
The macroeconomic and distributional effects of
progressive wealth taxes∗
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Abstract

The recent rise in wealth inequality has triggered a debate on whether policy measures

could and should be taken against it. One widely discussed policy, proposed by Thomas

Piketty in his book “Capital in the 20th Century”, is a progressive tax on wealth. In this paper,

we evaluate the macroeconomic and distributional implications of Piketty’s proposal, and find

that the proposal does not meet its intended welfare targets despite a significant reduction in

wealth concentration. Most income and wealth poor agents lose slightly, and top wealth

groups are clearly worse off. The main beneficiaries of the proposal are upper-middle wealth

and income groups, who are not exposed to the tax but gain from general equilibrium price

changes. Average welfare is slightly higher in the long-run, but considerably lower in the

short-run. As a consequence, progressive wealth taxes look less attractive if positive welfare

weight is placed on current generations. Finally, we find that a similar reduction in wealth

concentration can be achieved by raising the progressivity of the income tax system. This

reform has better welfare properties, as the distortions to aggregate output and the capital

stock are more limited.
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1 Introduction

Recent studies documenting a substantial increase in wealth inequality since the 1970s (notably
Saez and Zucman (2016) and Piketty (2014)) have stimulated interest in academic, policy and
media circles, launching a debate on whether such an asymmetry in wealth holdings is socially
desirable and whether policy could or should combat it.1 One highly controversial policy proposal
comes directly from Thomas Piketty who outlines a global, progressive wealth tax aimed primarily
at those at the top of the wealth distribution. While a globally coordinated wealth tax is unlikely
to be implemented due to practical difficulties, progressive wealth taxes are already in place at a
national level in France, Spain and Switzerland.2 In Germany, policymakers have recently debated
the legislation of a wealth tax, while some other European countries have recently abolished them.

Despite the extensive literature on the taxation of capital income, the implications of a pro-

gressive tax on net worth, particularly for the distributions of income, consumption and welfare,
remain largely unknown. These depend crucially on the elasticity of equilibrium prices to policy,
the interaction of the wealth tax with the tax and transfer system already in place, and the joint
distribution of income and wealth, as well as the factor composition of income at different points
of the wealth distribution.

In this paper, we study the short and long run effects of introducing a progressive wealth tax
in a quantitative heterogeneous-agent model designed to reproduce the distributions of wealth and
income in the United States in 2010. We conduct our analysis using a dynamic model of consump-
tion and savings with uninsurable idiosyncratic income risk and endogenous labor supply building
on Aiyagari (1994); Bewley (1986); Huggett (1993). We make two modifications to the standard
model in the spirit of Castañeda, Díaz-Giménez, and Ríos-Rull (2003). First, we combine dynas-
tic and life-cycle elements of decision-making at the household level: households in the model
go through two stages of the life-cycle: the work stage, where they face idiosyncratic income
risk, and the retirement stage, where they live off their pension income and private wealth. Upon
death, they are replaced by their descendents, towards whom they are perfectly altruistic. Second,
we introduce a persistent but rarely visited state, where an individual is exceptionally productive.
These modifications allows us to generate realistic distributions of income and wealth by combin-

1The results on the evolution of wealth inequality in Saez and Zucman (2016) and Piketty (2014) rely largely on
administrative tax records. Survey based statistics indicate a similar, but more nuanced picture for US (see Kopczuk
(2015) and Bricker et al. (2016) for a discussion of different methods and data sources).

2In France, net assets above 800,000 euros held by households with net worth of more than 1.3 million euros are
taxed at rates rising from 0.5 to 1.5%. In Spain, net assets above 700,000 euros are taxed at rates rising from 0.2 to
3.75%, with an exemption of 300,000 euros. Swiss cantons levy progressive wealth taxes with top rates ranging from
0.13 to 0.94%, typically with an exemption of CHF100,000.
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ing three fundamental motives for wealth accumulation: a precautionary savings motive to insure
against life-cycle income risk, a consumption smoothing motive to save for retirement, and a be-
quest motive to endow estates for their offspring. The relative strength of each motive depends on a
household’s productivity and wealth. Importantly, the model generates not only realistic marginal
distributions of income and wealth, but also a correlation between these variables that is close to
that observed in the data.

To this setting, we introduce a progressive income tax system, estate taxation, corporate income
taxation and a tax-financed pay-as-you-go social security system. The presence of a social secu-
rity system helps account for the bottom tail of the wealth distribution. The progressive income
tax system is crucial for translating the pre-tax earnings distribution to consumption and wealth
inequality. The estate and corporate income taxes are important for our purpose as they also af-
fect incentives to save. We then calibrate model parameters to replicate the income and wealth
distributions in 2010, while matching life-cycle and intergenerational transitions in income.

In this environment, we introduce progressive wealth taxes as proposed by Piketty (2014).
Piketty proposes three scenarios: a) a tax rate of 1% on wealth between 1 and 5 million euros
(between $1.325 and $6.625 million in 2010) and a rate of 2% above 5 million euros, b) in addition,
a 5% tax rate on an additional top bracket starting at 1 billion euros ($1.325 bn), or c) an additional
0.1% tax on all wealth below 200,000 euros ($265,000) and a tax of 0.5% on wealth between
200,000 and 1 million euros. In a technical appendix to his book, Piketty also proposes a scheme
where the 5% rate already kicks in at 20 million euros, and a 10% rate at 100 million euros.3

We study scheme a) because of the attention it has received. While other tax schemes might
be considered, the strong progressivity built into Piketty’s scheme makes it a good example of a
progressive wealth tax.4 We also compare our results to Piketty’s simulations of the effects of
the same tax, highlighting the importance of using a model in evaluating the proposal. (Another
evaluation is Schuyler (2014).) While Piketty suggests using revenue from the progressive wealth
tax to reduce other wealth taxes, i.e. he essentially proposes integrating wealth taxes and making
them progressive, we assume that they are used to reduce income taxes.

Theory would lead one to expect reduced saving and capital accumulation in response to a
wealth tax, especially at the top of the wealth distribution, where tax rates are highest. This is
exactly what the model predicts, with a reduction of the aggregate capital stock of 11.3% in the

3For reference, for a Pareto tail index of the distribution of private wealth of 1.4, in 2010, wealth of $1.325 million
roughly corresponds to the 4th percentile of the wealth distribution, and $6.625 (26.5) [132.5] million to the 0.4th
(0.06th) [0.007th] percentile.

