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Wage Rigidity and Disinflation in Emerging Countries
By JULIAN MESSINA AND ANNA SANZ-DE-GALDEANO

This paper examines the consequences of rapid disinflation for
downward wage rigidities in two emerging countries, Brazil and
Uruguay. Although wage rigidities are altered by disinflation, in
neither of the two countries does price stability eliminate frictions
in wage-setting mechanisms. In a context of individual wage
negotiations and weak unions, disinflation in Uruguay puts an end
to its history of indexation, but strong resistance to nominal wage
cuts emerges. In strongly unionized Brazil, wage indexation is highly
persistent, but the introduction of inflation targeting by the Central
Bank in 1999 moves the focal point of wage negotiations to expected
inflation. (JEL E31, E52, 31,151, O11, O15, 023)

he incidence and nature of downward wage rigidities vary markedly across
countries. In the United States, an ample literature suggests that workers resist
nominal wage cuts (e.g., Kahn 1997; Altonji and Devereux 2000; Lebow, Saks, and
Wilson 2003). In contrast, downward nominal wage rigidity (DNWR) is lower in
Europe, where downward real wage rigidities (DRWRs), introduced through different
forms of explicit or implicit indexation of wages to prices, appear to be more relevant.
Institutional settings, and in particular unions and firing restrictions, have been argued
to explain such differences (Dickens et al. 2007; Holden and Wulfsberg 2008, 2009).
Notwithstanding cross-country heterogeneity, changes in the rigidity regime
within countries are seldom observed. Goette, Bauer, and Sunde (2007) show that
workers’ resistance to nominal wage cuts remains persistently high in Switzerland
in spite of a prolonged period of very low inflation and GDP growth. Barwell and
Schweitzer (2007) in the United Kingdom, Bauer et al. (2007) in Germany, and
Devicienti, Maida, and Sestito (2007) in Italy show that real rigidities are more
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important than workers’ resistance to nominal wage cuts through a period of almost
two decades. A possible rationale for the persistence in wage rigidities across coun-
tries is that the macro and policy environment in the countries and periods previ-
ously studied were relatively stable, offering little variation to identify the impacts
on wage setting of macro and policy changes.

This paper contributes to the understanding of the nature and incidence of
downward wage rigidities in environments characterized by sharp macroeco-
nomic and policy changes. First, there is no information regarding how wage-
setting regimes respond to rapid disinflation periods. In a high-inflation regime,
wage indexation is likely to be pervasive. In contrast, DNWR is likely to be
irrelevant. To the extent that such indexation is persistent, disinflation policies
are much harder to obtain. Is indexation rapidly easing as disinflation policies are
introduced? Does this weakening of indexation lead the way to flexible wage set-
ting, or do DNWRs arise? We shed some new light on these questions and assess
the role of the institutional environment in shaping the response of wage setters
to the disinflation process.

Second, to our knowledge, we are the first to document empirically how a
change in the monetary policy regime—the introduction of inflation targeting—
alters the nature of wage rigidity. A rationale for inflation targeting is to move
the economy from high-inflation equilibria to low-inflation equilibria by provid-
ing a focal point to economic agents. As Bernanke (2004) suggested, explicit
or implicit indexation clauses should ultimately depend on the monetary pol-
icy regime. However, little is known about the response of wage setters to such
institutional changes.

To analyze these issues, we examine the evolution of wage rigidities in two
emerging countries, Brazil and Uruguay, that have experienced rapid disinflation
and institutional changes. Brazil and Uruguay successfully reduced inflation after
the introduction of stabilization policies in the 1990s—moving from three-digit
levels (four, in Brazil) in the first years of the stabilization effort to one-digit levels
by the end of the decade (see [Figure 1). Our analysis begins in the transition years:
1995 in Brazil and 1996 in Uruguay.

The contrast of the two countries is informative because, during this period, their
labor market institutions differed sharply. We focus on two institutions that are
likely to be of particular relevance for wage rigidities. The first one, the structure of
the wage-bargaining system and the role of unions, has been stressed as a key source
of downward wage rigidities in the empirical literature that focuses on high-income
countries. The second one, the minimum wage, may be of more relevance for low-
and middle-income countries. In Uruguay, the government policy of dismantling
the Consejo de Salarios, a tripartite system of wage bargaining, led to decentral-
ized wage-setting whereby unions lost a great deal of bargaining power (Senatore-
Camerota 2007). In contrast, union coverage in Brazil remained fairly high and
stable, with sectoral bargaining featuring automatic extension clauses that prevailed
as the most common wage-bargaining regime in the formal sector (Arbache 2002).
Minimum wages in Uruguay are among the lowest in Latin America, whereas in
Brazil they are much closer to the median wage. To the extent that changes in the
minimum wage constitute a signal for wage bargaining across all sectors (Maloney
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FIGURE 1. THE EVOLUTION OF INFLATION IN BRAZIL AND URUGUAY, 1990-2011

and Mendez 2004), they might be an important source of de facto indexation in
Brazil.

We rely on fairly rich matched employer-employee data from administrative
records in Brazil and Uruguay, which allow us to obtain accurate measures of hourly
wages and to properly track worker mobility. The analysis is carried out using the
maximum likelihood estimator first proposed by Altonji and Devereux (2000) and
extended to consider DRWR by Goette, Bauer, and Sunde (2007). Goette, Bauer,
and Sunde (2007) model wage changes as a function of individual and firm charac-
teristics to build a counterfactual or notional distribution, which is the distribution
that would have prevailed in the absence of wage rigidities.

In the model, the likelihood of each individual wage change observation belongs
to one of three wage-setting regimes: (i) flexible wages, in which case the actual
wage change coincides with the notional wage change; (ii) DNWR, which implies
that if the individual is scheduled for a wage cut, she instead receives a wage freeze;
and (iii) DRWR, where if the individual is scheduled for a wage change that fell
below a threshold r; > 0, she instead receives a wage change equal to this minimum
acceptable threshold. Importantly, this threshold that determines the focal point
of DRWR in wage negotiations is endogenously determined by the model and is
allowed to be heterogeneous across workers. This permits ex post evaluation of the
relationship between this price index and different prices in the economy, which is
crucial for understanding the sources of indexation. The model also allows for errors
in the measurement of wages. This is potentially important because measurement

'For instance, Castellanos, Garcia-Verdd, and Kaplan (2004) study downward wage rigidity in Mexico and find
clear signs of indexation to the minimum wage. Our paper differs from this study in three respects. First, we allow for
the presence of measurement errors in the estimation, an aspect that has received considerable attention in the literature
in the recent years. Second, we do not impose wage indexation to follow a predetermined price index. Instead, the price
index considered in wage negotiations is allowed to be heterogeneous across agents and is endogenously determined.
Finally, our model is estimated year by year to track changes in the distribution of wage changes over time.
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error in wage data has been shown to be a source of downward bias in the estimated
incidence of DNWR (Gottschalk 2005).

Our results indicate that Brazil and Uruguay present substantial differences in
the nature of wage rigidities and in their reaction to changes in the macroeconomic
and institutional environments. In the private formal sector of Uruguay, the peg-
ging of individual nominal wage growth to the rate of inflation falls dramatically
as inflation stabilizes at lower levels. DRWR affects, on average, 75 percent of the
workforce in the period 1996-1999, decreasing to a fairly stable 7 percent for the
rest of the sample period (1999-2004). In parallel, the fraction of workers subject
to DNWR increases from around 13 percent in the first three years to an average
of 66 percent in the second part of the sample. Hence, disinflation is associated
with a sharp movement away from wage indexation. However, this process does
not lead the way to a frictionless wage-setting regime. Instead, worker resistance
to nominal wage cuts arises. Interestingly, these changes appear to constitute a
genuine regime shift. When inflation peaks again in Uruguay during the years
2002-2004, wage indexation does not return, and DNWR remains as the funda-
mental wage-setting friction.

In contrast with Uruguay, the share of workers subject to wage indexation in
Brazil is fairly high and stable, affecting on average 43 percent of the workforce.
There is, however, an important regime shift in Brazil, and this shift is related to
the focal point of DRWR, or the price index to which nominal wages are indexed.
During the first years of the sample, up to 1999, the focal point of wage negotia-
tions is tightly linked to the change in the minimum wage. After the introduction of
inflation targeting in 1999, this focal point moves away from the minimum wage
and becomes closely related to the evolution of inflation, a feature that is consistent
with the anchoring of inflation expectations by the new monetary policy regime.
Interestingly, the variance across agents of the focal point in wage negotiations also
increases after 1999—a feature that is consistent with the index being an indicator
of inflation expectations.

