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1 Introduction

The optimal tax rate on capital income has long been debated. The supporters of capital
tax cuts stress the efficiency costs associated with capital taxation: the slowing down
of capital accumulation, and hence, reduced output growth. The proponents of higher
capital taxes often bring up their redistributive benefits: wealth is often quite unequally
distributed across the population, and therefore, increasing capital taxes in favor of lower
labor taxes decreases after-tax inequality. Aiyagari (1995) and Domeij and Heathcote
(2004), among others, show that redistributive benefits of capital taxation can be large
enough to imply significant optimal tax rates on capital income. In this paper, we con-
tribute to the debate on optimal capital taxation by putting forward a mechanism through
which capital taxes imply additional redistributive benefits and by quantifying the im-
plications of this mechanism for 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 in
the production process, which is the idea that capital is relatively more complementary
with skilled labor than it is with unskilled labor.! Intuitively, a rise in the capital tax
rate depresses capital accumulation, which then decreases the relative demand for skilled
workers due to capital-skill complementarity. As a result, the skill premium - 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 a la Bewley (1986), Imrohoroglu (1989), Huggett (1993) and Aiyagari (1994), where

individuals face idiosyncratic wage risk. We choose this model as it allows for sufficiently

LCapital-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).



rich modelling 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 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 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 problem of a government which 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 transition 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 60% vs. 48%. Accordingly, the average
labor income tax is smaller in the economy with capital-skill complementarity. In response
to the optimal tax reform, the skill premium falls over transition from the calibrated
value of 1.9 in the initial steady state to 1.67 in the final steady state in the capital-skill
complementarity economy, while it remains virtually unchanged in the Cobb-Douglas
economy. Since labor income taxes are distortionary, this indirect redistribution channel
is valuable to the government and gives rise to the higher optimal capital tax rate in the
economy with capital-skill complementarity. This finding shows that the debate over the
correct 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 from increasing consumption of all agents by 0.78% at every date

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



gains amount to 0.23% 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.

Through an extensive sensitivity analysis, we show that our results are quantitatively
robust to alternative degrees of capital-skill complementarity estimated using different
data sets, to a lower level of elasticity of labor supply, to the absence of uninsured
individual wage risk, to modeling top wealth inequality and to alternative specifications
of the social welfare function.

In the main body of the paper, we focus on the effect of capital-skill complementarity
on the optimal capital tax rate in the context of a tax reform where the government is
allowed to only choose the capital tax rate. As an extension, in Section 6, we analyze
the effect of capital-skill complementarity on the optimal capital tax rate in the context
of a comprehensive tax reform where, in addition to the capital tax rate, the government
also chooses the degree of progressivity of the labor income tax code. We find that the
optimal capital tax rate is still 12 percentage points higher in the model with capital-skill

complementarity relative to the Cobb-Douglas model.

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 we model
heterogeneity across agents, arising from uninsured labor income risk and incomplete mar-
kets. 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)

investigate the quantitative importance of heterogeneity and idiosyncratic labor income

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 (2019) 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 (2020) calculate time-varying paths of optimal capital
and labor taxes in environments with uninsurable wage risk.



risk for capital taxation using an Aiyagari (1994) model. They consider the problem of a
redistributive government which 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
difference of the current paper from Jones, Manuelli, and Rossi (1997) is that we evaluate
the effect of capital-skill complementarity for optimal capital tax rate quantitatively 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, but 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 than struc-

tures.> Bhattarai, Lee, Park, and Yang (2020) analyze macroeconomic effects of specific

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.

SThere is a growing literature which analyzes the optimal taxation of robots, see e.g. Guerreiro,
Rebelo, and Teles (2017), Costinot and Werning (2018) and Thuemmel (2020).



capital tax reforms under capital-skill complementarity. Angelopoulos, Asimakopoulos,
and Malley (2015) use a representative agent model to evaluate the optimality of labor
tax smoothing under capital-skill complementarity, while Dolado, Motyovszki, 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 the

optimal comprehensive tax reform. Finally, Section 7 concludes.

2 Model

The economy consists of a unit measure of individuals, a firm, and a government all of
whom live forever. 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.

Endowments and Preferences. Each period people are endowed with one unit of
time. People are permanently different with respect to their skill levels: they are either
skilled or unskilled, ¢ € {u, s}. Skilled agents can only work in the skilled labor sector
and unskilled agents only in the unskilled labor sector. The total mass of type i workers
is denoted by ;. 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 is denoted by

z and follows a type-specific Markov chain with states Z; = {z;1, ..., z; 1} and transitions

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 papers models capital-skill complementarity.



I1;(2'|z). When a skill type ¢ worker draws productivity 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,
where w; is the wage per effective unit of labor in sector .

Preferences over sequences of consumption and labor, (¢; 4, ;). are defined using a

utility function which is separable between consumption and labor and over time

B3 (i) — o).

where, for each worker type 7, the expectation, F;, is taken over productivity shocks and

f3; is the time discount factor.”

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).

"In the quantitative analysis, we calibrate the discount factors so as to match the observed difference
in wealth between skilled and unskilled agents. The calibration implies a slightly higher discount factor
for skilled workers, which is in line with the empirical evidence provided by Attanasio, Banks, Meghir,
and Weber (1999), who estimate discount factors for different education groups. Importantly, as shown
in Section 5.1, the quantitative importance of capital-skill complementarity for the optimal capital tax
rate does not depend on the assumption of heterogeneous discount factors.

7



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,t’ Keﬂf’ Ls7ta Lu,t) - 7As,th's,t - 7de,tK—e,t - ws,th,t - wu,tLu,t>
Kst,Ke t,Ls,t,Lut

where 75, and 7., 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 {1:}°, 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 ¥ is defined as:

() =7 [g - (g)] | ()

where g 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,}{2, and

repay government debt {D;}°,.

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 — 0.)(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.

Competitive Equilibrium. Before we provide a formal definition of equilibrium, it
is useful to introduce some concepts and notation. The initial state of a worker of type
¢ is fully described by the worker’s initial productivity and asset holding. Let vy =
(20,a0) € Vi = Z; x A denote initial state of a worker of type i. Let A)(vg) be the
exogenously given period 0 distribution of workers of type ¢ across productivities and
assets. Denote the partial history of productivity shocks from period 1 up to period t
by z' = (21,...,2;). Also, denote the conditional probability of z! for agent of skill type
i given period 0 productivity zy by P;:(2"|z0). For each agent type, this unconditional
probability is achieved by applying the transition probability matrix I1;(2’|z) recursively.
We denote by Z! the set in which z* lies for an agent of type i in period ¢t. At any point ¢
in time, a worker’s state is given by (vg, z*). In the definition that follows, it is understood

that (vg, 2°) = .

Definition: Given a couple of initial distributions, {\?(vg) }i=u.s, a competitive equilib-

rium consists of an allocation ({cm(vo, 2, L1 (vo, 2Y), aizq1(vo, zt)} K,
ie{u,s}vo€V;,2t€Z!
[o¢] o0
. . -
Ke,tv Ls,t7 Lu,t>t 07 a pOhCy <7—‘t<)7 Tt, Dta Gt) ) and a price SyStem (Ts,ta re,ta ws,b wu,ta Rt)t:()

t=0
such that:

1. Given the policy and the price system, for each i € {u, s} and vy € Vy, the allocation

[o.¢]
<{ci7t(vo, 21, 11 (vo, 2Y), @i (vo, zt)} tezt>t . solves the consumer’s problem:®
z Vt=

8In the consumer’s utility maximization problem below, the discounted infinite sum of period utilities
is scaled by (1 — ;) to ensure that the infinite sum of weights is equal across all agents.