4To stress the effect of progressivity of the scheme, we compare results to those with a flat tax raising the same
amount of revenue.
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long-run. In general equilibrium, this implies that the wage rate declines by 4.1%, and the interest
rate increases by 0.9 percentage points. Importantly, however, the wealth tax revenue raised, which
amounts to 2% of GDP, allows reducing the average income tax rate by 2.8 percentage points. As
a consequence, the average after-tax wage hardly changes. The same is true for aggregate labor
supply. The revenue from the wealth tax is substantial, and roughly similar to that currently raised
from the corporate income tax.

While the predictions of our model for potential wealth tax revenue are close to those of Piketty
(2014, Chapter 15 and technical appendix), our model also allows us to evaluate distributional and
welfare implications of a progressive wealth tax. This is the first study to be able to do so.5 Distri-
butional implications are strong: progressive wealth taxes imply a reduction of the top 1% (10%)
wealth share of 6.9 (9.6) percentage points. The bottom 80% wealth share increases substantially
in response to the higher interest rate. The general equilibrium price adjustments imply that in
contrast to the changes in the wealth distribution, the distribution of both pre- and after-tax income
hardly changes.

Aggregate welfare in the steady state with progressive wealth taxes slightly exceeds that in the
benchmark. The same is true for expected welfare of a new-born worker. This difference arises
from the balance of two effects. First, fixing the benchmark distribution of household wealth and
productivity, welfare is lower with progressive wealth taxes for almost 80% of households. This is
because they consume less and save more, in response to the higher interest rate, and because they
work slightly more. At the same time, the bottom 80% of the wealth distribution hold more wealth
in the steady state with wealth taxes, counteracting the first effect. Which effect dominates varies
across the distribution of wealth and productivity. It is clear that top wealth households lose a lot,
households just below that, who do not pay the wealth tax but benefit from higher interest rates,
gain a lot, and a large group of households that are poor or have moderate wealth lose. Progressive
wealth taxes thus primarily benefit the upper middle class.

These results already suggest that long-run and short-run consequences of introducing pro-
gressive wealth taxes may differ. Results from computing the transition of the model economy to
the steady state induced by wealth taxes show that this is indeed the case. Because accumulating
wealth requires consuming less, in particular in the early stages of the transition, welfare directly
after the introduction of progressive wealth taxes is actually lower than in the benchmark economy
for the large fraction of households who increase their savings. It takes them a long time to reach

5Revenue estimates by Bach and Thiemann (2016) for a potential wealth tax in Germany are lower, due to lower
simulated tax rates and more exemptions, e.g. for business assets. Their estimates for the change in the wealth Gini
are similar to ours. Like Piketty’s simulations, their study abstracts from general equilibrium effects.
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the final, higher steady-state welfare. Therefore, a reform introducing progressive wealth taxes
may not be desirable if policy makers put a sufficiently large welfare weight on initial generations.

It is clear from this discussion that the welfare effects of wealth taxes in this framework depend
crucially on their distributional implications, and on how they affect saving incentives in different
parts of the wealth distribution differently. This is very different from the factors that are typically
stressed in the literature on capital income taxation. There, the spotlight is put on the rate at which
capital income taxes crowd out capital accumulation. (See Chamley (1986) and Judd (1985), but
also Conesa, Kitao, and Krueger (2009) and Straub and Werning (2014).) Existing incomplete-
markets analyses of optimal capital taxation typically focus on the motive to curb overaccumulation
of capital arising from precautionary saving (Chamley, 2001; Aiyagari, 1995). In the setting with
realistic wealth heterogeneity analyzed here, the key factor instead are differential saving incentives
across the wealth distribution. In particular, welfare changes hinge not only on how wealth taxes
discourage capital accumulation at the top, but also on how they promote saving throughout the
distribution via their effects on prices in general equilibrium. This in turn is key to understand the
difference between short-run and long-run effects.

The effects of progressive wealth taxes also contrast with those of flat wealth taxes. First, our
results show that flat wealth taxes do not reduce wealth inequality, as they affect saving incentives
similarly for all wealth groups. They do however reduce capital, output, consumption and pre-tax
wages, albeit slightly less than progressive wealth taxes. They also raise income inequality slightly,
as a consequences of equilibrium effects on prices. As a result, aggregate welfare declines slightly
compared to the benchmark.

Finally, we show that substantial reductions in wealth concentration can also be achieved with
more progressive income taxes. These also have smaller negative effects on economic aggregates,
and raise not only average welfare, but also individual welfare at almost all states. Moreover, they
of course avoid the administrative difficulties associated with wealth taxes. Hence, for a policy
maker aiming to curb the concentration of wealth, income taxes are a better instrument than wealth
taxes.

Related literature. Relative to the vast literature on (optimal) capital income taxation, the liter-
ature on wealth taxes is much thinner. For instance, while Panousi and Reis (2015) and Guvenen
et al. (2016) study optimal capital income and wealth taxes in heterogeneous-agent economies with
idiosyncratic investment risk, both papers only consider linear taxes. Kindermann and Krueger
(2014), Huggett and Badel (2014) and Guner, Lopez Daneri, and Ventura (2016) study the optimal
taxation of the top 1% income earners, and thus progressive income taxes, but focus on labor in-
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come. Kaymak and Poschke (2016) investigate the forces driving the increase in top wealth shares
in the US since 1960.

A small set of papers analyzes optimal progressive taxes on capital income or wealth. Kocher-
lakota (2005) studies optimal wealth and labor taxation in a Mirrleesian setup. He finds that in
this setting, the expected wealth tax should be zero and wealth taxes should be income-contingent.
Shourideh (2012) studies the optimal taxation of capital income in a model with capital income
risk. In numerical simulations, he finds optimal capital taxes to be progressive for reasons of redis-
tribution. Finally, Saez (2013) shows that for an exogenous distribution of initial wealth, optimal
capital income taxes may be progressive. Not only do none of these papers consider the wealth tax
schedule analyzed here, they also all focus on different economic effects.

This paper is organized as follows. In the next Section, we present the model used for the
quantitative analysis. Section 3 describes its calibration, and Section 4 the quantitative fit of the
model. Sections 5 and 6 analyze the effects of introducing progressive wealth taxes in the model
in steady state and along the transition to the new steady state, respectively. Section 7 discusses
the effect of changing the progressivity of income taxes. Section 8 concludes and compares our
results to the few other existing simulations of progressive wealth taxes.