The results in this paper are related to two recent macro studies. In the context of
price setting, Benati (2008) shows that the rate of inflation persistence in different
countries and time periods varies with the monetary policy regime. Similar evidence
is presented by Hofmann, Peersman, and Straub (2010) in the context of US wage
dynamics. Our work is a first attempt to examine the stability of downward nominal
and real wage rigidities in an environment subject to policy changes and rapid mac-
roeconomic stabilization. To achieve this goal, relying on micro data is fundamen-
tal. An economy can display substantial wage rigidity within ongoing employment
relationships and, at the same time, present fairly flexible wages at the macro level if
wage flexibility at the margin is obtained through labor market turnover. This seems
to be the case in Brazil. We finish the discussion with an analysis of median wage
changes in sectors and occupations. The macro wage change distributions of either
formal or informal sectors show no signs of wage rigidities, even in those years
where we find substantial wage indexation at the micro level.

The rest of the paper is organized as follows. Section I describes the datasets
used and presents wage change histograms for selected years, discussing their
main features and why they are suggestive of different types of rigidities. Section II
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discusses the methodology used to deal with measurement errors and the joint
estimation of the different types of rigidity. Section III presents the main results
of the paper, and Section IV presents robustness checks of the baseline model. In
Section V, we extend the analysis of the incidence of wage rigidities to sectors and
occupations rather than individual wages. Section VI concludes.

I. Data
A. Data Sources and Sample Selection

We use annual administrative employer-employee matched data from Brazil
(1995-2002) and Uruguay (1996-2004). The main difference between the two datas-
ets is that while the former is comprehensive, including information for the universe of
workers in the formal sector in the state of Minas Gerais (Brazil), the latter provides us
with information on a random sample of workers in Uruguay’s formal sector.

Our data source for Brazil is the labor market census, Relacdo Annual de Informacoes
Sociais (RAIS), an administrative dataset collected annually by the Brazilian Labor
Ministry. By Brazilian law, all employers in the formal sector must report detailed
information for all their workers to RAIS every year. RAIS includes information about
workers (gender, age, education) and their jobs (type of contract, occupation, average
monthly wage earned during the year, wage earned in December, and the amount of
hours usually worked per week), as well as some characteristics of the establishment
(sector, region, municipality). Importantly, RAIS also provides firm, establishment,
and worker identifiers, which, together with the dates of admission and separation,
allow us to accurately identify year-to-year job stayers.

Our Uruguayan data consist of social security records from the Banco de
Prevision Social (BPS). After the 1995 social security reform, the BPS started keep-
ing employer and employee administrative records on a monthly basis. We exploit
a random sample of the BPS records, which, like those of the Brazilian RAIS, con-
tain information on establishments (number of employees, sector, region), workers
(age, gender), and their jobs (occupation, weekly hours of work, monthly wages).
Establishments and workers are uniquely tracked by an individual identifier and an
establishment identifier. Each job within a worker-establishment pair is uniquely
identified as well, which allows us to track year-to-year job stayers who have been
neither promoted nor demoted. This job identifier, however, is not available in RAIS,
so for the sake of comparability in our empirical analysis we define stayers as work-
ers who are continuously employed in the same establishment for a year or more.’

Regarding the compensation measures used in our analysis, RAIS reports monthly
wages earned in December, which include extraordinary additions, supplements and
bonuses, tips and gratuities, commissions and fees, contracted premia, overtime com-
pensation for contracted extra hours, and, in general, all forms of payment that are
taxable income or are subject to Brazilian social security contributions. The “13th
salary,’the special December payment that is made in some sectors, as well as severance

2However, it is worth noting that our results are very similar when we exclude promoted or demoted employees
from our Uruguayan sample of stayers.
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payments for layoffs and indemnity payments are not considered wage components.
Therefore, we construct a comparable monthly wage measure from Uruguay’s BPS
that excludes severance payments and the special December payment. The number
of hours worked per week is reported in both datasets. There are some differences,
though, in the way hours are measured in each dataset. The RAIS data report contrac-
tual hours, while BPS records actual hours worked during the week of reference.

Hourly wages in each dataset are constructed using the compensation and hours
worked in that dataset. Note that none of our measures of hourly wages is, in prin-
ciple, exempted from measurement errors. Since individuals’ working-time arrange-
ments are not time-invariant, even if they stay in the same job, some of the observed
monthly wage changes will actually reflect changes in labor input. Computing hourly
wages from RAIS will only partially mitigate this problem as long as changes in
hours are reflected in the contract. The hourly wage measure in Uruguay might be
more accurate, but variations in weekly hours of work throughout the month will
result in measurement errors. In sum, even if our two data sources are less likely to
be subject to measurement error than survey data, we cannot rule out the possibility
of measurement error. Hence, the model described in Section II allows for the pres-
ence of measurement error in the estimation.

In Section IV, we exploit a third data source, the Brazilian annual household survey
or Pesquisa Nacional por Amostra de Domicilios (PNAD), to analyze wage changes
at the occupational level.] The PNAD contains 340 occupational categories, on aver-
age, up to 2002. The occupational classification changes in 2002, increasing the total
number of occupations to 438. Note that the survey was not carried out in 2000. This
fact, together with the methodological change of 2002, implies that we cannot calculate
wage changes for the period 1999-2002. We limit the sample to the period 1995-2004.

We apply the same sample selection criteria to the three data sources. First, we
restrict our sample to full-time employees aged 14—65 working in the private sector.
Second, whenever individuals have more than one job, we always keep the obser-
vation with the highest paying job. Our benchmark analysis of individual wage
growth using RAIS and BPS, which we define as the difference in log wages over a
12-month interval, is limited to job stayers, who are characterized by working in the
same establishment in the same month in two adjacent years. These data restrictions
leave 7 years of wage change observations in Brazil (containing between 857,589
and 1,200,120 individual cases) and 8 years in Uruguay (including between 68,494
and 97,721 individual wage changes).

Before moving forward, two potential data limitations should be discussed. First,
we had no access to the full RAIS sample but only to the universe of formal workers
in the state of Minas Gerais. This may be a limitation if the labor market in Minas
Gerais is not representative of the whole country. To assess the representativeness of
the Minas Gerais labor market, we have compared the socioeconomic characteristics
of Minas Gerais with the rest of the country using the PNAD and found that differ-
ences in age, gender, years of schooling, the sectoral structure of the economy, and

3The Brazilian occupational classification system, the Classificacdo Brasileira de Ocupagées (CBO), is pro-
fession-based, hence, it combines elements related to the skills needed for the job with the sectoral affiliation of
the job. For simplicity, throughout the paper we refer to these profession-based occupations simply as occupations.
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main labor market aggregates (e.g., employment, unemployment, and informality)
are marginal. We have also compared wage change distributions where the unit of
observation is the median wage in detailed occupations using data from the PNAD
for all years in the sample. We found that, with the exception of the first two years
when wage changes in the state of Minas Gerais present fatter tails, the wage change
distributions are remarkably similar. The evidence thus suggests that the labor market
in Minas Gerais is likely to be well suited to represent the Brazilian labor market.

A second aspect that requires some discussion regards the fact that the adminis-
trative sources examined in this study cover only the formal sector of the economy.
To the extent that the distribution of wage changes in formal and informal sectors is
substantially different, this may be an important concern, especially in Brazil, where
informal employment is much higher (39 percent of the total number of employees,
on average) than in Uruguay.’” To shed some light on this issue, we return to the
PNAD and contrast the distribution of occupational wage changes among formal
and informal workers considered separately . Interestingly, the two distri-
butions present a very similar shape. Both distributions are skewed to the right, and
there is not a clear pattern of statistical dominance; in some years (e.g., 1995-1997
and 1998-1999) the right tail of wage changes of informal workers weakly domi-
nates that of formal employees, while in others (1996-1997 and 1997-1998) the
opposite pattern prevails. These differences, moreover, are fairly small. While this
evidence does not rule out the possibility that the distribution of wage changes of
stayers (the focus of our analysis) may differ between informal and formal sectors,
it is suggestive that such differences may not be too large.

B. Descriptive Evidence

To get an initial impression of the different types of rigidities that prevail under
different inflation scenarios, in this section, we look at individual wage change dis-
tributions from selected years (Figures 3 and 4). In line with our previous discus-
sion, we concentrate on the yearly nominal log-wage change distribution of private
sector workers staying in the same job for two consecutive years. Each bin contains
a 1 percent variation in wages, and we have restricted nominal wage changes to be
below 40 percent and above —10 percent in the figures to highlight the distortions
associated with DNWR and indexation. Two vertical lines are also shown in the
graph. The solid line is the yearly inflation rate, while the dashed line shows the
yearly growth rate of the minimum wage.

We start by discussing the earlier period in our sample, when inflation had
already started coming down but was still at double-digit levels. Panel A of|Figure 3
shows the wage change histogram in 1997-1998 in Uruguay. This is the first year

“#See the online Appendix for tables and figures comparing Minas Gerais with the rest of Brazil.

5Uruguay is the Latin American country with the lowest rate of informality. According to the National
Household Survey (Encuesta Nacional de Hogares Ampliada), the share of informal employment (defined as those
employees not registered with social security) in 2001 accounted for 22 percent of the total number of employees.

