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1. Introduction

Government policies such as progressive taxes, unemployment benefits, or public
pensions have an important redistributive element. They also have well-known
macroeconomic side effects. Take, for example, the progressive tax system. It im-
poses relatively higher tax rates on wealthy individuals and thereby reduces economic
inequality. But it is also thought to operate as a so-called automatic fiscal stabilizer:
by e.g. reducing the volatility of disposable income relative to the volatility of mar-
ket income, it automatically stabilizes aggregate demand and therefore output and
employment (Brown, 1955).

The topics of economic inequality and fiscal stabilization policy have received
increasing attention by academics, policymakers, and the general public in recent
years. Rising income and wealth inequality has been observed within most devel-
oped countries for a couple of decades now (see e.g. OECD, 2011; Alvaredo et al.,
2018), and the subject features prominently in the political debate. Public inter-
est in the topic probably culminated in 2013/14 with the publication of Thomas
Piketty’s Capital in the Twenty-First Century (Piketty and Goldhammer, 2014).
Economists have pointed out many reasons for the increase in economic inequality
such as (skilled-biased) technological change, globalization, winner-take-all markets,
or changes in labor market institutions, to name but a few (see e.g. OECD, 2011;
CBO, 2011). Equally numerous have been the proposed policy measures to address
the problem of widening economic inequality. Among the more conventional mea-
sures put forth would be e.g. a significant increase in the top tax rate (Piketty et al.,
2011). More novel and radical measures would be for instance the introduction of
a global wealth tax (Piketty and Goldhammer, 2014) or the replacement of the in-
come tax with a progressive consumption or expenditure tax (see e.g. Frank, 2011b;
Rogoff, 2014; Arrow, 2015). Most certainly, the rise of artificial intelligence will not
make the topic of economic inequality lose any of its significance in the foreseeable
future (Korinek and Stiglitz, 2017).

In the wake of the financial crisis of 2007/08 and the ensuing Great Recession,
the former according to some economists at least partly caused by rising economic

inequality (see e.g. Rajan, 2010), there has likewise been an increasing interest in
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the topic of fiscal stabilization policy. During the preceding “Great Moderation”,
a period of reduced macroeconomic volatility in many developed countries begin-
ning in the 1980s, a widely held view among academics and policymakers was that
monetary policy could be relied upon to do the job of macroeconomic stabiliza-
tion, with fiscal policy at best playing a minor role (Blanchard et al., 2010). The
financial crisis has demonstrated, however, that big macroeconomic shocks might
push the central bank’s policy rate to the zero lower bound and thereby render con-
ventional monetary policy ineffective.!’ Thus, on the one hand, besides extensively
discussing the effectiveness of unconventional monetary policies?, economists have
reconsidered the role of discretionary fiscal policy.? DeLong and Summers (2012)
for instance argue that although the case for discretionary fiscal policy is weak in
normal times, in line with the pre-crisis conventional wisdom (Taylor, 2000), there
is a role for such policy in a depressed economy where interest rates are at the
zero lower bound and where hysteresis effects are present. According to Furman
(2016), a “New View” has emerged that sees fiscal policy as an essential stabiliza-
tion tool in a world of low interest rates and low economic growth.* On the other
hand, also having been neglected for some time, automatic fiscal stabilizers received
renewed attention by academics and policymakers. IMF economists (Baunsgaard
and Symansky, 2009; Debrun and Kapoor, 2010), for instance, have stressed the
timely and—equally significant—self-correcting response of automatic stabilizers to
economic disturbances and raise the question of how these important tools can be
enhanced further without economic efficiency losses. In a widely cited contribution,
Blanchard et al. (2010) argue that the design of better automatic stabilizers offers
one of the most promising ways to reduce macroeconomic fluctuations.®

This dissertation contributes to the growing literature on economic inequality and
automatic fiscal stabilizers. It consists of three self-contained papers. The first pa-

per (Chapter 2), co-authored with Simon Jurkatis, deals with the measurement and

I An impaired financial system additionally hampers the standard monetary policy transmission
mechanism.

2See e.g. Gertler and Karadi (2011) and Woodford (2012) for two influential theoretical con-
tributions and Joyce et al. (2012) for a review of the empirical literature on the economic effects of
the unconventional monetary policies. See also Den Haan (2016) for a summary of the diverging
opinions on this controversial subject.

3See e.g. Hebous (2011) for an extensive review of the literature.

4Nonetheless, discretionary fiscal policy remains a somewhat controversial issue. See e.g.
Parker (2011), Ramey (2011), and Taylor (2011) for differing views regarding the effectiveness
of discretionary fiscal policy.

®According to Blanchard (2006), “very little work has been done on automatic stabilization
[...] in the last 20 years”.

6Recent academic papers on automatic stabilizers are e.g. Dolls et al. (2012), Mattesini and
Rossi (2012), and McKay and Reis (2016a,b).



decomposition of income inequality, and focuses on the well-known Gini coefficient
and its decomposition by income source and population subgroup. Simply put, this
decomposition seeks to shed light on the importance of specific income sources (e.g.
capital income) or population subgroups (e.g. ethnic groups) for total income in-
equality; naturally, it also lends itself to analyze the distributional effects of the
government’s tax (and transfer) policies. The paper addresses shortcomings in the
existing Gini decomposition literature and proposes novel decomposition techniques.
The second paper (Chapter 3), co-authored with Philipp Engler, and the third pa-
per (Chapter 4) then deal theoretically, through the lens of a New Keynesian model
framework, with the macroeconomic effects of the government’s tax policies. Paper
2 looks at the progressive income tax and its (potential) automatic stabilization
properties. It analyzes how and through which built-in mechanisms the tax system
affects the economy’s response to shocks and explores under what conditions the
system is desirable from a welfare perspective. Paper 3 looks at the personal expen-
diture tax (PET), the most common formulation of a progressive consumption tax.
The PET is an at least decades-old, but as yet unrealized alternative to the (pro-
gressive) income tax and has again received more attention recently. In the context
of the ongoing inequality debate, proponents (e.g. Frank, 2010) have argued that a
PET would allow to address the growing problem of economic inequality more effi-
ciently, i.e. with less harmful effects on savings or work incentives, than measures
based on the taxation of income or wealth. This paper discusses a different, so far
neglected issue: the PET’s effect on the business cycle. More precisely, it compares
its automatic stabilization (and welfare) properties with those of the existing income
tax and thus asks whether the PET is a promising alternative from a macroeconomic

point of view.

In the following, the three papers of this doctoral dissertation will be reviewed in

some more detail.

The first paper — Chapter 2: Gini Decompositions and Gini Elastici-
ties: on Measuring the Importance of Income Sources and Population
Subgroups for Income Inequality — is about the decomposition of the Gini
coefficient. The essay confines itself to decomposition methods that are based on
the framework of Rao (1969), a framework that decomposes the Gini into so-called
“concentration coefficients”. The economic inequality literature utilizes these tech-
niques to understand the importance of specific income sources (e.g. capital or labor
income) or population subgroups (e.g. ethnic or linguistic groups) for total income
inequality; the techniques also lend themselves to the analysis of the distributional

effects of government tax and transfer policies. The main contribution of this first
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paper is to help clarify the literature on this widely used Gini decomposition frame-
work. More specifically, the essay points to both methodological errors and errors in
the interpretation of the decomposition results. It stresses the importance of using
the so-called “Gini elasticities” to assess the quantitative significance of an income
source or population subgroup for overall income inequality. It proposes a self-
consistent method to decompose the change in the Gini coefficient by income source
and contributes to the multi-decomposition literature by deriving Gini elasticities

from a two-dimensional decomposition by income source and population subgroup.

The second paper — Chapter 3: The Macroeconomic Effects of Progres-
sive Taxes and Welfare — studies the tax system from a macroeconomic perspec-
tive. It adds to the theoretical literature on automatic fiscal stabilizers by analyzing
the business cycle and welfare effects of a progressive tax on wages in a New Key-
nesian dynamic stochastic general equilibrium (DSGE) model. Compared to the
existing literature (Mattesini and Rossi, 2012), the investigation is conducted in a
non-linear setting and also features so-called “rule-of-thumb” households. The non-
linearity allows examining the effects of the progressive tax on both the volatility
and the level of macroeconomic variables; the existence of rule-of-thumb households
that base their consumption decision on disposable income adds the traditional
demand-side stabilization channel of the tax system to the analysis, the latter being
absent in modern DSGE models with only intertemporally optimizing or so-called
“Ricardian” households (and that therefore solely capture the supply-side stabiliza-
tion channel). The key takeaways are the following: the paper first finds that the
progressive tax indeed stabilizes output and on this view acts as an automatic fiscal
stabilizer for the macroeconomy; it also finds, however, that the tax leads to wel-
fare improvements only in a limited number of cases. Crucial for the results is the
progressive tax system’s effect on the volatility and average value of price inflation.
Overall, the findings suggest that the case for progressive taxes is difficult to make
from a business cycle perspective only, at least through the lens of the employed

New Keynesian model.

The third paper — Chapter 4: Revisiting the Progressive Consumption
Tax: a Business Cycle Perspective — examines the personal expenditure tax
(PET), the most prominent version of a progressive consumption tax. The PET
has a long intellectual tradition in economics, and the merits and demerits of this
alternative to the personal income tax have been discussed at length. What has
been missing in the literature so far, however, is a systematic account of its effect on
the business cycle. This third paper therefore seeks to contribute to the theoretical

literature on the PET and the wider literature on fiscal stabilizers by analyzing



the PET’s automatic stabilization properties in a modern business cycle model.
To this effect, it introduces a highly stylized PET into a standard New Keynesian
DSGE model, derives a log-linear version of the latter, and draws a comparison with
the existing (progressive) income tax. The paper finds that the PET considerably
changes the economy’s response to shocks. Furthermore, the paper finds that the
PET yields welfare gains, relative to the income tax, for all the demand shocks

considered. The PET yields welfare losses, however, under a technology shock.



2. Gini Decompositions and Gini
Elasticities: on Measuring the
Importance of Income Sources
and Population Subgroups for

Income Inequality™

2.1. Introduction

“ .. the disaggregation of the Gini coefficient is probably the most mis-

used and misunderstood concept in the income inequality literature.”
- Podder and Chatterjee (2002, p.3)

Gini decompositions have been proposed early on to analyze the role of different
income sources (e.g. capital income or government transfers) or population sub-
groups (e.g. different ethnical, geographical or generational groups) for overall in-
come inequality (Bhattacharya and Mahalanobis, 1967; Rao, 1969). Yet, despite the
extensive use of Gini decompositions in the income inequality literature, mistakes
continue to be made when it comes to the interpretation of decomposition results,
and misleading methods of decomposition do not stand corrected. The consequences
of misinterpretations or misleading methods cannot be overstated, as Gini decom-
position results may be used by policymakers to understand underlying trends in
the distribution of income and, most relevantly, to assess different tax and transfer

policies in terms of their effectiveness to reduce overall income inequality.’

*This paper was written in collaboration with Simon Jurkatis.

ITo give one example, falsely attributing an increase in inequality, as measured by the Gini
coefficient, to changes in the distribution of capital income, as opposed to changes in wage income,
may lead to wrong conclusions about redistributional measures enacted in the past and/or to
misdirecting policy recommendations to counteract the increase in inequality.
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This paper critically assesses Gini decompositions by income sources and popula-
tion subgroups within the framework of Rao (1969)—a framework which has been
widely used in the income inequality literature (for recent applications, see e.g. Pod-
der and Chatterjee, 2002; Chatterjee and Podder, 2007; Davis et al., 2010; Mussini,
2013). In this framework the Gini is disaggregated into the income sources’ (or
subgroups’) so-called concentration coefficients?, each coefficient being weighted by
the share of the respective income source (or subgroup income) in total income.
Generally speaking, such decompositions aim at providing an understanding of the
importance of an income source or population subgroup for total income inequal-
ity. In this paper we show which questions can and cannot be addressed by the
Gini decompositions proposed within Rao’s (1969) framework. In addition to this
assessment of the existing methods, we provide a new method to decompose the
change in the Gini coefficient by income sources and derive Gini elasticities from a
simultaneous decomposition by income sources and population subgroups, adding
to the recent trend of multi-decompositions (Mussard, 2004; Mussard and Richard,
2012; Mussard and Savard, 2012; Mussini, 2013).

First, we examine the Gini decomposition by income sources. Specifically, we
point to mistakes in the interpretation of the decomposition results obtained from
the method of Podder (1993b). Podder (1993b) proposes a transformation of Rao’s
(1969) traditional decomposition by income sources to circumvent what is known
as the violation of the property of uniform additions (Morduch and Sicular, 2002).3
According to Podder (1993b), the transformation allows assessing whether the pres-
ence of an income source increases or decreases total income inequality. We show
that the method, however, is generally not able to provide such an understanding.
Instead, we find that the results obtained from this method are to be interpreted
as the semi-elasticities of the Gini coefficient with respect to changes in the income
sources.

Turning to the Gini trend decomposition by income sources, which examines the
role of changes in income sources for the change in the Gini coefficient over time,
we show that the method proposed by Podder and Chatterjee (2002) can lead to
erroneous conclusions. For example, using Podder and Chatterjee’s (2002) trend

decomposition, one may conclude that a change in an income source caused total

2Roughly speaking, a concentration coefficient measures the relation of an income source (or
the income of a population subgroup) with the rank of its recipients in total income, i.e. it indicates
whether an income source (or the income of a subgroup) accrues mainly to relatively poor or rich
households.

3This violation states that an equally distributed income source will have a zero contribution to
total income inequality, though adding a constant income source to the existing income distribution
would lower total income inequality.
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income inequality to increase, when in fact the change contributed to a more equally
distributed total income. We are able to provide a method that does not admit such
unwanted conclusions. In particular, we show that changes in an income source over
time can contribute to an increase in the Gini in two different ways: first, if the
distribution of that income source changes in favor of relatively rich individuals (or
households); second, if the share of that income source in total income increases while
the distribution of the income source is more in favor of relatively rich individuals
than that of total income (or, conversely, if the income share of that source decreases
while its distribution is less in favor of relatively rich individuals than that of total
income). It is that latter comparison of the distribution of an income source with the
distribution of total income that is missing in the approach of Podder and Chatterjee
(2002). The trend decomposition of Fei et al. (1978) provides a similar intuition as
to the consequences of changes in income sources as our approach. Their method,
however, is less practical when more than two income sources are considered.

Discussing the Gini decomposition by population subgroups, we focus on the ap-
proach of Podder (1993a). Equivalent to Podder (1993b), Podder (1993a) proposes
a transformation of the Gini subgroup decomposition of Rao (1969), thus aiming at
assessing whether the presence of the income of a subgroup increases or decreases
overall income inequality. Again we show that the transformation does not allow
drawing conclusions on the (dis)equalizing effect of the presence of the income of
population subgroups.

We next discuss the Gini trend decomposition by population subgroups that
emerged from the decomposition method of Rao (1969). The trend decomposition
was put forth by Chatterjee and Podder (2007) and examines the role of the change in
the income of the different subgroups for the change in the Gini coefficient. We show
that their method, however, can lead to highly misleading conclusions as changes in
the concentration coefficients cannot be mapped unambiguously to changes in the
population subgroups.? In contrast to the trend decomposition by income sources,
the ambiguous interpretation of changes in the subgroup concentration coefficients,
unfortunately, does not allow for an insightful Gini trend decomposition within Rao’s
(1969) framework, as changes in the Gini would, inter alia, be explained by changes
in the concentration coefficients.

