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Abstract

This paper formulates a model of economic growth to study the effects of broad capital
taxation (of profits, dividends, and capital gains) on macroeconomic outcomes. A frame-
work of exogenous growth permits modeling countries in transition to a country-specific
steady state and to discern steady-state and transitory effects of shocks on economic
outcomes. The chosen framework is amenable to structural estimation and, given the
parsimony in terms of unknown parameters, fits data on 79 countries over the period
1996-2011 extraordinarily well. A quantitative exercise shows that capital tax reductions
induce positive effects on output and the capital stock (per unit of effective labor) that
are economically significant and are accommodated within time windows of 5 years with-
out much further economic response after that. The effects are strongest for corporate
profit tax rates and weaker for dividend and capital gains taxes. From a welfare per-
spective, reducing capital taxes would be beneficial for some countries (e.g., Germany)
but not for others (e.g., the United States).
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1 Introduction

Whether countries should remove taxes on mobile capital or not is a vividly-debated question.
Empirically, corporate profit tax rates have been found to be more or less unambiguously
detrimental for GDP growth across countries (see Lee and Gordon, 2005, for evidence in a
panel of 70 countries; Arnold et al., 2011, for evidence in the United States) as well as across
subnational units (see Ferede and Dahlby, 2012, for evidence across Canadian provinces).
Similar effects along those lines have been found for capital gains taxes (see Hungerford,
2010, for evidence regarding the United States) and for dividend taxes in OECD countries
(see Dackehag and Hansson, 2012).

Theoretically, the effects of capital taxation depend on the nature of economic growth
(exogenous or endogenous), on the effects of capital taxation on other investments than ones
in gross fixed capital formation, and on whether the associated tax revenues generate public
goods or spillovers (externalities). For instance, in models of exogenous economic growth,
where capital and output in units of effective labor stay constant in the steady state and
savings only finance the formation of fixed capital, taxes on capital and capital income do
not affect economic growth but have detrimental effects on capital stock and output lev-
els (see Judd, 1985; Chamley, 1986). However, if capital taxation leads to investments in
intangibles (e.g., through research and development) capital taxation in a Judd-Chamley
framework might even raise output (see Aghion et al., 2013). Clearly, in all models of ex-
ogenous economic growth, capital taxation affects growth only in the transition to the new
steady state, and then the question is how relatively persistent the growth effects are. In
endogenous growth models, capital and output in units of effective labor grow forever. How-
ever, even then capital taxation does not need to affect economic growth (see Stokey and
Rebelo, 1995), but it will distort economic growth in many such models (see Lucas, 1990;
King and Rebelo, 1990; Jones et al., 1993). Stokey and Rebelo (1995) provide a review of the
literature of capital taxation with endogenous economic growth. In spite of negative effects
on output levels per unit of effective labor emerging from most models of economic growth
cum capital taxation, the associated consumer welfare effects do not need to be negative.
Russo (2002) finds negative welfare effects along the transition to the new steady state in an
exogenous growth model. However, the welfare effects from taxing capital may be positive if
tax revenues are used to provide public goods or generate spillovers (see Uhlig and Yanagawa,
1996; Gruener and Heer, 2000; Baier and Glomm, 2001). While most previous theoretical
models discussed capital taxation in a relatively narrow definition – through direct taxes
on the capital stock or interest payments – the expected effects from dividend and capital
gains taxation on investment and transitional growth of output, capital, and consumption
are qualitatively similar to those of a direct taxation of capital (see Gourio and Miao, 2011).
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Recently, Korinek and Stiglitz (2009) show in a life-cycle model that only anticipated changes
in dividend taxation distort economic growth.

This paper contributes to this debate along four lines. First, the main contribution
is quantitative, estimating behavioral impulse-responses of macroeconomic aggregates to
changes in three different broad corporate capital tax instruments across a relatively large
set of economies. Second, it does so by formulating a theoretical dynamic model of a small
open economy with exogenous growth and internationally mobile capital that features broad
capital taxation through three instruments: corporate profit taxation, dividends taxation,
and capital gains taxation. A key purpose of this model is its amenability to structural
estimation and quantitative analysis with many countries that are repeatedly observed over
time. Third, it collects data on the aforementioned capital tax instruments together with
macroeconomic variables such as real GDP, capital stocks, population growth and techno-
logical progress for 79 economies and 16 years between 1996 and 2011. Fourth, apart from
estimation, it simulates theory-consistent impulse-response functions of changes in broad
capital taxation for various economic outcomes, including welfare. The proposed stylized
small-open-economy model of exogenous growth with optimal firm-level investment cum
broad capital taxation is shown to fit the data extraordinarily well and to result in plausible
predictions regarding dividend-payout ratios or Tobin’s q. Moreover, while capital taxation
tends to reduce output and capital per unit of effective labor, lowering it is shown to benefit
some but not all economies, and it does so at remarkably big heterogeneity. The reason is
that a tax reduction leads to more investment and leaves less income for consumption in
the short-run, while consumption will unambiguously increasein the long-run. Depending
on country-specific characteristics and transitional dynamics, discounted utility per unit of
effective labor may rise or fall with capital taxation or its abolishment. The latter illustrates
the qualitative importance of transition path features when evaluating the welfare implica-
tions of changes in capital tax policy.

The paper builds on the framework of Abel (1982) and Barro and Sala-i-Martin (2004)
in which firms maximize their present value over the optimal capital stock and investment.
In order to determine a firm’s present value under various taxes, we follow Turnovsky and
Bianconi (1992) and Turnovsky (2000). Not only in the data but also in the model, capital
may be taxed in the form of profits, of dividends, and of capital gains. The latter are assumed
to be realized and taxed at the end of every period (see Auerbach, 1991, and Auerbach and
Siegel, 2000, for an analysis of deferral, which we abstract from, here). Stokey and Rebelo
(1995) and Mendoza et al. (1997) point out that there is only very little impact of capital
taxation on long-run growth, so we consider an exogenous growth model with capital ad-
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justment costs as in Sen and Turnovsky (1990) as appropriate and focus on the transitional
dynamics of output, capital, consumption and the associated growth rates.

The results point to a stark heterogeneity in the effects on outcome levels per unit of
effective labor of a proportional reduction of the three types of capital tax rates (by 10%)
across tax instruments as well as across countries. Growth effects occur mainly in the short-
run – within five years after a tax change. Although a reduction of any capital tax rate
unambiguously increases output, capital, and consumption in the long-run (as long as those
tax rates are positive in the outset, welfare might increase or decline. Hence, representative
individuals in some countries (e.g., in Austria, Canada, Italy, Switzerland, and the United
States) are predicted to loose from a capital tax reduction for the aforementioned reason.
However, in other countries (e.g., in Germany, Spain, Luxembourg, Mexico and the United
Kingdom) the opposite is true.

The remainder of the paper is organized as follows. In section 2 we introduce a stylized
small-open-economy model of exogenous growth and broad capital taxation. An appendix
derives detailed results for that model. In section 3, we confront that model with data on
79 economies and estimate the key parameters. Moreover, we derive the welfare effects for
a sub-set of 21 economies. In section 4, we utilize the data on the covered countries and
the estimated parameters to generate numerical results about the effects of counterfactually
changed capital tax rates. Section 5 concludes.

2 Model

In this section we outline a framework of a small-open-economy and the rest of the world
(ROW), where governments use three tax instruments: a dividend tax rate levied on div-
idends (τd), a capital gains tax levied on the change in equity value (τg), and a corporate
income tax levied on firms’ profits (τp). For simplicity, we assume all tax rates to be flat.
Moreover, we assume source-based taxation under which taxes are applied to all profits,
capital income, and capital gains within the borders of the country, regardless of foreign
or domestic ownership. For the notation it will be useful to distinguish between a domes-
tic (unstarred) and foreign (starred) location of economic activity and between a domestic
(superscript h) and foreign (superscript f) ownership of dividends (D in total and d per
equity unit) and equity (E in total and e per capita). By this convention e?d is the equity
owned per domestic individual in the rest of the world and Df denotes the total dividend
payments to foreign individuals from domestic firms. By the above notation, D = Dd +Df

and E = Ed+Ef and D = dE is the total dividend paid to domestic and foreign individuals.
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Denote the domestic consumption of final goods per capita at time t as c(t), use q

to denote the price per unit of equity, and normalize the price of the final consumption
to unity. In general, we define dotted variables as time changes, i.e., ẋ = ∂x

∂t . Domestic
individuals receive utility from final goods consumption only. They spend their income
on final good consumption, c(t), and on new equity at home and abroad, qėd and q?ė?d,
respectively. Domestic households receive income from five sources: dividend payments on
domestic equity net of dividend taxation, (1−τd)dded, the net-of-tax capital gains of domestic
equity, (1 − τg)q̇ed, which we assume to be realized at the end of every period, from labor
input w, from the repatriation of net-returns from foreign equity (rq?e?d) – with r denoting
the exogenous net rate of return on equity held by domestic individuals in the ROW – and
lump-sum transfers f from domestically collected aggregated tax revenues, depending on the
efficiency of the domestic tax system, z ∈ [0, 1], where a higher level of z refers to a more
efficient tax system.

