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1 Introduction

The optimal tax rate on capital income has long been debated. Supporters of capital tax
cuts stress the efficiency costs associated with capital taxation, mainly the slowing down
of capital accumulation and, hence, reduced output growth. Proponents of higher capital
taxes often cite their redistributive benefits: as wealth is often unequally distributed
across people, increasing capital taxes in favor of lower labor taxes decreases after-tax
inequality. Aiyagari (1995) and Domeij and Heathcote (2004), among others, show that
the redistributive benefits of capital taxation can be large enough to justify significant
optimal tax rates on capital income. In this paper, we contribute to the debate on optimal
capital taxation by putting forward a mechanism through which capital taxes lead to
additional redistributive benefits and by quantifying the implications of this mechanism
on the optimal capital tax rate. We find that the proposed mechanism implies that the
optimal tax rate on capital income should be considerably higher than the conventional
economic models tell us.

At the heart of this mechanism is the assumption of capital-skill complementarity,
which is the idea that capital is relatively more complementary with skilled labor than
it is with unskilled labor.! A rise in the capital tax rate depresses capital accumulation,
which then decreases the relative demand for skilled workers due to capital-skill comple-
mentarity. As a result, the skill premium - i.e., the wages of the skilled workers relative
to those of the unskilled workers - declines. Since skilled workers normally earn higher
wages and have more assets, this decline in the skill premium increases social welfare
from the perspective of a government that values equality.

We measure the quantitative significance of this mechanism for the optimal capital
tax rate using a model that embeds capital-skill complementarity into an incomplete
markets model & la Bewley (1986), Imrohoroglu (1989), Huggett (1993) and Aiyagari

(1994), where individuals face idiosyncratic wage risk and make a once-and-for-all skill

! Capital-skill complementarity was first empirically documented by Griliches (1969). It has received
much attention from economists and has been successfully used in explaining the evolution of inequality
in the returns to education. Among others, see Fallon and Layard (1975), Krusell, Ohanian, Rios-Rull,
and Violante (2000), Flug and Hercowitz (2000), and Duffy, Papageorgiou, and Perez-Sebastian (2004).



acquisition decision. We choose this model as it allows for a sufficiently rich modeling
of earnings and wealth inequality, which is key to accurately assessing the redistributive
benefits of capital taxation. We consider two versions of the model that differ from
each other only in terms of the aggregate production functions. In the first economy,
we model capital-skill complementarity (CSC) by assuming a production function that
features a higher degree of complementarity between equipment capital and skilled labor
than between equipment capital and unskilled labor, as documented empirically for the
U.S. economy by Krusell, Ohanian, Rios-Rull, and Violante (2000). As a benchmark
for comparison, we also build a second economy with a standard Cobb-Douglas (CD)
production function that does not feature capital-skill complementarity. We make the
two model economies comparable by calibrating each one separately to the current U.S.
economy along selected dimensions under the status-quo capital and labor tax system.
We consider the case of a government that chooses a linear tax rate on capital income
to maximize a Utilitarian social welfare function with equal weights on all agents. The
government takes into account the effect of tax changes on people’s welfare over the transi-
tion to the new steady state. We find that the optimal capital tax rate for the capital-skill
complementarity economy is significantly higher than that in the Cobb-Douglas economy,
with respective optimal rates of 67% vs. 61%. Accordingly, the average labor income tax
is lower in the economy with capital-skill complementarity. In response to the optimal tax
reform, the skill premium falls from 1.90 to as low as 1.84 over the transition and to a final
steady-state level of about 1.86 in the capital-skill complementarity economy. Meanwhile
it remains virtually unchanged in the Cobb-Douglas economy. Since labor income taxes
are distortionary, this indirect redistribution channel is valuable for the government and
gives rise to a higher optimal capital tax rate in the economy with capital-skill comple-
mentarity. This finding shows that the debate over the optimal tax rate on capital income
should take into account the presence of capital-skill complementarities in production.
Under the Utilitarian social welfare function, the welfare gains of the reform are
equivalent to those of increasing consumption of all agents by 1.25% at every date and

state in the economy with capital-skill complementarity. The corresponding welfare gains



amount to 0.85% in the Cobb-Douglas economy. This difference in welfare gains implies
that carrying out the optimal capital tax reform is considerably more important once
capital-skill complementarity is taken into account. A welfare decomposition exercise
reveals that the main gain of the reform is redistribution in both models, and as expected,
this gain is higher in the model with capital-skill complementarity.

Through an extensive sensitivity analysis, we show that our results are quantitatively
robust to an alternative degree of capital-skill complementarity estimated using more
recent data, a lower level of elasticity of labor supply, and alternative specifications of
the social welfare function.

While in the baseline reform, the government chooses a uniform tax rate on the two
types of capital, Section 6 considers optimal tax reforms with more flexible instruments.
These reforms are: a reform in which the government in the capital-skill complemen-
tarity economy can set different tax rates on different types of capital (equipment and
structures), (ii) a comprehensive reform in which the government chooses the degree of
labor tax progressivity in addition to the capital tax rate, and finally, (iii) a reform in
which the tax rate on capital can vary over time. We find that the indirect redistribution

channel of capital taxation is at work in all these reforms.

Related Literature. Taxation of capital income is a controversial topic in the macroe-
conomics literature. In the representative-agent paradigm, Chamley (1986) and Judd
(1985) show that it is optimal not to tax capital at all in the long run.? Aiyagari (1995)
shows that the optimal long-run capital income tax might be positive when there is het-
erogeneity across agents arising from uninsured labor income risk and incomplete markets.
He points out that the optimal steady state capital income tax is between 25% and 45%

depending on the values of various model parameters.> Domeij and Heathcote (2004)

2Straub and Werning (2020) provide a set of conditions under which the optimality of zero taxes on
capital in the long run does not hold. Chari, Nicolini, and Teles (2020) show that with a richer set of
tax instruments and under the assumption that initial confiscation of wealth is restricted, one recovers
the long-run optimality of zero capital taxes.

3These numerical results are not included in the published version of the paper, and are only available
in a working paper version. This version is available as Minneapolis Fed Working Paper Series #508.
Moreover, Aiyagari (1995) only reports optimal taxes at the steady state. Recently, Acikgoz, Hagedorn,
Holter, and Wang (2018) and Dyrda and Pedroni (2022) calculate time-varying paths of optimal capital
and labor taxes in environments with uninsurable wage risk.



investigate the quantitative importance of heterogeneity and idiosyncratic labor income
risk for capital taxation using an Aiyagari (1994) model. They consider the problem of
a redistributive government that needs to choose constant (time-independent) tax rates
on capital and labor income. They find that eliminating capital income taxes altogether
brings large welfare gains if they assume a representative-agent economy. However, when
there is heterogeneity and risk, the optimal capital tax rate can be quite high, namely
40%, according to their calculations. Imrohoroglu (1998) and Conesa, Kitao, and Krueger
(2009) also analyze optimal capital taxation in quantitative models with rich heterogene-
ity and, in particular, a life cycle structure. Conesa, Kitao, and Krueger (2009) find that,
due to the life-cycle structure, optimal capital taxes can be significantly positive at 36%
even when the government maximizes steady-state welfare.* We add to this literature
by assessing the quantitative impact of capital-skill complementarity on optimal capital
taxation.

There is also a more recent and growing literature on taxation of capital in the presence
of capital-skill complementarity. Jones, Manuelli, and Rossi (1997) provide an important
backdrop to this literature. In an extension section, the authors analyze optimal linear
taxation in a growth model with two types of labor, skilled and unskilled, and show that
the optimal long-run capital tax rate may be positive if the labor income tax rate is not
allowed to depend on skill type and there is capital-skill complementarity. The key differ-
ence between the current paper and that of Jones, Manuelli, and Rossi (1997) is that we
quantitatively evaluate the effect of capital-skill complementarity for optimal capital tax
rate in a model that allows for a rich modelling of earnings and wealth inequality, whereas
they use a simple, representative agent framework to make a qualitative statement. Slavik
and Yazici (2014) also build a model with capital-skill complementarity; however, they
use it to study the optimality of differential capital taxation. They find that in their

private information Mirrleesian model it is optimal to tax equipment at a higher rate

4See also the New Dynamic Public Finance literature, which has followed the seminal contribution of
Golosov, Kocherlakota, and Tsyvinski (2003), for investigations of optimal capital taxation in dynamic
Mirrlesian private information models with idiosyncratic labor income shocks.



than structures.’

Bhattarai, Lee, Park, and Yang (2020) analyze the macroeconomic
effects of specific capital tax reforms under capital-skill complementarity. Angelopou-
los, Asimakopoulos, and Malley (2015) use a representative agent model to evaluate the
optimality of labor tax smoothing under capital-skill complementarity, while Dolado, Mo-
tyovszki, and Pappa (2020) analyze monetary policy and its redistributive implications
in a New Keynesian model with capital-skill complementarity.%

The rest of the paper is organized as follows. Section 2 lays out the model while
Section 3 describes the optimal tax problem formally. Section 4 explains the calibration

strategy and Section 5 discusses the main quantitative results. Section 6 explores tax

reforms with more flexible instruments. Finally, Section 7 concludes.

2 Model

The economy consists of a unit measure of individuals, a firm, and a government. In the
baseline model, the aggregate production function features capital-skill complementarity.
Later on, for comparison, we also consider an economy that combines capital and labor

using a standard Cobb-Douglas production function.

Demographics and Worker Choices. FEach period a fraction 1 — x of workers are
born with zero asset holdings. Life prior to labor market entry is not modeled. At the
beginning of their lives, just before they enter the labor market, agents choose their skill
level once-and-for-all. They become either skilled or unskilled, denoted by i € {u,s}.
After this, they enter labor market and work, consume and save every period. Workers
survive from period to another at a constant rate of y and the assets of deceased people are
distributed among the survivors in proportion to the survivors’ wealth. This assumption

is equivalent to assuming that people can buy actuarially fair life insurance policy.

5There is a growing literature which analyzes the optimal taxation of robots, see e.g. Guerreiro,
Rebelo, and Teles (2021), Costinot and Werning (2018) and Thuemmel (2020).

6Krueger and Ludwig (2016) and Heathcote, Storesletten, and Violante (2017) are also related to the
current paper in the sense that they analyze optimal taxation in models with imperfect substitutability
between skilled and unskilled labor in which there are general equilibrium effects of taxation on skill
prices. Importantly, neither of these studies models capital-skill complementarity.



Skill Heterogeneity and Wage Risk. Skilled agents can only work in the skilled
labor sector and unskilled agents only in the unskilled labor sector. Agents of skill type
i receive a wage rate w;, for each unit of effective labor they supply in period ¢. The
total mass of type ¢ workers in period t is denoted by m;;. In the quantitative analysis,
skill types correspond to educational attainment at the time of entering the labor market.
Workers who have at least a bachelor degree are classified as skilled agents and the rest
of the agents are classified as unskilled.

There is also ex-post heterogeneity within each skill group arising from workers facing
idiosyncratic labor productivity shocks over time. The productivity shock, denoted by
z, follows a type-specific Markov chain with states Z; = {z;1,..., 2/} and transitions
I1;(Z'|z). The productivity shock for labor market entrants is drawn from the stationary
distribution associated with the Markov chain. When a skill type ¢ worker draws pro-
ductivity level z and works [ units in a period, she produces [ - z units of effective type ¢

labor. Her wage per unit of time is w;; - 2.

Preferences. Preferences over consumption and labor, ¢ and [, in a period are defined
using a utility function which is separable between consumption and labor: wu(c) — v(1),
where the utility and disutility functions satisfy standard assumptions: ', —u”,v", 0" > 0.

Also, we assume people discount utility across periods by 5 € (0,1).

Technology. The production process is summarized by a constant returns to scale
production function: Y = F(K,, K., L, L,), where K,, K., Ls; and L, refer to the
aggregate levels of structure capital, equipment capital, effective skilled labor supply and
effective unskilled labor supply, respectively. The stocks of structure and equipment
capital depreciate at rates d5 and 9., respectively.