SWe define informal employees in Brazil as those without a labor ID card, or carteira. This ID card provides
workers with access to employment protection and other social benefits. This definition is equivalent to our defini-
tion for Uruguay and is the most widely used in the case of Brazil (see, for instance, Perry et al. 2007).
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of moderate (10.81 percent) inflation after the introduction of the stabilization plan
in 1990. The first notable aspect is a concentration of observations at zero wage
changes (around 7 percent), and the relatively small mass below it, in what seems
to be a sign of DNWR. There is another important asymmetry in the distribution.
A large mass of observations is clustered right below the inflation rate, in the 9 per-
cent bin, while the percentage of workers with wage changes right below this bin
is clearly lower than the percentage of wage changes above it. Naturally, economic
agents do not necessarily have the same expectations about inflation or the same ref-
erence value in wage negotiations. Hence, the distortion associated with indexation
clauses cannot be seen as clearly in the histograms as the concentration of observa-
tions at zero wage changes. In this case, for instance, the distortion is not at the rate
of inflation but right below it. However, the cluster of observations around the rate
of inflation might be a sign of partial indexation clauses. This will be taken into
account in the empirical analysis by allowing for inflation expectations or the focal
point in wage negotiations to differ across agents. Finally, note also that the growth
of the minimum wage lies well above the rate of inflation, and there are no signs of
distortion in this part of the distribution. As we will see, this is in sharp contrast with
what is happening in Brazil during this period.

Panel B of Figure 3 shows the wage change histogram in 1995-1996 in Brazil.
This is right after the introduction of the stabilization plan in 1994, the Plano Real
(Real Plan), which succeeded in sharply bringing down inflation from 2,075 percent
in 1993-1994 to 15.75 percent in 1995-1996. The first noticeable aspect is a large
spike in the 12 percent bin, which accounts for some 15 percent of the wage change
observations and more than triples the mass in the adjacent bins. The 12 percent bin
coincides with the growth of the minimum wage (11.99 percent), which forcefully
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suggests that the price index used to index wage contracts this year is the change
in the minimum wage. Note also that there are no distortions associated with the
rate of inflation. Quite surprisingly, we find very few zero wage changes, but the
—1 percent bin shows a small spike. This concentration of tiny wage cuts is sugges-
tive of measurement error.

We move next to the low-inflation years. Panel A of shows the wage
change distribution in Uruguay in 2000-2001, when inflation is at its low for the
period (4.35 percent). The most striking feature with respect to the high-inflation
year is the growth in the spike at zero, which now accounts for almost 25 percent of
the wage change observations. As before, there is some concentration of observa-
tions around the rate of inflation, but to a much lesser extent than in 1997-1998.
Panel B of Figure 4 shows the 1999-2000 histogram in Brazil. As before, the change
in the minimum wage is associated with a large spike, amounting to 14 percent of
the wage changes. The novelty is that there appears to be a second distortion in the
positive wage change range, this time associated with the rate of inflation. This
could indicate that, as inflation comes down, some agents start indexing their wages
to expected or past inflation as opposed to changes in the minimum wage.

In sum, visual inspection of the wage change histograms suggests an important pres-
ence of downward rigidities and indexation in both countries in all years. However,
obtaining precise measures of downward wage rigidities is complicated because of the
presence of measurement error in the data and the existence of different focal points for
wage indexation. The next section presents a model that deals with these two features
and provides us with clean measures of DNWR and the extent of wage indexation.

II. Methodology

The econometric model we employ builds on the work first proposed by Altonji
and Devereux (2000), who develop a wage-setting model in which the parameters
that govern DNWR and measurement errors are jointly estimated via maximum like-
lihood. This methodology has been extended by Goette, Bauer, and Sunde (2007)
to consider DRWR, or the resistance of nominal wages to fall below an estimated
positive threshold, and has been applied to case studies in the United Kingdom
(Barwell and Schweitzer 2007), Germany (Bauer et al. 2007), and Italy (Devicienti,
Maida, and Sestito 2007). In what follows, we present a brief description of the main
elements of this model./

The likelihood of each individual wage change observation belongs to one of
three possible regimes: a regime subject to DNWR, a regime subject to wage index-
ation or DRWR, and a regime in which wages are fully flexible.” In the model, we
allow for the possibility (although this is not imposed) that observed wage levels are
distorted by measurement error. Define Ay}, as the notional wage change distribu-
tion at time ¢, corresponding to wage changes between f and ¢t — 1. The notional is

7See the online Appendix for a full derivation of the model.

8We use the terms DRWR and wage indexation interchangeably. There are important differences across coun-
tries, but indexation clauses tend to be asymmetric. If inflation happens to be above expectations, revision clauses
are often in place, but the reverse is not true. See Babecky et al. (2012) for a discussion.



112 AMERICAN ECONOMIC JOURNAL: MACROECONOMICS JANUARY 2014

the distribution that would prevail if all wages were fully flexible and there were no
measurement errors. Then, the notional wage change for a random draw i from the
population can be modeled as a function of observable characteristics, as follows:

(1) ijt = Xitlet + i

The vector x;,_; represents a set of individual and job characteristics in the base year,
and the error term ¢;, is assumed to be normally distributed (5,, ~ N(O, a?,)). The
problem is that we do not observe this notional wage change. Rather than observing
Ayj,, we observe a wage change distribution that is potentially distorted by both
measurement errors and downward wage rigidities. We refer to this distribution as
the observed distribution (Ay?), and we detail below how it relates to Ay}

As we stated, the first reason why observed and notional wage changes can dif-
fer is the presence of measurement error. The population measurement error is
defined as the difference between the observed value, Ay, and the actual value,
Ay,. Hence, Am; = Ay — Ay,, where m;, is modeled as a shock to wage levels
that is independently and normally distributed across individuals and time periods
(mi, ~ N(O, 0,2,,,)). However, not all wage level observations are subject to measure-
ment error. We assume that with probability ¢,, wage levels at time ¢ are correctly
measured, and with probability 1 — ¢, they are measured with error.

The second reason why observed and notional wage changes can differ is the
presence of rigidities in wage setting. Wage changes for the proportion of individu-
als subject to DNWR, denoted by p¥, will be governed by

o _ [Xy B + & + Amy if Ay >0
@) Avi = {Am,-, if Ay}, < O}'

Thus, for those individuals subject to DNWR, the observed wage change will
coincide with the notional wage change plus some measurement error only when the
programmed wage increase is above zero. If the notional wage change were nega-
tive, the worker would receive a wage freeze, and the observed wage change would
differ from zero only if wages were measured with error.

Similarly, the observed wage changes of the individuals prone to DRWR, denoted
by p®, will be given by

3 Ave — [XiuiB + ga + Amy if Ay > |
G) Vi {Am,, + 1 if Ayl <,

A straightforward interpretation (but not the only one) of r; is that it represents
individual-specific inflation expectations. Note that, in contrast with DNWR, the focal
point for wage indexation is individual specific ( r;). In the empirical implementation of
the model, we will assume that r;, is independently and identically distributed normal,

and will allow its mean and variance to vary over time (r,-, ~ Nt 0%) )
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As for the fraction of flexible individuals, denoted by 1 — pY — p¥, their actual
wage changes, Ay;, are equal to the notional wage changes, Ayj. Differences
between observed and notional wage changes are allowed if measurement error is
present: Ay{ = Ay}, + Am,,.

The probability of belonging to each of the three regimes—DNWR (p), DRWR
(p¥) and flexible wages (1 — p¥ — pX)—is the same across individuals but varies
year by year. Since the three probabilities sum up to one, we will often refer to them
in the paper as the share of individuals in each regime. Note that these probabili-
ties denote the fraction of the labor force that is potentially constrained by wage
rigidity. For instance, the higher pY, the higher the probability that if the individual
were scheduled for a wage cut, her wage would be frozen. This is different from the
probability of each regime being actually binding, which naturally depends on the
notional wage growth of each individual, and consequently on individual character-
istics and the macroeconomic environment.

There is not a simple one-to-one correspondence between the shares of the rigid-
ity regimes and the probability of being actually constrained by rigidities. For exam-
ple, in a hypothetical country that consistently across years displayed the following
features: (i) wage change histograms with no wage cuts, (ii) a spike at zero, and
(iii) no other observable distortions in wage changes, our estimator would indicate
p¥ to be in the vicinity of one. However, the actual incidence of DNWR could vary
greatly year by year. In years of rapid GDP growth, we would probably observe a
smaller spike at zero, and hence lower incidence of DNWR. However, in a reces-
sion, the spike at zero would likely be larger, and so would the fraction of workers
for whom DNWR is actually binding. Similarly, individual characteristics matter.
For example, if productivity growth is higher for managers than for welders, the
probability of DNWR being binding (i.e., the probability that the notional wage
change falls below 0) should be lower for the former group. Hence, the actual inci-
dence of DNWR would be lower for managers than for welders.

