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1 Introduction

In the U.S. corporate tax code, the effective marginal tax rates on returns to capital assets
show a considerable amount of variation depending on the capital type. For instance, ac-
cording to Gravelle (2011), the effective marginal tax rate on the returns to communications
equipment is 19%, whereas it is above 35% for nonresidential buildings.! This feature of the
tax code has been the subject of numerous reform proposals since the 1980s. Recently, Pres-
ident Obama called for a reform to abolish the tax rules that create differential taxation of
capital assets in order to “level the playing field” across companies.? Many economists have
argued in favor of the proposals to abolish tax differentials following an efficiency argument
first raised by Diamond and Mirrlees (1971): taxing different types of capital at different
rates distorts firms’ production decisions, thereby creating production inefficiencies.

In this paper, we take a step back and reassess whether differential taxation of capital
income is a desirable feature of the tax code. Theoretically, we uncover a novel economic
mechanism that calls for optimality of differential capital asset taxation, but with an impor-
tant caveat. In the current U.S. tax code, the effective tax rate on equipment capital (i.e.,
mostly machines) is on average 5% below the effective tax rate on structure capital (i.e.,
mostly nonresidential buildings). In contrast, our theory suggests that capital equipments
should be taxed at a higher rate than capital structures. We conduct a quantitative exercise
to assess the quantitative importance of optimal differential capital taxation. In our baseline
calibration, we find that the tax rate on capital equipments should be at least 27 percentage
points higher than the tax rate on capital structures in the transition and at the steady
state. Furthermore, we find that the welfare gains of optimal differential capital taxation
can be as high as 0.4% of lifetime consumption for reasonable parameter values.

We study dynamic optimal taxes in an economy in which people face idiosyncratic shocks
to their labor skills and the government uses capital and labor income taxes to insure people
against this risk. The key feature of our environment is capital-skill complementarity in the
production technology. More specifically, following Gravelle (2011), we group capital assets
into two categories: structure capital and equipment capital. We further assume that there
are two types of labor: skilled and unskilled. Following the empirical evidence in Krusell,
Ohanian, Rios-Rull, and Violante (2000), we assume that the degree of complementarity
between equipment capital and skilled labor is higher than the degree of complementarity

between equipment capital and unskilled labor.? Structure capital is neutral in terms of its

'In Section 2, we explain in detail how these differentials are created and provide further information on
the historical evolution of capital tax differentials in the U.S. tax code.

2The 2011 U.S. President’s State of the Union Address. Retrieved from http://www.whitehouse.gov /the-
press-office/2011/01/25 /remarks-president-state-union-address.

3Krusell, Ohanian, Rios-Rull, and Violante (2000) document equipment-skill complementarity for the U.S.



complementarity with skilled and unskilled labor.

Capital-skill complementarity implies that skilled and unskilled labor are not perfect sub-
stitutes and that the skill premium — defined as the ratio of the skilled wage to the unskilled
wage — is endogenous. In particular, a decrease in the stock of equipment capital decreases
the skill premium, thereby creating an indirect transfer from the skilled agents to the un-
skilled ones. Therefore, depressing the level of equipment capital creates an extra channel
of redistribution or social insurance. In order to depress equipment capital accumulation,
the government taxes returns to equipment capital at a higher rate than it taxes returns to
structure capital. This implies the optimality of differential asset taxation.

Our approach to optimal dynamic taxation follows the recent New Dynamic Public Fi-
nance literature, which analyzes optimal capital and labor income taxation a la Mirrlees
(1971) in dynamic settings. We first use mechanism design theory to transform the optimal
tax problem into a social planning problem and characterize its solution — the constrained
efficient allocation — analytically. Then, we provide an implementation of the constrained
efficient allocation in an incomplete markets environment in which people trade risk-free
bonds. We show that in this implementation, returns to equipment and structure capital
are taxed differentially at the corporate level as in the U.S. tax code.

Our theory has interesting implications for labor income taxes as well. A well-known
result in Mirrleesian optimal taxation problems is that the marginal labor income tax on
agents with the highest skill level should be zero. In our environment in which skilled and
unskilled labor are not perfect substitutes, this result is no longer valid: it is optimal to
subsidize skilled agents.* Because of imperfect substitutability between skilled and unskilled
labor, increasing the amount of skilled labor decreases the skill premium, which creates
indirect redistribution. In order to encourage the supply of skilled labor, the government
finds it optimal to subsidize skilled labor at the margin.

We build a quantitative version of our model to assess the importance of differential
capital taxation. We do so in an environment with permanent skill types in which the only
role of taxation is redistribution. In our benchmark calibration, the optimal equipment
capital income tax is 27.6 percentage points higher than the tax on structure capital in the
first period. The tax differential rises along the transition path to 39.6 percentage points at
the steady state. Optimal labor wedges do not change much over time. At the steady state,
the skilled labor wedge is -11.1% and the unskilled labor wedge is 26.6%.

economy. Flug and Hercowitz (2000) provide empirical evidence supporting equipment-skill complementarity
in a large panel of countries.

4Stiglitz (1982) is the first paper to point out that the no distortion at the top result does not apply in en-
vironments with imperfect substitutability between skilled and unskilled labor. Our result is a generalization
of his result to dynamic economies with production.



Next, we assess the welfare gains of optimal differential capital taxation. We compare
welfare in the optimal tax system with welfare in a tax system in which the government is
unrestricted in its choice of labor income taxes, but capital taxes on both types of capital are
restricted to be equal. The welfare gains of optimal differential capital taxation are 0.05%
in terms of lifetime consumption in the benchmark and can be as high as 0.35% within the
set of reasonable parameter values. We find that the welfare gains of optimal differential
capital taxation are even larger if we compare the optimal tax system with one in which
structure and equipment capital are taxed as in the U.S. tax code (and labor taxes are
chosen optimally). In this case, the welfare gains are 0.20% in the benchmark and can be as
high as 0.40%.

We focus on the redistribution and insurance provision role of differential capital taxation
and find that it is optimal to tax equipment capital at a higher rate than structure capital.
Our mechanism relies on equipment-skill complementarity which has been documented em-
pirically by Krusell, Ohanian, Rios-Rull, and Violante (2000), among others. There could
be other reasons for differential taxation of capital. For instance, some authors have ar-
gued that investment in equipment capital might create positive externalities. Other things
being equal, positive externalities would be a reason to tax equipment capital at a lower
rate than structure capital. Auerbach, Hassett, and Oliner (1994) point out, however, that
it is hard to support the existence of such positive externalities on empirical grounds. In
this paper, we abstract from all other possible reasons for differential capital taxation in or-

der to isolate the redistributive and insurance provision role of differential taxation of capital.

Related Literature. Our paper relates to three different strands of literature.

First, the seminal paper of Diamond and Mirrlees (1971) provides an influential backdrop
to the literature on differential taxation of capital assets: if the government has to raise
revenue using linear taxes on income from different factors of production, then all factors
should be taxed at the same rate. The implication of this result for capital taxation is clear:
all capital should be taxed at the same rate.” Several papers have analyzed the optimality
of differential capital taxation, assuming that the government is exogenously restricted to
a narrower set of fiscal instruments than in Diamond and Mirrlees (1971). For instance,
Auerbach (1979) shows in an overlapping generations environment that it is optimal to tax
capital differentially if the government cannot set labor income taxes optimally. In contrast,
the government’s inability to use debt to finance its spending does not typically call for

differential capital taxation. Feldstein (1990) proves the optimality of differential capital

SNaturally, most papers in the literature on differential capital taxation have focused on estimating the
welfare costs of taxing capital differently. See, for example, Auerbach (1983) and Gravelle (1994).



taxation in a static model in which the government is restricted to set the tax rate on one
type of capital equal to zero. A problem of this approach to differential capital taxation
is that its optimality depends, unappealingly, on the specific ad hoc restriction on the set
of fiscal policy tools available to the government. Our paper provides a novel mechanism
that implies the optimality of differential capital taxation in an environment in which the
government is unrestricted in terms of the set of taxes it can employ. Therefore, our results
do not depend on any ad hoc assumptions.

In this regard, our paper follows the New Dynamic Public Finance (NDPF) tradition.
This literature studies optimal capital and labor income taxation in dynamic settings in
which agents’ labor skills change stochastically over time.® The distinguishing feature of the
papers in this literature is that they do not make any ad hoc assumptions about the nature of
the tax system that is available to the government: the optimal tax system can be arbitrarily
nonlinear in the history of capital and labor income. No paper in this literature, however, has
studied differential taxation of capital assets prior to this paper. In addition, most papers in
the NDPF literature only provide theoretical characterizations of the optimal dynamic tax
structure. In contrast, this paper provides a set of theoretical results as well as a carefully
calibrated quantitative analysis. In this sense, we contribute to the NDPF literature by
adding to a set of recent papers that aim to provide practical policy recommendations by
quantifying the theoretical implications of the NDPF literature.”

Finally, our paper is related to a set of theoretical studies on optimal static Mirrleesian
taxation with endogenous wages. Stiglitz (1982) assumes that the labor supplies of agents
with different skills are imperfect substitutes and shows that the agent with the highest
income should be subsidized. In a similar setup with endogenous wages, Naito (1999) shows
that the uniform commodity taxation result of Atkinson and Stiglitz (1976) is no longer
valid under imperfect labor substitutability. We differ from this literature by focusing on
a dynamic environment with different types of capital, which we use to analyze optimal
differential taxation of capital assets both theoretically and quantitatively.