We assume that there is capital-skill complementarity in the production process. More
specifically, technology features equipment-skill complementarity, which means that the
degree of complementarity between equipment capital and skilled labor is higher than
that between equipment capital and unskilled labor. This implies that an increase in the

stock of equipment capital decreases the ratio of the marginal product of unskilled labor



to that of skilled labor. Under the assumption of competitive factor markets, this implies
that the skill premium, defined as the ratio of skilled to unskilled wages, is increasing
in equipment capital. Structure capital, on the other hand, is assumed to be neutral
in terms of its complementarity with skilled and unskilled labor. These assumptions on
technology are consistent with the estimation results of Krusell, Ohanian, Rios-Rull, and
Violante (2000).

Production is carried out by a representative firm, which, in each period, rents the
two types of capital and hires the two types of labor to maximize profits. The firm solves

the following maximization problem in period ¢:

max F(Ks,t7 Ke,ta Ls,ta Lu,t) - Ts,tK&t - re,tKe,t - ws,th,t - wu,tLu,t7 (1)
Ks,the,t7LS,t7L’LL,t

where g, and 7.4 are the rental rates of structure and equipment capital and w,; and

ws, are the wages rates paid to unskilled and skilled effective labor in period ¢.

Government. The government uses linear taxes on capital income net of depreciation.
Let {7:}52, be the sequence of tax rates on capital income. It is irrelevant for our analysis
whether capital income is taxed at the consumer or at the corporate level. We assume
without loss of generality that all capital income taxes are paid at the consumer level.
The government taxes labor income using a sequence of possibly non-linear functions
{T:(y)}:2,, where y is labor income and T}(y) are the taxes paid by the consumer. We
follow Heathcote, Storesletten, and Violante (2017) and assume that tax liability given

labor income y is defined as:

Ti(y) =¥ [% — N (%) I_Tl] :

where 7 is the mean labor income in the economy, 1 — ), is the average tax rate of a mean
income individual and 7; controls the progressivity of the tax code. When 7; > 0, labor

taxes are progressive and the tax function implies transfers to people with sufficiently



low income. The government uses taxes to finance a stream of expenditure {G;}°, and

repay government debt {D;}2.

Asset Market Structure. Government debt is the only financial asset in the economy.
It has a one period maturity and return R; in period ¢. Consumers can also save through
the two types of capital. In the absence of aggregate shocks, the returns to savings in
the form of the two capital types are certain, as is the return on government bonds.
Therefore, all three assets must yield the same after-tax return in equilibrium, R, =
1+ (rep—05)(1—7) =14 (res — 0e)(1 —7¢). As a result, one does not need to distinguish
between savings via different types of assets in the consumer’s problem. Consumers’
(total) asset holdings will be denoted by a and A = [0,00) denotes the set of possible
asset levels that agents can hold. Our assumptions imply that, in every period, the total
savings of consumers must be equal to the total borrowing of the government plus the

total capital stock in the economy.

Worker’s Problem. In period ¢, agent of skill type ¢ with productivity shock and asset

level (z;4,a;;) solves:

Vit(Zig, aip) = max u(Ciy, lig) + BX Z 1L (zie41] 200 ) V41 (Zip1s Gigsn)
(ci,toli e50i,641)>0 ey
1 1

Cit + Xitr1 < Wirzigliy — Te(wirzigliy) + Reag g,

City Qi1 > 0and ;¢ € (0,1), (2)

where expectation is taken over the realizations of the productivity shock. The fact that
assets of the deceased are distributed among the survivors in proportion to their wealth is

captured by the survival probability x multiplying a;,1; in the budget constraint above.

Skill Acquisition. A tax reform that raises capital income taxes have an additional
redistributive benefit in the presence of capital-skill complementarity because it reduces
the skill premium. However, such a reduction in the skill premium may have adverse in-

centive effects on the skill acquisition decision of cohorts that make this decision after the

s.t.



reform. Taking this behavioral response into account is important as the implied decline
in the relative number of skilled people may partially offset the decline in the skill pre-
mium, curtailing the indirect redistribution benefit of capital taxation under capital-skill
complementarity. Moreover, by reducing the number of skilled workers, capital taxation
may decrease average labor productivity in the economy. We model endogenous skill
acquisition to account for these effects of capital taxation under capital-skill complemen-
tarity.

Newborns make a skill choice just before entering the labor market. As in Heathcote,
Storesletten, and Violante (2010), there is a utility cost of attaining a college degree,
¢ > 0, which is idiosyncratic and drawn from a distribution H(¢). This distribution is
a reduced form way of capturing the cross-sectional variation in the psychological and
pecuniary costs of acquiring a college degree such as variation in scholastic talent, tuition
fees, parental resources, access to credit, and government aid programs. Upon drawing
the cost of education, the agent compares this cost to the benefit of attaining a college
degree, which is simply the net present utility gain of receiving the skilled wage rather
than the unskilled wage in each date and state after entering the labor market. An agent

born in period t chooses to become skilled if and only if

Y < By y[vs1(25,0)] — Eut[vu(2u, 0)], (3)

where expectation is taken over labor market entrants’ initial productivity draw. Let v,
be the level of utility cost at which (3) holds with equality in period ¢. All agents with

at or below this threshold level attend college and all above do not.

Competitive Equilibrium. Before we provide a formal definition of equilibrium, it is
useful to introduce some concepts and notation. The state of a worker of type i in a period
t is fully described by the worker’s productivity and asset holdings. Let (z;,a;) € Z; x A
denote this state. Let A;;(a;,2;) denote the distribution of workers of type i across

productivities and assets. The initial, ¢ = 0, distributions are given exogeneously.
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Definition: Given initial conditions, a recursive competitive equilibrium is a govern-
ment policy (T;(.), 7, Dy, G1)32, allocation for the firm, (K4, Ket, Loy, Lut)i2,, value
and policy functions for agents, (vi(zi, ), i (2, ai), lit(2i, @), i1 (23, 00)) 320 iy s0 Skill
choices, shares of population who are skilled, (7):°,, a price system (s ¢, Te., Ws ¢, Wat, Be)52

and distributions over individual states, (Ai;(2i, @:))i20 =, s, such that:

1. In each period t > 0, taking factor prices as given, (K, K¢y, Lsy, Ly) solves the

firm’s problem given by (1).

2. Given government policy and the price system, the policy functions solve the con-

sumer’s problem given by (2) the solution of which defines the value functions.

3. Skill choice is consistent with (3), that is in any period ¢, all those with ¢ < 4,
attend college and all other do not. Moreover, the evolution of the fraction of
skilled in each period is consistent with skill choice: 75, = xms—1 + (1 — X)T('g’t,
where 7, fR w<p,(V)dH (1) is the fraction of newborns who choose to become
skilled in period ¢ and I, (¢) is the indicator function, 7, = 1 — 77!, for all ¢,

and 7y is given.

4. The evolution of distributions of agents across productivities and assets over time is

a) € Z; x A:

consistent with agent choices. That is, for all ¢ > 0, ¢ = u, s and (2]

Z7 ’L

X Zzzez ( |Zz f{al i g1 (26,0:) <al} dALt(Ziv ai) + (1 - X)W;ft-s-lAf(zz{)
X+ (1— X)ﬂ-?,tJrl

Ai,t-i—l (217 az)

where (A; (2, @;))izu s is given and A7 is the stationary distribution associated with
the Markov chain that describes the evolution of the productivity shock for type 7.

5. Markets for assets, labor and goods clear: for all t > 0,

Kst+Ket+Dt Z 7rzt\/ azt Zz>az dAzt 1(Zlaaz)

ZUS

Liy = Wi,t/ lit(2i, ai)zidN; (2, a;), for i = u, s,
Z;ixA

G+ Cr4+ Koy + Keyy1 = F(Kgp, Koy, Ly, Lyy) + (1 — 05) Ky + (1 — 00) Ke g,

11



where

Ct Z 71'zt/ Czt Zlual dAzt<Zl>az)

ZUS

is aggregate consumption in period t.

6. The government’s budget constraint is satisfied every period: for all ¢ > 0,

Gt + RtDt Dt+1 + Z Tt Tjt j,t + Z 7th\/ zt Zza az)wz tzz)dAz t(zza a/z)

j=s,e 1=u,s

2.1 Cobb-Douglas Economy

To assess the quantitative significance of capital-skill complementarity for optimal capital
taxes, we consider a second, benchmark, economy in which the production function does
not feature capital-skill complementarity. In this economy, we do not distinguish between
equipment capital and structure capital; there is only one type of capital, which depre-
ciates every period at rate §. First, the skilled and unskilled labor inputs are combined
to give aggregate labor L. The details of how the two types of labor are aggregated will
be discussed in Section 4. Next, capital and labor are combined to produce aggregate
output using a standard Cobb-Douglas production function Y = AK?L'~?. We preserve
all the other properties of the first model.

Importantly, under this production function, the ratio of the marginal product of
skilled labor to that of unskilled labor, hence the skill premium, is independent of the
amount of capital in the economy. The changes in the aggregate capital level do not
affect the skill premium, therefore, capital income taxation has no direct impact on wage
inequality. The definition of competitive equilibrium for this economy is very similar
to that given for the capital-skill complementarity economy, and hence is relegated to

Appendix A.
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3 The Optimal Tax Problem

We consider the following optimal fiscal policy reform. The economy is initially at a steady
state under a status-quo fiscal policy. Given the initial distribution of workers across the
productivity-asset space implied by this steady state, the government introduces a once
and for all unannounced change in the tax rate that applies to capital income. We assume
that the levels of government spending and debt in the reform period and all the periods
that follow are constant at the levels given by the initial steady state. At the same time,
to ensure that its budget holds, the government adjusts the parameter that controls the
average labor income tax, {\;}{2,, along the transition to the new steady state.

In the baseline analysis, we assume that the government does not change the progres-
sivity of the labor tax function. We do so because, perhaps due to political constraints,
it is difficult for governments to carry out comprehensive reforms in which capital and
labor tax codes are changed substantially at the same time. In Section 6.2, we analyze
the effect of capital-skill complementarity on optimal capital taxes in the presence of
such a comprehensive reform. Another assumption maintained in the baseline reform is
that government is restricted to choose a capital tax rate that applies to all future dates,
that is time invariant. This is a plausible assumption given that it may be harder for
governments to commit to time-varying taxes. Yet, it is interesting to see the impact of
capital-skill complementarity on optimal capital taxation in the presence of time-varying
capital taxes. This extension is analyzed in Section 6.3.

The government evaluates the consequences of the reform by aggregating agents’
welfare using a Utilitarian social welfare function that puts an equal weight on all agents
who are alive at the time of the reform. Importantly, the government takes into account
the effect of the tax reform on people’s welfare over the transition. The optimal tax
problem then is to find the tax rate 7 on capital income that leads to the competitive
equilibrium that achieves the highest social welfare. Formally, the government solves the

following problem:

max Z i 0 Vi 0(2i, @i; T)dA; (24, ;) (4)
T ZiXA

i=u,s
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such that, for every 7, v;(z;, a;; 7) is the value in the corresponding competitive equilib-
rium.

This baseline social welfare function: (i) puts a uniform weight on all agents and (ii)
does not take into account the welfare of future generations. In Section, 5.2 we conduct
optimal tax exercises and analyze the impact of capital-skill complementarity on optimal
capital taxes under different social welfare functions that: (i) put all weight on the most
unfortunate member of society, (ii) ignore redistribution, and (iii) take into account future

generations’ welfare.

4 Calibration

This section first explains how we calibrate the baseline model with capital-skill comple-
mentarity to the U.S. economy. We first fix a number of parameters to values from the
data or from the literature. These parameters are summarized in Table 1. We then cali-
brate the remaining parameters so that the stationary recursive competitive equilibrium
of the model economy matches the U.S. economy around 2017 along selected dimensions
that are key for our investigation.” Our calibration procedure is summarized in Table 3.
Whenever data is not available until 2017 for some variable, we use the most recent data.

The details and definitions of the data are included in Appendix B.
Preferences and Demographics. One period in the model corresponds to one year.
We assume that the period utility function takes the form

clfa l1+’y
—u(l) = —
a(e) — o(l) e

C1-0

"The existence of stationary equilibrium requires the assumption that policies (government expendi-
ture, debt and taxes) do not change over time. Given this, a stationary recursive competitive equilibrium
is a recursive competitive equilibrium defined exactly as in Section 2 in which the firm allocation, con-
sumer value and policy functions, skill choices, prices and distributions over individual states are all
independent of time. We choose 2017 U.S. economy as the calibration target because we want to focus
on the economy before the capital tax reform of President Trump’s administration entered into effect on
January 1, 2018.