Denoting ¢ the cumulative density function of a standard normally distributed
variable, the incidence of DNWR (i} ) and DRWR (i¥) in year ¢ can be obtained as

1
@) it = prol(n, - xo1B)/(0% + 02)7)
ift] = pivq){xitflﬁt/aez}'

Under these assumptions, the contribution of each observation to the likelihood is
calculated and all parameters are estimated by maximum likelihood. Intuitively,
the estimator uses the local asymmetries in the wage change distributions that we
have discussed in the descriptive section to identify DNWR and DRWR. However,
instead of identifying them unconditionally by, for example, visually inspecting the
previous histograms, the estimator exploits the asymmetries in wage changes con-
ditional on individual and job characteristics. As for the identification of potential
measurement error, the estimator has two main features that help assess its relevance.
First, since measurement error is expected to follow a continuous distribution, its
presence is less likely when the size of the spike at zero or the rate of inflation are
large. Second, since measurement error is expected to displace these spikes in the
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distribution, when measurement error is important, we should observe an excess of
probability mass around zero and r; and relatively smooth asymmetries in other parts
of the wage change distribution.’

Note that, in contrast with previous studies, the rate of inflation observed during
the period of study in both Uruguay and Brazil is fairly volatile. We exploit this vari-
ability to study the impact of disinflation by estimating our model year by year. This
allows for a flexible specification, wherein both the parameters of the notional and
the different rigidity regimes may vary across years.

Two extensions of the baseline model are examined in the robustness section
(Section IV). When indexation is the dominant friction, real wage rigidity may
operate upward as well as downward. Hence, we allow for symmetric real wage
rigidity. Second, we extend the model to allow for within-group inequality in the
notional wage change distribution by letting the variance to be a function of observ-
able worker and firm characteristics. This introduces additional flexibility in the
estimation, by not imposing unimodality or symmetry in the notional.

II1. Main Results
A. Empirical Implementation

In this section, we discuss some relevant details regarding the empirical imple-
mentation of the model and provide a first assessment of its performance. We esti-
mate an individual wage change model and the corresponding rigidity parameters
year by year. It is important to note that, after applying the sample restrictions dis-
cussed in Section I, we do not eliminate outliers from the sample. We let our model
of measurement error deal with the problem of reporting errors.

The set of covariates used to estimate the notional wage change distribution varies
in the two countries, reflecting differences in data availability.'| The Brazilian data
are more comprehensive and allow us to control for gender, age, tenure and their
quadratic terms, educational attainment, occupation and sector of operation, estab-
lishment size, type of labor contract, and location of the firm (in Belo Horizonte or
outside the state capital). In the case of Uruguay, we control for gender, age, tenure
and their quadratic terms, sector of operation, white- or blue- collar status, establish-
ment size, and the location of the firm (in Montevideo versus the rest of the country).

reports maximum likelihood estimates of the notional wage change
equation parameters and their associated z-statistics for Uruguay and Brazil in
1998-1999."" The estimated coefficients are highly significant in almost all cases.

°It is important to note that not all forms of measurement error will necessarily result in an underestimation
of DNWR. Most notably, in the presence of rounding errors, wage freezes would actually be overrepresented and
not the opposite (see Smith 2000). We believe our data are unlikely to suffer from rounding errors because wage
information is directly extracted from firms’ individual pay records. In the case of Uruguay, the BPS data determine
individual access to pension, health, and other benefits. Hence, it is in the worker’s interest that the firm accurately
report all information. Moreover, the data are thoroughly checked by government officials. In the case of Brazil,
wages are also directly extracted from company records, and wage information is requested to the level of centavos
(cents). On average, 75 percent of our wage observations include the cents paid.

19However, using a restricted set of covariates in Brazil that matches those available in Uruguay provided very
similar results to those discussed in the text.

! Results for the other years are qualitatively similar to those of 1998-1999 unless otherwise stated in the text.
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TABLE 1—MAXIMUM LIKELIHOOD ESTIMATES—NOTIONAL WAGE GROWTH 1998-1999

Uruguay Brazil
Coefficient z Coefficient z
Age —0.004 % —6.96 —0.001#** —7.94
Age?/1,000 0.0327%%% 4.61 0.0027%** 433
Male 0.006%** 3.10 —0.001#** —3.83
Tenure in months —0.001%** —13.22 0.000%%*%* 4.94
(Tenure in months)?/1,000 0.001 %% 7.74 —0.000%* —2.75
Establishment size
0-5 employees —0.116%** —23.55 —0.011#** —26.08
5-15 employees —0.091%** —20.31 —0.007%** —18.57
15-30 employees —0.082%#* —16.95 —0.005%** —11.56
30-50 employees —0.047%** -9.63 —0.001%** —1.28
50-100 employees —0.018%** —4.17 0.004#%*%* 9.28
100-200 employees —0.022%** —4.68 0.004%#%*%* 9.69
200-500 employees —0.033%#* —7.30 0.005%%*%* 13.28
500-1,000 employees —0.009%* —2.14 0.009%%*%* 18.90
Montevideo 0.009%%*%* 4.00 — —
Belo Horizonte — — 0.004%#*%* 18.23
White collar worker 0.008%#* 2.41 — —
Occupation dummies — — Yes
Temporary contract — — —0.002 —1.46
Education
Primary — — —0.001#** —3.81
Secondary — — 0.000 0.06
Observations 71,539 1,005,791

Notes: The reference groups for establishment size and education are more than 1,000 employees and tertiary edu-
cation, respectively. Additional control variables are 9 sector dummies for Uruguay and 14 sector dummies and
9 occupation dummies for Brazil.
##%Significant at the 1 percent level.
*##*Significant at the 5 percent level.
*Significant at the 10 percent level.

Some commonalities within the two countries emerge. As expected, individual
wage growth declines nonmonotonically with age, is higher in the capital, and tends
to increase with establishment size, although wages in medium to large Brazilian
establishments (those with 50 to 1,000 employees) display higher wage growth than
the largest firms in the sample (those with 1,000 employees or more). Perhaps sur-
prisingly, the effects of education and type of contract on individual wage growth in
Brazil are not clear, as suggested by inconsistent signs across years and coefficients
that are often statistically insignificant.

| Figure 5 presents the wage changes predicted by the model, as well as the observed
wage changes in 1997-1998. Panel A displays the corresponding distributions for
Uruguay and panel B displays the corresponding distributions for Brazil. The pre-
dicted histogram is obviously smoother, but the overall fit of the model to the shape
of the observed wage growth histogram is quite good. If anything, the model tends
to underestimate the concentration of observations around the focal points of rigid-
ity. In the case of Uruguay, we slightly underestimate the spike at zero and overesti-
mate the share of wage growth observations immediately below the focal point of real
rigidity. In the case of Brazil, we slightly underestimate the concentration of observa-
tions around the realized rate of inflation| Table 2 tompares the median and standard
deviations in the observed and estimated distributions in every year. With very few



116 AMERICAN ECONOMIC JOURNAL: MACROECONOMICS JANUARY 2014

Panel A. Uruguay

0.151 Observed data 0.151 Predicted data
§ 0.1 S 0.1
g &
[T [T
0.05 0.05 -
0l ol
-05 -04 -03 02 -0.1 0 01 02 03 04 05 06 07 08 -05 -04 03 <02 -01 0 01 02 03 04 05 06 07 08
Nominal wage growth (percent) Nominal wage growth (percent)
Panel B. Brazil Observed data Predicted data
24 2 4
0.15 1 0.15
s 5
g 0.1 g 0.1 A
[ i
0.05 1
el |||III|||||. |

0
0 -05 -04 -03 02010 01 02 03 04 05 06 07 08 -0.5 0.4 3-02-010 01 02 03 04 05 06 07 08
Nominal wage growth (percent) Nominal wage growth (percent)

FIGURE 5. OBSERVED VERSUS PREDICTED LOoG HOURLY WAGE CHANGES, 1997-1998

Note: The first (last) bin in each histogram corresponds to the frequency of all the observations
with an annual growth below (above) —0.5 (0.8).

exceptions, the model fit is very close to the actual summary statistics. We pin down
the median and standard deviations with a precision up to the second decimal.

nd |4]summarize some other important parameter estimates from our
model, including the mean wage changes in the observed (Ay¢) and notional
(Ay?) distributions, the estimated focal point of DRWR, the percentages of workers
subject to DNWR (p?) and DRWR (p¥), and the extent of measurement error in
the data (¢,). Regarding the latter, our results indicate that measurement error in the
data is quite stable over time in both countries. On average, the share of hourly wage
changes that are reported with error according to the model is 21 percent in Brazil,
against 9 percent in Uruguay. Goette, Bauer, and Sunde (2007) note that their esti-
mator may encounter identification problems when inflation is very low because,
in that case, DNWR and DRWR are very close in the wage change distribution and
are therefore hard to distinguish. This turns out not to be a problem in our case. The
estimated focal point of real wage rigidity (r;) is always well above zero.

