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Abstract:

We quantitatively analyze the way in
ation alters the inequality of th e income distribution in
the U.S. economy. The main mechanism emphasized in this paper is the \bracket creep" e�ect
according to which in
ation pushes income into higher tax brackets. Governments adjust the
nominal income tax brackets slowly and incompletely due to the rise in prices. In the U.S.
postwar history, this typically happens less often than once every other tax year. In the �rst
part of the paper, we study time series from the U.S. economy. As our central result we �nd
that irrespective of the level of in
ation more frequent income tax schedule adjustments make the
relationship between in
ation and income inequality more transitory i n nature. In the second part
of the paper, we develop a general equilibrium monetary model with income heterogeneity that
is in line with our time series evidence. We �nd that a longer duration between two successive
adjustments of the tax schedule reduces employment, savings, andoutput.
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1 Introduction

The\bracket creep"de�nes a shift of personal income into a higher tax bracket when taxable

income grows over time. It occurs due to in
ation. Higher in
ation possibly increases tax

burdens under a progressive personal income tax as taxpayers near the top-end of atax

bracket are more likely to \creep" to a higher bracket. Clearly, this e�ect alters inequality

in after-tax income. Whether it increases or decreases inequality depends, among others,

on the level and duration of in
ation, the top income tax rate, and the initial distribution

of income. The purpose of this paper is to assess the impact of the \bracket creep,"or

rather its attenuation through in
ation indexation of the tax schedule, on the distribution

of income both empirically and in a dynamic stochastic general equilibrium (DSGE) model

for the U.S. economy.

Like in the U.S. most personal income tax systems are progressive, i.e. structured with

marginal tax rates exceeding average rates and increasing with the base. Taxpayers who

receive only nominal increases in wages to o�set higher in
ation tend to be pushed into

higher brackets. This e�ect is considered to be particularly severe (\the cruelest tax") in

times of high in
ation as was seen during the last half of the 1970s when U.S. in
ation rates

averaged 8.9 percent annually (Blinder and Esaki, 1978). To combat bracketcreep in the

U.S. the Reagan Administration implemented an indexation of the personal exemptions

and the tax brackets based on a cost-of-living index derived from the Consumer Price Index

for All Urban Consumers (CPI-U). These provisions were actually enacted in 1981 as part

of Economic Recovery Tax Act (ERTA), but delayed in their implementation and did not

become e�ective until 1985; see Altig and Carlstrom (1991, 1993), Auerbach and Feenberg

(2000).

In in
ationary environments, with unchanged or loosely adjusted rate schedules and brack-

ets, tax collections tend to rise. This raises the claim that bracket creep is strategically

used by some governments to maintain tax revenues. A loose or strategically implemented

\pure one-year-lag" index system can be shown to cause taxable income to be overstated by

the current rate of in
ation (Altig and Carlstrom, 1991, 1993). Apart from its (mis-)use

as revenue instrument, the omisson of in
ation adjustment of marginal tax rates isalso

very likely to have a considerable e�ect on the distribution of income.

Figure 1 shows the annual time series of in
ation and the Gini coe�cient of market income
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Figure 1: In
ation rate and Gini coe�cient, 1948-2004

(before taxes) for the period from 1948 to 2004. It highlights the relationship between the

two series. Both series are coined by an upward trend up to the 1980s. While this trend

continues for the Gini, the in
ation rate calms down and follows a slight downward trend

as of the early 1980s. Overall, the two series seem to comove {sometimes more, sometimes

less in phase{ at business cycle frequencies. A close inspection reveals that the series get

more entrained after the mid-1980s, suggesting that indexation following ERTA hasled to

a more contemporaneous relationship.

These observations are in line with the empirical part of the present study which �nds

that in
ation has a transitorily inequality reducing impact that leads aggregate measures

by about two years. The central strategy of this part, however, is to take a stand on

how the e�ective U.S. tax system was a�ected during the total postwar period and then
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to investigate the consequences of infrequent indexation relative to the sortof system that

has been in place since the mid 1980s. Methodologically, we focus on a bivariate studyof

the correlation structure of the in
ation rate and Gini coe�cient series at business cycle

frequencies in the spirit of Sims (1980).1 Our methods are primarily descriptive and as such

imposing less assumptions than the more structural speci�cations used in the literature.