14



where o equals the coefficient of relative risk aversion while « controls the Frisch elasticity
of labor supply. In the benchmark case, we use ¢ = 1 and v = 1. These are within the
range of values that have been considered in the literature. We calibrate ¢ to match the
average labor supply. Agents in the model are born at the real life age of 25 and enter the
labor market immediately. Following Castaneda, Diaz-Giménez, and Rios-Rull (2003),
the survival probability y is set to 0.978 to match the average working life-span of 45
years. The discount rate, 3, is calibrated internally as explained below.

The fraction of skilled agents is calculated to be 0.3544 using the Current Population
Survey (CPS) data for 2017. We focus on males who are 25 years old or older and who
have earnings. To be consistent with Krusell, Ohanian, Rios-Rull, and Violante (2000),
skilled people are defined as those who have at least a bachelor’s degree. We set the
fraction of skilled workers in the model to 0.3544 exogeneously and not specify a cost
distribution yet since this is not needed to compute the status-quo stationary economy.
The cost distribution, which is needed for the optimal tax analysis, is calibrated in Section

4.3 to be consistent with this number in equilibrium with endogenous skill choice.

Technology. In the baseline economy with capital-skill complementarity, the produc-

tion function takes the same form as in Krusell, Ohanian, Rios-Rull, and Violante (2000):

11—«

Y = F(K,, K., Ly, L,) = K° <1/ WK? + (1 —w)L?]? + (1 — V)LZ) T (%)

In this formula, p controls the degree of complementarity between equipment capital and
skilled labor while n controls the degree of complementarity between equipment capital
and unskilled labor. Krusell, Ohanian, Rios-Rull, and Violante (2000) estimate p and 7,
and we use their estimates. Their estimates of these two parameters imply that equipment
capital is more complementary with skilled than unskilled labor. The parameter o gives
the income share of structure capital. The other two parameters in this production
function, w and v jointly control the income shares of equipment capital, skilled labor
and unskilled labor. These three parameters are calibrated internally, as explained in

detail later.
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Table 1: Benchmark Parameters

Parameter Symbol Value Source
Technology (Capital-skill complementarity)

Structure capital depreciation rate Os 0.056 GHK
Equipment capital depreciation rate e 0.124 GHK
Elasticity of substitution between K. and L, n 0.401 KORV
Elasticity of substitution between K, and L P -0.495 KORV
Technology (Cobb-Douglas)

Capital’s share of output 0 1/3

Elasticity of substitution between Lg and L, € 0.2908 KM
Depreciation rate of capital 1) 0.0787

Common parameters

Relative risk aversion parameter o 1

Inverse Frisch elasticity vy 1

Survival probability X 0.978 CDR
Relative supply of skilled workers s 0.3544 CPS
Labor tax progressivity T 0.1 FN
Linear tax rate on capital income T 0.36 TU
Government consumption G/Y 0.16 NIPA
Government debt DY 0.60 FRED

This table reports the benchmark parameters that we take directly from the literature or the data. The acronyms CDR,
FN, GHK, KORV, KL, KM and TU stand for Castaneda, Diaz-Giménez, and Rios-Rull (2003), Ferriére and Navarro (2018),
Greenwood, Hercowitz, and Krusell (1997), Krusell, Ohanian, Rios-Rull, and Violante (2000), Heathcote, Storesletten, and
Violante (2017), Krueger and Ludwig (2016), Katz and Murphy (1992) and Trabandt and Uhlig (2011), respectively. NIPA
stands for the National Income and Product Accounts, CPS for Current Population Survey and FRED for the FRED
database of the Federal Reserve Bank of St. Louis.
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Government. As reported in the National Income and Product Accounts (NIPA), the
government consumption-to-output ratio has been fairly stable with an average of about
16% since the 1980’s. This is the value we use. We assume a government debt of 60% of
GDP, which equals the federal debt held by private investors over GDP in 2015 according
to the Federal Reserve Bank of Saint Louis FRED database.

We follow Trabandt and Uhlig (2011) and assume that the current tax rate on cap-
ital income is 7 = 36%. As for labor income taxes, modeling the progressivity of the
U.S. tax system may be important for our exercise since progressive tax systems can
already provide substantial redistribution from skilled to unskilled workers, dwarfing the
importance of taxing capital for indirect redistribution. Using longitudinal IRS (Internal
Revenue Service) data, Ferriere and Navarro (2018) provide annual estimates of 7; until
2012.8 They find that 7; is about 0.1 during 2010-2012. This is consistent with Dyrda
and Pugsley (2019) who estimate a progressivity parameter of slightly below 0.1 for the
same period. We use this estimate and calibrate A, which controls the average labor tax

in the economy, to clear the government budget.

Wage Risk. It is well known that the class of models used in this paper together with
Gaussian individual labor productivity shocks falls short of matching earnings and wealth
inequality simultaneously, especially at the top end of the corresponding distributions.
One way to resolve this issue, proposed by Castaneda, Diaz-Giménez, and Rios-Rull
(2003), which we follow, is to assume the existence of a superstar individual productivity
state. Specifically, for each worker type ¢, productivity, z can be either in a normal
or a superstar state. In the normal state, z follows a skill-type specific AR(1) process:
log 2441 = pilog z; +€;+, which we approximate by finite number Markov chains using the
Rouwenhorst method described in Kopecky and Suen (2010). At any given time, from any
normal state, productivity transits to superstar state with probability p;. When at the

superstar state, productivity is e; times larger than the average productivity across normal

8We do not use the estimate provided in Heathcote, Storesletten, and Violante (2017) because the
income base that the tax function applies to is labor plus capital income in their paper, whereas in our
paper the tax function applies to labor income only. This is also the approach taken by Ferriere and
Navarro (2018).
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states. The probability of remaining at the superstar state is ¢;. When agents return to
the normal state, they draw a new labor market ability from the ergodic distribution
associated with the AR(1) process. Together with the persistence parameter, p;, and
variance of the shocks, var(e;), the productivity process introduces ten parameters to be

calibrated.?

Internal Calibration. In addition to the ten parameters related to the productivity
processes, there are six parameters to be determined: the three production function
parameters, «, w and v, the labor disutility parameter ¢, the discount factor £, and the
parameter governing the overall level of taxes in the tax function, A\. These 16 parameter
values are jointly chosen to ensure that the model matches the data along a number
of selected moments. Although the calibration is carried out jointly, it is instructive
to think about the calibration of the two sets of parameters separately. First, the ten
parameters that describe the individual wage risk processes are calibrated to match ten
distributional targets. These targets are the six Gini coefficients of the overall, skilled and
unskilled earnings and wealth distributions, top 1%’s share in the earnings and wealth
distribution, the ratio of average wealth of skilled workers to that of unskilled workers, and
the autocorrelation of earnings. Table 2 reports the model’s ability to match calibration
targets in Panel A and the calibrated parameter values in Panel B.

Second, the remaining six parameters are chosen to match six aggregate moments.
The income shares of equipment capital, skilled labor and unskilled labor are governed
by w and v, and « governs the income share of structure capital. We calibrate o, w and v
so that (i) the share of equipment capital in total capital is 1/3 as it is approximately in
the Fixed Asset Tables (FAT) in 2017, (ii) the labor share equals 2/3, and (iii) the skill

premium equals 1.9 as reported by Heathcote, Perri, and Violante (2010).1° We choose ¢

9We cannot identify the mean levels of the idiosyncratic labor productivity shock z for the two types
of agents separately from the remaining parameters of the production function and, therefore, normalize
average productivity of each skill type to 1. This assumption implies that the marginal product of labor
for type 7, w;, equals the average wage rate of workers of that skill type. As a result, the skill premium in
the model economy is given by w/w,. This is in line with the benchmark estimation of Krusell, Ohanian,
Rios-Rull, and Violante (2000) who abstract from time variation in average productivity differentials
across skill types.

0Heathcote, Perri, and Violante (2010) use CPS data and compute the skill premium for the period
1967-2005 for males between ages of 25 and 60, working at least 260 hours a year. In subsequent work,
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Table 2: Calibration: Distributional Moments

Panel A: Moments Data Model
Earnings Gini 0.68 0.66
Earnings Gini - skilled 0.66 0.66
Earnings Gini - unskilled 0.61 0.62
Earnings Top 1%’s share 0.23 0.24
Earnings autocorrelation 0.94 0.95
Wealth Gini 0.86 0.85
Wealth Gini - skilled 0.81 0.81
Wealth Gini - unskilled 0.82 0.82
Wealth Top 1%’s share 0.39 0.38
Relative skilled wealth 5.6 5.6
Panel B: Parameters Symbol Value
Normal state persistence (skilled) Ps 0.8219
Normal state volatility of shocks (skilled) var(es)  0.1338
Transit into superstar state (skilled) Ds 1x1073
Remain in superstar state (skilled) ds 0.9473
Productivity superstar state (skilled) es 35.57
Normal state persistence (unskilled) Pu 0.9915
Normal state volatility of shocks (unskilled) wvar(e,)  0.0333
Transit into superstar state (unskilled) Pu 8 x 107°
Remain in superstar state (unskilled) Qu 0.0216
Productivity superstar state (unskilled) €y 43.43

This table reports calibration results regarding the wage risk parameters. The model’s ability to match calibration targets
are reported in Panel A and the calibrated parameter values are reported in Panel B. All data moments correspond to 2016
U.S. economy and are taken from Kuhn and Rios-Rull (2020), with the exception of the autocorrelation of earnings, which
is reported in Boar and Midrigan (2022). Relative skilled wealth refers to the ratio of the average skilled asset holdings to
the average unskilled asset holdings.

so that the aggregate labor supply in steady state equals 1/3 as commonly assumed in the
macro literature. We calibrate 8 so that the capital-to-output ratio in the model equals
2.07. This number is calculated using the NIPA and Fixed Asset Tables for year 2017.
Krusell, Ohanian, Rios-Rull, and Violante (2000) exclude housing from both capital stock
and output time series when they estimate the parameters of the production function.
Since we use their estimates, we also exclude housing from both capital stock and output
when we calculate the capital-to-output ratio. Following Heathcote, Storesletten, and
Violante (2017), we choose A to clear the government budget constraint in equilibrium.

Table 3 summarizes the internal calibration procedure. Data targets are not reported in

the table as the model is able to match the targets precisely.

they update skill premium data series until 2016. They find that the skill premium has been stable
around 1.9 during 2005-2016 period.
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Table 3: Calibration: Aggregate Moments

Parameter Symbol Value Target Source
Technology (CSC)

Production parameter w 0.2824 Labor share = 2/3 NIPA

Production parameter v 0.6581  Skill premium = 1.9 CPS

Production parameter Q@ 0.1909 Share of equipments, % =1/3 FAT
Technology (CD)

Total factor productivity A 0.7870  Output level of CSC economy

Production parameter K 0.5581  Skill premium = 1.9 CPS
Common parameters

Discount factor I} 0.9365 Capital to output ratio = 2.07  NIPA, FAT

Tax function parameter A 0.8844 Government budget balance

Disutility of labor 10) 6.90 Labor supply = 1/3

This table reports the calibration procedure for parameters that target aggregate moments. Model generated target
moments are not reported as the match is perfect. The production function parameters ¢, v and w control the income
shares of structure capital, equipment capital, skilled and unskilled labor in the capital-skill complementarity model (CSC).
The production function parameter x controls the income shares of the skilled and unskilled labor in the Cobb-Douglas
model (CD). The tax function parameter A controls the labor income tax rate of the mean income agent. The acronyms
CPS, FAT, and NIPA stand Current Population Survey, Fixed Asset Tables, and National Income and Product Accounts,

respectively.

