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Abstract

In an economy with identical infinitely-lived households that obtain utility
from leisure as well as consumption, Chamley (1986) and Judd (1985) have
shown that the optimal tax system to pay for an exogenous stream of govern-
ment purchases involves a zero tax rate on capital in the long run, with tax
revenue collected by a distortionary tax on labor income. Extending the results
of Hall and Jorgenson (1971) to general equilibrium, I show that if purchasers
of capital are permitted to deduct capital expenditures from taxable capital
income, then a constant tax rate on capital income is non-distortionary. Im-
portantly, even though this specification of the capital income tax imposes a
zero effective tax rate on capital, the capital income tax can collect substantial
revenue. Provided that government purchases do not exceed gross capital in-
come less gross investment, the optimal tax system will consist of a positive tax
rate on capital income and a zero tax rate on labor income—just the opposite
of the results of Chamley and Judd.

*I thank Joao Gomes, Lars Ljungqvist, Robert Hall, Stavros Panageas, Tomas Piskorski, Leslie
Reinhorn, Thomas Sargent, Skander van den Heuvel, Jianfeng Yu, and the Penn Macro Lunch Group

for helpful comments and discussion.



The optimal way for a government to collect revenue to pay for its purchases of
goods and services is to levy lump-sum taxes. However, lump-sum taxes generally
are not available, so some form of economic activity, such as labor income, capital
income, cigarette purchases, etc., must be taxed. Because the taxation of economic
activities is distortionary, a basic problem of public finance is how to use such taxes to
collect revenue in the least distortionary way. A classic problem of this sort analyzes
the optimal use of taxes on labor income and capital income to finance an exoge-
nous stream of government purchases in a Ramsey framework with a representative
infinitely-lived household. The celebrated result of Chamley (1986) and Judd (1985)
is that in the long run, the optimal tax rate on capital income is zero.

The Chamley-Judd result might be particularly puzzling to readers of an older
literature on the conditions for the neutrality of capital income taxation. The older
literature focused on the capital investment decision of a single firm, and did not
embed the firm in a general equilibrium model. Hall and Jorgenson (1971) showed
that for a firm that cannot deduct its cost of financing (for example, under U.S. tax
law, a firm financed entirely by equity), a tax on capital income that provides for
immediate expensing of capital expenditures will be neutral with respect to capital;
that is, it will have no effect on a firm’s optimal capital accumulation. Tax codes
generally allow purchasers of capital to reduce their calculated taxable income by some
amount to reflect the cost of acquiring capital. This reduction in taxable income is
usually implemented through a schedule of depreciation allowances, which may or may
not be accelerated relative to the economic depreciation of the capital asset. The
most accelerated version of depreciation allowances is immediate expensing, which
leads to tax rate neutrality, as described above. A second neutrality result applies to
the case in which a firm can deduct its cost of financing, as would be the case, under
U.S. tax law, for a firm financed entirely by debt. In this case, Hall and Jorgenson
show, and an earlier result of Samuelson (1964) implies, that allowing firms to deduct
true economic depreciation will lead to tax rate neutrality with respect to capital
investment.

The existence of neutral forms of capital income taxation, i.e., forms of capital
income taxation that do not affect the capital investment decision of a firm, suggests
that these forms of capital taxation may provide the elusive lump-sum tax that can
allow the government to finance its expenditures without distortions. To explore
whether such capital income tax schemes can provide non-distortionary sources of

revenue, two major questions need to be addressed. First, does the neutrality of a



capital income tax scheme in the context of a single firm’s decision carry over to a
general equilibrium framework? Second, can a capital income tax that is neutral in
general equilibrium collect a nontrivial amount of revenue? The answer to the first
question is different for the two neutral tax schemes mentioned above. Specifically,
for a firm that cannot deduct the cost of financing, a capital income tax system that
specifies a constant tax rate and includes immediate expensing is neutral in general
equilibrium as well as in the context of a single firm. However, the neutrality of allow-
ing firms that can deduct financing costs also to deduct economic depreciation does
not carry over to general equilibrium. Therefore, the body of this paper focuses on
the case with immediate expensing; the Appendix examines the case with economic
depreciation. I will show that for immediate expensing the answer to the second
question is also positive: a capital income tax with immediate expensing can collect
a substantial amount of revenue. Because a constant capital income tax rate with
immediate expensing does not affect the accumulation of capital optimally chosen by
purchasers of capital, and can collect substantial revenue, it can be used to finance
government spending in a non-distortionary manner. Provided that the amount
of government spending does not exceed gross capital income less gross investment,
there is no need to use distortionary labor income taxation.

The finding that a capital income tax with immediate expensing can collect a
nontrivial amount of revenue in a non-distortionary manner turns the Chamley-Judd
result on its head. Instead of setting the capital income tax rate equal to zero
and using a distortionary labor income tax to collect revenue as in Chamley-Judd,
the results in this paper indicate that the optimal configuration of taxes is to set
the labor income tax rate equal to zero and to use a constant tax rate on capital
income, combined with immediate expensing, to collect revenue. The optimal capital
income tax scheme I present here leads to a higher level of utility of the representative
household than does the Chamley-Judd prescription because the tax system presented
here is non-distortionary, while Chamley-Judd requires the use of distortionary taxes.

The optimal tax scheme I present here holds in every period, not just in the long
run. The zero capital income tax rate prescribed by Chamley and Judd holds only in
the long run. Chamley also derives the optimal tax rate on capital income at every
point in time for the special case in which utility is separable over time, additively
separable in consumption and leisure, isoelastic in consumption, and linear in leisure.
In this special case, he shows that the optimal tax rate on capital income is initially

100% and remains equal to 100% until some point in time at which it abruptly jumps



to zero, and remains zero forever. However, I show that in a tax system that includes
immediate expensing, the optimal tax rate is constant over time.

Because the optimal tax policy in this paper stands in sharp contrast to the
celebrated zero tax rate on capital income derived by Chamley and Judd for the
long run, it is important to explain the source of the difference in the results. The
difference is due entirely to the treatment of capital expenditures in calculating capital
income. In actual tax codes, depreciation allowances permit firms to amortize the
cost of purchasing capital over time, and the present value of depreciation allowances
— Hall and Jorgenson’s (1967) famous “z”—— is generally between zero and one.!
Chamley has (implicitly) chosen to set z equal to zero. Judd specifies depreciation
allowances equal to economic depreciation, so the implied value of z in his model is
between zero and one. As mentioned earlier, in the context of a single firm that can
deduct the cost of financing, economic depreciation will make the capital income tax
neutral with respect to capital. However, as I demonstrate in the Appendix, this
result does not carry over to general equilibrium, so the capital income tax analyzed
by Judd is distortionary in a general equilibrium framework.