B. Downward Real and Nominal Rigidity

We begin the discussion of our main results by assessing the impact of measure-
ment error on the shares of nominal wage freezes and cuts. In line with our expecta-
tions, the share of wage cuts declines and the share of wage freezes increases after
measurement errors have been dealt with, as the comparisons plotted in Figures 6
and 7 show for Uruguay and Brazil, respectively. The average share of wage cuts
in the data is quite large: 16 percent in Uruguay and 18 percent in Brazil. However,
these shares are almost halved, to 9 percent in Uruguay and to 10 percent in Brazil,
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TABLE 2—OBSERVED VERSUS SIMULATED WAGE CHANGE DISTRIBUTIONS
Actual wage growth Ratio actual /simulated
Median SD Median SD

Year Uruguay

1996-1997 0.175 0.334 0.99 1.08

1997-1998 0.113 0.197 0.97 0.99

1998-1999 0.068 0.294 1.00 1.06

1999-2000 0.033 0.300 1.00 1.11

2000-2001 0.025 0.319 1.31 1.11

2001-2002 0.004 0.340 0.80 1.07

2002-2003 0.010 0.260 0.55 1.06

2003-2004 0.057 0.264 1.06 1.06

Brazil

1995-1996 0.134 0.292 0.95 1.02

1996-1997 0.077 0.282 1.02 1.03

1997-1998 0.055 0.265 1.06 1.04

1998-1999 0.045 0.281 1.00 1.07

1999-2000 0.094 0.267 1.04 1.01

20002001 0.100 0.248 0.99 1.03

2001-2002 0.104 0.248 1.00 1.02

TABLE 3—DOWNWARD NOMINAL AND REAL WAGE RIGIDITY IN URUGUAY—PARAMETER ESTIMATES

Year Ay? Ay o, o, " P’ 1—q N
1996-1997 0.182 0.072 0.160 0.049 0.722 0.117 0.048 52,222
1997-1998 0.120 —0.064 0.105 0.047 0.882 0.118 0.124 70,254
1998-1999 0.069 —0.018 0.063 0.001 0.651 0.183 0.067 71,556
1999-2000 0.036 0.024 0.178 0.003 0.122 0.613 0.102 69,352
2000-2001 0.015 0.014 0.207 0.000 0.067 0.620 0.101 68,149
2001-2002 —0.016 —0.001 0.164 0.000 0.080 0.624 0.135 66,525
2002-2003 0.041 0.009 0.248 0.000 0.072 0.678 0.093 63,996
2003-2004 0.088 0.049 0.084 0.002 0.044 0.750 0.077 63,497

Note: This table displays the mean wage changes in the observed (Ay?) and notational (Ay;) distributions, the
mean of the estimated focal point of DRWR (y,) and its variance (o), the percentages of workers in the DRWR
(p®) and DWNR (p") regimes, the share of wage change observations observed with error (1 — g), and the number

of observations (N) for each period.

TABLE 4—DOWNWARD NOMINAL AND REAL WAGE RIGIDITY IN BRAZIL—PARAMETER ESTIMATES

R

N

Year Ay? Ayj o o, p p l—gq N

1995-1996  0.174 0.136 0.113 0.000 0.457 0.009 0.219 849,004
1996-1997  0.122 0.074 0.069 0.000 0.493 0.026 0.298 896,797
1997-1998  0.065 0.032 0.080 0.000 0.306 0.041 0.312 985,980
1998-1999  0.078 0.040 0.045 0.000 0312 0.091 0.258 1,005,791
1999-2000  0.113 0.007 0.078 0.030 0.659 0.082 0.063 1,042,319
2000-2001  0.126 0.101 0.056 0.004 0.271 0.351 0.207 1,085,804
2001-2002  0.126 0.064 0.099 0.009 0.530 0.093 0.110 1,199,888

Note: This table displays the mean wage changes in the observed (Ay?) and notational (Ay;) distributions, the
mean of the estimated focal point of DRWR (y,) and its variance (o,), the percentages of workers in the DRWR
(p®) and DWNR (p") regimes, the share of wage change observations observed with error (1 — g), and the number

of observations (N) for each period.
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FIGURE 6. WAGE CUTs AND FREEZES IN URUGUAY, THE IMPACT OF MEASUREMENT ERROR

when measurement error has been taken into account. Over time, the share of wage
cuts gradually increases in Uruguay , in accordance with the disinflation
process. However, the increase in wage cuts in Uruguay should not necessarily be
interpreted as a sign of increased wage flexibility, inasmuch as wage freezes also
rise over the same period—a feature consistent with growing importance of DNWR.
In the data, wage freezes move from 3.6 percent in 1996-1997 to 25 percent in
2002-2003. The rise is even more dramatic after measurement error has been
accounted for, moving from 4.4 percent to 31 percent within the same period. We do
not observe a clear pattern in the time evolution of wage cuts and freezes in Brazil
as we did in Uruguay .

In contrast with previous evidence for OECD countries, we observe a sharp
regime change regarding the type of rigidity prevailing in Uruguay that coincides
with the progressive disinflation process. This is illustrated in[Figure 8] In the first
years of our sample period, DRWR is very important, most likely as a result of a
recent history of high inflation and widespread indexation in labor contracts. The
share of workers in the real rigidity regime ( p®) is 72 percent in 1996-1997 and
88 percent in 1997-1998. As inflation goes down, however, real rigidity rapidly
declines. In 1998-1999, the share of workers subject to the real rigidity regime is
65 percent. This plummets to 12 percent the next year and remains relatively stable
below 8 percent, for the remainder of the period.

Importantly, the decline of DRWR does not lead the way to a frictionless wage-
setting mechanism. Instead, as inflation declines in Uruguay, we observe a sharp
rise in the share of workers subject to DNWR. During the first two years of wage
changes, DNWR is very low according to our estimates: the fraction of workers sub-
ject to DNWR is just 12 percent. After a mild increase in 1998—1999, DNWR jumps
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FIGURE 8. RIGIDITY REGIMES AND THE RATE OF INFLATION IN URUGUAY

to a new equilibrium in 1999-2000, when the share of workers subject to DNWR
stabilizes at around 65 percent for the remainder of the period. However, the rela-
tionship between the two types of rigidities and inflation is more complex than one
might initially suspect. When inflation peaks again in 2001-2002 and 2002-2003,
the share of workers subject to DRWR remains low, while DNWR is still binding
for most of the labor force (3 _200, = 62 percent and ploy, o003 = 78 percent).
Note that this is the same period in which the share of both wage cuts and freezes
grows sharply in Uruguay. The rationale for this behavior must be found in the severe
recession in Uruguay during these years. Uruguay entered into a long recession



120 AMERICAN ECONOMIC JOURNAL: MACROECONOMICS JANUARY 2014

in 1998:1V that reached its trough in 2002:111, after a temporary upswing between
2000:11 and 2001:I11."% In 2002, the severe crisis that affected the economy forced
the central bank to let the exchange rate float freely, putting an end to the use of the
exchange rate as a nominal anchor. Hence, even in the presence of high inflation dur-
ing these years, firms needed downward wage adjustments. Perhaps more importantly,
2003-2004 displayed a very strong recovery in economic activity (real GDP growth
was 12 percent) and relatively high inflation (9 percent). Even in this context, wage
indexation does not reappear, and DNWR remains as the only noticeable friction in
wage setting (phoos_ooo4 = 78 percent and phyy;_»004 = 4 percent). That DRWR does
not return as a wage-setting friction even in a relatively high inflation environment
reinforces the interpretation of the move toward DNWR as a regime shift.

Results in Brazil also suggest substantial frictions in wage setting, but in contrast
with Uruguay, these appear to be highly persistent over time and heavily tilted toward
real rigidity. The share of workers subject to DRWR throughout the sample period is
high, while DNWR is of second-order importance. On average, 43 percent of the for-
mal workforce in Brazil is subject to the downward real rigidity regime (see Table 4).
In contrast, the probability of being subject to DNWR is below 10 percent. Although
the share of workers subject to the two regimes fluctuates somewhat from year to year,
they never reverse, and DRWR is always the dominant wage-setting regime.

The recent experience in Brazil and Uruguay shows that disinflation does not nec-
essarily translate into more flexible wage-setting mechanisms. In the two countries,
the share of workers subject to some sort of friction (nominal or real) remains high
in spite of a prolonged period of moderate inflation. Moreover, changes in the fric-
tions associated with wage setting are very different in the two countries. Why did
disinflation lead to a rapid decline in real rigidity in Uruguay but not in Brazil? The
answer is most likely linked to labor market institutions. In particular, strong unions
in Brazil and a rapid movement toward wage decentralization in Uruguay during the
sample period are the primary suspects.