4.1 Calibration of the Cobb-Douglas Economy

In the second economy, we eliminate capital-skill complementarity, and use the following

production function:
Y = AK?(KLE + (1 — k)LE) =

where A is total factor productivity, 6 is the usual Cobb-Douglas parameter that governs
the income share of capital,  is a share parameter that allows for skilled labor to be more
effective than unskilled labor, and € controls the degree of substitutability between skilled
and unskilled labor. We set # = 1/3 as is common in the literature. This is also in line with
the labor share target of the capital-skill complementarity economy. Following Katz and
Murphy (1992), we set the elasticity of substitution between skilled and unskilled labor to
1.41, which implies € = 0.2908. The depreciation rate of capital, J, is assumed to equal the
weighted average of depreciation rates of structure capital and that of equipment capital
in the capital-skill complementarity economy. These exogenously calibrated technology
parameters for the Cobb-Douglas economy are summarized in Table 1. The rest of the
externally calibrated parameters in the Cobb-Douglas economy are chosen identically to

the complementarity economy and are also summarized in the same table. Similarly, the

20



same income process is used in the Cobb-Douglas economy as in the complementarity
economy.

The rest of internal calibration procedure in the Cobb-Douglas economy is identical
to that in the capital-skill complementarity economy except that there are only five pa-
rameter values left to be determined. The first parameter is the total factor productivity
parameter, A, which is calibrated so that the Cobb-Douglas economy has the same total
output as the capital-skill complementarity economy in the status-quo steady state. The
calibrated value for A is reported in Table 3. The second parameter is x, which is chosen
to ensure that the skill premium equals 1.9. The remaining three parameters are the labor
disutility parameter ¢, the discount factor 3, and the parameter governing the overall
level of taxes in the tax function, A. We calibrate these parameters to match the exact
same targets as in the complementarity economy. As a result, the calibrated parameter
values for these three are identical to those in the complementarity economy, and are
given in the last four rows of Table 3.

It is worth emphasizing that the calibration procedures render the two economies
completely identical. That is, the real interest rate, the skilled and unskilled wages,
aggregate output, aggregate capital stock, aggregate labor and consumption, as well as
the distributions of consumption, labor supply, assets, earnings and welfare across workers
are identical in the initial steady states of the two economies. This synchronization of the
capital-skill complementarity and Cobb-Douglas economies is important as it assures us
that the difference in the optimal tax rates across the two economies cannot be coming
from differences in initial conditions. The difference in optimal tax rates emerges from

the fact that the two economies respond differently to identical tax reforms.

4.2 Model Fit

In this section, we provide a further validation of our calibration by comparing the cali-

brated model to the data along a number of non-targeted moments.
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Table 4: Non-Targeted Moments

A: Earnings
Quintiles
1st 2nd 3rd 4th 5th
Data 0 2.9% 9.8% 19.1% 68.3%
Model 1.7% 3.3% 10.6% 14.9% 69.5%
B: Wealth
Quintiles
lst 2nd 3rd 4th 5th
Data -0.5% 0.6% 2.9% 8.6% 88.3%
Model 0% 0.1% 2.7% 9.1% 88.0%

This table reports the fit of the model with respect to some non-targetted moments of the earnings and wealth distributions.
All data moments correspond to 2016 U.S. economy and are taken from Kuhn and Rios-Rull (2020).

Cross Sectional Moments. Table 4 summarizes the performance of the model vis-
a-vis the data in terms of cross-sectional earnings and wealth moments that are not
targeted in our calibration. Panel A reports the earnings share of each earnings quintile
both in the model and in the data whereas Panel B does the same for wealth. We find
that our model reproduces well the degree of inequality in earnings and wealth that is
present in the U.S. economy. We also investigate how our model performs regarding the
distribution of hours worked by comparing a number of key moments to their empirical
counterparts calculated by Heathcote, Perri, and Violante (2010) and their subsequent
work (updated to year 2016). The variance of log hours delivered by the model is 0.13
which compares well to its empirical counterpart of 0.12. The Gini coefficient of hours
worked in the model is 0.1, which falls moderately short of 0.14 in the data. Hong, Seok,
and You (2019) estimates hours volatility by skill type and find that the coefficient of
variation of skilled hours is 0.2 and 0.22 among skilled and unskilled (their data refers to
year 2000). The model delivers 0.11 and 0.33.

Long-Term Changes in Macroeconomic Variables. Krusell, Ohanian, Rios-Rull,
and Violante (2000) argue that, under the assumption of capital-skill complementarity,
the declining price of equipment and the changes in the relative supply of skilled workers
explain most of the changes in the skill premium between 1960’s and 1990’s. In this
section, we investigate how well our calibrated model performs in terms of matching long-

run changes in the skill premium and some other macroeconomic variables. Specifically,
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Table 5: Non-Targeted Moments: Macroeconomic Variables

Data Model
1967 2017 Change 1967 2017 Change
Skill premium 1.50  1.90 27% 1.48 1.90 28%
Share of equipment 0.36 0.32 -12% 0.39 0.33 -15%
Labor share 0.66 0.61 -9% 0.63 0.66 5%
Real output 137% 147%
Investment-to-output ratio  0.21 0.20 -6% 0.17 0.16 -4%

This table reports the performance of the calibrated model in terms of matching long-run changes in the skill premium,
share of equipment in total capital stock, labor share, real output, and investment-to-capital ratio. For the details on data

construction, see Appendix C.

we take the model economy that is calibrated to the 2017 U.S. economy and feed in the
price of equipment, the relative supply of skilled workers and government policies in the
1967 U.S. economy, and solve for the stationary equilibrium of the model that corresponds
to 1967. Appendix C provides a further description of the steady state that corresponds
to the 1967 economy.

We then compare the model generated changes in the skill premium and other macroe-
conomic moments between 1967 and 2017 with their empirical counterparts. Table 5
summarizes our results. We find that our model matches quite well the long-run change
in the skill premium in response to changes in equipment price and relative supply of
skilled workers.!! During the same time period, the share of equipment in total capital
stock decreased from 0.36 to 0.32, or by 12%. The corresponding decline in the share
of equipment implied by the model is similar at 15%. The model fails to capture the
decline of the labor share in the last few decades which has been argued by a recent
literature; see, for instance, Karabarbounis and Neiman (2014).'> The model matches
well the growth in real output per capita as well as the decline in the share of output

that is used for investment.

HSlavik and Yazici (2022) report a similar finding using an open economy incomplete markets model.

12The fact that the production function we use does not capture the recent decline in the labor
share is known from Krusell, Ohanian, Rios-Rull, and Violante (2000) and the literature that follows.
For example, Ohanian, Orak, and Shen (2021), who find strong evidence for continued capital-skill
complementarity and that the Krusell, Ohanian, Rios-Rull, and Violante (2000) model continues to
closely account for the skill premium in the most recent data, also report that the model overpredicts
the level of the labor share by about four percentage points throughout most of the 2010s.
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4.3 Calibration of the Cost of Skill Acquisition

Following the calibration strategy in Heathcote, Storesletten, and Violante (2010), we
assume a log-normal distribution of the cost of skill acquisition, H, and pin down the two
unknown parameters of this distribution, its mean and the variance, to ensure that the
1967 and the 2017 steady states of the model economy that were described in the previous
section match the fraction of skilled workers in the U.S. economy. Further details of this
calibration are provided in Appendix D.

The calibration of the cost distribution H is important as it controls the elasticity of
the fraction of skilled workers with respect to the skill premium, which itself is impor-
tant for the quantitative strength of our mechanism. A number of papers estimate the
elasticity of college enrolment with respect to the skill premium for the U.S. economy by
estimating the following relationship using time series data: log(enr;) = a + b - log(sp;).
The coefficient b gives the percentage change in enrolment that is associated with a one-
percent change in skill premium and is interpreted as the elasticity of enrolment with
respect to the skill premium. The estimates of this elasticity vary considerably across
studies depending on the exact definition of variables used and the time periods taken
into account, but fall mostly within the range of 1 to 2 as reported in the meta analysis
by Freeman (1982). Estimating the same relationship using model simulated data over
the transition following various capital tax reforms (including the optimal one), we find
that the elasticity of college enrolment implied by our model is quite stable and within

this range of empirical estimates provided by the literature.

5 Optimal Capital Taxation

This section describes the key features of optimal capital tax reforms for economies with
and without capital-skill complementarity. After providing baseline results - for the
economies calibrated in Section 4 and under Utilitarian social welfare function, we check

how our results are affected by alternative calibrations and social welfare functions.

24



Table 6: Optimal Taxes: Baseline Results

T A
Status Quo 0.36 0.89
Cobb-Douglas 0.61 0.95

Capital-Skill Complementarity 0.67 0.96

The first row of the table reports status-quo capital tax rate used in our calibration and the corresponding average labor
income tax parameter in the corresponding steady state. The second and third rows report the optimal capital tax
rate and the labor income tax parameter in the resulting final steady state for both the Cobb-Douglas and capital-skill

complementarity models.

5.1 Baseline Results

The first row of Table 6 reports the status-quo capital tax rate used in our calibration
and the corresponding steady-state average labor income taxes, controlled by 1 — A. The
second and third rows report the values of corresponding variables under the optimal
reforms for the Cobb-Douglas and capital-skill complementarity economies. The main
finding is that the optimal capital tax rate in the capital-skill complementarity economy
is significantly larger than that in the Cobb-Douglas economy, 67% vs. 61%. Accordingly,
optimal average labor taxes in the steady state are relatively lower in the capital-skill
complementarity economy.

In the Cobb-Douglas economy, increasing the tax rate on capital income has the bene-
fit of decreasing consumption inequality since capital income is more unevenly distributed
across the population than labor income. However, taxing capital also entails the usual
cost of discouraging its accumulation, and hence, depressing output. That the optimal
capital tax rate is positive and large, 61% in our calculation, arises mainly from this
trade off. Similar large capital tax rates have been found to be optimal previously in the
literature, for instance, by Dyrda and Pedroni (2022).

What is more interesting is the finding that under capital-skill complementarity, the
capital tax rate should be set significantly, namely 6 percentage points, higher. The rea-
son for this difference is that, in the capital-skill complementarity economy, besides the
trade off explained above, increasing capital taxes has an additional redistributive ben-
efit. Higher capital taxes slow down aggregate capital accumulation, and in particular

the accumulation of equipment capital. When there is capital-skill complementarity, this
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Figure 1: Dynamics of key macroeconomic variables following the optimal reform

The six graphs report how the skill premium, ratio of average consumption of the skilled workers to that of unskilled
workers, Gini coefficient of the consumption distribution, capital-output ratio, aggregate output and fraction of skilled
workers change over the transition following the optimal tax reform. CSC and CD refer to capital-skill complementarity
and Cobb-Douglas economies, respectively.
decreases the relative demand for skilled labor, which then diminishes the skill premium.
As a result, increasing capital taxes provides indirect redistribution from skilled to un-
skilled agents. To the extent that unskilled agents are poorer, they have higher marginal
utility from consumption, and hence, this redistribution increases social welfare from the
perspective of a Utilitarian planner. Observe that this indirect redistribution channel is
partly mitigated by the fact that the decline in the skill premium coming from higher
capital taxes discourages skill acquisition, preventing the skill premium from declining
further.

The indirect redistribution channel at work under capital-skill complementarity can
be observed from Figure la which shows that the reform reduces the skill premium
considerably, from 1.90 to as low as 1.84 over the transition to a final steady-state level

of just above 1.86. Rising capital taxes have virtually no effect on the skill premium

in the Cobb-Douglas case. Table 7 provides further details of how changes in capital
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Table 7: Skill Premium Decomposition

Pre-reform +Capital +Extensive +Intensive
Cobb-Douglas 1.90 1.90 1.90 1.91
Capital-skill complementarity 1.90 1.73 1.86 1.86

This table decomposes the change in skill premium in response to optimal capital tax reforms across steady states for
Cobb-Douglas (CD) and capital-skill complementarity (CSC) economies into components coming from changes in the

capital stock and the extensive and intensive margins of labor supplies of both skill types.

and labor allocations affect the skill premium. The first and fourth columns in the table
are the pre-reform and the post-reform steady state values of the skill premium. The
second column computes the skill premium for an artificial allocation which fixes the
values of aggregate skilled and unskilled effective hours, Ly and L,,, to pre-reform steady
state levels while setting the stock of capital (of both types in the CSC economy) to the
post-reform level, thereby isolating the capital channel. Relative to the second column,
the third column changes only the fraction of skilled workers to the post-reform level,
holding the average skilled and unskilled labor hours fixed, and computes the implied
skill premium. This way, the third column isolates the extensive margin effect. Finally,
a comparison of the third and fourth columns gives the intensive margin effect on the
skill premium (by adjusting the skilled and unskilled hours to the post reform steady-
state values). As expected, in the CSC economy, the decline in capital stock has the
strongest effect on the skill premium which is partially offset by the resulting decline in
the fraction of skilled workers. The capital channel is not operational and the extensive
margin channel is negligible in the CD economy. The intensive margin effects are small
in both cases.