2 Model

The model economy is a modified version of the neoclassical dynamic stochastic general equilib-
rium model with uninsurable idiosyncratic income risk (Aiyagari, 1994; Bewley, 1986; Huggett,
1993). We combine the standard model with a demographic structure that closely resembles Cas-
tañeda, Díaz-Giménez, and Ríos-Rull (2003), and a detailed, non-linear tax system.6

The economy consists of a continuum of heterogeneous households, a representative firm, and
a government. Households form dynasties: each one is replaced by a descendant upon death. New
entrants to the economy inherit an estate from their parents and start their working life. While
working, they face a constant probability of retirement µr. Once retired, they still make consump-
tion and savings choices, but cannot work anymore. Retirees die with a constant probability µd.
Upon death, they are replaced by a descendant who inherits their estate. Let the proportion of
retirees in the economy be M1, and letR be one for retirees and zero for workers.

At any point in time, a continuum of agents of measure 1 is alive, each endowed with individual-
specific capital k and labor skill z. With these endowments, agents can generate a pre-tax income

6This section draws closely on Kaymak and Poschke (2016).
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of y = zwh+ rk, where w is the market wage per skill unit, h ∈ [0, 1] is hours worked and r is the
interest rate net of depreciation. We assume that the labor productivity falls to zero when workers
retire. As a result, retirees do not work and receive a fixed social security benefit ω(R).

Private income from labor and savings, corporate income and estates are subject to a detailed
tax system, outlined below. The government uses tax revenue to finance an exogenous stream of
expenditures G. Let the disposable income of an agent net of all types of income taxes be yd. This
depends both on total income and on capital holdings, due to the different tax components. Agents
can allocate their resources between consumption and investment in capital. This capital stock
constitutes savings for an individual, and becomes the estate that is passed on to a descendant
in case of death. To rule out negative bequests, agents cannot borrow. Let x denote an agent’s
beginning-of-life capital holdings, before paying potential estate taxes due on an inheritance, and
k the capital holdings after paying any estate tax. Capital depreciates at a rate δ between periods.

A worker’s labor skill z follows a first-order Markov process F0(z
′|z). A descendant enters the

economy with her/his own labor skill, which is drawn from a cdf F1(z
′|z). The distribution of skill

upon labor market entry thus depends on parents’ pre-retirement skill.
Agents value consumption, and they dislike work. They care about their welfare as well as

about their offspring’s, discounting future utility using a constant discount factor β ∈ (0, 1). The
problem of an agent then is to choose labor hours, consumption and capital investment to maximize
expected discounted utility of the entire dynasty. In doing so, agents take the wage rate, the interest
rate and the aggregate distribution of agents over wealth and productivity, denoted by Γ, as given.
Let Γ0 be the distribution for workers, Γ1 that for retirees, and let Γ′ = H(Γ) describe the evolution
of the distribution over time. Also, let Γ01(x, z) denote the end-of-period capital distribution for
retirees. The Bellman equation for a consumer’s problem then is

V (k, z,R; Γ) = max
c,x,k′≥0, h∈[0,1]

{
c1−σ

1− σ
− θ h

1+ε

1 + ε
+ βE[V (k′, z′,R′; Γ′)|z]

}
(1)

subject to

c+ x = yd(wzh, rk, ω(R)) + k,

k′ = x− E(x,R,R′),

Γ′ = H(Γ),

where the expectation is taken over retirement and survival risk and skill transition risk, for both
survivors and the newborn. E(x,R,R′) denotes the estate tax liability, where x is the estate. The
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estate tax is zero except for entrants, i.e. unless R = 1 and R′ = 0. For retirees, the labor supply
choice is fixed at zero. Only retirees receive social security benefits ω(z).

The representative firm produces output Y using aggregate capital K and effective labor N . Its
production technology takes the Cobb-Douglas form F (K,N) = AKαN1−α. Factor markets are
competitive, and firms are profit maximizers.

A competitive equilibrium of the model economy consists of a value function, V (k, z,R; Γ),
policy functions for factor supplies, k′(k, z,R; Γ) and h(k, z,R; Γ), a wage rate, w(Γ), an interest
rate r(Γ), and an evolution function H(Γ) such that:

1. Given w(Γ), r(Γ) and H(Γ), V (k, z,R; Γ) solves the consumer’s problem defined by (1)
with the associated factor supplies k′(k, z,R; Γ) and h(k, z,R; Γ).

2. Factor prices are given by the following inverse demand equations:

r(Γ) = αA(K/N)α−1 − δ

w(Γ) = (1− α)A(K/N)1−α

3. Markets clear:

K ′ =

∫
k′(k, z,R; Γ)dΓ(k, z) and N =

∫
zh(k, z,R; Γ)dΓ(k, z).

4. H(Γ) is consistent with F0(z
′|z), F1(z

′|z), µr, µd and the savings policy k′(k, z,R; Γ).

5. The government budget is balanced:

G+M1ω =

∫
[y − yd(y)]dΓ(k, z) + µ1M1

∫
E(x, 1, 0)dΓ01(x, z).

A steady-state of the economy is a competitive equilibrium where the distribution of agents is
stationary, i.e. Γss = H(Γss).

3 Functional Forms and Calibration

The economy is calibrated in two steps. First, we choose a set of parameters based on information
that is exogenous to the model. Then, we calibrate the remaining parameters so that the model
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economy is consistent with a set of relevant aggregate statistics of the U.S. economy and the
empirical distributions of income and wealth in 2010.

The calibration of the 2010 economy is broadly consistent with the standard for quantitative
models with idiosyncratic labor income risk. However, we make two modifications in the spirit
of Castañeda, Díaz-Giménez, and Ríos-Rull (2003) so that the model economy features realistic
income and wealth distributions with high concentrations at the top. First, we augment the standard
stochastic processes for labor productivity estimated from survey data by allowing households a
small chance of reaching an extraordinarily high labor productivity level. Second, we introduce a
stochastic life cycle, where households retire and die probabilistically, and allow for a correlation
in labor productivity across generations. Note that the current calibration is still preliminary. It
does, however, do justice to the high concentration of income and wealth observed in the data.

3.1 Technology

The level of production technology, A, is normalized to 1. Capital’s share in income, α, is set to
0.36. The depreciation rate is set to 7.9% so that together with our target of 4.1% for the interest
rate, the equilibrium ratio of capital stock to aggregate income in 2010 is 3.