V2 (vg) = max (=5 Z Z P, 4(220) 8¢ [U(Ci,t(zt)) B U(li,t(zt))}
({Ci’t(zt)’livt(zt)yai,wl(zf) t=0 stez!

stezt/ 1=o
s.t.
vt >0, 2,
Cit(2") + i1 (2Y) < Lig(2Ywi ez — Tellis(2Dwisze) + Reas (271,
where 27! is the null history and,

Yt >0, 2, cir(2") > 0,a;41(2") € A, 1i(2") > 0.

2. In each period ¢t > 0, taking factor prices as given, (K¢, Keyy Lst, Ly ) solves the
following firm’s problem:

max F<Ks,t> Ke,h LS,ta Lu,t) - rs,th,t - re,tKe,t - ws,th,t - wu,tLu,t-
KS,i7K€,t1LS,t7LU,t

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

Ksi + Koy + Dy = Z 7Ti/

1=u,s V.

> Paaa(Zz0)ais(vo, 2N (o),

‘ zt_16Z571

L= 7Ti/ Z B-J(zt\zo)li’t(vo, Zt)th)\?(’UQ), for i = u, s,
V.

t
b 2teZ}

Gt + Ct + Ks,tJrl + Ke,tJrl = F(Ks,t7 Ke,t7 Ls,t7 Lu,t) + (1 - 53)Ks,t + (1 - 56)Ke,t7

where

C, = Z 77%‘/ Z Py y(2]20)ci e (o, 2°)dA] (o)
Vi

1=u,s 2teZt

is aggregate consumption in period t.
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4. The government’s budget constraint is satisfied every period: for all £ > 0,

Gy + RiDy = Dy + Z Te(rje = 0;) Kjt + Thagg,

J=s,€e

where

E,agg = Z ﬂi/

Z Pi,t(zt|ZO)T‘t(li,t(UOa Zt)wi,tzt)d)\?(vo)
i=u,s Vi

te ot
v 2teZ;

denotes aggregate labor income tax revenue in period ¢.

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 aggregate labor N. The details of how the two types of labor are combined 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?N'=% 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.1.

11



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. At the
same time, to ensure that its budget holds under the spending and bond holding levels
given by the initial steady state, 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, we analyze the
effect of capital-skill complementarity on optimal capital taxes in the presence of such
a comprehensive reform. 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 in the initial steady state. 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 Y, /V V2005 7N () 2)

1=u,s

such that, for every 7, V.%(uvp; 7) is the value in the corresponding competitive equilibrium.

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-

12



brate the remaining parameters so that the stationary recursive competitive equilibrium
of the model economy matches the U.S. economy around the mid 2010s along selected
dimensions that are key for our investigation.? Our calibration procedure is summarized
in Table 2. For data availability reasons, we focus on working age males when we compare
the model with data. This concerns the skill premium and educational attainment as well
as the idiosyncratic productivity processes. The details of our data work 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

lea l1+’y

:1—o_¢1+fy’

u(e) —v(l)

where o equals the coefficient of relative risk aversion while v controls the Frisch elasticity
of labor supply. In the benchmark case, we use 0 = 2 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. The discount rate for each type, [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.

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,, Ko, Ly, L) = K° (,, WK? + (1 —w)LP]? + (1 — u)LZ) T3

9The definition of stationary recursive competitive equilibrium is relegated to Appendix A.2 for
brevity. We choose the mid 2010s U.S. economy as the calibration target because we want to focus
on the U.S. economy before the capital tax reform of President Trump’s administration, which entered
into effect on January 1, 2018, as the full effects of that reform may not have taken place yet.

13



Table 1: Benchmark Parameters

Parameter H Symbol Value Source
Technology (Capital-skill complementarity model)
Structure capital depreciation rate Os 0.056 GHK
Equipment capital depreciation rate Oc 0.124 GHK
Measure of elasticity of substitution between

equipment capital K. and unskilled labor L, n 0.401 KORV
Measure of elasticity of substitution between
equipment capital K. and skilled labor L, P -0.495 KORV
Technology (Cobb-Douglas model)
Capital’s share of output 0 1/3
Measure of elasticity of substitution between

skilled labor L and unskilled labor L,, € 0.2908 KM
Depreciation rate of capital 0 0.0787
Common parameters
Relative risk aversion parameter o 2
Inverse Frisch elasticity ~ 1
Relative supply of skilled workers g 0.3544 CPS
Productivity persistence of skilled workers Ps 0.9690 KL
Productivity volatility of skilled workers var(es)  0.0100 KL
Productivity persistence of unskilled workers Pu 0.9280 KL
Productivity volatility of unskilled workers var(e,) 0.0192 KL
Labor tax progressivity T 0.18 HSV
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 GHK,
KORV, HSV, KL, KM and TU stand for 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.

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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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 capital
income is 7 = 36%. As for labor income taxes, modelling 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 impor-
tance of taxing capital for indirect redistribution. To approximate the progressive U.S.
labor tax code, we follow Heathcote, Storesletten, and Violante (2017). Using the PSID
data for 2000 — 2006 and the TAXSIM program, they estimate 7; = 0.18. We use their
estimate and calibrate A, which controls the average labor tax in the economy, to clear

the government budget, following their procedure.!”

Wage Risk. We 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 set E[z] = 1 for both skilled and unskilled workers.
This assumption implies that w; corresponds to the average wage rate of agents of skill
type i. As a result, the skill premium in the model economy is given by w;/w,. We assume
that the processes for z differ across the two types of agents. Specifically, we assume that
for all i € {u,s} : logz1 = p;log 2z + €;4. Following Krueger and Ludwig (2016), we
set ps = 0.9690, var(es) = 0.0100, p, = 0.9280, var(e,) = 0.0192. We approximate these
processes by finite number Markov chains using the Rouwenhorst method described in

Kopecky and Suen (2010).

Internal Calibration. There are still seven parameter values left to be determined:
the three production function parameters, o, w and v, the labor disutility parameter ¢,

the discount factors g and 3, and the parameter governing the overall level of taxes in

10Bakis, Kaymak, and Poschke (2015) use CPS data for the period 1979-2009 and find a similar value
for the progressivity parameter 7, = 0.17.
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the tax function, A\. 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 «, w and v so that (i) the share of equipment capital in total capital is 1/3 as we
calculate using Fixed Asset Tables (FAT) data for mid 2010s, (ii) the labor share equals
2/3, and (iii) the skill premium equals 1.9 as reported by Heathcote, Perri, and Violante
(2010). We choose ¢ so that the aggregate labor supply in steady state equals 1/3 as
commonly assumed in the macro literature. We calibrate s and [, so that: (i) The
capital-to-output ratio in the model equals 2. This number is calculated using the NIPA
and Fixed Asset Tables as the average over the period 1967 — 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. (ii) The asset holdings of an average skilled agent are 2.78
times those of an average unskilled agent as we calculate using 2014 U.S. Census data.
Finally, following Heathcote, Storesletten, and Violante (2017), we choose A to clear the
government budget constraint in equilibrium. Table 2 summarizes the internal calibration

procedure.