To illustrate the importance of the value of z, it is simplest to consider the class
of capital income tax policies characterized by a constant capital income tax rate,
7K, and a constant present value of depreciation deductions, z. The search for an
optimal capital income tax policy within this class of policies can be described as a
search for the optimal values of 7% and z. Chamley and Judd each chose values of z
without considering the optimal value of z. However, in this context, the effective tax

rate on capital is (see Section 7) =27, s0if 0 < z < 1, and 7% > 0, the effective

tax rate on capital is positive; that is, the capital income tax is distortionary. To
achieve a zero effective tax rate with z < 1-and thus avoid distortions—Chamley and
Judd each set 7% = 0, which destroys the ability to collect tax revenue from capital
income. In this paper, I introduce immediate expensing, which implies z = 1, so that
the effective tax rate on capital is zero, even with a positive capital income tax rate,
7K. As I discuss in Section 6.1, this tax scheme is equivalent to a one-time seizure of
capital. Surprisingly, however, even if the initial capital stock available for seizure is
very small, the non-distortionary capital income tax with immediate expensing can

collect a sizable amount of revenue along balanced growth paths.?

LA more formal definition of z and a brief discussion are presented in Section 7.
2Lucas (1990), in discussing the results of Chamley and Judd, points out that a proportional tax

on gross capital income combined with an appropriate investment tax credit is non-distortionary,



The allocation that would prevail under lump-sum taxation can also be attained in
a competitive economy with a constant tax rate on the consumption good combined
with a subsidy to labor at the same rate. The constant tax rate on the consumption
good does not distort the intertemporal marginal rate of substitution. To avoid an
intratemporal distortion between the consumption good and contemporaneous leisure,
leisure must be taxed at the same rate as the consumption good. That is, labor
supply must be subsidized. Although a tax on the consumption good accompanied
by a subsidy to labor can achieve the same allocation as a capital income tax with
immediate expensing, I will focus mostly on the capital income tax because my results
concerning the optimal capital income tax differ so sharply from the well-known
Chamley-Judd result.

I develop a general equilibrium model with a capital income tax and immediate
expensing in the first three sections of the paper. Section 1 provides a brief descrip-
tion of firms, which carry out production in the economy. Section 2 describes the
government’s purchases and its means of financing these purchases with taxes and
debt. The household’s decision problem is described in Section 3, which also derives
a characterization of the equilibrium allocation of goods and leisure, and the evolu-
tion of rates of return. Section 4 describes the competitive equilibrium when the
capital income tax is replaced by lump-sum taxes. This equilibrium represents the
first-best allocation, given the exogenous path of government purchases. It serves as
a benchmark to show that a capital income tax with immediate expensing will achieve
the first-best equilibrium, which I do in Section 5. Then in Section 6, I calculate the
amount of tax revenue that can be collected with a capital income tax that includes
immediate expensing. I derive a simple expression for capital income tax revenue
in a steady state, as well an expression that holds along balanced growth paths. In
Section 7, I derive the effective tax rate on capital. I show that the Chamley-Judd
prescription for optimal tax policy in the long run and my prescription are both
characterized by a zero effective tax rate on capital. However, a zero effective tax
rate on capital does not mean that capital income tax revenue is zero. Indeed, my
formulation of the capital income tax can collect a potentially substantial amount of
revenue, though the capital income tax collects zero revenue in the long run in the
Chamley-Judd formulation. In Section 8, I demonstrate that a constant tax rate on
the consumption good combined with a subsidy to labor at the same rate can achieve

the same allocation as can be achieved by a constant capital income tax rate with

but he does not address the question of how much revenue such a scheme can collect.
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immediate expensing. I also derive the tax rate on the consumption good that will, in
a closed economy, collect the same amount of tax revenue as a given capital income
tax rate, and show that the tax rate on the consumption good is higher than the
equivalent tax rate on capital income. Concluding remarks are presented in Section
9.

1 Firms

Consider a closed economy in which production is carried out by competitive firms
that rent the services of capital and labor in competitive markets. Labor is supplied
by a continuum of identical infinitely-lived households. I normalize the measure of
households to be one. Each household works H; hours in period t. The production

function is
Vi =F (K, Ly), (1)

where Y; is output, K; is the capital stock, and L; = A;H; is the amount of effective
hours of labor input, where A; is an index of labor-augmenting technical progress that
evolves deterministically over time. The production function F' (K, L;) is linearly
homogeneous in K; and L;, with Fx > 0, Fxg <0, Fr, > 0, and F; < 0.

The equilibrium wage rate per effective hour of labor is
Wt = FL (Kt,Lt). (2)

Since an hour of labor by a household generates A; effective hours of labor, the wage
per hour of labor is w; A;.

The gross rental earned by a unit of capital in period t is
re = Fi (Kt, Lt)- (3)

The capital stock depreciates at a constant proportional rate d, so the evolution of

capital over time is given by
Kipn=(1-06) Ky + I, (4)

where [; is gross investment in period .



2 Government

The government purchases and consumes G; units of output in period ¢. The value
of GGy evolves exogenously and deterministically over time. The government finances
its purchases of output by levying taxes on labor income and capital income and by
issuing bonds. Specifically, the government levies a tax at rate 77 on labor income
in period ¢ and a tax at rate 7X on capital income in period t. Most actual tax
systems compute taxable capital income by deducting some allowance for the cost of
purchasing capital. Here I adopt a particularly simple form of depreciation allowance.
I allow purchasers of capital to immediately expense capital expenditures. Therefore,
taxable capital income in period ¢ is K;Fy (Ky, L;) — I;. Capital income tax revenue
in period t equals taxable capital income multiplied by the capital income tax rate,

7K. Therefore, the tax revenue collected from the capital income tax in period ¢,

TE, is
TF =7 [KiFie (K, L) — 1) (5)

If investment, I;, exceeds gross capital income, K;Fy (K, L;)—I;, then taxable capital
income is negative, and the owners of capital receive a payment from the government.
Alternatively, but equivalently, if taxable capital income is negative, the owners of
capital could receive a tax credit that accrues interest and can be used to pay future
capital income tax liabilities. In the long run, however, the dynamic efficiency of
the aggregate economy implies that gross capital income exceeds investment, so that
taxable capital income is positive.

Let T} be total tax revenue from the labor income tax and the capital income tax
in period ¢. Using equation (4) to substitute K1 — (1 — J) K; for gross investment
in equation (5) yields

E = watAth -+ Tf( {KtFK (Kt7 Ath) + (1 — 5) Kt — Kt+1] . (6)

Let B; be the value of one-period government bonds issued at the end of period
t—1. In period ¢, these bonds pay a gross interest rate R; so that the gross payment
to bondholders, including interest and repayment of principal, is R;B;. Therefore,

the government’s budget constraint can be written as
Gt + RtBt — E + Bt+1, (7)

where the left hand side of equation (7) is the government’s expenditure on goods

plus the interest and repayment of principal on outstanding bonds, and the right
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hand side of equation (7) is the sum of tax revenue and the funds raised by selling

new bonds in period ¢. Substituting equation (6) into equation (7) yields

Gt + RtBt = TthtAth + Ttl( [KtFK (Kt, Ath) + (1 - 5) Kt - Kt+1] + Bt+l' (8)

3 Households

The representative household supplies labor, consumes goods and leisure, holds gov-
ernment bonds and the economy’s capital stock, and pays taxes. The household rents
the capital stock to firms during period ¢ at a rental price of r; per unit of capital, and
pays taxes on capital income, net of the immediate expensing of capital expenditures.