Strong unions are likely to have the bargaining power to ensure compensation
for inflation, and they are empirically associated with higher DRWR across OECD
countries (Dickens et al. 2007; Holden and Wulfsberg 2009). In Uruguay, union-
ization weakened dramatically during the sample period. In 1992, the government
dismantled the Consejos de Salarios, a tripartite system that involved government
representatives, unions, and employers’ associations in highly centralized wage
negotiations. This institutional change drastically reduced the bargaining power of
unions, resulting in the virtual disappearance of collective bargaining (Zunino 2009).
The unionization rate in the private sector moved progressively from 28 percent in
the early 1990s to 8 percent by 2000 (Senatore-Camerota 2007).

More importantly, the dismantling of wage councils meant that collective agree-
ments no longer covered the vast majority of workers in the private sector. On the
contrary, this process resulted in a more decentralized wage-setting system, in which
individual negotiations became the norm (Cassoni, Labadie, and Fachola 2002). In
contrast, extension mechanisms (a system where the agreement of the bargaining

!2Peaks and troughs are identified using the Bry-Boschan quarterly (BBQ) algorithm (Harding and Pagan
2002) on quarterly real GDP data for the period 1988:1-2010:111.
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parties is extended to all workers in the sector and region independently of their
union status) are automatic in Brazil and did not change during the period of analy-
sis. Just as in France or Spain, this practice explains the high bargaining power of
unions in wage negotiations in spite of the low unionization rates (Arbache 2002).

Thus, the strong disinflation process in the two countries takes place in highly
heterogeneous labor markets. Relatively centralized wage negotiations in Brazil
and widespread extension clauses appear to have prevented wage indexation from
declining. Decentralized wage setting and weakened unions in Uruguay instead
plausibly eliminated workers’ ability to protect their wages from inflation.

We move now to describe the actual incidence of wage rigidities in the two coun-
tries. In Uruguay, the fraction of the labor force whose wage growth is constrained on
account of protection from real wage cuts declines quite dramatically over time, while
the fraction of workers whose wages are constrained by DNWR increases gradually
(se. Indeed, throughout the 2000s, the probability of being constrained by
DNWR is always higher than the probability of being subject to real wage rigidities.
Instead, the incidence of the two types of wage rigidity in Brazil is stable over time,
confirming the evidence discussed previously regarding the fraction of workers in
each rigidity regime (see. In spite of the important disinflation process, the
probability of being constrained by real wage rigidities changes very little over time
and, with the exception of year 2000, lies always above the upper limit of the confi-
dence interval associated with the estimated probability of being subject to DNWR.

To summarize, wage-setting frictions in Brazil and Uruguay are important. In
Uruguay, only one in every five workers belongs to a flexible wage-setting regime. The
remaining 80 percent are either protected from nominal wage cuts or have their wages
indexed to expected inflation. To put this number in perspective, this is on the higher
end of previous estimates from high-income countries obtained using a similar meth-
odology: 68 percent of prevalence of either type of rigidity in Germany, 71 percent in
Italy, and 45 percent in the United Kingdom.'? In contrast with previous studies, we
do find a major structural break in the rigidity regime over time. The predominance of
the downward real rigidity regime during 1996-1999, affecting 3 out of 4 workers in
the formal sector, is followed by a new rigidity regime where protection against nomi-
nal wage cuts strongly dominates (amounting to 68 percent against only 6 percent
of workers subject to DRWR). The incidence of downward wage rigidities in Brazil
is lower, involving 53 percent of the workforce, but the type of wage friction (over-
whelmingly DRWR) is more in line with the more unionized European countries.

C. Monetary Policy Regime and the Indexation of Wages

The stability of wage indexation in Brazil hides an important regime change.
shows the evolution of our estimated focal point of DRWR (r;,) and its
variance, together with the CPI inflation rate and the increase in the minimum wage.
In the first years of our sample period, r; traces the increase in the minimum wage
almost perfectly. The importance of the minimum wage is so powerful as a focal

13See Bauer et al. (2007); Devicienti, Maida, and Sestito (2007); and Barwell and Schweitzer (2007) for
Germany, Italy, and the United Kingdom, respectively.
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FIGURE 9. THE INCIDENCE OF NOMINAL AND REAL WAGE RIGIDITIES IN URUGUAY

Notes: The solid lines represent the average probability of being subject to DNWR and DRWR,
following equation (4) in the text. Dotted lines are 95 percent confidence intervals.
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FIGURE 10. THE INCIDENCE OF NOMINAL AND REAL WAGE RIGIDITIES IN BRAZIL

Notes: The solid lines represent the average probability of being subject to DNWR and DRWR,
following equation (4) in the text. Dotted lines are 95 percent confidence intervals.
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point of wage negotiations that the estimated bounds around r;, as measured by its
variance, are virtually zero. It is not until 1999-2000 that our estimate of ; starts fol-
lowing the rate of inflation and not the growth of the minimum wage. Incidentally,
this is the year in which the Brazilian central bank introduced inflation targeting.
The movement away from the minimum wage as the sole price index in wage nego-
tiations, and toward the rate of inflation, speaks in favor of the role of inflation tar-
geting in anchoring inflation expectations.

Interestingly, after the introduction of inflation targeting, the confidence bands
around r; widen. A plausible interpretation of the increase in the bands around r; is
that they illustrate the dispersion in inflation expectations across agents. Indeed, after
1999-2000, our estimator centers the focal point of wage negotiations at the realized
rate of inflation, reinforcing this interpretation. However, the increase in the vari-
ance of r; allows indexation to be driven by both distortions around the rate of infla-
tion, and distortions associated with the increase of the minimum wage. The growth
of the minimum wage falls outside the estimated range of r; only in 2000-2001, a
year in which wage rigidities are narrowly pegged to the inflation rate. It is probably
for this reason that we fail to capture the full picture of real rigidity during this year,
as illustrated by the rapid drop in the share of workers subject to DRWR.

In contrast with Brazil, the focal point of DRWR in Uruguay when wage index-
ation is important (i.e., between 1997 and 1999) is much more dispersed across
agents . Dispersion in Uruguay is certainly higher than in Brazil during
the period in which r; is pegged to the minimum wage, but perhaps more impor-
tantly, it is even three orders of magnitude higher than that observed in Brazil after
the central bank started targeting inflation. If one interprets r; as an index of inflation
expectations in Uruguay, this result would provide further evidence suggesting that
the introduction of inflation targeting in Brazil had a powerful impact in anchoring
inflation expectations, and, hence, in reducing uncertainty about future inflation.
However, as a consequence of the high uncertainty around r,; in Uruguay, we cannot
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reject the possibility that the focal point of wage negotiations is related either to the
minimum wage or to the rate of inflation throughout most of the sample.

The evolution of the focal point of wage negotiations in Brazil allows us to draw
two conclusions. First, even if the extent of DRWR might not vary much over time,
the nature of wage rigidities may change. The introduction of a credible inflation
target by the central bank anchored inflation expectations and, as a consequence,
agents started negotiating wage changes according to their inflation expectations.
Second, the monetary policy regime is obviously not the only determinant of wage
rigidities; labor market institutions are crucial, too. The minimum wage in many
Latin American countries has become a fundamental reference price, which is
often used as a norm or numeraire even across those sectors that are theoretically
uncovered (Maloney and Mendez 2004). Minimum wages in Brazil were subject
to continual adjustments during the high-inflation years in an attempt to preserve
their purchasing power.'4 Our analysis suggests that this triggered an indexation of
wages to changes in the minimum wage that persisted even after inflation was under
control. Only the introduction of a credible inflation target appears to have managed
to partially erode the importance of the minimum wage as an indexation device in
the labor market.

IV. Robustness

In this section, we relax two important assumptions of our baseline model. First,
we allow for the variance of the notional wage change distribution to depend on

“Indeed, the Brazilian 1988 Constitution states that the minimum wage should “maintain its purchasing
power” but explicitly forbids the indexation of contracts to changes in the minimum wage. These restrictions do not
appear to have been applied in practice, and changes in the minimum wage have been shown to have a large impact
on aggregate prices (Lemos 2006).
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individual and firm characteristics. Second, we estimate an alternative model in
which real wage rigidities are symmetric, that is, either upward or downward.

A. Heteroskedasticity

Our baseline model assumes that the notional wage change distribution follows
the process

*
Ayil = Xitflﬁlt + €

where ¢; ~ N(0, 0.). Hence, residual notional wage change inequality is
independently and identically distributed across individuals. However, this may
not be the case. Some labor market groups may be more insecure than others, or
they may display larger variation in terms of their unobserved characteristics. The
baseline model can be easily extended to allow the within-group variance to depend
on observable characteristics as follows:

(5) Uizz = 21 B

where z;_, is a subset of the covariates that govern between-group differences
(x;_1), although vectors x and z may coincide. Maximum likelihood estimates are
obtained by iteration, following the two-step method proposed by Aitkin (1987).
Estimates of the residual (log) variance of wage changes suggest that within-group
differences are indeed important. Consistently across years, we find that the variance
of wage changes is a concave function of age, increases with the level of schooling,
and is higher for males. However, allowing for heteroskedasticity in the notional wage
change distribution has a negligible impact on the key parameters of the model.'”