4.1 Calibration of the Cobb-Douglas Economy

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

production function:
Y = AKO(kLE + (1 — k)LE) "

where A is total factor productivity, € is the usual Cobb-Douglas parameter that governs
the income share of capital, x 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

"UHeathcote, 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,
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 2: Benchmark Calibration Procedure

Parameter Symbol | Value | Target Source
Technology (CSC)

Production parameter w 0.3332 | Labor share = 2/3 NIPA

Production parameter v 0.6205 | Skill premium = 1.9 CPS

Production parameter Q 0.1920 | Share of equipments, [I% =1/3 | FAT
Technology (CD)

Total factor productivity | A 0.7830 | Output level of CSC economy

Production parameter K 0.5007 | Skill premium = 1.9 CPS
Common parameters

Skilled discount factor Bs 0.9415 | Capital to output ratio = 2 NIPA, FAT

Unskilled discount factor | (3, 0.9365 | Relative skilled wealth = 2.78 US Census

Tax function parameter A 0.8142 | Government budget balance

Disutility of labor 10} 65.97 | Labor supply = 1/3

This table reports the internal calibration procedure. 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 k 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. Relative skilled
wealth refers to the ratio of the average skilled asset holdings to the average unskilled asset holdings. The acronym NIPA

stands for the National Income and Product Accounts and FAT stands for the Fixed Asset Tables.

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.

The internal calibration procedure in the Cobb-Douglas economy is identical to that in
the capital-skill complementarity economy except that there are only six parameter 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 2. The second parameter is x, which is chosen to ensure
that the skill premium equals 1.9. The remaining four parameters are the labor disutility

parameter ¢, the discount factors S, and 3, and the parameter governing the overall level
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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 four are identical to those in the complementarity economy, and are given in
the last four rows of Table 2.

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, 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 any differences in the optimal tax rates across the two economies cannot be coming

from the differences in the initial conditions of the two economies.

5 Optimal Capital Taxation

This section reports the optimal capital tax rates for the two economies calibrated in
Section 4. Table 3 displays the main findings. The first column of the table summarizes
selected moments of the calibrated economy under the status-quo fiscal policy. The
second and third columns report the steady states of the two economies under optimally
chosen capital tax rates. In particular, the first two rows of these columns display optimal
capital tax rate and the steady -state average labor taxes in the corresponding 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, 60% vs. 48%.
Accordingly, optimal average labor taxes in the steady state, represented by 1 — A, are
relatively lower in the capital-skill complementarity economy.

In the standard Cobb-Douglas economy, increasing the tax rate on capital income has
the benefit 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
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Table 3: Optimal Capital Taxes

Status quo | Optimal Optimal

Calibrated CD CSC
Capital tax rate, 7 0.36 0.48 0.60
Labor tax parameter, A 0.81 0.84 0.88
Skill premium, wg/w, 1.90 1.87 1.67
Relative skilled wealth 2.78 2.61 2.33
Relative skilled consumption 1.55 1.52 1.41
Output, Y 100 96.5 92.8
Capital, K 100 86.5 73.2
Capital-output ratio, K/Y 2.00 1.79 1.58
Overall welfare gains — 0.23% 0.78%
Skilled welfare gains - -0.70% -3.42%
Unskilled welfare gains — 0.58% 2.40%

The first column of the table reports status-quo capital and average labor income taxes as well as the values of key variables
in the steady state under the status-quo tax system. The second and third columns report optimal capital taxes and the
steady-state values of average labor income taxes and other key variables under the optimal tax system for both the Cobb-
Douglas (CD) and capital-skill complementarity (CSC) models. Output and capital are normalized to 100 in the status-quo
steady state.

optimal capital tax rate is positive and large, 48% in our calculation, arises from this
trade off.!? Similar large capital tax rates have been shown to be optimal previously
in the literature, for instance by Domeij and Heathcote (2004) or Conesa, Kitao, and
Krueger (2009).

What is more interesting is the finding that with capital-skill complementarity, the
capital tax rate should be set significantly, namely 12 percentage points, higher. The rea-
son for this difference is that, in the capital-skill complementarity economy, in addition
to the trade off explained above, increasing capital taxes has an additional redistributive
benefit. Higher capital taxes slow down aggregate capital accumulation, and in particular
the accumulation of equipment capital. When there is capital-skill complementarity, this
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 have lower assets and wages, they

have higher marginal utility from consumption, and hence, this redistribution increases

12Perhaps, a more standard version of the Cobb-Douglas model would have perfect substitutability
between skilled and unskilled labor. In this case the optimal capital tax rate is 47%, very similar to what
it is in the Cobb-Douglas benchmark model with imperfect substitability.
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social welfare from the perspective of a Utilitarian planner who cares equally about all
agents. The striking nature of our finding is that this channel implies an optimal capital
tax differential of as high as 12 percentage points.

To get a better grasp of how taxing capital has an additional redistributive benefit
under capital-skill complementarity, observe from Figure la that the reform from the
status-quo tax rate of 36% to the optimal rate of 60% reduces the skill premium consid-
erably, from 1.90 to 1.67 over the transition. This decline in wage inequality then reduces
average wealth and consumption inequality between the two groups over the transition
as can be seen from Figures 1b and 1lc, respectively.!® Rising capital taxes have virtually
no affect on the skill premium in the Cobb-Douglas case. Correspondingly, the decline in
consumption and asset inequality in the Cobb-Douglas economy in response to increasing
capital taxes is significantly less pronounced. It is this additional redistributive benefit
of taxing capital that calls for higher capital taxes in the economy with capital-skill
complementarity.

Of course, higher capital taxes come with higher efficiency costs in the capital-skill
complementarity economy. As Figures 1d and le display, over the transition to the final
steady state, both aggregate capital stock and output shrink more in the capital-skill
complementarity economy relative to the Cobb-Douglas economy. As a result, as the
capital-output ratio drawn in Figure 1f indicates, the production process in the capital-
skill complementarity economy becomes much less capital intensive after the reform.

One interpretation of this finding is that a government that cares about equality, but
does not have access to non-distortionary (type-dependent) transfers, finds it optimal
to make the capital-skill complementarity economy substantially less capital intensive
in order to take advantage of the indirect redistribution this generates. The decline in

capital intensity leads to a decline in the skill premium to a level observed in the first half

13Figure 1b shows that the relative skilled wealth increases for a short period of time following the
rise in capital tax. This happens because, as a result of the reform, skilled wages decline until the new
steady state, see Figure 2b. This decline in future wages induces skilled workers to save more, ceteris
paribus, as workers have rational expectations. Unskilled wages decline over the transition too, but to
a much lesser extent. Therefore, unskilled saving does not increase as much initially in response to a
decline in future wages.
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Figure 1: Dynamics of key macroeconomic variables following the optimal reform

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.
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of the 1990s (see Heathcote, Perri, and Violante (2010)). In other words, the government

finds it optimal to offset several decades of skill-biased technical change.

Welfare Gains. The welfare gains of the reform are equivalent to increasing the con-
sumption of all agents at all dates and states by 0.78% in the economy with capital-skill
complementarity, while the corresponding welfare gains number is 0.23% in the standard
Cobb-Douglas economy. The first key takeaway of the welfare analysis is that carrying
out the optimal capital tax reform is significantly more important in terms of its welfare
effects when capital-skill complementarity in production is taken into account.