2.1 Households

All L individuals in the small economy have identical preferences and receive a present
discounted value of utility of

U =
∫ ∞

0
u(c(t))exp(−(ρ− n)t)dt, (1)

where u(c(t)) is the instantaneous utility function depending on the individual consumption
of a final good, c, with diminishing returns in c, ρ is the individual discount factor which we
assume such that ρ ≤ r + n in order to ensure a non-declining consumption in the steady
state. The population (and employment) grows at an exogenous rate n.
Individuals maximize U subject to their individual current budget constraint, for which we
suppress time index t since it indexes every variable:

c+ qėd + q?ė?d = (1− τd)dded + (1− τg)q̇ed + rq?e?d + w + zf. (2)

Writing the maximization problem for generic period t as a current-value Hamiltonian, we
obtain

H = u(c) + µ exp−(ρ−n)t︸ ︷︷ ︸
a

(
(1− τd)dded + (1− τg)q̇ed + re?dq? + w + zf − c

)
, (3)

where µ is the present-value lagrange multiplier of wealth and a is the current-value lagrange
multiplier of wealth. The resulting first-order conditions (FOCs) are

∂H

∂c
= 0 → uc(c) = a, (4)
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∂H

∂ed
= (ρ− n)a− ȧ → (1− τd)

dd

q
+ (1− τg)

q̇

q
= ρ− n− ȧ

a
(5)

and
∂H

∂e?d
= (ρ− n)a− ȧ → r = ρ− n− ȧ

a
. (6)

In equation (5) we assume, as in Turnovsky and Bianconi (1992), that the individuals take the
dividend yields on their equity as given, which allows us to express the first-order condition
in terms of dividend yield, ddq , and the growth rate of the equity value q̇

q . Equation (6) is the
long-run (steady-state) arbitrage condition. In equilibrium, the rate of return on investment
in the domestic country, on the left-hand side of equation (5), has to match the net rate of
return on investment in the rest of the world, r.

2.2 Representative firm

In a generic period t whose index we suppress, the representative firm in a country produces
output Y with a Cobb-Douglas production function:

Y = F (A,K,L) = Kα(AL)1−α, (7)

where L is the total labor employed, K is the capital used for production, A is the labor-
augmenting technology level, and α is the constant expenditure share on capital in total
costs. Labor is immobile and supplied inelastically. Technology grows at the exogenous rate
x. We may write the production function in intensive form (per unit of effective labor), by
dividing it by AL:

ŷ = f(k̂) = F (A,K,L)
AL

= k̂α, (8)

where k is the capital per worker and k̂ and ŷ are the capital used and output generated per
unit of effective labor, respectively. For further use, we will define x̂ ≡ x/AL for any generic
variable x. The firm’s gross profits, Π, are

Π = F (A,K,L)− Lw − Iψ, (9)

where ψ = g
(
I
K

)
gives the costs of adjusting the physical capital stock and is assumed to

be homogeneous of degree one in
(
I
K

)
. Furthermore, we assume that the labor market is

competitive whereby the firm pays the marginal product of labor as the wage:

w = FL(A,K,L). (10)
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Net of the corporate profit tax rate, τp, profits are either paid as dividends, D, or retained
in the firm, R, so that

(1− τp)Π = D +R. (11)

Total dividend payments are paid either to domestic individuals, Dd, or to foreign ones, Df ,
according to their equity, Ed and Ef , respectively. The total value of equity in the economy
is V = qE. The change in the total value of equity in the domestic economy equals the
change in the value of equity plus the change in equity:

∂V

∂t
= V̇ = q̇E + qĖ. (12)

Total investment is given by has to be equal to retained earnings, R, plus the change in
equity, qĖ:

I = K̇ + δK = qĖ +R. (13)

Capital is assumed to depreciate at a constant and exogenous rate δ. Combining equations
(11) and (12) with equation (13), we obtain a first-order differential equation for the change
in total value of equity:

V̇ = r

1− τg
V −

(
τg − τd
1− τg

)
D − γ, (14)

where γ ≡ (1− τp)Π− I. See the Appendix A for more details.

Assuming that the firm distributes a share φ ∈ [0, 1] as dividends and retains 1 − φ of the
profits, dividend payments are defined as:1

D = φ(1− τp)Π. (15)

Substituting this in equation (14) yields,

V̇ = r

1− τg
V − (1− τ) (F (A,K,L)− wL− Iψ) + I, (16)

where we define 1− τ ≡ (φ(1−τd)+(1−φ)(1−τg)
1−τg (1− τp). We may now integrate equation (16) as

in Brock and Turnovsky (1981) and Turnovsky and Bianconi (1992) to obtain the present
value of the firm:

V (0) =
∫ ∞

0
((1− τ) (F (A,K,L)− wL− Iψ)− I) exp

(
−
∫ t

0

r(s)
1− τg

ds

)
dt. (17)

1As shown in equation (13), investment is financed with retained earnings and new equity while the firm
takes the dividend payout ratio, φ, as given. Thus, dividend taxation may lead to changes in investment and
the model is closer related to the "old view" as discussed in Auerbach (1979) and Keuschnigg (2005).
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The firm maximizes its present value, V (0), over I, subject to I = K̇ − δK and a given
K(0) > 0. Taking the net rate of return in the rest of the world, r, and all capital taxes as
constant over time from the firm’s perspective gives the following current-value Hamiltonian:

J = exp

(
−r

1− τg

)
((1− τ) (F (A,K,L)− wL− Iψ)− I + η(I − δK)) , (18)

where η is the current-value lagrange multiplier of the constraint, the shadow price of capital,
which is also known as Tobin’s q. For convenience and in line with a large literature (see,
e.g., Caballero, 1999; Altig et al., 2001; Hall, 2004), we assume that the function of capital
adjustment cost is ψ = b

2
I
K = b

2
î
k̂
.

The corresponding FOCs are

∂J

∂I
= 0→ η − 1

b(1− τ) = î

k̂
, (19)

and (20)

∂J

∂K
= η

(
r

1− τg

)
− η̇ → η̇ =

(
r

1− τg
+ δ

)
η − (1− τ)

fk̂(k̂) + b

2

(
î

k̂

)2
 , (21)

where we use the homotheticity of the production function and the capital adjustment cost
function to write all expressions in terms of units of effective labor.

