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Abstract

In this note, we examine the effects of capital taxation on innovation and economic
growth. We find that capital taxation has drastically different effects in the short run
and in the long run. An increase in the capital income tax rate has both a consumption
effect and a taz-shifting effect on the equilibrium growth rates of technology and output.
In the long run, the tax-shifting effect dominates the consumption effect yielding an
overall positive effect of capital taxation on steady-state economic growth. However,
in the short run, the consumption effect becomes the dominant force causing an initial
negative effect of capital taxation on the equilibrium growth rates. These contrasting
effects of capital taxation at different time horizons may provide a plausible explanation
for the mixed evidence in the empirical literature on capital taxation and economic

growth.
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1 Introduction

In this note, we examine the effects of capital taxation on innovation and economic growth.
In the literature of endogenous growth, one of the major issues is whether capital taxation
stimulates or impedes growth. Earlier studies employing an AK-type endogenous growth
model show that the impact of raising the capital tax rate on long-run economic growth is
negative (Judd, 1985; Chamley, 1986; King and Rebelo, 1990; Rebelo, 1991; Jones et al.,
1993; Pecorino, 1993, 1994; Devereux and Love, 1994; Milesi-Ferretti and Roubini, 1998),
although the quantitative magnitude could be negligibly small (Lucas, 1990; Stokey and
Rebelo, 1995).) The intuition of this negative growth effect of capital taxation is that a
higher capital tax rate discourages the accumulation of physical capital and is therefore
detrimental to economic growth.

On the empirical side, the results are rather inconclusive. A number of empirical studies
have found that capital taxation, such as corporate profit tax and capital gains tax, can be
harmful to economic growth (see e.g., Lee and Gordon, 2005; Hungerford, 2010; Arnold et al.,
2011; Dahlby and Ferede, 2012), whereas other empirical studies have found a neutral or even
positive effect of capital taxation on growth (see e.g., Mendoza et al., 1997; Angelopoulos et
al., 2007; ten Kate and Milionis, 2015). Therefore, although the abovementioned theoretical
prediction is consistent with some of the empirical studies, it seems to contrast other empirical
findings in the literature.

While capital accumulation is undoubtedly an important engine of economic growth,
technological progress driven by innovation and R&D also acts as an important driver for
growth; see Aghion and Howitt (2009, p.109) for a discussion on data from OECD countries.?
Recently, R&D-based growth models pioneered by Romer (1990) and Aghion and Howitt
(1992) have been used to explore the interrelation between capital taxation, innovation and
economic growth; see e.g., Lin and Russo (1999), Zeng and Zhang (2002), Haruyama and
Itaya (2006) and Aghion et al. (2013). This note contributes to the literature by providing
an analysis of both the short-run and long-run effects of capital taxation on innovation and
economic growth within the seminal innovation-driven growth model in Romer (1990), which
is a workhorse model in R&D-based growth theory. In our analysis, we consider different
tax-shifting schemes. Specifically, we examine the growth effects of capital taxation with tax
shifting from lump-sum tax and also labor income tax to capital income tax.

In the case of tax shifting from lump-sum tax to capital income tax, an increase in

! Other than focusing on the long-run growth effect, Frankel (1998) studies the dynamics of capital taxation
during the transition process.

2 Aghion and Howitt (2009, p.108) report that “TFP growth accounts for about two-thirds of economic
growth in OECD countries, while capital deepening accounts for one third.”



the capital tax rate leads to a decrease in the steady-state equilibrium growth rate via a
consumption effect of capital taxation. Intuitively, a higher capital tax rate causes households
to decrease their saving rate and increase their consumption rate, which in turn leads to an
increase in leisure and a decrease in labor supply. Given that labor is a factor input for
R&D, a smaller labor supply gives rise to a lower growth rate of technology, which in turn
determines the long-run growth rates of output and capital.

In the case of tax shifting from labor income tax to capital income tax, an increase in
the capital tax rate leads to an increase in the steady-state equilibrium growth rate via a
taz-shifting effect of capital taxation. Intuitively, an increase in the capital income tax rate
allows the labor income tax rate to decrease, which in turn leads to a decrease in leisure
and an increase in labor supply. The larger labor supply gives rise to higher growth rates of
technology, output and even capital despite the lower capital-investment rate caused by the
higher capital tax rate. Although the previously mentioned consumption effect of capital
taxation is also present, it is dominated by the tax-shifting effect in the long run. However,
we find that the relative magnitude of these two effects becomes very different in the short
run.