The representative household maximizes the infinite-horizon utility function

> Bu(Chly), (9)

where C; is the household’s consumption of goods in period ¢ and /; is the household’s
leisure in period t. I assume that the household is endowed with one hour of time
per period, so l; = 1 — H;. 1 also assume that § < 1, u. > 0, v, < 0, u; > 0,
and uy < 0. The utility function in equation (9) does not depend on the level
of government purchases. Strictly speaking, this exclusion of GG; from the utility
function (and from the production function) means that government purchases are
purely wasteful. More generally, the inclusion of G} in the utility function would
have no effect on household decisions, provided that the utility function is additively
separable in G; and (Cy, ;).
The budget constraint of the household is

Cy+ [Kip1 — (1 = 6) K] + Biya (10)
= (1 — TtL) ’UJtAth + (1 - Tf() T'th + Tf( [Kt+1 - (1 — (S) Kt] + RtBt.

The left hand side of the budget constraint in equation (10) contains the house-
hold’s expenditure on consumption in period ¢, C}, the expenditure on new capital
goods in period t, I; = K;.1 — (1 — 0) Ky, and the purchase of new one-period govern-
ment bonds in period ¢, B;y;. The four terms on the right hand side of the budget
constraint in equation (10) are, respectively, the household’s after-tax wage income,
(1 — Tf) w Ay Hy, the household’s after-tax capital income (before taking account of

the expensing of investment), (1 — 7K ) r.K;, the value of the reduction in period t
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taxes resulting from the expensing of capital expenditures, 75 [K; 11 — (1 —0) K],
and the interest and principal received from maturing one-period bonds in period t.

The household chooses the sequences of consumption, C}, hours of work, H;,
capital, K;.1, and bonds, B;.;, to maximize utility in equation (9) subject to the

budget constraint in equation (10).*> The lagrangian for this problem is

L = iﬁtu(C’t,l—Ht) (11)

t=0
—|—6t)\ (1 — TtL) thth + (]. - 75) Tth + 7'{{ [Kt+1 - (1 - 5) Kt]
t .
—Cy — Ky + (1 =6) Ky — By + RuBy

The first-order conditions are

(Cy) : ue (Ciy 1 — Hy) = X, (12)

(Hy) : w (G, 1 — Hy) = A (1= 77) we Ay (13)
(Kiy1) (L=7) N = (1—=7f1) BAg1 (rep +1—0) (14)
(Bee1) 1 A= PRt (15)

The next step is to eliminate the lagrange multiplier \; from the system of four
equations (12) - (15) and to use the expressions for w; and r; in equations (2) and (3)

to obtain the following three equations

(Hy):  w(Ci,1—Hy) = (1—17) A (FL (K, AdHy)) ue (Cy, 1 — Hy) (16)

uc (Cigp1,1 — H 1—7K
i [ l] [ i At 1] <
(17)
. uc (Cri1,1— Hipa) N
(Bu): | e R -1 (18)

3The consumer’s maximization is also subject to a no-Ponzi condition,
J
lim;_, HR; +12 Bi1; = 0, which rules out the possibility that the consumer borrows and
=1

i—
rolls over debt forever.



Equation (16) equates the loss in utility from working an additional hour, and
thus reducing leisure by an hour, in period t to the increase in utility that can be
achieved by working an additional hour, earning an additional after-tax income of
(1 —7F) AFr (K, AlHy), and using this income to increase consumption in period
t.  Equations (17) and (18) are both illustrations of the standard intertemporal
optimization condition that requires the product of the intertemporal marginal rate
of substitution and the gross rate of return on an asset to be equal to one. In both
equations, the intertemporal marginal rate of substitution is given by the term in the
first set of square brackets on the left hand side. In the case of capital, the gross
rate of return is the term in the second set of square brackets on the left hand side of
equation (17). In the presence of immediate expensing of capital expenditures, the
effective price of capital in period ¢ is 1 — 7. The after-tax payoff in period ¢ + 1
to a unit of capital purchased in period ¢ is the after-tax marginal product of capital,
(1 — Tﬁl) Fy (K41, Ayy1Hy), plus the value of the remaining fraction 1 — § of the
unit of capital, which has an after-tax price of 1 —7 ;| in period t+1. Thus, the gross
rate of return on capital is the ratio of the after-tax payoff in period ¢ + 1 accruing
to a unit of capital purchased in period ¢ to the effective purchase price of capital in
period ¢t. In the case of bonds, the gross rate of return is simply R;.1, so equation
(18) shows that the product of the intertemporal marginal rate of substitution and

the gross rate of return on bonds equals one.

4 Allocation with Lump-sum Taxes

If the government can levy lump-sum taxes, then it can achieve the optimal allocation

by setting the tax rates on labor income and capital income equal to zero. With

7K = 7L = 0, the household’s first-order conditions in equations (16) - (18) become

(Hy) : w (Cy, 1 — Hy) = Ay (F (K, AiHy)) ue (Cy, 1 — Hy) (19)
(K1) {6ucu((ita: 1 : ZISI)} Fre (K1, Apr Her) +1 -0 =1 (20)

(Bis1) :

{BUC (Ct+17 11— Ht+1)

Ri.1=1. 21
uc (Ct, 1-— Ht) ] i ( )



Equations (19) - (21) characterize the optimal allocation of Cy, Hy, K;i1, and Byyq

that would prevail under lump-sum taxes.

5 Taxes that Satisfy Optimality Conditions

Now return to the case in which there are no lump-sum taxes. The government
has available only taxes on labor income and on capital income, as described earlier.
Let 7F = 0 for all ¢, and let the capital income tax rate 7% be constant for all
t. Observe that with a zero tax on labor income and a constant tax rate on capital
income, with immediate expensing of capital expenditures, the household’s first-order
conditions in equations (16) - (18) are identical to the first-order conditions describing
the optimal allocation in equations (19) - (21). This equivalence reflects the fact that
with full expensing, the capital income tax is neutral, i.e., that it does not distort
the optimal choice of the capital stock. Notice that the replication of the optimal
allocation with a constant capital income tax rate is not just a steady-state result. It
holds for arbitrary (deterministic) paths of labor-augmenting technical progress, A;,
and arbitrary (deterministic) paths of government purchases, Gy, provided that the
capital income tax can raise sufficient revenue to pay for government purchases.

Lucas (1990, p. 300) pointed out that “a tax on capital income combined with
an investment tax credit can imitate a capital levy perfectly” and thus is non-
distortionary. Though he did not state the magnitude of the appropriate invest-
ment tax credit, inspection of equation (5) reveals that the investment tax credit
rate must equal the capital income tax rate, 7¥, for the capital income tax to be
non-distortionary. That is, if gross capital income is taxed at rate 7*, and if there is
an investment tax credit at rate v; in period t, capital income tax revenue in period
tis TK = 78K, Fy (Ky, Ly) — vd;. If the investment tax credit rate, vy, is set equal
to the capital income tax rate, 7%, this expression for capital income tax revenue is
identical to equation (5), and the capital income tax is non-distortionary.