Yet we seek to contribute to the literature by assessing whether the progressive bias of

in
ation is predominantly driven by the level and persistence of positive in
ation orrather

by an infrequent adjustment of the tax schedule. This task requires to go beyonddescriptive

time series analysis.

To summarize our empirical results in Section 2, we �nd, using correlation analysis, that

the relationship between the Gini coe�cient and in
ation rate dynamics got both more

contemporaneous and statistically robust after introducing the indexation scheme.The

former is con�rmed by studying bivariate spectral measures.

In the theoretical part of the paper, we develop a monetary DSGE model of progressive

income taxation.2 In our simulations, we compare both high in
ation environments (1970s)

with moderate in
ation environments (rest of postwar U.S. history) and infrequent schedule

adjustment regimes (before ERTA) with less infrequent schedule adjustment regimes (after

ERTA). In response to higher in
ation or a longer duration of the bracket creep, individuals

face higher income taxes, both on average and marginally. As a consequence, agents

adjust their labor supply and savings decisions. Our results support the view of Altig and

Carlstrom (1991, 1993). Accordingly, the indexing scheme introduced by ERTA bounded

the problem but issues of in
ation and tax-system interactions are far from mootand being

solved.

Our results from the general equilibrium model exercise are as follows: The level of

in
ation has a rather small e�ect on income. In particular, the in
ation elasticities of

1 Recent studies examining the e�ects of bracket creep on income useeither panel data or large scale

macro-models (Saez, 2003; Immervoll, 2005). Romer and Romer (1998) and Galli and van der Hoeven

(2001) analyze in
ation as one central explanatory variable of inequality in cross-sections.
2In a monetary DSGE model with sticky prices and a progressive incometax similar to ours, Heer and

Maussner (2012) show that in the presence of a lagged adjustment of marginal taxrate and pensions higher

unexpected in
ation results in a more unequal distribution. However, they only consider an adjustment lag

of one year and do neither study the e�ect of the adjustment frequency nor the bracket creep in isolation.

In addition, they consider the e�ects of a temporary increase of in
ation rather than a permanent one.
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the Gini coe�cients of wage and total after tax income amount to 0.01 and 0.15 percent,

respectively. However, if we consider a tax policy regime that adjusts the taxschedule for

in
ation more frequently, we �nd that agents increase their labor supply by 6.3 percent

and savings by about 4 percent compared to a system with less frequent adjustments.

The implied Gini coe�cient elasticities amount to approximately 0.2 percent. Hence,

in this scenario in
ation elasticity increased. This insight can be reconciled with our

�ndings from the empirical part: A more signi�cant and contemporaneous relationship

between the Gini coe�cient and in
ation rate dynamics for a more frequent indexation

(annual adjustment since 1985) implies a more immediate and concerted reaction of private

households' behavior to in
ation. A more infrequent adjustment dilutes this direct reaction

due to the possibility of spreading it. The former results in a higher, the latter in a lower

elasticity as found in our model's simulations. We conclude that the in
ation rate exceeding

some threshold (e.g. 5 or 10 percent) is less problematic for the e�ects of thebracket creep

compared to the duration of creeping up brackets.

The remainder of the paper is structured as follows. Section 2 presents empirical evidence

for U.S. time series. Section 3 introduces the OLG model with two assets: money and

equity. The model is calibrated with regard to the characteristics of the U.S. economy in

Section 4. Our numerical results are presented in Section 5. Finally, Section 6 concludes.

2 Empirical analysis

A priori the relationship between in
ation and income inequality is from a theoretical per-

spective unclear. To highlight this circumstance let us sketch a simple accounting example.

Assume an economy consisting of three workers with di�erent individual productivities so

that their labor incomes are equal to 10, 20, and 30. Furthermore, workers donot have any

other source of income. In addition, suppose that the income tax brackets [0; 10), [10; 20),

[20; 40] are associated with the marginal income tax rates 0%, 10%, and 20%, respectively.

In this case, the after-tax incomes are given byf 9; 17; 25g with a Gini coe�cient equal to

0.202. If the bracket creep results in a change of the marginal tax rates to 10%, 20%, and

20% for the three brackets (case 1), after-tax income falls tof 8:1; 10:8; 25:8g and the Gini

increases to 0.209. If, however, the top income tax rate is not 20%, but rather40% for the

4



income tax bracket [30; 40] and in
ation moves the marginal tax rates up to 10%, 20%,

and 40% (case 2), the after tax income distribution is instead given byf 8:1; 10:8; 23:8g,

and the Gini coe�cient falls to 0.198. Obviously, the bracket creep can either increase or

decrease inequality depending on the initial distribution of income and the top income tax

rate.