The rest of the paper is structured as follows. The next section discusses differential
taxation of capital assets in the U.S. tax code. In Section 3, we lay out the model. In
Section 4 we show that differential capital taxation is optimal. In Section 5 we show how to
implement the constrained efficient allocation in a competitive market environment. Section

6 discusses our quantitative results, and Section 7 concludes.

6Golosov, Kocherlakota, and Tsyvinski (2003) is the seminal paper in this literature. For an excellent
review of the NDPF literature, see the work of Kocherlakota (2010).

"See, for instance, Fukushima (2010), Golosov, Troshkin, and Tsyvinski (2011), and Farhi and Werning
(2013).



2 Differential Taxation of Capital in the U.S. Tax Code

In this section, we first explain how the current U.S. tax system taxes returns to capital
assets differentially. Then we provide a brief summary of the historical evolution of capital
tax differentials.

According to the current U.S. corporate tax code, all capital income net of depreciation
is taxed at the statutory rate of 35%. However, effective marginal taxes on net returns to
capital might differ from the statutory rate if tax depreciation allowances differ from actual
economic depreciation. To see this, let p, be the return to capital type 4, J; be its economic
depreciation rate, and d; be the depreciation rate allowed by the tax code. Suppose for
simplicity that at the end of a period, the firm liquidates and there is no further production.

Letting 7 be the statutory tax rate, the effective tax rate, call it 7, is given by

(p; — Si)T
(p; —0i)

T; =

As first pointed out by Samuelson (1964), if §; = §;, then 7; = 7. In words, when tax de-
preciation equals economic depreciation, then the effective tax on the return to capital 7
equals the statutory rate. If this is true for all types of capital, there are no tax differentials.
If, instead, for capital of type i the tax depreciation allowance is higher (lower) than the
actual depreciation rate, then its return is effectively taxed at a lower (higher) rate (i.e.,
Ti < (>)7). As argued by Gravelle (2003), inter alia, such discrepancies between tax depre-
ciation allowances and economic depreciation rates across capital assets are the main cause
of differential capital taxation in the United States.®

Gravelle (2003) concisely summarizes the historical evolution of tax differentials.® She
reports that before the 1986 Tax Reform Act, the statutory corporate income tax rate was
46%. The effective tax rates on returns to most equipment assets were less than 10%, whereas
they were around 35% to 40% for buildings. With the 1986 tax reform, the statutory rate
was reduced to 35%, and the depreciation rules were altered to eliminate the tax differentials

between equipment capital and structure capital. These policy changes resulted in effective

80f course, in reality many firms continue operating for many periods and hence deduct the whole cost of
a capital investment over time via depreciation deductions. The differences in effective tax rates are created
by tax depreciation rules that make firms depreciate their capital assets either faster or slower than their
economic depreciation over time. As long as the real interest rate is positive, tax depreciation rules that
allow firms to deduct depreciation faster relative to actual economic depreciation decrease the effective tax
rate on capital. Inflation also affects the real value of depreciation deductions because these deductions are
based on the historical acquisition cost. For a detailed description of how effective tax rates are calculated,
see Gravelle (1994).

9For a more detailed description of how tax differentials between capital equipments and structures have
changed between 1950 and 1983, see Auerbach (1983).



equipment capital tax rates that were about 32% and structure capital tax rates that were
still about 35% to 40%. As documented by Gravelle (2011), in the current U.S. corporate
tax code (which went through a minor reform in 1993), equipments are taxed at 26% on
average and structures are taxed at 32%. To sum up, capital equipments have historically
been favored relative to capital structures, but the difference in effective tax rates has been

declining over time.

3 Model

There is a continuum of measure one of agents who live for infinitely many periods.'® They
differ in their skill levels: they are born either skilled or unskilled, j € H = {u,s}. The
skilled agent has productivity 2z and the unskilled agent z,. Their skill type evolves stochas-
tically over time according to a stochastic process 7. History in period ¢ is denoted by h and
lies in the set of all possible period ¢ histories H'. Let 7,(h') be the unconditional probability
of history h'.

Production Technology. An agent of skill level j in period ¢ produces [ - z; units of
effective 7 type labor when he works [ units of labor. Aggregate amounts of skilled labor L,

and unskilled labor L, in period t are given by, for j = u, s,

Lie = Y m(h)(h)z. (1)

{hteH?!|hi=j}

We assume that there are two different occupational sectors in this economy: a skilled
sector in which only skilled agents are allowed to work and an unskilled sector in which only
unskilled agents are allowed to work. The first assumption reflects the fact that unskilled
people do not have the skills to work in the skilled sector. The second assumption can be
rationalized as follows. We assume that agents get the same disutility from working in the
two sectors. Therefore, a skilled agent will choose to work in the skilled sector as long as he
gets a higher wage in the skilled sector. This reasoning holds in the presence of taxes under
our assumption that taxes are functions of income histories only. We discuss the nature of
the tax system in more detail below.

There are two different types of capital stock in the economy: structure capital K, and
equipment capital K.. The economy is initially endowed with K7, and K, units of these

capital goods, respectively. There is a representative firm that produces the output in the

0None of the results presented here rely on the fact that time lasts forever.



economy according to the following production function:
Y = F(Ksa Kea Lsa Lu)7

where Ky, K, refer to structure capital and equipment capital, respectively. We also define

a function F that gives the total wealth of the economy:

F=F+(1-6)K,+(1-35)K..

Wages. Given the production function F', agents of skill type j € {s,u} in period ¢
receive a wage rate w;, for one unit of their labor, where
8F<Ks,t7 Ke,t7 Ls,t7 Lu,t)

wj,t = aLj’t ' Z] (2)

We denote the wage rate that an agent with skill history h' receives as wy(h;), where
wi(hy) = wjy if by = j. We use wy(he) rather than wy(h') because an agent’s wage rate

in history h! depends only on the current skill level h;.

Capital-Skill Complementarity. The key feature of the technology is equipment
capital-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 assumption has two important implications that make our model dif-
ferent from the standard model in the NDPF literature. First, an increase in the stock
of equipment capital decreases the ratio of the marginal product of unskilled labor to the
marginal product of skilled labor. In other words, the ratio of skilled to unskilled wages is
endogenous, and this ratio 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. Second, skilled and unskilled labor are no longer perfect substitutes which implies
that the skill premium is decreasing in the total amount of skilled labor and increasing in the

total amount of unskilled labor. We formalize these assumptions on technology as follows.

OF/OL,
OF /0Ly,

Assumption 1. is independent of K.
OF /DL,

Assumption 2. OFJOLs

15 strictly increasing in K.

OF/OL,
OF /0L,

Assumption 3. 15 strictly decreasing in Lg and strictly increasing in L,,.

Preferences. All agents have the same ex ante expected discounted utility function,



SO m(hBT [ula(h') — o(L(h')]

t=1 hteH!
where § € (0,1) is a discount factor, u,v : Ry — R, and ¢;(h') and [;(h') represent con-

sumption and labor at history h‘. We assume that «’, —u”, v, and v” all exist and are positive.

Allocation. An allocation is @ = (c,(h"),l,(h'), Ksy, Key, Loy, Luy) ey, where ¢l :
H' - R,.

Feasibility. An allocation is feasible if in any period ¢t > 1,

Z m(hY) e (h') + Koy + Kepp1 + G < F(Ks,ta Ket, Lgy, Lyy), (3)

hteH?

K1 < K7y, Koy < K7y, and (1) holds.!! Here, {G,}32, is a sequence of exogenously given

wasteful government consumption.

Optimal Tax Problem. We allow the government to choose from a very rich set of
tax instruments. Specifically, taxes are allowed to be arbitrary nonlinear functions of income
histories. Following Mirrlees (1971), we do not allow taxes to depend directly on agents’ skill
levels and their labor supplies. We also do not allow taxes to depend on the sectors people
work in. One could motivate the assumption that taxes only depend on income by arguing
that the government cannot condition taxes on skills, labor supplies, or people’s sectors
because they are unobservable, but none of what follows hinges on this interpretation.

However, for technical reasons, it is convenient to use the private information assump-
tion explicitly. Formally, we assume that an agent’s skill history, h*, and hence his wage
rate, wy(h'), along with his labor supply [;(h') are private information. Income y,(h') =
wy(hy)l(h') and consumption ¢;(h') are public information. Whether the agent works in the
skilled or unskilled sector is also private information. This implies that when an agent wants
to mimic the other type, he only has to mimic his income level. Since we assume that agents
cannot switch sectors, an agent can only mimic the other type’s income level by adjusting
his labor hours.

Observe that any market arrangement with taxes is a particular mechanism. By rev-
elation principle, no such mechanism can do better than the optimal direct truth-telling

mechanism. Conversely, in section 5, we prove that there is a tax system that implements

1One explanation for the increasing use of equipment capital observed in the data is that its relative price
is decreasing. It is straightforward to extend our analysis to account for this possibility.



the allocation that arises from the optimal direct truth-telling mechanism. Therefore, finding
the optimal tax system reduces to finding the optimal direct truth-telling mechanism, which
is the problem of a social planner who assigns allocations as functions of agents’ types subject
to incentive compatibility constraints. One can think of this problem as one in which the
agents report their types to the planner. The planner then assigns allocations as functions of
the reports. The incentive compatibility constraints make sure that agents do not misreport

their type. We now formally define the notion of incentive compatibility.

Incentive Compatibility. Define o, : H" — {u, s}. A reporting strategy is o = (04)2;.
Let o'(h!) = (o1(h'), ..., 0¢(h')) denote the history of reports along history h'. Let ¥ denote
the set of all reporting strategies. The truth-telling strategy, which we denote by ¢*, is the
one that prescribes reporting the true type at each and every node: for all k', o} (h') = hy.
Define

as the expected discounted value of using reporting strategy ¢ given an allocation x.