The redistributive benefit of the decline of the skill premium in the CSC economy can
be seen from Figure 1b: average consumption inequality between the two groups falls over
the transition. The decline in consumption inequality in the Cobb-Douglas economy in
response to increasing capital taxes is significantly less pronounced. A similar pattern can
be observed looking at Figure 1c: consumption Gini decreases more in the CSC economy.

Higher capital taxes have similar aggregate implications in the two economies: they
reduce capital intensity and output. This happens to a larger extent in the CSC economy

as displayed by Figure 1d and Figure le because the capital tax increase is larger in the
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CSC economy. As Figure 1f shows, an important difference between the two economies
is the decline in the fraction of skilled workers observed only in the CSC economy, which

is caused by the decline in the skill premium.

Welfare Gains. The welfare gains of the reform are equivalent to increasing the con-
sumption of all agents (who were alive at the time of the reform) at all dates and states
by 1.25% in the economy with capital-skill complementarity, while the corresponding
welfare gains number is 0.85% in the standard Cobb-Douglas economy. This implies that
carrying out the optimal capital tax reform is more important in terms of its welfare

effects when capital-skill complementarity in production is taken into account.

Components of Welfare Gains. Following Benabou (2002) and Floden (2001), we
decompose the total welfare gains, A, into three components: level, A, redistribution,
Ag, and insurance, A7, where 1+A = (1+A;)(1+Ag)(1+ Ap).'® The level component
measures the welfare gains that arise from improvements in aggregate quantities between
the pre-reform and post-reform allocations. It aims to capture efficiency gains that result
from better allocation of productive resources and reduction in distortionary taxes. The
redistribution component measures the gains that arise from a reduction in inequality
between the two allocations. Finally, the insurance component measures the welfare gains
that arise from a reduction in risk associated with pre-reform vs. post-reform allocations,
and aims to capture the magnitude of insurance that the tax reform provides.

The first row of Table 8 shows that the reform brings substantial redistributive gains
at the cost of large level losses and a modest increase in the risk faced by individuals
in the CD economy. Recall that the reform increases the capital tax rate and lowers
labor taxes. The rise in capital tax rate generates redistribution as wealth is distributed
very unevenly. The decline in average labor taxes goes in the opposite direction but is

clearly trumped by the capital tax rate. This is in line with the findings of Dyrda and

130ur decomposition is more closely related to, but distinct from, Dyrda and Pedroni (2022), who
extend the methods developed by prior literature to measure welfare gains over transitions. Our and
their methods produce identical level effects and similar but non-negligibly different redistribution and
insurance effects. With our method, one does not need to define certainty equivalent allocations over
transition. The precise definitions used in our decomposition are provided in Appendix E. There, we
also formally prove the claim 1+ A = (14+ A;)(1+ Ag)(1 + Ayp).
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Table 8: Decomposition of Welfare Gains in Baseline Reform

A A Agr Ajp

Cobb-Douglas 0.85 -145 244 -0.11
Skilled -1.09 -3.68 2.81 -0.12
Unskilled 1.93 1.12 0.90 -0.10

Capital-Skill Complementarity 1.25 -2.12 3.19 0.24
Skilled -1.95 -5.46 3.15 0.55
Unskilled 3.04 1.86 1.09 0.07

The first panel of the table reports the total welfare gains of the reform (A) and its decomposition to level (Ay), redistri-
bution (Ag) and insurance (A;) effects in consumption equivalence units for the Cobb-Douglas economy while the second
panel reports the same for the capital-skill complementarity economy.

Pedroni (2022) who argue that, in an economy that is similar to ours, changes to capital
income taxes are more important for redistributive gains than changes to labor taxes.
Large distortions created by higher capital taxes lower productivity (through mainly
lower capital intensity in production), which manifests itself in negative level effects.!
Lower labor taxes increase the share of total household after-tax income that is risky.
This is a force for negative insurance effect of the reform. However, since it increases
aggregate labor and reduces the capital stock, the reform also decreases wages, which has
a positive insurance effect. This counteracting general equilibrium force partially offsets
the former, resulting in a small and negative insurance effect.

A comparison of the first and the fourth rows reveals that, by pushing the capital tax
rate even higher in the capital-skill complementarity economy, the government achieves
more redistribution but this comes at the cost of larger level losses. The insurance effect
changes sign relative to the Cobb-Douglas economy, albeit it is still quite small relative
to other components.

Figure 2 depicts a more complete picture by comparing how identical tax reforms affect
welfare via the three components in the two economies. While rising capital taxes have

comparable level effects in CSC and CD economies, they generate larger redistributive

“From Dyrda and Pedroni (2022), we know that increasing the capital tax rate can work in the
direction of increasing labor productivity if there are wealth effects on labor supply. Lowering labor
taxes can also increase labor productivity, especially since our labor tax schedule is progressive. These
positive effects on productivity are, however, trumped by the aforementioned distortionary effects of
the reform, which, therefore, generates overall negative level effects. This is, in part, due to the fact
that, as shown by Dyrda and Pedroni (2022), time variation of fiscal instruments is important for the
productivity enhancing effect of rising capital taxes.
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Figure 2: Components of Welfare Gains

This figure displays the three components of welfare gains, level, insurance, and redistribution, as well as total welfare gains
from capital tax reforms for Cobb-Douglas and capital-skill complementarity economies. From left to right, the solid black
lines represent the status-quo, optimal Cobb-Douglas and optimal capital-skill complementarity capital tax rates.

gains in the former, which is expected given that the indirect redistribution channel
present only in that economy. The insurance effects of increasing capital taxes are smaller
in magnitude relative to other components. They are non-monotonic in general, but
positive and increasing at higher tax rates, and are larger in the CSC economy. This is
partly due to the fact that, for a given capital tax rate increase, averages wages for both

skilled and unskilled workers decline more in the CSC economy.

Distribution of Welfare Gains. We also find that the distribution of welfare gains
is more tilted toward the unskilled in the CSC model relative to the CD model. As
the second and third rows of Table 8 display, the welfare of unskilled agents as a group
increases by 1.93% in consumption equivalence units in the CD economy while the skilled
agents’ welfare decreases by 1.09%. The corresponding numbers are more extreme in the
CSC economy: a 3.04% increase for unskilled and a 1.95% decrease for skilled. Looking
at the decomposition of these gains, perhaps most notable is that the skilled agents

face much larger level losses relative to the aggregate level losses while unskilled agents
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experience level gains in both economies. This is because, in addition to the aggregate
level loss coming from increased distortions in the economy, the reform also taxes away
their wealth to be redistributed to unskilled workers. Importantly, the level losses of
skilled and gains of the unskilled are more pronounced in the CSC economy because of
the indirect redistribution channel that is also at work.

Not reported in Table 8 is a closer look at the winners and the losers of the reform
within each skill group. It is the asset-poor agents who gain and the asset-rich agents
who lose in both groups in both economies. In the CSC economy, while 88% of the
unskilled gain, only 49% of the skilled do so. Since the indirect redistribution channel is
missing in the CD economy, the welfare implications are more symmetric within the two
groups than in the capital-skill complementarity case: 87% of the unskilled and 54% of

the skilled gain.

5.2 Alternative Social Welfare Criteria

The baseline analysis assumes that the government evaluates the outcome of the reform
by aggregating citizens’ welfare using a Utilitarian social welfare function that puts an
equal weight on all agents who were alive at the time of the reform. In this section, we

consider alternative assumptions regarding how society adds up individual utilities.

Rawlsian Social Welfare. A substantially more redistributive alternative is the Rawl-
sian social welfare criterion. This social welfare function maximizes the welfare of the
least fortunate member of society. The optimal tax problem then is to find the tax rate
7 on capital income that leads to the competitive equilibrium that achieves the highest
welfare for the agent with the lowest welfare among all the agents who were alive at the
time of the reform. Formally, the government solves the following problem:

: s 6
l’nleX Z‘euﬁ;(zrilalir)lEZiXA Uz,()(zw Qi 7_) ( )

such that, for every 7, v;(z;, a;;7) is the value in the corresponding competitive equilib-

rium.
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Table 9: Optimal Taxes under Alternative Social Welfare Functions

T A
Status Quo 0.36 0.89
Baseline
Cobb-Douglas 0.61 0.95

Capital-Skill Complementarity  0.67  0.96
Rawlsian Social Welfare

Cobb-Douglas 0.70 0.97
Capital-Skill Complementarity  0.74 0.97
Ignoring Redistribution

Cobb-Douglas 0.08 0.821
Capital-Skill Complementarity  0.14 0.837
Weight on Unborn Generations
Cobb-Douglas 0.53 0.93
Capital-Skill Complementarity  0.56  0.93

The first row of the table reports status-quo capital tax rate used in our calibration and the corresponding average labor
income tax parameter in the corresponding steady state. The second and third rows report the optimal capital tax
rate and the labor income tax parameter in the resulting final steady state for both the Cobb-Douglas and capital-skill
complementarity models for the baseline exercise. The fourth and fifth rows report the values of the same variables for the
exercise in which the social welfare function is Rawlsian while the sixth and the seventh rows report these for the case in
which social welfare function consists of the multiplication of the level and insurance components and ignores redistribution
component. Finally, last two rows report optimal capital tax rate and the corresponding final steady-state labor income

tax parameter for a social welfare function that weighs utility of generations who were yet to be born at the reform date.

The results of this exercise are reported in the second panel of Table 9. We find that
the optimal capital tax rate is 74% in the economy with capital-skill complementarity
while it is 70% in the economy without. Since redistributive considerations are more
important under the Rawlsian social welfare criterion, the government uses capital taxes
more heavily in both economies in order to tax asset-rich agents. The difference between
the optimal rates in the CSC and CD economies is four percentage points, somewhat

lower than the differential in the benchmark case.'®

150One explanation as to why the differential falls is as follows. Changing the social welfare function
from Utilitarian, which puts some weight on skilled workers’ welfare, to Rawlsian, which puts all weight
on unskilled workers (since lowest welfare agent is unskilled), one may expect that our channel - which
redistributes from skilled to unskilled as a group - becomes more pronounced, and hence, the optimal cap-
ital tax differential between CD and CSC economies should increase. However, moving from Utilitarian
social welfare function to Rawlsian also implies that although we were putting weight on people with all
asset levels before, now we put weight only on workers with the lowest asset level (namely workers with
no assets). This means that the standard channel for redistributive capital taxation also becomes more
pronounced. Whether the optimal tax differential increases depends on which of the two mechanisms’
strength increases more, which is a quantitative matter, and in part, depends on the relative degrees of
wealth inequality vs. skill premium.
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Ignoring Redistribution. Next, we consider an optimal tax problem of a planner
that does not value redistribution across initial types. We do so by making use of the
decomposition of welfare gains introduced in Section 5.1. Specifically, we look for the
capital tax rate that maximizes the combination of the efficiency and insurance gains of
reform, which corresponds to (1 + Ap)(1 + Aj). The results are given in the third panel
of Table 9. First, compared to the baseline exercise, the optimal capital tax rates are
much lower in both economies. This is expected as the main benefit of capital taxation
is redistribution. Second, the optimal capital tax rate is still significantly higher in the
CSC economy. A glance at Figure 2 shows that this is because the insurance and level

gains associated with cutting capital taxes are lower in the CSC economy.

Weight on Unborn Generations. In the baseline exercise, we assume that the plan-
ner weighs only the welfare of generations who are alive at the time of the reform in the
social welfare calculus. In this section, we investigate the impact of capital-skill comple-
mentarity on optimal capital taxation under the assumption that society also takes into
account the utility of the generations who are yet to be born as of the time of the reform.
For comparability to the baseline exercise, we assume that the planner cares about all
citizens who were alive at the date of the reform equally. All citizens who are born on a
certain date ¢ after the reform enter the social calculus with a welfare weight of 5 = 5.