2.3 Steady-state equilibrium

Using ˙̂
k = î− (x+ n+ δ)k̂ in equation (19), we may express the change of k̂ as

˙̂
k =

(
η − 1
b(1− τ) − (x+ n+ δ)

)
k̂. (22)

Since we have ˙̂
k = 0 in the steady state, we can solve the above equation for the steady-state

value, η̃:
η̃ = 1 + b(x+ n+ δ)(1− τ), (23)

which is independent of k̂ and represents a horizontal locus in a phase diagram with k̂ on the
abscissa. Similarly, we may re-write equation (21) and substitute equation (19) to obtain

η̇ =
(

r

1− τg
+ δ

)
η − (1− τ)fk̂(k̂)− (η − 1)2

2b(1− τ) . (24)

The two differential equations (22) and (24) may now be used to construct the phase diagram
of the dynamic system in Figure 1 in k̂-η-space. The ˙̂

k = 0 locus represents equation (22),
whereas the η̇ = 0 locus represents equation (24). The latter is downward sloping near the
steady state if r

1−τg > x + n. To show this, we use that η̇ = 0 and η̃ from equation (23)
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Figure 1: Phase diagramm of k̂ and η. Saddle path stable.

in equation (24) and apply the implicit function theorem to obtain ∂η

∂k̂
= (1−τ)fk̂k̂(k̂)

r
1−τg

−(x+n) . As

fk̂k̂(k̂) < 0, we have ∂η

∂k̂
< 0 if and only if r

1−τg > x+ n. Hence, the η̇ = 0 locus is downward
sloping around the steady state. Using that in the steady state η̇ = 0 and substituting
equation (23) yields the steady-state value of capital per unit of effective labor, ˜̂

k, as:

˜̂
k =

(
1
α

((
r

1− τg
+ δ

)
1

1− τ + (x+ n+ δ)b
(

r

1− τg
+ δ

2 −
x

2 −
n

2

))) 1
α−1

. (25)

It is straight-forward to show that the optimal capital stock decreases in r, τp and τd. For
a sufficiently big capital adjustment cost parameter, b, the optimal capital stock as well
decreases in τg.2

2.4 Dynamics

Linearizing the two dynamic equations (22) and (24) around their steady states yields

 ˙̂
k

η̇

 =

 0
˜̂
k

b(1−τ)

−(1− τ)fk̂k̂(
˜̂
k) r

1−τg + δ −
(

η̃−1
b(1−τ)

)
×

 (k̂ − ˜̂
k)

(η − η̃)

 , (26)

2b > (1 − τg)2 δφ−r(1−φ)
(x+n+δ)r(1−τp)(φ(1−τg)+(1−φ)(1−τd)) implies that ∂

˜̂
k

∂τg
< 0.
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after substituting η̃ from equation (23) and ˜̂
k from equation (25), the two eigenvalues, λ1,2,

are

λ1,2 =
r

1−τg − (x+ n)
2 ±( r

1−τg − (x+ n)
2

)2

+ (1− α)
b

((
r

1− τg
+ δ

)
1

1− τ + (x+ n+ δ)b
(

r

1− τg
+ δ − x− n

2

)) 1
2

.

(27)
Notice that the root is always greater than unity as fk̂k̂(

˜̂
k) < 0 and, hence, λ1 and λ2 will

have different signs, as already indicated by the saddle path stability in the phase diagram
above. Starting from initial values k̂(0) and η(0) the paths of k̂(t) and η(t) for period t are
given by

k̂(t) = ˜̂
k + (k̂(0)− ˜̂

k)exp(λt), (28)

η(t) = η̃ + (η(0)− η̃)exp(λt), (29)

where λ corresponds to the stable (negative) eigenvalue.

2.5 Dividend payout ratio

So far we have only considered investments financed either by new equity or in form of
retained earnings and refrained from debt finance. Moreover, we have taken the dividend
payout ratio as given and not as a choice variable of the firm. In this section, we derive the
dividend payout ratio, φ, as an endogenous variable in the model. In the optimium, the firm
sets the dividend payout ratio such that it equalizes the costs of capital under investment fi-
nanced by new equity and by retained earnings. Furthermore, for a certain parameterization
of the gross interest rate in the domestic country, r̄, the cost of financing an investment by
retained earnings, new equity, or debt are equivalent. This equivalence allows us to consider
only retained earnings and new equity and to omit debt finance in our analysis. To show
these results, we proceed as follows. First, we calculate the capital costs of financing an
investment by retained earnings or new equity. Second, we compute the dividend payout
ratio, that makes the investor indifferent between these two forms of finance. Third, we
derive the capital costs of debt finance and show under which condition for the gross interest
rate, r̄, these costs are identical to the captial costs of retained earnings and new equity.

Retained earnings:
Assume that the firm invests one unit of potential dividend payments into capital, thereby
reducing actual dividend payments to the individual owners. An individual owner of the firm
will loose 1−τd

1−τg units of dividend payments after taxes in period t as shown by Devereux and

10



Griffith (1998). The firm transforms the investment into capital, which gives κ =
(
1− b

2K

)
units of additional capital. We denote the profits created by this additional capital as πRE as
they are created by retained earnings. In the next period (t+1) the firm de-invests the capital,
which increases profits by

(
1− bκ(1−δ)

2(K+κ(1−δ))

)
units. Finally, we assume that the individual

investor only compares dividend payments in the two periods and does not consider the
effect of this investment strategy on the equity value.3 The net dividend payments from the
profits would be φ(1− τp)(1− τd). The return of this investment strategy is

RRE = −1− τd
1− τg

+

(
πRE +

(
1− bκ(1−δ)

2(K+κ(1−δ))

))
φ(1− τp)(1− τd)

1+r−τg
1−τg

, (30)

where 1+r−τg
1−τg is the discount rate for the case of retained earnings, see citetDevereuxGrif-

fith1998. We set RRE = 0 and solve this equation for πRE , which is the cost of capital:

πRE = (1 + r − τg)
φ(1− τp)

−
(

1− bκ(1− δ)
2(K + κ(1− δ))

)
(31)

New equity:
In contrast to the first case with retained earnings, the firm here issues new equity worth
one unit, which is again invested into capital. All profits from this invesment, πNE +(
1− bκ(1−δ)

2(K+κ(1−δ))

)
, are paid as dividends to the investor in the next period. This means

that profits from this investment are taxed at (1− τp)(1− τd). The investor could gain a net
return of (1− r) if she invested in the rest of the world, which gives the discount factor. The
return on investment using new equity, RNE , is given as

RNE = −1 +

(
πNE +

(
1− bκ(1−δ)

2(K+κ(1−δ))
))

(1− τp)(1− τd)
1 + r

. (32)

3We do not consider changes in the equity value q̇ as they have only a minor impact on the margin if the
value of the firm is sufficiently high. The intution for this small change in equity value arises from the fact
that the firm de-invests the capital stock it had created in the first period and hence (partly), reverses the
initial effect of a higher investment on the equity value. If the value of the firm, V , is sufficiently high, a samll
change in the flow of profits will lead to only small changes in the value of the firm and, hence, in the equity
value. To see this more formally, combine equations (5) and (6) and solve for the change in equity value, q̇:

q̇ = r

1 − τg
q − 1 − τd

1 − τg

D

V
.

Given the value of the firm, V , and the price of equity, q, reducing dividends by one unit increases the value
of equity by 1−τd

1−τg
1
V

units, as it increases the capital stock and, hence, future profits. In the next period, the
reverse effect takes place, which decreases the value by the same amount. The change is smaller the bigger is
the value of the firm. The net effect of changes in the equity value is given by

1 − τd
1 − τg

1
V

−
1−τd
1−τg

1
V

1 + r − τg
= 1 − τd

1 − τg

1
V

(
r − τg

1 + r − τg

)
,

which is decreasing in V . Thus, for high values of V the net effect is rather small and we omit it in the
analysis to simplify notation.
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We solve for the cost of capital under finance with new equity, πNE , by setting RNE = 0:

πNE = 1 + r

(1− τp)(1− τd)
−
(

1− bκ(1− δ)
2(K + κ(1− δ))

)
. (33)

Dividend payout ratio:
We determine the endogenous dividend payout ratio, φ, that makes the firm indifferent
between the two investment strategies by equalizing the capital costs of investment for both
strategies:

πNE = πRE , (34)

which leads to

φ = (1 + r − τg)(1− τd)
1 + r

. (35)

Debt:
In the case of debt finance the firm borrows one unit in t and repays (1 + r̄) units in (t+ 1).
We denote the profits from this investment by πD and the return by RD. For the individual
investor, the gross costs reduce the profits, πD, in period (t + 1) and hence implicitly the
dividends and capital gains in this period:

RD =
(
πD +

(
1− bκ(1− δ)

2(K + κ(1− δ))

))
(1− τp)− (1 + r̄). (36)

Again we solve for πD using RD = 0:

πD = 1 + r̄

1− τp
−
(

1− bκ(1− δ)
2(K + κ(1− δ))

)
. (37)

For the firm to be indifferent between financing by debt or retained earnings, the capital
cost have to be equal, πD = πRE :

1 + r̄

1− τp
= (1 + r − τg)

φ(1− τp)
. (38)

We solve this expression for φ:

φ = (1 + r − τg)
(1 + r̄) (39)

The dividend payout ratio in equations (35) and (39) is the same if

r̄ = 1 + r

1− τd
− 1. (40)
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2.6 Consumption

We may use the individual budget constraint to determine the change of total asset hold-
ings per unit of effective labor, ˙̂ν, as a function of the level of asset holdings per unit of
effective labor, ν̂, as well as wages, transfers, and consumption per efficiency unit, {ŵ, f̂ , ĉ},
respectively:

˙̂ν = ŵ + (r − x)ν̂ + zf̂ − ĉ. (41)

We linearize equation (41) around its steady state, using that the wage ŵ and transfers f̂
are a function of k̂ and that ĉ is a function of the marginal utility of wealth, a. Moreover,
we linearize equation (5) and solve the differential equation to express a as a function of k̂.
Additionally, we assume that the markets are forward-looking so that η immediately adjusts
to the new steady state. Then, we can express ˙̂ν as a function of k̂(0), k̃, â(0), ã, ν̂(0), and
ν̃. Last, note that with log-utility and ρ = n + x, ĉ is constant in the steady state and,
hence, ˙̂a

â is constant. Based on this catalogue of assumptions, we may solve (implicitly) for
the steady-state level of consumption, ˜̂c. See Appendix C for the detailed derivations.