An allocation z is incentive compatible if and only if for all o € X,
W(c*|z) = W(olz). (4)

Simplifying the Incentive Constraints. Following Fernandes and Phelan (2000),
without loss of generality, we restrict attention to the set of reporting strategies that has
lying only at a single node.!? This allows us to replace (4) with a sequence of temporary
incentive constraints, one for each node.

An allocation z is incentive compatible if and only if in any period ¢ and at any node

12Temporary incentive constraints were first shown to be necessary and sufficient for incentive compatibility
by Green (1987) in the context of a dynamic moral hazard problem where people face i.i.d. endowment shocks
that are private information. Fernandes and Phelan (2000) generalized this result to environments with
persistent private shocks. To be precise, we need to use two more assumptions to be able to use temporary
incentive constraints. First, we need each possible skill history to be reached with strictly positive probability.
Second, we need a transversality condition that is automatically satisfied if we assume that instantaneous
utility is bounded.

10



ht=1 and for all h, € H,

u(er(R', he)) = v(le(h™", e)) Z Yo malh™B T ulen(h™)) = vl (h™))]

m=t+1 {hmeH™|h™>-ht}

w(e (A1 R9)) — v <lt(ht;:<lz 1;Ut<h§))

F > mamn fulen(R) vl ()] ()

m=t+1 {hmeHm|hm»=ht}

where h{ is the complement of h; in the set H and hm = (R RS ity oy o) -

In the rest of the paper, we use (5) to represent incentive compatibility.

Social Planning Problem. The social planning problem that defines the constrained

efficient allocation is
maxz dom [u(ce(R')) = v(l(h'))]
t=1 htcHt

subject to
(1), (2), (3), and (5).

The allocation that solves the social planning problem is called the constrained efficient

allocation and is denoted with an asterisk throughout the paper.

4 Optimality of Differential Capital Taxation

In this section, we lay out the economic mechanism that calls for differential capital taxation.

4.1 Capital Return Wedge

In the standard two-sector growth model, a given level of aggregate savings is allocated
between the two types of capital to equate their physical marginal returns. The proposition
below shows that at the constrained efficient allocation, this is not true, meaning it is optimal
to create a wedge between the physical returns to the two types of capital. This result is the
basis for differential taxation of capital: to create the wedge in the market equilibrium, the

two types of capital should be taxed differently.

11



Proposition 1. At the constrained efficient allocation, in any period t > 2,

[ * * * * I * * * * 1 *
Fl(Ks,t? Ke,t’ Ls,t7 Lu,t) = F2<Ks7t7 Ke,t? Ls,t? Lu,t) + FXt )
t
where 09
l*(ht—l hc))w*(ho) a:i))t*(ht)
X* — * ht / t ) U t t l* ht—l ho _ W \)
- 3 i () o

and \¢ and p,(h') are Lagrange multipliers on period t feasibility constraint and the incentive

constraint at history ht.

Proof. Under Assumptions 1 and 2, the result follows from the first-order conditions

with respect to two capital types:

(Ks,t) - ;tk—l + Arﬁl(K:,tv K;:t’ L:,t’ Lz,t) =0,
(KE,t> Pt A:F2(K:,t> K:,t? L:,ta L;t)
wy (h?)
15(h1, hO)wi(h9) O ety
4 *htv'(t ) ' t t l*ht—17ho ¢\t :0
E Mt( ) w?(ht) t( t) aKét

{hteH!}

O

Because of capital-skill complementarity, increasing the level of equipment capital in a
given period increases the wage ratio in that period and hence affects the temporary incentive
constraints in that period. From a planning perspective, this means that increasing equip-
ment capital has an extra marginal return, X;/)\;, in addition to the physical return, ngt.
Since structure capital is neutral, changing its level does not affect the incentive constraints,
and hence its only return is its physical return, F]’t. The proposition then just collects the
total return to equipment capital and equates it to the return to structure capital at the
constrained efficient allocation.

Observe that two assumptions are key for the capital return wedge result. First, if there
was no complementarity between equipment capital and skilled labor, it would be efficient
to equate the physical marginal returns to two types of capital. Second, if skills were not
private information but publicly known, then there would be no incentive constraints, and
hence, X} = 0, and the optimal capital return wedge would be zero. Intuitively, if skill types
were known, the government could condition taxes on skill types, which is nondistortionary.
In that case, the government could redistribute via type-specific lump-sum taxes at zero
efficiency cost and would not need the additional distortionary channel of redistribution,

which works through the capital return wedge.

12



4.2 Optimal Differential Capital Taxes

In this section, we provide a link between the optimality of the capital return wedge and
the optimality of differential capital taxation. We do so in two steps. First, in Proposition
2 we provide intertemporal characterizations of the constrained efficient allocation. Second,
in Corollary 1 we characterize the properties of the optimal wedges (distortions) that a
planner would have to create in order to implement the constrained efficient allocation in a
competitive markets environment in which people were allowed to save through both types

of capital.

Proposition 2. At the constrained efficient allocation, in any period t and following any

history ht,

1 1 1 t
i ~ s R

and 1 1 1
= E, Rt . 7
WG " 5 (B + Xe i) S g

Proof. Under Assumption 1, equation (6) follows directly from Golosov, Kocherlakota,
and Tsyvinski (2003). Equation (7) is obtained by using Proposition 1 in equation (6). O

Equation (6) describes the efficient way of allocating consumption across two consecu-
tive periods using structure capital. It is the standard inverse Euler equation first derived
by Rogerson (1985) and then generalized to dynamic economies with a general stochastic
process governing the evolution of skills by Golosov, Kocherlakota, and Tsyvinski (2003).
Intuitively, equation (6) holds because its left-hand side defines how much resources are saved
by decreasing period ¢ utility by one unit at node h'. The right-hand side is the period ¢
resource cost of increasing utility by 1/4 units in both contingencies in period ¢ + 1. These
values have to be equal at the constrained efficient allocation. Otherwise, by increasing or
decreasing (depending on the direction of the inequality) savings at node h', the planner
could achieve the same welfare level in an incentive-compatible way at a lower total resource
cost. That would contradict the (constrained) efficiency of the original allocation.

Observe that we use Ff‘jt 41 in equation (6) when discounting the period ¢t + 1 cost of
increasing period ¢+ 1 utility to period t. We do so because here we assume that the planner
is using K41 to transfer resources between periods. In equation (7), the planner is again
comparing period ¢t and ¢ + 1 costs of increasing agents’ utility by one unit. However, now
resources are transferred between periods using K., and there is an additional incentive
cost (or benefit depending on which incentive constraints bind) of changing the level of
K.z1. This additional cost is equal to X}, ,/A;,,, which is reflected in the overall marginal

*

return of equipment capital, F;,Hl + X/ A

13



The corollary below establishes the implications of Proposition 2 for the optimal taxation
of different types of capital. First, we define intertemporal wedges in each period t for both
types of capital i € {s,e} as

u'(ci(h'))

Tig(h) =1~ BE,tﬂEt {/ (cppr (RF1))| AL} ¥

The intertemporal wedge for capital of type ¢ at history h' measures the efficient distortion
that the planner needs to create in the intertemporal allocation of resources between current
consumption and saving through capital asset i at that history. The efficient (i.e., optimal)
distortion is computed by comparing the intertemporal marginal rate of substitution at A’
with the marginal rate of transformation through capital of type ¢ in period t. We denote

the optimal wedges by an asterisk.

Corollary 1. The optimal wedge on structure capital in any period t and history ht satisfies
75 (R) > 0. (9)

The inequality is strict if and only if there is no j € H such that w41 (h', j|ht) = 1.

The optimal wedge on equipment capital in any period t and history h' is given by

(F;,t—i-l + Xf+1//\:+1>

(=72 (h)] = [1 = 73] - A= (10)

Proof. Inequality (9) follows from equation (6) and the conditional version of Jensen’s
inequality. Equation (10) is a direct consequence of Proposition 2 and the definitions of
intertemporal wedges in equation (8). O

The first part of the corollary is standard in the NDPF literature and says that the
intertemporal wedge on structure capital is positive if there is skill risk. The intuition for
this result is the following. If we allow an agent to borrow and save at the marginal rate of
return to structure capital, he will save above the efficient level in a given period. In the next
period, he will work less than socially optimal if he turns out to be of the skilled type. To
prevent this double deviation, it is optimal to discourage savings (i.e. implement a positive
intertemporal wedge). The government can achieve a positive wedge with a positive tax on
structure capital. Naturally, there is no reason to tax structure capital if there is no skill
risk.

The second part of the corollary shows that the intertemporal wedge on equipment capital

can be decomposed into two parts. The government wants to discourage savings in equipment
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capital for the same reasons as it wants to discourage savings in structure capital, which is
captured in the first term on the right-hand side of equation (10). The second term on the
right-hand side of equation (10) is present in order to create a wedge between the returns to
the two types of capital, which is optimal as shown in Proposition 1. The presence of this
term implies that generically the optimal wedges on the two types of capital are different in
any period and history, which establishes the optimality of differential taxation of capital.
Observe that the second term on the right-hand side of equation (10) is history indepen-
dent, which implies that the additional tax (or subsidy) on equipment capital can be applied
at the firm level. We use this fact in Section 5, in which we describe how the constrained

efficient allocation can be implemented in a competitive equilibrium environment with taxes.

4.3 The Relevant Case

We now impose two natural assumptions that make it possible to proceed further with our
characterization results. In particular, we are able to sign the capital return wedge and
determine whether the intertemporal wedge is higher for structure capital or equipment
capital. The first assumption concerns the wages of the two types of labor, the second the
pattern of binding incentive constraints.