We also find that the distribution of welfare gains is more tilted toward the unskilled
in the capital-skill complementarity model relative to the Cobb-Douglas model. The
welfare of unskilled agents as a group increases by 2.40% in consumption equivalence
units in the capital-skill complementarity economy. The skilled agents’ welfare, on the
other hand, decreases by 3.42%. The overall welfare increases since there are many more
unskilled than skilled in the economy. Looking more closely, within both the skilled
and the unskilled groups, it is the asset-poor agents who gain and the asset-rich agents
who lose. In particular, while 78% of the unskilled gain, only 11% of the skilled do so.
In the Cobb-Douglas economy, the unskilled welfare increases and the skilled welfare
decreases to lesser extents, namely by 0.58% and 0.70%, respectively. Since the indirect
redistribution channel is missing, the welfare implications are more symmetric across the
two groups than in the capital-skill complementarity case: 69% of the unskilled and 45%
of the skilled gain.

Transition vs. Steady State. It is instructive to discuss the timing of welfare gains.
As Domeij and Heathcote (2004) demonstrate in a model similar to ours with a Cobb-
Douglas production function, the optimal tax rate on capital is much lower, possibly
negative, when the government maximizes steady-state welfare (see also Dyrda and Pe-
droni (2020) for a similar finding). This is also true in our framework, in both the
Cobb-Douglas and the capital-skill complementarity models. This happens because low

capital tax rates induce higher capital accumulation, which allows for higher consump-
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Figure 2: Dynamics of consumption and wages following the optimal reform

The two graphs report how consumption and wages change over the transition following the optimal tax reform. CSC and
CD refer to capital-skill complementarity and Cobb-Douglas economies, respectively.

tion with lower labor effort in the long run. Building up the capital stock is costly in
the short run, however, and the steady-state welfare criterion does not take these costs
into account. This is why under this criterion, low capital taxes are optimal even in the
presence of redistributive concerns.

Focusing on steady state comparisons may also shadow our understanding of why
unskilled welfare increases as a result of the reform. The average unskilled consumption
falls in the long run, much like the average skilled consumption, see Figure 2a. In the
short run, however, consumption levels of both types are higher than they are in the
initial steady state. This rise in unskilled consumption is large enough to imply welfare
gains for them as the reform redistributes from the asset-rich skilled workers to the asset-
poor unskilled workers. This happens both in the Cobb-Douglas and the capital-skill
complementarity models. The difference between the two models is that, in the latter
model, the indirect redistribution channel associated with taxing capital is also at work,
both along the transition and in the long run, tilting the distribution of welfare gains

further in the direction of unskilled agents.
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Table 4: Optimal Capital Taxes under a Different Degree of Capital-Skill Complemen-
tarity

Optimal Optimal

KORV MMT
Capital tax rate, 7 0.60 0.58
Labor tax parameter, A 0.88 0.87
Skill premium, wy/w, 1.67 1.71
Relative skilled wealth 2.33 2.37
Relative skilled consumption 1.41 1.43
Output, Y 92.8 93.3
Capital, K 73.2 74.9
Capital-output ratio, K/Y 1.58 1.61
Overall welfare gains 0.78% 0.70%
Skilled welfare gains -3.42% -2.84%
Unskilled welfare gains 2.40% 2.06%

This table reports optimal capital taxes as well as the steady-state values of average labor income taxes and other key
variables under the optimal tax system for two capital-skill complementarity economies. The first column reports these
values for the benckmark capital-skill complementarity economy with Krusell, Ohanian, Rios-Rull, and Violante (2000)
estimates while the second column reports them for the economy with elasticities taken from Maliar, Maliar, and Tsener

(2020) (MMT). Output and capital are normalized to 100 in the status-quo steady state.

5.1 Sensitivity Analysis

Capital-Skill Complementarity. The mechanism that calls for higher optimal taxes
on capital income works through the presence of capital-skill complementarity in pro-
duction. In this regard, we expect our results to be sensitive to the degree of relative
substitutability of capital and skilled labor. In this section, we go beyond the elasticity
estimates of Krusell, Ohanian, Rios-Rull, and Violante (2000) and analyze the effect of
capital-skill complementarity on optimal capital taxation using other elasticity estimates
from the literature.

The estimation in Krusell, Ohanian, Rios-Rull, and Violante (2000) uses data from
the period 1963-1992. However, the world in general and the U.S. economy in partic-
ular has been going through an unprecetended technological change in the last three
decades. A recent working paper by Maliar, Maliar, and Tsener (2020) estimates the
same production function, given by (3), using more recent data, namely data from the

period 1963-2017. They find that in the recent data, the elasticity of substitution be-
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tween 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 capital 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 succesfull in explaining
the skill premium dynamics.

We take the parameters p and n from Maliar, Maliar, and Tsener (2020) and calibrate
the capital-skill complementarity economy to make it comparable to both the Cobb-
Douglas and the baseline capital-skill complementarity economies. The values of the rest
of the externally assigned parameters are identical to the values reported in Table 1. The
internal calibration procedure is summarized in Table 12 in Appendix D.1.

The second column of Table 4 reports optimal capital taxes along with the steady-
state values of other key variables for this economy. For comparison purposes, we also
report the same values for our baseline capital-skill complementarity model with Krusell,
Ohanian, Rios-Rull, and Violante (2000) elasticities in the first column. The optimal
capital tax rate under the Maliar, Maliar, and Tsener (2020) calibration is 58%, which is
two percentage points lower than the 60% in the baseline case. This might be due to the
fact that although both elasticities increased in the new estimation, the elasticity of sub-
stitution between equipment and skilled workers increased more. This would imply that
the resulting degree of capital-skill complementarity is lower. More importantly though,
the difference in the optimal capital tax rates between the capital-skill complementarity
model and Cobb-Douglas model is still significant at 10 percentage points.

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 estima-
tion 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
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equipment capital. They estimate the production function given by (3) using these two
alternative series. We conduct the optimal tax analysis for these two additional capital-
skill complementarity economies. The optimal capital tax rates for these economies are
also around 60%, providing further robustnes to our baseline findings. The full discussion

of the results of these exercises is relegated to Appendix C for brevity.

Lower 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 our main quantitative exercise for v = 2, in
other words, when Frisch elasticity equals 0.5. Before we calculate optimal taxes, we
first calibrate the two economies under v = 2.1 The results of this exercise are reported
in Table 5. The optimal capital tax rate equals 64% in the economy with capital-skill
complementarity while it is 52% in the Cobb-Douglas economy. The fact that the optimal
tax differential is about the same when v =1 and v = 2 suggests that the magnitude of
the additional tax on capital coming from capital-skill complementarity is not affected

by Frisch elasticity, at least in the region of empirically plausible elasticities.

Uniform Discount Factor. In the baseline analysis, we allow for differences in the
discount factors of skilled and unskilled agents in order to match the ratio of average
skilled wealth to average unskilled wealth. In this section, we show that the importance
of capital-skill complementarity for the optimal capital tax rate does not depend on the
assumption of heterogenous discount factors. To do so, we first calibrate a version of
our model in which all agents have the same discount factor. The calibration procedure
is identical to that of the baseline model except that we drop the relative wealth of the
skilled and unskilled agents as one of the calibration targets.!> The resulting model does

a poor job in matching the wealth inequality between skill groups.

14The 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, which is relegated to Appendix D.2 for brevity.