We calibrate the model to aggregate data in the US to provide a quantitative analysis
on the dynamic effects of capital taxation on economic growth. We consider the case of
tax shifting from labor income tax to capital income tax and find that an increase in the
capital tax rate leads to a short-run decrease in the equilibrium growth rates of technology
and output and a gradual convergence to the higher long-run growth rates of technology and
output. The reason for these contrasting short-run and long-run effects is that the consump-
tion effect of capital taxation is relatively strong in the short run. Intuitively, an increase
in the capital income tax rate leads to a decrease in the steady-state equilibrium capital-
technology ratio. Before the economy reaches this new steady-state capital-technology ratio,
households drastically cut down their saving rate below its new steady-state level, which in
turn increases their consumption rate substantially. This substantial increase in consumption
leads to a substantial increase in leisure and a substantial decrease in labor supply, which
in turn reduces temporarily the equilibrium growth rates of technology and output. In the
long run, the effect of a lower wage-income tax rate becomes the dominant force and instead
raises the supply of labor, which in turn increases the steady-state equilibrium growth rates
of technology and output.

Our paper is most closely related to recent studies on taxation and economic growth in
the R&D-based growth model. Zeng and Zhang (2002) show that the long-run growth rate
is independent of labor income tax and consumption tax but decreasing in capital income

tax. In contrast, Lin and Russo (1999) analyze how the taxation of different sources of



capital income affects long-run growth and find that a higher capital income tax rate for
innovative firms could be growth-enhancing if the tax system permits tax credits for R&D
spending. Moreover, by focusing on the stability analysis of equilibria, Haruyama and Itaya
(2006) also show that the growth effect of taxing capital income is positive when the economy
exhibits indeterminacy. Although these two papers find that capital taxation and economic
growth may exhibit a positive relationship, our paper departs from them in highlighting the
contrasting dynamic effects of capital taxation on economic growth. More recently, Aghion et
al. (2013) and Hong (2014) adopt a quality-ladder R&D-based growth model to investigate
optimal capital taxation. Their primary focus, however, is on the normative analysis with
respect to the Chamley-Judd (Chamley 1986; Judd 1985) result (i.e., the optimal capital
tax is zero), while the present paper focuses on the positive analysis regarding the growth
effect of capital taxation. Furthermore, their analysis does not deal with the case in which
innovation is driven by R&D labor (e.g., scientists and engineers). When R&D uses labor
as the factor input, we find that the effects of capital taxation are drastically different at
different time horizons. This finding may provide a plausible explanation for the mixed
evidence in the empirical literature on capital taxation and economic growth.

The remainder of this note is organized as follows. In Section 2, we describe the basic
model structure. In Section 3, we investigate the growth effects of capital taxation. In
Section 4, we calibrate the model to provide a quantitative analysis of capital taxation.

Finally, some concluding remarks are discussed in Section 5.

2 The model

The model that we consider is an extension of the seminal workhorse R&D-based growth
model from Romer (1990).® In the Romer model, R&D investment creates new varieties
of intermediate goods. We extend the model by introducing endogenous labor supply and

distortionary income taxes. In what follows, we describe the model structure in turn.

2.1 Household

The economy is inhabited by a representative household. Population is stationary and nor-

malized to unity. The household has one unit of time that can be allocated between leisure

3In the case of extending the model into a scale-invariant semi-endogenous growth model as in Jones
(1995), the long-run growth effect of capital taxation simply becomes a level effect. In other words, instead
of increasing (decreasing) the growth rate of technology, capital taxation increases (decreases) the level of
technology in the long run.



and production. The representative household’s lifetime utility is given as:*

U= /Oo e PInC +6(1 — L)] dt, (1)

where the parameter p > 0 is the household’s subjective discount rate and the parameter
0 > 0 determines the disutility of labor supply. The utility is increasing in consumption C'
and decreasing in labor supply L € (0,1).

Two points regarding the utility function in equation (1) should be noted. First, to make
our analysis tractable, the household is specified to have a quasi-linear utility function. In
the quantitative analysis in Section 4, we will consider a more general utility function in
order to examine the robustness of our results. Second, as pointed out by Hansen (1985)
and Rogerson (1988), the linearity in work hours in the utility function can be justified as
capturing indivisible labor.

The representative household maximizes its lifetime utility subject to the budget con-

straint:
K4+a=ra+(1—75)rgK + (1 —7)wL —C — Z. (2)

The variable K denotes the stock of physical capital. The variable a (= V A) denotes the
value of equity shares of monopolistic firms, in which A is the number of monopolistic firms
and V is the value of each firm. w is the wage rate. r is the real interest rate, whereas
rx is the capital rental rate.” The rates of return on the two assets, physical capital and
equity shares, must follow a no-arbitrage condition r = (1 — 7x)rk in equilibrium. The
policy instrument Z is a lump-sum tax.® The other policy instruments {77,7x} < 1 are
respectively the labor and capital income tax rates.”

