The magnitude of the IRF
across different time horizons according to the value of t in weeks gives
an indication of the extent of the persistence of shocks in inflation level.
By following the intuitive interpretation given in Taylor and Taylor (2004),
we can say that the inflation rate reverts towards its mean (or conditional
quantile) at the rate of (1 — &,(t)) per period.
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We adopt a bootstrap procedure designed to QAR methods introduced
by Feng et al. (2011). This procedure works as the results’ robustness check
against fat tailed or GARCH-type effects (or both) on the estimator im-
proving its efficiency. Baur et al. (2012) conducted a Monte Carlo study to
verify the GARCH-type effects on quantile autoregression. The simula-
tion results revealed no deviations from the simulated autoregressive pa-
rameter across the entire range of quantiles.

4 Results and discussion

Figure 1 shows the path of Brazilian inflation over the years. We can ob-
serve higher peaks between 2014 and 2016 associated with the more re-
cent effects of the political crisis, the pervasive corruption in the country,
and the price suppression (e.g., energy prices), regime change, monetary
and fiscal policy changes (such as the abandonment of the fiscal surplus
target as a percentage of the GDP).

Despite a seemingly absent time trend, we estimate a restricted ver-
sion of Eq. (1) and we reject the null of 8= 0 at the 5% level (F-statistic =
5.8745; p-value = 0.0156) by adopting 4 = 13 based on Bayesian Informa-
tion Criterion. Hence, we select the full specification given in Eq. (1) (ie.,
a model with a constant and a time trend) in all estimated models. Gaglia-
none et al. (2018) and Maia and Cribari-Neto (2006) applied the restricted
version of the QAR model assuming = 0 in their estimations.

Figure 1 Weekly Brazilian inflation rate: 2003-2017
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Source: author’s elaboration.
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At first, to verify whether the inflation rate may be considered as a glob-
ally stationary process, we apply three unit root tests to the level of the
series. The results of ADF (MAIC)-Dickey and Fuller (1979), KPSS (1992)
and Zivot & Andrews (1992) tests to allow for structural change at an
unknown date are shown in Table 2. All three tests corroborate the low
degree of inflation persistence in the Brazilian economy by considering
only its conditional mean. These results are consistent with the conclu-
sions presented in Section 2: the Brazilian inflation rate can be considered
globally stationary by methods designed to account only for its condi-
tional mean. We are able to reject the null of unit root at the 5% and the
1% levels. The estimated date of structural change is October, 15, 2014.
This may suggest that the underlying economic processes are subject to an
abrupt change or was recently affected by a shock in Brazilian economy.
The dummy coefficients are all significant at the 1% level.

Table 2 Tests for global nonstationarity of the weekly inflation rate (%)

Type of the test | Constant | Constant and trend
ADF (MAIC) -5.63%** -5.82%**
KPSS 0.22 0.10
Zivot & Andrews =7.92%** -8.23***

Notes: *** Significant at the 1% level.

Source: author's elaboration.

The estimate of Eq. (1) gives the persistence measure a,(r) over differ-
ent quantiles of the conditional distribution, for 7 € (0,1). Table 3 pres-
ents results for the unit root test using the generalized QAR model given
by Eq. (1), based on 10000 bootstrapped critical values of the t-ratio test
1'(7) statistic, following Koenker and Xiao (2004, Section 3.2). We choose
the lag length based on the Bayesian Information Criterion following Cho
et al. (2015). We find the best lag length of 4 = 13 and apply this for all 19
considered quantiles 7 € [0.05,0.10,...,0.93].

The results presented in Table 3 allow drawing the following conclu-
sions. First, at the upper tail of the distribution, we are unable to reject
the unit root hypothesis at a broader range of quantiles (from 7= 0.75 to
7=0.95). We find evidence of stronger asymmetric dynamics in the infla-
tion level. Besides, we reject the null unit root at the 5% level in all quan-
tiles at the average and the lower tail of the distribution. Second, as for
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the previous results of Maia and Cribari-Neto (2006) and Gaglianone et al.
(2018) for the monthly inflation rate collected in mixed periods, the notice-
able difference is that we are unable to reject the null at a broader range of
quantiles. Since our data are collected only at the ITR period without the
pegged exchange rate effects, we may speculate that the current monetary
policy regime is associated with an exacerbation of asymmetric inflation
dynamics relative to previous studies that used mixed periods of exchange
rate policy regimes.