The social welfare is then given by:

Zmo/ Vio(ziy a3 T)dN;o(2i,a;) + (1 — x ZB th/ Vi +(2:,0) — i]dAZ (),

1=Uu,s 1=u,s

where A7 is the stationary distribution associated with the Markov chain that describes
the evolution of the productivity shock for type 7. We believe that B = [ is a natural case
to consider since this amounts to assuming that the social discount factor that applies to
utility from consumption in a given period only depends on the period and is independent
of the cohort that enjoys that consumption.

The results of this exercise are reported in the bottom two rows of Table 9. First,

in both CD and CSC economies, the optimal capital tax rates are lower relative to the
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benchmark exercise. This is expected since while the redistributive benefit of capital
taxation is enjoyed more in the short run, the cost of capital taxation - the slowing
down of capital accumulation - is a forward looking cost, and the social welfare function
employed in this section puts more weight on the future relative to the baseline case. We
also find that the impact of capital-skill complementarity on optimal taxes, as measured
by the difference in the optimal capital tax rates between CSC and CD economies, is
lower relative to the baseline exercise. The same intuition is at play here. The indirect
redistribution channel that capital-skill complementarity unleashes brings more benefits
in the short run while the additional distortion that this creates, namely the decline in the
fraction of skilled workers, is a forward looking cost. Therefore, the additional capital tax
that capital-skill complementarity implies is smaller when future generations are taken

into account.

5.3 Sensitivity Analysis

Cost of Skill Acquisition. In the baseline economy, following Heathcote, Storesletten,
and Violante (2010), we assume that the cost of skill acquisition is distributed according
to a log-normal distribution. In this section, we recalibrate the distribution of cost of
skill acquisition assuming it is distributed according to another commonly used two-
parameter distribution, the logistic distribution (see, among others, Guerreiro, Rebelo,
and Teles (2021)). The calibration of the model is identical up to the cost distribution,
which is calibrated in a way identical to the calibration of the log-normal cost distribution
in the baseline case. The results, which are summarized in Table 10 in the second panel
from the top, show that the optimal capital taxes are five percentage points higher in the
CSC economy (66%) relative to the CD economy (61%). The difference is 1 percentage
point smaller than in the baseline.

We also consider an exercise with inelastic skill supply in which we keep the fraction
of skilled workers exogenously at the pre-reform level. This is obviously an extreme
assumption but this exercise is useful as it informs us about the significance of skill choice

as a behavioral response to capital tax reforms. As the third panel of Table 10 displays,
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Table 10: Optimal Taxes: Sensitivity Results

T A
Status quo 0.36 0.89
Baseline
Cobb-Douglas 0.61 0.95

Capital-Skill Complementarity 0.67 0.96
Logistic Cost of Skill Acquisition
Cobb-Douglas 0.61 0.95
Capital-Skill Complementarity 0.66 0.96
Exogenous Skills

Cobb-Douglas 0.62 0.95
Capital-Skill Complementarity 0.73 0.99
Capital-Skill Complementarity

Cobb-Douglas (baseline) 0.61 0.95
Capital-Skill Complementarity 0.67 0.96
Lower Labor Supply Elasticity

Cobb-Douglas 0.60 0.94
Capital-Skill Complementarity 0.65 0.95

The first column of the table reports status-quo capital and average labor income taxes under the status-quo tax system.
The second and third columns report optimal capital taxes and the steady-state value of average labor income taxes under
the optimal tax system for both the Cobb-Douglas (CD) and capital-skill complementarity (CSC) models.

in this case optimal taxes are higher in both CD and CSC economies: 62% and 73%,
respectively. This is intuitive: in both economies, higher capital taxes reduce people’s
incentives to acquire skills as skilled workers earn more and acquire more wealth. In fact,
this is the only channel operating in the CD economy. In the CSC economy, in addition to
this channel, higher capital taxes also reduce the skill premium, thereby disincentivizing
skill acquisition further. The fact that ignoring skill choice increases optimal capital
taxes much more in the CSC economy implies that this latter channel is quantitatively

important.

Capital-Skill Complementarity. The mechanism that calls for higher optimal taxes
on capital income works through the presence of capital-skill complementarity in produc-
tion. In this regard, our results may be sensitive to the degree of relative substitutability
of capital and skilled labor. Krusell, Ohanian, Rios-Rull, and Violante (2000), whose elas-
ticity estimates we employ in our quantitative work, use data from the period 1963-1992.
However, the world in general and the U.S. economy in particular has been going through

an unprecetended technological change in the last three decades. A recent working paper
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by Maliar, Maliar, and Tsener (2020) estimates the same production function, given by
(5), using more recent data, namely data from the period 1963-2017. They find that
in the recent data, the elasticity of substitution between equipment and unskilled labor
is about 1.71, and the one between equipment and skilled labor of about 0.76. These
values are higher than the corresponding numbers in Krusell, Ohanian, Rios-Rull, and
Violante (2000), which are 1.67 and 0.67, respectively. This implies that equipment cap-
ital has become more substitutable with both skilled and unskilled labor. Nonetheless,
Maliar, Maliar, and Tsener (2020) conclude that the production function estimated by
Krusell, Ohanian, Rios-Rull, and Violante (2000) and the capital-skill complementarity
mechanism remain remarkably successfull in explaining the skill premium dynamics.

To assess the sensitivity of our result to these elasticities, we now compute the 2017
steady state using the parameter values from the baseline calibration except for the
values of p and 7, which we take from Maliar, Maliar, and Tsener (2020). We find that
the resulting stationary equilibrium still matches the U.S. economy very well in terms
of our calibration targets. We then conduct the optimal capital tax reform for the CSC
economy with the parameters p and n from Maliar, Maliar, and Tsener (2020), and as
reported in the fourth panel of Table 10, we find that the optimal capital tax rate is 67%,

the same as in the baseline case.'®

Elasticity of Labor Supply. In our benchmark exercise, we take the parameter that
controls the Frisch elasticity of labor supply to be v = 1, which implies an elasticity of 1.
As a sensitivity check, we conduct optimal tax exercise for an economy that is recalibrated

assuming v = 2 (Frisch elasticity equals 0.5).17 The results of this exercise are reported in

16 A key assumption in the analysis of Krusell, Ohanian, Rios-Rull, and Violante (2000) is their choice
of the time series of the price of equipment capital. This choice determines the time series of real
stock of equipment capital in the data, which affects the estimation of elasticities. Polgreen and Silos
(2008) conduct two sensitivity checks to Krusell, Ohanian, Rios-Rull, and Violante (2000) by using two
alternative series for the price of equipment capital. They estimate the production function given by
(5) using these two alternative series. In a previous version of this paper, we conducted the optimal tax
analysis for these two additional capital-skill complementarity economies and find that the optimal capital
tax rates for these economies are also very similar to the one in the baseline capital-skill complementarity
economy, providing further robustness to our baseline findings.

1"The values of parameters that are taken from the literature are identical to those in the baseline
calibration, and hence are reported in Table 1. The values of internally calibrated parameters are reported
in Table 13 and Table 14, which are relegated to Appendix F for brevity.
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the last panel of Table 10. The optimal capital tax rate equals 65% in the economy with
capital-skill complementarity while it is 60% in the Cobb-Douglas economy. We conclude
that the main finding - that the presence of capital-skill complementarity in production
calls for higher optimal capital taxes - is not affected by Frisch elasticity, at least in the

region of empirically plausible elasticities.

6 Tax Reforms with Richer Instruments

6.1 Differential Taxation of Equipment and Structures

In the baseline optimal tax exercise, we assume that the government is not allowed to
tax equipment and structures differently in the CSC economy. This is mainly motivated
by the fact that statutory tax rates on capital income derived from different types of
capital is the same. However, effective tax rates can differ by capital type (mainly due
to tax depreciation allowances that differ from actual depreciation rates). In this section,
we consider a tax reform in which the government is allowed to tax equipment and
structures at different rates. We find that optimal tax rate of structures is 65% while
that on equipment is 69%, see the second panel of Table 11. The fact that equipment
capital is optimally taxed at a higher rate than capital in the CD economy follows the
same logic as in the baseline exercise. Capital structures are also taxed at a higher
rate because the government does not want to set the two tax rates too far apart from
each other in order to keep the productive efficiency distortions associated with taxing
two capital types differently. Similar to the baseline exercise, average optimal tax rate
on capital income in the CSC economy is about six percentage points higher than the
optimal capital tax rate in CD economy.

The optimality of differential taxation of capital is in line with Slavik and Yazici
(2014) who, relative to our four percentage point differential between taxes on equipment
and structures, find that a much larger differential is optimal. This is mainly due to
the fact that they do not take into account endogenous skill supply nor do they model

heterogeneity beyond differences in skills.
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Table 11: Optimal Taxes: Richer Instruments

Ts Te Tl A
Status quo 0.36 0.36 0.10 0.89
Baseline
Cobb-Douglas 0.61 0.61 0.10 0.95

Capital-Skill Complementarity 0.67 0.67 0.10 0.96
Differential Capital Taxation

Cobb-Douglas (baseline) 0.61 0.61 0.10 0.95
Capital-Skill Complementarity 0.65 0.69 0.10 0.96
Comprehensive Reform

Cobb-Douglas 0.63 0.63 0.37 0.75
Capital-Skill Complementarity 0.71 0.71 0.37 0.69

The first column of the table reports status-quo capital and average labor income taxes under the status-quo tax system.
The second and third columns report optimal capital taxes and the steady-state value of average labor income taxes under

the optimal tax system for both the Cobb-Douglas (CD) and capital-skill complementarity (CSC) models.

6.2 Comprehensive Reform

So far, we have focused on the effect of capital-skill complementarity on the optimal
capital tax rate in the context of a tax reform in which the government is only able
to adjust the capital tax rate along with the parameter that controls the average labor
income tax, A. In particular, this reform does not involve setting the labor income tax
progressivity parameter, 7;, optimally. We pursue this route mainly because, perhaps
due to political constraints, it is often quite difficult for the government to implement
comprehensive reforms in which the capital and labor tax codes are reformed substantially
at the same time. This section aims to gauge the effect of capital-skill complementarity
on the optimal capital tax rate in the context of such a comprehensive tax reform. To
be precise, we consider the problem of a government which introduces a once and for all
unannounced change in the capital tax rate, 7, and in labor tax progressivity, 7;. As in
the baseline, to ensure that its budget holds, the government adjusts the parameter that
controls the average labor income tax, {\;}°,, along the transition to the new steady
state. The welfare criterion puts equal weight on all the agents who are alive at the time
of the reform and takes transition into account as in the baseline case.

The third panel of Table 11 summarizes our findings. Looking at the last two rows of
the table, we see that the optimal capital tax rate differential between the two economies

is even higher, namely 8 percentage points, in the comprehensive reform. Moreover, in
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Table 12: Decomposition of Welfare Gains in Comprehensive Reform

A AL AR AI
Cobb-Douglas 16.40 -13.46 22.25 10.02
Capital-Skill Complementarity 17.27 -14.89 23.60 11.47

The first panel of the table reports the total welfare gains of the reform (A) and its decomposition to level (Ay), redistri-
bution (Ag) and insurance (A;) effects in consumption equivalence units for the Cobb-Douglas economy while the second
panel reports the same for the capital-skill complementarity economy.

both economies, the government finds it optimal to increase the capital tax rate beyond
the level that is optimal in the baseline exercise, in tandem with much higher labor tax
progressivity and average labor taxes. A glance at welfare gains decomposition given by
Table 12 helps us make sense of this finding. The ability to increase labor tax progressiv-
ity in the comprehensive reform implies much larger insurance and redistribution gains
relative to the baseline reform. This is due to the fact that, with higher progressivity,
labor taxes are much more potent in making targeted transfers. This can be seen by look-
ing at Figure 3 which compares average labor tax rates across the earnings distribution
between the baseline and the comprehensive reforms. The high degree of progressivity in
the comprehensive reform allows for substantial subsidies especially at the lower end of
the earnings distribution.