15The 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 14, which relegated to Appendix D.3 for brevity.
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Table 5: Optimal Capital Taxes under Lower Elasticity of Labor Suply

Status quo | Optimal Optimal

Calibrated CD CSC
Capital tax rate, 7 0.36 0.52 0.64
Labor tax parameter, A 0.81 0.85 0.88
Skill premium, wg/w, 1.90 1.88 1.66
Relative skilled wealth 2.78 2.57 2.26
Relative skilled consumption 1.64 1.59 1.46
Output, Y 100 94.5 89.9
Capital, K 100 81.1 66.8
Capital-output ratio, K/Y 2.00 1.72 1.49
Overall welfare gains — 0.37% 1.06%
Skilled welfare gains - -0.72% -3.35%
Unskilled welfare gains — 0.76% 2.70%

The first column of the table reports status-quo capital and average labor income taxes as well as the values of key variables
in the steady state under the status-quo tax system for v = 2. The second and the third columns report optimal capital
taxes as well as the steady-state values of average labor income taxes and other key variables under the optimal tax system
for both the Cobb-Douglas (CD) and capital-skill complementarity (CSC) models. Output and capital are normalized to
100 in the status-quo steady state.

Table 6 reports our findings. The first row of the table shows that the optimal capital
tax rate is 10 percentage points higher in the model with capital-skill complementarity,
namely 47% relative to 37% in the Cobb-Douglas model. A comparison of these num-
bers with the optimal capital tax numbers in the baseline model, reported in the first
row of Table 3, reveals that the main quantitative result — the fact that capital-skill
complementarity calls for significantly higher optimal taxes on capital income — does not
depend on the assumption of heterogenous discount factors. The importance of capital-
skill complementarity for optimal capital taxation is somewhat smaller in the model with
homogeneous discount factors. This makes sense as the initial steady-state wealth and
consumption inequality is lower in the homogeneous discount factor model. For the same

reason, the optimal capital tax rates are lower in the models with homogeneous discount

factors.

Two-Agent Model. This section analyzes the role of labor income risk for the main
result. To that end, we analyze a two-agent version of our model in which labor income

risk is shut down. There are two representative agents, a skilled and an unskilled with
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Table 6: Optimal Capital Taxes with Uniform Discount Factor

Status quo | Optimal Optimal

Calibrated CD CSC
Capital tax rate, 7 0.36 0.37 0.47
Labor tax parameter, A 0.816 0.818 0.843
Skill premium, wg/w, 1.90 1.90 1.84
Relative skilled wealth 1.07 1.07 1.02
Relative skilled consumption 1.39 1.39 1.36
Output, YV 100 99.7 97.3
Capital, K 100 99.0 88.8
Capital-output ratio, K/Y 2.00 1.98 1.83
Overall welfare gains — 0.00% 0.15%
Skilled welfare gains - 0.05% -0.24%
Unskilled welfare gains - -0.02% 0.31%

The first column of the table reports status-quo capital and average labor income taxes as well as the values of key variables
in the steady state under the status-quo tax system for the model where all agents have the same discount factor. The
second and the third columns report optimal capital taxes as well as the steady-state values of average labor income taxes
and other key variables under the optimal tax system for both the Cobb-Douglas (CD) and capital-skill complementarity

(CSC) models. Output and capital are normalized to 100 in the status-quo steady state.

the corresponding population shares. The calibration procedure is similar to that of the
baseline model.'6

As Table 7 indicates, the optimal tax differential between the Cobb-Douglas and
capital-skill complementarity models remains significant at 8 percentage points, but is
lower than in the baseline model with wage shocks. The optimal capital tax rates are
positive but lower relative to the baseline case with labor income risk for both the Cobb-
Douglas and capital-skill complementarity models, which is in line with the findings
of Domeij and Heathcote (2004). In addition, since the optimal capital tax rates are
now closer to status quo, the welfare implications are smaller. These results imply that
modelling risk, and the resulting rich heterogeneity, is important for optimal capital taxes

in general and for evaluating the quantitative impact of capital-skill complementarity for

optimal capital taxes in particular. The baseline model with labor income risk is also

16Tn this model for a non-trivial steady state distribution of assets to exist, the discount factors must
be uniform across the skilled and the unskilled. In fact, in that case any steady state asset distribution
can arise in equilibrium. We focus on the steady state in which the ratio of skilled to unskilled asset
holdings is 2.78, as in the baseline model. The parameters taken from the literature are the same as in the
benchmark exercise, which are presented in Table 1. The internal calibration procedure is summarized
in Table 15 in Appendix D.4. It is worth noting that given the calibrated initial steady state, the
post-reform transition paths and the terminal steady states to which the economies converge are unique.
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Table 7: Optimal Capital Taxes in a Two-Agent Model

Status quo | Optimal Optimal

Calibrated CD CSC
Capital tax rate, 7 0.36 0.30 0.38
Labor tax parameter, A 0.533 0.524 0.536
Skill premium, wg/w, 1.90 1.91 1.84
Relative skilled wealth 2.78 2.76 2.80
Relative skilled consumption 1.55 1.56 1.55
Output, Y 100 101.4 99.6
Capital, K 100 106.2 98.0
Capital-output ratio, K/Y 2.00 2.09 1.97
Overall welfare gains — 0.05% 0.01%
Skilled welfare gains - 0.58% -0.32%
Unskilled welfare gains - -0.13% 0.12%

The first column of the table reports status-quo capital and average labor income taxes as well as the values of key variables
in the steady state under the status-quo tax system for the model in which there is no labor income risk, i.e., there are only
two representative agents. The second and the third columns report optimal capital taxes as well as the steady-state values
of average labor income taxes and other key variables under the optimal tax system for both the Cobb-Douglas (CD) and
capital-skill complementarity (CSC) models. Output and capital are normalized to 100 in the status-quo steady state.

desirable as it allows us to analyze the distributional consequences of capital tax reforms

in greater detail.

Role of Top Wealth Inequality. In our baseline analysis, we use Gaussian individual
labor productivity processes that are estimated using panel data that follows workers
over time. This approach is useful as it allows for a realistic modeling of individual
labor income dynamics. However, it is well known that the class of models analyzed in
this paper together with this type of modeling of labor productivity shocks fall short
of matching the inequality at the top end of the wealth distribution. In an alternative
approach to modeling productivity risk, proposed by Castaneda, Diaz-Giménez, and Rios-
Rull (2003), the productivity processes are parameterized so as to match the thick right
tail of the wealth distribution. In this section, we analyze to what extent using this
approach affects our main results. More specifically, we recalibrate the Cobb-Douglas and

the capital-skill complementarity models using the Castaneda, Diaz-Giménez, and Rios-
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Table 8: Optimal Capital Taxes With an Alternative Productivity Process

Status quo | Optimal Optimal

Calibrated CD CSC
Capital tax rate, 7 0.36 0.82 0.88
Labor tax parameter, A 0.81 0.99 1.03
Skill premium, wg/w, 1.90 1.83 1.18
Relative skilled wealth 2.78 2.46 1.91
Relative skilled consumption 1.58 1.47 1.14
Output, Y 100 81.3 75.0
Capital, K 100 43.1 32.9
Capital-output ratio, K/Y 2.00 1.06 0.88
Overall welfare gains — 4.47% 6.25%
Skilled welfare gains - 0.60% -5.16%
Unskilled welfare gains — 5.90% 11.05%

The first column of the table reports status-quo capital and average labor income taxes as well as the values of key variables
in the steady state under the status-quo tax system. The second and third columns report optimal capital taxes and the
steady-state values of average labor income taxes and other key variables under the optimal tax system for both the Cobb-
Douglas (CD) and capital-skill complementarity (CSC) models with the Castaneda, Diaz-Giménez, and Rios-Rull (2003)
productivity process. Output and capital are normalized to 100 in the status-quo steady state.