3.2 Demographics and Income Process

The demographics and the income process are jointly governed by the transition matrices described
below:

Π =

 zW zR

zW ΠWW ΠWR

zR ΠRW ΠRR


where zW is a vector of labor productivity levels for a working household. The idiosyncratic labor
income risk during employment is governed by the matrix ΠWW . The transitions from work to
retirement is governed by ΠWR. We assume that, each period, workers face a fixed probability of
retirement, µr, that is independent of their labor productivity. As a result ΠWR is a diagonal matrix
with µr along the diagonal. We set µR = 1/45 to obtain an average career length of 45 years. Once
retired, households face a constant death probability µd. Consequently, ΠRR is a diagonal matrix
with 1 − µd along the diagonal. We set µd = 1/15 to obtain an average retirement duration of 15
years. When a household dies, it is replaced by a working age descendant. The intergenerational
transition in labor productivity is governed by ΠRW .

We assume that the vector zW = [zj] contains 6 distinct values in increasing order of which
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{z1, .., z4} are ordinary states and {z5, z6} are extraordinary states reserved for exceptionally high
earnings levels that are commonly censored in the survey data. The ordinary levels of productivity
consist in combinations of two components: a permanent component, f ∈ {fH , fL}, that is fixed
over a household’s lifespan, and a random component, a ∈ {aL, aH}. Let F = [Fij] and A = [Aij]

with i, j ∈ {L,H} be 2-by-2 transition matrices associated with the two components f and a. With
this formulation, idiosyncratic fluctuations in labor income risk along the life cycle are captured
by A, and those across generations by F . The following matrices summarize the stochastic labor
productivity process over the life cycle and across generations.

ΠWW =



fL + aL fL + aH fH + aL fH + aH z5 z6

fL + aL A11 A12 0 0 λin 0

fL + aH A21 A22 0 0 λin 0

fH + aL 0 0 A11 A12 λin 0

fH + aH 0 0 A21 A22 λin 0

zawel λout λout λout λout λll λlh

zaweh 0 0 0 0 λhl λhh



ΠRW =



fL + aL fL + aH fH + aL fH + aH z5 z6

fL + aL F11 0 F12 0 0 0

fL + aH F11 0 F12 0 0 0

fH + aL F21 0 F22 0 0 0

fH + aH F21 0 F22 0 0 0

zawel F21 0 F22 0 0 0

zaweh F21 0 F22 0 0 0


The following additional assumptions are explicit in the formulation of the matrices. The prob-

ability of reaching an extraordinary status within lifetime, λin, is independent of one’s current state.
Likewise, if a household loses their extraordinary status, then it is equally likely to transition to
any ordinary state.7 The descendant households start their career at aL. This helps generate wage
growth over the life cycle. It is also consistent with a higher variance of wages for older workers.
The probability having a low or high permanent component for a descendant of a household at the
extraordinary state is the same as of a household with a high permanent productivity component.
The chances that the descendant of an extraordinarily productive household will also be as produc-

7The formulation of the transition matrix allows for the possibility of transitioning between different values of the
permanent component f by passing through an extraordinary state. However, given the calibrated values for λin and
λout below, the probability of such an event is extremely small.

10



tive is zero. Relaxing these restrictions leads to negligible improvements in the performance of the
model.

Our working assumption is that the values for ordinary states and the transitions within are
directly observed in the data, whereas the transitions to, from and within extraordinary states are
not. We jointly calibrate the levels of ordinary states, {z1, .., z4}, and the elements of the transition
matrices A and F in order to match the average wage growth of 0.305 log-points observed in
the data, the annual autocorrelation of 0.985, as estimated by Krueger and Ludwig (2016), the
variance of earnings for working age households, which is reported as 0.75 by Heathcote, Perri,
and Violante (2010) and the intergenerational elasticity of wages of 0.30 as reported by Solon
(1999). This leaves the transitional probabilities (λin, λout, λll, λlh, λhl, λhh) and the extraordinary
productivity levels z5, z6. We choose the values for these parameters to replicate the observed
distributions of income and wealth in 2010. In particular we target the top 0.5 and 1 percent
concentration ratios and the Gini coefficients of inequality for income and wealth.

3.3 Tax System

The tax system consists of personal income taxes levied on capital and labor earnings, corporate
taxes, and taxes on estate income. The tax receipts are used to support exogenous government
expenditures and transfers to households.

Corporate taxes are modeled as a flat rate, τc, levied on a portion of capital earnings before
households receive their income.8 We set τc = 23.6%, which is the average marginal tax rate on
corporate profits in 2010 as reported by Gravelle (2014) based on tax records. To reflect the fact
that for most households, positive net worth takes the form of real estate and thus is not subject
to corporate income taxes, we assume that corporate taxes only apply to capital income above a
threshold dc.9 We then choose dc such that the share of corporate tax revenue in GDP is 1.9%, as
in the period 2004-2010.

Personal income taxes are applied to earnings, non-corporate capital income and pension in-
come, if any. Taxable income for income tax purposes is given by:

yf = zwh+ min{rk, dc}+ ω(R). (2)

Total disposable income is obtained after applying corporate and personal income taxes and
adding lump-sum transfers from the government:

8As a result, corporate income taxes reduce the tax base for personal income tax.
9Only about 20% of U.S. households hold stocks or mutual funds directly (Heaton and Lucas 2000, Bover 2010).
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yd = λmin{yb, yf}1−τ + (1− τmax) max{0, yf − yb}+ (1− τc) max(rk − dc, 0) + Tr. (3)

The first term above represents our formulation of the current U.S. income tax system, which
can be approximated by a log-linear form for income levels outside the top of the income distri-
bution. The power parameter τ ≤ 1 controls the degree of progressivity of the tax system, while
λ adjusts to meet the government’s budget requirement. τ = 0 implies a proportional (or flat) tax
system. When τ = 1, all income is pooled, and redistributed equally among agents. For values
of τ between zero and one, the tax system is progressive.10 See Guner, Kaygusuz, and Ventura
(2014), Heathcote, Storesletten, and Violante (2017) and Bakis, Kaymak, and Poschke (2015) for
evidence on the fit of this function.

One advantage of this formulation for the income tax system is that it also allows for nega-
tive taxes. Income transfers are, however, non-monotonic in income. When taxes are progressive,
transfers are first increasing, and then decreasing in income. This feature allows addressing fea-
tures of the real tax system like the earned income tax credit and welfare-to-work programs, which
imply transfers that vary with income.