Now that we have shown that a constant capital income tax rate combined with
immediate expensing (or the equivalent investment tax credit) is non-distortionary,
we turn to the second major, and less well explored, question in this paper: Can a
non-distortionary tax on capital income collect enough revenue to pay for government

purchases, without having to resort to additional (distortionary) taxes?
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6 How Much Revenue Can be Collected by a Non-

distortionary Tax on Capital Income?

In this section, I will analyze the amount of revenue that can be collected by a constant
tax rate on capital income with immediate expensing of capital expenditures. I begin
by calculating capital income tax revenue in an arbitrary period . Next, to illustrate
the size of capital income tax revenue, I will focus on balanced growth paths. First,
I will analyze the special case with constant A; and Gy, so that there is a steady
state. Then I will analyze balanced growth paths with non-negative growth rates.
The reason for analyzing the two cases separately is that the utility function must
satisfy some additional restrictions in order for a balanced growth path with positive
growth to exist. The steady state does not require additional restrictions on the

utility function.

6.1 Capital Income Tax Revenue in an Arbitrary Period

To calculate taxable capital income in the presence of a constant tax rate, set the
left hand side of equation (17) equal to the left hand side of equation (18), and set
TH, =T to obtain

FK (Kt,Ath) — Rt - 1 + 5 (22)

Kiq1
K

period t + 1. Substituting v, K; for K,y in equation (4) and rearranging yields

Define v, = to be the gross growth rate of the capital stock from period t to

L= (Vi —149) Ky (23)
Define X; to be taxable capital income, with immediate expensing, in period ¢, so
X = KiFx (K, AiHy) — 1. (24)
Substituting equations (22) and (23) into equation (24) yields
X = (R —vq) Ki (25)

To express taxable capital income as a share of output, Y;, multiply both sides of
equation (22) by %, define n, = %j"%m) as the capital share in income in period
t, and rearrange to obtain

Ur

R—14s0t (26)

Kt:

11



Substitute equation (26) into equation (25) to obtain

Ry — v

X R e
LT R 140

mY;. (27)

Equation (27) shows the value of taxable capital income in an arbitrary period t.
Let P, be the present value of taxable capital income from period ¢ onward, discounted

back to period t,

0o J
Pr=X+> [ R | Xes: (28)
j=1 \i=1
It can be shown that*?®
P, = R/K,. (29)

Equation (29) implies that if capital income is taxed at rate 7 from period ¢
onward, the present value of capital income tax revenue is 7% R, K;. Thus, in terms
of its effects on tax revenue, this policy is equivalent to a one-time government seizure
of a fraction 7¥ R, of the capital stock in period t. In other contexts, governments
that can seize capital once may face a temptation to seize capital again. This is the
nature of the classic time-consistency problem. However, with the capital income tax
analyzed here, there is no time-consistency problem, provided that the capital income
tax—or the equivalent one-time capital levy—can collect sufficient revenue to fund gov-
ernment purchases. The capital income tax in this economy is non-distortionary and
the economy achieves the first-best allocation, so there is no incentive for the govern-
ment to try to set a lower tax rate initially to entice additional capital accumulation

only to seize it later.

4T thank Robert Hall for suggesting a similar version of this result in private correspondence.
This result is based on the assumption that there exists a t* > 0 and ¢ > 0 such that for all

t >t 7‘“ < 1 —e. This assumption is satisfied along the balanced growth paths in Section 6.3,
which assumes that By'=* < 1.

To prove the result in equation (29), substitute equation (25) into equation (28), and divide

both sides by R;K; to obtain R—P}{— =1- % + Z;’;l ( R;+Z> (Reyj — 'ytﬂﬂ) K—;(J- Use
the fact that K,y ; = (ngl 'ytH) K, and rearrange the product of R;ﬂ to obtain R—P}(— =1-
%“ + 200 (H t+z> (1 - —nggl) ( 1 'Yt+i)- Define z4y; = —%1 to obtain 4RPK =1-

T+ Yo [T=4 #+) (1 = 244+;). The lemma below implies ﬁ =

Lemma. Consider x; > 0 for ¢ = 0,1, 2,...and for sufficiently large N, z; <T <1, fori> N.
Define I'; = Hf;& ziforj=1,2,3... Then S =1-zo+3 7, (1 —z;)T; =1. Proof: T} =z and
T4 = ;1. for j > 1. Therefore Sp = 1—zo+Y;_; (1 —2;)T; =1-T1+Y 1 ;=37 Ty =
1—-T74. Forj>N,0<TIy < NIy, so limp_,eo I'r41 = 0. Therefore, S = limp_,oo ST = 1.
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For an economy that is in a very early stage of development with a very low level
of the capital stock, K;, equation (29) might appear to imply that the opportunity
to finance government purchases with the capital income tax described here is very
limited. However, it is important to recognize that a very low value of K; implies
that R, = F (K, AiH;) + 1 — 0 is very high. The high value of R; implies that P
can be substantially larger than K;. In addition, the high value of R; means that
future taxable capital income is discounted at a very high rate, which would make
the value of P, appear small relative to the future flows of taxable capital income. A
more appropriate way to gauge the size of taxable capital income and the possibility
of financing government purchases with a capital income tax is to compare flows over
long periods of time, such as in a steady state or along a balanced growth path. I

now turn to these cases.

6.2 Steady State

Suppose that the index of labor-augmenting technical progress, A;, and government
purchases, GGy, are both constant and that the economy is in a steady state with
constant capital, K, investment, I = §K, consumption, C, hours, H, and tax rate

7K. Because the capital stock is constant, Verj = Kﬁﬁl =1,for j=0,1,2,.... In

this case, equation (18) implies
R=p1'=1+p, (30)

where p > 0 is defined to be the rate of time preference. Substituting equation (30)
into equation (25) and setting v, = 1 yields steady-state taxable capital income
(where I have omitted the time subscripts because these variables are constant in a
steady state)

X = pK. (31)

Multiplying steady-state taxable capital income in equation (31) by the tax rate on
capital income, 7X, yields
T = %K. (32)

Taxable capital income in the steady state is the product of the rate of time
preference, p, and the capital stock, K. Because the constant tax rate 7% is not
distortionary, tax revenue is proportional to 7% for 0 < 7% < 1. That is, there is

no Laffer curve for 7%. By setting 7% arbitrarily close to one, the government can
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collect capital income tax revenue that is arbitrarily close to taxable capital income,
which is pK in the steady state.
The steady-state capital-output ratio is obtained by substituting equation (30)
into equation (26), which yields
Ui

Ky = Y. 33
t p+6 t ( )

To relate steady-state tax revenue to steady-state output, substitute equation (33)

into equation (32) to obtain

TE = KL _py. 34
il (34)
The share of taxable capital income in total income, %, is #n. As an illustration,

suppose that the rate of time preference is p = 0.01, the depreciation rate is § = 0.08,
and the capital share is n = 0.33. In this case, taxable capital income is 3.67%

of total income. In the next subsection, I will show that along a balanced growth

Xt

path with a positive growth rate, the share of taxable capital income, 35, can be

substantially higher.