Throughout the paper, we highlight the importance of Gini elasticities to analyze
the role of income sources and population subgroups for overall income inequal-

ity within Rao’s (1969) decomposition framework (see Lerman and Yitzhaki, 1985;

4For example, one may prematurely conclude that the relative income position of a population
subgroup has worsened, although the opposite is the case.
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Podder, 1993a). Gini elasticities measure the impact of marginal changes in income
sources (or in the income of population subgroups) on the Gini coefficient. Even
though Gini elasticities thus aim at a quite different understanding than the con-
tributions of income sources to total income inequality traditionally derived from
the decomposition methods, in light of the non-interpretability result of Shorrocks
(1988) and our assessment of Podder’s (1993b) decomposition by income sources,
we stress that Gini elasticities provide a valuable tool—or are arguably even to be
preferred—to assess the importance of income sources for overall income inequal-
ity in a Gini decomposition framework.” Given our assessment of Podder’s (1993a)
Gini subgroup decomposition, we derive the same conclusion for the use of Gini
elasticities within the subgroup decomposition framework of Rao (1969).°

Recently proposed multi-decompositions merge decompositions by income source
and population subgroup and are thus inevitably subject to Shorrocks’ (1988) cri-
tique. Due to the unambiguous interpretability of Gini elasticities, they provide a
useful extension to multi-decomposition frameworks. We add to the literature by
deriving the Gini elasticity from a multi-decomposition within Rao’s (1969) frame-
work. This elasticity gives the percentage change in the Gini coefficient due to a
marginal, percentage change in the mean of an income source of a particular pop-
ulation subgroup. The elasticity is thus particularly suitable for analyzing how
changes in income sources differentiated across different subgroups (e.g. changes in
government transfers targeted at specific regions of a country) affect total income in-
equality. Gini elasticities in a multi-decomposition framework have also been derived
by Mussard and Richard (2012). Unlike our approach, however, their decomposition
is only valid for non-overlapping subgroup populations.

The remainder of the paper is structured as follows. Section 2.2 discusses the

5The non-interpretability result of Shorrocks (1988) states that the contribution of an income
source to overall income inequality derived from decompositions of a general class of inequality
indices (including the Gini coefficient) does not admit an interpretation of what could be rea-
sonably understood under the term “contribution” (see below). Gini elasticities and elasticities
of other inequality indices (see Paul, 2004), on the other hand, are by definition straightforward
interpretable. We may thus extend our statement to elasticities and decompositions of this general
class of inequality indices.

6Note that numerous other decompositions of the Gini coefficient by population subgroup
have been proposed (among others Yitzhaki, 1994; Dagum, 1997) and that we view the Gini
elasticity derived from Rao’s (1969) decomposition not as a substitute, but as a complement to
these methods, depending on the specific research question. This said, the reader may be reminded
of the discussion regarding the decomposability of the Gini by population subgroups (Mookherjee
and Shorrocks, 1982; Cowell, 1988; Silber, 1989; Yitzhaki and Lerman, 1991; Lambert and Aronson,
1993) due to the failure of subgroup consistency (see Cowell, 2000, p. 123). Although this discussion
is beyond the scope of this paper, we want to note that whatever caveat may be put forth the
Gini elasticity provides a clear-cut interpretation, which is enhanced by the intuitive appeal of the
Gini itself, and that deriving this elasticity from the decomposition framework of Rao (1969) is
straightforward.



2. Gini Decompositions and Gini Elasticities

Gini decomposition and the corresponding trend decomposition by income sources.
Section 2.3 discusses the Gini decomposition and Gini trend decomposition by pop-
ulation subgroups. Section 2.4 presents a simultaneous decomposition by income
sources and population subgroups based on Rao (1969) and derives the Gini elas-

ticity from this decomposition. Section 2.5 concludes.

2.2. Gini Decomposition by Income Sources

2.2.1. Explaining Income Inequality in Terms of Income

Sources

The decomposition of the Gini coefficient by income sources was early developed by
Rao (1969), followed by the contributions of Fei et al. (1978), Pyatt et al. (1980)
and Lerman and Yitzhaki (1985). The objective of the decomposition is to explain
total income inequality in terms of the underlying income sources. The contribution
of an income source to total income inequality has been of particular interest.
Assume that individuals’ (or households’) total income Y is made up of I € N
number of components, such that Y = > Y; where Y] is the income from source i.

The Gini can then be expressed as

I
G=> 5 C (2.1)

where S; := p;/p is the mean of income source i divided by the mean of total
income and C; is the concentration coefficient (also referred to as the ‘pseudo Gini’)

7 The concentration coefficient is defined as one

associated with income source 1.
minus twice the area under the concentration curve, which plots the cumulative
proportions of income source ¢ against the cumulative proportions of the population
ordered ascendingly according to their total income. That is, the concentration
curve makes statements like: the poorest p% of the population receive ¢% of income
source i. Hence, it should be obvious that C; € [—1, 1], as the concentration curve
may very well lie above the diagonal of the unit square, for example, if an income
source is mostly received by relatively poor households.

Regarding the contribution of an income source to total inequality, Shorrocks
(1988) establishes a very unsatisfactory impossibility result that relates to the ques-

tion of how to interpret the term “contribution”. He names four different concepts

"The concentration coefficient can be further decomposed into a “Gini correlation” and the
Gini coefficient of income source i (see Pyatt et al., 1980; Lerman and Yitzhaki, 1985).

10



2.2. Gini Decomposition by Income Sources

that can be principally understood as the contribution of an income source i to
total income inequality: (a) the inequality due to income source i alone, (b) the
reduction in inequality that would result if income source ¢ would be eliminated, (c)
the observed inequality if income source ¢ would be the only source not distributed
equally, and (d) the reduction in inequality that would result from eliminating the
inequality in the distribution of income source i. He shows that in general no rea-
sonable inequality index that can be expressed as I(Y) = > . «a; (as in equation
(2.1)) admits an interpretation of a; in the sense of (a)-(d).?

Abandoning the wish of an interpretive assignment in terms of (a)-(d) to a de-

composition method, one can divide equation (2.1) by the Gini coefficient to get

S; C;
1= o = > s, (2.2)

% %

and then to attribute the term s; := S;C;/G to income source i as its proportional
contribution to total inequality (see e.g. Fields, 1979; Shorrocks, 1982; Silber, 1989;
Achdut, 1996; Davis et al., 2010).

Shorrocks (1982) already suggested that s; may not be a desirable measure of the
proportional contribution of income source i, which was again forcefully pointed out
by Podder (1993b) and Podder and Chatterjee (2002). Consider, for example, an
income source which is equally distributed across households. The concentration
coefficient of such an income source is zero and so its (proportional) contribution to
total income inequality according to s;. We know, however, that adding a constant
to each household’s income lowers total income inequality. The contribution of such
an income source should thus be negative.® The failure of the Gini decomposition—
as stated in equation (2.2)—in this respect is known as the violation of the property
of uniform additions (Morduch and Sicular, 2002).

Motivated by this failure, Podder (1993b) suggests to transform equation (2.1) in

8Shorrocks (1988) provides four criteria that should be fulfilled by any reasonable inequal-
ity index, which are symmetry, the principal of transfers, the normalization restriction, and the
continuity assumption (see Shorrocks (1988) for details).

90ne may want to argue that whether the contribution of such an income source should indeed
be negative depends on the baseline of the analysis. That an equally distributed income source
should have a negative contribution to total income inequality implies that the baseline is given
by the status quo (with positive income inequality). In a world of equally distributed income,
on the other hand, an equally distributed income source would not contribute in any direction to
total income inequality. Therefore, equation (2.2) simply takes such a hypothetical world as the
baseline of the analysis. This argument, however, is self-contradictory. To see this, note that in a
world with equally distributed income adding any income source that is not distributed equally will
increase total income inequality. Yet, an income source that is (in the status quo) mostly received
by relatively poor households has a negative contribution to total income inequality according to
equation (2.2)—a contradiction.

11



2. Gini Decompositions and Gini Elasticities

a simple manner to get

0=> S(Ci-G)=> 3. (2.3)

i

Although it is not possible to interpret the term 3; := S;(C; — G) as the proportional
contribution of source ¢ to total income inequality, according to Podder (1993b), the
sign of C; — G tells us whether the ¢th income source has an inequality decreasing
or increasing effect on total inequality. Or, in the words of Podder (1993b): “the
sign indicates if the presence of the k-th [here ith] component increases or decreases
total inequality” (p. 53). That is, C; — G > 0 “means that the presence of income
from the ith source makes the total inequality higher than what it would be in the
absence ... from that source” (Podder and Chatterjee, 2002, p. 7).

We will show that such an interpretation of equation (2.3) is misleading by means
of a simple example. Consider a population with n = 1,..., N individuals, sorted
ascendingly in their income, vy,. Let the richest individual N receive only, say,
capital income. The rest of the population earns labor income only. Clearly, C; — G
is positive for capital income suggesting—according to the above interpretation—
that in the absence of capital income the Gini coefficient should be smaller. However,

it can be shown that if the initial (capital) income of the richest individual satisfies

N-1
o < et (2.4
donmt N —=1=n)y,
the absence of this income would lead to an increase in the Gini coefficient contra-
dicting the above interpretation of equation (2.3).1° The intuition is clear: elim-
inating an income source ¢ which is disproportionately received by relatively rich
individuals, i.e. where C; — G > 0, leads to an increase in total inequality when the
worsening in the relative position of these individuals outweighs the improvement
in the relative position of the remaining population.
So far we have reminded the reader that an intuitive interpretation of the (propor-

tional) contribution of an income source is not possible in the Gini decomposition

10Recalling the definition of the Gini coefficient

G72Zn”yn N+1

7Nznyn N

we derive this result by solving the inequality

N N-1
N N-1

for yy.

12



2.2. Gini Decomposition by Income Sources

framework and showed that the qualitative approach of Podder (1993b) is no fea-

sible alternative—a most unsatisfactory conjuncture.!!

Yet, another possibility to
assess the importance of an income source for total income inequality is given by the
elasticity of an inequality index with respect to the mean of an income source, also
called marginal effects. Lerman and Yitzhaki (1985) were the first to derive this ex-
pression within the Gini decomposition framework considered here. They show that
the Gini elasticity is given by n; = S;(C; — G)/G, which is the percentage change
in the Gini coefficient due to a marginal, percentage increase in the mean of income
source ¢ (for an extension to other inequality indices see Paul, 2004).'* Given the
non-interpretability of (proportional) contributions and given that the elasticities
provide, by definition, a clear-cut assessment we are inclined to conclude that these
elasticities are to be preferred when examining the role of income sources for total
income inequality.'?

Before proceeding with the next section, two last remarks regarding the decom-
position approach taken by Podder (1993b) are in order. First, the mistake of Pod-
der (1993b) and Podder and Chatterjee (2002) is to interpret—based on the sign of
C; — G— the importance of an income source ¢ for total income inequality in absolute
terms. The sign of C; — G remains informative about the (dis)equalizing character of
an income source when considering marginal changes since sgn(n;) = sgn(C; — G).*
Second, observe that §; = n;G. Hence, Podder’s (1993b) transformation (2.3) yields
the term §; as the semi-elasticity of the Gini with respect to the mean of income
source i. That is, 5; is the absolute change in the Gini due to a marginal, percentage

increase in the mean of income source 3.

HRecent research circumvents the non-interpretability problem by deriving the ezpected con-
tribution of an income source to total income inequality similar to the Shapley value known from
cooperative game theory (see Chantreuil and Trannoy, 2011; Shorrocks, 2013).

12Note that the sign of 7; is determined by the sign of C; — G. The Gini elasticity is thus
consistent with the property of uniform additions.

13The importance of examining marginal effects has also been stressed by Paul (2004) and
Kimhi (2011). Paul (2004) argues that policy makers can affect income sources only at the margin
and that, therefore, it is more important to know how marginal changes in income sources affect
total income inequality than to know the proportional contributions of income sources. Reviewing
decompositions of different inequality indices by income sources, Kimhi (2011) argues that marginal
effects are more robust across decompositions of different inequality indices than proportional
contributions.

141n fact, reducing capital income in the above example only slightly would reduce total income
inequality.
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2. Gini Decompositions and Gini Elasticities

2.2.2. Explaining Income Inequality Trends in Terms of

Income Sources

We now turn to the decomposition of inequality trends. That is, we want to attribute
the change in the Gini coefficient over time to changes in income sources. We again
restrict our attention to the framework proposed by Rao (1969).

Fei et al. (1978) are the first to study how the change in the Gini can be traced back
to changes in the shares and concentration coefficients of income sources. They start
out with two income sources, labor and capital income, and show that any increase
in the concentration coefficients increases the Gini. Further, they show that an
increase in the share of an income source has a negative effect on the Gini if the
concentration coefficient is smaller than that of the other income source.

Hence, to determine the effect of a change in the share of an income source on
total income inequality Fei et al. (1978) highlight the importance of comparing the
relative inequality of the two sources. Clearly, such a comparison becomes less
tractable when splitting income into more than two sources. In fact, with a third
income source, agricultural income, they summarize wage and labor income to non-
agricultural income so that the analysis of the change in the Gini can be carried
out as before. Yet, changes in capital and labor income become convoluted in the
change in non-agricultural income, making the analysis less and less instructive the
more income sources are added.

A different approach is taken by Podder and Chatterjee (2002). They analyze
changes in the Gini coefficient by differentiating equation (2.1) with respect to time

t, yielding

with & := 02/dt. According to Podder and Chatterjee (2002), the term C;S; + S;C;
describes the contribution of income source ¢ to the change in the Gini coefficient
of total income, i.e. the change in the Gini that is due to the changes in the share
and the concentration coefficient of the ith income source.!® Specifically, such an
interpretation implies that any increase in the share of an income source raises
total inequality whenever its concentration coefficient is positive. However, this
understanding contradicts the Gini elasticity 7;: a marginal increase in the share of
an income source that has an equalizing effect according to the sign of C; — G should

lower total income inequality.

15See the remarks referring to equation (16), Table 5 and Table 9 in Podder and Chatterjee
(2002).
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2.3. Gini Decomposition by Population Subgroups

Instead of using equation (2.1), we propose to base the decomposition of the
change in the Gini coefficient on equation (2.3). This approach allows for an in-
terpretation that is consistent with the Gini elasticity and is still instructive when
more than two income sources are considered.

Differentiating equation (2.3) with respect to time and rearranging terms, we

obtain!®

which yields (C; — G)Si +S,C; as the change in the Gini that is due to the change in
the concentration coefficient and the income share of income source i. We see that
an increase in the concentration coefficient of an income source always increases
the Gini coefficient. More importantly, according to this decomposition a ceteris
paribus increase in the share of an income source increases the Gini only if this
income source has a disequalizing effect on total income inequality by the sign of

C; — G. Our approach is thus consistent with the Gini elasticity.'”

2.3. Gini Decomposition by Population
Subgroups

2.3.1. Explaining Income Inequality in Terms of Population

Subgroups

Gini decompositions by population subgroups aim at explaining income inequality in
terms of the income of different population subgroups. In this section, we draw the
attention to the decomposition proposed by Podder (1993a), recently reasserted by
Chatterjee and Podder (2007). Building on Rao (1969), the method is in a similar
spirit as the decomposition by income sources presented in the previous section.
Its focus lies on the assessment of whether the presence of income of a particular
subgroup increases or decreases total income inequality. We will briefly introduce
the proposed method before showing that such an assessment cannot be drawn from
the decomposition.

Imagine an economy of N individuals (or households). We can collect their income

in ascending order in a vector y, such that y; < ys < --- < yy. Imagine further

16Note that C; = R;G; + R;G; if C; would have been decomposed into the “Gini correlation”,
R;, and the Gini coefficient, G;, of income source i, where C; = R;G;.
I7A discrete time formulation of equation (2.6) would be used for an empirical application.
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that each individual can be assigned to one and only one of G € N groups. We can

then construct G vectors x4, g = 1,...,G, with elements

xgn -

(2.7)

yn if and only if individual n is a member of group g,
0 otherwise,

such that y = > g Zg- Let us denote Y as the total income of the population and X,
as the total income of group g. Equivalent to equation (2.1) we can write the Gini

coeflicient of total income as
g
X
G=>_ 7 Co (2.8)
g

where Cj is again the concentration coefficient, but here of the gth population
subgroup vector z,.'® That is, here the concentration curve plots the cumulative
proportions of vector z, against the cumulative proportions of the total population
ordered ascendingly according to their income. Again, it should be clear that C, €
[—1, 1], as the concentration curve may very well lie above the diagonal of the unit-
square.