When disposable income is log-linear in pre-tax income, the marginal tax rate increases mono-
tonically with income, converging to 100% at the limit. This is undesirable since an increase in top
income levels is mechanically accompanied by higher marginal tax rates. The second term in the
maximum operator avoids this feature by imposing a cap on the top marginal tax rate, denoted by
τmax, applicable to income above yb. The top marginal tax rate in 2010 is set to 35%, as reported
by the IRS. The progressivity of the general income tax system, τ is not directly available. Here,
we set it to match income taxes paid by the top 1% income earners relative to their income, relative
to the same statistic for the bottom 99% income earners. This results in a value of τ of 0.08.

Finally, estates are subject to tax when they are transferred to the next generation. The estate
tax code in the U.S. consists of a deductible and a progressive schedule applied to the remaining
portion of the estate. We represent the marginal estate tax schedule by the step function depicted
in Figure 1. We do so using statutory estate tax rates and the corresponding brackets reported by
the IRS.

The government uses the tax revenue to finance exogenous expenditures and transfers. The
expenditures are set at 10.8% of GDP to yield a sum of expenditure and transfers of 17% of GDP,
as observed in the data. In addition, the government makes lump-sum transfers to households.

10The average income tax rate is 1− λy−τ , which increases in y if τ > 0.
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Figure 1: Marginal Tax Rates on Estates in US
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Source.– Figure shows the statutory tax rates on estates as reported by the IRS.
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In the data, transfers to persons in 2010 represent 10% of GDP, of which 8% is destined to the
elderly in the form of pension and medicare payments and 2% is destined to the general public in
the form of disability benefits, veterans benefits etc. We set the transfers in the model TE and TR
accordingly, to match receipts per person. In a last step, we choose λ in the personal income tax
function to balance the government’s budget.

3.4 Preferences

Preferences are described by a discount rate, β, the elasticity of intertemporal substitution, σ, the
Frisch elasticity of labor supply, ε, and the disutility of work, θ. We choose β such that the equi-
librium interest rate is 4.1%. We set ε = 1.67, which implies a Frisch elasticity of 0.6. Blundell,
Pistaferri, and Saporta-Eksten (2012) report an estimate of 0.4 for males and 0.8 for females. Thus
a value of 0.6 for a model of households seems broadly plausible. We choose θ so that at the
equilibrium an average household allocates 35% of their time endowment to work.

The intertemporal elasticity of substitution is an important element of our analysis since a
higher elasticity lead to a stronger savings response to tax cuts. We report our results for σ = 1.1,
which implies an EIS of 0.9. As most estimates of the EIS are closer to zero, we consider our
choice to be an upper bound. Actual effect of tax cuts on economic inequality is therefore likely to
be smaller than our benchmark results.

Table 1 summarizes the calibration of the model.

4 The benchmark economy

In this section we present our calibration results. The elements of the matrix within ordinary labor
productivity states were already calibrated to match panel data on wages. Therefore we focus our
discussion on the implied transition probabilities for the extraordinary states. The probability of
reaching an extraordinary state at any given year is 0.2 percent, and the probability of going back
to an ordinary state is 13.6%.11 These figures imply a considerable degree of persistence of having
a high earner status. There is, however, little information on the transitions to, from and within
extraordinary states in the data. Using micro-level data from the Social Security Administration,
Kopczuk, Saez, and Song (2010) estimate the probability of staying in the top 1% of earners from
one year to the next to be around 75%. Guvenen et al. (2015) reports a similar figure. Their
results show a probability that is fairly stable over the years, fluctuating between 70 to 80%. The

11The full set of calibrated values for the transition matrices are reported in the appendix.
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Table 1: Calibration of the model parameters

Parameter Value Data Target and Value

Preset Parameters
σ 1.1 Risk Aversion
α 0.36 Capital Income Share
δ 0.079 K/Y = 3.0
µr 0.022 Average Career Length of 45 yrs.
µd 0.067 Average Retirement Length of 15 yrs.

Taxes
τl 0.08 Average income tax burden on top 1%
τc 0.236 Marginal Corporate Tax Rate, Gravelle (2010)
τe Actual Estate Tax Schedule
γ 0.108 G/Y = 0.17

Productivity Process
ρlc 0.985 Kindermann and Krueger (2014)
ρig 0.30 Solon (1992)
σa 0.5×0.38 household earnings variance 0.71
σf 0.5×0.62 share of fixed effects 0.62

Jointly Calibrated Parameters
β 0.946 Interest Rate 0.028
θ 11.2 mean hours 0.35
ε 1.67 Frisch elasticity 0.6
ψ∗ 0.44 (Pension+Medicare)/GDP 11%
dc/r 0.46 ×K Corporate tax revenue/GDP 2.6%
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Table 2: Income and Wealth Inequality in 2010

Top Percentile
0.5% 1% 5% 10% 20% 40% 60% Gini

Wealth Share (Data) 0.31 0.40 n/a 0.74 0.83 0.95 0.99 0.82
Wealth Share (Model) 0.32 0.41 0.69 0.84 0.98 1.00 1.00 0.91

Income Share (Data) 0.16 0.20 0.35 0.46 0.62 0.82 0.94 0.43
Income Share (Model) 0.14 0.20 0.34 0.45 0.56 0.75 0.88 0.43

Earnings Share (Data) 0.12 0.16 0.33 0.47 0.42
Earnings Share (Model) 0.15 0.21 0.34 0.47 0.43

corresponding probability implied by our calibration is 74%.
The extraordinary model states are essential to the model’s ability to generate a realistic wealth

distribution. At these states (z5 and z6), which represent the most productive 1.3% of the labor force
combined, labor productivity is 9.2 times the average. The top state z6 alone corresponds to 0.03%
of the workforce, with a productivity level that is 121 times the average. When households reach
these states, they also work about 36% longer hours than an average household to take advantage
of the higher wages and build up a substantial amount of wealth against the risk of losing their
highly productive status either by retirement or by returning to an ordinary state. The resulting
wealth distribution is very highly concentrated, as observed in the data.