The large redistribution and insurance gains come at the expense of immense level
losses relative to the partial reform. This contraction of the economy implies that to
finance the same level of spending, the government needs to raise substantially larger
revenue (relative to income) through both capital and labor income taxes. This is why
we observe a rise in both the capital tax rate and average labor taxes. Overall welfare
gains from the comprehensive reform are very large which is a finding in line with Ferriere,
Gruebener, Navarro, and Vardishvili (2022) who evaluate welfare gains of a similar reform.
Unlike us, these authors find that such an optimal reform involves a reduction in tax
progressivity. The divergence in findings follows mainly from the fact that in their model
there is a transfer function, distinct from the progressive tax function we use, through
which the government is able to transfer resources to the poor while the main way to

achieve this in the context of the current paper is via progressive labor taxes.
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Figure 3: Average Labor Tax Rates in Baseline vs. Comprehensive Reform

This figure displays the average labor tax rate that applies to the mean earner in each earnings quintile under the status quo
tax system (solid black line), baseline reform (green circles) and comprehensive reform (red circles). The vertical variation
that corresponds to each quintile in baseline and comprehensive reforms report average tax rates in every period during

transition. The figure is drawn for capital-skill complementarity economy.
6.3 Time-Varying Optimal Capital Taxes

In the baseline environment, we assume that the government chooses a capital tax rate
that is constant over time. Although this is not an unreasonable assumption with regards
to how actual tax rates are set in place, it is also interesting to consider the effect of
capital-skill complementarity on optimal capital taxes in a world in which the government
can commit to a time-varying sequence of capital tax rates.'® We allow for time variation

in the capital tax rate in the following parsimonious way:

7 = rexp(=E - t) + (1 — exp(=§ - )T, (7)

where ¢ is time and (7,7, £) denote the initial tax rate, the final tax rate, and a parameter
that controls the speed of transition from the initial to the final tax rate, respectively.

At the beginning of the reform, the government announces and commits to a capital tax

BFollowing Aiyagari (1995), only recently researchers have begun to analyze optimal time-varying
Ramsey tax problems in economies with heterogenous agents. Dyrda and Pedroni (2022) provides one
such optimal tax analysis in an incomplete markets framework with realistic degrees of heterogeneity
similar to ours but using a much more flexible capital tax function. See also Acikgoz, Hagedorn, Holter,
and Wang (2018) for a similar analysis.
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Figure 4: Optimal Time-Varying Capital Taxes

The six graphs report how the skill premium, relative skilled wealth, relative skilled consumption, aggregate capital stock,
aggregate output, and the capital-output ratio change over the transition following the optimal tax reform. CSC and CD

refer to capital-skill complementarity and Cobb-Douglas economies, respectively.

policy along with a sequence, {\;}7°,, which ensures that the government budget balances
every period.

In addition to equation (7), we also assume an upper bound on the tax rate 7, < 1,
following the literature. At the optimum, this constraint binds for a certain number of
periods after which the planner finds it optimal to decrease capital taxes below 100%.
Therefore, rather than choosing the initial tax rate, the planner chooses the number of
periods of 7, = 100%. After these periods, the capital tax policy follows equation (7)
with an additional simplification, namely that the decay rate £ = 0.2.*°

The optimal tax rates on capital in the economies with and without capital-skill
complementarity are depicted in Figure 4. In both economies the planner finds it optimal
to set ; = 100% for six 6 periods. The result that if the planner can choose capital
taxes that vary over time, she will indeed choose very high capital taxes early on to

combat inequality, is well known from the literature. After these 6 initial periods, the

19We fix ¢ mainly for computational tractability. This assumption is justified based on the observa-
tion that the planner has one too many instruments locally. With this tax function, the planner can
approximate a given path of tax rates, at least in the short run, with another combination of decay rate
and terminal tax rate with virtually no impact on welfare.
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optimal capital tax rates are higher in the CD economy. The reason for this seemingly
contradictory finding is as follows.

The initial 6 periods of high capital taxation are very effective in reducing inequality
in both economies, but especially in the CSC economy, as the massive decline in capital
stock reduces skill premium substantially in this economy (but not in the CD economy).
As a result, the two economies are not identical any more once the planner finds it optimal
to leave the upper bound of 100% in period 7: the skill premium is substantially lower,
namely 1.85, and hence, the need for redistribution is smaller in the CSC economy, which
calls for lower capital taxes. On the other hand, capital taxation is still a more effective
redistribution tool in the CSC economy due to the indirect redistribution channel it
provides. In period 7, these two forces offset each other to a large extent, and optimal
capital tax in CD economy is only about 1% higher than that in CSC economy.

Capital taxation is an especially effective redistribution tool at the beginning of the
reform since most of the population - except for 2.2% that are newly born - are fixed
into their skill types. Over time, the fraction of the population that makes a skill choice
increases, increasing the elasticity of the fraction of skilled with respect to capital taxes
and reducing the effectiveness of capital taxation as a redistributive tool in the CSC
economy. This implies a rise in the difference between the optimal capital tax rate across
the two economies over time. Eventually, the differential converges to 6% as the elasticity
of the fraction of skilled workers converge.

In contrast to the theoretical characterization of Aiyagari (1995), we find that the
optimal long-run capital tax rate is negative in both economies. This is possible since our
analysis differs from his in three substantive ways. First, we have a different demographic
structure where people die and are replaced by newborns, and the future generations do
not enter the social welfare function. Second, we model endogenous skill choice, which is
an additional margin through which capital taxation distorts the economy. Finally, we
assume a parametric tax function (7) with an additional restriction that the decay rate

is fixed.
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7 Conclusion

This paper shows that capital-skill complementarity provides a quantitatively significant
rationale for taxing capital for redistributive governments. Importantly, it does so using
a rich quantitative model with endogenous skill acquisition that allows us to replicate the
degree of earnings and wealth inequality observed in the U.S. economy. The paper finds
that it is optimal to rely more on capital income taxes and less on labor income taxes when
capital-skill complementarity is taken into account. The welfare gains of an optimal tax
reform are also significantly larger in the presence of capital-skill complementarity. Given
the overwhelming empirical evidence on the presence of capital-skill complementarities in
production, our analysis suggests that governments should take into account the presence

of such complementarities when setting capital tax rates.
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Appendix

A Definition of Competitive Equilibrium for the Cobb-
Douglas Economy

The state of a worker of type ¢ in a period ¢ is fully described by the worker’s productivity
and asset holdings. Let (z;,a;) € Z; x A denote this state. Let A;;(2;,a;) denote the
distribution of workers of type ¢ across productivities and assets. The initial, t = 0,
distributions are given exogeneously.

Definition: Given initial conditions, a recursive competitive equilibrium is a govern-
ment policy (Ti(.), 7, Dy, Gt)i2, allocation for the firm, (K, Lsy, Lyt)2,, value and pol-
icy functions for agents, (v (2, a:), Cit(2i, i), Lt (26, i), Qi ey1(2i5 @3)) 720 =0 s> SKill choices,
shares of workers who are skilled, (75,)2,, a price system (ry, wg s, Wy, Ri)52, and distri-
butions over individual states, (A ;(2i, @;))72g iy, s Such that:

1. In each period t > 0, taking factor prices as given, (K, Lgy, Ly, +) solves the firm’s
problem given by:

max F(Ku Ls,ta Lu,t) — Ky — ws,th,t - wu,tLu,ta

Ki,Ls,t Lot

2. Given government policy and the price system, the policy functions solve the con-
sumer’s problem given by (2).

3. Skill choice is consistent with (3), that is in any period ¢, all those with ¢ < ),
attend college and all other do not. Moreover, the evolution of the fraction of
skilled in each period is consistent with skill choice: m,; = x7s:1 + (1 — x)75,,
where 77}, = fR+ Iy, (Y)dH (1) is the fraction of newborns who choose to become
skilled in period ¢ and I, (¢) is the indicator function, 7, = 1 — 77!, for all ¢,
and 7y is given.

4. The evolution of distributions of agents across productivities and assets over time is
consistent with agent choices. That is, for all t > 0, ¢ = u,s and (z},a}) € Z; x A :

177

X Zziezi Hi(zﬂzi) f{aiiai,t+1(zi7ai)§a;‘} dAi’t(Zi’ ai) + (1 o X)T('Zt+1Af(Z£)
X+ (11— X)Wgt—l—l

Ai,tJrl(Z;’ CL;) = )

where (A;0(2i, a;))izu s is given and A7 is the stationary distribution associated with
the Markov chain that describes the evolution of the productivity shock for type i.
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5. Markets for assets, labor and goods clear: for all t > 0,

Kt +Dt Z 7th/ azt zzaaz dAzt 1(21,611)

’LUS

Lz‘,t = Wi,t/ li,t(zz‘a ai)zidAi,t(Zi; ai)» for 1 = u, s,
Z;ixA
Gt + Ct + Kt+1 == F(Kt7 Ls,t, Lu,t) + (]. - (5>Kt,

where

Ct Z 71'zt/ Czt Z’Lua‘l dAZt(’Zl?a/l)

7,'7J,S

is aggregate consumption in period t.

6. The government’s budget constraint is satisfied every period: for all ¢ > 0,

Gt + RtDt Dt+1 + Tt(rt Kt + Z T3¢ / zt(zu az>wz tzz)dAz t(z’m az)
Zix A

l'lLS

B Data Construction

Fraction of skilled agents. The fraction of skilled agents is calculated using Current
Population Survey ASEC (March) data administered by the U.S. Census Bureau and
the U.S. Bureau of Labor Statistics. We use data from the 2018 survey which includes
information about 2017. We focus on males aged 25 and older with earnings and follow
Krusell, Ohanian, Rios-Rull, and Violante (2000) by defining the fraction of skilled agents
as the ratio agents with a bachelor’s degree or more divided by the total number of agents
in Table P-16.

Government consumption-to-GDP ratio. The government consumption-to-output
ratio is recovered from the National Income and Product Accounts (NIPA) data. It is
defined as the ratio of nominal government consumption expenditure (line 15 in NIPA
Table 3.1) to nominal GDP (line 1 in NIPA Table 1.1.5).

Government debt-to-GDP ratio. The government debt to GDP ratio is taken from
the St. Louis FED database FRED for year 2015. The data series is called “Fed-
eral Debt Held by Private Investors as Percent of Gross Domestic Product” (series ID:
HBPIGDQ188S). The precise number for 2015 is 59.2% which we round to 60% (govern-
ment debt-to-GDP ratio keeps increasing after 2015).

Share of equipments in total capital stock. The share of equipment capital in total
capital stock is calculated using Fixed Asset Tables (FAT) data. It is defined as the ratio
of private equipment capital (line 5 in FAT Table 1.1) to the sum of private equipment
and structure capital (line 5 + line 6 in FAT Table 1.1). This calculation gives a value
of 0.32 in 2017, which we round to 1/3.

Capital-to-output ratio. Housing is excluded from both output and capital when
calculating the capital-to-output ratio. For this calculation, output is defined using Table
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1.5.5 in NIPA as GDP (line 1) net of Housing and utilities (line 16) and Residential
investment (line 41). Capital stock is calculated using the Fixed Asset Tables (FAT),
Table 1.1 as the sum of the stocks of private and government structure and equipment
capital (line 5 + line 6 + line 11 + line 12). The ratio is relatively stable after 2015. We
use the value of 2.07, which is the value for 2017.

Cross-sectional inequality statistics. All cross-sectional income and wealth mo-
ments (Gini for earnings and wealth, top 1% shares, quintile shares and relative skilled
wealth) reported in Table 2 and in Table 4 are taken from Kuhn and Rios-Rull (2020)
and correspond to year 2016. The data source used in Kuhn and Rios-Rull (2020) is the
Survey of Consumer Finances. The definition of skilled and unskilled agents is consistent
with the rest of the paper: Skilled agents are those of 16 years of education or more.
In SCF, this corresponds to bachelors degree or higher (as reported for the head of the
household, typically a male).

C The 1967 Economy

This section provides a detailed description of the steady state that corresponds to the
1967 U.S. economy. The 1967 economy is computed by taking the capital-skill comple-
mentarity model with all of its parameters that are calibrated to match the 2017 U.S.
economy, as reported in Table 1, Table 2, and Table 3, and changing only the price of
equipment, the relative supply of skilled workers and tax policy to their values from 1967.
Below we explain how we constructed the changes in these three key factors.