Since wages are endogenous in our model, it is possible that skilled agents earn a lower
wage rate than unskilled agents in a certain period (e.g., if the level of equipment capital is
low or the supply of skilled labor is too high). However, this is not empirically relevant and,
furthermore, it does not occur in any of our numerical simulations in Section 6. In the rest
of the paper, we assume that in any period, skilled workers earn higher wages than unskilled

workers. Formally:
Assumption 4. In any period t > 1, wi, > wy ;.

There is no theoretical result that establishes the pattern of binding incentive constraints
for general skill processes in dynamic Mirrleesian environments. However, with Assumption 4
and with the government providing insurance and redistribution, it is natural to assume that
the only incentive constraints that bind are those that prevent the skilled from pretending
to be unskilled. We call such incentive constraints downward incentive constraints.’®> We
find it useful to formalize this pattern of binding incentive constraints with the following

assumption.

Assumption 5. Suppose only downward incentive constraints bind.

13In our environment, one can establish that this is the pattern of binding incentive constraints when skills
are i.i.d. or permanent. We assume that skills are permanent in our quantitative analysis in Section 6.
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Lemma 1. Suppose Assumption 5 holds. Then, at the constrained efficient allocation, in

any period t > 1,

X <.
Proof. Under Assumption 5,
% % ut+1
= Y i (e iy s
t - t * t * *
- * Ws 141 * 0K 1

{hteH}
Using the definition of wages in equation (2), Assumption 2 implies

.
Wy t4+1
et

Wg t+1

— <0,
0K,

implying the result. O

Remember that X} ; represents the effect of increasing equipment capital on the incen-
tives. By Assumption 2, we know that increasing equipment capital in period ¢+ 1 increases
the wage premium in that period. This tightens the incentive constraints of the people who
are skilled in period t+1 and relaxes the incentive constraints of the people who are unskilled
in period t 4 1. By Assumption 5, the incentive constraints of the unskilled are slack, imply-
ing that the only effect of increasing equipment capital is tightening the incentive constraints
of the period ¢ + 1 skilled agents. Hence, the total effect of increasing K., on incentives is

negative (i.e., X/ ; <0).

Proposition 3. Suppose Assumption 5 holds. Then, in the constrained efficient allocation,

in any period t > 1 and history ht,

* * * * I * * * *
F(Kst+l>Ket+17Lst-‘rl?Lut-l—l) < FQ(KS,H—I?Ket+17Ls,t+17Lut+1)

T:,t(ht) > T:,t<ht)-

Proof. The first part of the proposition follows from Proposition 2 and Lemma 1,
whereas the second part follows from Corollary 1 and Lemma 1. O
The first part of this proposition says that the physical return on equipment capital
should be higher than the physical return on structure capital. This result is intuitive:
by decreasing the level of equipment capital, the planner decreases the skill premium and
thus indirectly redistributes from the skilled to the unskilled agents. Decreasing the level of

equipment capital increases its return due to diminishing marginal returns. This intuition
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shows that there is an extra reason to depress equipment capital accumulation relative to
structure capital, which implies that the wedge on equipment capital should be higher than
that on structure capital. This is the second part of the proposition.

As we show formally in Section 5, to create a higher wedge on equipment capital in a
competitive market environment in which agents hold and trade capital, the government
should tax equipment capital at a higher rate than structure capital. Note that this result
is in contrast with the actual U.S. tax code in which structure capital is taxed at a higher

rate than equipment capital.

4.4 Intratemporal Wedges

The intratemporal (labor) wedge measures the distortions in the consumption labor decision
by comparing the marginal rate of substitution between consumption and labor with the

marginal product of labor (i.e., the wage rate):

V' (L(h1))

moalh) = = S )

The famous no distortion at the top result proven originally by Sadka (1976) and Seade
(1977) states that in a static Mirrleesian economy, if the distribution of skills has a finite
support, then the consumption-labor decision of the agent with the highest skill level should
not be distorted. A counterpart of this proposition holds in a standard dynamic Mirrleesian
model with discrete skill types: in any period, an agent who is currently of the highest skill
level should face a zero labor wedge. This result does not depend on the stochastic process
governing skills but requires that only the downward incentive constraints bind.!4

In this section, we show that the no distortion at the top result does not hold in the
presence of capital-skill complementarity even if only the downward constraints bind. This
result is in line with Stiglitz (1982), who shows that when two types of labor are imperfect
substitutes, then the top agents’ labor supply decision should be distorted.'® In particular,
Stiglitz shows that the top agents’ labor income should be subsidized. The intuition is that,
under imperfect substitutability between the two types of labor, increasing the labor supply
of the skilled agents decreases the wage ratio of the skilled relative to the unskilled agents.
Thus, increasing skilled labor supply creates indirect redistribution. In order to induce the

skilled agents to work more, the government has to subsidize their labor supply at the margin.

4Farhi and Werning (2013) and Golosov, Troshkin, and Tsyvinski (2011) prove this result for dynamic
economies with continuous support under certain assumptions on the primitives. Huggett and Parra (2010)
prove it for a dynamic economy in which skill types are permanent.

5Rothschild and Scheuer (2012) generalize the subsidy result in Stiglitz (1982) to an economy with
occupational choice and a continuum of types.

17



Mechanically, in the planning problem, increasing the skilled labor supply in a given period
decreases the skill premium, which relaxes the skilled agents’ incentive constraints associated
with that period. With capital-skill complementarity in the production function, skilled and
unskilled labor become imperfect substitutes, and hence Stiglitz’s result is generalized to

dynamic economies with capital accumulation.!®

Proposition 4. Suppose Assumption 5 holds. In any period t > 1, the optimal labor wedge

of the agent who is currently skilled is negative.

Proof. Relegated to Appendix A. O

5 Implementation

In this section, we show how the constrained efficient allocation can be implemented in an
incomplete markets environment with taxes. We say that a tax system implements the
constrained efficient allocation in a market if the constrained efficient allocation arises as an
equilibrium of this market arrangement under the given tax system. The constrained efficient
allocation can be implemented in many different ways. We provide an implementation in
which the tax system mimics the actual U.S. tax code in the sense that capital tax differentials
are created at the firm level through depreciation allowances that differ from actual economic
depreciation. Therefore, creating the optimal capital tax differentials would not require
further complications to the U.S. tax code.

We begin by describing the market arrangement. We assume that markets are incom-
plete in that agents can only trade uncontingent claims to future consumptions (i.e. they
can save and borrow at a net risk-free rate, r;). We denote an agent’s savings as a;. There is
a static representative firm that rents capital at a net interest rate r; and labor to produce
the output good.!” The wage rates for skilled and unskilled are ws and w,; and are taken

as given by the firm.

Government and Taxes. There is a government that needs to finance {G;}°,, an
exogenously given sequence of government consumption. The government taxes consumers’

savings and labor income (in a nonlinear and history-dependent way). The government also

16 Grochulski and Piskorski (2010) prove that the no distortion at the top result does not hold in all but the
last period in a finite horizon Mirrleesian economy with full persistence in innate skills and human capital
accumulation.

1"The assumption that the firm does not accumulate capital is innocuous and is made for convenience
only. This setup is equivalent to one in which the firm, instead of the consumers, accumulates capital and
makes the capital accumulation decisions.
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taxes the firms’ capital income net of depreciation. The statutory depreciation allowance
can differ from economic depreciation, as in the U.S. tax code. This is how the government
implements differential taxation of capital income, both in the U.S. economy and in our
implementation.

Taxes on consumers are specified following Kocherlakota (2005). Let 7,, : R}y, — R
denote the labor tax schedule, where 7,,(y") is the labor income tax an agent with labor
income history 4' = (yi,...,4:) pays in period ¢. Labor income in history A’ is defined as
yi(h') = wy(hy) - l;(hY). There are also linear taxes on people’s asset holdings, which may
depend on their income history. Letting 7,; : R}, — R denote linear tax rates on asset
holdings, an agent with income history y* pays 7,,(y*)(1+7;)a,(h'™!), where a,(h'~!) denotes
the agent’s asset holdings.!®

Unlike in Kocherlakota (2005), the government also has access to a linear, history-
independent tax on firm profits, denoted by 74, : Ry — R. The corporate tax code also
includes statutory depreciation allowances, (Ss,ta 5@,1:)2)21, where the firm is allowed to deduct

0; K, from its tax base in period t.

Consumer’s Problem. Taking prices (ry, ws, Wy )52, and taxes (7,4, Tor)r2; as given,

a consumer solves

mx Y~ 3 )3 ute 1)~ (2455 )]

t=1 htcH?

subject to

co(h') + @ (B') < yu(h') = 70 (y' (R') + [1 = Tau(y'(R))] (1 + re)an(h),

s e,

¢,y are nonnegative.

Firm’s Problem. Taking (r;, wg, wy )52, and taxes (T4, 054, 0c)50 as given, the firm

solves

wS
max F(Ksp, Kegy Loy, Lug) — (1 4+1) (Ko + Kep) — _ﬂth,t -

Ke,hK.s,t,Ls,tyLu,t ZS Zu

wu,t

Lyt —75ellps,

where II¢; is the firm’s capital income net of depreciation allowances in period ¢ and is given

180ne can show that the government can implement the constrained efficient allocation by taxing only the
return from capital rya;(h*~'), which would be more in line with what we observe in the U.S. tax code.
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by

_ _ Wy,
Hf,t = F(Ks,ta Ke,ta Ls,ta Lu,t) - 6s,th,t - 5e,tKe,t - _th,t -

S u

wu,t

Lu,t

Notice that, as in the U.S. corporate tax code, we assume a flat tax on the firm’s capital

income net of depreciation allowances.