Table 2 shows the distributions of total income, wealth and labor income for the model econ-
omy. The calibration targets are reported in bold. The data on the wealth distribution comes from
two different sources. Top 0.5, 1 and 10 percent concentration ratios are taken from Saez and Zuc-
man (2016), who infer the wealth distribution from the reported capital income in tax records and
observed returns by asset type in the US economy. They do not report distributional measures for
lower wealth levels. The remaining shares and the Gini coefficient are therefore taken from Diaz-
Gimenez, Glover, and Ríos-Rull (2011) and are based on the 2007 Survey Consumer Finances
(SCF). The model closely approximates the distributions of income and wealth. While the earn-
ings distribution implied by the model is slightly more concentrated at the top than in the data, the
Gini coefficient of earnings in the model is very close to that reported by Heathcote, Perri, and Vi-
olante (2010). The main reason for this discrepancy is that the data figures come from Piketty and
Saez (2003), who report concentration ratios for wage income shares only. The relevant statistic
that corresponds to the model is total labor income, including a portion of entrepreneurial income,
which is excluded by Piketty and Saez (2003). Since the share of entrepreneurial income in total
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Table 3: Average Tax Rates by Income Group in the benchmark economy

Corporate Tax Estate Tax Income Tax

1% 99% R/Y 1% 99% R/Y 1% 99% R/Y

Data 4.4 1.8 2.3 2.1 0 0.2 26.7 19.3 20.6
Model 3.9 2.7 2.6 2.6 0.00 0.5 28.6 20.7 19.5

Note.– R/Y stands for revenue as a fraction of GDP. The data values come from NIPA and from Joulfaian (2013).
The data values for the top 1% and 99% are taken from Piketty and Saez (2007).

income is substantial for the top income/earnings groups, excluding it biases the concentration ra-
tios downward.12 In line with this, the model comes close to generating income composition by
income group in the data. The share of income from labor income for the top 1% income earners
in the model is 6% below the aggregate labor income share, compared to a difference of 9% in
data from the 2010 SCF (Kuhn and Ríos-Rull, 2016). The correlation of income and wealth in the
model economy is 0.36, slightly below that reported by Kuhn and Ríos-Rull (2016) from the 2010
SCF.

A critical element of the analysis is the distribution of the tax burden across income groups.
Since our modeling of the corporate and estate tax systems does not explicitly target income
groups, the model’s ability to shed light on the distributional consequences of changing tax sched-
ules depends on how well it captures the tax liabilities of different income groups in the benchmark
economy. In their survey of tax records, Piketty and Saez (2007) report the average tax rates for
different tax categories for top income groups. In Table 3, we compare the reported values with
the model-implied rates for the top 1% and the bottom 99% of the income distribution. The model
matches the aggregate revenue from corporate taxes by design. At the same time, it reflects that
the top 1% pay much more corporate taxes as a fraction of their income, given their higher capital
income share. Aggregate estate tax revenue in the model somewhat overstates that in the data. The
model matches the fact that the 99% pay essentially no estate taxes. Finally, the progressivity of
the personal income tax system chosen in our preliminary calibration reflects the distribution of
the income tax burden in the data fairly accurately.

Overall, the calibration of the parameters seems reasonable, as the model does a good job of
capturing the salient features of the US economy. In particular, the distributions of income, wealth
and the tax burden among households is consistent with the empirical facts. We find this encourag-

12Income from entrepreneurial activities constitutes 30% of total income for the top 1% of incomes, and 17% of
total income for the top 10% in 1960.
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Table 4: Aggregate outcomes: steady-state comparison

Scenario K N Y C w r (%) ATY (%) w × (1− ATY )

benchmark 100 100 100 100 100 4.1 22.3 100
wealth taxes:

progressive 88.7 99.2 95.3 97.3 95.9 5.0 19.5 99.4
flat 91.7 100.2 97.1 98.7 96.8 4.8 19.4 100.4

raise τl 95.2 98.8 97.5 98.2 98.6 4.4 22.1 98.8

Note: All values relative to the benchmark except for r and ATY .

ing as it indicates that the model provides an appropriate framework to study the macroeconomic
and distributional implications of introducing wealth taxes, which we turn to next.

5 The effect of progressive wealth taxes: stationary equilibria

In this section, we compare the benchmark economy to long-run equilibria implied by two different
wealth tax policies: (i) the benchmark policy proposed by Piketty, where net worth over 5m is
taxed at 2% and net worth between 1m and 5m is taxed at 1%; and (ii) a flat wealth tax, without
exemption, that raises the same amount of revenue in steady state as the basic proposal. 13 We first
discuss the steady states induced by these policies and compare them to the benchmark. In the next
section, we analyze the transition to the steady state for the basic wealth tax scenario.

The thresholds of 1m and 5m, mentioned in Piketty’s basic proposal, correspond approximately
to the 92nd and 99th percentiles of the wealth distribution in the benchmark economy and similar
percentiles in the SCF (see e.g. Diaz-Gimenez, Glover, and Ríos-Rull, 2011, Table 1).14

5.1 Aggregate implications of progressive wealth taxes

Table 4 shows key aggregate variables for the benchmark economy and for the three wealth tax
scenarios. The general patterns are similar in all three scenarios. A tax on wealth tax discourages
saving, resulting in a considerably lower capital stock, accompanied by a rise in the interest rates,
and a drop in the wage rate. Aggregate labor supply also drops slightly. With lower factor inputs
output falls by 4.7%. Aggregate consumption declines by 2.7%.

13This requires a wealth tax rate of 0.69%.
14Piketty also proposes a tax of 5 or 10% on wealth above 1 billion Euros; this wealth level is not attained in the

model.
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Table 5: Composition of tax revenue (% of GDP): steady-state comparison

Tax on Total tax

Scenario wealth income corporate income estates sales revenue

benchmark 0 19.5 2.6 0.5 1.3 23.8
wealth taxes:

basic progressive 2.0 17.4 2.9 0.3 1.3 23.8
flat 2.0 17.2 2.9 0.5 1.3 23.8

Another implication of wealth taxes is a shift in the composition of the tax revenue. Table 5
shows tax revenue from different sources as share of GDP. Note that we are assuming that govern-
ment spending as a fraction of output is constant. Transfers are also closely tied to output, so that
aggregate spending and total revenue hardly differ across the four scenarios. Only the composition
of tax revenue changes. Revenue from taxation of net worth is 2% of income. While this may
appear small, it is close to the revenue from corporate income taxes in 2010. Since we assume a
balanced public budget, the additional revenue allows for lower taxes on other sources. Here, our
assumption is that government lowers income taxes, via a reduction in λ, leaving the progressivity
of the income tax system unchanged. The decline in λ implies a reduction in income tax revenue
from 20 to 17-17.4%, and a decline in the average income tax rate by about 3 percent points. This
is a large decline relative to the level of this tax. In fact, it is so large that the after-tax wage at the
average income tax rate is roughly constant across scenarios (see the last column of Table 4).