In the following subsection, we �nd that in
ation indexation introduced in 1985 o�sets the

redistributional e�ects of in
ation with a lag of approximately 1.5 years, leading to the more

transitory and contemporaneous relationship that we observe since the mid-1980s(Figure

1). Overall, prior to indexation of the U.S. brackets, the statistical signi�cance israther

weak. Since 1985 the relationship got both more contemporaneous and robust in terms

of statistical signi�cance. The comovement can also be rationalized theoretically. First,

the after-tax income of the income-poor households, remaining in a bottom-end bracket,

increases other things being equal. Secondly, the incentives to supply labor increases for

the low-productivity households as the after-tax wage rate increases.3

In the second section of the empirical part, spectral analysis con�rms the �nding from the

time domain that the relationship between the Gini coe�cient dynamics and the in
ation

rate got more contemporaneous since the introduction of the indexation in 1985.Bivariate

spectral density estimates are particularly informative with regard to the lead-lag relation-

ship of income inequality and in
ation as they are computed for a continuous range of

ordinary frequency. We estimate these measures for time series on income inequalityand

in
ation in the U.S. for a longer sample period than has previously been available. In

particular, we �nd that the average duration of association between the in
ation rate and

the Gini coe�cient shrinks from more than three years in the pre-1985 period toless than

two years in the post-1984 period.

2.1 Data

Our annual data on aggregate income inequality is drawn from Gini coe�cient seriesthat

were recently made available by Kopczuket al. (2010). The series date back to the late

3With the help of U.S. panel data on individual tax returns, Saez (2003) usesthe bracket creep as

source of tax variation in order to construct instrumental variable estimates of the sensitivity of income to

changes in tax rates. He estimates a labor supply elasticity of taxable income of around 0.4.
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1930s. Hence, our period of observation is considerably longer than the one of studies

using data from the Current Population Survey that became available in the 1960s. A fact

that makes this series particularly suited for our purposes is that it is based on individual

rather than family-level data, which is more adequate in the context of income taxation.

The series is available up to the year 2004.

For the in
ation rate series, we rely on CPI-U based time series (base year ischained, 1982-

1984 = 100) provided in annual frequency by the Federal Reserve Bank of Minneapolis. In

total, our period of observation covers 57 years. It ranges from 1948 to 2004.

2.2 Correlation analysis

Our analysis in the time and frequency domain requires stationary time series. For the

U.S. in
ation series it has not yet been conclusively resolved whether it is best treated as

stationary or non-stationary. To survey the voluminous literature on this issue is beyond

the scope of this paper. As Ng and Perron (2001) show, unit root (U.R.) test outcomes

crucially depend on the choice of test. Unre
ective reliance on U.R. tests seems hazardous

in the present context. Thus, we adopt another approach in the spirit of Canova (1998). We

compare results with the known potential distortions induced by the detrending �lter used

(A'Hearn and Woitek, 2001, p. 327-328), and compare across �lters to judge robustness.

For the in
ation rate series, we also compare it to �ndings treating the raw seriesas

stationary. The �lters we consider are the widely used highpass Hodrick-Prescott �lter

with a smoothing weight � for annual series equal to 100 (HP), the log-di�erence �lter

(logD) that would be ideal for a di�erence stationary process, and the recently proposed

bandpass Baxter-King �lter (BK) and Christiano-Fitzgerald �lter (CF) both with a cut-

o� frequency of 15 years; see Hodrick and Prescott (1997), Baxter andKing (1999), and

Christiano and Fitzgerald (2003). Additionally, we use two recent modi�cations of the

HP and BK �lter suggested by Ravn and Uhlig (2002) and A'Hearn and Woitek (2001),

respectively. The modi�ed HP �lter (MHP) sets the smoothing parameter� = 6:25 for

annual series. The modi�ed BK �lter (MBK) takes care of the undesirable sidelobes in the

gain function by so-called Lanczos's r-factors. Overall and similar to W•alde and Woitek

(2004), we rely on six di�erent �lter devices.