Equilibrium. Given a tax system (7,4, Tat, T £, st,00.4)2,, an equilibrium is an alloca-
tion for consumers, (¢;(h'), l;(h'), az+1(h'))s2,, an allocation for the firm, (K4, Koy, Lty Lut )24,
and prices (14, s, Wy )i, such that (c.(h'), yi(hY), ary1(hY)):2, solves the consumer’s prob-

lem, (Kst, Ket, Lsyt, Lut)i2, solves the firm’s problem, and markets clear:

Z Wt(ht)ct(ht) + K1+ Koy +G = ﬁ(Ks,ta Key, Loy, Lyy),
hteH?
Kgy+EKe, =Y m(ha(h'™),
hteH?
ht Y ht
Ls,t — Z ’n't(ht>%25, Lu,t = Z Trt(ht)%zu'
(ht€H |hy=s)} ) (ht€H | hy=u} )

The government’s period-by-period budget balance is implied by Walras’ law:

Z T (1) [Taa(y' (W) (1 + ro)ae (B + 7y 1 (y" (h9)] + 7pallps = Gy

hteH?

In what follows, we describe an optimal tax system that implements the constrained effi-
cient allocation in the market setup described above. Before doing so, we provide a formal

definition of our notion of implementation.

Implementation. A tax system (7, Tat, Tr4, Ss,u ge,t)f; implements the constrained

efficient allocation (cj(h'), Ij (h'), K}, Ky, L, Ly, )72, if an allocation for consumers (cf(h'),
I} (h'), agy1(R'))2, and an allocation for the firm (K7, K7, L:,, L, )2, jointly with the tax

system and prices (g, Wy, Wy )52, constitute an equilibrium.

5.1 Optimal Tax System

First, we construct the optimal tax system. Then, we prove that it implements the con-

strained efficient allocation. Finally, we characterize its properties.

Optimal Tax System. We begin by describing optimal savings taxes. Set the taxes on
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people’s savings as

/(e (1)
ﬂu( (ht+1))F( stv eta staL*)
=1, if else,

*

Ta,t—l—l (y

t+l) 7 1f yt+1 c Yt+1>k

*

Tat+1 (y

where we define y'(h') = (yn(h™)l _, Y™ = {y' : ' = y*(h'), h' € H'}, and Vj

wirt—1 OF (K, KXy iy Lyy) o
yt(ht la]) = : 8Ltt : Zjlt<ht 17.7)-
J7

In words, Y* is the set of labor income histories observed at the constrained efficient allo-
cation. Set labor income taxes such that if y* € Y™, then 77 ,(y") and aj,(h") are defined

to satisfy the flow budget constraints every period:
ci (W) +ap (B') = y; (h') — Ty, (') + [1 — Tty )] FI(Ks*ta Koy Ly, LZ,t)aZ‘(ht_l)

If y* ¢ Y™ then

Finally, set

F(K* thvL:t?Lz,t> — 0,

Ty, = 1— st

ft FQ(Ks,ta Ke,ta Ls,ta Lu,t) - (Se
3; = ;40
oy = O

Observe that at the corporate level, the optimal tax system works in the same way as
the U.S. tax code. In the U.S. corporate tax code, there is a single statutory corporate tax
rate, and differences between effective tax rates on equipment and structure capital income

are created through differences in tax depreciation rules, as explained in detail in Section 2.

Proposition 5. The optimal tax system described above implements the constrained efficient

allocation.

Proof. Relegated to Appendix A. O
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Properties of Optimal Capital Taxes. Next we summarize and discuss the properties

of optimal capital taxes.

1. Capital income is taxed twice, once at the consumer level via savings taxes and once

at the corporate level (double taxation of capital).

2. The statutory corporate tax is strictly positive in the relevant case:

% F (K:,w K:,tv LZ,t? LZ,t) - 55
Tft - 1 - > O,
’ FQ(Ks,t7 Ke,ty Ls,t7 Lu,t) - 66

where the inequality comes from Proposition 3.

3. Even though there is a single statutory tax rate on all of corporate income, T{ , the
effective taxes on capital income at the firm level differ across different capital assets
because of differences in the statutory depreciation allowances. The firm is allowed
to expense all of its user cost of structure capital, whereas the depreciation allowance
on equipment capital is equal to its economic depreciation. Using equation (2), these
properties imply that the optimal effective corporate tax rate on structure capital is
zero and the optimal effective corporate tax rate on equipment capital is equal to the

statutory corporate tax rate 77%,."

4. Properties 2 and 3 imply that the government uses capital income taxes to collect

revenue at the corporate level, as in the U.S. tax code.

5. Expected taxes on consumers’ asset holdings are zero as in Kocherlakota (2005):

C§+1(ht+1)) 1,t+

This property follows from equation (6) in Proposition 2.

19Note that there are other implementations in which both capital types can be taxed positively as long
as the tax rates create the efficient capital return wedge. In that case, the savings’ tax that the consumers
face would have to be adjusted.
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6 Quantitative Analysis

The main goal of this section is to analyze the quantitative importance of differential tax-
ation of capital in a version of our model calibrated to the U.S. economy. We assume that
agents’ skill types are permanent: if an agent enters the labor market skilled (unskilled), she
remains so forever. Since there is no labor income risk in this environment, the only role
of taxation is redistribution (along with financing government consumption).?® Permanent
skills is a natural assumption given that in the data we associate skill levels with educational
attainment. In addition, there is empirical evidence that initial conditions account for a
large part of the cross-sectional variation in lifetime earnings.?!

We first calibrate the model parameters to the U.S. economy using a competitive equi-
librium framework with the actual U.S. tax code and government consumption level. We
then solve a social planning problem in which the planner “inherits” the capital levels from
the competitive equilibrium and needs to finance the same level of government consump-
tion. We solve for the whole time series of the constrained efficient allocation, thus taking
into account the transition to a new steady state. We find that the optimal capital taxes
on equipment capital should be higher than those on structure capital. Specifically, in our
benchmark calibration, the optimal tax differential increases from 27.6% in the first period
to 39.5% in the steady state. We also assess the welfare consequences of differential capital
taxation. We find that the welfare gains of optimal differential capital taxation can be as
high as 0.4% in terms of lifetime consumption.

The assumption of permanent skill types also allows for a sharper qualitative character-
ization of the constrained efficient allocation and the associated optimal taxes. Therefore,
before going to the quantitative analysis, in Section 6.1 we provide a sharper characterization
of the qualitative properties of the optimal tax system under permanent skill types. The
most important result of this section is the optimality of positive taxes on equipment capital

in the long run.

6.1 Social Planning Problem and Long-Run Capital Taxes

We first define the social planning problem for the environment with permanent skill types.

We assume a utilitarian social planner who puts an equal weight on all agents. We fur-

20A related exercise has been performed in Werning (2007), who characterizes the constrained efficient
allocation qualitatively in a standard neoclassical growth model with permanent types. Huggett and Parra
(2010) compute the constrained efficient allocation in a partial equilibrium overlapping generations environ-
ment. Unlike the focus in these papers, we focus on the role of differential capital asset taxation.

2'Keane and Wolpin (1997) estimate this number as high as 90%, Huggett, Ventura, and Yaron (2011)
over 60%, and Storesletten, Telmer, and Yaron (2004) almost 50%.
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ther assume that Assumption 4 is satisfied (i.e., the skilled agents’ wage is higher than the
unskilled agents” wage). The social planning problem (SPP) reads:*?

max Z j Z B ulejs) — v(lje)] s.t.

{(ej,6:l5,6) 5K st Ke,t s Lut,Ls e 152 i—ws 1

Vit Gy + Z micie+ Kopp1 + Kegrn < F(Ksy, Key, Loy, Luy),

J

> > lut u,t
506 ulew) — o] 2 38 ulens) — o222
t=1 t=1 st

To simplify notation, we denote the consumption and labor allocation of an agent of
(permanent) type j in period ¢ by ¢;, and [;,.

In this problem, the only private information that people have is their permanent skill
type. People report their type only once in the first period. As a result, the planner
faces only two incentive constraints. In the problem defined above, we omit the incentive
constraint that prevents unskilled types from pretending to be skilled types because that
incentive constraint never binds. This result follows from Assumption 4 and the fact that
the utilitarian social planner puts equal weight on each agent.

Proposition 6 provides a sharper characterization of the optimal intertemporal wedges

for the permanent type case.

Proposition 6. Suppose skill types are permanent and Assumption 4 holds. Then the opti-

mal intertemporal wedges on the two types of capital satisfy the following properties.

1. In all periods, the optimal wedge on equipment capital is strictly positive, whereas the

optimal wedge on structure capital is zero.

2. If the optimal allocation converges to a steady state, then the optimal wedge on equip-

ment capital is strictly positive at the steady state.