Equivalent to the decomposition by income sources, Podder (1993a) and Chat-
terjee and Podder (2007) infer from the sign of C; — G’ whether the presence of the
income of group ¢ increases or decreases total inequality: Cy — G > 0 (< 0) would
imply that the presence of the income of group g increases (decreases) total income
inequality. For the same argument as above, however, such a conclusion cannot be
deduced from the sign of C;; —G. For example, eliminating the income of the richest
group, for which Cy; — G > 0, may very well increase the Gini by the shift of the
subgroup to the bottom of the income distribution.

Again, we want to stress that, analogously to the decomposition by income
sources, a straightforward assessment of the (dis)equalizing effect of the income
of a specific subgroup on total income inequality is given by the Gini elasticity with

respect to the mean of the population subgroup income vector.'® Here, the elastic-

18 Note that a further decomposition of the concentration coefficient into a “Gini correlation”
and a Gini of subgroup income vector x,—as is often done in the case of a decomposition by income
sources (see e.g. Lerman and Yitzhaki, 1985)—is not meaningful here. The Gini of a subgroup
income vector should not be misinterpreted as the within Gini, i.e. the Gini of a subgroup. Recall
that 24, = 0if m ¢ G, where G is the set of individuals belonging to subgroup g. Therefore, the
Gini of income vector x4, G(x4), will be different from zero if In € G : 24, > 0 and Im ¢ G.
Consequently, even when income within subgroup ¢ is equally distributed, G(z,) can be different
from 0. Put differently, the Gini of the subgroup income vector x, depends not only on the
distribution of the income of subgroup g, but also on the population share of that subgroup and
is thus difficult to interpret.

9Note that the decomposition in (2.8) can be viewed as a relabeling of the decomposition in
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ity is defined as the percentage change in the Gini due to a marginal, percentage
increase in the mean of income vector x,. For the decomposition of Podder (1993a)
this elasticity can be derived equivalently to the Gini elasticity with respect to the
mean of an income source and is given by n, = X, (Cy, —G)/Y G (see Podder, 1993a;
Chatterjee and Podder, 2007).%°

We would also like to stress that—in this respect—the approach of Podder (1993a)
may provide a particular advantage over decompositions of alternative inequality
indices. For the decomposition offered by Podder (1993a) the elasticity is readily
computed and does not depend on derivatives of, e.g., “between-group” terms or
“transvariation” terms, as they would arise if one would want to derive the elasticity
for indices belonging to the Generalized Entropy family?! or for Dagum’s (1997) Gini

decomposition.?

2.3.2. Explaining Income Inequality Trends in Terms of

Population Subgroups

Next, we want to turn to the decomposition of inequality trends in the context
of the Gini decomposition by population subgroups of Podder (1993a). The trend
decomposition attributes changes in the Gini coefficient to changes in the population
subgroups.

More precisely, using equation (2.8), Chatterjee and Podder (2007) decompose the
change in the Gini into changes in the concentration coefficients, as well as changes
in population and income shares of the different subgroups. In what follows, we
show that this trend decomposition by population subgroups, contrary to its coun-
terpart decomposition by income sources from section 2.2.2, however, is limited in

its ability to provide insightful results. In particular, we argue that this limitation

(2.1). Tt follows that by rephrasing the interpretations of a contribution offered in (a)-(d) in terms
of the income of a subgroup, the contributions derived from the decomposition in (2.8) lack the
same interpretive content as their counterpart contributions from the income source decomposition.

20Note that by transforming equation (2.8), analogously to the transformation in the case of
the decomposition by income sources, into

0:2%(@—0):2% (2.9)

g

one obtains 3, as the semi-elasticity of the Gini coeflicient with respect to the mean of the income
of subgroup g.

21For a decomposition of these indices by population subgroups see Shorrocks (1984).

220f course, these derivatives do not pose a disadvantage if an analysis of the interplay between
different subgroups following a marginal change in the income of a particular subgroup is of interest.
Yet, we are not aware of a subgroup income elasticity derived for inequality indices other than the
Gini coefficient.
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Figure 2.1.: Changes in the Concentration Curve
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Notes: This figure depicts Examples 1 to 3. In period ¢ the economy’s income vector is y =
(12310 --- 10)" with number of individuals without loss of generality set equal to dim(y) = 13.
The poorest three individuals belong to subgroup ¢, the remaining 10 individuals belong to another
subgroup. CC} plots the concentration curve of subgroup income vector z4 in period t. CC} 1
plots the concentration curve in period ¢ + 1 as described in Example 1, CC’EH as described in
Example 2, and CC} .1 as described in Example 3. The shift of the concentration curve to the left
indicates a fall in the concentration coefficient.

is due to the inability to derive precise conclusions from changes in the concentra-
tion coefficients of the population subgroups. We will show this by means of three
illustrative examples.

In the following analysis, let us focus on a negative concentration coefficient of an
arbitrary subgroup g, which decreases from one period to the next, i.e. Cy 41 —Cg <
0 where t is a time index. At first sight it might be appealing to follow Chatterjee
and Podder (2007), who interpret such a change as “indicating that the within-group
distribution shifted towards the lower-income population” (p. 282), suggesting “that
the incomes of more [of group g| ... were concentrated in the lower half of the income
distribution for the sample as a whole” (p. 282), or simply that “the distribution
worsened” (p. 282) for subgroup g. Yet, the examples show that these interpretations
of a negative change in the concentration coefficient may be misguided.

Consider an economy where the poorest three individuals belong to subgroup g
receiving income of 1, 2 and 3 units, respectively. The rest of the population belongs
to a different subgroup j # ¢ and receives income of, say, 10 units each. Clearly,
C, <0.
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Figure 2.2.: Change in the Concentration Curve due to a Fall in Income
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Notes: In period t the economy’s income vector is y = (12 3 10 --- 10)’ with number of individuals
without loss of generality set equal to dim(y) = 13. The poorest four individuals belong to subgroup
g, the remaining 9 individuals belong to another subgroup. C'C; plots the concentration curve of
subgroup income vector x4 in period ¢. C'Cy41 plots the concentration curve in period ¢ + 1 where
the income of the 4th individual falls from 10 to 4 units. The shift of the concentration curve to
the left indicates a fall in the concentration coefficient.

Example 1. Imagine that from period ¢ to ¢ + 1 income within subgroup g is re-
distributed such that each of the three individuals now receives income of 2 units. It
is apparent from Figure 2.1 that such a redistribution induces a fall in C;. However,
one can hardly interpret such a redistribution as a worsening in the distribution of

the income of subgroup g.

Example 2. Now imagine instead that each of the individuals of subgroup ¢ re-
ceives 2 additional units of income. Figure 2.1 illustrates that such a change leads
to a decrease in the concentration coefficient. Yet again, this decrease in the concen-

tration coefficient does not admit any of the interpretations offered by Chatterjee

and Podder (2007).

Example 3. Imagine that the poorest individual dies between ¢ and ¢ + 1. Sub-
group g, thus, reduces in size to two individuals. Figure 2.1 shows that such a
change in demography again leads to a decrease in the concentration coefficient of
subgroup g. However, it would be mistaken to state that the incomes of more of
subgroup g were concentrated in the lower half of the income distribution.

It is, of course, correct that a change that leads to more individuals of a subgroup

being concentrated in the lower half of the income distribution, as described by
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Chatterjee and Podder (2007), implies a decrease in the concentration coefficient.
To see this, consider again the economy described above, but imagine that a fourth
individual receiving an income of 10 units belongs to subgroup g. Since the rest
of the population is larger than subgroup ¢ and since each of the individuals not
belonging to group g receives an income of 10 units, the median income is 10. Figure
2.2 shows that reducing the income of the fourth member of group ¢ from 10 to 4
units—which implies that more of the individuals in group g receive an income left
of the median—reduces the concentration coefficient.

However, our illustrative examples made it abundantly clear that there are sev-
eral other possible changes within the subgroup that can account for the same effect,
which, however, are incompatible with the interpretation of Chatterjee and Podder
(2007). It is easy to think of many other, more complex, changes within a subgroup
g, and even of changes in other subgroups j # g, that can account for the same
change in the concentration coefficient C,. It is thus difficult to relate changes in
the Gini coefficient to underlying changes in the population subgroups and, there-
fore, to derive policy relevant conclusions from the Gini trend decomposition of
Chatterjee and Podder (2007). We want to stress, however, that the usefulness of
the Gini elasticity referred to above is not affected by this result as it is obtained
by increasing the income of the respective population subgroup proportionally such

that the concentration coefficients do not change.

2.4. Multi-Dimensional Gini Elasticity

Recent contributions in the inequality literature focus on a combination of decom-
positions by income sources and population subgroups, called multi-decomposition
(Mussard, 2004; Mussard and Richard, 2012; Mussard and Savard, 2012; Mussini,
2013). By merging a decomposition by population subgroups with a decomposition
by income sources, however, any such approach is inevitably subject to Shorrocks’
(1988) non-interpretability critique.??

Considering the clear interpretation of the Gini elasticity with respect to income
sources or population subgroups presented in the previous sections, the purpose of
this section is to extend the single-dimension Gini elasticities to the framework of
multi-decompositions. Such an extension provides a tool for assessing the effect of a
marginal, proportional change in an income source of a specific population subgroup

on the Gini coefficient, e.g., for analyzing the distributional effect of a tax reform in

ZFor example, Mussini (2013) merges Dagum’s (1997) Gini decomposition by population sub-
groups with Rao’s (1969) decomposition by income sources.
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different regions of a country.
We start from Rao’s (1969) decomposition by population subgroups which we

restate here,?*
g
X
G= i C
2

The same way total income can be expressed as a sum of income sources, each
subgroup income vector z, can be rewritten as z, = ) . mg(f), where a:(gl) denotes
subgroup ¢’s income vector of income source i. Using the covariance definition of

the concentration coefficient, we can rewrite equation (2.8) as

G ZX 2 cov( Zgj]gv, (y))’ (2.10)

where F'(-) denotes the cumulative density function over total income y. Rearranging

terms, we obtain
G= § Ny co, (2.11)
14

where ) denotes summation over all ordered pairs (g,i) € {1,...,G} x {1,...,
I}, Ny denotes the number units (e.g. households) belonging to subgroup g, /Lg) de-
notes the mean of income source i in subgroup ¢, and C’éi) denotes the concentration
coefficient of income source i in subgroup ¢.%

From the multi-dimensional decomposition in (2.11) we can easily derive the Gini
elasticity with respect to the mean of income source ¢ in subgroup g defined as
(i) oG Méi)

= 2 M (2.12)
o)) G

which gives the percentage change in the Gini due to a marginal, percentage increase
in ,ugi).

We first derive the partial derivative of G with respect to ,uéi). It is important to
note that the change in ,ug(f) is a proportional change in the income vector xéi) such

that the concentration coefficient C’y) is unaltered V g. The derivative is then given

24 A1l variables follow their definitions from the previous sections.
Z>Note that for (2.11) to be defined we require that Vg,i 3 n : mé’rz > 0.
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by
(—i) M _ aM_ lu(l)
aG N 8 i N (i) 9 .
= Py Bty 2 o (213)
Opig _g,—i N p 5’ N H

where >, denotes summation over all pairs in ({1,...,G} x{1,...,I})\{(g,9)}.
Rewriting pas p=3_ Ng,ugi) /N, the derivative Ou/ 8,u§i) is given by

0 N,
= (2.14)
Opg N
Inserting (2.14) into (2.13) and rearranging terms, we get
oG N, 1
—5 = - (CP-a). (2.15)
g N oy
Multiplying this expression by pg) /G, yields the Gini elasticity (2.12)
‘ N (@) (O(i) _ G)
(i) = Yo Mg g — 1) 2.16
ng N U G : ( . )

We see that combining Rao’s (1969) Gini decomposition by income sources and
population subgroups provides a straightforward approach to analyze the effect of
a marginal, percentage change in the income of a particular source in a specific
subgroup on total income inequality.?® Similar to the single-dimensional elasticities,
a marginal increase in the mean of income source ¢ in subgroup ¢ decreases the
Gini if this income source is more favorably distributed for that subgroup than total

imcome.

26Integrating the multi-elasticity over either subgroups or income sources will bring us back to
the single dimension Gini elasticities from the previous sections,

>y =
g
Z U;i) =Mg-

Equivalent to the single-dimension Gini decompositions, manipulating the multi- decomposmon in

equation (2.11) in the same manner as equation (2.3) yields a summation over ng @G, ie. over
multi-dimensional semi-elasticities.
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2.5. Conclusion

This paper closely examined Gini decompositions by income sources and popula-
tion subgroups within the well-known framework of Rao (1969). We showed that
the methods put forth by Podder (1993b) and Podder (1993a) to analyze the role
of income sources and (the income of ) population subgroups, respectively, for total
income inequality do not admit the interpretation intended by the authors. Further-
more, we showed that the method of Podder and Chatterjee (2002) to decompose
the change in the Gini by income sources is at odds with the Gini elasticity, thus
leading to erroneous conclusions. We were able to provide a trend decomposition
consistent with the Gini elasticity. With respect to the contribution by Chatterjee
and Podder (2007), we showed that the ambiguous interpretation of changes in the
concentration coefficients does not allow for an insightful Gini trend decomposition
by population subgroups within the framework of Rao (1969).

Throughout the paper, we highlighted the importance of Gini elasticities as a
valuable tool for analyzing the (dis)equalizing character of income sources or (the
income of) population subgroups, and in particular for evaluating the effectiveness
of different tax and transfer policies to affect overall income inequality. We con-
tributed to the recent trend of multi-decompositions by deriving the Gini elasticity
with respect to an income source of a population subgroup from a simultaneous
decomposition of the Gini coefficient by income sources and population subgroups.
This facilitates the analysis of the distributional effect of changes in income sources
in different population subgroups induced by, e.g., tax reforms aimed at different

regions of a country.
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3. The Macroeconomic Effects of

Progressive Taxes and Welfare*

3.1. Introduction

Progressive taxes are one of the instruments by which fiscal policies aim at auto-
matically stabilizing the business cycle (Auerbach and Feenberg, 2000). The tradi-
tional, demand-side argument for them rests upon their effect on disposable income
(Brown, 1955): They reduce the volatility of the latter compared to the volatility of
the market income and thereby stabilize aggregate demand and output. In modern
DSGE models, in contrast, where households’ intertemporal optimization renders
disposable income irrelevant for aggregate demand, progressive taxes stabilize the
economy through the supply-side (Mattesini and Rossi, 2012).

In this paper, we add to the debate on the macroeconomic properties of the pro-
gressive tax system by jointly analyzing its demand-side and supply-side business
cycle effects, as well as the resulting welfare implications, using a non-linear DSGE
model calibrated to the euro area.! We do so by introducing a fraction of so-called
“rule-of-thumb” households and a progressive tax on wage income into an otherwise
standard New Keynesian sticky-price model. By assumption, rule-of-thumb house-
holds consume their entire disposable income in each period. The progressive tax
thus reduces their consumption volatility, in line with the traditional demand-side
view (Brown, 1955). The remaining fraction of households are “Ricardian” in the
sense that they seek to smooth their consumption intertemporally and are there-
fore immune to the disposable income channel. Their labor supply decision (as well
as that of rule-of-thumb households), however, is affected by the design of the tax
system. Progressive taxes reduce the elasticity of household labor supply, making
firms’ marginal cost curves become steeper and thereby resulting in a different price
setting behavior by firms (Mattesini and Rossi, 2012).

*This paper was written in collaboration with Philipp Engler.

'We focus on the euro area because tax progression is more pronounced there than e.g. in the
United States. See Mattesini and Rossi (2012) for a comparison of the degree of tax progression
across countries.
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Our first main finding is that in a baseline scenario without rule-of-thumb house-
holds, progressive taxes are desirable from a welfare perspective when only tech-
nology shocks drive the business cycle. Ricardian welfare rises when progressive
taxes are introduced (instead of flat taxes) because the supply-side effects cause the
volatility of inflation to fall. As the central bank follows a Taylor-type interest rate
rule in our model, the volatility of the real rate also falls and with it the volatility of
Ricardian households’ consumption. This latter effect increases Ricardian welfare.
The reduction in inflation volatility is caused by the steeper marginal cost curve
which mitigates the price reaction of firms in the presence of technology shocks.