Table 3 Null hypothesis: a,(z) =1 for ¢ € [0.05,0.10,...,0.95] — Weekly inflation

T a (1) t-statistics | critical values| HL in weeks IRF (t=16)
(t; (z)
0.05 0.7979 -4.8028** -2.4658 3.8619 0.0566
0.10 0.8324 -6.7873** -2.5199 3.9620 0.0609
0.15 0.8229 -7.3037** -2.6600 41418 0.0687
0.20 0.8430 -6.9126** -2.7794 4.6351 0.0914
0.25 0.8475 -6.6330** -2.8549 47681 0.0977
0.30 0.8797 -6.6835%* -2.8792 45922 0.0894
0.35 0.8798 —6.9434** -2.9630 47681 0.0977
040 0.8628 -6.1585%* -3.0578 54271 0.1296
045 0.8833 -6.0707** -3.0137 5.5453 0.1353
0.50 0.8304 -5.9842** -3.0479 5.8188 0.1487
0.55 0.8907 -5.9704** -3.1114 5.9138 0.1533
0.60 0.9156 -5.1751** -3.1915 6.9904 0.2046
0.65 0.9282 -4.3641** -3.1204 8.2591 0.2611
0.70 0.9355 -3.6816%* -3.0804 9.6226 0.3158
0.75 0.9450 -2.6362 -3.1262 11.5393 0.3825
0.80 0.9756 -24371 -3.1332 11.4986 0.3812
0.85 0.9711 -17917 -2.9384 13.3761 04364
0.90 0.9558 -14230 -2.9015 13.1357 0.4299
0.95 1.0144 -0.7080 -2.7692 215174 0.5973

Notes: ** Significant at the 5% level.

Source: author’s elaboration.
These findings imply that an inflationary shock near (above) the average
now may result in a permanent effect over future rising prices. This result

indicates that some monetary policy decisions might gain fine-tuning by
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using data of greater frequency, such as price index or other indicators of
economic activity in Brazil.

As predicted by theory, by analyzing Table 3 results, we also have
found a positive association between the magnitude of the autoregressive
coefficient and the conditional inflation level. Higher inflation implies ris-
ing indexation (inertia), as initially observed by early theoretical works for
inflation in Brazil.

Figure 2 shows the increasing degree of inflation response to shocks
along 19 quantiles, t € [0.05,0.10,...,0.95]. The grey area corresponds to
the bootstrap confidence interval of 95% generated by the procedure of
Feng et al. (2011) based on 3000 bootstrap replications for a,(t) and a,(t)
parameters. The straight red line at the center shows the Ordinary Least
Squares result for the conditional mean with the 95% confidence interval.

Based on our findings and following the analysis of Tsong and Lee
(2011), we analyze the behavior of inflation at each specific quantile, and
we notice that estimated values for a,(t) and the autoregressive coefficient
a,(7) are not constant along quantiles, neither its significance. As observed
by Tsong and Lee (2011), the a,(tr) parameter represents the size of the
observed shock within the 7 th quantile that affects the price inflation.
A negative sign indicates a negative shock, which may result from a cen-
tral bank reaction (e.g., tightened monetary policy). In contrast, a positive
sign reflects a positive shock over the inflation level as a result of a flexible
monetary policy or a credit expansion.

At the 0.50 and 0.60 quantiles, the shock magnitude is significantly dif-
ferent from zero at the 5% level. This result strongly contrasts with the
case of a sample of 12 OECD countries studied by Tsong and Lee (2011),
except Japan. The Brazilian case is different from OECD countries when
it comes to shocks occurring at the average: their magnitude is statistically
different from zero at the 5% level.

If we consider the magnitude and sign of actual shocks occurring below
the average of the distribution, all of them are statistically significant at
the 1% level, negative and large in magnitude. If we compare the length
of the largest shock found by Tsong and Lee (2011) for Ireland (-4.19) with
the same figure in Brazil, we may infer that Brazilian inflation seems to
be much more dispersive since the values of é,(r) parameter range from
-12.88 to —4.57, in which the value of largest negative shock which affects
the Brazilian inflation is —12.83 units in magnitude. All the shocks at aver-
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age and below it are statistically significant and different from zero at both
the 1% and 5% levels.