Proof. Relegated to Appendix A. O

22Note that factor prices are endogenous in this SPP (i.e., we take general equilibrium effects into account).
We would not be able to assess the role of differential capital taxation in a partial equilibrium environment,
which most quantitative papers in the NDPF literature consider. As Farhi and Werning (2012) show,
considering general equilibrium effects is important even with a standard Cobb-Douglas production function.
They find that welfare gains of a particular partial tax reform are greatly overestimated if general equilibrium
effects are not taken into account. Another exception in this regard is Fukushima (2010), who computes the
constrained efficient allocation in a general equilibrium overlapping generations environment with a specific
assumption on the persistence of skill shocks.
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Part 1 of Proposition 6 calls for positive taxation of equipment capital and zero taxation of
structure capital in every period.?? To understand this result, remember that by Assumption
1, a change in the level of structure capital does not affect the skill premium. Therefore,
there is no indirect redistribution motive to distort structure capital accumulation. The only
reason why it might be optimal to tax structure capital in this environment is to discourage
the double deviation of saving too much and reporting to be of a different skill type in
the next period. With permanent skill types, agents do not report after the initial period,
and hence, this reason disappears. In contrast, taxing equipment capital has the extra
benefit of decreasing the skill premium, thus providing indirect redistribution. Therefore,
the planner finds it optimal to tax equipment capital. Observe that since there is no need
to tax consumers’ savings, all capital taxation can be done at the firm level.

Part 2 of Proposition 6 says that the optimal wedge on equipment capital is positive
in steady state. This result is interesting because it shows that the indirect redistribution
channel calls for taxing equipment capital not only in the short run but also in the long run.
This result is in contrast with the famous Chamley-Judd result of the long-run optimality
of zero capital taxation in the Ramsey literature.2* Observe that it is meaningful to discuss

steady-state taxation because skill types are permanent and, hence, steady states can exist.

6.2 Calibration

To calibrate the parameters in the social planning problem, we assume that the steady state
of the competitive equilibrium defined in Section 5 represents the current U.S. economy. In
this stationary competitive equilibrium (SCE), we use the current U.S. tax system rather
than the optimal taxes. We first fix a number of parameters to values from the data or from
the literature. We then calibrate the remaining parameters so that the SCE matches the
U.S. data along selected dimensions.

We assume that the period utility function takes the form

Cl—a ll-i-’Y

u(c) —o(l) = 1—0_¢1+’y'

One period in our model corresponds to one year. 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.

23The optimality of not taxing structure capital is related to Werning (2007), who shows that zero capital
taxation is optimal in every period in a dynamic Mirrleesian model with standard Cobb-Douglas production
function, a single capital good, and permanent types.

24See Chamley (1986) and Judd (1985). Note that in the standard Ramsey problem with linear capital
and labor income taxes and permanent types, the optimal tax on both types of capital is zero in the long
run even with our production function that features equipment capital-skill complementarity.
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Table 1: Benchmark Parameters

Parameter H Symbol  Value Source
Relative risk aversion o 2

Inverse Frisch elasticity 0% 1

Structure capital depreciation rate Os 0.056 GHK
Equipment capital depreciation rate Oe 0.124 GHK
Share of structure capital in output Q 0.117 KORV
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 Lg p -0.495 KORV
Tax on labor income Ty 0.27 HSV

Tax on consumers’ capital income Ta 0.15 U.S. tax code
Corporate tax on structure capital income ! 0.32  Gravelle (2011)
Corporate tax on equipment capital income Téf 0.26  Gravelle (2011)
Government consumption G/Y 0.16 NIPA
Relative supply of skilled workers ps/pu 0.778 U.S. Census
Share of skilled workers’ wealth ¢ 0.686 U.S. Census

The acronyms GHK, KORV, and HSV stand for Greenwood, Hercowitz, and Krusell (1997), Krusell, Ohanian, Rios-Rull, and
Violante (2000), and Heathcote, Storesletten, and Violante (2010). NIPA stands for the National Income and Product Accounts.

We further assume that the production function takes the same form as in Krusell,
Ohanian, Rios-Rull, and Violante (2000):

11—«

Y = F(Ky, Koy Lo, L) = K2 (VoK + (L= @) L2+ (1=0)L2) "

Krusell, Ohanian, Rios-Rull, and Violante (2000) estimate «, p, 7, and we use their estimates,
but they do not estimate w and p. We calibrate these parameters to U.S. data, as we explain
in detail below. One can show that this production function satisfies Assumptions 1 — 3 if
n > p, which is what Krusell, Ohanian, Rios-Rull, and Violante (2000) find.

As for government policies, we assume that the government consumption-to-output ratio
equals 16%, which is close to the average ratio in the United States during the period
1980 — 2012, as reported in the National Income and Product Accounts (NIPA) data.?
We follow Heathcote, Storesletten, and Violante (2010) and assume a flat labor income
tax rate 7, = 27% (for a discussion of the construction of this number, see Domeij and

Heathcote (2004)). Gravelle (2011) documents that because of differences in tax depreciation

25We find that including government consumption in the model is important for its quantitative properties.
However, government consumption is mostly omitted in the quantitative exercises in the NDPF literature.
An exception is Fukushima (2010), who uses a similar number for the government consumption-to-output
ratio.
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Table 2: Benchmark Calibration Procedure

Parameter Value H Target Data and SCE Source
w 0.477 Labor share 2/3 NIPA
B 0.985 || Capital-to-output ratio 2.9 NIPA and FAT
v 0.657 Skill premium t%j 1.8 HPV
0] 67.8 Labor supply 1/3

The acronym HPV stands for Heathcote, Perri, and Violante (2010). NIPA stands for the National Income and Product
Accounts, and FAT stands for the Fixed Asset Tables.

rates, the effective tax rates on structure capital and equipment capital differ at the firm
level. Specifically, the effective corporate tax rate on structure capital 7/ = 32%, and the
effective corporate tax rate on equipment capital 7/ = 26%. The capital income tax rate
at the consumer level 7, = 15% as in the U.S. tax code. This implies an overall tax on
structure capital 74 = 1 — .85 - (1 — .32) = 42.2% and an overall tax on equipment capital
Te =1—.85-(1—.26) = 37.1% . These numbers are in line with a 40% tax, which Domeij
and Heathcote (2004) report for the aggregate capital stock. We set the ratio of skilled to
unskilled agents to be consistent with the 2011 US Census data.

Notice that the stationary competitive equilibrium is not unique in our environment with
permanent types. Let us denote the steady-state asset holdings of a skilled agent by a, and
of an unskilled agent by a,. Given aggregate capital levels K, K, consistent with the SCE,
any asset distribution of the form psas = (K + K.) and p,a, = (1 — {)(Ks + K.) with
¢ € (0,1) can arise in the SCE. We pick a ¢ so that the SCE asset distribution matches
the observed asset distribution between skilled and unskilled agents in the 2010 U.S. Census
data. Table 1 summarizes our benchmark parameters.

This leaves us with several parameters to be determined. We cannot identify z, and
zs separately from the remaining parameters of the production function and therefore set
them to z, = z;, = 1. We then calibrate the parameter that controls the income share of
equipment capital w, the parameter that controls the income share of unskilled labor v, the
labor disutility parameter ¢, and the discount factor . We calibrate these parameters so
that (i) the labor share equals 2/3 (approximately the average labor share in 1980 — 2010
as reported in the NIPA data), (ii) the capital-to-output ratio equals 2.9 (approximately the
average of 1980 — 2011 as reported in the NIPA and FAT data), (iii) the skill premium (i.e.,
the ratio of skilled to unskilled wages ;‘j—u) equals 1.8 (as reported by Heathcote, Perri, and
Violante (2010) for the 2000s), and (iv) the aggregate labor supply in steady state equals

1/3 (as is common in the macro literature). Table 2 summarizes our calibration procedure.
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6.3 Quantitative Results

In this section, we discuss the quantitative properties of the optimal tax system for the U.S.
economy. We do so by solving the SPP defined above with parameters calibrated in Section
6.2 to match the U.S. economy.?® We solve the SPP assuming that the economy converges
to a steady state in 200 periods. We verify that changing the number of periods does not
affect the results. In other words, the economy gets very close to steady state long before
period 200.

We divide the discussion of our results into four parts. First, we compare the steady-state
properties of the optimal tax system to the current U.S. tax system. Then we discuss the
evolution of the optimal taxes along the transition path to the new steady state. Next, we
discuss the welfare consequences of differential capital asset taxation. Finally, we provide a

brief summary of our sensitivity analysis results.

Steady-State Comparison. In this section, we discuss the properties of the optimal
tax system at steady state and compare it with the current U.S. tax system. The first
column of Table 3 summarizes the U.S. tax system, which we use when solving for the SCE.
The second column reports its counterpart in the optimal tax system. The first two rows
of Table 3 report capital income taxes net of depreciation.?” We find that the equipment
capital tax 7. is substantial at the steady state of the solution to the SPP. It is 39.54% —
that is, 39.54 percentage points higher than the tax on structure capital 7, which is zero.
This is in contrast with the effective tax rates in the United States where structure capital
is taxed by 5.1 percentage points more than equipment capital overall, combining capital
income taxes at the consumer and corporate levels. As for the labor wedges, they are 27%
for both types of labor in the SCE because we approximate the U.S. labor income tax code
by a 27% linear tax. At the steady state of the solution to the SPP, the labor wedge for
unskilled labor 7,(u) is 26.6%, which is almost the same as in the SCE. The skilled labor
wedge 7,(s), on the other hand, is -11.14%. Both higher taxes on equipment capital and

marginal subsidies on skilled labor are used to create indirect redistribution from the skilled

26We further assume that the planner starts with the same initial capital levels as those in the SCE.
Finally, following Conesa, Kitao, and Krueger (2009), we assume that the planner needs to finance the same
level of government consumption as in the SCE.

2TWe report capital income taxes net of depreciation rather than the capital wedges defined in Section 4
because they correspond to the taxes used in the U.S. tax code. With a slight abuse of notation, we denote
these capital income taxes as we denoted the capital wedges. In the column labeled “SPP,” the capital
income taxes are recovered from the constrained efficient allocation by using the following definition for each

(permanent) type j € {u, s}, capital type i, and period ¢: 7,4(j) =1 — (% - 1) | (Fr, 0y — 65).
Part 1 of Proposition 6 implies that these taxes only depend on time and not on agent type; therefore, we

only report one number (time series).
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to the unskilled.