By solving the household’s optimization problem, we can easily derive the typical Keynes-
Ramsey rules: '

=T~ ®)

c 5

and also the optimality condition for labor supply, which is in the form of a horizontal labor

supply curve given the quasi-linear utility function in (1):

w=0C/(1—-17L). (4)

4For notational simplicity, we drop the time subscript.

For simplicity, we assume zero capital depreciation rate.

6We allow for the presence of a lump tax simply to explore the implications of different tax-shifting
schemes. Our main results focus on the more realistic case of Z = 0.

"In our analysis, we focus on the case in which 75 > 0; see for example Zeng and Zhang (2007) and Chu
et al. (2016), who examine the effects of subsidy policies in the R&D-based growth model.



2.2 Final goods

There is a single final good Y, which is produced by combining labor and a continuum of

intermediate goods, according to the following aggregator:

A
y = [l /0 22 di, (5)

where Ly is the labor input in final goods production, z; for i € [0, A] is the intermediate good
of type 7, and A is the number of varieties of intermediate goods. The final good is treated
as the numeraire, and hence in what follows its price is normalized to unity. We assume that
the final goods sector is perfectly competitive. Profit maximization of the final goods firms

yields the following conditional demand functions for labor input and intermediate goods:
Ly = (1—-a)Y/w, (6)

i = Ly (a/p) T, (7)

where p; is the price of x; relative to final goods.

2.3 Intermediate goods

Each intermediate good is produced by a monopolist who owns a perpetually protected
patent for that good. Following Romer (1990), capital is the factor input for producing
intermediate goods, and the technology is simply a linear one-to-one function. That is, the
production function is expressed as x; = k;, where k; is the capital input used by intermediate

firm 7. Accordingly, the profit of intermediate goods firm 1 is:
Ti = piti — Tk (8)

Profit maximization subject to the conditional demand function for intermediate goods firm

1 yields the following markup-pricing rule:

K
g = — > . 9
p o TK (9)

Equation (9) implies that the level of price is the same across intermediate goods firms. Based
on equation (7) and the production function z; = k;, we have a symmetric equilibrium among

intermediate firms; i.e., z; = x and k; = k. Then, we can obtain the following profit function



of intermediate goods firms:

(1—-a)ay
=~ /7 1
= Y (10)
2.4 RED
In the R&D sector, the familiar no-arbitrage condition for the value of a variety V is:
rV =m+V. (11)

Equation (11) states that, for each variety, the rate of return on an invention must be equal
to the sum of the monopolistic profit and capital gain (or loss) . As in Romer (1990), labor

is the factor input of R&D. The innovation function of new varieties is given by:
A= @ALy, (12)

where ¢ > 0 is the R&D productivity parameter and L, denotes R&D labor. Given free
entry into the R&D sector, the zero-profit condition of R&D is

AV =wL, & ¢AV = w. (13)

2.5 Government

The government collects taxes, including capital income tax, labor income tax, and lump-
sum tax, to finance its public spending. At any instant of time, the government budget

constraint can be expressed as:
Tk K + 1wl + 7 =G. (14)

The variable G denotes government spending, which is assumed to be a fixed proportion
B € (0,1) of final output such that
G = pY. (15)

2.6 Aggregation

Since the intermediate firms are symmetric, the total amount of capital is K = Ak; = Ak.
Given z; = k;, v; =z, k; = k, and K = Ak, the final output production function in equation
(5) can then be expressed as:

Y = AV KL (16)



After some calculations using equations (2), (6), (7), (11)-(14), and (16), we can derive the

resource constraint in this economy:

K=Y -C-0G. (17)

2.7 Decentralized equilibrium and the balanced-growth path

The decentralized equilibrium is a sequence of allocations {C', K, A, Y, L, Ly, L, z, G} .2,

prices {w,r, 7k, p;, V}2,, and policies {7k, 7, Z}, such that at any instant of time:

a households maximize lifetime utility (1) taking prices and policies as given;
b competitive final goods firms choose {x, Ly } to maximize profit taking prices as given;

¢ monopolistic intermediate firms i € [0, A| choose {k;, p;} to maximize profit taking rx

as given;
d R&D firms choose L4 to maximize profit taking {V,w} as given;
¢ the market for final goods clears, i.e., K =Y — C — G}
f the labor market clears, i.e., L = L4 + Ly;

g the government budget constraint is balanced, i.e., Txrx K + 7,wlL + Z = G.

The balanced growth path is characterized by a set of constant growth rates of all eco-

W~

nomic variables. Let v denote the growth rate of technology and a over the variable

denote its steady-state value. Along the balanced growth path, we have
b A . . .