Figure 2 displays signi�cant correlation coe�cients between the in
ation rate and Gini
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Figure 2: Signi�cant correlations between Gini coe�cient and in
ation rate (1948-2004)

coe�cient series for the total sample period, that is from 1948 to 2004. Correlation coef-

�cients and corresponding standard errors are obtained by regressing cyclical components

of in
ation rate data on cyclical components of the Gini coe�cient series, where series

were normalized to have zero mean and unity variance in advance. Standard errors are

heteroskedasticity and autocorrelation consistent following Newey and West(1987). Fig-

ure 2 plots a dot corresponding to the estimated correlation coe�cient for in
ation rate

leads (Gini coe�cient lags) of two years and one year (starting from the left), for contem-

poraneous correlations, and for in
ation rate lags (Gini coe�cient leads) for one and two

years.4 Only coe�cients signi�cant at a 10% or lower level are displayed. They are shown

as distributions for combinations of series �ltered by di�erent �ltering techniques. As we

take six di�erent �lters into account  and in the case of the in
ation rate series also the

raw series , there is a maximum of 7� 6 = 42 signi�cant correlation coe�cients at each

considered lag.

Unfortunately, the results of our correlation analysis are overall rather inconclusive. Only

in about one �fth of considered possible correlations a signi�cant coe�cient is estimated.

Regarding Figure 2, referring to the total period, and the left schedule of Figure 3, referring

4As, on average, the U.S. income tax schedule has been subject to minor changes roughly every 1.6

years and to major changes about every second year over our total period of observation (see Appendix

7.1), we focus on �rst and second lags and leads, respectively.
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Figure 3: Signi�cant correlations between Gini and in
ation (1948-1984 and 1985-2004)

to the pre-1985 period, we may note the following. There seems to be a displacemente�ect

as there is virtually no contemporaneous correlation (at lag zero) betweenthe two series

across the di�erent �lter devices, which is possibly due to the in
ation rate being measured

in t while the Gini coe�cient is naturally of lagged nature. The latter is due to tax returns

being usually �led in the period following the realization of earnings. Yet, for both sample

periods there seems to be some support for a negative correlation at the �rstlead of the

Gini pointing to an inequality reducing e�ect of in
ation. To some extent this seems to be

in line with studies from the 1990s that �nd current in
ation to be of progressive nature

in the postwar U.S. (Bulir and Gulde, 1995 and J•antti, 1994).5 However, the e�ect is

ambiguous as it changes sign with the second lead. Besides measurement problems, this

also suggests a third variable such as the business cycle that operates behind and obscures

the correlations.

For the post-1984 period, studied in the right schedule of Figure 3, the picture is even more

fuzzy as we �nd an equal number of positive and negative contemporaneous correlations.

5J•antti (1994, p. 373) notes that the ERTA of 1981 is among the tax policies that most likely have

a�ected the U.S. income distribution. To control for these changes in policy his estimates include a dummy

taking on a value of one from 1981 onward. However, given that the tax bracket indexation for in
ation

represents the crucial change introduced by the ERTA, a later datedstructural break should have been

used as indexing was delayed until 1985.
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Addditionally, we see no more negative correlations at leaded values of the Gini coe�cient.

Presumably, for this period results are even more plagued by displacement and measure-

ment problems: For example, the cost-of-living index derived from CPI-U that is usedto

adjust bracket limits and personal exemption levels under ERTA is {as noted by Altig and

Carlstrom (1991){ de�ned as the average CPI-U for the 12-month periodending September

30 of the year prior to the tax year, divided by the average CPI-U for the analogous pe-

riod. Thus, because tax years and \index years" are by de�nition not synchronized,ERTA

mandates that in
ation adjustments be made with an approximate lag of one year. The

displacement of index in
ation rate and actual in
ation rate is not exactly one year asthe

former rate is constructed using the average of the CPI-U over the 12-month period ending

15 months (16 months since 1986) prior to the relevant tax year. Finally, it is again quite

reasonable to assume that business cycle dynamics drive these correlations and obscurethe

relationship.

In sum, basic correlation analysis in the time domain calls for a more thorough empirical

assessment of the relationship at di�erent business cycle frequencies, among others, in order

to verify whether the relationship got more contemporaneous since 1985.