Table 3: Steady-State Comparison of Wedges

SCE SPP

7. | 37.10% 39.54%

7o || 42.20%  0.00%
7, (u) | 27.00%  26.60%
m,(s) || 27.00% -11.14%

Table 4 shows how the optimal tax system achieves indirect redistribution by comparing
the allocations at the SCE and the SPP. The higher tax on equipment capital discourages
the accumulation of equipment capital relative to structure capital at the SPP in comparison
with the SCE. At the same time, the marginal subsidy on skilled labor income gives rise to
a higher ratio of skilled to unskilled labor. Both labor and capital taxes decrease the skill
premium at the SPP. This way, the planner provides indirect redistribution from the skilled
to the unskilled.?

Table 4: Steady-State Comparison of Allocations

SCE SPP

K./K; 1.02  0.93
Ls/L, 0.82 1.11
Skill premium || 1.80 1.47

The marginal subsidy on skilled labor income seems to imply that there is redistribution
from the unskilled to the skilled at the SPP. However, recall that optimal taxes are nonlinear
in labor income. In this case, at a given income level, the average income tax can be very
different from the marginal income tax.?? As a consequence, a tax system can be progressive
overall even though the marginal taxes are regressive. This is precisely what happens at
the optimal tax system. To assess the overall progressivity of the optimal tax system, we
compute a measure of average labor taxes that an agent has to pay at the steady state of

the SPP. This measure is defined as 1 — wc—”l for agents of type 7, as in Farhi and Werning
J%]

28Observe that the planner makes skilled agents work more not only to provide indirect redistribution but
also for efficiency reasons.

29Quppose, for example, that the tax formula for an agent with income $200,000 is T'(y) = $100,000—0.1-y.
This agent pays $80,000 in taxes, implying an average tax of 40%, even though he receives a marginal subsidy
of 10%.
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(2013).We find that the optimal average labor taxes are progressive: 6% for the unskilled
and 18% for the skilled. Therefore, the optimal labor taxes do provide redistribution from
the skilled to the unskilled.

Transition. This section summarizes the evolution of the optimal taxes (wedges) along
the transition to the new steady state. The left panel of Figure 1 shows that the optimal
structure capital income tax (net of depreciation) is 0 and the equipment capital tax is
positive in all periods. These properties are in line with Proposition 6. The equipment
capital tax is growing over time. To understand this fact, we look at the evolution of the
stocks of the two types of capital, shown in the left panel of Figure 2. It shows that both
capital stocks are growing along the transition path.?® As the quantity of equipment capital
grows, so does the skill premium (see Figure 3). To discourage the growth of the skill
premium, the planner finds it optimal to increase the tax on equipment capital.3!

Optimal labor wedges are almost constant along the transition, as shown in the right panel
of Figure 1. It is easy to prove that labor wedges would in fact be exactly constant in a
version of our model without equipment capital-skill complementarity. Figure 1 suggests that
the extra distortions in labor wedges arising from equipment capital-skill complementarity
are approximately constant over time. Since skilled labor is subsidized, skilled agents work
more than unskilled agents in each period, as shown in the right panel of Figure 2. As the
economy grows, agents become richer, and because of the income effect, they decrease their
labor supply even though labor wedges do not change much.

Figure 3 depicts the evolution of the optimal skill premium over time. First, the optimal
skill premium is much lower in each period than in the U.S. data. This result suggests that
the current U.S. tax system does not generate enough indirect redistribution. Second, the
skill premium is increasing over time because the equipment capital level increases. This
result implies that an increasing skill premium is optimal in a growing economy, even if the

government cares about equality.

30This is because the planner inherits an inefficiently low level of capital stock from the SCE. The capital
stock at the SCE is low due to the inefficiently high overall level of capital taxes.

31Note that since equipment capital accumulation is discouraged by higher taxes, it grows at a lower rate
than structure capital. However, as Figure 2 shows, in the initial period, the planner increases the amount of
equipment capital much more than the amount of structure capital. The reason is that at the steady state of
the SPP, the return to equipment capital is about 1% higher than the return to structure capital. However,
this difference is about twice as large in the initial period due to the shift toward more skilled labor. The
planner therefore finds it optimal to increase equipment capital more in order to correct the suboptimal
equipment-structure capital mix that he inherited from the SCE.
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Figure 1: Optimal Taxes/Wedges
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Figure 2: Factors of Production at the Constrained Efficient Allocation

0.4 0.4
M“"*ﬁn—.ﬂ
Mﬂh‘
0.35 r_f,——'"" 0.35 l}*“‘-..'
W— ""“"1---....“...;_

0.3 0.3

r'/ -=Structure capital -=Unskilled labor

-+Equipment capital -+Skilled labor

0.25 0.25

0 10 20 years 30 40 50 0 10 20 years 30 40 50
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Welfare Gains of Optimal Differential Taxation of Capital. To assess the quan-
titative importance of differential taxation of capital (DTC), we solve an additional version
of the social planning problem. In this problem, the planner is unrestricted in his choice
of labor taxes, but he is not allowed to tax the two types of capital differentially. We call
this tax system the optimal nondifferential tazation of capital (optimal NDTC). We state
the planning problem that gives rise to the optimal NDTC in Appendix B. We find that
the welfare gain of optimal DTC relative to optimal NDTC is 0.05% for the benchmark
parameters.3? This is a nonnegligible welfare gain of differential taxation. We find that the
welfare gain can be as high as 0.35% for reasonable parameter values, as we discuss in more
detail in the next section.

The welfare gains of reforming capital taxes are even larger if the starting point is a tax
system in which structure capital is taxed more heavily than equipment capital. This is
exactly what we see in the current U.S. tax system in which equipment capital is taxed 5%
less than structure capital. To assess the welfare gains of reforming the U.S. capital taxes, we
solve another version of the planning problem. In this problem, the planner is unrestricted
in his choice of labor taxes, but he must use the capital income taxes as in the U.S. tax code.
We call this tax system current DTC. We state the planning problem that gives rise to the
current DTC in Appendix B. We find that the welfare gains of moving from current DTC
to optimal DTC are 0.19% in the benchmark and can be as high as 0.40%.

The difference between current DTC and NDTC corresponds to the welfare gains asso-
ciated with eliminating the current tax differentials in the spirit of the recent proposal of
the Obama administration. Such reform implies a positive welfare gain because it goes in
the right direction of taxing equipment capital more heavily than structure capital. In the
benchmark, the welfare gain is sizable at 0.14% in terms of lifetime consumption.

Our results suggest considerable welfare gains of reforming the U.S. capital tax system.
Observe that in all the exercises we perform, the planner is allowed to use any nonlinear
labor taxes. This flexibility in the labor tax code allows the planner to use labor income
taxes to substitute for optimal DTC for redistribution in scenarios in which he is not allowed
to use DTC optimally. If labor taxes were not flexible (e.g., if they were fixed to the U.S. tax
code), the welfare implications of having access to the optimal DTC would likely be larger.
In this sense, our results provide a lower bound on the welfare gains of DTC.

We also compute who gains and who loses by the capital tax reforms. First, we find
that moving from the optimal NDTC to the optimal DTC helps the unskilled and hurts

32We measure the welfare gains of allocation x relative to allocation y as a fraction by which the consump-
tion in allocation y would have to be increased in each date and state in order to make its welfare equal to
the welfare of allocation x.
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Table 5: Sensitivity Analysis

Benchmark Benchmark
o 1 2 4 2 2 2
0 1 1 1 0.5 1 2
Optimal taxes
Te 24.39% 39.54% 54.84% | 49.23% 39.54% 22.88%
Ts 0.00% 0.00% 0.00% 0.00% 0.00% 0.00%
Ty () 18.77% 26.60% 33.75% | 26.43% 26.60% 24.90%
Ty(s) -5.29% -11.14% -21.23% | -16.46% -11.14% -5.08%
Welfare gains
Optimal NDTC to opt. DTC | 0.01% 0.05% 0.14% 0.10% 0.05% 0.01%
Current DT'C to opt. DTC 0.24% 0.19% 0.21% 0.20% 0.19% 0.22%

the skilled. This is not surprising given that the optimal DTC features a higher equipment
capital tax and a lower skill premium. This way, the planner is able to redistribute more
efficiently in optimal DTC. Interestingly, we find that moving from current DTC to optimal
DTC is Pareto improving (i.e., both types benefit). The reason is that the overall level of
capital taxes at the current DTC is inefficiently high. Under the optimal DTC, capital taxes
are lower and the economy accumulates more capital along the transition to the new (effi-
cient) steady state (see Figure 2). This increases the productivity of both types of agents,
and they both benefit from this reform.

Sensitivity Analysis. Table 5 summarizes the results of our sensitivity analysis. It
reports the capital taxes as well as the labor wedges at the steady state of the SPP. In
addition, it reports the welfare gains of the optimal DTC relative to the optimal NDTC and
the welfare gains of the optimal DTC relative to the current DTC.

The first (vertical) panel of Table 5 reports the sensitivity of our results to changes in
o, the curvature of u (utility from consumption). With higher curvature, the planner wants
to provide more redistribution. Therefore, the indirect redistribution channel becomes more
important. Hence, as ¢ increases, the tax on equipment capital as well as the marginal sub-
sidy to skilled labor increase. Similarly, the welfare gain of optimal DTC relative to optimal
NDTC increases. With ¢ = 4, the welfare gains of optimal differential capital taxation are
0.14% in terms of lifetime consumption — three times larger than in the benchmark.