Yl 5 =ly=1La=0.
w A

¢
C

= =
<]

3 Long-run growth effects of capital taxation

In this section we examine the growth effects of the capital tax rate. To maintain a con-
stant proportion of government spending, raising the capital tax must be accompanied by a
reduction in another tax. As revealed in equation (14), this can be either a reduction in the
lump-sum tax (if it is available) or a reduction in the labor income tax (if the lump-sum tax

is not available). In the analysis that follows, we deal with each of the two scenarios in turn.



3.1 Tax shifting from lump-sum tax to capital income tax

Equipped with the definition of the decentralized equilibrium in Section 2.7 and defining

w=w/A,c=C/Aand z = Z/A, we can express the steady-state equilibrium conditions as

follows:

¥ = (I—-7x)k —p, (18a)

O = 60¢/(1—r71p), (18b)

Ly = (1—a)z*Li /o, (18c)

i = Ly(a?/ig)/0-), (18d)

7P = ¢aly, (18e¢)

Fo= (1—7g)fk, (18f)

Y = ¢La, (18g)

L = Ly+ Ly, (18h)

7 o= (1-pELy e -/, (181)

TRPkE+ 1oL+ 2 = BitLie, (187)

in which ten equations are used to solve ten unknowns 7, 7, Ly,La, L, &, ¢ %, 7and 2. We
briefly discuss how we obtain equations (18). (18a) is derived from the usual Keynes-Ramsey
rule (3). (18b) is derived from the optimality condition for labor supply (4). (18c) and (18d)
are respectively the demand functions for final-goods labor and intermediate goods, (6) and
(7). (18e) is derived from inserting V = 0 into the no-arbitrage condition in the R&D sector
(11), and by using (6), (10) and (13). (18f) is the no-arbitrage condition of asset. (18g) is
derived from the innovation function of varieties (12). (18h) is the labor-market clearing
condition. (18i) is derived from dividing both sides of the resource constraint (17) by A and
using the condition Ax = K. (18;j) is derived from dividing both sides of the government
constraint (14) by A and using the condition G = Y.

We first use (18a), (18e), (18f)-(18h) to eliminate {77, 7k} and express {Ly, L} as

functions of L given by

i _E+P/¢

y = —/—,
1+«

iA:aL_P/¢_
1+«

These two equations indicate a positive relationship between {f) A, iy} and L. Moreover,

from the previous condition for L4, we can derive the condition 4 = (a¢L — p)/(1 + «),



which shows that the steady-state equilibrium growth rate of technology is increasing in L.

snﬁ—sn%—sn2 (19)
g aTK — 5 87’[( — 5 87’[( ’

Accordingly, to investigate the growth effect of the capital tax rate, it is convenient to draw

Thus, we have

an inference from examining the effect of the capital tax rate on labor L.

We now derive an equilibrium expression of labor L. By using (8) and (9), we have
7 = (£ — 1)FxK/A. This expression together with (10) implies that rx K = a?Y. Then,
dividing both sides of (17) by Y yields

C

Ve =1-f— =,
v B v

“<|N

By inserting C/Y = (1—7.)(1—a)/(0Ly ), which is derived from (4) and (6), and rx K = oY’
into the above equation and using (18e), (18f) and (18g) along with the conditions for Ly

and L4, we can obtain the following equation with one unknown L:

p(1+ a)

__pira) A-7)d-a)1+a)
ad(L + p/9)

O(L+ p/9)

}cﬂ(l—n{):l—ﬁ—
Simplifying this equation yields

i— (20)

1 {1—7‘,; a(l—71x)p

_ pr_r
1—®(rg) | 0 1-a) ¢] ¢

where ®(7) = (8 — a?7k) /(1 —a?) is a composite parameter and 7, is an exogenous policy

parameter. Then, from equation (20), we can obtain the following relationship:

oL a? -7 a(l—7K)p l+ap
e i ey it e A L
which can be further simplified to®
OL  a[(1+a)La+2ap/d]
ok (- o)1 —d(rg) 0 (21

From (19) and (21), we have established the following proposition:

8The following reasoning ensures that 1 — ®(7x) = [1 — 8 — o?(1 — 7x)]/(1 — a®) > 0. The steady-state
consumption-output ratio is C/Y =1— 8 — a?(1 — 7x) + o*(1 — 7x)p/(3 + p). Therefore, lim,_.ocC/Y =
1 — B —a?(1 —7k). In other words, one can restrict 1 — ®(7x) > 0 by appealing to the fact that C/Y >0
for all values of p.



Proposition 1 In the case of tax shifting from lump-sum tax to capital income tax, raising

the capital income tax rate reduces the steady-state equilibrium growth rate.