6.3 Balanced Growth Path

In this subsection, I consider balanced growth paths along which the capital stock,
consumption, and effective hours of work all grow at the same constant gross rate

~ > 1, which is the exogenous growth rate of the index of labor-augmenting technical

progress, A;. Specifically, Klgl = Cal = AZI = 7. In order for the economy to

be able to attain such a balanced growth path, I assume that the utility function

u (Cy, l;) has a constant elasticity with respect to C; and is multiplicatively separable
in C; and [;. Specifically,

1
1-a

u (Cy, l;) = Clv (1) (35)

where o > 0 is the inverse of the intertemporal elasticity of substitution, v () > 0,
v’ () has the same sign as 1 — «, and v” () has the opposite sign of 1 — . I assume
that 8y~ < 1, so that along a balanced growth path the present value of the stream
of current and future utility in equation (9) is finite.

Using the utility function in equation (35), along with 77 = 0 and 7% = 7 for

all ¢, the household’s first-order conditions in equations (16) - (18) can be written as

1

—

(Hy) :

Cw' (1 — Hy) = A, (Fy, (K, AH,)) v (1 — H) (36)
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Civ (1 — Hyyy)
C;a’U (1 — Ht)

[ﬁctfiv (1 - Hyp1)
Cy % (1 — Hy)
Along a balanced growth path, A;, K; and C; all grow at gross rate -, while
hours per worker, H;, the marginal products Fp, (K;, AjH;) and Fx (K;, A;H;), and

the capital share in income, 7,, are constant. Therefore, equation (38) implies

(Ki): |9 | (e (K Ao +1-0) =1 (a1)

(Bt+1) . ] Rt+1 =1. (38)

R, = 719" (39)

Substituting equation (39) into equation (25) yields taxable capital income as a func-

tion of the capital stock along a balanced growth path,
Xe= (679" =) Ki >0, (40)

where the inequality on the right hand side follows from the assumption that 3y'~* <
1. Substituting equation (39) into equation (27) shows taxable capital income as a
fraction of output along a balanced growth path,

By —

— =7y,
By —=1+0

X, = (41)

Multiplying taxable capital income in equation (41) by the tax rate 7% yields capital

income tax revenue along a balanced growth path

1. a
(L Lk B 8 (12)
By =146

Note that when v = 1, so that the balanced growth path is a steady state, equation
(42) becomes identical to equation (34).

Table 1 shows the share of taxable capital income, X;, in total income, Y;, for
various values of a, the inverse of the intertemporal elasticity of substitution, and -,
the exogenous growth rate of A;. The calculations in this table are based on a capital
income share 7 = 0.33, a rate of time preference p = 0.01, and a depreciation rate
0 = 0.08. The first column of results in Table 1 shows that in a steady state, i.e., with
~ = 1, taxable capital income is 3.7% of total income, as shown in subsection 6.2,
regardless of the value of a. Table 1 shows that with modest growth and a modest

value of «, the share of taxable capital income in total income can be substantially
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%ﬂ = Share of Taxable Capital Income

Gross growth rate, ~y
1.00 | 1.01 1.02

Inverse 0.037 | 0.061 | 0.078
of 0.037 | 0.084 | 0.113
Intertemporal 0.037 | 0.103 | 0.140

Elasticity of 0.037 | 0.120 | 0.161
Substitution, 0.037 | 0.159 | 0.205
Q@ 10| 0.037 | 0.178 | 0.224

capital income share: 7 = 0.33

0| O =W | N

rate of time preference: p = 0.01

depreciation rate: 6 = 0.08

Table 1: Taxable Capital Income as a Share of Total Income

higher. For instance, with growth of one percent per year, i.e., v = 1.01, and oo = 5,
taxable capital income is 12.0% of total income, which is more than triple the value
in the absence of growth. With growth of two percent per year and a = 5, taxable

capital income is 16.1% of total income.

7 Effective Tax Rate on Capital

The taxation of capital income in actual tax codes generally depends on an array of
tax parameters including the tax rate on taxable capital income, the specification of
depreciation allowances used to compute taxable capital income, and possibly also
an investment tax credit rate and the extent to which financing costs are deductible.
The concept of the effective tax rate on capital provides a scalar measure of the degree
to which all of the relevant aspects of the tax code together affect a firm’s optimal
capital stock. In this section, I derive the effective tax rate on capital in the special
case in which there is no investment tax credit and in which financing costs are not
deductible by purchasers of capital. I will then use the effective tax rate on capital in
this case to show the relationship between the results of this paper and the findings
of Chamley (1986) and Judd (1985).

As a prelude to calculating the effective tax rate on capital, I will briefly review

the calculation of the present value of depreciation deductions, z, introduced by Hall
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and Jorgenson (1967). Consider a unit of capital that is purchased in period ¢ for
a price of $1, and let D (a) > 0 be the depreciation allowance in period t + a when
the unit of capital has age a > 0. If nominal cash flows are discounted at rate i,
then z =2 (1414) “D(a). If> 22, D(a)=1and i > 0, then z < 1, with strict
inequality if D (0) < 1. With immediate expensing, D (0) = 1 and D (a) = 0, for
a=1,2,3...,s0 z = 1.

Consider a firm that pays a capital income tax at constant rate 7% on taxable
income, which is calculated as gross capital income minus a specified depreciation
allowance. Let M; be the present value of the stream of pre-tax marginal products of
capital accruing to the undepreciated portion of a unit of capital purchased in period
t. Suppose that M, is a decreasing function of (1 — ) Ky, + I; = Kyy1. Let x; be
the price of acquiring a unit of capital in period ¢, and let zx, be the present value
of depreciation deductions over the life of the capital good. The optimal value of

investment in period ¢, I;, satisfies
(1=75) My = (1= 7%2) x, (43)

where the left hand side of equation (43) is the present value of the stream of after-tax
marginal products of capital accruing to the undepreciated portion of a unit of capital
acquired in period ¢, and the right hand side of equation (43) is the cost of acquiring
a unit of capital in period ¢, net of the present value of the depreciation tax shield
associated with capital.

The effective tax rate on capital, 7, is the value of the tax rate on gross capital
income, i.e., capital income without deducting any allowance for depreciation, from
period t onward such that the optimal capital stock is the same as implied by equation