Figure 2 Size, sign and significance of shocks along the inflation persistence parameter
- Brazil.
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Source: author’s elaboration.

This finding helps to explain why there exists a wide variation in half-
life response measures below and above the long-run value of inflation
in Brazil as presented in Table 3. When a random negative shock af-
fects inflation operating below the average, the pace of mean-reversion
is fast. The contrary occurs when inflation is running above the average
(see Figure 2).

The Brazilian inflation path can be considered globally stationary.
However, the novelty is that in the peaks of the business cycle shown in
Figure 3, a demand or an external shock may produce a permanent effect
on future rising prices if the inflation is above the mean. In contrast, the
return of inflation to its long-run level is very fast if the shock is negative
and current inflation is operating below the average.

The asymmetric persistence also translates into very different behavior
for HL and IRF at different conditional quantiles. For lower quantiles, the
HL is around 4 weeks, and, in contrast, for upper-tail quantiles, the HL is
roughly 12 weeks. The duration of a random shock above the average is
roughly three times longer than shocks occurring below the average. This
asymmetric behavior also can be observed along with the values of IRF as
we move from low-extreme quantiles to the upper-tail quantiles.
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5 Conclusions

This study examines the nature of local persistence in the Brazilian weekly
inflation by testing whether it exhibits unit root behavior in quantiles re-
sulting in asymmetric dynamics along the business cycle. By applying the
generalized QAR model proposed by Galvao (2009) along with a dataset
of greater frequency — weekly inflation rates — we find evidence of more
substantial asymmetry in inflation dynamics when compared to the exist-
ing literature.

The main findings suggest that weekly inflation exhibits asymmetric
behavior in which the response to shocks depends upon the location of
price changes concerning the previous periods. In general, inflationary
shocks above the average have permanent effects on the inflation path. In
contrast, deflationary shocks below the average have temporary effects.
We are unable to reject the unit root at 5% in a set of upper-tail quantiles
(t=1[0.75;0.95]).

These results indicate that the asymmetric dynamics of Brazilian infla-
tion is stronger relative to previous studies and the persistence parameter
is higher for lower quantiles than previous findings as reported by Gaglia-
none et al. (2018) and Maia and Cribari-Neto (2006).

Since our data were collected only in the ITR period under the floating
exchange rate system, we may speculate that the current monetary policy
regime is associated with an exacerbation of asymmetric inflation dynam-
ics when compared to previous studies that used mixed sample periods
involving both the pegged and floating exchange rates. Furthermore, as
the power of the ADF type tests depends upon the sampling frequency
and the sample size, since the used sample is three times larger than that
of the studies as mentioned earlier, we get more precise estimators (lower
uncertainty) and higher power of the test.

One policy implication derived from these findings is that, in the Brazil-
ian case, the sign and size of an inflationary (or deflationary) shock might
be essential for optimal response in monetary policy. The asymmetric na-
ture of inflation persistence in Brazil suggests that the Central Bank must
have a larger concern for the inflationary shocks occurring only above the
average and not below it.

The full inertia hypothesis of the New Consensus Economics is not sup-
ported, because we find evidence of only locally nonstationarity (see Busa-
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to et al., 2009, p. 110). As demonstrated by Koenker nd Xiao (2006), a time
series may exhibit unit root-like tendencies, or even temporarily explosive
behavior. However, occasional episodes of mean reversion within a spe-
cific range of quantiles (as the case here) are sufficient conditions to ensure
global stationarity.

References

ARIDA, P; RESENDE, A. L. Inertial Inflation and Monetary Reform in Brazil, Texto para Dis-
cussdo n° 85, Department of Economics PUC-Rio (Brazil), pp. 1-30, 1985.

ANDREWS, D. W. K. Exactly median-unbiased estimation of first order autoregressive/unit
root models, Econometrica, vol. 61, pp. 139-165, 1993.

BACHA, E. O Plano Real: uma avaliagdo, In: Mercadante, A. (Org.) O Brasil pés-real: a politica
econdmica em debate, Campinas, SP: Unicamp/Instituto de Economia, pp. 11-69, 1998.

BAUR, D. G.; DIMPEL, T,; JUNG, R. C. Stock return autocorrelations revisited: A quantile
regression approach, Journal of Empirical Finance, vol. 19, pp. 254-265, 2012.