The second (vertical) panel of Table 5 reports the sensitivity of our results to changes
in v, the curvature of v (disutility from labor). We find that as v becomes smaller, the tax
on equipment capital and the skilled labor subsidy, as well as the welfare gain of optimal

DTC relative to optimal NDTC increase. To understand this result, consider a world with
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linear disutility of labor and no incentive constraints. In such a world, the planner would
equalize the marginal products to the two types of labor, implying an optimal wage ratio of
one. This implies that as v decreases, the planner would like to bring the marginal products
of labor closer to each other. This can be achieved at the constrained efficient allocation
in two ways: higher subsidies on skilled labor and higher equipment capital taxes. As we
document in Table 5, the planner uses both channels: as v decreases, the optimal subsidy
on skilled labor 7,(s) and the optimal tax on equipment capital 7. increase. Therefore, as
~ decreases, the importance of differential capital taxation increases. As a consequence, the
welfare gains of optimal DTC relative to optimal NDTC increase.

We have also solved the model for the other values of (0,v) € {1,2,4} x {0.5,1,2}. We
find that the welfare gains of optimal DTC relative to optimal NDTC are as high as 0.23%,
and the welfare gains of optimal DTC relative to current DTC are as high as 0.28% for
o =4 and v = 0.5. We also consider a higher degree of complementarity between equipment
capital and skilled labor, namely, n = 0.79.3% For this degree of complementarity and o = 4
and v = 0.5, the welfare gains of optimal DTC relative to optimal NDTC are 0.35%, and
the welfare gains of optimal DTC relative to current DTC are 0.40%.

7 Conclusion

The effective marginal tax rates on returns to capital assets differ substantially depending
on the capital asset type. In particular, the marginal tax rate on capital structures is about
5% higher than the marginal tax rate on capital equipments. In this paper, we assess the
optimality of differential capital asset taxation both theoretically and quantitatively from
the perspective of a government whose aim is to provide insurance and redistribution.

Contrary to the actual practice in the U.S. tax code, we show that it is optimal to tax
equipment capital at a higher rate than structure capital. Intuitively, in an environment
with equipment-skill complementarity, taxing equipment capital and hence depressing its
accumulation decreases the skill premium, providing indirect redistribution from the skilled
to the unskilled agents. In a similar vein, it is optimal to subsidize skilled labor at the
margin. The marginal subsidy increases skilled labor supply, and since labor types are
imperfect substitutes, it decreases the skill premium.

In a quantitative version of our model, we find that the tax rate on equipment capital
should be at least 27 percentage points higher than the tax rate on structure capital during

transition and at the steady state. Furthermore, we find that the welfare gains of optimal

33This value has been used, for example, in He and Liu (2008), who use the same production function,
and comes from an empirical study by Duffy, Papageorgiou, and Perez-Sebastian (2004).
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differential capital taxation can be as high as 0.4% of lifetime consumption.

We compute the welfare gains in an environment in which (i) the government is unre-
stricted in its choice of labor income taxes, and (ii) there are no labor income shocks. It
would be interesting to assess the welfare consequences of optimal differential capital asset
taxation in a model with labor income shocks in which labor income taxes are the same as in
the U.S. tax code. Such an analysis would allow us to evaluate the welfare gains of partially
reforming the U.S. tax code with respect to capital taxes. We conjecture that these welfare
gains could be even larger than those that we find in this paper. We leave this question as

a task for future research.
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Appendix

A  Proofs

A.1 Proof of Proposition 4
For any t, let h* = (h'~1,s) and for m < t, let h™ be the predecessor in period m. Consider
the first-order optimality conditions with respect to c;(h?) and I,(h?) :

u(ci (A)) AL (RY) = Nm(h')

IR * (Tt Bt*ﬂ't(l_lt) % k(T 7t
) (A5 - T ) = NuiGm i),

where, letting x be the indicator function,

A3(R) = (@—lwt(ﬁt) £ 30 B R () [y () — x{u}@m)})

m=1

and
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(hteHt|hi=s}
By Assumption 3, we have B; > 0, which implies
Aj (1)
(i) - 228

v’ (I (k1))

Ty7t(iLt) =1-

A.2 Proof of Proposition 5

OF(K*  K* L7 L% )
L;,)—6s and wj, = St az;t st Second,

observe that the only budget feasible income strategy for the household is the one that

*
Ls,t’

First, define prices as rj = Fy (K7, K]

e,t?

corresponds to some agent’s income process at the constrained efficient allocation (i.e., for
any history h' in any period ¢, y* should be in Y*).

Third, we claim that if an agent chooses an income strategy y', where this means y;(h') =
yr(ht) for some h', then facing the prices defined above, the agent also chooses (¢, a’),

meaning that ¢,(h') = ¢ (k') and ), (h') = af,,(h') for all h',t. If we can show this claim,
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then the result that agent will actually choose the constrained efficient allocation follows,
since the constrained efficient allocation is incentive compatible.

To see this claim, take an agent that follows income strategy 3. His problem is

I%%XZ > m(hhBs! [u(ct(ht)) o <itt((’;;>)>

t=1 htecH?

subject to

) + avsa () < i (0) = 73, (" (W) + [T = 72, (0" ()] (1 + r)au(),

aq S K;k’l —|—K*

e,

¢ is nonnegative.

The first-order conditions to this problem are the budget constraint holding with equality

and

W (c(h) = 475008 Y ma (B RO (e (RH)) [ = 75, (g (B ey,

Rt+1|pt

Clearly, the agent’s problem is concave, and hence these first-order conditions are necessary
and sufficient for optimality provided that a relevant transversality condition holds.

By construction of the labor tax code and the prices, ¢f(h') and a} +1(ﬁt) satisfy the flow
budget constraints. To see that they also satisfy the Euler equation above, observe that

wealth taxes are constructed such that

(e ()

1- 7’: 1(yt+1*(ﬁt7 ht+1)) = = ~ .
o B (¢ y (ht, hsr ) EF (K g, Koy Ly Luy)

We also need to make sure that the firm chooses the right allocation. The firm’s optimality
conditions for labor are satisfied at the constrained efficient allocation by construction of

wages. The optimality conditions for capital are

(Ks,t> : Fl(Ks,tv Ke,tu Ls,tu Lu,t) - (1 + 7’:) - T?t [F1<Ks,t7 Ke,t7 Ls,t7 Lu,t) - Ss,t} ==

0
(Ke,t> : F2(Ks,t7 Ke,tu Ls,ta Lu,t) - (]- + T:) - T?t [F2<Ks,t7 Ke,t7 Ls,t> Lu,t) - ge,t} - 0

The first condition above holds again by construction of r; and 5; whereas the second one

holds by construction of 7%, r; and 5;. 0
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A.3 Proof of Proposition 6

Let \,5! and p be the multipliers on the feasibility and incentive constraints in the social
planner’s problem. When types are permanent, the counterparts of conditions (6) and (7)

in Proposition 2 become

(60 = BFY v (Cpin) (11)
and
1/ % o Fw* 1/ % 1 X:—&-l .
u (Cj,t> - ﬂ 2,44+1U <Cj,t+1) + F*— , ( )
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Part 1. Equation (11) together with the definition of intertemporal wedges proves that

the structure capital wedge is zero in all periods. By the assumption of equipment capital-
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skill complementarity, we have
< 0.

Since p* > 0, we have X/ ; < 0. Using the definition of the equipment capital wedge and
equation (12), we have for both types of agents
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This finishes the proof of part 2 of Proposition 6.
Part 2. Suppose the optimal allocation converges to a steady state. Letting the allocation

without any time subscripts denote this steady-state allocation, we have
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Thus, we have
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B Alternative Tax Systems

B.1 Optimal Nondifferential Taxation of Capital

In optimal NDTC, the planner is not allowed to tax the two types of capital differentially.
This means that for any history k' we impose (using the definitions of the taxes on capital

income net of depreciation),
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This condition can be simplified to an equality constraint on net returns: Fj,i; — 65 =

F5 441 — de, which we impose for each period. The optimal NDTC planning problem reads:
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As in the optimal DTC, we compute the approximate solution to this problem by assuming

that the economy converges to steady state in 200 periods.

B.2 Current Differential Taxation of Capital

In the current DTC, the planner must use the capital income taxes as in the U.S. tax code.
This means that we impose the following set of constraints for both types of agents in each

period (here, 74 and 7, are fixed over time and taken from the data, namely, 7, = 0.422 and

7. = 0.371):
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Note that any three of these constraints imply the fourth. Therefore, we write the current

DTC planning problem, ignoring the fourth:

(e}

max ZWZ Sliu(eqs) — v(l; s.t.
{(Cj,t,lj,t)j,Ks,hKe,hLu,t,Ls,t}toio j:US J =1 /8 [ ( j7t) (JJ:)]

F<Ks,t7 Ke,t7 Ls,t7 Lu,t)7

IN

vVt Gy + Z Ticie + Kspr1 + Kot

J
00 o)

D87 ulear) = (L))

t=1 t=1

Ve Bu (copr) [(1— 7o) (Frpen — 05) +1] = W'(crs)
Vit Bu'(crirs) [(1—7Te)(Fopgr — ) + 1] = u/(crs)
Vit : BUI(CH_Lu) [(1 - Tg)(Fl,t-i-l - 68) + 1] = u/(

vV
!
|
—
1
I
—~
o
£
~
~—
|
-t
—~
o~
£
g
<
-

As in the optimal DTC, we compute the approximate solution to this problem by assuming

that the economy converges to steady state in 200 periods.
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