(43). Therefore, the effective tax rate satisfies
(1-7) M, =%, (44)

where ]\Z is the present value of the stream of pre-tax marginal products of capital
accruing to the undepreciated portion of a unit of capital purchased in period ¢, and
X; is the marginal cost of investment in period ¢ when gross capital income is taxed at
rate 7. The value of T is chosen so that the path of the capital stock under the gross
capital income tax at rate 7 is identical to the path of the capital stock associated
with equation (43) when capital income, net of depreciation allowances, is taxed at

rate 7%,  Since the financing cost is not deductible in either case, the discount rate
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is the same in both cases, so ]\/4: = M, and X = x;. Therefore, dividing each side of

equation (44) by the corresponding side of equation (43) yields

1—7K

7=
T 1—7K2

(45)
Equation (45) can be rearranged to obtain the following expression for the effective

tax rate on capital

— 7
1—7K2

In the prescription for optimal tax policy that I have described in this paper,

7=

(46)

as well as in the Chamley-Judd prescription for the long run, the effective tax rate
on capital is zero. However, my prescription and the Chamley-Judd prescription
obtain zero effective tax rates in different ways that have fundamentally different
implications for the amount of revenue collected by the optimal capital income tax.
The Chamley-Judd prescription sets 7% equal to zero, which according to equation
(46), achieves a zero effective tax rate on capital. However, with 7% = 0, the capital
income tax does not collect any revenue, so it becomes necessary to use distortionary
labor income taxation to collect revenue. My prescription for the optimal taxation
of capital income, which includes immediate expensing, implies z = 1. Equation
(46) shows that with z = 1 the effective tax rate on capital is zero for any non-
negative tax rate 7% less than 1. Thus, unlike the Chamley-Judd prescription, my
prescription attains a zero effective tax rate on capital, while retaining the ability to
collect revenue using the capital income tax, by setting 7% greater than zero. As I
have shown in Section 6, a substantial amount of capital income tax revenue can be
collected with this prescription. If the capital income tax can collect enough revenue
to pay for government purchases, there is no need to use distortionary labor income

taxation.

8 Consumption Goods Tax with a Labor Subsidy

In this section, I illustrate an alternative tax system that can achieve the same allo-
cation of consumption, leisure, and capital that can be achieved by lump-sum taxes.
This alternative system combines a tax on consumption goods, levied at a constant
rate over time, with a subsidy to labor. A consumption goods tax levied at a con-
stant rate over time does not distort intertemporal margins, so it would not distort

capital accumulation. If labor supply were perfectly inelastic, i.e., if leisure were not
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in the utility function, a constant tax rate on consumption goods would not affect
the equilibrium allocation. However, when utility depends on leisure, a tax on the
consumption good reduces the price of leisure relative to the taxed consumption good
and thus effectively subsidizes leisure. To counteract this effect, leisure must also be
taxed, which effectively subsidizes labor, to replicate the allocation with lump-sum
taxes.

To examine the effects of a tax on the consumption good combined with a labor
subsidy, I modify the model presented in Sections 1 - 3 by eliminating the capital
income tax and replacing it with a tax on consumption. Specifically, letting 7¢ > —1

be the tax rate on the consumption good in period ¢,° total tax revenue in period ¢ is
/_Tt = watAth + TtCCt. (47)

With the capital income tax replaced by a tax on the consumption good, the budget

constraint of the household in equation (10) is modified to
(1 + th) Cr+ [Ky1 — (1 = 0) Ki] + Biyr = (1 - TtL) wiAyHy + 1Ky + Ry By, (48)

so the lagrangian for the household’s problem is

L = iﬁtu (Ct, 1-— Ht) (49)
t=0

+5t)\t {(1 - TtL) wi Ay Hy + 7 Ky — (1 + th) Cy— K1+ (1—=0)K,— By + RtBt} .

Differentiating the lagrangian with respect to Cy, H;, K;.1, and By, setting the
derivatives equal to zero, and then reducing the system of four first-order conditions
to a system of three equations by eliminating )\; and using the expressions for the

wage rate and the rental rate in equations (2) and (3) yields

1— L
(Ht) . up (Ct7 1 — Ht) = —1 + :tCAt (FL (Kt7 Ath)) uc (Ct7 1 — Ht) (50)
t

Uc (Ct+1, 1- Ht+1) 1+ th
uc (Ct,l _Ht) 1—’—7'1;6_;_1

(K1) B [Fic (Kii1, A Hen) +1 =01 =1 (51)

uc (Cip1,1 — Hyq) 1476
uc (Ct,l —Ht> 1+th+l

(Bist) - 3 Ry = 1. (52)

6The tax rate on the consumption good can be larger than 100%, but (to keep the subsidized
price of the consumption good positive) any subsidy to the consumption good must be smaller than
100%.
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1—}—7’%j
1+TtC+1
(51) and (52) equals one, so these equations are identical to equations (20) and (21),

If the consumption tax rate is constant over time, the ratio

in equations

respectively, for an economy with lump-sum taxation. However, a tax on the con-
sumption good alone will not fully reproduce the allocation in an economy with
lump-sum taxes because the tax on the consumption good distorts the labor-leisure
choice, as is evident in equation (50). If labor income is subsidized to the same extent

L.
that consumption is taxed, specifically, if 7% = —7¢, then the ratio i +:ZC in equa-

tion (50) equals one, and this equation is identical to equation (19) for the economy
with lump-sum taxes. Therefore, the allocation that would prevail under lump-sum
taxes can be achieved by taxing the consumption good at a constant rate 7¢ while

subsidizing labor with a negative labor income tax rate 7% = —7¢.

To calculate the amount of tax revenue that can be collected with 7% = —7¢,
substitute Y; — I; — G; for C; (since the economy is a closed economy) in equation

(47), and use 7L = —7¢ to obtain
T,=7°(Y; — I, — Gy — w A H,) . (53)

Use the facts that }/;5 = KtFK (Kt, Ath)+AthFL (Kt, Ath> and Wy = FL (Kt, Ath),

to rewrite equation (53) as
T, = 79 K Fx (Ky, AcHy) — I — GY) . (54)

Use the expression for taxable capital income with immediate expensing, X;, in equa-

tion (24) to rewrite equation (54) as

T, =79 (X, - Gy). (55)

¢ > 0 and the tax revenue

Henceforth, I will confine attention to cases in which 7
in equation (55) is positive, so I assume that G; < X;. Thus, as shown formally in
equation (56) below, to collect a given amount of tax revenue in any period in which
Gy > 0, 7¢ would be higher than the capital income tax rate 7% that would lead to
the same optimal allocation, even though (as in the United States), consumption can
be far larger than capital income net of investment expenditure. The reason that
7¢ exceeds 7 is that in order for the consumption tax system to be optimal it must
include a subsidy to labor income, which essentially gives back much of the revenue
collected by the tax on the consumption good.

To derive the relation between the value of 7¢ in an optimal consumption tax

system and the value of 7% in an optimal capital income tax system that would collect
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the same amount of revenue, I will now focus on balanced growth paths for which G;
and B; both grow at the gross rate 7, which is the growth rate of A;, K;, C;, and
Y;. I have shown that the optimal allocation can be attained either by taxing capital
income, with immediate expensing, at rate 7% or by taxing the consumption good
at rate 7¢ and subsidizing labor income at rate 7¢. Equating 75X, the tax revenue
collected by the capital income tax and 7¢ (X; — G}), the tax revenue collected by

the consumption goods tax and labor income subsidy in equation (55), yields

T = > T

X
(& t K K
X — Gy o (56)

Thus, as discussed above, if G; > 0, the consumption tax rate 7¢ must exceed the
capital income tax rate 7% that collects the same total revenue.
In order for the amount of government bonds to grow at rate 7, the amount of

tax revenue, T;, collected in period ¢ must satisfy
E = Gt + RtBt — BtJrl = Gt + (R — ’Y) Bt, (57)

where the second equality follows from the fact that v, ,; and R, are constant along
balanced growth paths. Under the capital income tax with immediate expensing,
the amount of tax revenue, 7 X;, must equal the right hand side of equation (57),
which implies that
Gy =71%X,— (R —") B, (58)
Substituting equation (58) into equation (56) and simplifying yields
K
o T
¢ = ) 59
1—7’K+(R—"}/)% (59)
Along a balanced growth path with no government debt outstanding, equation
(59) implies

K

-
Tczl_TK. (60)

Equation (60) indicates that the amount by which 7¢ exceeds 7% can be substantial.