BOGDANSK]I, J.; TOMBINI, A. A., WERLANG, S. R. Implementing Inflation Targeting in
Brazil, Money Affairs, vol. 14(1), pp. 1-23, 2001.

BUSATO, M. L; MOREIRA, R. R,; CAVALCANTI, A. A Dinimica Inflaciondria no New
Consensus Economics: uma Andlise Critica, Andlise Econdmica, Porto Alegre, Ano 27, n° 52,

pp. 97-117, 2009.

CARVALHO, A. R. A persisténcia da indexacdo no Brasil pds-Real, Revista de Economia Politica,
vol. 34(2), pp. 266-283, 2014.

CHO, J. S;; KIM, T.; SHIN, Y. Quantile cointegration in the autoregressive distributed-lag
modeling framework, Journal of Econometrics, vol. 188, pp. 281-300, 2015.

CHOI, I. C.,; CHUNG, B. S. Sampling frequency and the power of tests for a unit root:
A simulation study, Economics Letters, vol. 49, pp. 131-136, 1995.

CORREA, A. S.; PETRASSI, M. B.; SANTOS, R. Price-Setting Behavior in Brazil: survey evi-
dence, Working Paper Series 422, Banco Central do Brasil, Brasilia, pp. 1-32, 2016.

DICKEY, D. A.; FULLER, W. A. Distribution of the Estimators for Autoregressive Time Series
with a Unit Root, Journal of the American Statistical Association, vol. 74(366), pp. 427-431,
1979.

DORNBUSCH, R.; STURZENEGGER, F; WOLE H.; FISCHER, S.; BARRO, R. J. Extreme
Inflation: Dynamics and Stabilization, Brooking Papers on Economic Activity, vol. 1990(2),
pp- 1-84, 1990.

FENG, X.; HE, X,; HU, J. Wild bootstrap for quantile regression, Biometrika, vol. 98(4),
pp. 995-999, 2011.

FIGUEIREDO, E M. R; FERREIRA, T. P. Os precos administrados e a inflagdo no Brasil, Tra-
balhos para Discussdo n° 59, Banco Central do Brasil, Brasilia, Dezembro, pp. 1-32, 2002.

v.31 n.1 2021 Nova Economia 83



Marques

FIGUEIREDO, E. A.; MARQUES, A. M. Inflagdo Inercial como um Processo de Longa Me-
moria: Andlise a partir de um modelo Arfima-Figarch, Estudos Econdmicos, vol. 39(2),
pp. 437-458, 2009.

FIGUEIREDO, E. A.; MARQUES, A. M. Inflacdo inercial sob mudancas de regime: andlise a par-
tir de um modelo MS-ARFIMA, 1944-2009, Economia Aplicada, vol. 15(3), pp. 443-457, 2011.

FRAGA, A.; GOLDFAJN, I; MINELLA, A. Inflation Targeting in Emerging Market Econo-
mies, National Bureau of Economic Research, NBER Macroeconomics Annual, vol. 18,
pp. 365-415, 2003.

FRANCO, G. H. B. A insercdo externa e o desenvolvimento, Revista de Economia Politica,
vol. 18(3), pp. 121-147, 1998.

GAGLIANONE, W. P; GUILLEN, O. T. C.; FIGUEIREDO, E M. R. Estimating inflation per-
sistence by quantile autoregression with quantile-specific unit roots, Economic Modelling,
vol. 73, pp. 407-430, 2018.

GALVAO, A. E Unit root quantile autoregression testing using covariates, Journal of Economet-
rics, vol. 152(2), pp. 165-178, 2009.

HAYAKAWA, K.; MATSUURA, T. Trade liberalization, market share reallocation, and ag-
gregate productivity: the case of the Indonesian manufacturing industry, Developing Econo-
mies, vol. 55(3), pp. 230-249, 2017.

HOUSSEINKOUCHACK, M.; WOLTERS, M. H. Do large recessions reduce output perma-
nently?, Economics Letters, vol. 121, pp. 516-519, 2013.

JARQUE, C.; BERA, A. K. Efficient tests for normality, homoscedasticity and serial indepen-
dence of regression residuals, Economics Letters, vol. 6, 255-259, 1980.

KOENKER, R.; BASSETT, G. Regression Quantiles, Econometrica, vol. 46(1), pp. 33-50, 1978.