Once rule-of-thumb households are also considered, however, we observe that the
interaction between the two household types crucially affects the welfare implications
of the tax system. Rule-of-thumb households’ welfare indeed rises when progressive
taxes are introduced because their consumption volatility is significantly reduced.
Ricardian households’ welfare, in contrast, declines. The reason is that the decreased
consumption volatility of rule-of-thumb households now increases the volatility of
inflation in the presence of technology shocks. This, in turn, increases the volatility
of the real rate, leading to more volatile Ricardian consumption. As aggregate
welfare falls for our model calibration, our second main finding is that progressive
taxes can no longer be justified on utilitarian grounds once both their supply-side
and their demand-side effects are taken into account.

Our third main finding is that when only demand shocks drive the business cycle,
economy-wide welfare falls after the introduction of progressive taxes. This holds
for both the baseline model and the model with rule-of-thumb households. Specifi-
cally, Ricardian households are worse off in both scenarios because in the presence
of demand shocks, a steeper marginal cost curve in fact increases the volatility of
inflation, the latter destabilizing Ricardian consumption. In addition, and some-
what surprisingly, we find that the welfare of rule-of-thumb households declines as
well. This is despite a reduced consumption volatility, which is also achieved in this
setting. But another effect—related to the non-linearity of our model-—dominates
here: Progressive taxes not only increase the slope of the marginal cost curve; they
also increase its convexity. With a convex marginal cost curve, firms’ price increases
tend to be larger than their price decreases, and, since this effect is more pronounced
under progressive taxes, higher inflation rates, higher real interest rates, and lower
Ricardian consumption demand are thus observed in this case. Average output is
consequently smaller than under flat taxes, the latter also reducing rule-of-thumb
households’ consumption. This level effect holds for both technology and demand

shocks and is, all other things equal, welfare-reducing. In the former case, however,
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3. The Macroeconomic Effects of Progressive Taxes and Welfare

the effect is dominated by a much lower consumption volatility for rule-of-thumb
households whereas in the latter case, the level effect dominates. This last result
shows, first, the importance of taking non-linearities into account, and second, the
crucial role of the interaction between the two household types.

Beyond these core findings, we present three additional results. First, we compute
the optimal degree of tax progression for the baseline economy without rule-of-thumb
households. Second, since our model is calibrated to the euro area, we show that
the above results also apply in a two-country model of a monetary union, the sole
difference being that all effects are quantitatively smaller. Key for this quantitative
difference is the link between tax progression and the volatility of the terms of trade.
Third, we find that when only technology shocks drive the business cycle, the welfare
gains from tax progression disappear in our baseline economy once monetary policy
is conducted optimally. Overall, our findings suggest that it is difficult to make
the case for progressive taxes based on their business cycle effects only, especially
as demand shocks rather than technology shocks presumably are the driving force
behind cyclical fluctuations.

There is a large and growing literature on automatic fiscal stabilizers.? However,
to the best of our knowledge, there are only a few contributions that explicitly focus
on the role of progressive taxes in a DSGE context. The paper closest to ours
is Mattesini and Rossi (2012). The authors introduce a progressive tax on wages
into an otherwise standard New Keynesian DSGE model and analyze, in a linear
setting, how the tax affects both business cycle dynamics and the optimal conduct
of monetary policy.® Our main contribution relative to their paper is threefold:
First, we explicitly study the welfare effects of progressive taxes whereas Mattesini
and Rossi (2012) only conduct a positive analysis. Second, we take the existence of
rule-of-thumb households into account and thereby add the traditional Keynesian
demand-side stabilization channel of progressive taxes to the analysis. Third, we
employ a non-linear model, which allows us to also analyze how the progressive tax
system affects the levels of the macroeconomic variables of interest (in addition to
their volatilities).*

McKay and Reis (2016b) is another related contribution that needs to be men-

2Academic interest notably increased in the wake of the financial crisis of 2007-2008. See
McKay and Reis (2016b) for a recent review of the literature.

3Collard and Dellas (2005) also analyze the consequences of progressive taxes for the conduct
of monetary policy.

4Two other papers that use the same specification for the progressive tax as Mattesini and
Rossi (2012) and this paper are Chen and Guo (2013, 2014). However, they employ an RBC
model and solely focus on the theoretical relationship between tax progression and equilibrium
(in)determinacy.
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tioned. The authors combine a New Keynesian model in the spirit of Christiano
et al. (2005) with a version of the standard incomplete markets model of Krusell
and Smith (1998) and analyze the quantitative significance of automatic stabilizers
in the U.S. business cycle. The progressive tax system is one of many automatic sta-
bilizers they consider. Our paper differs from theirs in one crucial way: We employ
a much simpler model and focus on only one automatic stabilizer, the progressive
tax system. This simplification allows us to be more specific about the underly-
ing economic mechanisms. In particular, we stress the important link between tax
progression and inflation dynamics. Furthermore, we emphasize the role of the
household type (and household interactions) in affecting key results. At last, we
study the business cycle effects of progressive taxes for each shock type separately.®

Our paper is structured as follows. In Section 3.2, we introduce the model frame-
work, followed by a description of the model calibration and the employed welfare
measure in Section 3.3. In Section 3.4, we analyze how progressive taxes affect the
model dynamics and economic welfare. We consider two model extensions in Section

3.5. Section 3.6 concludes.

3.2. The Model

Our baseline model is the one laid out in Mattesini and Rossi (2012): a standard New
Keynesian model (see e.g. Gali, 2008), augmented by government expenditure and
a progressive tax on wage income as in Guo and Lansing (1998). In an extension to
this baseline model, we follow Gali et al. (2007) and allow for the presence of “rule-
of-thumb” households.® In contrast to the conventional, intertemporally optimizing
Ricardian households, rule-of-thumb households have no access to financial markets
and thus base their consumption decision on current income only. Both household
types supply (homogenous) labor elastically. The firm sector is monopolistically
competitive, uses labor as the sole production input, and sets prices in a staggered
manner as in Calvo (1983). Monetary policy follows a standard interest rate feedback
rule (Taylor, 1993), government expenditure an exogenous process. In the following,
letters without a time index ¢ always denote the (non-stochastic) steady state value

of the respective variable.

SMcKay and Reis (2016a) is another recent paper. They study the optimal degree of automatic
stabilization, amongst others tax progression, in a model framework similar to McKay and Reis
(2016D).

In contrast to Gali et al. (2007), we do not consider capital accumulation, however. See e.g.
Bilbiie (2008) for a New Keynesian model including rule-of-thumb households but also abstracting
from capital accumulation.
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3. The Macroeconomic Effects of Progressive Taxes and Welfare

3.2.1. The Household Sector

The economy is populated by a continuum of households. A fraction of households
A consists of rule-of-thumb households while the rest (1 — A) consists of Ricardian
households. In what follows, variables related to Ricardian households are denoted
with a superscript A (asset-holders), those related to rule-of-thumb households with

a superscript N (non-asset holders).

Ricardian Households

The representative Ricardian household seeks to maximize lifetime utility given by

Etzﬁk{ ) (Néik)lw} (3.1)

I+
subject to a sequence of flow budget constraints

PCA 4+ B, =R \Byy + (1 —tMW,NA+ (1= NN, = 1) = Ty (3.2)

where F; is the rational expectation operator, C* = ( fo Cy( )1_’ dz) the Dixit-
Stiglitz consumption index (with Ci(7) denoting consumption of differentiated good

i sold by firm i (see below) and e the elasticity of substitution between goods), and

( fo P(i)te dz) the corresponding price index (with P,(7) denoting the price
of good 7). NtA represents hours worked, W, is the economy-wide (nominal) wage
rate. Prices and wages are taken as given by the household. B; is the amount of a
bond purchased at the beginning of period ¢, R; the corresponding (gross nominal)
interest rate. II, are profits or dividends stemming from firm ownership.” The coef-
ficients o and ¢ determine the household’s degree of relative risk aversion and labor
disutility, respectively, § is the subjective discount factor. Finally, the household
faces the tax rate 7' on wage income as well as lump-sum taxes 7; (which are zero
on average).

Following Guo and Lansing (1998), and, more recently, Mattesini and Rossi

2012), we assume that the wage tax schedule 7/* is given by
t

Y'n, ¢n
h=1-1 (Y—A) (3.3)

"To simplify the analysis, we follow Galf et al. (2007) and use a technical device to equalize
the steady state (income and) consumption levels of Ricardian and rule-of-thumb households. Gali
et al. (2007) utilize lump-sum taxes and transfers, however, whereas we tax away the steady state
value of firm profits II (accruing to Ricardian households).
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A
where Ynf‘t = % is the Ricardian household’s (current period) real wage income,
and where Y,, = @ is the respective steady state value (also serving as the ref-

erence value for taxation).® The coefficient n € (0,1] determines the level of the
tax schedule, the coefficient ¢,, € [0, 1) determines its slope. It is easy to show (see

Mattesini and Rossi, 2012) that the following relationship between the marginal tax

Ay A
rate 777" = a(gﬁt}fn’—t) and the average tax rate 7/' holds:
n,t
Y. Pn
A, A
T ™= Tt + n(bn (YZ) . (34)
n,t

Accordingly, the marginal tax rate is higher than the average tax rate whenever
¢, > 0. In this case the tax schedule will be referred to as “progressive” since the
average tax rate increases in income. When ¢,, = 0, instead, the marginal tax rate
coincides with the average tax rate and the tax schedule will be referred to as “flat”.

Against this background, the Ricardian household’s first-order conditions are

given by
dvptin e (W (WN)¢”
(N = () (—Pt) a1 =) (5 (35)

Chi\ 7 P
1= BE t“) 'R 3.6
’ t{(oﬁ P (39

where the first condition determines the household’s labor supply and where the sec-
9

ond condition is a standard Euler equation governing intertemporal consumption.
We can see from equation (3.5) that the progressive labor tax mitigates the response
of hours worked to a change in the real wage (holding consumption constant). Put
differently, the labor supply schedule becomes steeper as an increase in hours worked
necessitates a stronger increase in the real wage because a growing fraction of the
latter is taxed away. We will see below that through this mechanism, progressive
taxes can potentially act as an automatic stabilizer on the supply-side of our model
economy.”

Further notice that progressive taxation also affects the steady state labor supply

8Note that under our model calibration, steady state real wage income does not differ between
Ricardian and rule-of-thumb households. Also note that we assume flexible wages. The Calvo
device that is typically used to model wage stickiness (and that we use below to model price
stickiness) would imply a continuum of wages and thus by equation (3.3) a continuum of household
tax rates. This would complicate the analysis enormously.

9See Appendix A.1 for the derivation of the first-order conditions.

10This point has been first raised by Mattesini and Rossi (2012) in a New Keynesian context. In
a non-DSGE context, the automatic stabilization properties of a steeper labor supply curve have
been previously stressed by e.g. Auerbach and Feenberg (2000).
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3. The Macroeconomic Effects of Progressive Taxes and Welfare

(and thus aggregate output) according to equation (3.5): A higher degree of pro-
gression ¢,, implies a lower supply. Since in this paper, we seek to exclusively focus
on the business cycle properties of the progressive tax system, we eliminate this
steady state effect through the (implicit) use of an appropriately scaled employment
subsidy (paid to firms).!* This policy-invariant steady state considerably facilitates

the analysis of our subsequent simulation results.

Rule-of-thumb Households

In an extension to the baseline model, we allow for a fraction of households who
do not optimize their utility intertemporally. We refer to them as “rule-of-thumb”
households, and they consume their entire (after-tax) income in each period. Differ-
ent reasons for their consumption behavior have been proposed by the literature, one
of them being lack of access to financial markets.'? More importantly, we motivate
the inclusion of this household type by the extensive empirical evidence, summarized
in e.g. Gali et al. (2007), suggesting that a significant number of real-world house-
holds does not consume according to the permanent income hypothesis (in contrast
to Ricardian households).

For convenience, we assume that rule-of-thumb households have the same period
utility function as Ricardian households. The representative rule-of-thumb house-
hold’s labor supply is thus governed by an equation equivalent to (3.5), while its
consumption expenditures are, by definition, fully pinned down by current dispos-

able income: 3

PCY = (1 - M W,NN. (3.7)

Apparently, through dampening disposable income fluctuations, the progressive
tax 7V has an immediate stabilizing effect on the rule-of-thumb household’s con-
sumption expenditures. All other things equal, due to the inclusion of rule-of-thumb
households, the progressive tax system thus also acts as an automatic stabilizer on

the demand-side of our model economy.*

HThe subsidy (per unit of labor employed) would correspond to the value of the coefficient ¢,,

(and would have to be financed through lump-sum taxes). To see this, note that firm optimization

(illustrated in Section 3.2.3) implies % = MNZ L where M PL denotes the marginal product of labor

and M, = 55 is the firm’s price markup. With an employment subsidy 7%, the optimality condition

would read (1 — 7%) = MLL ingtead. Setting 7° = ¢y, it follows that % = MLL(] — ¢, )~1,
P p
implying, according to (3.5), that household labor supply is independent of the size of ¢,.
12Galf et al. (2007) also mention myopia, fear of saving, and ignorance of intertemporal trading
opportunities.
3The functional form of the tax schedule is identical to that of Ricardian households.

14 As already noted, Mattesini and Rossi (2012) do not capture this demand-side effect.
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3.2.2. The Government
Fiscal Policy

The fiscal authority finances an exogenous stream of government consumption ex-
penditure G; by way of taxing household wage income, by taxing (away) the steady
state profits of firms (accruing to Ricardian households), and by imposing a lump-
sum tax on Ricardian households.’® As in Mattesini and Rossi (2012), the lump-sum
tax balances the budget in each period and is zero on average.' Accordingly, the

period budget constraint of the government is given by
PGy = (1= NWiN 7/ + AW NV 7Y + (1= N + 11 (3.8)

Monetary Policy

We assume that the monetary authority follows a Taylor-type interest rate rule

(Taylor, 1993). The rule targets price inflation only and is given by

e P\
Rr_ﬁl<34> (3.9)

where 37! is the steady state interest rate and where ¢, > 1.

In Section 3.5.2, we also consider Ramsey-optimal monetary policy as an alterna-
tive to this standard feedback rule.

3.2.3. The Firm Sector
Production

There is a continuum of monopolistically competitive firms, indexed by i € [0, 1].

Firm ¢ produces the differentiated good ¢ according to
Yi(i) = AN(7) (3.10)

where Y, (i) is the output of firm i, N,(i) the amount of labor employed by firm i,

and A; the (stochastic) level of technology common to all firms. The production

5@, is defined analogously to the private consumption aggregate C;. Further recall that the
tax on steady state profits serves to equalize the steady state consumption levels of both household
types.

16We could instead use government debt to balance the budget. However, this alternative
modelling strategy would not affect our results because Ricardian equivalence holds in our setting
(since, by assumption, only Ricardian households would be able to hold this government debt).
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3. The Macroeconomic Effects of Progressive Taxes and Welfare
function implies that (real) marginal costs RMC} are equalized across firms, i.e.
RMCy(i) = RMC, = —A; . (3.11)

As already discussed above, progressive taxes imply a larger real wage increase
for any given increase in employment (relative to flat taxes). This, in turn, raises
marginal costs more. Hence, the marginal cost curve, just like the labor supply curve,
becomes steeper when taxes are progressive. In addition, we will see below that the
marginal cost curve also becomes more convex. Both of these effects crucially affect

the price setting behavior of firms.