For instance, if 7% = 50%, then an optimal consumption tax system would have to
set 7¢ = 100% to collect the same amount of revenue.

The tax rate 7¢ is levied directly on the consumption good, represented by C.
However, the consumption bundle in period ¢ consists of both leisure and the con-
sumption good, so a true consumption tax would tax leisure at rate 7¢ as well.

Taxing leisure at rate 7¢ is the same as subsidizing labor income at rate 7¢. In
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the absence of any tax (positive or negative) on labor income, a household can in-
crease its consumption of leisure in period ¢ by reducing its labor by one hour and
foregoing the hourly wage A,w;. However, if labor income is subsidized at rate 7¢,
so that the after-tax hourly wage is (1 + TC) w; Ay, then the after-tax price of leisure
is (1 + TC) wyAy.  Thus, a subsidy to labor income at rate 7¢ is a tax on leisure at
rate 7¢.

I have shown that a constant tax rate on the entire consumption bundle, which
can be implemented by a constant tax rate on the consumption good together with
a constant subsidy to labor income at the same rate, is equivalent to the optimal
capital income tax with immediate expensing. It is important to note, however,
that some tax proposals that purport to be consumption taxes are actually taxes on
consumption goods that fail to tax leisure. For instance, the Hall-Rabushka (1995)
proposal for a “flat tax” is described by its originators as a consumption tax. Hall
and Rabushka proposed to implement their consumption goods tax by taxing both
capital income and labor income. They define taxable capital income to be the same
as I have discussed in this paper. That is, they propose immediate expensing of
capital expenditures. However, their proposed tax system also levies a tax on labor,
and thus is distortionary if leisure enters the utility function in a nontrivial way.

To summarize, if the optimal tax system is to be implemented by taxing income,
then taxable capital income should be calculated with immediate expensing and labor
income should not be taxed at all. Hall and Rabushka specify taxation of capital in-
come that includes immediate expensing, but their proposed taxation of labor income
is distortionary. Alternatively, if the optimal tax system is to be implemented as a
consumption tax, it must tax the entire consumption bundle by taxing the consump-
tion good and taxing leisure by subsidizing labor income. Hall and Rabushka propose

to tax only the consumption good, and thus their proposed system is distortionary.

9 Concluding Remarks

A classic problem in public finance is to determine how the government can collect
revenue in the least distortionary way possible, given that lump-sum taxes are not
available. In a general equilibrium Ramsey framework with infinitely-lived house-
holds, Chamley (1986) and Judd (1985) have shown that in the long run it is optimal
for the tax rate on capital to be zero. In their analyses, the government would

collect tax revenue in the long run by taxing labor income. In this paper, I have
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re-examined the conditions, previously derived without general equilibrium consider-
ations, under which the tax rate on capital income does not affect the optimal capital
stock of a firm. The possibility that a capital income tax can be levied in a way
that does not affect the capital investment decision is tantalizing because it may pro-
vide the government with a non-distortionary means to collect revenue. To examine
this possibility, I addressed two questions. First, does the invariance of the capital
investment choice to the tax rate on capital income, under appropriate assumptions
about the deductibility of capital expenditures, carry over to a general equilibrium
framework? Second, if the answer to the first question is affirmative, can a capital
income tax that is non-distortionary collect a substantial amount of revenue?

In response to the first question, I have shown that if purchasers of capital are
permitted to immediately expense capital expenditures, then in a Ramsey framework
with a representative infinitely-lived household, the accumulation of capital is invari-
ant to a tax rate on capital income that is constant over time. That is, a constant
capital income tax rate with immediate expensing is a non-distortionary tax in general
equilibrium, as well as in the context of a single firm that cannot deduct its financing
costs. For firms that can deduct financing costs, the situation is different. For such
firms, economic depreciation leads to the invariance of capital accumulation to the
tax rate on capital in the context of a single firm; however, as shown in the Appendix,
this invariance does not carry over to general equilibrium because the after-tax cost
of financing—not the pre-tax cost of financing—is invariant to the tax rate in general
equilibrium. Thus, I focused the body of the paper on the case without deductibility
of financing costs (as for an all-equity firm in the United States) and with immediate
expensing so that the capital income tax is non-distortionary.

Since the answer to the first question is affirmative with immediate expensing, I
then addressed the second question for the case of immediate expensing. Taxable
capital income with immediate expensing is equal to capital income (revenue less
wages) minus investment expenditures. Abel, Mankiw, Summers, and Zeckhauser
(1989) have shown that in a dynamically efficient economy, capital income is larger
than investment, which implies that, even with immediate expensing, there is a posi-
tive amount of capital income to be taxed. Since capital accumulation is unaffected
by the level of the constant tax rate on capital income, provided there is immediate
expensing, there is no “Laffer curve” for the capital income tax rate. That is, the
amount of tax revenue collected from the capital income tax is proportional to the

tax rate. The amount of revenue that can be collected is arbitrarily close to the
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amount of taxable capital income in the economy. I derive expressions for the share
of taxable capital income in total income, both in a steady state and along a balanced
growth both. Illustrative calculations suggest that this amount could be substantial.
If one looks at U.S. data to judge the size of taxable capital income with immediate
expensing, one could start with gross capital income of about 1/3 of GDP and capital
investment expenditures of about 1/6 of GDP, so that taxable capital income is about
1/6 of GDP. Over the ten-year period ending in 2005, Federal government purchases
of goods and services were about 6.5% of GDP-an amount that could be financed by
a capital income tax rate of 39%. While some may regard this value of the capital
income tax rate as somewhat high, it is important to note that the labor income tax

rate would be zero and that capital expenditures would be immediately expensed.

24



Appendix

Economic Depreciation with Deductibility of Financing Costs

Hall and Jorgenson (1971) have shown, and the results of Samuelson (1964) imply,
that in the context of a single firm that takes its pre-tax cost of financing as fixed
and can deduct its cost of financing, the tax rate on capital income does not affect
optimal capital accumulation if the firm is allowed to deduct economic depreciation
from gross capital income when it computes taxable capital income. Thus, it might
seem that economic depreciation and deductibility of financing costs provides another
opportunity for non-distortionary taxation of capital income. However, unlike in the
case of immediate expensing without deductibility of financing costs, the neutrality
result for a single firm does not carry over to a general equilibrium framework. To
illustrate why this neutrality result does not carry over to general equilibrium, I
begin by illustrating the neutrality result for a single firm that takes the pre-tax cost
of financing as fixed.