KOENKER, R;; XIAO, Z. Unit Root Quantile Autoregression Inference, Journal of the Ametican
Statistical Association, vol. 99(467), pp. 775-787, 2004.

KOENKER, R; XIAO, Z. Quantile Autoregression, Journal of the American Statistical Association,
vol. 101(475), pp. 980-1006, 2006.

KWIATKOWSKI, D.; PHILLIPS, P. C. B.; SCHMIDT, P; SHIN, Y. Testing the null hypoth-
esis of stationarity against the alternative of a unit root, Journal of Econometrics, vol. 54,
pp. 159-178, 1992.

LOPES, E L. Inflagdo inercial, hiperinflagdo e desinflagdo: notas e conjecturas, Revista de Eco-
nomia Politica, vol. 5(2), pp. 135-151, 1985.

LIMA, L. R.; GAGLIANONE, W. P,; SAMPAIO, R. M. B. Debt ceiling and fiscal sustainability
in Brazil: A quantile autoregression approach, Journal of Development Economics, vol. 86,

pp. 313-335, 2008.

MAIA, A. L. S.; CRIBARI-NETO, E Dinimica inflacionéria brasileira: resultados de auto-
-regressdo quantilica, Revista Brasileira de Economia, vol. 60(2), pp. 153-165, 2006.

MINELLA, A.; FREITAS, P. S.; GOLDFAJN, I.; MUINHOS, M. K. Inflation Targeting in Bra-
zil: Lessons and Challenges, Working Paper Series 53, Brasilia, Banco Central do Brasil,
pp. 1-47, 2002.

MODIANO, E. M. Salérios, pregos e cdmbio: os multiplicadores dos choques numa econo-

84  NovaEconomia v.31 n.l 2021



Testing for asymmetric adjustment in weekly Brazilian inflation

mia indexada, Pesquisa e Planejamento Econdmico, vol. 15(1), pp. 1-32, 1985.

RESENDE, A. L. A moeda indexada: nem panaceia nem madgica, Revista de Economia Politica,
vol. 5(2), pp. 124-129, 1985a.

RESENDE, A. L. A moeda indexada: uma proposta para eliminar a inflagdo inercial, Revista de
Economia Politica, vol. 5(2), pp. 130-134, 1985b.

ROACHE, S. K. Inflation Persistence in Brazil — A Cross Country Comparison, IMF Working
Paper 14/55, International Monetary Fund, 2013.

SHAPIRO, S. S.; WILK, M. B. An Analysis of Variance Test for Normality (Complete Sam-
ples), Biometrika, vol. 52(3/4), pp. 591-611, 1965.

SIMONSEN, M. H. A inflacdo brasileira: licdes e perspectivas, Revista de Economia Politica,
vol. 5(4), pp. 15-30, 1985.

TAYLOR, A. M.; TAYLOR, M. P.The Purchasing Power Parity Debate, Journal of Economic
Perspectives, vol. 18(4), pp. 15-30, 2004.

TSONG, C.-C., LEE, C.-E Asymmetric inflation dynamics: Evidence from quantile regression
analysis, Journal of Macroeconomics, vol. 33, pp. 668-680, 2011.

ZIVOT, E.; ANDREWS, D. W. K. Further evidence on the great crash, the oil-price shock, and

the unit-root hypothesis, Journal of Business & Economic Statistics, vol. 10(3), pp. 251-270,
1992.

About the author
André M. Marques — andremmarques@yahoo.com.br

Department of Economics, Federal University of Paraiba, Jodo Pessoa, PB, Brazil.
ORCID: https://orcid.org/0000-0002-6762-8439.

I am very grateful to Vinicius Aguiar de Souza and Guilherme de Oliveira, who made countless suggestions and corrections
to the first draft. I thank the pleasant environment provided by the Tohoku University Library where I wrote the first draft
of this paper. Additionally, I would like to thank André Roncaglia de Carvalho and Joelson Oliveira Sampaio from Fundagao
Getilio Vargas (FGV-EESP), who kindly shared data used in this paper. I am very grateful to an anonymous referee for his
critical comments and handy suggestions. All remaining errors are mine.

About the article
Submission received on March 01, 2019. Approved for publication on June 05, 2020.

[ O TS| This article s licensed under a Creative Commons Attribution 4.0 International License. v.31 n.1 2021 Nova Economia 85