Equation (19) is the key to understanding Proposition 1. It essentially says that the
effect of the capital tax rate on long-run growth hinges on its effect on labor L. When the
capital tax rate is higher, households tend to reduce their investment rate and increase their
consumption rate. The increase in consumption raises leisure and reduces labor supply (by
shifting up the horizontal labor supply curve). Therefore, a higher capital tax rate reduces

the equilibrium levels of labor input, R&D labor and economic growth.

3.2 Tax shifting from labor income tax to capital income tax

A lump-sum tax is not a realistic description in most economies. In this subsection, we
therefore set aside the possibility of a lump-sum tax and deal with the more realistic case
in which a rise in the capital tax rate is coupled with a reduction in another distortionary
tax. This kind of tax shifting has been extensively investigated in the literature on factor
taxation; see e.g., Judd (1985), Chamley (1986), Niepelt (2004), Aghion et al. (2013) and
Chen and Lu (2013). Under such a situation we drop Z from the model in this subsection.

Thus, equation (18;j) is rewritten as:
TPKE + Frol = BELy . (22)

It is useful to note that in (22) the labor income tax rate 77, becomes an endogenous variable
because it needs to adjust in response to a change in the capital tax rate.

The macroeconomy is now described by (18a)-(18i) and (22) from which we solve for ten
unknowns 7, 7x, Ly, La, L, @, & &, ¥ and 7. By arranging (22) with (6), (16), (18c) and
the condition 7x K = oY, we can obtain

~ (8 — 1K) Ly P
TL 1~ a 7 + oL (Tk),
where the second equality uses Ly = (L4 p/¢)/(1+a). Using the above condition and (20),

we can solve the two unknowns {f}, 71} and obtain the following quadratic equation:

?[?_ ¢ 1— a(l —7k)

ol T =l e(ra)]

O(7k)

1—o(rx)0 0.

}m

This quadratic equation has two solutions, denoted as L; and Lo, which are given by:

10



i Blrw) + VB(TK)2 = 40(7x)0/{[1 — ®(7k)]p0}
1 29/p ’

(23a)

+_ Blrx) = /B — 18(ri)d/{[1 = (7] of}
: 20/p ’
where B(7x) = ¢/(pf) — 1 — a(l — 7x)/{(1 — a)[1l — ®(7x)]} is a composite parameter.’

To ensure that L is positive, we assume that the set of parameters jointly satisfies the

(23b)

condition B > \/4®¢/[(1 — ®)pf]. Moreover, we restrict our analysis to the case where an
increase in the capital tax rate is coupled with a decrease in the labor tax rate. By doing
so, we can show that L; is the only possible solution to this system.!? From (23a), we can

derive the relationship:

OLi _ p { 0B BOB/Orxk +2¢a’/[(1 — a®)(1 — ©)*f] } >0 (24)

ot 26 | Ok VBT = 106 /[(1— ®)f]

where 0B/01x = a[l =@+ a*(1 —7x)/(1 —a?)] /{(1 — a)(1 — ®)*} > 0. The result in

equation (24) leads us to establish the following proposition:

Proposition 2 In the case of tax shifting from labor income tax to capital income tax,

raising the capital income tax rate increases the steady-state equilibrium growth rate.

It would not be difficult to understand the intuition underlying the positive growth effect
given that we have already shown the importance of equilibrium labor input on economic
growth from previous discussion. In the present case, there are two conflicting effects on
labor supply. The first is the consumption effect that we discussed in Proposition 1; i.e.,
raising the capital tax rate induces the households to lower the investment rate and increase
the consumption rate, which in turn reduces labor supply. The second effect emerges from
the channel of shifting taxes from labor income to capital income. A rise in the capital
income tax rate leads to a reduction in the labor income tax rate, which tends to boost labor
supply. In particular, this latter tax-shifting effect has a more powerful direct impact on the
labor market so that it dominates the former one. As a result, the net effect is positive such

that a higher capital income tax rate stimulates economic growth in the long run.

9For notational simplicity, we suppress the argument of ®(7) and B(7x) in the following equations.

1'Based on the definition of tax shifting, an increase in one tax rate should be coupled with a fall in
another tax rate. In Appendix A, we will show that when L = Lo, to hold a constant proportion of the
government spending, the labor tax rate actually increases in response to an increase in the capital tax rate.
In this paper, we rule out this unrealistic case and only focus on the solution L = L.