B. Real Wage Rigidity: Downward or Symmetric?

Our baseline model assumes away the possibility of upward wage rigidities. This
is a natural assumption in the context of DNWR, and worker resistance to nominal
wage cuts is well grounded in theory.'¢ The empirical literature studying real rigid-
ity has also concentrated on asymmetric (downward) frictions (Dickens et al. 2007).
However, real wage rigidity, and in particular wage indexation of the type observed
in Brazil in the first years of disinflation, may well be symmetric. Workers and firms
may agree on implicit or explicit contracts indexed to a price index (e.g., the mini-
mum wage) that are to be applied regardless of worker performance.

The benchmark model can be modified to accommodate symmetric real rigidity.
The sole difference is that now all agents who belong to the real rigidity regime
(p¥) will obtain a wage change equal to r, regardless of their notional wage change.

!5See the online Appendix for details.

'®Firms may be aware of workers’ nominal loss aversion (Kahneman and Tversky 1979) or workers’ effort and
morale may be governed by nominal fairness standards (Kahneman, Knetsch, and Thaler 1986; Bewley 1999). See
Campbell and Kamlani (1997) for a discussion.
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As before, we allow for the wage bargaining index to differ across agents, possibly
reflecting differences in inflation expectations. Hence, equation (3) simplifies to

(6) Ay:)t = Amit + 7y

for agents subject to real wage rigidity (RWR). This implies that this model can
be seen as a special case of the benchmark model, in which the upper bound of the
wage change for workers in the p¥ regime (previously infinity) now coincides with
the lower bound at r;, ~ N(p,, o'2).

The results from the restricted model are broadly consistent with the benchmark,
although some differences are apparent. The behavior of the focal point of wage
negotiations, governed by y, and o,, is virtually identical in the two models (see

. As before, the focal point of wage negotiations is tightly linked to the mini-
mum wage up to 1999 and starts following (with a higher variance across agents) the
rate of inflation after the introduction of inflation targeting in 1999. Also in line with
the benchmark, real wage rigidity continues to be the dominant friction in Brazil.
However, the share of workers subject to symmetric real rigidity is lower than the
share of workers subject to DRWR previously estimated. On average, 25 percent of
the workforce belongs to the RWR regime when both downward and upward rigid-
ity are considered, as opposed to 43 percent if real rigidity is only allowed to oper-
ate downward. The Akaike information criterion favors the model featuring DRWR
in five out of the seven years of wage changes for which the model was estimated.
Hence, we conclude that results are fairly robust to the modeling of real rigidity.

V. From Micro to Macro Rigidities

Our wage rigidity measures thus far are derived from wage changes of individu-
als engaged in ongoing employment relationships. But Latin American countries
(and Brazil is no exception) are characterized by high worker turnover rates—even
larger than in developed economies (Haltiwanger, Scarpetta, and Schweiger 2010).
In this context, wage rigidity for job stayers may not translate into similar levels of
rigidity at higher levels of aggregation. Firms hit by a negative shock that are hin-
dered by downward wage rigidities are more likely to use other margins of adjust-
ment to modify their unit labor costs. Replacing older workers by younger (and,
hence, lower paid) new entrants, changing shift assignments, and slowing down
promotions are just some examples (Babecky et al. 2012). Thus, are micro rigidi-
ties observable at the macro level in Brazil? To shed some light on this question, we
analyze wage changes between two consecutive years in detailed occupations using
the PNAD, a household survey representative of the Brazilian economy.'”

Figure 2, initially introduced in Section I, shows kernel estimates of wage changes
in occupations from the PNAD for formal and informal workers.'® A striking aspect
of the distributions is their smoothness. Compared with the histograms of individual
wage changes (Figures 3 and 4), we do not observe distortions in wage changes

17See Section I for a description of the main characteristics of the PNAD.
18See Section I for data details.
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TABLE 5—ROBUSTNESS CHECK—SYMMETRIC REAL RIGIDITY MODEL IN BRAZIL

Year Ay? Ay; Ly o, pF pY 1 —g¢q N

1995-1996 0.174 0.166 0.113 0.000 0.193 0.010 0.176 849,004
1996-1997 0.122 0.088 0.069 0.000 0.236 0.029 0.272 896,797
1997-1998 0.065 0.036 0.080 0.000 0.270 0.040 0.300 985,980
1998-1999 0.078 0.047 0.045 0.000 0.184 0.105 0.255 1,005,791
1999-2000 0.114 0.111 0.085 0.029 0.436 0.132 0.056 1,042,319
2000-2001 0.126 0.107 0.058 0.001 0.035 0.484 0.212 1,085,804
2001-2002 0.126 0.122 0.100 0.009 0.329 0.124 0.087 1,199,888

Note: This table displays the mean wage changes in the observed (Ay{) and notational (Ay;) distributions, the
mean of the estimated focal point of DRWR (y,) and its variance (o,), the percentages of workers in the DRWR
(p®) and DWNR (p") regimes, the share of wage change observations observed with error (1 — g), and the number
of observations (N) for each period.

either at zero, at the rate of inflation, or at the growth rate of the minimum wage.'”
Hence, there is no visual evidence of downward wage rigidities in this dataset. But
before ruling out the presence of wage rigidity, we need to build, as before, a coun-
terfactual or notional wage change distribution.

The relatively small number of wage changes in occupations (274 observations
before 2002, and 304 after 2002, on average) and the limited set of covariates pre-
cludes us from applying the same methodology we used on individual data to derive
a notional wage change distribution. We rely instead on Holden and Wulfsberg
(2008, 2009), who build a notional wage change distribution based on observations
from years when wage growth is high and, hence, unlikely to be affected by wage
rigidities. In our case, the notional wage change distribution is constructed by select-
ing those years within the period 1981-2004 in which the median wage growth is
above the seventy-fifth percentile of yearly wage growth.?"

Once the notional is built, measures of rigidity at any point in the distribution can
be derived by comparing the number of observed wage cuts below this point with
the number of wage cuts observed in the notional. Following Holden and Wulfsberg
(2008), we can define the fraction of wage cuts prevented (FWCP) by wage rigidity
in point i as

(7) FWCP,(i) =1- qt(i)/qt(i) )

where ¢,(i) and ¢(i) are the fractions of observed and notional wage cuts,
respectively. Once the FWCP is calculated for every year, confidence intervals can
be built by a simulation method that consists of repeating 1,000 times a comparison
between the observed wage cuts at point i with the number of wage cuts predicted
by a binomial distribution that has probability ¢,(i) (see Holden and Wulfsberg 2008

194 possible rationale for the lack of distortions is measurement error. Survey datasets, such as PNAD, are
more prone to measurement error than our administrative data. Indeed, comparisons with the RAIS data for Minas
Gerais show fatter tails in the wage change distributions in PNAD, suggesting indeed greater measurement error.
However, the wage change distributions in RAIS aggregated at the occupation level were also relatively smooth
(see the online Appendix).

2%Note that the survey is not available in 1991 and 1994. The years selected for the construction of the notional
are 1984-1985, 1986-1987, 1987-1988, 1988-1989, 1989-1990, and 1992-1993, which display an average
median nominal wage growth of 1,193 percent.
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for details). Following our previous discussion, we concentrate on investigating the
importance of downward wage rigidities at three points in the distribution: zero, the
rate of inflation, and the growth rate of the minimum wage.

are few signs of downward wage rigidities in Brazil at the occupation level.
Table 6 presents our estimates of wage rigidity at the three points of the distribu-
tion aggregated across years. For the whole economy, we find that the fraction of
wage cuts prevented at the rate of inflation is 0.024. Hence, a little bit more than
2 in every 100 cuts scheduled to fall below the rate of inflation are, on average,
prevented by rigidities. However, we cannot reject the null hypothesis of absence
of wage rigidity at the rate of inflation (p-value = 0.394). Similarly, the FWCP
is 0.006 (p-value = 0.491) at the growth of the minimum wage, while it is 0.017
(p-value = 0.337) at zero.

We next distinguish among the wage changes of formal workers in Minas Gerais,
formal workers in the whole country, and informal workers in the whole country.
For each of these groups we construct a group-specific notional wage change and
estimate the corresponding FWCPs. For the three groups of workers and the three
cutoff points considered in the analysis, we fail to reject the null of absence of wage
rigidity. Table 7 presents the FWCP and the corresponding p-values for each year
at each of the points in the distribution considered. The message is very similar. We
find weak signs of downward wage rigidity at the change of the minimum wage
in only one case. In 1997-1998, the FWCP for informal workers is 0.095 with a
p-value of 0.063.