Price Setting

Firms set prices in a staggered fashion as in Calvo (1983), taking the household
demand functions for their good (not shown for the sake of brevity) as given. Each
period, a randomly drawn fraction of firms 60, is not able to reset prices, while the
remaining fraction (1 —#6,) is able to do so. The first-order condition for readjusting

firms with respect to the newly set price P} is standard and given by

> po\ ! Pe ¢
Z HﬁEt Qtt+k (P : > Yiik [P Lo RMCt+k:| =0 (3.12)
— Ik e €—1

A —0
where Q¢ = BE} { <Ct+’“> L} is the (Ricardian) household’s stochastic dis-

cA Py

e—1

count factor and Y; = [(Yt(z)) z dz’] s aggregate output or real GDP.!7

3.2.4. Equilibrium and Aggregation

The bond market is in equilibrium when B; = 0 holds for all periods ¢.

Equilibrium in the labor market implies

N, = /1 N,(i) di (3.13)

where N, = (1 — \)NA + AN}/ is aggregate labor supply (the weighted average
of Ricardian and rule-of-thumb labor supply) and where the right-hand side gives
aggregate demand for labor.

The goods market is in equilibrium when supply equals demand for all goods

1"Because firms are owned by Ricardian households they also use the same discount factor.
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i €[0,1], i.e.

Real GDP is obtained by adding private consumption demand and government

consumption expenditure:

where C; = (1 — \)CA + A\CN.

The aggregate production function is given by
Y, = s, AN, (3.16)
where s; > 1 is given by the difference equation

s = (1= 0,)(F) "~ + 0,(1+ ) 501 (3.17)

with p; = %’f and where m; denotes price inflation (see Schmitt-Grohé and Uribe,
2006). The variable s, represents a real resource cost, induced by inefficient price
dispersion across firms, if the value exceeds one.

Under the Calvo mechanism, the evolution of aggregate prices is lastly given by
1=0,(14 )"+ (1-60,)p"" (3.18)

Equation (3.18) could be combined with the price-setting first order condition
(3.12) to obtain the economy’s Phillips curve. As has been shown by Mattesini and
Rossi (2012) in a linear world, progressive taxes, due to the steeper labor supply
and thus marginal cost curve, give rise to a steeper Phillips curve.'® That is, a given
positive (negative) deviation of output from its flexible price equivalent leads to a
larger inflationary (deflationary) response.

Finally, to further our understanding of aggregate price dynamics in a non-linear
world, we combine real marginal cost function (3.11) with equations (3.5), (3.15),

and (3.16) to obtain the following “equilibrium” real marginal cost function (for our

18As is common in the literature, Mattesini and Rossi (2012) thus linearize equations (3.18)
and (3.12) to derive the Phillips curve. We do not illustrate their Phillips curve here since the
subsequent analysis will be conducted in a non-linear setting (i.e. we employ a second-order
approximation to all equilibrium conditions).
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baseline model):

l4e

RMC, = (s,Y;) Ton (Y, — G,) on A, %" const. (3.19)

Apparently, and as has already been suggested before, the progressive tax system
increases the degree of convexity of the marginal cost function (in output and tech-
nology). This will turn out to have important implications for both the volatility

and average level of prices in our economy (see Section 3.4).

3.3. Calibration, Simulation, and Welfare

Measure

The model is solved using Dynare++ (Kamenik, 2011). To capture the non-linearities
of our model, we employ a second-order approximation of the equilibrium condi-
tions.!® The exogenous processes considered in our simulations are technology and
government spending shocks. As a convenient welfare measure, we use a consump-

tion loss equivalent a la Lucas (1987).

3.3.1. Calibration

Our model calibration is based on the assumption that the relevant time period is one
quarter. The parametrization employed looks as follows: the household’s subjective
discount factor (3 is set to 0.99, consistent with a steady state value of the real interest
rate of approximately 4 percent. The values o = 1 (log utility of consumption) and
¢ =1 (unitary Frisch elasticity of labor supply) for the household’s utility function
are standard. In our baseline model, we set A = 0 (no rule-of-thumb households).
When also considering rule-of-thumb households, we set their share in the population
to 50 percent (A = 0.5) as in Gali et al. (2007). This value is within the range of

estimated values found in the literature (see e.g. Mankiw, 2000).2° The elasticity of

9The model equations used for our simulations are shown in Appendix A.2. As briefly men-
tioned above, we also consider optimal monetary policy as an alternative to the conventional
Taylor rule. The current version of Dynare (4.4.3) only allows a first order approximation of the
equilibrium conditions when using the optimal policy command. We therefore use Dynare++ for
all simulations. However, the impulse responses shown below for the specifications with Taylor
rules were generated by Dynare 4.4.3. We checked and verified that this is inconsequential for our
results.

20As is well-known in the literature, the existence of rule-of-thumb households shrinks the
determinacy region of the model (see e.g. Gali et al., 2004). Mattesini and Rossi (2012) show that
progressive taxes also have this property. For our baseline calibration, indeterminacy occurs under
flat taxes when A > 0.61 and under progressive taxes when A > 0.56.
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substitution between goods € takes a value of 9, implying a steady state gross price
markup of size 1.125. The degree of price rigidity is given by 6, = 2/3, i.e. the
average duration of prices is assumed to be 3 quarters.

Turning to the fiscal and monetary policy parameters, we assume that n = 0.84375
which amounts to an average tax rate on wage income of roughly 16 percent. In our
model economy, this value is consistent with a government spending share in GDP of
25 percent when steady state profit income is entirely taxed away by the government
(and lump-sum taxes are zero on average). The tax progressivity parameter ¢,
either takes the value 0 (flat tax) or 0.34 (the GDP-weighted average observed for
the EA-12, based on the computations of Mattesini and Rossi, 2012). For the Taylor

inflation coefficient, we choose the standard value ¢, = 1.5.2

3.3.2. Exogenous Processes

The exogenous processes considered in the following are technology (supply) and
government spending (demand) shocks. The shocks are specified as AR(1) processes,
ie. a; = poai—1 + €44 where a; = In(A;) and g, = pygi—1 + €5+ where g, = In (%)
The autocorrelation coefficient p, takes the value 0.95, p, takes the value 0.66.
The standard deviations of the innovations € are chosen so as to match the observed
volatility of GDP and government purchases in the euro area. The values are 0.00365
for technology shocks and 0.0062 for government spending shocks. For each model

specification, we ran 5 simulations with 200000 periods each.

3.3.3. Welfare Measure

Our welfare measure is expected household lifetime utility, which we convert into a
convenient consumption loss equivalent in the spirit of Lucas (1987). More precisely,
for each government policy regime, we solve for the variable £"9 of the following

equation:

By BU(CA—E),N)=E Y _ B*U (Cir, Negs) - (3.20)
k=0

k=0

€79 > 0 represents the percentage reduction in average consumption in the (policy
invariant) non-stochastic steady state that makes households indifferent between
living in this deterministic state of the world (with reduced average consumption)

and the stochastic state of the world under the policy regime in question.

21Estimating a reaction function for the ECB, Hayo and Hofmann (2006) find e.g. a Taylor
inflation coefficient of roughly 1.5 for expected inflation.
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For our model parametrization, this consumption equivalent is given by
£ =100[1 — exp (W™ = W)(1 - 3))] (3.21)

where W is unconditional welfare in the stochastic environment (again under the
policy regime in question) and T is welfare in the non-stochastic steady state.??
When observing our household utility function, it should be obvious that the real-
ization of £ depends on both the levels of consumption and employment as well

as their volatilities.

3.4. Progressive Taxation and Welfare

In this chapter, we analyze the business cycle and welfare effects of the progressive
tax on labor income introduced in Section 3.2. To build intuition, we sketch the
macroeconomic effects of the tax in a static setup first—taking the perspective of
a representative monopolistic firm—before considering our fully-fledged dynamic

model economy.

3.4.1. Intuition: Macroeconomic Effects of Progressive

Taxation

How does the progressive tax system affect the cyclical behavior of the most closely
observed macroeconomic variables inflation, real GDP, and employment? To answer
this question, let us consider the pricing and production decision of an arbitrary,
monopolistically competitive firm that has the possibility to adjust its price in the
current period. Figure 3.1 sketches, in a static and linear setup, the (optimal)
response of the firm to a technology shock and the resulting fluctuations of prices and
real activity for a flat and a progressive tax system. Figure 3.2 repeats the exercise
for a government spending shock. Two types of effects need to be differentiated:
first, the effect of the progressive tax system on the volatility of the relevant variables
(illustrated graphically in Figures 3.1 and 3.2), and, second, its effect on the price
level (not illustrated for the sake of clarity).

22Gee also Benes and Kumhof (2011) for a recent application. When consider-
ing both household types, we compute the consumption loss equivalents &47¢9 =
100 [1 — exp (WATe9 — W)(1 — B))], €Y7 =100 [1 — exp (WN"e9 — W)(1 — B))], and "9 =
100 [1 — exp (((1 = NWAres £ A\WN-re9) — W)(1 — B))]. Evidently, £7°9 # (1—X)EAT94 NN med,
In this case, £7%Y is to be interpreted as the reduction in steady state consumption that makes a
hypothetical household that does not have any prior knowledge of his type (A or N) indifferent
between the stochastic and the non-stochastic world.
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Figure 3.1.: Technology Shocks and Volatility of Output and Prices
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As can be seen in Figure 3.1, and as already discussed above, progressive taxes
imply, relative to flat taxes, a steeper marginal cost curve. Holding demand D

constant??

, given fluctuations in technology therefore imply smaller movements of
the (nominal) marginal cost schedule M C' along the marginal revenue schedule MR
(the bold MC' schedules in the figure apply when technology is at its steady state
value).?* Correspondingly, the firm’s output fluctuates less around the steady state
output Y when the tax system is progressive, or, viewed differently, the firm’s price
fluctuates less around the steady state price P. Aggregating over all firms, we

can conclude that in the presence of technology shocks, progressive taxes dampen

23This assumption seems quite plausible when rule-of-thumb households are absent (and when
we abstract from changes in the monetary policy stance). Note that in any given period, Ricardian
households consume a fraction of their total expected lifetime resources. A temporary technology
shock that changes their lifetime resources should thus only have a small effect on their current
period consumption demand. In contrast, rule-of-thumb households base their consumption on
current period resources. Technology shocks should therefore have a more pronounced effect on
their consumption demand.

24To simplify matters, Figure 3.1 only shows the realization of a positive technology shock.
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fluctuations of the overall price level (i.e. the volatility of inflation is reduced) and
of real GDP. Yet, due to the stabilizing effect on output, progressive taxes increase
the volatility of employment (not shown).

At the same time, and not shown for ease of illustration in Figure 3.1, progressive
taxes not only increase the slope of the marginal cost curve; they also increase
its convexity. With a convex marginal cost curve, firms’ price increases tend to
be larger than their price decreases. When the level of technology fluctuates, for
example, the price decreases in response to positive shocks are smaller than the
increases in response to negative shocks. And since this effect is more pronounced
under progressive taxes, we expect, relative to flat taxes, a higher price level (in
the stochastic environment). This last point will be of importance in the dynamic
setting discussed below where the interaction of inflation dynamics and monetary
policy matters for equilibrium determination.

Figure 3.2, in comparison, illustrates the firm’s (optimal) response to government
spending shocks, or demand shocks more generally.?® We see that for given marginal
cost schedules, fluctuations in demand imply smaller deviations of the firm’s output
from its steady state value Y when the marginal cost curve is steeper, i.e. when taxes
are progressive. The figure also shows, however, that the corresponding fluctuations
of the firm’s price are larger. Aggregating over all firms, we conclude that in the
presence of demand shocks, progressive taxes reduce the volatility of real GDP
while increasing the volatility of inflation (relative to flat taxes). Furthermore,
because employment and output move in the same direction under demand shocks,
progressive taxes reduce employment fluctuations (not shown).

In addition, we expect that progressive taxes also imply a higher price level in the
presence of demand fluctuations. Due to the convexity of the marginal cost curve
(again not illustrated for simplicity in Figure 3.2), shifts of the marginal revenue
curve along the latter imply that the price increases in response to positive shocks
are larger than the price decreases in response to negative shocks. Crucially, this
level effect is again magnified with a more convex marginal cost curve (when taxes

are progressive).

25This is due to the well-known fact that under technology shocks, output and employment
move inversely when prices are sticky. See e.g. Gali (2008) for a textbook treatment or Gali
and Rabanal (2004) for a review of the empirical literature. Progressive taxes imply a smaller
increase (decrease) in output after a positive (negative) technology shock and thus a larger decline
(increase) in employment.

26 Again, for convenience, Figure 3.2 only shows the realization of a positive government spending
shock.
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Figure 3.2.: Spending Shocks and Volatility of Output and Prices
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3.4.2. Progressive Taxation and Technology Shocks

Let us now turn to our fully-fledged dynamic model and analyze the general equi-
librium effects of the progressive tax system. In what follows, we again study each
shock type separately. The case of technological disturbances is considered first,
and Table 3.1 below summarizes the respective model simulations. The first column
shows results for the baseline model with only Ricardian households, the second
results for the model extension with rule-of-thumb households. The table depicts
the percentage change, when moving from a flat to a progressive tax system, of
the consumption loss equivalent £, of the standard deviations o(-) of inflation, real
GDP, consumption, and employment, and of the average levels of consumption and

employment, respectively.
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Table 3.1.: Moments and Welfare Losses with Technology Shocks

without RoT with RoT

3 —14.3 +15.7

5 +32.0

&N —29.0
o(r) -121 +4.4
a(Y) —12.1 —12.1
a(C) —12.1 —12.1
a(N) +64.0 +63.5
a(C4) +4.3
o(N4) +63.5
a(CM) —34.1
a(NN) 0
C —0.0004  —0.001
N +0.0002 +0.001
cA —0.00001
NA +0.0021
cN —0.0021
NN 0

Notes: Results are changes compared to the flat-tax benchmark in percent.

Baseline Model

Table 3.1 shows that welfare rises when the progressive tax is introduced in the base-
line model: The consumption loss equivalent falls by 14.3 percent. To understand
this result, we first look at the impulse responses (to a positive technology shock)
depicted in Figure 3.3.

Evidently, under both tax regimes, an improvement in technology reduces marginal
costs and puts downward pressure on prices. This induces the central bank to boost
aggregate demand by lowering the nominal interest rate (not shown, but see the Tay-
lor rule (3.9)), and, at the same time, the real interest rate. But this response is, as
a rule, not aggressive enough to raise Ricardian consumption demand and therefore
output up to the point where marginal costs are perfectly stabilized. Hence, those
firms that have the ability to adjust their prices will reduce them in general equi-
librium.?” Furthermore, since aggregate demand does not rise as fast as aggregate
supply, employment falls, another typical feature of New Keynesian models.

When comparing the two tax systems in Figure 3.3, it becomes apparent that
the results of the static and partial analysis conducted above carry over to the dy-
namic general equilibrium setting. As stressed previously, the representative firm’s

marginal cost curve becomes steeper when the tax system is progressive. A positive

2TIn our model, a rather high inflation coefficient ¢, = 5 leads to an almost perfect stabilization
of prices.

40



3.4. Progressive Taxation and Welfare

Figure 3.3.: Impulse Responses to a Positive Technology Shock
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Notes: Solid (dotted) lines indicate flat (progressive) taxes. For each depicted model variable, the
graph shows the absolute deviation from the steady state after a positive realization of €, of one
standard deviation.

technology shock therefore leads to a smaller decrease in marginal costs and conse-
quently to smaller price reductions by resetting firms (i.e. the supply response to the
shock is feebler). The central bank’s policy rate decline, and with it, the real rate
decline, is thus weaker, attenuating the increase in consumption and output while
leading to a more pronounced drop in hours worked. More generally, i.e. taking
account of an entire history of positive and negative shocks to technology, we ex-
pect that the volatility of employment is higher whereas the volatilities of inflation,
output, and consumption are lower when the tax system is progressive. This is con-
firmed in Table 3.1: The standard deviation of inflation, output, and consumption
falls by about 12 percent each while the standard deviation of hours rises by 64
percent when moving from a flat to a progressive tax system.

Turning to the level effects at last, Table 3.1 shows that average consumption
is slightly lower and average employment slightly higher when the tax system is
progressive. As described in the previous section 3.4.1, the more convex marginal
cost curve (3.19) implicates that prices will be set higher on average (relative to the

flat tax system). The implied higher average inflation rate in turn results in a higher
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average real interest rate.?® Consequently, when taxes are progressive, the average
consumption level is lower.?’ The latter increases the incentive to supply labor and
average hours are thus higher.