Price of equipment in 1967. Following the methodology of Cummins and Violante
(2002), DiCecio (2009) calculates the historical price of equipment capital in consumption
good units. To quantify the decline in the price of equipment across the two steady states,
we calculate the ratio of the price of equipment in 1967 to that in 2017. The price of
equipment decreased by a factor of 16 over this period. (Averaging the price of equipment
over five year periods centered around 1967 and 2017 does not change the resulting ratio.)
Since we normalize the price of equipment to 1 in 2017 steady state, the price of equipment
is set to 16 in 1967 steady state. Since different types of labor have different elasticity of
substitution with equipment capital, the decline in the relative price of equipment capital
endogeneously implies a change in the skill premium, i.e., skill-biased technical change.
In the calculations provided by both Cummins and Violante (2002) and DiCecio (2009),
the price of structure capital relative to consumption remains virtually constant during
this period. For this reason, we keep the price of structures in 1967 at its normalized
price of 1.

Supply of Skilled Workers in 1967. We compute the fraction of skilled workers for
1967 following the same procedure we use to compute it for 2017. We consider only males
who are 25 years and older and who have earnings and use data from CPS 1967. We find
that the fraction of skilled workers was 0.1356 in 1967.

Government policies in 1967. Trabandt and Uhlig (2011), from whom we take the
capital tax rate for the 2017 steady state, use the methodology of Mendoza, Razin, and
Tesar (1994) in calculating this tax rate. Since Trabandt and Uhlig (2011) only go back
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in time as far as 1995, we take the tax rate on capital income for 1967 directly from
Mendoza, Razin, and Tesar (1994). Since effective capital tax rate estimates are sensitive
to short-term fluctuations in the inflation rate, we take an average over the five year
window centered around 1967, which gives a capital tax rate of 41%. As for labor income
taxes, Ferriere and Navarro (2018) estimate a value of 0.12 for the five year period centered
around 1967 for the tax parameter 7;, which represents the progressivity of the U.S. tax
system.

As noted earlier, government consumption to GDP ratio is relatively stable over time
at 16%, we use this number for the 1967 steady state as well. In contrast, the government
debt to GDP ratio, defined as before as “Federal Debt Held by Private Investors as Percent
of Gross Domestic Product” (series ID: HBPIGDQ188S) is 21% in 1970, the earliest date
for this time series. We use this number to represent the late 1960s (the government-
debt-to-GDP ratio was relatively stable throughout the 1970s).

Comparison of the 1967 and 2017 economies. Table 5 compares the 1967 and
2017 model economies to the data along several dimension. (i) Skill premium comes from
Heathcote, Perri, and Violante (2010), (ii) the share of equipment in 1967 is computed
analogously to 2017, as described above. (iii) The labor share is computed from NIPA
using the methodology described in Rios-Rull and Santaeulalia-Llopis (2010) and for
details, we refer the reader to that paper. It offers several alternative ways of calculating
the labor share. We use the following: we first calculate what Rios-Rull and Santaeulalia-
Llopis (2010) call “unambiguously capital income” and “unambiguously labor income.”
Income which cannot be unambiguously classified as labor or capital income is then
divided between capital and labor using the ratio between capital and labor income in
unambiguously assigned income. To get the labor share, labor income is then divided
by GNP. (iv) Real GDP is the series A939RX0Q048SBEA from St. Louis FED FRED
database. (v) Investment-to-output ratio. Housing is excluded from both output and
investment when calculating the capital-to-output ratio. For this calculation, output is
defined using Table 1.5.5 in NIPA as GDP (line 1) net of Housing and utilities (line 16)
and Residential investment (line 41). Investment is calculated using same table as the
sum of the stocks of private and government non-residential investment (line 28 + line
56 + line 59 + line 62).

D Calibration of Cost of Skill Acquisition

This section provides a full description of the details of the calibration of the cost of skill
acquisition. Consider the 2017 steady state. The model implies a utility premium for
skilled workers at this steady state that is given by:

Es,2017[vs,2017(2’s, 0)] - Eu,2017[vu,2017(zu7 0)]

For the marginal individual who is indifferent between acquiring a college degree or
not, this utility premium equals the cost of skill acquisition. That is, letting 1 2017 be
the cost of skill acquisition for marginal worker, we have

1/_15,2017 = Es,ZOl?[Us72017(Zs> 0)] - Eu,2017[vu,2017(zu7 0)]
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Therefore, it has to be that H(@ESQON) = Ts2017- An identical argument applied to 1967
steady state implies H (&5,1967) = Ts1967- Assuming H is log-normally distributed with a
mean and variance, we have two unknowns and two equations, which pins down the mean
and variance of the distribution. The mean and the standard deviation of the normal
distribution that corresponds to the calibrated H are 0.045 and 0.434.

E Decomposition of Welfare Gains

In welfare gains decompositions, it is more convenient to work with sequential definitions
of allocations rather than the recursive definitions given until now. For that reason, we
first give equivalent sequential definitions of allocations. Let vy = (i, 2; 0, a;0) € Vo denote
a person’s type in the initial steady-state distribution. This initial type is distributed
according to some distribution Ag(vg). Although Aj can be constructed from A; o(z; 0, @i )
for ¢ = u, s which is given in the definition of equilibrium in Section A, we will not do so
here as this is not needed for the welfare gains decomposition.

Denote the uncertain consumption-labor allocation a for type vg by {{cﬁoﬁt}, {lfjmt}}.
Utility from this allocation is given by

U ({ety b {l8,}) = mZﬁ (chy0) = v(22,.)]

where the expectation is taken over productivity shocks conditional on initial type.
Define welfare gains of moving from allocation b to allocation a as:

0 "lules, ) — (I, )] do(vo 0 t A, b )] dAo(vo
/UME Zﬁ Coot) = V(T5,.0)] dMo(vo) /UME Zﬁ (L4 A)eyy o) = vl )] dho(vo)-
(8)

Insurance effect. Let average levels of consumption and labor in period ¢ for a given
initial type in allocation a be

a
C’Uo t

= ]EtC and Lgo,t = Etla

vo,t v0,t*

Define the cost of risk for initial type vy in allocation a as

> B [u((1 = Pl i) Co ) — 0(L8 )] mzw () — vl )] - 9)
t=0

The insurance effect Ay is then defined as

IOg(l + AI) = / 10g (1 + AI,UO) dAo(Uo). (10)
vo VY
where 1 4+ A7, = iii’#@; is the insurance effect for initial type vy. Notice that the
vQ,Tis

(aggregate) insurance effect is a weighted average of individual insurance effects in logs.
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Redistribution effect. Let aggregate levels of consumption and labor in period ¢ in
allocation a be

C’f:/ Cr. «dNog(vg) and L;’“:/ Ly, sdAo(vo).
vo VY

voEVH

Define cost of inequality in allocation a as

D8 [ul(1 = e )CF) — 0(L7)] = / >3 [ulCh ) = oL, )] dho(w). (1)
=0 weVo 4—q
The redistribution effect Ag is then defined by
1—p¢
1+ Ap = ——""4, 12
f 1- p?neq ( )

Level effect. Define level effect as
Z Bt [u(C&) — v(LY)] Z B u((14+ AL)CY) —o(LY)] . (13)

Proposition 1. If u(c) = log(c), then
I+A=(1+A)1+Ar)(1+AL).
Proof.

/ . Eo Z B [uleg, 1) — v(l8 )] dAo(vo)

o0

= / log(1 — Py risk)dMo(vo) +/ > B [u(Cy ) — v(L, )] dAo(vo)
vo€eVH UUGVQt =0

= / log pvo rzsk)dAO(UO) + IOg p'meq + Z /Bt —v La)]
voEVH

-/ | og(1 = 1 i) do(tn) + 108(1 — Pine) +loz(1+ A) )+ 38 [ulch) - v(th
o€V t=0

_ / log(1 — P isx)dAo(v0) + log(1 — pe,)
voEVH
o0

S8 [ul€h, ) = o(Lh, )] dho(wo)

log(1+ Ag) —log(1 — pleg) + /
vo VY t=0

= log(l - pgo,risk)dAO(vo) + IOg(l - pgneq) + log(l + AL) - log(l - pgneq)
voEVH

_/ log(l - pgo,risk)dAO(UU + / Eo Zﬁt [ Coo, t ( ) t)} dAO(UO)
voeVH vo eV

t=0

-/ VEozﬂt[ (14 AN+ AR)(1+ AL)eh, ) = vl )] dho(ww),
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where the first equality follows from (9), the second one follows from (11), the third one from
(13), the fourth one follows from (11) and the fifth equality follows from (9). A comparison of
the ultimate equality with the definition of welfare gains given by (8) finishes the proof. O

Remark. An alternative way of defining aggregate insurance component would be as
follows:

o0

S0 [ IO s oA et = [ B D5 [0~ vl 0] ot

vo€VD t—0

and . .
14+ Ay = —Drisk, (14)
1 _prisk

In case of logarithmic utility, the two definitions, given by (10) and (14), deliver an
identical aggregate insurance effect.

F ~ =2 Calibration

Table 13 and Table 14 below report the values of internally calibrated parameters for
the version of the model in which v = 2. As in the baseline, we solve another version
of the model which represents 1967 and recalibrate the distribution of the cost of skill
acquisition, H, to match skill acquisition in the data.The mean and the standard deviation
of the normal distribution that corresponds to the calibrated H are now 0.015 and 0.451
(not reported in the tables below).

Table 13: v = 2 Calibration: Aggregate Moments

Parameter Symbol Value Target Source
Technology (CSC)

Production parameter w 0.2833 Labor share = 2/3 NIPA

Production parameter v 0.6573  Skill premium = 1.9 CPS

Production parameter o 0.1909  Share of equipments, K? =1/3 FAT
Technology (CD)

Total factor productivity A 0.7869  Output level of CSC economy

Production parameter K 0.5570  Skill premium = 1.9 CPS
Common parameters

Discount factor I5) 0.9378 Capital to output ratio = 2.07  NIPA, FAT

Tax function parameter A 0.8839 Government budget balance

Disutility of labor 1) 29.40  Labor supply = 1/3

This table reports the calibration procedure for parameters that target aggregate moments for the case when v = 2. Model
generated target moments are not reported as the match is perfect. The production function parameters «, v and w control
the income shares of structure capital, equipment capital, skilled and unskilled labor in the capital-skill complementarity
model (CSC). The production function parameter s controls the income shares of the skilled and unskilled labor in the
Cobb-Douglas model (CD). The tax function parameter A controls the labor income tax rate of the mean income agent.
The acronyms CPS, FAT, and NIPA stand Current Population Survey, Fixed Asset Tables, and National Income and

Product Accounts, respectively.
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Table 14: v = 2 Calibration: Distributional Moments

Panel A: Moments Data Model
Earnings Gini 0.68 0.66
Earnings Gini - skilled 0.66 0.66
Earnings Gini - unskilled 0.61 0.62
Earnings Top 1%’s share 0.23 0.24
Earnings autocorrelation 0.94 0.95
Wealth Gini 0.86 0.85
Wealth Gini - skilled 0.81 0.81
Wealth Gini - unskilled 0.82 0.81
Wealth Top 1%’s share 0.39 0.38
Relative skilled wealth 5.6 5.6
Panel B: Parameters Symbol Value
Normal state persistence (skilled) Ps 0.7853
Normal state volatility of shocks (skilled) var(es)  0.1848
Transit into superstar state (skilled) Ds 1x1073
Remain in superstar state (skilled) qs 0.9496
Productivity superstar state (skilled) es 46.00
Normal state persistence (unskilled) Pu 0.9947
Normal state volatility of shocks (unskilled) war(e,)  0.0342
Transit into superstar state (unskilled) Du 8 x 107°
Remain in superstar state (unskilled) Qu 0.0216
Productivity superstar state (unskilled) €y 43.45

This table reports calibration results regarding the wage risk parameters for the case when v = 2. The model’s ability
to match calibration targets are reported in Panel A and the calibrated parameter values are reported in Panel B. All
data moments correspond to 2016 U.S. economy and are taken from Kuhn and Rios-Rull (2020), with the exception of the
autocorrelation of earnings, which is reported in Boar and Midrigan (2022). Relative skilled wealth refers to the ratio of

the average skilled asset holdings to the average unskilled asset holdings.
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