Rull (2003) productivity process for both the skilled and the unskilled agents.!” In the two
calibrated economies, individuals who constitute the top 1% of the wealth distribution
hold 29% of aggregate wealth and the those at the top 5% hold approximately 50%. These
numbers are in line with the data as documented by Castaneda, Diaz-Giménez, and Rios-
Rull (2003), 30% and 54%, respectively. The corresponding numbers are significantly
lower in the baseline model: 8% and 27%, respectively.

The results from these exercises are summarized in Table 8. We find that the optimal
capital taxes are much larger in both the Cobb-Douglass and the capital-skill comple-
mentarity models relative to the baseline calibration. This is in line with Dyrda and
Pedroni (2020) who also find high capital taxes to be optimal in the presence of Cas-

taneda, Diaz-Giménez, and Rios-Rull (2003) productivity processes.'® More importantly,

there still is a significant difference between the optimal capital tax in the Cobb-Douglas

1"The parameters taken from the literature are the same as in the benchmark and the internal cali-
bration procedure is summarized in Table 16 in Appendix D.5.

18See Boar and Midrigan (2020) for an analysis of optimal taxation of total income - capital plus labor
- in a model where labor productivity is modeled as in Castaneda, Diaz-Giménez, and Rios-Rull (2003).
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and capital-skill complementarity models, namely 6 percentage points, confirming the

robustness of our main result.

Rawlsian Social Welfare. In our baseline analysis, we assume that 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 in the initial steady state. In
this section, we consider another, significantly more redistributive, social welfare function,
which follows the Rawlsian social welfare criterion. This social welfare function maximizes
the welfare of the least fortunate member of the 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. Formally, the
government solves the following problem:

max min V,° (vo; 7) (4)
T o,

such that, for every 7, V.%(uvg; 7) is the value in the corresponding competitive equilibrium.

The results of this exercise are reported in Table 9. We find that the optimal capital
tax rate is 85% in the economy with capital-skill complementarity while it is 66% in the
Cobb-Douglas economy. Since redistributive considerations are more important under the
Rawlsian social welfare criterion and the least fortunate agent is an unskilled one, the gov-
ernment uses capital taxes heavily both to tax the asset-rich agents (in both economies)
and to reduce the skill premium (in the capital-skill complementarity economy) to as low

as 1.10.

6 Comprehensive Tax 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
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Table 9: Optimal Capital Taxes under Rawlsian Social Welfare

Status quo | Optimal Optimal

Calibrated CD CSC
Capital tax rate, 7 0.36 0.66 0.85
Labor tax parameter, A 0.81 0.89 0.95
Skill premium, wg/w, 1.90 1.83 1.13
Relative skilled wealth 2.78 2.30 1.56
Relative skilled consumption 1.55 1.46 1.10
Output, Y 100 88.9 74.6
Capital, K 100 61.9 32.1
Capital-output ratio, K/Y 2.00 1.39 0.89
Overall welfare gains — -0.40% -1.05%
Skilled welfare gains - -2.90% -13.08%
Unskilled welfare gains — 0.54% 4.23%

The first column of the table reports status-quo capital and average labor income taxes as well as the values of key variables
in the steady state under the status-quo tax system. The second and the third columns report optimal capital taxes as
well as the steady-state values of average labor income taxes and other key variables under the optimal tax system for both
the Cobb-Douglas (CD) and capital-skill complementarity (CSC) models when the government’s social welfare function is
Rawlsian. Output and capital are normalized to 100 in the status-quo steady state.
parameter, 7;, optimally. We pursued this route mainly because, perhaps due to political
constraints, it is often quite difficult for the government to consider comprehensive reforms
in which capital and labor tax codes are reformed together. 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 a 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, {A:}2,,
along the transition to the new steady state. The welfare criterion puts equal weight on
each agent and takes transition into account as in the baseline case.

Table 10 summarizes our findings. Looking at the first column of the table, we see that
the optimal capital tax rate is much higher, namely 12 percentage points, in the model

with capital-skill complementarity.!® This means that the quantitative significance of

capital-skill complementarity for the optimal capital tax rate is not special to the partial

9The optimal capital taxes in the comprehensive reform are not exactly the same as in the partial
reform. The fact that it appears that way in the table is a by-product of rounding.
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Table 10: Optimal Capital Taxes under Comprehensive Tax Reform

Status quo | Optimal Optimal

Calibrated CD CSC
Capital tax rate, 7 0.36 0.48 0.60
Labor tax progressivity, 7 0.18 0.14 0.12
Labor tax parameter, A 0.81 0.85 0.89
Skill premium, wg/w, 1.90 1.86 1.67
Relative skilled wealth 2.78 2.45 2.13
Relative skilled consumption 1.55 1.52 1.41
Output, YV 100 98.2 95.3
Capital, K 100 88.7 76.1
Capital-output ratio, K/Y 2.00 1.81 1.60
Overall welfare gains - 0.30% 0.88%
Skilled welfare gains — 0.34% -2.08%
Unskilled welfare gains - 0.29% 2.01%

The first column of the table reports status-quo capital capital taxes, optimal degree of labor tax progressivity and average
labor income taxes as well as the values of key variables in the steady state under the status-quo tax system. The second
and the third columns report optimal capital taxes, optimal degree of labor tax progressivity and the steady-state values
of average labor income taxes and other key variables under the optimal tax system for both the Cobb-Douglas (CD) and
capital-skill complementarity (CSC) models. Output and capital are normalized to 100 in the status-quo steady state.
reform considered in Section 5 and continues to apply when the government is able to
impact the amount of redistribution and insurance via the progressivity of the labor tax
system as well. In both economies, the government finds it optimal to decrease labor tax
progressivity relative to the status-quo tax system. This mitigates the efficiency losses
associated with higher capital taxes. The finding that in the full reform, the government
increases capital taxes and decreases labor tax progressivity relative to the status-quo tax
system is in line with the findings of Conesa, Kitao, and Krueger (2009).2° However, in
their paper the motive for capital taxation is different, namely that it mimics the missing
age-dependent labor income taxation.

We also find that the decline in the progressivity of the labor income tax code benefits
mostly the skilled: in both economies, the measure of skilled agents who gain from the

reform is larger than in the partial reform. Specifically, the fraction of the skilled who

gain from the comprehensive reform is 58% in the Cobb-Douglas case and 38% in the

20See Peterman (2013) for a thorough sensitivity analysis of Conesa, Kitao, and Krueger (2009).
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capital-skill complementarity case, while the corresponding numbers are 45% and 11% in

the partial reform.

7 Conclusion

This paper shows that capital-skill complementarity provides a quantitatively significant
rationale for taxing capital for redistributive governments. The paper finds that it is
optimal to rely much 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 Equilibrium Definitions

A.1 Competitive Equilibrium in the Cobb-Douglas Economy

Definition: Given a couple of initial distributions, {\(vg) }izu.s, a competitive equilib-

rium consists of an allocation <{ci7t(vo,zt),li,t(vo,zt), ait+1(vo, 2) K,
ie{u,s}vo€V;,2t€Z!

o0

L4, LW) , a policy <Tt(-),7't, Dy, Gt> . and a price system (7, Wy ¢, Wyt Ry)72, such
t=0 t=0
that:

1. Given the policy and the price system, for each i € {u, s} and vy € Vy, the allocation

<{ci7t(v0, 21, 14 (vo, 2'), @i i1 (vo, zt)} solves the consumer’s problem, i.e.,

ztGZf> t=0

Vi'(vo) = max (T80 Pulz0)8] [ulei(2)) — vllin(z)]

({Ciwt(zt),li,t(zt),ai,tﬂ(Zt) t=0 zteZ}
2t ezit t=0

s.t.
vt >0, 2,
Cit(2") + a1 (2) < Lig(ZDwigze — Ti(Lig (2D wieze) + Reaie(2771),

where 27! is the null history and,

vt >0, 2, cir(2") > 0,a;441(2") € A L4 (2) > 0.