11



4 Quantitative analysis

To examine the robustness of our results, we generalize the utility function as follows:

U= /00 [lnC’—i— Qw e Pdt, (25)
0 I—n
where 1 > 0 determines the Frisch elasticity of labor supply. Equation (25) nests equation
(1) as a special case when n = 0. The model features 7 parameters: {p,a,n,53,0,¢,7k}.
We consider the following standard parameter values or empirical moments in the literature.
First, we set the discount rate to p = 0.04 and the capital share to a = 0.30. Second, we
set 7 = 1.67, which implies a Frisch elasticity of 1.2; see Chetty et al. (2011). Third, in
line with Belo et al. (2013), the government spending ratio is set to 5 = 0.20. Fourth,
to obtain a leisure time of two-thirds (i.e., L = 1/3), we set = 1.17. Fifth, to generate a
steady-state output growth rate of 1.92%, which is the per capita long-run growth rate of
the US economy, we set ¢= 0.65. Finally, the benchmark value of the capital tax rate is set

to T = 0.36; see for example Lucas (1990). The parameter values are summarized below.

Table 1: Calibrated parameter values

p 0 n a o) B Tk
0.04 1.17 1.67 030 0.65 0.20 0.36

Figure 1 presents the growth effects of varying the capital income tax rate from 0 to 0.6.
We can clearly see that, as the capital tax rate increases, the steady-state equilibrium growth
rate increases. From this illustrative numerical exercise, we find that if the government raises
the capital tax rate from the benchmark value of 36% to a hypothetical value of 50%, the
steady-state equilibrium growth rate increases from 1.92% to 2.02%. The intuition can be
explained as follows. Although an increase in the capital tax rate exerts a negative effect on
economic growth by depressing capital accumulation, it also causes a fall in the labor income
tax rate, which boosts labor supply and thus is beneficial to R&D and economic growth. In
the long run, the latter effect dominates. Consequently, the steady-state equilibrium growth
rate increases in response to a rise in the capital income tax rate.

In the rest of this section, we simulate the transition dynamics of an increase in the
capital income tax rate. The dynamic system is presented in Appendix B. We consider the
case of an increase in the capital income tax rate by one percentage point (i.e., from 36% to

37%).11 First of all, the higher rate of capital taxation leads to a decrease in the investment

Tn the case of a larger increase in the capital income tax rate, the qualitative pattern of the transitional
paths of variables remains the same. Results are available upon request.

12
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Figure 1: Long-run growth effect of capital taxation

rate and an increase in the consumption rate as shown in Figures 2 and 3, where investment

=K.
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Figure 2: Transition path of the investment rate
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The lower capital-investment rate gives rise to an initial fall in the capital growth rate as
shown in Figure 4, which contributes to an initial fall in the output growth rate as we will
show later. The rise in the consumption rate increases leisure and decreases labor supply
as shown in Figure 5. This decrease in labor supply reduces the amount of factor input

available for R&D. As a result, the growth rate of technology also decreases initially as

0.78238

0.78159 ¢

0.78132

—— transition path

- - - original balanced growth path

Figure 3: Transition path of the consumption rate

shown in Figure 6.

capital growth rate (%)

0.01924
0.01920

0.01666

—— transition path

- - - original balanced growth path

t

Figure 4: Transition path of the capital growth rate
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labor supply

technology growth rate (%)

0.33357

0.33333 ¢

0.33045 ¢

0.01851

—— transition path

- - - original balanced growth path

t

Figure 5: Transition path of labor supply

—— transition path

original balanced growth path

t

Figure 6: Transition path of the technology growth rate

Although tax shifting resulting from a higher capital income tax rate gives rise to a
lower labor income tax rate, this effect is weak in the short run. However, it becomes a
stronger force in the long run as shown in Figure 7. As a result, labor supply eventually
rises above the original level, which in turn leads to a higher steady-state equilibrium growth
rate of technology. Therefore, the initial drop in the growth rates of output and capital is
followed by a subsequent increase. In the long run, the steady-state equilibrium growth rate
of output is higher than the initial steady-state equilibrium growth rate as shown in Figure 8.

To sum up, the reason for the contrasting short-run and long-run effects of capital taxation
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on economic growth is that the consumption effect is stronger (weaker) than the tax-shifting

effect in the short (long) run.

—— transition path
- - - original balanced growth path
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0.21761 t

021700 F - = momemem e —

wage income tax rate
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Figure 7: Transition path of the labor tax rate
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output growth rate (%)
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0.01831

t

Figure 8: Transition path of the output growth rate
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5 Conclusion

In this note, we have explored the short-run and long-run effects of capital taxation on inno-
vation and economic growth. Our results can be summarized as follows. An increase in the
capital income tax rate has both a positive tax-shifting effect and a negative consumption
effect on innovation and economic growth. In the long run, increasing the capital tax rate has
an unambiguously positive effect on the steady-state equilibrium growth rate because the pos-
itive tax-shifting effect strictly dominates the negative consumption effect. However, along
the transitional path, increasing the capital tax rate first decreases the equilibrium growth
rates of technology and output before these growth rates converge to a higher steady-state
equilibrium level. These contrasting implications of capital taxation on economic growth
suggest that a complete empirical analysis of capital taxation and economic growth needs
to take into consideration the possibility that the effects of capital taxation change sign at

different time horizons.
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Appendix A