Hence, although the wealth tax crowds out investment and reduces the capital stock and wages,
after-tax incomes of households relying mostly on labor income will not necessarily decline. For
further detail, we next turn to the distributional implications of progressive wealth taxes.

5.2 Distributional implications of progressive wealth taxes

Table 6 shows the Gini coefficient and the distribution across wealth group of wealth, income,
disposable income, earnings and consumption for the benchmark economy and the three wealth
tax scenarios. The wealth tax scenarios feature roughly similar results except for the flat tax. We
will mostly discuss results for the basic proposal.

Due to the high tax rate on large wealth holdings, the concentration of wealth declines signifi-
cantly in this scenario, with a decline of the top 1% wealth share of about 7 percentage points. This
is a large decline that makes up for a good part of the increase in the top 1% wealth share between
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the 1960s and 2010. The top 5% and 10% wealth shares decline by similar amounts, driven by
the decline in the top 1% share. The top 20% wealth share declines less, implying that the wealth
share of the second decile increases.
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Figure 2: Change in the marginal tax rate on wealth and saving propensity
by wealth group, comparison of basic wealth tax scenario and the benchmark
economy

Note: The saving propensity is defined as k′/(k + yd).

Figure 2 shows the origin of these changes in the wealth distribution. Households in the top
percentile of the wealth distribution significantly reduce their saving in response to higher wealth
taxes. Households that face a wealth tax of around 1% reduce their saving very little since the
increase in r combined with lower income taxes roughly compensate them for higher wealth taxes.
Thus, it is really households in the top percentile of the wealth distribution who face lower returns
to capital accumulation. Households below the top decile of the wealth distribution face no wealth
tax but benefit from a higher return to saving and lower income taxes, so that they save more. This
explains the increase in the wealth share of the second decile of the wealth distribution.

Results are very different for a flat wealth tax: here, all households face a tax rate of 0.69%, a
return on capital that is about 0.9 percentage points larger, and lower income taxes. As a conse-
quence, wealth concentration even increases slightly.

Although the basic wealth tax scenarios features much lower wealth concentration, the con-
centration of other variables does not change nearly as much. The top 1 and 5% pre-tax income
shares decline only slightly. This is because changes in prices counteract the change in wealth
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concentration. For instance, the increase in r implies that even though the top 1% wealth share
declines, the top 1% capital income share hardly changes.

The top 1 and 5% earnings shares hardly change either, while the top 20% share declines. This
is because the largest reduction in labor input occurs for groups just outside the top of the wealth
distribution.

The concentration of disposable income declines a bit more than that of pre-tax income. This
is both because of the direct effect of wealth taxes on income at the top, and because taxes decline
more for households outside the top of the wealth distribution. Finally, the concentration of con-
sumption diminishes noticeably, driven almost entirely by a decline in the share of consumption of
the wealthiest 1% relative to the bottom 80% of the wealth distribution.

Table 7 shows average income tax burdens, computed as in Piketty and Saez (2007), by income
group. This shows that although overall, higher wealth taxes lead to lower income taxes, this is
less pronounced for top income groups. In absolute terms, of course, tax savings are largest at the
top.

Tables 9 shows further detail on changes in the distribution of the tax burden. First, note that
in the basic scenarios, the top 1% of the wealth distribution pay 86% of the wealth tax, and the
top 5% almost the entirety. These numbers are also large but slightly lower for the top of the
income distribution. As a consequence, the tax system becomes significantly more progressive, in
particular as a function of wealth: the share of total taxes paid by the wealthiest (highest-income)
1% rises from 18.6% (26%) to 27% (31.9%). This is because the share of income taxes paid by
top income earners increases, even if income tax levels overall decline.

5.3 Welfare implications of progressive wealth taxes

We finally turn to a comparison of welfare for the different tax regimes. Table 8 shows welfare
effects for a steady state comparison. These results line up closely with changes in the progressivity
of the tax system: top wealth groups lose from the introduction of a progressive wealth tax, whereas
groups just below the top of the wealth distribution gain. The poor lose slightly due to lower after-
tax wages, compounded by lower transfers (which are linked to Y in this scenario). This is depicted
in Figure 3, which shows changes in value functions for selected productivity groups between
the benchmark economy and the basic progressive wealth tax scenario. Aggregate welfare gains
depend on welfare weights. Average utilitarian welfare rises by an equivalent of 1.2% of lifetime
consumption, as large gains for the middle class outweigh smaller losses for the large group below.

The reason for welfare gains of the middle class lies in general equilibrium effects: the higher
interest rate encourages saving in this group. At the same time, lower taxes largely compensate
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Table 6: Distribution of key variables: steady-state comparison

Wealth group Gini

Scenario Top 1% Top 5% Top 10% Top 20% coefficient

Wealth:
benchmark 41.2 69.4 83.8 97.9 91.1
prog. wealth tax 34.3 59.8 75.9 93.9 87.5
flat wealth tax 42.6 70.5 84.4 98.2 91.5
higher τl 35.3 63.1 79.5 96.7 89.4

Income:
benchmark 20.0 33.8 45.2 55.9 43.1
prog. wealth tax 19.7 33.4 47.9 58.1 43.0
flat wealth tax 20.1 34.1 49.0 56.9 43.4
higher τl 19.1 32.7 48.0 56.6 42.8

Earnings:
benchmark 21.0 34.1 46.7 77.7 42.6
prog. wealth tax 20.8 33.9 43.6 75.2 42.5
flat wealth tax 20.8 34.0 46.3 77.8 42.4
higher τl 20.5 33.8 46.9 76.8 42.4

Disposable income:
benchmark 17.5 30.5 41.2 70.0 48.8
prog. wealth tax 16.1 28.4 42.4 69.9 47.0
flat wealth tax 17.0 29.8 43.9 70.6 48.1
higher τl 15.1 28.0 42.5 69.5 47.2

Consumption:
benchmark 12.1 25.9 38.6 53.8 45.8
prog. wealth tax 10.4 25.2 37.1 52.1 44.1
flat wealth tax 11.7 25.1 38.2 53.1 45.2
higher τl 11.7 25.1 38.2 53.1 44.2