3 Empirical analysis

3.1 Data

We combine data from the Pennworld Tables (Version 8.0), Feenstra et al. (2013), with
comprehensive data for corporate profit tax and capital taxes for 79 countries between 1996
and 2011 which were collected by the authors. For the corporate profit tax rate, τp(t), we
use the maximum corporate profit tax rate in a country and year. The capital gains tax
rate, τd(t), is the maximum tax rate at the national level on corporate capital gains in a
country of residence. The dividend tax rate, τd(t), is defined as the maximum tax rate at the
national level for distributed dividends in a country at time t. In Appendix D we provide
data sources for each tax instrument and describe how the heterogeneity in the tax systems
across countries is acknowledged when calculating the tax rates. Table 1 provides summary
statistics for the three tax instruments across all countries and years in the data. Figures 2
to 4 show the distribution of the aforementioned tax rates for each year in the data, using
whisker-plots. The area around the median (a horizontal bar) indicated by a box refers
to the interquartile range (IQR), whereas the extended lines, the whiskers, indicate values
within a maximum of 1.5 times the IQR. The corporate profit tax rates in Figure 2 show
a relatively high degree of variability over time, even at the median. The median capital
gains tax rate in Figure 3 decreases smoothly and modestly over the sample period. The
distribution of dividend tax rates in Figure 4 is skewed towards zero with the median being
constant at zero throughout the sample period.
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Table 1: Capital taxes. Summary statistics.

Variable # Obs. Mean Std. Dev. Min Max
τp 1264 28.72 9.01 0 57
τg 1264 22.79 13.03 0 55
τd 1264 6.47 9.40 0 40

Corporate profit tax rate, τp, capital gains tax rate, τg
and dividend tax rate, τd, 1996 - 2011. 79 countries.
Various sources.
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Figure 2: Corporate profit tax. 79 countries, 1996 - 2011
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Other variables such as real GDP, total employment, the capital share of production and
total real capital stock are taken from the Penn World Tables. The key variable of the
model is the capital stock per unit of effective labor. We take the total capital stock for each
country and year directly from the Penn World Tables and divide it by the number of workers
employed in each country and year. In order to obtain the labor technology parameter, we
solve the Cobb-Douglas production function for Aj(t) for each country j and year t:

Aj(t) =
(
yj(t)
kj(t)αj

) 1
1−αj

, (42)

where yj(t) is the real GDP per worker in constant 2005 USD in country j and year t, kj(t)
is the capital stock per worker in constant 2005 USD, and αj is the average capital share of
production in each country between 1996 and 2012. For each country separately we use a
Hodrick-Prescott filter with a smoothing parameter of 6.25 for annual data to detrend the
technology parameter as it varies strongly with the business cycle. We obtain the capital
stock per unit of effective labor by dividing the total real capital stock, Kj(t), by the number
of workers emnployed times the labor technology parameter, Aj(t)Lj(t), for each country and
year. Moreover, we utilize the obtained Aj(t) to compute the average growth rate of Aj(t)
for each country from 1996 to 2012, xj .

As Bond et al. (2003) we set one common depreciation rate δ equal to 8% for all coun-
tries and years.4 We take the net rate of return from the MSCI Global Equity Index, which
considers approximately 99% of each market’s free-float-adjusted market capitalization. The
composite net rate of return is around 4.19% per year across all countries.5 The MSCI Index
includes emerging and developing countries some of which, despite of the recession, had high
returns on investment throughout the sample period, which may explain why the net rate of
return is higher than the typically assumed interest rate of 3% for the United States.

We excluded observations that violate the necessary and sufficient condition for saddle
path stability, where thr rate of technological progress and population growth are higher
than the rate of return in the rest of the world, r/(1− τg) < x+n. Furthermore, we use the
bacon procedure given by Weber (2010) to detect multi-dimensional outliers using a p-value
of 30%. Table 2 reports the summary statistics for the aforementioned variables across all
countries and years after adjusting the data as described.

4Mankiw et al. (1992) notes that depreciation rates vary greatly between countries. For the United States
Feenstra et al. (2013) uses a depreciation rate of about 6%. Schündeln (2013) estimates depreciation rates
for developing countries between 10% and 14%. The parameterization of Bond et al. (2003) seems to be a
good balance, as our sample includes relatively more developed countries than developing countries. Still the
results do not change qualitatively when using slightly higher or lower depreciation rates.

5We thank Credit Swiss for providing us with the data for the MSCI Global Equity Index.
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Table 2: Variables. Summary statistics

Variable # Obs. Mean Std. Dev. Min Max
Basic variables
Real GDP in mn. USD of 2005 (Y) 1264 502566.7 1426616 1197.52 1.32E+07
Real GDP per worker in USD of 2005 (y) 1264 38008.93 26488.12 2603.804 118168.7
Employment in mn. (L) 1264 12.29957 22.42637 0.072834 147.8036
Real capital in mn. USD of 2005 (K) 1264 1607431 4528786 4198.18 4.09E+07
Real capital per worker in USD of 2005 (k) 1264 114462.7 82683 1246.885 328435
Trend labor tech. (A) 1264 16683.26 14988.87 350.97 69955.17
Variables used in estimation
Real capital per labor eff. unit (k̂) 1264 12.91268 17.681 0.0341958 174.1426
Capital share in % (α) 1264 46.87472 11.04922 24.64034 77.96856
Net rate of return ROW in % (r) 1264 4.196 0 4.196 4.196
Depreciation rate in % (δ) 1264 6 0 6 6
Trend labor tech. growth rate in % (x) 1264 0.72366 2.20085 -9.87384 5.98180
Employment growth rate in % (n) 1264 1.72655 1.16437 -1.33595 4.48508

All real variables are constant 2005 USD. 79 countries, 1996 - 2011. Source: Penn World Tables Version
8.0. Notice that while x and n are calculated as annual changes above, we use country-specific time
averages across all years for those two parameters.

For illustrative purposes we calculate the mean dividend payout ratio and compare it
the dividend payout ratio we observe for a sub-set of 70 countries in our sample.6 We take
the mean tax rates and the (net) rate of return in the rest of the world to calculate the
dividend payout ratio, φ, using equation (35) that makes firms indifferent between financing
an investment with retained earnings or new equity.

(1 + 0.041− 0.2279)(1− 0.0647)
1 + 0.041 = 0.731, (43)

which is reasonable close to the dividend payout ratio of 0.612 we observe for the subset of
70 countries in our analysis.

Using the same numerical example as above from equation (40) we obtain a gross inter-
est rate in the domestic country of r̄ = 1+0.041

1−0.0647 − 1 = 0.113. It follows that an individual
investor is indifferent between new equity and retained earnings finance given the endoge-
nously determined dividend payout parameter. Furthermore, the firm is indifferent between
debt, retained earnings and new equity finance given the dividend payout ratio, if the gross
interest rate is given by equation (40).

To determine consumption, we need the total asset holdings of domestic individuals. We
6The data for the observed dividend payout ratio is described in more detail in the Appendix D.
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use the net international investment position, NIIP, in percent of GDP as published by the
International Monetary Fund (2013) for 21 countries in the year 2008. We calculate the asset
holdings per worker as ν = k + NIIPy for 2008. Appendix E provides the list of countries
for which NIIP data are available together with the corresponding NIIP values for 2008.