When evaluating the macroeconomic stabilization performance of the progressive
tax system, it is useful to recall that the net welfare effect of any policy regime
in our model is determined by its effect on the volatilities as well as the levels of
consumption and employment. In our baseline economy, the two level effects and the
increased volatility of employment reduce welfare (relative to the flat tax). These
effects, however, are dominated by a reduced consumption volatility. The net effect
is a 14.3 percent reduction of our consumption loss equivalent. In other words, the
progressive tax system causes, relative to a flat tax, a roughly 14 percent decline in
the welfare loss that is related to the stochastic environment.3°

To put our results in perspective, note that the traditional Keynesian macroe-
conomic motivation for progressive taxes is that they stabilize aggregate demand
through stabilizing disposable income (Brown, 1955). It is evident that macroe-
conomic stabilization is achieved differently in our baseline New Keynesian model
economy. It is not the stabilization of disposable income that causes consumption
and aggregate demand to be stabilized; rather, a supply-side effect is decisive: the
changed slope of the marginal cost curve stabilizes inflation and thereby dampens
real interest rate fluctuations, the latter having a smoothing effect on Ricardian

household consumption demand.3!

Model with Rule-of-Thumb Households

We next take the presence of rule-of-thumb households into account and thereby add
the traditional Keynesian channel of disposable income stabilization to our analysis
(Brown, 1955). As can be seen in Table 3.1, once rule-of-thumb households are
also considered, the welfare gains from progressive taxation no longer exist at the
aggregate level: The consumption loss equivalent £ is 15.7 percent larger than under
a flat tax, and a progressive tax therefore cannot be recommended from a strictly

utilitarian point of view. In particular, notice that Ricardian households experi-

28This is the case because the nominal interest rate rises more than proportionally with the rate
of price inflation when ¢, > 1 holds.

29The level of consumption in any period of time can be computed by solving the consumption
Euler equation (3.6) forward. This results in an equation that relates current consumption to the
entire history of expected future real interest rates which, taken together, can be interpreted as a
long-term real interest rate. When this long-term real interest rate rises, consumption falls.

30Recall that our baseline corresponds to the model of Mattesini and Rossi (2012). They,
however, do not conduct a welfare analysis of the progressive tax system.

31Mattesini and Rossi (2012) do not discuss this interest rate effect and its implication for
consumption demand.
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ence a 32 percent increase in their consumption loss equivalent £ when moving to
this system. Rule-of-thumb households, however, benefit: their consumption loss
equivalent &V is reduced by 29 percent.?

To understand this second important (and at first sight somewhat counterin-
tuitive) result, note that the deviation from the baseline model is driven by the
influence of the progressive tax on the rule-of-thumb household’s consumption de-
mand and thereby aggregate demand:*® The tax significantly reduces the volatility
of disposable income and thus, by definition, consumption of this household type
(see Table 3.1) and in this way dampens fluctuations in aggregate demand. More
precisely, relative to the flat tax system, aggregate demand rises (falls) less in the
face of a positive (negative) technology shock, the latter resulting in larger price
reductions (increases) by firms.3* Over the business cycle, the volatility of the in-
flation rate and hence the real rate of interest is thus larger, elevating, in turn,
the volatility of Ricardian household consumption (see Table 3.1). Apparently, as
measured by its effect on consumption demand, the traditional Keynesian dispos-
able income stabilization mechanism of the progressive tax system turns out to be a
stabilizing force for rule-of-thumb households but a destabilizing force for Ricardian
households.

To complete the welfare discussion, we need to highlight three additional results.
Firstly, irrespective of the tax system, employment is constant for rule-of-thumb
households because income and substitution effects cancel each other out for the
common case of log consumption utility (o = 1). Secondly, and as in the baseline
model, Ricardian households experience a higher volatility of employment when the
tax system is progressive. The reason is once more found in the dampening effect
of this system on aggregate output. Thirdly, and again equivalent to the baseline
model, the “level effects” work (slightly) against the desirability of the progressive
tax system (reduced consumption, increased hours). Taken together, these results
allow us to conclude that when moving from the flat to the progressive tax sys-

tem, the corresponding welfare improvement for rule-of-thumb households is due

32To not be confused by these numbers, note that aggregate welfare is given by W = (1 —
MNWA AW As already suggested in Section 3.3.3, in terms of the corresponding consumption
loss equivalent, we generally have & # (1 —\)é4 + ¢V instead. However, the conversion of W into
& also does not affect our policy conclusions in the two-household case.

33Note that since we kept demand constant, this effect was not captured in the static analysis
conducted above.

34In contrast to the baseline model, the reduced supply response to a technology shock is
therefore overcompensated for by an even less pronounced demand response. The gap between
supply and demand consequently increases and price movements are larger (relative to the flat
tax). This overcompensation is not too surprising since the presence of rule-of-thumb households
generally increases the significance of aggregate demand in determining the model’s equilibrium.
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Table 3.2.: Moments and Welfare Losses with Spending Shocks

without RoT with RoT

3 +20.2 +40.7

¢4 +53.0

&N +10.0
o(m) +353 +31.0
a(Y) —14.5 -17.3
a(C) +35.3 +239.3
o(N) —14.5 -17.3
a(C4) +31.0
o(N4) -17.3
a(CN) —13.5
a(NN) 0
c —0.00026 ~ —0.001
N +0.00004 +0.001

cA —0.003

NA +0.001

cN —0.0003
NN 0

Notes: Results are changes compared to the flat-tax benchmark in percent.

to the reduced volatility of their consumption demand. Furthermore, the deterio-
ration of Ricardian households’ welfare can be attributed, at least in comparison
to the baseline model, to the increasing volatility of their consumption. The tra-
ditional Keynesian demand stabilization channel thus has vastly different welfare

implications for our two household types.3®

3.4.3. Progressive Taxation and Government Spending
Shocks

Table 3.2 next presents the business cycle and welfare effects of the progressive tax
system when government spending shocks are the only type of disturbance. As
before, the first column shows our simulation results for the baseline model with
only Ricardian households, the second our results for the model extension with
rule-of-thumb households.

Baseline Model

Table 3.2 shows that welfare falls when the progressive tax is introduced in the base-

line model: The consumption loss equivalent rises by 20.2 percent. To understand

35Note that assuming o # 1 instead does not change the results. In this case, rule-of-thumb
household employment is volatile, but progressive taxation leads to a reduced volatility. The
opposite still holds for Ricardian households.
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Figure 3.4.: Impulse Responses to a Positive Spending Shock
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Notes: Solid (dotted) lines indicate flat (progressive) taxes. For each depicted model variable, the
graph shows the absolute deviation from the steady state after a positive realization of ¢, of one
standard deviation.

this finding, it is useful to first look at the impulse response functions (to a positive
government spending shock) depicted in Figure 3.4.

Under both tax systems, as can be seen, the increase in aggregate demand raises
output and employment in the economy. The additional demand for labor causes
an increase in real wages and marginal costs (not shown) and is thus inflationary.
The central bank’s policy rate rises more than proportionally with inflation (not
shown), increasing the real interest rate in the economy and reducing or crowding
out Ricardian consumption.

When comparing the two tax systems, we see that the results of our static and
partial analysis again carry over to the general equilibrium setting. With a pro-
gressive tax system, the steeper marginal cost curve implies, for a given increase
in government demand, an even larger increase in marginal costs and consequently
more inflationary pressure. We observe a higher real interest rate as well as a larger
decline in private consumption. The increase in aggregate demand and output is
therefore dampened, and with it, the increase in employment. Over the business

cycle, i.e. taking account of an entire history of positive and negative shocks to gov-
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ernment spending, a lower volatility of output and employment but a higher volatil-
ity of inflation and consumption is thus observed (see Table 3.2). Furthermore,
Table 3.2 shows that average consumption is slightly lower and average employment
slightly higher when the tax system is progressive. As before, this is again due to
the increased convexity of the marginal cost curve and ceteris paribus decreases the
desirability of this system.

It might be insightful at this point to briefly draw a comparison to the previous
case with technology shocks (still referring to the baseline model). In both cases,
the progressive tax system’s (supply-side) effect mitigates output fluctuations and in
this sense acts as an automatic stabilizer. Crucial for welfare, however, seems to be
the tax’s effect on the volatility of Ricardian consumption. With technology shocks,
the steeper marginal cost curve decreases this volatility through its dampening effect
on inflation and thus raises welfare relative to the flat tax. The opposite happens
with spending shocks. The steeper curve increases the volatility of inflation, thereby

destabilizing Ricardian consumption and reducing welfare.

Model with Rule-of-Thumb Households

Table 3.2 shows that in the model extension with rule-of-thumb households, there
are also no aggregate welfare gains when moving to the progressive tax system. On
the contrary, the increase in the consumption loss equivalent £ is even larger than
in the baseline model (40.7 percent). Furthermore, and in contrast to the previous
case with technology shocks, also rule-of-thumb households experience a welfare loss
(their consumption loss equivalent rises by 10 percent).

To illustrate the role of the tax system in this case, consider, for example, the
economy’s response to a positive government spending shock. The increase in the
rule-of-thumb household’s consumption expenditure, resulting from of a higher real
wage and thus disposable income, is dampened when the tax system is progres-
sive.?0 All other things equal, this reduces the inflationary pressure relative to the
flat tax. The results in Table 3.2 show, however, that this effect is more than offset
by the impact of the steeper marginal cost curve on the rate of inflation. To be
exact, in general equilibrium, the more pronounced effect of the government’s (di-
rect) demand increase on the rate of inflation outweighs the less pronounced effect
of the rule-of-thumb household’s (subsequent) demand increase.>” As a consequence

of the higher inflation rate, the central bank raises the real interest rate more and

36Note that the rule-of-thumb household’s hours worked are again constant for o = 1.

3TWe indeed observe (see the inflation volatilities in Table 3.2) that relative to the baseline
model, the existence of rule-of-thumb households somewhat dampens the inflationary impact of
the progressive tax system.
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thereby induces a larger reduction in the Ricardian household’s consumption. Over
the business cycle, the volatility of Ricardian consumption thus rises and Ricardian
welfare falls (the consumption loss equivalent increases by 53 percent). As men-
tioned, and in contrast to technology shocks, the rule-of-thumb household’s welfare
falls too: the higher average rate of inflation caused by the convexity of the marginal
cost curve again reduces the average level of consumption which, in this case, dom-
inates the effect of a lower consumption volatility. The stabilization of income and
consumption is thus not enough to improve the rule-of-thumb household’s welfare.
This remarkable result implies that even for rule-of-thumb households, the non-linear
supply-side effects can turn around the conventional case for progressive taxes based
on disposable income stabilization.

At last, Table 3.2 confirms that, just as in the former cases, progressive taxes
indeed mitigate output fluctuations and in this sense act as an automatic stabilizer
for the economy. Our findings reveal, however, that from a welfare perspective, the

stabilization of output is not in itself desirable in our New Keynesian model.

3.4.4. Optimal Tax Progression

Our previous simulations have shown that in the baseline economy, progressive taxes
increase (reduce) welfare when technology shocks (government spending shocks)
drive the business cycle; in the model extension with rule-of-thumb households,
they decrease welfare for both shock types. When running our simulations we took
the degree of tax progressivity as a given, i.e. we fixed ¢, at the value 0.34, the
empirically observed average of the EA-12 countries. In this section, instead, we
briefly illustrate what the optimal degree of tax progression in our model economy
is. For this purpose, we let the coefficient of tax progression vary between the values
0 and 0.8 and compute household welfare in the presence of technology shocks,
government spending shocks, and both shock types, respectively.?®

Considering the baseline economy first, our calculations reveal that welfare uni-
formly increases in ¢,, when only technology shocks are considered (not shown). In
contrast, welfare uniformly decreases when only government spending shocks are
considered (not shown), i.e., the optimal degree of tax progression is zero in this
case. Consequently, when allowing for both shock types, the optimal degree of pro-
gression depends on the relative importance of the shocks in driving the business
cycle. As can be seen in Figure 3.5, for our (shock) calibration, the optimum of the

progressivity parameter ¢, is found at roughly the value 0.55. From a macroeco-

38Note that the highest observed value for ¢,, by Mattesini and Rossi (2012) in a sample of 24
OECD countries is 0.66 for the Netherlands.
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Figure 3.5.: Welfare and Tax Progression - Baseline Model
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Notes: The welfare loss under the flat tax is normalized to 100.

nomic stabilization perspective, at least through the lens of our baseline model, it
seems that the average EA-12 country could increase household welfare by increasing
the degree of tax progression.

Unsurprisingly, for the model with rule-of-thumb households, however, we find

that the optimal degree of tax progression is zero (not shown).

3.5. Model Extensions

We briefly consider two model extensions in this section. Since we calibrated the
model to the Eurozone economy, we first check whether our results also hold up in
the more realistic, yet somewhat less tractable setting of a currency union. Secondly,
we check how an optimal conduct of monetary policy affects our previous results.
For reasons explained below, in both cases we solely present results for the baseline

economy without rule-of-thumb households.

3.5.1. Currency Union

To simplify matters, we assume that the currency union consists of only two coun-
tries, Home H and Foreign F', with relative sizes (1 —n) and n, respectively. In the
following, for the sake of brevity, we only depict the model elements that differ from
the previous closed economy setup.

Households consume both domestic and foreign goods.?® More precisely, the Home

39Note that in the model version with rule-of-thumb households (not presented here), the con-
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consumption aggregate C; combines Home and Foreign consumption baskets accord-

ing to
Cr = |(1—whi ()T + (Whs(ch) (3.22)

where w determines the import share of household consumption and @ the elasticity
of substitution between Home (CH) and Foreign (C}) baskets. These baskets are
aggregators given by

€

o = {(1 —n)t /n 1(051 (1)< dz} (3.23)

e—1

oF — {n—i /0 "(Cr(i))5 di] - (3.24)

where Cf (i) denotes the good produced by firm i € [n, 1] located in country H and
CF (i) the good produced by firm i € [0, n| located in country F.*°

Home and Foreign (Ricardian) households can trade an international, risk-free
bond. The corresponding interest rate is equal to the central bank policy rate (see
below). Contrary to the closed economy case considered above, holdings of this
bond are not necessarily equal to zero in the stochastic equilibrium. In other words,
the current account is allowed to move into deficit or surplus in response to shocks.

Fiscal policy is set, as before, at the national level. Monetary policy is set at the
union-level. The common central bank follows a Taylor-type interest rate rule that

targets a weighted average of Home and Foreign price inflation and is given by

PH 1-n PF n\ ¢~
v () () ) o

_1
where P = ((1—n) ™ [1PE(i)=di) " and BY = (n* [ PF()"~ di) ™ de-

note the Home and Foreign price level, respectively.

Our model calibration looks as follows.*! We assume that Home and Foreign are
of equal size, i.e. n = 0.5. Both countries exhibit, for simplicity, the same degree
of tax progression (¢, = 0.34). The elasticity of substitution between Home and
Foreign consumption baskets is assumed to be # = 2 as in Obstfeld and Rogoff

(2005) and Nakamura and Steinsson (2014). For the home bias, we set w? = W' =

sumption baskets illustrated next are the same for both household types.

40The Foreign household’s consumption baskets are not shown because they have an identical
form.

“Parameters not mentioned take on the same value as in the closed economy case.
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Table 3.3.: Moments and Welfare Losses: Currency Union vs. Closed Economy

Currency U. Closed E. Currency U. Closed E.

- Technology Shocks - - Spending Shocks -
I3 —6.0 —14.3 +14.4 +20.2
o(r) =82 —121 +37.6  +353
oY) —10.9 —12.1 —14.4 —14.5
a(C) —-11.3 —12.1 +28.4 +35.3
o(N) +42.7 +64.0 —14.4 —14.5
‘C —0.0002  —0.0004 ~ —0.0002  —0.00026
N +0.0006 +0.0002 -+0.00001 +0.00004

Notes: Results are changes compared to the flat-tax benchmark in percent.