The system has ten equations, (18a)-(18i), and (22). After some calculations, we can derive

the following expressions for L and 7

?~2_ ﬁ_ B a(l —7k) 7 L:
o {pe : (1_@(1_@)}““_@9 . (AD)
—[1+p/ (D)8, (A2)

where ® = (8 — o®7x)/(1 — a?). Equation (A1) gives the two solutions for L:

p (B + VBT —106/[(1 - @)pf])

f/l - 2¢ ) (AS)
 p(B- /BT 106/[0 - 2)00])
L2 = 2¢ ) (A4)

where B = ¢/(pf) — 1 — (1 — 7x)/[(1 — a)(1 — ®)].

As mentioned in the main text, our analysis focuses on the case where the notion of tax
shifting is sustained. That is, we impose the condition 07, /07 < 0. We can then show
that the condition 07, /07 < 0 does not hold if L = L.

By plugging L, into (A2) and differentiating it with respect to 7 yields:

oTL

07'K

B {a(l —ata(l-p8/e) ] i A5)

1— a2 87‘K

L=Loy

where A = \/B2? — 49¢/[(1 — ®)pf] and

ON 1 [ 0B 2026
A ( o U= <1>)2p9> >0, (46)

where B /0t > 0. Tt is clear from equation (A5) that 07./07k|;_;, is positive, which

ok

contradicts the assumption of tax shifting. Therefore, we should rule out the possibility
E == fzg.
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Appendix B (not for publication)

This appendix solves the dynamic system of the model under tax shifting from labor income
tazes to capital income tazxes (Z = 0). The set of equations under the model is expressed
by:

1/C = X (B1)
01 —L)™" = MN1l—7p)w (B2)
r = (1—7g)rg (B3)
C/C = (L—7K)r —p (B4)
wly = (1—-a)Y (B5)
z = Ly(a?/rg)/1-) (B6)
rekK = ao?Y (B7)
Ar = a(l—a)Y (B8)
ro= % + ; (B9)

G = pY (B10)
BY = 7tgrgK + 71wl (B11)
Y = K*ALy)'"™™ (B12)

K =Y-C-@G (B13)

A = ¢AL, (B14)

vV o= %A (B15)

L = Ly+ Ly (B16)

in which 16 equations are used to solve 16 unknowns endogenous variables {C, L, A, K, Ly,
x, ri, ™, r, G, T, Y, A, La, V, w}, where A denotes the Hamiltonian multiplier. Based on
K = Az, (B1), (B2), (B5) and (B12) and let f = C'/K be the ratio between consumption

and capital, we can obtain:

L=1—[1/0f)Q 7)1~ a)(1/Ly)(Ly/z)" "] ", (B17)

Based on (B5), (B7) and (B11), we have:

o by

B18
11—« L ( )

TL —
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We now turn to deal with the transitional dynamics of the model.

(B16), (B17) and (B18), we can infer the following expression:

By using z = K/A,

L:L($af>LY;TK)7 (Blg)
where
L 1—
O el - (B20a)
Ox (- + (177-L)L)
oL 1
== S— (B20b)
of  floiz+ o)
B=a?1k Ly
L =)/ (1—-71)+«
a _ ( —« L,,])/( TLL) : (BQOC)
OLy Ly (- + 551)
2Ley /(1 —a)(1 -
07K <_1T + (1,-,-L)L)
Based on (B14) and (B15), we have:
vV ouw A
From K = Az, (B5) and (B12), we can further obtain:
w/w=AJA — aLy /Ly + ai/z. (B20f)
Additionally, substituting (B20f) into (B20e) yields:
1% : :
v a(z/x — Ly /Ly). (B20g)
Combining (B3), (B5), (B7), (B8), (B9), (B12) and (B15), we can obtain:
L v
(1= 75)0?(ZX) = apLy + —. (B21a)
x V
Substituting (20g) into (B21a), (B21a) can be rearranged as:
. . . LY 1-a
Ly/Ly = ¢Ly +i/x — (1 — TK)Oz(?) . (B21b)
Based on z = K /A, we have the result:
i/r=K/K— AJA. (B21c)
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Substituting f = C/K, (B10), (B13), (B14) and (B16) into (B21c), we have:

Ly

/= (1= B (L~ Ly). (B21d)
From (B21b) and (B21d), we can obtain:
fy /Ly = (1= B —a(l— TK))(Z—Y)l—a f—o(L— 2Ly). (B21e)