Table 7: Income tax burden for different income groups: steady-state compar-
ison

Income group

Scenario Top 1% 1-5% 5-10% 10-20% Bottom 80%

benchmark 28.6 22.8 26.4 18.4 18.3
basic wealth tax 27.8 21.0 22.6 14.9 14.9
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Table 8: Welfare effects: steady-state comparison

Scenario Change in aggregate Poor Rich
welfare rel. to losers losers

bm (c units, %) (% of all) (% of all)

prog. wealth tax 1.2 75 2.1
flat wealth tax -0.2 0 6.2
raise τl 1.7 0.6 0

this group for lower wages, and this group is not exposed to the wealth tax. As a consequence,
even if the value of certain productivity-(low-)wealth combinations declines with wealth taxes,
the economy with progressive wealth taxes features fewer households at these states, and more
households at better states with slightly more assets.
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Figure 3: Changes in the value functions for selected productivity levels,
benchmark and basic progressive wealth tax economies

Welfare and distributional effects of flat wealth taxes are completely different. First, flat wealth
taxes do not reduce wealth inequality, as they affect saving incentives similarly for all wealth
groups (Table 6). They do however reduce capital, output, consumption and pre-tax wages, albeit
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slightly less than progressive wealth taxes (Table 4). They also raise income inequality, as a con-
sequence of the change in wealth inequality and equilibrium prices. As a result, aggregate welfare
declines slightly compared to the benchmark (Table 8). This is driven by the opposite factors as
with progressive wealth taxes: lower income taxes and a lower saving rate actually lead to larger
welfare if the wealth distribution is fixed at its benchmark shape, but the long-run effect of lower
saving (lower wealth) dominates, implying lower welfare.

6 The effect of progressive wealth taxes along the transition to the new sta-
tionary equilibrium

[in progress]

7 Other policy tools: making income taxes more progressive

In the next experiment, we eliminate τmax and raise τ from 0.08 to 0.0862 to raise the same addi-
tional revenue as from the progressive wealth tax. Results are shown in Tables 4 and 6.

It is clear that more progressive income taxes also reduce wealth concentration a lot. Their
effect in this dimension is similar to that of progressive wealth taxes, but the effect on K and thus
wages is smaller. Output and consumption also decline less. The reduction in inequality also
extends to income inequality, which declines slightly before taxes and substantially after taxes.
These results suggest that income taxes may be a preferable tool for affecting wealth concentration
than progressive wealth taxes. (In addition, income taxes suffer less from many of the practical
complications involved in collecting wealth taxes that are ignored in our quantitative analysis.)

8 Discussion

Our results suggest that a progressive wealth tax could raise substantial revenue, even in the face
of saving and labor supply reactions. (Recall that we ignore tax avoidance.) While it has large
negative effects on aggregate capital formation and wages, it would not reduce average welfare
when comparing steady states. This is because the wealth tax revenue allows reductions in other
taxes (here, income taxes), and because the higher interest rate it brings about encourages saving
by the bottom 80% of the wealth distribution. Once this group has accumulated additional wealth,
it is better off than in the benchmark. Since accumulating wealth is costly, welfare does decline
from an ex ante perspective.
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How do these results compare to those of other studies? Piketty (2014, Chapter 15 and online
appendix) discusses the effect of introducing the same wealth tax schedule as analyzed here. He
finds very similar potential for the wealth tax in terms of potential to raise revenue for the basic
scenario, at 1.8% of GDP compared to 2% of GDP in our results. Among other things, the dif-
ference here stems from the fact that his analysis is for the European Union, where wealth is less
concentrated than in the US.

Piketty does not evaluate quantitatively how the tax would affect aggregates, or even the dis-
tribution of wealth. First, the reduction in aggregate output and wealth predicted in our analysis
implies that the level of wealth tax revenues would be lower than that predicted by Piketty, even
if revenue as a fraction of GDP is similar. Secondly, even with a zero welfare weight on high
wealth groups, it is not obvious that taxing the wealthy is welfare improving because of general
equilibrium effects. Piketty completely abstracts from these effects.

Schuyler (2014) attempts to capture some of these effects, and predicts effects of potential top
wealth taxes in the United States on capital, wages and output that are very close to the effects
shown in Table 4. This is surprising, given that Schuyler (2014) also predicts only very low rev-
enue from the wealth tax, of just a bit more than 0.1% of GDP. It is also unclear what Schuyler
(2014) assumes on the use of this revenue. As a consequence, no further distributional or welfare
statements can be made.

Our analysis in contrast not only endogenizes the response of aggregate variables, but also
allows for a full distributional and welfare analysis of the effects of progressive wealth taxes. Only
in this way can subtle results like the tension between the short-run and long-run effects of these
taxes be obtained. An important next step is to compare the effect of progressive wealth taxes to
other, closely related progressive taxes, e.g. on consumption.
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A Additional Tables and Figures

Table 9: Distribution of the tax burden across income groups: steady-state
comparison

Income group Gini

Scenario Top 1% Top 5% Top 10% Top 20% coefficient

Total taxes:
benchmark 26.0 42.4 60.1 80.1 64.2
prog. wealth tax 29.7 47.1 63.4 83.4 68.8
flat wealth tax 28.3 45.4 62.2 83.2 68.1
raise τl 30.0 45.4 62.8 82.5 67.4

Wealth tax:
benchmark — — — — —
prog. wealth tax 48.5 77.2 80.2 99.5 98.2
flat wealth tax 26.0 53.0 64.7 92.2 91.5
raise τl — — — — —

Income tax:
benchmark 25.7 40.0 58.8 77.9 63.0
prog. wealth tax 28.1 43.1 61.3 79.5 65.5
flat wealth tax 28.1 42.0 60.5 80.3 65.9
raise τl 31.3 44.4 62.6 80.5 67.0

Income tax, workers only:
benchmark 29.0 45.1 66.2 86.7 66.8
prog. wealth tax 31.5 48.2 68.6 87.4 69.1
flat wealth tax 31.4 46.8 67.5 88.5 69.4
raise τl 34.8 49.4 69.6 88.4 70.5

Corporate income tax:
benchmark 26.4 52.8 65.7 94.0 93.2
prog. wealth tax 25.1 46.8 62.5 94.2 90.8
flat wealth tax 28.5 57.0 67.6 95.5 93.4
raise τl 20.9 47.6 61.8 93.9 91.6
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