3.2 Estimation

General outline:
In this section, we focus on estimating the convergence parameter, λ, which can be calculated
from equation (27). The higher is |λ| the faster is the convergence to the new steady state
after a change in tax policy. A value of λ = 0 implies an absence of convergence. For
estimating or calculating λ,7 we need to estimate the capital adjustment cost parameter, b.
We may check the plausibility of the regression results in terms of Tobin’s q. Based on
equation (23) and measured variables in conjunction with model estimates, we may compute
Tobin’s q. While Blanchard et al. (1993) report very low q-ratios below 1.8 for the 1980s,
research based on more recent data such as Hall (2001) and Laitner and Stolyarov (2003)
report values of 3 (based on the ratio of market value to reproduction cost of plant and
equipment) and of 2.06, respectively, each of them for data of the year 2000. In the interest
of simplifying the notation, it will be useful to define θj(t) ≡ r

1−τg,j(t) , σj ≡ xj + nj , and
1 − τj ≡ (φ(1−τy,j(t))+(1−φ)(1−τg,j(t))

1−τg,j(t) (1 − τp,j(t)) for later use. For all models in levels we
will assume an error components structure of υj + ωj(t+ 1), where υj is time-invariant and
ωj(t+ 1) is not, and E[υjωj(t+ 1)] = 0. For all models in first differences we will assume an
error term of ∆ωj(t+ 1), where ∆ denotes the (first-)differencing operator. Since all of the
models will turn out to be non-linear in the parameters of interest, we will generally rely on
nonlinear least-squares estimation of dynamnic models.

Estimating λ on the basis of estimates from the steady-state equation in levels
only:
Using the definitions of θj(t) and σj , we may rewrite the steady-state equation in (25) as

˜̂
kj(t) =

(
1
αj

(
θj(t) + δ

1− τj(t)
+ (σj + δ)b

(
θj(t) + δ − σj

2

))) 1
αj−1

. (44)

We will refer to model estimates based on this equation with an error components structure
υj + ωj(t+ 1) as Model (1).

Estimating λ on the basis of estimates of the convergence equation in levels:
7We generally use the delta method on the respective equation determining λ to derive its standard error.
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k̂j(t+ 1) = (1− exp(λj(t)))˜̂kj(t) + exp(λj(t− 1))k̂j(t− 1) + υj + ωj(t+ 1), (45)

where ˜̂
kj(t) on the right-hand side of (45) is replaced by the expression in (44) and λj(t) is

replaced by

λj(t) =θj(t)− σj
2 −((
θj(t)− σj

2

)2
+ (1− αj)

b

(
θj(t) + δ

1− τj(t)
+ (σj + δ)b

(
θj(t) + δ − σj

2

))) 1
2

.

(46)

We will refer to model estimates based on equation (45) with an error components structure
υj + ωj(t+ 1) as Model (2).

Estimating λ on the basis of estimates of the first-differenced convergence equa-
tion:
This approach utilizes the model in (45) in first differences:

∆k̂j(t+ 1) = ∆(1− exp(λj(t)))˜̂kj(t) + ∆exp(λj(t))k̂j(t) (47)

where ˜̂
kj(t) and λj(t) are defined in (44) and (46), respectively. We will refer to model

estimates based on this equation with an error term ∆ωj(t+ 1) as Model (3).

Estimating λ on the basis of estimates of the first-differenced convergence equa-
tion with a control function:
This approach utilizes the same model as in (47) except for an additive control function
εj(t):

∆k̂j(t+ 1) = ∆(1− exp(λj(t)))˜̂kj(t) + ∆exp(λj(t))k̂j(t) + εj(t), (48)

where εj(t) is the residual of the regression

∆k̂j(t) =
t−2∑
n=0

β(t− 2− n)k̂j(t− 2− n) +Xj(t− 2− n)γ + υεj(t), (49)

where the vector Xj(t − 2 − n) includes all independent variables of the second stage, and
γ is an unknown, conformable parameter vector. We will refer to model estimates based
on (48) with an error term ∆ωj(t + 1) as Model (4) if φ is endogenously determined in the
model, as Model (4a) if observed dividend payout ratios are used in the estiamtion and as
Model (4b) if φ is an estimated parameter.

Summary of regression results:
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Table 3 presents the estimation results for Models (1)-(4b). Clearly, in view of the litera-
ture on Tobin’s q and, somewhat less so, on estimates of λ, the result of Model (1) seems
implausible. In terms of explanatory power and our priors regarding Tobin’s q, the results
of the other models look much better. While Model (2) has the highest explanatory power,
the estimated capital adjustment costs, b, and Tobin’s q seem relatively low compared to the
common literature. Hence, the two models which are based on data in levels have problems.

This is not the case for the differenced models. In Model (3), we use differenced data, but
ignore lagged differences of capital stocks per unit of effective labor on the right-hand side
which may induce an endogeneity problem. However, that problem should be relatively small
due to the length of the time series (16 years). Model (4) appears to match key moments in
the data and the literature best. In that model, Tobin’s q is also quite close to what had been
found by others in the 2000s. All estimates of λ are significantly negative, which ensures
saddle path stability and convergence. Finally, the difference in the estimated λ between
Models (3) and (4) is very small and never statistically significant, which adds confidence
in the estimates. Lastly, the estimates for λ are in the range of what Russo (2002) finds
computing numerically the speed of convergence between 0.384 and 0.474 after changes in
the corporate profit tax in a linearized Ramsey model using a standard parameterization as
Barro and Sala-i-Martin (2004).

Table 3: Estimation results.

(1) (2) (3) (4) (4a) (4b)

b 41.733 5.244 17.978 18.25 17.475 16.589
(4.754) (.462) (4.202) (4.192) (4.095) (4.317)

φ 0.723
(.361)

λ -.516 -.321 -.400 -.401 -.397 -.392
(.021) (.03) (.023) (.023) (.023) (.024)

Tobin’s q 5.314 1.441 2.512 2.534 2.391 2.391
N 1264 1178 1085 1001 633 1001
R2 .163 .973 .689 .700 .597 .516

Non-linear least squares. Bootstrapped std. errors in parentheses.
Column (1) represents the steady-state level equation. Column (2)
represents the transistion equation. Column (3) is the transistion
equation in first differences. Column (4) is the transistion equation
in first differences with control function for endogenous lagged de-
pendent variables. Column (4a) is the transistion equation in first
difference with control function and observed φ. Column (4b) is the
transistion equation in first difference with control function in which
we estimate thedividend payout ratio, φ.
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3.3 Robustness

Endogenous and exogenous φ
To show that our results are not driven by the endogenous φ parameter in the model, we
estimate Model (4) taking φ as an exogenous parameter. Therefore, we use the observed
dividend payout ratio of a subset of 70 countries, the results are given in Column (4a).8

Alternatively, we take φ as an independent variable in the estimations in Column (4b). The
results in terms of capital adjustment costs, b, speed of convergence, λ, and Tobin’s q are
very similar in all Models (3) - (4b). Moreover, the φ observed for the subset of 70 countries
is very similar to the φ based on equation (39) and observed capital taxes. Lastly, the es-
timates for φ when taking it as an independent variable are not significantly different from
the observed or endogenously derived dividend payout ratios.

Rich and poor countries
As an additional robustness check, we split our sample into rich and poor countries, defined
by being over or below the sample median GDP per capita, and estimated our preferred
specification (4) in the two subsamples, separately. The results for rich countries are almost
identical: capital adjustment costs are 18.49, λ is -0.402 and Tobin’s q is 2.55. The capital
adjustment costs for poor countries are slightly lower with 14.46 and the convergence pa-
rameter is -0.379, while Tobin’s q is 2.21. Still, the results seem neither be driven by poor
nor rich countries.

Pre-financial-crisis
If we only use years before the financial crisis 2008 the capital adjustment costs are higher
with 21.31, as well as Tobin’s q, 2.79, while λ is -0.418. In general the results seem quite
robust in terms of speed of convergence, λ, and capital adjustment costs, b.