Consider an infinitely-lived firm with revenue, net of wages, f (k;) in period t,
where k; is the capital stock used by the firm in period . Suppose that capital
depreciates at rate d per period, so that k11 — (1 — J) k; is gross investment in period
t. Suppose that the tax rate on capital income in period ¢ is 7 and that the firm
is allowed to deduct economic depreciation from net revenue in computing taxable
capital income. The pre-tax cost of financing is 6 per period, and suppose that the
firm can deduct the cost of financing so that its after-tax cost of financing in period
tis (1 — T ) 0. 1In this case, given kg, the firm chooses the path of the capital stock

to maximize

Z (HH 11—n )9) (1= 70) f (k) + 70k, — (ks — (1= 0) R)] . (A1)

where the three terms in square brackets on the right hand side are, respectively, after-
tax net revenue (1 — 7f) f (k;), the value of the tax saving due to the depreciation
deduction 7X6k;, and the cost of gross investment (k1 — (1 — ) k;) in period t.
Differentiating the right hand side of equation (A.1) with respect to k;;1 and setting

the derivative equal to zero yields

<1+(1 : K )9> (1= 780) f (Rea) + 7300 +1 = 6] = 1. (4.2)

—Tim1
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Multiplying both sides of equation (A.2) by 1+ (1 — 7f,) 6 and simplifying yields
(1=750) [f (k1) =6 — 6] = 0. (A.3)

Equation (A.3) illustrates the invariance of the firm’s optimal capital stock with
respect to the capital income tax rate. For any value the capital income tax rate,
7K, such that 0 < 75 < 1, the optimal capital stock satisfies f’(k;) = d + 6. This
invariance depends importantly on the fact that the pre-tax cost of financing, 6, is
invariant to the tax rate 7. However, in general equilibrium, the pre-tax cost of
financing will not remain invariant to 7, as T will now show.

Consider the general equilibrium model introduced in Sections 1 - 3, but change
the tax treatment of capital income. Specifically, suppose that instead of immediate
expensing, the owners of capital are allowed to deduct an amount equal to economic
depreciation 0K;. I will write the depreciation deduction in period t as D,K; to
include also the alternative depreciation allowance schedule that I introduce at the
end of this Appendix. With this specification of the tax treatment of capital income,

the lagrangian for the household in equation (11) becomes

L = f: Bl (Cy, 1 — H,) (A4)

t=0
+/8t/\t (]_ — Tf) U)tAth -+ (1 — TZK) Tth + TtKDth ‘
_Ct - Kt+1 + (1 - 6) Kt - Bt+1 + RtBt

Differentiating the lagrangian with respect to Cy, H;, K;.1, and By, setting the
derivatives equal to zero, and then reducing the system of four equations to a system

of three equations by eliminating \; yields

(Hy) : w (Cy, 1 — Hy) = (1 — Tf) wiAyue (Cy, 1 — Hy) (A.5)

Uc (Ct+1, 1-— Ht+1)

(K1) - B we (Cr 1= 1) [(1- T,ﬁl) Fre (K1, AppiHyor) + 71 Dy +1 — 6 =1
(A.6)
uco (Cpy1,1 — H
(Biy1): B ¢ (Cin “1)Rt+1 =1. (A7)

Uuc (Ct, 1-— Ht)
If the allocation Cy, H;, and K1, t =0,1,2, ..., is to be invariant to the tax rate

on capital income, then the left hand side of equation (A.7) indicates that R;,; must
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be invariant to the tax rate on capital income. The gross rate of return R, is an
after-tax gross rate of return. The invariance of economic depreciation in the context
of a single firm is predicated on the invariance of the pre-tax cost of financing to the
tax rate on capital income, so that the after-tax cost of financing is a decreasing
function of the tax rate. Because the after-tax cost of financing is invariant to the
tax rate in general equilibrium, economic depreciation does not lead to neutrality
with respect to the tax rate on capital income, as I will show below.

Setting the left hand sides of equations (A.6) and (A.7) equal to each other yields

(1=784) Fr (Kip1, Ayt Hipt) + 7151 D + 1 — 6 = Ryqa. (A.8)

In the case of economic depreciation, D; = §, so equation (A.8) can be rewritten as

_ R —1

Fr (K1, AvprHe) — 6 -
1 -7,

(A.9)

If the allocation C;, H;, and K;,1, t = 0,1,2,..., is to be invariant to the tax
rate on capital income, then the left hand side of equation (A.9) must be invariant
to the tax rate on capital income, and, as discussed above, R;,; must be invariant
to the tax rate on capital income. However, unless R;,; = 1, the right hand side of
equation (A.9) depends on 77 ;, which would be inconsistent with the left hand side
being invariant to ’7’5_1. Therefore, economic depreciation will not, in general, make
the capital income tax a non-distortionary tax in general equilibrium.”

Economic depreciation does not make capital accumulation invariant to the tax
rate on capital income in general equilibrium because the after-tax cost of financing
is invariant to the tax rate. In the context of a single firm, when the after-tax cost
of financing is invariant to the tax rate on capital income, neutrality of the tax rate
requires that the present value of depreciation allowances, z, must equal one. T will
show that it is possible to augment economic depreciation to achieve z = 1, and thus
to achieve neutrality; however, under this alternative neutral tax scheme, taxable
capital income is identically zero.

Suppose that the depreciation factor, D;, that is introduced in equation (A.4) is
specified to be

D,=R,—1+6, (A.10)

TIf it were to turn out that R;.; = 1, then equation (A.9) implies that taxable capital income,
Fr (Kiy1, At 1Heq) K1 — 0Kyqq, would be zero. Therefore, even if it turned out that Ry = 1,
so that economic depreciation would lead to tax rate neutrality, the capital income tax would not

be able to collect any revenue.
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where R; is the after-tax gross rate of return on bonds in equation (A.7). A unit of
capital purchased in period ¢ increases the capital stock in period t+ 7, 7 =1,2,3, ...,
by (1 — 5)j ~! units, so the present value of depreciation deductions accruing to a unit
of capital purchased in period ¢ is z; = Zj’;l ( le R;ll-) (1-6Y""Dyyy. Tt can
be shown that with the specification of depreciation allowances in equation (A.10),
2 = 1.8 To see that the depreciation allowance specified in equation (A.10) is neutral,
substitute R; — 1 4 ¢ for D, in equation (A.8) to obtain

(1 Tt+1) [Fr (K1, A Hya) +1 = 0] = (1 — 7',5_1) Riiq, (A.11)

which implies
FK (Kt+17 At+1Ht+l) + 1 - (5 = Rt+1 (A12)

regardless of the value of TfH. The amount of taxable income, with the depreciation

allowance specification in equation (A.10) is
FK (Kt, Ath) Kt - Dth — [FK (Kt, Ath) - (Rt - 1 + 5)] Kt — O, (Alg)

where the second equality follows from equation (A.12). Thus, the neutral tax scheme

in equation (A.10) will generate precisely zero taxable capital income in each period.

SZt:z;?"l( 3 Rtﬂ)uf&)f YRy —14+0) = 252 (T2 222) (1- 422). Let g =
A

1 and 44, = R ,for j =1,2,3,.... Therefore, z; = 2_1:1 (Hi:l xt+i) (1 —z4;). Applying the

Lemma in footnote 5 yields z; = 1.
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