2. In each period t > 0, taking factor prices as given (K3, L+, Ly, +) solves the following
firm’s problem:

max F(Kh Ls,t; Lu,t) — K — ws,th,t - wu,tLu,t-
Kt;Ls,tyLu,t

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

K.+ D, = Z m/ Z Pz’,t—l(zt_1|20)az’,t(v0> Zt_l)d/\?(vo)7

i=u,s Vi st—lggt=1
K3

Li;= 7r2-/ Z Pi’t(zt|z0)li’t(vo, zt)ztd)\?(vo), for 1 = u, s,
Vi

zteZz?

Gi+Ci+ Ky = F(Ky, Loy, Lyy) + (1 — 0) Ky,

where

Cy = Z 7Ti/ Z P, 4(2'20) ¢4 (vo, 2")dA] (vo)
V,

1=u,s t2teZt

is aggregate consumption in period .
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4. The government’s budget constraint is satisfied every period: for all £ > 0,
Gi+ RiD; = Dyyq + (1 — 6) Ky + Thyg,

where

Toy= S /V S Pua0) Tl (v, 24 )us20)dX (1)

i:u78 vzt €Z7t

denotes aggregate labor income tax revenue.

A.2 Definition of Stationary Recursive Competitive Equilib-
rium for the Capital-Skill Complementarity Economy

In order to define a stationary equilibrium, we assume that policies (government expen-
diture, debt and taxes) do not change over time.

Stationary Recursive Competitive Equilibrium (SRCE). SRCE is two value
functions {V,, Vi }, policy functions {c,, ¢, l., ls, a,,, a.}, the firm’s decision rules { K, K., Ls, L, },

government policies {7y, T'(+), D, G}, two distributions over productivity-asset types {\.(z, a),
As(z,a)} and prices {w,, ws, 75, e, R} such that

1. The value functions and the policy functions solve the consumer problem given
prices and government policies, i.e., for all i € {u, s}:

Vi(z,a) = L= 5 i) — vl i ) IL(2[2)Vi(7, a .

Fo= s, 0= - o) DN
ci+a, < wzl; — T(wzl;) + Rag,

where R =14 (rs — 05)(1 — 7)) = 1+ (re — 6.)(1 — 7%) is the after-tax asset return.

2. The firm solves the profit maximization problem each period.

3. The distribution J; is stationary for each type, i.e. Vi : N.(z,a) = \;(z,a). Where

N(za) = ) T(z|2) / dXi(z, a), V(z,a).

2€7; a:al(z,a)<a

4. Markets clear:

Zm//(rd)\i(z,a) = K+ K.+ D,

ﬂs//zls(z,a)~d)\s(z,a) = Ly,

ﬂu//zlu(z,a)-d/\u(z,a) = L,,
C+G+ K+ K, = F(Kg,Ke,Lg, L) + (1 = 05) K + (1 — 60) K,

where C' =3, m [ [ ci(z,a) - dX\i(z,a) denotes aggregate consumption.
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5. Government budget constraint is satisfied.
RD + G =D + 1(re — 0e) Ke + 13(15 — 65) K + Tpygq,

Togg = 2 icus i [, [, T(wizli(z,a)) - dXi(2, a) denotes aggregate labor tax revenue.

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 follow Krusell, Ohanian, Rios-Rull, and Violante (2000) and
define the fraction of skilled agents as the ratio of males aged 25 and older with earnings
and a bachelor’s degree or more divided by the total number of males aged 25 and older
with earnings 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 “Federal Debt
Held by Private Investors as Percent of Gross Domestic Product” (HBPIGDQ188S).

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 for the period 2010-2018, 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
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 resulting annual capital-output ratio
varies between 1.8 and 2.4 between the late 60s and the present. To abstract from short-
term fluctuations, the capital-output ratio value of 2 is computed by taking the average
of annual capital-output ratios over this period.

Relative skilled wealth. This statistic is calculated using “Wealth, Asset Ownership,
& Debt of Households Detailed Tables: 2014” administered by US Census Bureau. Table
4 includes information about the number of respondents in a given education category and
Table 5 includes information about average net worth by education category. Using these
two tables, we calculate the average wealth of skilled workers as the weighted average net
worth of people with a bachelor’s degree or higher. Similarly, we calculate average wealth
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Table 11: Optimal Capital Taxes under Different Degrees of Capital-Skill Complemen-
tarity

Optimal | Optimal Optimal Optimal

KORV NIPA GHK MMT
Capital tax rate, 7 0.60 0.61 0.58 0.58
Labor tax parameter, A 0.88 0.88 0.86 0.87
Skill premium, wyg/w, 1.67 1.63 1.69 1.71
Relative skilled wealth 2.33 2.28 2.33 2.37
Relative skilled consumption 1.41 1.38 1.41 1.43
Output, Y 92.8 92.4 92.4 93.3
Capital, K 73.2 72.1 72.3 74.9
Capital-output ratio, K/Y 1.58 1.58 1.56 1.61
Overall welfare gains 0.78% 0.82% 0.68% 0.70%
Skilled welfare gains -3.42% -4.12% -3.14% -2.84%
Unskilled welfare gains 2.40% 2.76% 2.15% 2.06%

This table reports optimal capital taxes as well as the steady-state values of average labor income taxes and other key
variables under the optimal tax system for a variety of capital-skill complementarity economies. The first column reports
these values for the benckmark capital-skill complementarity economy with Krusell, Ohanian, Rios-Rull, and Violante
(2000) estimates while the second, the third and the fourth columns report them for the economies with elasticities taken
from Polgreen and Silos (2008), for NIPA and Greenwood, Hercowitz, and Krusell (1997) cases, and Maliar, Maliar, and
Tsener (2020). Output and capital are normalized to 100 in the status-quo steady state.

of unskilled workers as the weighted average net worth of the rest. The relative skilled
wealth is then calculated by dividing average skilled wealth with average unskilled wealth.

C Additional Sensitivity with Respect to Capital-
Skill Complementarity

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 presumably 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: (i) the price series from the official, revised National Income
and Product Accounts data (NIPA) and (ii) the price series proposed by Greenwood,
Hercowitz, and Krusell (1997) (GHK). They estimate the two key parameters, p, which
controls the elasticity of substitution between skilled labor and equipment, and 7, which
controls the elasticity of substitution between unskilled labor and equipment, for NIPA
and GHK series.

The second and the third columns of Table 11 report optimal capital and average
(steady-state) labor income taxes as well as the steady-state values of key variables un-
der the optimal tax scheme in economies characterized by these alternative production
function elasticities. The column entitled “NIPA” refers to the economy in which produc-
tion function parameters are coming from the estimation where NIPA equipment capital
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price series are used, while the column entitled “GHK” refers to the one in which equip-
ment capital price series of Greenwood, Hercowitz, and Krusell (1997) are used. We see
that optimal capital tax rates in these economies are 61% and 58%, respectively, which
is close to the optimal capital tax rate in the baseline capital-skill complementarity econ-
omy with Krusell, Ohanian, Rios-Rull, and Violante (2000) elasticities, which is reported
in the first column of the same table. For comparison purposes, the last column of the
table also reproduces optimal capital tax rates and the values of steady-state variables for
the economy where production function elasticities are taken from Maliar, Maliar, and
Tsener (2020).