Effective tax rates
In our estimations, we focus on using the statutory tax rates for two reasons. First, ex-ante
effective tax rates include already a behavioral response of a model firm (e.g., its investment
structure and its financing structure), and ex-post effective tax rates (i.e., the actual tax
revenues generated from the average firm relative to the tax base) depend even more on
firm-level responses (e.g., due to the location decisions and tax avoidance through transfer
pricing, profit shifting and debt shifting). Second, the ratio of effective (average or marginal)
tax rates to the statutory tax rates on corporate profits is stable over time and countries (see
Appendix F). Nevertheless, we report comparable estimates to the preferred specification (4)
using ex-ante effective tax rates for corporate profits instead of statutory ones as a further

8See Appendix D for more detailed information about observed divivdend payout ratios.
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robustness check. In general effective average and marginal tax rates on corporate profits
are lower than the statutory tax rates for various reasons. The estimate for the capital
adjustment cost parameter b is slightly lower (around 14 when using either one of the two
effective tax rates) and the convergence parameter λ in those alternative regressions is almost
identical to the estimates in specification (4) that is based on statutory tax rates.

4 Simulation

We use the estimate of b from the preferred Model (4) to calculate the dynamic adjustment
in response to a counterfactual change in tax policy. The simulation analysis proceeds
in two steps. First, it uses the observed data for the year 2008 and the 79 economies
covered to calculate the underlying steady-state equilibrium that is consistent with those data
and the estimates of b. This steady-state equilibrium serves as the benchmark equilibrum
which we shock for each country separately by a counterfactual tax policy. Second, for
the counterfactual tax policy relative to the tax instruments as of 2008, we compute the
counterfactual steady-state equilibrium and adjustment path for each economy using the
2008 steady-state level of capital in efficiency units of labor from Step 1 as k̂j(0) in equation
(28). This is done separately for a reduction of each tax instrument (τp, τd, and τg) by 10%,
one at a time, as well as for a simultaneous reduction. The differential path after the shock
and the steady-state equilibrium (i.e., the impulse-response functions) are at the heart of
interest to this analysis.

4.1 Impulse-response functions for output and capital

Figures 5, 6, 7, and 8 present the dynamic adjustment processes for all 79 economies graph-
ically (using point estimates of b and ignoring imprecision of the estimates for illustration).
All results are presented per unit of effective labor. Hence, changes in the growth rates only
reflect the impact of changes in tax policy and disregard potentially simultaneous exogenous
shocks of technological progress and population growth.

In the interest of brevity, we focus on a detailed discussion of the results where we cut all
three tax rates by 10% simultaneously; see Figure 5. The model suggests that a reduction
in any one of the individual tax instruments has a positive effect on capital accumulation.
Accordingly, the cut of all three tax instruments should increase capital accumulation and
growth rates as well. Quantitatively, we find that such a shock in tax policy increases the
level of capital per unit of effective labor on average by 5.33% and at the median by 4.86%.
The effect on the level of output per unit of effective labor is lower and output increases on
average by 2.56% and at the median by 2.11%. The range of the effects on capital per unit
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Figure 5: Dynamics after reducing all taxes by 10% in the year 2008 for 79 countries.
Output and capital per unit of effective labor.

of effective labor is rather wide with a minimum of 0% (for The Bahamas, which do not tax
any base the three instruments pertain to) and a maximum effect of 17.19% (for Gabon).
The interquartile range amounts to 3.68 percentage points. Clearly, the functional form
of the growth equation implies that the heterogeneity in steady-state responses in capital
per unit of effective labor entails a heterogeneity in the speed of adjustment and, hence,
the short-and-medium-run growth rates of capital and output. On average, the convergence
parameter amounts to -0.390 and is not very different from the median of -0.402. 99% of the
gap in output – due to a cut of 10% in the three tax instruments – is closed after 2.44 years
on average (after 2 years at the median). Hence, there is a fast convergence towards the new
steady state. Thus, the reduction of the three tax instruments has strong short-run effects.
It increases capital growth on average by 1.03% (at the median by 0.90%) within 5 years
after the change, but the effect diminishes (to virtually zero) after 5 years. In the short-run,
countries could increase their capital stock per unit of effective labor by up to 2.84% (as it
is predicted for Gabon) on average over 5 years.

While we discussed a simultaneous reduction of all tax rates in the previous paragraph,
10% reductions of the individual tax rates, one at a time, compare as follows. A change
in the corporate profit tax rate has a much bigger effect on outcome of interest than one
in the dividend tax rate or the capital gains tax rate (see Figures 6, 7, and 8): capital per
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unit of effective labor increases by 3.64% on average (by 3.40% at the median) in response
to a reduction of the corporate profit tax rate, which is much higher than the effect of the
dividend tax rate (with 0.46% on average and 0% at the median) or the one of the capital
gains tax rate (with 1.01% on average and 0.95% at the median). The heterogeneity in the
responses to shocks of the individual tax rates has two reasons. First, among the three tax
instruments considered here, the corporate tax rate has the highest level in percentage points.
Hence, a 10% decline implies a bigger percentage-point change. Second, the corporate tax
rate, τp, is hierarchically closer to the source (i.e., gross profits) than the dividend tax rate,
τd, or the capital gains tax rate, τg. The reason is that the latter two tax rates implicitly –
at least to some extent – tax residual profits in the form of dividend payments or retained
earnings as discussed in Keuschnigg (2005). In terms of the speed of convergence or the
time to close the ouput gap, all three instruments behave very similarly. Analogous to the
general tax reduction, the growth effects occur mainly in the short-run. Capital per unit of
effective labor grows on average by 0.70%, 0.09%, and 0.22% (by 0.65%, 0%, and 0.19% at
the median) over a period of 5 years directly after a (separate) reduction of corporate profit
tax rates, dividend tax rates, or capital gains tax rates, respectively.9

In general, we find that a change in the tax policy can have significant and permanent
level effects, while the growth effects are mainly in the short-run.

4.2 Impulse-response functions for consumption and welfare analysis

For calculating the effects of tax policy shocks on consumption and welfare, we use the net
investment position (NIIP) in percent of GDP and the steady-state capital stock and output
per unit of effective labor to calcualte the initial asset holdings for each country from

ν̂j(0) = ˜̂yjNIIPj + ˜̂
kj . (50)

We use the observed consumption share in GDP in the year 2008, χj(0) = Cj(2008)
Yj(2008) , to

compute a model-consistent steady-state level of consumption per unit of effective labor,
˜̂cj(0) = χj(0)˜̂yj(0). Then, we derive the initial marignal utility of wealth as

âj(0) = 1
˜̂cj(0)

= 1
χj(0)˜̂yj(0)

. (51)

For the initial values of ν̂j(0) and âj(0), we calculate the steady-state levels that are
consistent with ˜̂

k and the tax strucuture as described in Appendix C. Given the path of
ν̂j(t), we obtain ˙̂νj(t) and the level of consumption per unit of effective labor, ĉj(t).10

9Clearly, since the steady-state and the convergence equations are inherently nonlinear in their arguments,
the effects of shocks on the individual tax instruments do not generally sum up to the one on all instruments
simultaneously.

10Recall that missing data on the net investment position are responsible for a loss of observations at the
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Figure 6: Dynamics after a reduction of corporate profit tax of 10% in the year 2008
for 79 countries. Output and capital per unit of effective labor
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Figure 7: Dynamics after a reduction of dividend taxation of 10% in the year 2008 for
79 countries. Output and capital per unit of effective labor.
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Figure 8: Dynamics after a reduction of capital gains tax of 10% in the year 2008 for
79 countries. Output and capital per unit of effective labor.