0.2. The standard deviations of the innovations e are assumed to be the same for
both countries and again chosen so as to match the observed volatility of GDP and
government purchases in the Eurozone. The values are 0.00343 for the technology
shock and 0.0062 for the government spending shock. For simplicity, the shocks
are assumed to be uncorrelated across countries. Finally, we set international bond
holdings in the steady state equal to zero.

Table 3.3 confirms (for the baseline model) that the results previously obtained in
the closed economy setting carry over, at any rate in qualitative terms, to the cur-
rency union setting.*? Progressive taxes shift the volatilities and the averages of the
model variables in the same direction as before; they increase (decrease) welfare in
the presence of technology (government spending) shocks. Yet, when comparing the
consumption loss equivalents; we find that under technology (government spending)
shocks, the relative welfare gains (losses) when moving from flat to progressive taxes
are somewhat smaller than in the closed economy case.

The main quantitative differences compared to the closed economy stem from the
movement of the terms of trade and hence the trade balance. Consider the Home
economy’s impulse responses to a positive (Home) technology shock first (Figure
3.6). The Home terms of trade depreciate, allowing exports (not shown) and output
to increase initially and thereby smooth consumption better than in the closed econ-
omy.*3 As prices adjust only in a staggered fashion, the terms of trade depreciation
lasts for several quarters, causing output to increase in a hump shaped manner (in
contrast to the closed economy). This prompts employment to rapidly return to the

steady state level after a sharp initial drop. The initial employment drop is larger

42For the sake of brevity, we do not discuss the model with rule-of-thumb households because
the results also do not change qualitatively.

« F
43Note that the terms of trade are defined by % here. The increase in the terms of trade in
t
Figure 3.6 thus represents a depreciation for Home.

20
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Figure 3.6.: Impulse Responses to a Positive Technology Shock
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Notes: Solid (dotted) lines indicate flat (progressive) taxes. Grey lines depict the closed economy
case. For each depicted model variable, the graph shows the absolute deviation from the steady
state after a positive realization of €, of one standard deviation.

than in the closed economy because the central bank reacts less vigorously to the
country specific shock than the national central bank in a closed economy.

The key to understanding the role of progressive taxes in the currency union
setting is to realize that they lower the volatility of inflation (just as in the closed
economy setting) and thus also the volatility of the terms of trade. Expenditure
switching between Home and Foreign is therefore mitigated (not shown) and with
it the key mechanism for consumption smoothing in an open economy. All other
things equal, the relative reduction in the volatility of consumption (due to tax
progression) should therefore be smaller than in the closed economy setting. And
so should be, accordingly, the relative reduction in the consumption loss equivalent.
Both of these points are confirmed in Table 3.3.

Figure 3.7 next displays the Home economy’s impulse responses to a positive
(Home) government spending shock. The responses look fairly similar to those
of the closed economy case, the main difference, of course, being that the shock
affects the terms of trade. Specifically, the Home terms of trade first rise above the

steady state (before reversing after a couple of quarters), causing a deterioration
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Figure 3.7.: Impulse Responses to a Positive Spending Shock
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Notes: Solid (dotted) lines indicate flat (progressive) taxes. Grey lines depict the closed economy
case. For each depicted model variable, the graph shows the absolute deviation from the steady
state after a positive realization of ¢, of one standard deviation.

of the balance of trade (not shown). Through drawing on relatively cheap Foreign
resources, Home households thus maintain a higher consumption level than in the
closed economy case.

When comparing the two tax systems, notice that progressive taxes increase the
volatility of inflation (just as in the closed economy setting). This, in turn, increases
the volatility of the terms of trade and thereby induces more expenditure switching
between Home and Foreign (not shown). As a result, the relative increase in the
volatility of consumption (due to tax progression) and hence the consumption loss
equivalent should be somewhat reduced in the currency union setting. Both points

are confirmed in Table 3.3.

3.5.2. Optimal Monetary Policy

Most advanced economies achieve macroeconomic stabilization primarily through
changes in the monetary policy stance. In this section, we briefly analyze whether a

progressive tax system is a reasonable addition to the macroeconomic stabilization
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Table 3.4.: Moments and Welfare Losses: Optimal Monetary Policy vs. Taylor Rule

Optimal Policy Taylor Rule

3 +7.1 —14.3
o(m) 42567 —121
a(Y) —12.7 —12.1

o(C) —12.7 —12.1

o(N) +76.2 +64.0

c —0.0019 —0.0004
N +0.00001 +0.0002

Notes: Results are changes compared to the flat-tax benchmark in percent.

toolkit, i.e. whether it improves welfare, once the principal stabilization tool, mone-
tary policy, is conducted optimally.** In what follows, we only present results for the
baseline model and the case of technology shocks. The reason is that even under the
non-optimal Taylor interest rate rule, the progressive tax did not improve welfare for
the other model and shock specifications (quite the contrary). It should therefore
be clear that the tax cannot improve welfare when monetary policy is conducted
optimally.#®

We will find it easier to grasp the subsequent results by first remembering that in
the standard New Keynesian model without tax progression, the optimal monetary
policy is characterized by a complete elimination of inflation and thereby (ineffi-
cient) price dispersion between firms.*® Zero inflation is achieved by e.g. a much
more aggressive reduction in the real interest rate in response to a positive technol-
ogy shock (relative to the Taylor rule considered in section 3.4). Over the business
cycle, the more volatile real interest rate increases the volatility of consumption but
decreases the volatility of employment. Moreover, the elimination of price disper-
sion raises aggregate productivity according to equation (3.16) and hence increases
average consumption. The latter in turn induces the household to work less hours.

To understand how the progressive tax affects welfare once monetary policy is
conducted optimally, recall that the increase in welfare under the Taylor rule was
accompanied by a lower consumption volatility and a higher volatility of hours
whereas the level of consumption fell and hours increased. Under the optimal mon-
etary policy, as can be seen in Table 3.4, the progressive tax still has these effects.

All four moments are thus shifted in the “wrong” direction. The net effect on wel-

“Naturally, the central bank’s objective function is household welfare. This objective function
is maximized taking the optimality conditions of households and firms as well as the economy’s
resource constraint as given.

45We nonetheless checked that this claim holds indeed.

46See e.g. Woodford (2003, Chapter 6) or Galf (2008, Chapter 4).
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fare is a 7.1 percent increase in the consumption loss equivalent (relative to the flat
tax). The conclusion is that even in the presence of technology shocks (and refer-
ring to the baseline model), progressive taxes are only welfare improving as long as

monetary policy is not conducted optimally.

3.6. Conclusion

Using a non-linear New Keynesian DSGE model, we find that a progressive tax on
wage income stabilizes output and in this sense acts as an automatic fiscal stabilizer
for the economy. We also find, however, that the progressive tax improves welfare
only under a rather narrow set of circumstances. The tax improves aggregate wel-
fare in the presence of technology shocks, but only when rule-of-thumb households
are absent and monetary policy is not conducted optimally. When rule-of-thumb
households are added and/or demand shocks are considered, no welfare gains exist
in the aggregate. Yet, in the presence of technology shocks, the progressive tax is
welfare-improving for rule-of-thumb households. Overall, our findings suggest that
it is difficult to make the case for progressive taxes on their business cycle effects
only, at least through the lens of our simple New Keynesian model. Especially the
traditional demand-side stabilization mechanism of progressive taxes, incorporated
into our model through the introduction of rule-of-thumb households, did not turn

out to be a welfare-improving force at the aggregate level.
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4. Revisiting the Progressive
Consumption Tax: a Business

Cycle Perspective

4.1. Introduction

“... the Equality of Imposition consisteth rather in the FEquality of
that which is consumed, than of the riches of the persons that consume
the same. For what reason is there, that he which laboureth much, and
sparing the fruits of his labour, consumeth little, should be more charged,
than he that living idlely getteth little, and spendeth all he gets: seeing the
one hath no more protection from the Common-wealth than the other?
But when the Impositions are layd upon those things which men consume,
every man payeth Equally for what he useth: Nor is the Common-wealth

defrauded by the luzurious waste of private men.”

- Hobbes (1651, p.181)

“Such a tax policy would discourage mansions and encourage factories.
When rich men are an offense in the eyes of the relatively poor, it is
because of their big domestic establishments and their big spendings, not
because of their big savings and big industrial plants. Snobbery goes with
the idle and extravagant way of living—uwith diamonds and retinues of
servants; but snobbery is seldom seen in a big factory where the owner
himself works. In fact, few workers in democratic America object to the
rich man who lives and works like a poor man—who puts his gains into

instruments of production, not into instruments of consumption.”

- Fisher and Fisher (1942, p.94)



4. Revisiting the Progressive Consumption Tax: a Business Cycle Perspective

“It is only by spending, not by earning or saving, that an individual
imposes a burden on the rest of the community in attaining his own

ends.”

- Kaldor (1955, p.53)

The personal expenditure tax (PET) has a long intellectual tradition in economics.
Famous proponents of this, largely untested!, alternative to the personal income tax
have been, amongst others, John Stuart Mill, Alfred Marshall, Arthur Pigou, Irv-
ing Fisher, Nicholas Kaldor, and James Meade.? The main idea behind the PET,
put forward most prominently in Fisher and Fisher (1942) and Kaldor (1955), is
quite simple: individuals (or households) report, in a first step, their income to the
tax authority, and deduct, in a second step, all (net) savings. The resulting tax
base equals personal consumption expenditure, to which, as under most conven-
tional systems of personal income taxation, a set of graduated tax rates is finally
applied.> The PET, or at least its common formulation with graduated tax rates,
is thus a progressive consumption tax.* Other less familiar versions of a progressive
consumption tax (not covered here for the sake of brevity), e.g. David Bradford’s
more recent “X-Tax” (see e.g. Bradford, 1986; Viard and Carroll, 2012), may differ
in terms of the details of implementation, but have two key features with the PET
in common: firstly, savings (or investments) are, one way or another, exempted from
the tax base; and secondly, the tax is imposed (at least in part) on individuals, thus

implying that the tax structure can easily be made progressive.® The first point

! According to Goode (1980), the only countries that briefly experimented with a PET are India
and Sri Lanka (in the 1970s). More recent experiments are unknown to the author of this article.

2See e.g. Mill (1884, Book V, Chapter 1), Marshall (1925), Pigou (1928, Part II, Chapter
10), Fisher (1939, 1942), Fisher and Fisher (1942), Kaldor (1955), and Institute for Fiscal Studies
(1978). Before Irving Fisher showed that a PET could be implemented via a relatively simple set
of accounting rules, the practicality of such a tax was generally questioned, however. Accordingly,
Mill, Marshall, and Pigou were convinced of the theoretical merits of a PET but had doubts
about its practical implementation. John Maynard Keynes, in a similar vein, declared before the
Committee on National Debt and Taxation (Colwyn Committee) that whereas the tax is “perhaps
theoretically sound, it is practically impossible” (quoted in Kaldor, 1955, p.12).

3The PET could be implemented in practice through, e.g., the use of so-called “qualified
accounts”. For the sake of brevity, we cannot deal with this important issue here. We refer the
reader to U.S. Treasury (1977), Institute for Fiscal Studies (1978), or Graetz (1979) for an extensive
discussion of the implementation issues regarding the PET.

4To be more exact, a consumption tax is according to definition progressive when the average
tax rate increases in the amount of consumption. A flat tax rate with only an allowance (e.g. the
“Flat Tax” proposed by Hall and Rabushka, 1985) also satisfies this condition. Most formulations
of a progressive consumption tax resort to a set of graduated tax rates (in addition to an allowance),
however (see e.g. Fisher and Fisher, 1942; Kaldor, 1955; U.S. Treasury, 1977; Institute for Fiscal
Studies, 1978).

5An incomplete list of other contemporary economists that have endorsed some version of a
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4.1. Introduction

clearly differentiates a PET-type system from the existing income tax®, the second
from existing sales or value-added taxes.”

The case for the PET has been made on several grounds. Proponents argue that
the PET would allow to retain the basic progressivity of the personal income tax (in
contrast to a VAT or sales tax) but be superior to the latter—by virtue of having a
consumption tax base—on grounds of equity, economic efficiency, and administrative
simplicity.®

The equity argument in favor of taxing consumption is straightforward and can
be traced back to at least Thomas Hobbes’ Leviathan. Individuals (or households),
it is claimed, should not be taxed according to what they contribute to a society’s
common pool of goods and services (through supplying labor or capital); instead,
they should be taxed according to what they take out of the common pool (through
their consumption).® In other words, actual spending, and not spending power (i.e.
income, or wealth), should be the basis for taxation (Kaldor, 1955, Chapter 1).

On grounds of economic efficiency, Irving Fisher has made a number of early con-
tributions in favor of a consumption tax (Fisher, 1937, 1939, 1942). According to
Fisher, taxing the income saved as well as the income from saving under an income
tax amounts to “double taxation”, discriminating against saving and discouraging
capital accumulation (and therefore also reducing consumption in the long-run).*°
Expressed somewhat differently, income taxes are not neutral with respect to spend-

ing and saving, or, what amounts to the same thing, current and future consumption

progressive consumption tax includes Kenneth Arrow (2015), Samuel Bowles (Bowles and Park,
2005), The Economist (2010), Martin Feldstein (1978), Robert Frank (2010, 2011a, 2008), Kenneth
Rogoff (2014, 2016), Laurence Seidman (1997), and John Whalley (Fullerton et al., 1983; Shoven
and Whalley, 2005).

6Tt should be noted that the (income) tax system of many countries has some overlap with the
PET. Pension plans (e.g. individual retirement accounts in the U.S.) often allow tax-deductible
contributions and earnings to accumulate tax-free. Taxation only occurs at withdrawal. Tax-
free contributions to pensions plans are usually limited in size, however, and early withdrawal is
impractical or penalized.

"The PET and a VAT or sales tax further differ with respect to the incidence of taxation. See
e.g. Kaldor (1955, Chapter 1) for an early reference on this point.

8Tt is not possible to give a comprehensive review of the literature on the PET, or consumption
versus income taxation more generally, in this article. The reader may refer to U.S. Treasury
(1977), Institute for Fiscal Studies (1978), or Pechman (1980) for a very thorough comparison
between the PET and the income tax.

9In the context of the debate on the PET, this point has been raised by e.g. Kaldor (1955,
Chapter 1), Institute for Fiscal Studies (1978, Chapter 3), Seidman (1997, Chapter 3), and also
the political philosopher John Rawls (1971, Chapter 5). For opposing views, see e.g. Goode (1980)
or Pechman (1990).

10See e.g. also U.S. Treasury (1977, Chapter 2), Institute for Fiscal Studies (1978, Chapter 23),
Fullerton et al. (1983), Seidman (1997), or Okamoto (2005) for more recent contributions on the
relative superiority of a (progressive) consumption tax with respect to the incentives to accumulate
capital.
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(Kaldor, 1955, Chapter 2).} They change the slope of the intertemporal budget
constraint by depressing the rate of return to the saver below the rate of return
of the underlying investment, thus distorting the intertemporal consumption choice
(U.S. Treasury, 1977, Chapter 2; Institute for Fiscal Studies, 1978, Chapter 3). A
consumption tax, in contrast, does not give rise to this intertemporal distortion.?!3

Lastly, and even more briefly, income taxes have been criticized on administrative
grounds for necessitating complex rules concerning the measurement or imputation
of income. A transition to a pure consumption tax would, for instance, allow to
abolish tax regulations regarding capital gains, depreciation, and corporate profits.'*

Since the early contributions of Irving Fisher and Nicholas Kaldor, most scholarly
work on the PET appeared in the 1970s and early 1980s (e.g. Andrews, 1974; U.S.
Treasury, 1977; Kay and King, 1978; Institute for Fiscal Studies, 1978; Graetz,
1979; Pechman, 1980; Fullerton et al., 1983), with the most comprehensive accounts
being the U.S. Treasury’s Blueprints for Basic Tax Reform (1977) and the Institute
for Fiscal Studies’ The Structure and Reform of Direct Tazation (1978).> More
recently, there has been renewed interest in the subject. Particularly in the context
of the inequality debate, peaking with the publication of Thomas Piketty’s Capital in
the Twenty-First Century (Piketty and Goldhammer, 2014), some economists have
argued (see e.g. The Economist, 2010; Frank, 2011b; Rogoff, 2014, 2016; Arrow,
2015) that a PET, or some other version of a progressive consumption tax, would
allow to address the growing problem of economic inequality more efficiently, i.e.

with less harmful effects on for instance savings or work incentives, and in a more

Hncome taxes discriminate against “late consumption” and, by implication, “early work” (rel-
ative to “early consumption” and “late work”). See e.g. U.S. Treasury (1977, Chapter 2).