Moreover, from (B3), (B4), (B5), (B7) and (B12) we can obtain:

e = (1— TK)QZ(Lx—Y)M ) (222)

Based on f = C'/K, we have the following expression:

f/f=C/C—-K/K. (B22b)

Substituting (B10), (B12) (B13) and (B22a) into (B22b), we can derive:

F1F = (= mi)0” = (L= OYZ) 2~ p+ 1. (B220)

Based on (B19), (B21d), (B21e), and (B22c), the dynamic system can be expressed as:
Bfe = (1= B = f = oL, £ L i) — L), (B23a)
fIF = (=7 = (= )~ p+ (B231)

b/l = (1= F—a( =) — f — 6(L(a, f, Lyi i) ~ 2Ly). (B23c)

Linearizing (B23a), (B23b) and (B23c) around the steady-state equilibrium yields:

T bii bz b3 rT—I bi4
f = | bar bay bo3 f—f + | by |drr, (B24)
Ly bsi b3a bss Ly — Ly b4

where
by =—(1—-a)(1— 5)(%)1704 _ ¢$8L($7f7LY§TK)7

ox
bis = z(—1— ¢(3L(=’E7fé?ym<)))’
bis = (1 — a)(1 — B) (&)™ — gu(PELLET ),
i (OL(z,f,Ly;TK)
p(2Llaflririd)

b = —(1 = a)((1 = 7x)a” — (1= B)(E)' (D).

by =
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ba2 = f,

bos = (1 — ) ((1 = 7r)a® — (1= B))(E5) (L),

by = —a? (&),

by =—(1—a)(1— B —a(l —7g))(Lx)re — p2lebvind

bzp = —Ly — ¢—8L(I’f3’?Y;TK)LY7

by = (1 = )(1 = § = (1 = 7)) (2)1 = (Lt 2,

by = aLy (&)l — ¢(—8L(m’§;iY;TK)LY)-

Let ¢4, ¢ and /3 be the three characteristic roots of the dynamic system. We do not
analytically prove the saddle-path stability of the dynamic system; instead, we show that
the dynamic system features two positive and one negative characteristic roots numerically.
For expository convenience, in what follows let /; be the negative root and /5, and /35 be the

positive roots. From (B24), the general solutions for z;, f; and Ly, can be described by:

z = 7+ Die"' + Dye® + Dielst (B25a)
ft = f + h1D16Z1t + thQGZQt + h3D3€é3t7 (B25b)
Ly; = Iy + 0y — by1 — biahy Dyeht + Uy — byy — bighs Dael2t 1 {3 — byy — biahs Dyelst,
bi3 bi3 b1
(B25¢)

where h; = [(gl - 533)(61 - 1711) - bzlbls]/[bszbls + b12(51 - 533)], hy = [(52 - 533)(52 - bll) -
b31b13]/ [bs2b13 + bia(€y — b33)], hs = [(£3 — bs3) (€3 — b11) — bs1bis]/[bsabis + b1a (€3 — bs3)], and
D1, Dy and D3 are undetermined coefficients.

The government changes the capital tax rate 75 from 7xg to Tk, at t=0, based on
(B25a)-(B25c), we employ the following equations to capture the dynamic adjustment of x;,
fi, and Ly,:

i . — 07

P . , , (B26a)
(E(TK1)+D1€ 1t+D2€ 2t+D3€ 3t; tZ 0+
N . .

N A (B26b)
f(Tr1) + hiD1et + hyDoe®t + hyDsetst; t > 0F

I Ly (Txo); t=0"
Yt f)y(Tm) + %Dlem + @—lhg%lkebt + %Dge&;t; t>0t

(B26¢)
where 0~ and 0" denote the instant before and after the policy implementation, respectively.
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The values for Dy, Dy, and D3 are determined by:

To- = T+, (B27a)

Equation (B27a) indicates that the level of intermediate goods remains unchanged at
the instant of the policy implementation. Equation (B27b) is the stability condition which
ensures that all x;, fi, and Ly; converge to their new steady-state equilibrium. By using
(B27a) and (B27b), we can obtain:

D1 = f(’i’[{o) - i’(TKl). (B28)

Inserting (B27b) and (B28) into (B26a)-(B26c¢) yields:

Ty = { %(TKO); . i t=0" (5292)
T(1r1) + (2(TKo) — T(TK1))eD; ¢ >07F
_ f(TKO); F =0
ft B { f(TKl) + hl(il?(TKO) — _i'(TKl»eflt; t > 0+ (B29b)

EYETKO;’ b= 0; (B29¢)

Byt (3 (7o) — £(rxa) ) £ 0
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