The question is whether this implied level of ĉj(t) based on equation (41) using the
estimates of the steady-state and convergence equations for capital per unit of effective labor
in conjunction with the marginal utility of wealth, â, derived with observed consumption
share data, compare sufficiently well with data on the level of consumption. We check
this issue as follows. Given the observed tax policy in 2008, we compute the model out-of-
estimation-sample prediction of consumption for the year 2009 based on the initial values and
steady-states for 2008. The consumption share only indirectly enters through the marginal
utility of wealth, â. Figure 9 plots consumption (not per effective labor!) predicted from
the model against the observed consumption in 2009. The figure suggests that measured
consumption expenditures of 2009 in real terms are well predicted by the slugglishly adjusting
model economies of 2008. A simple regression of the model real consumption for 2009 on the
observed consumption obtains an R2 of 0.86. Hence, while the model is estimated on data
of capital per unit of effective labor, it works well also for consumption. This justifies using
ν̂j(0) and âj(0) as initial values to compute consumption and welfare effects.
Figure 10 shows the impulse-response functions for consumption and total asset holdings
after a simultanous reduction of the three tax instruments for the 21 countries for which we
country level in this analysis. Accordingly, the consumption and welfare analysis can only be conducted for
21 of the otherwise 79 economies covered.
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Figure 9: Log final good consumption expenditures against log model consumption
prediction. 21 countries, 2009.

are able to compute the initial values for aj(0) and νj(0).
Again, we focus on a discussion of the effects of a simultaneous reduction of all three

considered tax instruments by 10%. It turns out that, immediately after the tax cut, the
consumption per unit of effective labor decreases dramatically. This has two reasons. First,
lower capital taxation increases the capital accumulation. Hence, individuals consume less
and save more, and total asset holdings increase as shown in the right panel of Figure 10.
Second, lower tax rates imply an immediate decline of tax revenues and, hence, lump-sum
transfers, as capital adjustment is sluggish. The latter effect reverses later as the capital
stock increases over time which raises the revenues (and associated lump-sum transfers)
collected from the capital gains tax bases and also the other tax base. Still, the numerical
results show that we are generally to the left of the peak of the Laffer curve with those tax
rates, as in none of the countries the total tax revenues exceed the initial tax revenues in the
long-run.

Quantitatively, for the 21 countries in the sub-sample, consumption per unit of effective
labor increases in the long-run relative to the initial steady-state level of 2008 on average by
8.2% (at the median by 5.9%). The United States are predicted to enjoy the biggest gains
(30.1%) while Canada is predicted to gain the least (1.12%) from the instituted policy.

The initial fall in consumption may lead to ambiguous welfare effects. We calculate
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Figure 10: Dynamics of consumption and total asset holdings. 10% tax reduction in
τp, τg and τd in 2008. 21 countries.

the present discounted utility under the benchmark and counterfactual tax policies using
real consumption per unit of effective labor.11 For 14 out of the 21 countries, the tax re-
duction raises present discounted utility (e.g., in Brazil, Germany, Indonesia, Luxembourg,
and South Africa), while for other countries the effect is negative (e.g., Austria, Canada,
Italy, Switzerland, and the United States). The model predicts the largest gain for Ireland
(51.98%) and the largest loss for Japan (-67.71%). The welfare results are not mainly driven
by the decline in transfers, even if none of the tax revenues are redistributed, z = 0, the
present discounted utility of the representative agent in some countries increases while it
decreases in others. Table 6 in Appendix F presents the numerical results in greater detail
for the case of a general tax reduction of 10% after 2008.

The magnitude of welfare effects depends strongly on the country-specific marcoeco-
nomic fundamentals. For example, higher initial asset holdings make it less likely to gain
from a reduction of capital taxation. Intuitively, countries with large asset holdings have
high consumption levels, in combination with a concave instantaneous utility function, u(c),
an increase of consumption has smaller welfare effects. A faster speed of convergence, higher

11Since the model has an infinite time horizon, we need to approximate the present discounted utility using
1,000 periods. In the 1,000th period, the incremental discounted utility of this period is less than 1E−17 for
all countries and assumed negligible.
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|λ|, has ambigous effects. The long-run consumption levels are reached earlier. This might
either reduce or raise welfare in response to reduced capital taxation: the immediate con-
sumption level drops more drastically, but this negative shock is also shorter-lived. A priori
it is not clear which effect dominates. In our sample of 21 countries, we find a clear tendency
that countries with higher |λ| are more likely to loose welfare after a reduction of capital
taxation. Recall that λ is a function of various country-specific parameters, such as employ-
ment growth, technological growth and the capital share of income. An increase of either of
the three variables reduces |λ| and, hence, makes it more likely that a country gains after a
capital tax reduction.

5 Conclusion

This paper formulates a dynamic model of a small open economy to analyze the impact
of broad capital taxation (through corporate profit taxes, dividend taxes, and capital gains
taxes) for macroeconomic outcomes such as steady-state levels and growth transitions of the
capital stock, output, consumption, and welfare.

The model is generally amenable to structural nonlinear estimation and it is informed
by data of 79 economies for which the authors collected detailed panel data information
on corporate profit tax rates, dividend tax rates, and capital gains tax rates, apart from
macroeconomic variables for the years 1996-2011. The model may be used to estimate a
capital adjustment cost parameter and the dividend payout ratio. In conjunction with data
determining the steady-state level and the transition path of capital per effective unit of
labor, these estimated parameters permit computing model-consistent values of the speed
of convergence and of Tobin’s q. In the preferred specifications discussed in the paper, the
estimated levels of the dividend payout ratio, of the speed of convergence, and of Tobin’s q
are well in line with data and with estimates reported in earlier work for selected countries.
This makes the authors confident that the estimates may be used for counterfactual analysis
of the dynamic effects of capital tax policy.

Important findings of this analysis are the following. First, macroeconomic outcomes
appear to be more sensitive to a proportional change in corporate profit tax rates than in
dividend or capital gains tax rates. The reason is that corporate profit tax rates are on
average much higher than dividend or capital gains tax rates and, hence, they cause bigger
distortions. However, the reason is also that dividend and capital gains taxes apply to resid-
ual profits (net of corporate profit tax) whereas corporate profit tax rates apply to gross
profits.
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The effects of a uniform (percentage-wise) effect of a tax reduction are quite hetero-
geneous across countries for two reasons, namely that both initial tax policy levels and
macroeconomic fundamentals are inherently different across economies. For instance, simu-
lated effects on steady-state capital stocks per unit of effective labor are bigger in percentage
points than the median effect is in percent. Similar conclusions apply for the effects on
output per effective unit of labor. Growth effects per unit of effective labor occur mainly
in the short-run of up to 5 years, but effects on levels are economically quite significant for
some economies.

Present discounted utility per unit of effective labor is ambiguously affected by such
borad capital tax policy in spite of the unambigously positive effects on capital and output.
The reason is that bigger savings together with a reduction in tax revenues (and, hence,
transfers to consumers) reduce consumption in the short-run and raise it in the long-run
so that, on net, (representative consumers per unit of effective labor in) some countries are
found to loose while others are found to gain. From that perspective, some countries (such as
Austria, Canada, Switzerland, and the United States) should be inclined to raise capital tax
rates while others (such as Brazil, Germany, Indonesia, Luxembourg, and the South Africa)
should be inclined to reduce them.
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A Change in total value of equity

We define
E ≡ Ed + Ef and D ≡ Dd +Df . (52)

After taking the time derivative of V = qE,

∂V

∂t
= V̇ = q̇E + qĖ, (53)

we may substitute R from equation (13) in equation (11) and solve for qĖ:

qĖ = D + K̇ + δK − (1− τp)Π. (54)

Substituting (54) in equation (53) obtains

V̇ = q̇E +D + K̇ + δK − (1− τp)Π (55)

which, after defining γ ≡ (1− τp)Π− K̇ − δK, may be written as

V̇ = q̇E +D − γ. (56)

We then may solve (5) for q̇ using the arbitrage condition from the FOCs in equations (5)
and (6):

q̇ = r

1− τg
q − 1− τd

1− τg
Dd

Ed
. (57)

Substituting this in equation (56) and using V ≡ qE as well as that the dividend yields are
the same for domestic and foreign individuals, Dd

V d
= Df

V f
, which implies that EdDf = EfDd,

obtains
V̇ = r

1− τg
V − 1− τd

1− τg
Dd

Ed
(Ed + Ef ) +D − γ

= r

1− τg
V − 1− τd

1− τg
DdEd +DfEd

Ed
+D − γ

= r

1− τg
V − 1− τd

1− τg
D +D − γ

= r

1− τg
V +

(
1− 1− τd

1− τg

)
D − γ

= r

1− τg
V −

(
tc − τd
1− τg

)
D − γ,

(58)

which gives equation (14). Last, note that as in Turnovsky and Bianconi (1992) in equilib-
rium qE = K and, hence, q̇E = R.
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B Transfers

We write total tax revenues, F , as a function of capital:

F = τpΠ + τdD + τg q̇E

= τpΠ + τdφ(1− τp)π + τgE

(
r

1− τg
q − 1− τd

1− τg
D

E

)
= (τp + τdφ(1− τp)−

τg
1− τg

(1− τd)(1− τp)φ)Π + τg
1− τg

rK.