Robustness checks, presented in an online Appendix, yielded very similar results.
First, we have experimented with an alternative methodology to derive the notional
wage change distribution based on symmetry, following Lebow, Saks, and Wilson
(2003); Card and Hyslop (1997); and Holden and Wulfsberg (2009). In this case,
the notional in every year is built by replacing the observations below the median
with the wage changes observed in the upper half of the distribution, which should
not be affected by wage rigidities. Importantly, the underlying assumptions in the
two approaches are orthogonal. In our preferred estimates, the identifying assump-
tion is that the shape of the distribution is constant over time. Assuming symmetry
allows for changes in shape from year to year, as long as the distribution is sym-
metric. A second concern with the analyses presented in this section is related to the
small sample sizes within cells. When the number of individual observations we use
to construct the median wage within occupations is small, changes in the composi-
tion of the workforce within cells from one year to the next might not represent true
compositional changes. We derived an alternative measure of wages by occupa-
tion that is free of changes in observable characteristics.”!| Again, the shape of the
distributions and estimates of rigidity with these alternative series were very similar
to those discussed in the text.

2!'This measure is obtained by first running fairly flexible yearly Mincer regressions that include a cubic poly-
nomial in age, gender, education dummies, and a full set of interactions terms between all these variables and
occupation dummies. In a second stage, we extract the occupation dummies and take first differences to construct a
measure of yearly occupational wage changes that factors out changes in observable characteristics.
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TABLE 6—DOWNWARD WAGE RIGIDITY IN OCCUPATIONAL DATA—AGGREGATE ESTIMATES

q(i) (i) FWCP p-val
Inflation rate
Minas Gerais 0.48 0.50 0.04 0.59
Formal 0.48 0.47 —0.01 0.87
Informal 0.48 0.47 —0.02 0.87
All workers 0.49 0.51 0.02 0.39
Minimum wage
Minas Gerais 0.58 0.60 0.02 0.30
Formal 0.54 0.55 0.01 0.20
Informal 0.60 0.59 —0.01 0.80
All workers 0.59 0.59 0.00 0.49
Zero wage change
Minas Gerais 0.33 0.32 —0.02 0.73
Formal 0.29 0.28 —0.02 0.94
Informal 0.28 0.26 —0.06 0.93
All workers 0.30 0.30 0.02 0.33

Notes: The table displays the frequency of wage changes prevented (FWCP) by rigidity at the
rate of inflation, the growth rate of the minimum wage, and zero. ¢,(i) and ¢,(i) are the incidence
rates of actual and notional wage cuts, respectively, below each threshold (7). The p-values cor-

respond to the probability of rejecting the null hypothesis of absence of rigidity.

TABLE 7—DOWNWARD WAGE RIGIDITY IN OCCUPATIONAL DATA—YEARLY ESTIMATES

Inflation rate

Minimum wage

FWCP p-val FWCP p-val
Minas Gerais
1995-1996 0.19 0.11 0.02 0.46
1996-1997 0.03 0.48 0.07 0.35
1997-1998 0.08 0.28 0.02 0.41
1998-1999 0.00 0.49 —0.01 0.57
2002-2003 0.00 0.53 0.02 0.42
2003-2004 0.02 0.50 0.04 0.39
Formal workers
1995-1996 —0.08 0.83 —0.05 0.78
1996-1997 —0.01 0.62 —0.01 0.62
1997-1998 —0.08 0.86 —0.00 0.58
1998-1999 —0.01 0.66 —0.07 0.89
2002-2003 0.03 0.34 0.01 0.40
2003-2004 —0.01 0.58 0.00 0.53
Informal workers
1995-1996 —0.14 0.84 —0.17 0.93
1996-1997 0.02 0.46 0.01 0.48
1997-1998 0.02 0.43 0.09 0.06
1998-1999 —0.07 0.87 0.05 0.33
2002-2003 0.00 0.53 0.01 0.50
2003-2004 0.04 0.33 0.00 0.53

Notes: The table displays the frequency of wage changes prevented (FWCP) by rigidity at the
rate of inflation and at the growth rate of the minimum wage. The p—values correspond to the
probability of rejecting the null hypothesis of absence of rigidity.

129
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The apparent lack of evidence of downward wage rigidities in occupational data
in Brazil suggests substantial smoothing of aggregate wages, possibly through labor
turnover. Interestingly, this result contrasts with the evidence discussed by Holden
and Wulfsberg (2008, 2009), who show that downward real and nominal wage rigid-
ity is present in industry data from high-income countries, although the extent of
rigidity observed in the macro data is lower than that found in micro studies. The
large degree of labor turnover observed in developing countries may help reconcile
this apparent disconnection. Since the wages of movers are typically more volatile
than the wages of incumbents,?? faster labor turnover in Brazil is likely to smooth
aggregate wages more than in high-income countries.

Although we do not study the impact of wage rigidity on employment and output
here, the contrast between our results and previous studies suggests that the macro-
economic impact of wage rigidities in emerging countries may be more limited than
in developed economies. It should be noted, though, that the wage flexibility we
observe at the macro level does not necessarily imply that downward wage rigidi-
ties among incumbent workers should not have a macroeconomic impact. Firms
constrained by downward wage rigidities would be forced to adapt their hiring and
firing policies accordingly, a feature that hinders allocative efficiency.

VI. Conclusions

Emerging countries have moved from high inflation regimes in the 1980s to
relatively low and stable inflation rates since the second half of the 1990s. This
paper assesses how this disinflation process has shaped wage setting in two of these
emerging economies: Brazil and Uruguay. The natural response of wage setters to
high inflation regimes is wage indexation. This form of wage rigidity is likely to
translate into inefficient allocations because relative wages are not allowed to adjust
to firms’ productivity developments. These efficiency losses are, in turn, likely to
result in lower levels of welfare and higher unemployment. Hence, from both a
macro and labor economics perspective, it is important to know how downward real
wage rigidities have evolved as inflation has fallen.

Measuring downward wage rigidities at the individual level imposes serious data
requirements. In this paper, we have measured the incidence and nature of wage
rigidities in Brazil and Uruguay using high-quality administrative data. Although
our data are less prone to measurement error than typical labor force surveys, errors
in measurement may still be present. For this reason, we follow Goette, Bauer, and
Sunde (2007) and estimate a model that allows for measurement error and distin-
guishes three types of agents: those who have flexible wages, those who resist nomi-
nal wage cuts, and those who resist real wage cuts. The model estimates the rigidity
parameters by contrasting the observed individual wage changes with those of an
estimated notional wage change distribution, which is the wage change that would
have prevailed in the absence of wage rigidities. Importantly, we take advantage of

22See Pissarides (2010) for a review of the empirical evidence and Haefke, Sonntag, and Van Rens (2012) and
Carneiro, Guimardes, and Portugal (2012) for recent applications in the United States and Portugal, respectively.
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the richness of our administrative datasets to estimate this notional wage change
distribution year by year as a function of individual and firm characteristics.

Our analysis uncovers several important findings. First, although a nontrivial
share of individuals experience wage cuts in emerging countries, there is substantial
evidence of wage rigidity, either in the form of resistance to nominal wage cuts or in
the form of wage indexation.

Second, the nature of wage rigidities is quite different in Brazil and Uruguay. In
Brazil, wage indexation is high and stable throughout the sample period, while in
Uruguay it declines rapidly. DNWR is virtually nonexistent in Brazil, but as infla-
tion decreases it becomes very important in Uruguay, affecting more than 70 percent
of the workforce by the end of the sample period. The reasons for the decline of
wage indexation in Uruguay and the persistence of the same phenomenon in Brazil
are consistent with the different wage-setting institutions in the two countries over
the same period. While we observe a sharp decline in union coverage and a strong
movement toward decentralization in wage negotiations in Uruguay, union coverage
remains fairly high and stable in Brazil.

Our third finding is more nuanced and is related to the nature of wage rigidity
and monetary policy. In Brazil, wage indexation is important and highly persis-
tent throughout the sample period. However, the reference price or focal point
of wage negotiations changes in coincidence with the introduction of inflation
targeting by the central bank in 1999. Before inflation targeting, agents subject
to DRWR resisted wage changes below changes in the minimum wage. This was
probably an inherited practice of the hyperinflation years, in which inflation was
highly unpredictable but the government usually adjusted the minimum wage
to the changes in prices. The interesting feature is that this practice prevailed
until 1999, five years after inflation stabilization. Moving away from changes
in the minimum wage and centering wage negotiations around the rate of infla-
tion required the additional credibility offered by the central bank by setting
explicit targets.

When we study aggregate wages by analyzing the incidence of downward wage
rigidities in observed wage changes in different occupations, we find little sign of
wage rigidity in Brazil. This suggests that compositional effects and market forces
associated with labor and firm turnover smooth out downward wage rigidities
among incumbent workers observed at the individual level. The corollary is that the
macroeconomic impact of the substantial degree of downward wage rigidities that
we document here, either in terms of employment or output, might not be as large as
expected—an issue that deserves further research.
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