2.3 Bivariate spectral analysis

An approach that characterizes the dynamics of multiple time series in an intuitive sum-

mary way and that is suited to describe and analyze contained cyclicalities at di�erent

frequencies is spectral analysis. Anyn-dimensional stationary processX t has a spectral

representation at frequencies! 2 [ �; � ] in the form of a spectral density matrixF (! ) : It

is given by the Fourier transform of the covariance function
 jk (� ), � = 0; � 1; � 2; :::; for

all j = 1; :::; n; k = 1; :::; n of the process

F (! ) =
1

2�

+ 1X

� =  1

 (� ) e i!� ;  � � ! � �; (1)

with

 (! ) =

0

B
B
@


 11 (! ) � � � 
 1n (! )
...

. . .
...


 n1 (! ) � � � 
 nn (! )

1

C
C
A and F (! ) =

0

B
B
@

f 11 (! ) � � � f 1n (! )
...

. . .
...

f n1 (! ) � � � f nn (! )

1

C
C
A :
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BecauseF (! ) is an even function, it is su�cient to examine it in the interval [0; � ]. The

diagonal elementsf 11 (! ) ; :::; f nn (! ) are the real-valued autospectra or power spectra. The

o�-diagonal elements represent cross spectraf jk (! ) = cjk (! ) iqjk (! ), consisting ofcjk (! )

cospectra andqjk (! ) quadrature spectra.

Implementing (1) is problematic, for it requires autocovariances and covariances from  1

to + 1 . The approach taken here follows A'Hearn and Woitek (2001). It consists in

estimating bivariate VAR models of orderp,6 the lag length being determined by Akaike's

information criterion, and letting the model parameters determine the covariance function.

This allows estimation of the bivariate spectrum as follows.

F (! ) =
1

2�
A (! ) 1

X
A (! ) � : (2)

P
denotes the error variance-covariance matrix.A (! ) is the Fourier transform of the

matrix lag polynomial A (L) = I  A1L  : : : A1Lp, where L is the backshift operator.

The superscript \*" denotes complex conjugate transpose. As noted above, thecross-

spectra are complex valued functions in! , but simple manipulations yield the more readily

interpretable, real measures: phase shiftps(! ) and squared coherencysc(! ).

ps(! ) = arctan
 qjk (! )
cjk (! )

; (3)

sc(! ) = � 2
jk (! ) =

jf jk (! )j2

f jj (! ) f kk (! )
: (4)

The phase shift (ps) measures the phase lead (ps > 0) or lag (ps < 0) of a seriesj over the

seriesk at a certain frequency! . The respectiveps measure is computed at the maximum

of squared coherencysc, i.e. at that frequency ! , where the cyclic components contained

in the two series at stake show the highest degree of linear relationship. Thesc measure

takes on values between 0 and 1. Precisely, it indicates the proportion of thevariance of

the component of frequency! of either series that can be explained by its linear regression

on the other series; see Koopmans (1995, p. 142). Both spectral parametersps and sc can

be calculated and displayed for a range of di�erent frequencies. This gives us the phase

and coherence spectral densities.

6We set the maximum order we allow for topmax = 3. Our results are not sensitive to this choice.

10



Figure 4 illustrates plots of the key bivariate measures coherence and phase over the total

period for a sample detrending device combination case (cf. Section 2.1): It displaysthe

results for the sample case, where the in
ation rate has been �ltered using a standard HP

�lter and the Gini coe�cient using the CF �lter, respectively. 7 Figure 5 is the corresponding

one for the two considered subperiods. In the following, we brie
y interpret the shown

sample cases before generalizing our results for all �lters.

Figure 4: Sample spectra: Gini coe�cient and in
ation rate (1948-2004)

As can be seen from Figures 4 and 5, the coherence spectra are characterized by two peaks,

corresponding to periodicities contained in the Gini coe�cient series (see the coherence

spectrum shapes { both in Figure 4 and the two plots in Figure 5).8 The numbers

shown below the left schedule of Figure 4 give the corresponding frequencies in years

(\Peak Period"), where the linear association between the Gini series and thein
ation

series reaches its �rst and second maximum (\sc"). The same information is givenat the

bottom of the �rst and third diagram displayed in Figure 5. For the 1948-2004 andthe

7Note this assumes all of our considered �lters to approximately show the properties of nonegative

de�nite �lters that leave phase relationships contained in the series undisturbed. For our used �lters, this

assumption should mostly be justi�ed; see Koopmans (1995, p. 138, pp. 207-208).
8Note frequency denoted on the abscissa is in ordinary units. The corresponding period length is the

inverse of these values. Hence, the highest frequency is 0.5, i.e. the Nyquist frequency, corresponding to

a cycle with a period length of two (= 1/0.5) years.
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