(59)

Tax revenues per unit of effective labor, f̂ , are given by

f̂ = (τp + τdφ(1− τp)−
τg

1− τg
(1− τd)(1− τp)φ)

αk̂α − b

2

(
î

k̂

)2

k̂

+ τg
1− τg

rk̂. (60)

C Consumption

The change of asset holdings per unit of effective labor is given by

˙̂ν = ŵ + (r − x)ν̂ + zf̂ − ĉ, (61)

where z ∈ [0, 1] gives the share of tax revenues that is actually redistributed, ŵ = (1−α)f(k̂),
and ĉ is the consumption per efficiency unit of labor. We linearize this equation around its
steady state to obtain:

˙̂ν ≈
(
ŵk̂(

˜̂
k) + zf̂k̂(

˜̂
k)
)

(k̂(t)− ˜̂
k)− ĉâ(˜̂a)(â(t)− ˜̂a) + (r − x)(v̂(t)− ˜̂v). (62)

From the FOC use that

˙̂a = (ρ− n− x− (1− τp)
Π
k̂

((1− τd)φ+ (1− τg)(1− φ)))a, (63)

which we linearize to obtain

˙̂a ≈ (((1− τd)φ+ (1− τg)(1− φ))(1− τp)α(1− α)˜̂kα−2(k̂(t)− ˜̂
k))â, (64)

where we assume that the shadow value of capital, η, immediately adjusts to the new steady
state. We substitute k̂(t)− ˜̂

k = (k̂(0)− ˜̂
k)exp(λt) and solve the differential equation, which

leads to
â(t) = ˜̂aexp(−ζt), (65)
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where ζ =
(
α(1− α)˜̂kα−2((1− τd)φ+ (1− τg)(1− φ))(1− τp)

)
(k̂(0)− ˜̂

k)exp(λt). If capital
is in its steady state, ζ = 0 and, hence, exp(ζ̃t) = 1. Extending equation (65) yields

â(t)− ˜̂a = ˜̂a(exp(−ζt)− 1). (66)

We subsitute k̂(t) − ˜̂
k and â(t) − ˜̂a in equation (62) and solve the differential equation to

obtain

v̂(t) = ˜̂v+ 1
λ− r + x

exp(λt)
(
ŵk̂(

˜̂
k) + zf̂k̂(

˜̂
k)
)

(k̂(0)− k̃) + 1
ã

( 1
r − x

+ 1
ζ − r + x

exp(−ζt)
)
.

(67)
For a given ˜̂a, ˜̂v, and k̂(0), we may calculate the level and change of total assets, v̂(t) and
˙̂v, respectively, the level of consumption, ĉ(t), all in units of effective labor, at each point in
time.

D Taxes

D.1 Corporate profit tax rates (τp)

For corporate profit taxes, we utilize the maximum tax rate levied at the national level on
corporate profit in a country of residence. In federal states, the total corporate tax rate is
calculated as the weighted average of the local (subnational) taxes combined with federal
tax rates (e.g., for Germany or Canada as reported by the OECD) or the tax rate prevailing
in the economic center (e.g. for Switzerland, where the rates of the canton of Zurich are
taken).

The primary sources for corporate profit tax rates are the following:

• Ernest and Young Worldwide Corporate Tax Guide 1998-2012

• Coopers and Lybrand International Tax Summaries 1996-1997

• International Bureau of Fiscal Documentation Global Corporate Tax Handbook 2007-
2012

• Price Waterhouse Coopers Corporate Taxes - Worldwide Summaries 1999-2000, 2001-
2003, 2012-2013

• OECD www.taxfoundation.org

D.2 Capital gains tax rates (τg)

For corporate capital gains taxes, we utilize the maximum tax rate levied at the national
level on corporate capital gains in a country of residence.

The primary sources for corporate capital gains tax rates are the following:
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• Ernest and Young Worldwide Corporate Tax Guide 1998-2012

• Coopers and Lybrand International Tax Summaries 1996-1997

• International Bureau of Fiscal Documentation Global Corporate Tax Handbook 2007-
2012

• Price Waterhouse Coopers Corporate Taxes - Worldwide Summaries 1999-2000, 2001-
2003, 2012-2013

D.3 Dividend tax rates (τd)

For corporate dividend taxes, we utilize the maximum tax rate levied at the national level on
after-tax income, classified as dividends, which are distributed to (mostly corporate) share-
holders. Shareholder taxation is not taken into account. If an imputation system (as, e.g.,
in Australia) is stated in the tax code the tax rate on dividends is set to 0. In some cases
tax codes allow for differentiated dividend tax rates conditional on holding requirements of
the recipient. Here we choose tax rates applied to dividends paid to corporations holding
10% or less of the distributing entity. In such cases dividend taxation decreases with higher
shares held by the receiving entity and our dividend tax rates represent the upper bound.

The primary sources for corporate dividend tax rates are the following:

• Ernest and Young Worldwide Corporate Tax Guide 1998-2012

• Coopers and Lybrand International Tax Summaries 1996-1997

• International Bureau of Fiscal Documentation Global Corporate Tax Handbook 2007-
2012

• Price Waterhouse Coopers Corporate Taxes - Worldwide Summaries 1999-2000, 2001-
2003, 2012-2013

D.4 Corporate dividend payout ratio (φ)

We use the measured time-invariant (rather than the implied) dividend payout ratio, φj ,
as a robustness check for the results. To collect the corresponding data we took for each
country the total dividends paid by each firm over the whole sample period from Standard
and Poor’s Compustat data-set and divided them by the total profits of each firm over the
whole sample period. Compustat contains almost 24,000 companies in 70 countries between
1996 and 2012. We excluded firms where either dividend payments or income was missing
or negative. Summary statistics for these variables are provided in Table 4.
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Table 4: Dividend payout ration. Summary statistics.

Variable # Obs. Mean Std. Dev. Min Max
φ 70 .612 .568 .081 4.018
Total dividends per country 70 3.10e+11 6.12e+11 1.54e+8 3.23e+12
Total profits per country 70 9.85e+11 2.85e+12 1.80e+8 1.99e+13

Standard and Poor’s Compustat, 1996 - 2012, 70 countries.

The share of corporate after-tax profits which is paid as dividends to shareholders is
calculated as:

φj = Total dividends
Net income =

∑T
t=0

∑Sj
sj=0Ds(t)∑T

t=0
∑Sj
sj=0 Is(t)

, (68)

where sj = 1, 2, ..., Sj indicate firms in country j and T= 17 years (1996-2012).

• Total dividends: To calculate total dividends we use the annual amount of dividends in
current million USD from the corporate income statement as stated in Standard and
Poor’s Compustat database.

• Net income: To calculate net income we use annual income after all expenses in current
million USD from the corporate income statement as stated in Standard and Poor’s
Compustat database.

E Net investment position (NIIP)

Table 5: Net investment position (NIIP)

Country NIIP Country NIIP Country NIIP
Australia -56.9 Indonesia -32.7 Spain -79.3
Austria -17 Ireland -71.9 Switzerland 115.6
Belgium 39.8 Italy -24.1 Sweden -11.1
Brazil -21.7 Japan 45.1 South Africa -9
Canada -7.5 Luxembourg 120.7 Turkey -32.1
France -12.9 Mexico -35.9 United Kingdom -6.9
Germany 25.5 Netherlands 4.2 United States -22.1

Net investment position (NIIP) in percent of GDP, 2008. Source:
International Monetary Fund (2013).

F Ratio effective average (marginal) to statutory corporate
profit tax

Figure 11 plots the ratio of effective average (marginal) to staturtory corporate profit taxes
for our sample over the period between 1996 and 2011. The ratios stay relatively constant
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over time. The median ratio of the effective average corporate profit tax decreases from 0.944
in 1996 to 0.939 in 2011. Similarly, the median ratio of the effective marginal corporate profit
tax decreases from 0.830 in 1996 to 0.800 in 2011.

.4
.6

.8
1

1.
2

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011

Effective Marginal / Statutory Tax Effective Average / Statutory Tax

Figure 11: Whisker plot of the ratio of effective average (marginal) to statutory cor-
porate profit tax rate. 79 countries, 1996 - 2011.

G Numerical Results
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ŷ
k̂

ĉ
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