12This at least holds when the individual faces a time-invariant consumption tax rate. Note,
however, that a consumption tax, like an income tax, still distorts the individual’s labor-leisure
choice. Furthermore, the tax exemption of savings lowers the tax base under a consumption tax
and thus ceteris paribus requires higher effective tax rates, thereby exaggerating the intratemporal
distortion. It is therefore not clear from a theoretical point of view whether consumption taxes
are superior to income taxes on efficiency grounds (i.e. tax systems cannot be compared by simply
counting the number of economic distortions; see e.g. Atkinson and Stiglitz, 1980).

13 A remotely related argument in favor of a consumption tax is that in the presence of capital
market imperfections, exempting saved income from the tax base would allow entrepreneurs with-
out access to external finance to fully reinvest their profits and thus to expand their enterprise
more rapidly than under an income tax. See e.g. Institute for Fiscal Studies (1978, Chapter 2).

14See e.g. Andrews (1974) or U.S. Treasury (1977, Chapter 2). For a comprehensive case
against a PET-type system on administrative grounds, see e.g. Graetz (1979). Note that we
cannot cover the related topic of corporate taxes in this article. It shall only be mentioned that
most PET proponents either argue in favor of the abolishment of such taxes or suggest to implement
corporate taxes on a pure cash flow basis.

15The reports of the U.S. Treasury and the UK-based Institute for Fiscal Studies were produced
under the guidance of David Bradford and James Meade, respectively. The UK report recommends
the adoption of a progressive consumption tax (given that transitional problems can be dealt with
satisfactorily), the U.S. report sees the tax as a promising alternative to the income tax.
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targeted way (since we should ultimately care most about consumption inequality)
than measures based on the taxation of income (e.g. a significant increase in top
income tax rates; see Piketty et al., 2011) or wealth (e.g. the introduction of a global
wealth tax; see Piketty and Goldhammer, 2014).16 With some countries rapidly
moving towards a cashless economy, and others at least entertaining the idea of
abolishing cash, this and other debates around the PET might grow in importance
since one of the major obstacles to the PET’s implementation—tax evasion through
cash hoarding in the transitional period (see e.g. Graetz, 1980; Seidman, 1997)—
would disappear in such an economy.

Against this backdrop and given the growing academic interest on the role of fis-
cal policy in the macroeconomy following the financial crisis of 2007-08, this paper
seeks to add to the existing literature on the merits and demerits of the PET by
shedding light on a so far rather neglected issue: the PET’s effect on the business
cycle. It is by now a well-established result in macroeconomics that the design of
the tax and transfer system affects the cyclical properties of the economy; the liter-
ature on automatic fiscal stabilizers has explored how government policies like e.g.
progressive income taxes or unemployment benefits—policies enacted to promote
redistributive or social goals rather than macroeconomic goals—help mitigate the
impact of shocks on the real economy. To name but two studies that rely on micro-
simulations, Auerbach and Feenberg (2000), for instance, find that the U.S. income
and payroll tax alone offsets roughly 8 percent of a shock to GDP. More recently,
Dolls et al. (2012) find that automatic stabilizers absorb 32% (38%) of a propor-
tional shock to household income and 34% (47%) of an unemployment shock in the
U.S. (EU).' There still remains uncertainty about the quantitative significance of
the automatic stabilizers (see e.g. Veld et al., 2013) and the relative importance
of the various stabilization channels (see e.g. McKay and Reis, 2016b), but a key
take-away of the literature is that the design of the tax and transfer system matters
for macroeconomic fluctuations.'®

To the best of our knowledge, Kaldor (1955, Chapter 6) is the only scholar that ex-
plicitly discusses the role of the PET in a business cycle context. Kaldor argues that
discretionary tax changes are a more efficient instrument of macroeconomic control

under a PET than under an income tax because the PET allows the policymaker to

Two contributions, Bowles and Park (2005) and Frank (2008), also need to be mentioned
in this regard. Both make the case for a progressive consumption tax on grounds of positional
externalities in the consumption sphere.

1"Mattesini and Rossi (2012) and McKay and Reis (2016a,b) are other recent contributions on
automatic stabilizers.

18McKay and Reis (2016b) also provide an excellent review of the literature.
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operate directly on aggregate demand.!® Kaldor, yet, does not discuss the built-in
stabilization properties of the PET, i.e. its potential role as an automatic stabilizer.
Seidman (1997, Chapter 4) solely addresses the possible short-term macroeconomic
problems when transitioning to a PET. The two most exhaustive accounts of the
PET, U.S. Treasury (1977) and Institute for Fiscal Studies (1978), do not touch on
business cycle issues at all.?’

In this paper, we contribute to the literature on the PET and the wider literature
on automatic fiscal stabilizers by analyzing the PET’s macroeconomic properties in a
modern business cycle model. More specifically, we propose a simple way to model
a PET and introduce the latter into an otherwise standard, closed-economy New
Keynesian DSGE model. Mattesini and Rossi (2012) have shown, using the same
baseline model, that a corresponding progressive tax on (wage) income considerably
changes the economy’s response to shocks (relative to a flat tax). We investigate,
instead, how the PET affects this response. The main aim of the paper is thus to help
understand how a move to a different tax system, one that relies on the progressive
taxation of consumption expenditure as opposed to income, affects macroeconomic
fluctuations, and consequently, economic welfare.

The key results of the paper are the following: Firstly, we find that the PET, just
as the conventional progressive income tax, stabilizes output (relative to a flat tax)
and thus acts as an automatic stabilizer for the economy. Yet, and secondly, the
PET has a quantitatively different effect on the volatilities of most macroeconomic

variables than the progressive income tax. Thirdly, we find that a transition from

19To quote Kaldor at length: “Thus from the point of view of the efficient conduct and control
of the economy it seems pointless to have taxes of any other kind than taxes (or subsidies) on
expenditure. Income taxes, or taxes on business savings, are blunt, cumbrous, and ineffective as
instruments of control—they operate in a round-about manner with uncertain effect except in
those cases (like the taxation of the working classes) where income and expenditure, for lack of a
cushion, are closely and rigidly linked so that the tax on the one has much the same influence as
the tax on the other. But in all other cases income taxes, whether personal or business taxes, are
peculiarly inappropriate as instruments of short-term or ‘anti-cyclical’ fiscal policy simply because
their short-run effect on conduct is both less significant and less predictable than their long-run
effect. If a change in the tax is introduced which appears to be associated with economic motives
(and it would be difficult for a Chancellor to hide his true motives in such eventualities) the
taxpayers (whether individuals or businesses) will expect it to be a temporary charge—which is
just what it is intended to be—and react to it in much the same way as if it were a capital tax;
[...] a purely short term change in income tax may be entirely at the expense of savings.” More
recently, Frank (2011, Chapter 5) reasserts this point. He argues that temporary income tax cuts
provide not much stimulus in a recession because they tend to be saved by consumers. In contrast,
a temporary tax cut under a PET would provide a strong stimulus because consumers can only
benefit from the cut by increasing their expenditures immediately.

nstitute for Fiscal Studies (1978, Chapter 1) explicitly states: “We have not examined the
special problems of the taxation of oil revenues or of land and development values. We have not
investigated the tax problems involved in short term demand management for the macroeconomic
control of economic activity. We have no intention of denying the great importance of these topics.”
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the existing progressive income tax to the PET would improve economic welfare
under government spending, monetary policy, time preference, and taste shocks.
Welfare would decline, however, under a technology shock.

The paper is structured as follows. In Section 4.2, the DSGE model is presented
and a PET is introduced (along with a conventional progressive income tax). For
ease of illustration, a linearized model version is derived. The model is calibrated in
Section 4.3 and the model dynamics are analyzed using impulse response functions.

Section 4.4 conducts a comparative welfare analysis. Section 4.5 concludes.

4.2. The Model

The employed model is a textbook New Keynesian DSGE model of a closed economy
(Gali, 2008), augmented by government expenditure and a progressive tax system.?!
The model features several types of shocks commonly considered in the DSGE liter-
ature. We compare the economy’s response to these shocks under a progressive tax
on consumption (of the PET-type) with that under a conventional progressive tax
on (wage) income (Mattesini and Rossi, 2012). The economy is populated by a rep-
resentative household that maximizes lifetime utility with respect to consumption
and hours worked subject to a lifetime budget constraint. There are two types of
firms. A perfectly competitive retail firm utilizes the output of intermediate goods
firms to assemble a final good, the latter being used for private and government
consumption. Intermediate goods firms are many in number, produce a differenti-
ated good using labor only, and set prices in a staggered manner as in Calvo (1983).
Monetary policy follows a standard Taylor-type interest rate rule (Taylor, 1993),

government expenditure an exogenous process.??

4.2.1. The Household Sector

Expenditure Tax. We first consider the household problem under the PET.

Our representative household seeks to maximize lifetime utility given by

E, i 6ke¢t+k {eft+k (Ct-i-k)lig . (Nt+k)1+§0 } (41)
— 1—-0 1+

2L At the very outset, note that this model does not allow for savings in equilibrium. We will
see that it still makes a difference in terms of economic stabilization whether the expenditure side
or the revenue side of the household budget is “targeted” by the progressive tax system.

22In what follows, letters without a time index ¢ always represent the (non-stochastic) steady
state value of the respective variable.
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subject to a sequence of flow budget constraints
(1 + TtC)PtOt + Bt = Rt—lBt—l + WtNt + Ht — E (42)

where F; is the rational expectation operator, Cy a consumption bundle (defined
below), P, the price index for final goods (also defined below), N; hours worked,
and W, the (nominal) wage. Prices and wages are taken as given by the household.
By is the amount of a risk-free one-period bond purchased at the beginning of pe-
riod ¢, R, is the corresponding (gross nominal) interest rate. II; are the profits of
the intermediate goods sector, transferred to the owner household in the form of
dividends. The coefficients o and ¢ determine the degree of relative risk aversion
and labor disutility (inverse of the Frisch labor supply elasticity), respectively. [
is the subjective discount factor, v; a time preference shock, & a taste shock. Fi-
nally, the household faces the tax 77 on personal consumption expenditure as well
as lump-sum taxes 7; (which are zero on average; see below).

Our modeling strategy for the personal expenditure tax 77 follows Guo and Lans-
ing (1998) and Mattesini and Rossi (2012).2> We assume that the tax schedule 7f

has the form

P
T =N (%) —1 (4.3)

where C'is steady state consumption and the reference value for taxation, and where
n. > 1 pins down the level of the consumption tax schedule (the average tax rate),

while ¢, > 0 determines the progressivity of the consumption tax schedule.?*

23Guo and Lansing (1998) and Mattesini and Rossi (2012) also use a representative agent model.
The former consider a progressive tax on capital and labor income in a Real Business Cycle model,
the latter a progressive tax on labor income in a standard New Keynesian model.

24Notice that an income tax usually applies the relevant tax rate to a tax base that includes the
tax payment itself, whereas consumption taxes usually apply the tax rate to a base that excludes the
tax payment. Income tax rates are thus stated in what is called a tax-inclusive form, consumption
taxes in a tax-exclusive form. To not confuse the reader, we follow the convention and also quote
the personal expenditure tax in tax-exclusive form. The drawback is that the average tax rate and
the progression coefficient have to be chosen and interpreted with care in order to make a valid
comparison with the progressive income tax (e.g. holding the tax burden constant, tax-exclusive

rates 7°% appear higher than tax-inclusive rates: 7" < 7% = %) The results of this paper,

however, are not affected by the modeling strategy. To be more concrete, we also checked a tax-
in (bc .

inclusive schedule 77 = 1 — 7, (%") with 7. € (0,1], ¢. > 0, and where C*" corresponds to

before-tax or tax-inclusive consumption. This is the schedule employed below for the progressive

income tax and the one also used by Guo and Lansing (1998) and Mattesini and Rossi (2012). In

this case, the households budget would read (1 — 7¢)P,Ci" + By = Ry_1Bi_1 + Wi Ny + 11, — Ty,

1
or equivalently, (WC{“) e P+ By = Ry_1B;_1 + WyN; + II; — T} where the first term

in brackets on the left-hand side is equal to Ci" and where C{® is after-tax or tax-exclusive
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4.2. The Model

To understand the tax schedule, first assume that ¢. = 0 holds. In this case, the
tax rate on personal consumption expenditure 7¢ = 7, — 1 is constant and we speak
of a “flat” consumption tax.?” In contrast, when ¢, > 0 holds, the average tax rate
7{ varies with current period consumption C;. More precisely, the average tax rate
77 will be above (below) the steady state tax rate 7¢ whenever the tax base Cy is
above (below) the reference value C, with larger deviations leading to larger rate
adjustments. In this case, it is appropriate to speak of a “progressive” consumption
tax (this is the typical version of the PET).

To see this last point more formally, notice that the following relationship between

the marginal tax rate 7,""" = 6(%0?) and the average tax rate 77 holds:
om . Ct d)c
Tt7 =T + nc¢c (6) . (44)

Accordingly, whenever ¢. > 0, the marginal tax rate is higher than the average tax
rate, or, what amounts to the same thing, the average tax rate increases in the tax
base.

Under this setup, the representative household’s first order conditions are then

given by
1 _ ﬁE Ot+1 _0—¢c -Pt R €A¢t+1€A£t+1 (4 5)
I\ a Pyt '
| pm— vy
IO = NP C (1 + 6 (46)

where the first condition is a consumption Euler equation and where the second
condition determines the household’s labor supply. Apparently, the progressive con-
sumption tax has a similar effect on the household’s intertemporal consumption
choice as an increase in the concavity of the household’s consumption utility func-
tion (an increase in the coefficient o). That is, all other things equal, the household

seeks a smoother consumption path over time. The tax’s effect on labor supply is

consumption (the consumption entering the utility function). This modeling strategy seems not
very intuitive and requires to keep track of both C*® and C**. Most importantly, the exact same
results can be replicated with the tax-exclusive schedule (4.3) when adjusting the coefficients 7,
and ¢. properly. See also Section 4.3.1 for more details on this issue.

25 As a side note, this case is identical to the conventional approach to model value-added taxes
in the DSGE literature. That is, the literature assumes, unrealistically, that the VAT liability
is transferred to the government by the consumer (i.e. a flat PET is actually assumed). In a
business cycle context, this assumption seems innocuous as long as the (alleged) VAT rate remains
unchanged. Voigts (2017) convincingly argues, however, that this modeling approach leads to
erroneous conclusions about the macroeconomic effects of discretionary changes in the tax rate
because instantaneous pass-through to consumers is implicitly assumed, contradicting a wealth of
empirical evidence and being inconsistent with the sticky-price assumption in DSGE models.
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4. Revisiting the Progressive Consumption Tax: a Business Cycle Perspective

less apparent but also resembles that of an increase in ¢. This will become more
obvious when we look at a linearized version of equation (4.6) later.

In summary, with the PET we have introduced a countercyclical device (at least
insofar as consumption and output move together) on the expenditure side of the
household’s budget. Unsurprisingly, we will see below that this device reduces out-
put fluctuations in general equilibrium, i.e., it acts as an automatic fiscal stabilizer

for the economy.

Income Tax. We next consider the household problem under the income tax.
The representative household maximizes lifetime utility (4.1) subject to a sequence

of flow budget constraints

PCy+ By = (Ri—1 — 7" (Riz1 — 1