D Details of Calibration for Sensitivity Analysis

D.1 Maliar, Maliar, and Tsener (2020) Elasticities Calibration

Table 12 below reports the values of internally calibrated parameters for the economy
with the Maliar, Maliar, and Tsener (2020) elasticities.

Table 12: Maliar, Maliar, and Tsener (2020) Elasticities Calibration Procedure

Parameter Symbol | Value | Target Source
Technology

Production parameter w 0.3111 | Labor share = 2/3 NIPA
Production parameter v 0.6235 | Skill premium = 1.9 CPS
Production parameter @ 0.1920 | Share of equipments, ]I(g =1/3 | FAT
Skilled discount factor Bs 0.9415 | Capital to output ratio = 2 NIPA, FAT
Unskilled discount factor | (8, 0.9365 | Relative skilled wealth = 2.78 US Census
Tax function parameter A 0.814 Government budget balance

Disutility of labor ¢ 66.08 Labor supply = 1/3

This table reports our calibration procedure for the economy with elasticities taken from Maliar, Maliar, and Tsener (2020).
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 tax function parameter A controls the labor
income tax rate of the mean income agent. Relative skilled wealth refers to the ratio of the average skilled asset holdings
to the average unskilled asset holdings. The acronym NIPA stands for the National Income and Product Accounts and

FAT stands for the Fixed Asset Tables.

D.2 ~ =2 Calibration

Table 13 below reports the values of internally calibrated parameters for the version of
the model in which v = 2.

D.3 Uniform Discount Factor Calibration

Table 14 below reports the values of internally calibrated parameters for the version of
the model in which discount factors are uniform across the skilled and unskilled agents.
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Table 13: v = 2 Calibration Procedure

Parameter Symbol | Value | Target Source
Technology

Production parameter w 0.3160 | Labor share = 2/3 NIPA
Production parameter v 0.6310 | Skill premium = 1.9 CPS
Production parameter o} 0.1920 | Share of equipments, II% =1/3 | FAT
Technology (Cobb-Douglas)

Total factor productivity A 0.7787 | Output level of CSC economy

Production parameter K 0.5254 | Skill premium = 1.9 CPS
Skilled discount factor Bs 0.9413 | Capital to output ratio = 2 NIPA, FAT
Unskilled discount factor Bu 0.9369 | Relative skilled wealth = 2.78 US Census
Tax function parameter A 0.815 Government budget balance

Disutility of labor 0] 195.74 | Labor supply = 1/3

This table reports our calibration procedure for the case where v = 2. The production function parameters o, v and w

control the income shares of structure capital, equipment capital, skilled and unskilled labor in the capital-skill comple-

mentarity 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. Relative skilled wealth refers to the ratio of the average skilled asset holdings to the average unskilled asset hold-

ings. The acronym NIPA stands for the National Income and Product Accounts and FAT stands for the Fixed Asset Tables.

Table 14: Uniform Discount Factor Calibration Procedure

Parameter Symbol | Value | Target Source
Technology

Production parameter w 0.3065 | Labor share = 2/3 NIPA
Production parameter v 0.6371 | Skill premium = 1.9 CPS
Production parameter « 0.1920 | Share of equipments, % =1/3 | FAT
Technology (Cobb-Douglas)

Total factor productivity A 0.7846 | Output level of CSC economy
Production parameter K 0.5254 | Skill premium = 1.9 CPS
Discount factor 8 0.9395 | Capital to output ratio = 2 NIPA, FAT
Tax function parameter A 0.816 Government budget balance

Disutility of labor 10} 62.80 Labor supply = 1/3

This table reports our calibration procedure for the case in which all agents have the same discount factor. 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. Relative skilled wealth refers to the ratio of the average skilled asset holdings to the average

unskilled asset holdings. The acronym NIPA stands for the National Income and Product Accounts and FAT stands for

the Fixed Asset Tables.

D.4 Two-Agent Model Calibration

Table 15 below reports the values of internally calibrated parameters for the two-agent
version of the model with no labor income risk.

43



Table 15: Two-Agent Model Calibration Procedure

Parameter Symbol | Value | Target Source
Technology

Production parameter w 0.3329 | Labor share = 2/3 NIPA
Production parameter v 0.6207 | Skill premium = 1.9 CPS
Production parameter o} 0.1920 | Share of equipments, II% =1/3 | FAT
Technology (Cobb-Douglas)

Total factor productivity A 0.7830 | Output level of CSC economy
Production parameter K 0.5010 | Skill premium = 1.9 CPS
Discount factor 153 0.9467 | Capital to output ratio = 2 NIPA, FAT
Tax function parameter A 0.533 | Government budget balance

Disutility of labor 10) 58.90 Labor supply = 1/3

This table reports our calibration procedure for the two-agent model. 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.
Relative skilled wealth refers to the ratio of the average skilled asset holdings to the average unskilled asset holdings. The
acronym NIPA stands for the National Income and Product Accounts and FAT stands for the Fixed Asset Tables.

D.5 Top Wealth Inequality Model Calibration

Table 16 below reports the values of internally calibrated parameters for the economy
with the Castaneda, Diaz-Giménez, and Rios-Rull (2003) productivity process.

Table 16: Alternative Productivity Process Calibration Procedure

Parameter Symbol | Value | Target Source
Technology

Production parameter w 0.3247 | Labor share = 2/3 NIPA
Production parameter v 0.6256 | Skill premium = 1.9 CPS
Production parameter « 0.1920 | Share of equipments, II% =1/3 | FAT
Technology (Cobb-Douglas)

Total factor productivity A 0.7835 | Output level of CSC economy

Production parameter K 0.5083 | Skill premium = 1.9 CPS
Skilled discount factor Bs 0.9226 | Capital to output ratio = 2 NIPA, FAT
Unskilled discount factor Bu 0.9094 | Relative skilled wealth = 2.78 US Census
Tax function parameter A 0.860 Government budget balance

Disutility of labor 10) 119.72 | Labor supply = 1/3

This table reports our calibration procedure for the case in which productivity process taken from Castaneda, Diaz-
Giménez, and Rios-Rull (2003). 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. Relative skilled wealth refers to
the ratio of the average skilled asset holdings to the average unskilled asset holdings. The acronym NIPA stands for the
National Income and Product Accounts and FAT stands for the Fixed Asset Tables.
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Abstrakt

Tento ¢lanek ukazuje, ze komplementarita mezi kapitalem a vzdélanim implikuje kvantitativné
vyznamny divod pro zdanéni kapitadlovych vynosi. Optimalni danova sazba je 60%, coz je
signifikantné vice nez 48% optimalni danova sazba v identicky kalibrovanem modelu bez
komplementarity. V modelu s komplementaritou klesa vzd¢lanostni prémie od 1.9 na 1.67
béhem prechodného obdobi po optimalni danové reformé, coz implikuje znacnou nepiimou
redistribuci od vzdélanych k nevzdélanym zaméstnanctim. Tyto vysledky ukazuji, ze vlady,
které chtéji vyrovnavat rozdily mezi lidmi, by jednoznaéné¢ mély komplementaritu mezi
kapitalem a vzdélanim brat v avahu.
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