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1. Introduction
The economic consequences of dividend taxation have been the subject of a continuing debate
among public finance researchers for more than a quarter of a century. Much of this
discussion has been concerned with whether the “new” or “old” view of dividend taxation
best describes its effects.1 A crucial difference between the two views is in the source of
equity finance used at the margin by the corporate firm. Under the new view, or “trapped
equity" model, the marginal source of equity is retained earnings. As the dividend tax reduces
the opportunity cost to the shareholders of an additional unit of profits retained for investment
in the same proportion as it reduces future dividends, the dividend tax has no impact on
investment incentives. Under the old view, the dividend tax falls also on marginal investment
projects. Though the exact interpretation of the old view varies between different researchers,
a common assumption is that the firm is unable to cut dividends to finance new investment
projects or finds it costly to do so.2 With new issues of shares rather than retained profits as
the marginal source of equity, the shareholders’ opportunity cost of investment is not
mitigated by the dividend tax, and as a result, the tax reduces the rate of return to investment.

That the dividend tax falls on marginal investments financed by new issues of equity is,
however, accepted also by holders of the “new” view. “New” view- models typically state
that the cost of new share issues equals the shareholders’ after-tax rate of return requirement
adjusted for the total tax – at the corporate and personal levels – levied on distributed profits.
A useful reference here is the study by King and Fullerton (1984) whose formulae for the cost
of capital has been put to a widespread use in international comparisons and for policy
oriented research.3

Some time ago, however, Sinn (1991a) claimed that the distortion from dividend taxation is
larger than the conventional formulae such as those derived in King and Fullerton (ibid.)
suggest. Sinn’s point, also argued in Sinn (1991c), is that care must be taken to distinguish not
only between alternative sources of finance but also, and equally important, between
alternative uses for profit.

1

The new view of equity was developed by Auerbach (1979), Bradford (1981) and King (1977). For a survey of
the debate, see Auerbach (2002) and Auerbach and Hassett (2002, 2005).
2
See Auerbach (2002).
3
See for example OECD (1991) and EU (2001).
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To derive the cost of equity, Sinn (1991a) sets up a model of an all-equity firm, with a
personal tax on dividends as the only tax parameter. Share repurchases are ruled out, leaving
dividends and internal investment as the only possible uses of profits. The outcome of this
model is a “nucleus” theory of the corporation. A firm faced by an initial shortage of
retainable profits following a disturbance to the marginal productivity of capital, will let the
shareholders inject less than the total amount of funds needed to reach a new long-run
equilibrium. Once the “nucleus” of new equity has been obtained, the firm embarks upon a
growth path using less expensive retained earnings. The firm then continues to grow by
internal funds, issuing no more shares, and paying no dividends until the marginal
productivity of capital is equated to the rate of interest.

Though no parametric expression for the cost of new equity is obtained from this analysis,
Sinn finds, for “mild assumptions” about the form of the firm’s production function, that the
marginal productivity of capital subsequent to the issue of new equity is higher than
suggested by King and Fullerton (1984) and others4. Sinn’s explanation to this result is that
the King-Fullerton methodology invariably assumed that profits from marginal investment
projects were distributed as dividends5, rather than used for internal investment.

Sinn’s “nucleus” theory, or life-cycle model of the firm, is widely cited, and his claim that
conventional formulae understate the cost of equity funds seems not to be questioned. Still,
the King-Fullerton equations have remained the generally accepted basis for measuring
incentive effects of taxes on income from capital, and over the past decades a vast literature
has emerged which has developed the original model in various directions.6 There are hence
two competing views in the literature regarding the impact of taxation on the cost of equity
funds.

This paper reconsiders the effects of dividend taxation on the cost of new share issues. We
conclude that Sinn’s criticism of conventional formulae for underestimating the cost of new
equity is misleading and is in fact a comparison between apples and oranges. The reason for
this is that Sinn and King-Fullerton make use of different assumptions not only about
4

Sinn (1991a), p. 284.
Ibid., p.285.
6
See for example, Chennells and Griffith (1987), Jorgenson and Landau (1993), Devereux and Griffith (2003),
Sørensen (2004).
5
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dividend behavior following a new issue of equity (as Sinn points out) but also, and more
importantly, about the “equity trap”, that is, the extent to which cash paid by the firm to the
shareholders must be taxed as dividends. In Sinn’s model, new share issues are constrained to
be non-negative, and share repurchases (and other forms of a tax-free recovery of equity) are
ruled out. The cost-of-capital expressions of the King-Fullerton type instead implicitly rely on
the opposite assumption, namely that shareholders are allowed a tax-free recovery of original
capital contributed through new share issues. This means that new share issues never fall into
the equity trap.

This fundamental difference in assumptions about the equity trap, that is, the design of the tax
code, explains Sinn’s finding that the cost of new share issues is higher than the conventional
King-Fullerton formulae suggest. In fact, the King-Fullerton assumption that dividends are
paid subsequent to a new issue, does not cause a downward bias in estimating the cost of
capital, as Sinn argues. With dividends being paid in the year following the new issue, the
cost of capital rather turns out to be higher than is the case when the firm behaves optimally
(what is optimal behavior depends on the equity trap).

The remainder of this paper is organized as follows. In section 2 we set up a dynamic model
of an all equity firm, where, as in Sinn (ibid.), a personal tax on dividends is the only tax
parameter. To some extent, the firm may avoid the equity trap, through a tax-free recovery of
original capital. In the present model, this is equivalent to repurchasing own shares, and we
model a constraint on share repurchases which reflects rules in force within the European
Union. We derive a general expression for the cost of capital, where the results of Sinn and
King-Fullerton appear as special cases. For comparison with our general model, section 3
presents a brief review of Sinn’s (1991b) analysis of share repurchases, where Sinn assumes a
fixed proportion between share repurchases and dividends. The optimal behavior of the firm
following a new issue of equity is determined in section 4, which also reports on numerical
simulations to compare the firm’s behavior under different assumptions about the equity trap.
Section 5 concludes.

2. The model
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We derive the firm’s cost of capital by setting up a dynamic model in discrete time with a
personal tax on dividends τ as the only tax parameter. The owner is assumed to maximize
the after-tax dividend stream, net of new share issues and share repurchases, given by
∞

∑
s =t

θ Ds − N s + Rs

(1 + r )

s −t

,

(1)

where D denotes dividends as defined in the firm’s accounts, N is the amount of new share
issues, R is the current flow of share repurchases, r is the discount rate and θ is the after-tax
value of a unit of dividends, θ ≡ 1 − τ . The firm’s budget constraint in period s is a cash flow
identity, where capital inflow equals capital outflow
F ( K s −1 ) + N s = Ds + I s + Rs .

(2)

The production function F ( K ) depends only on the stock of capital, where the stock in
period s − 1 becomes fully efficient in production in period s. To keep the model simple,
capital depreciation is ignored, which implies that the stock of capital evolves over time as
K s −1 + I s = K s .

(3)

As usual, dividends must be non-negative
Ds ≥ 0 ,

(4)

and we also require issues of new equity to be non-negative
Ns ≥ 0 .

(5)

A Council Directive first adopted in 1976, and later amended in November 1992, regulates
the use of share repurchases for companies within the European Union7. Present rules state

7

The Second Council Directive on Company Law, Directive 77/91/EEC on the formation of public limitedliability companies and the maintenance and alteration of their capital (13.12.1976). Amendments: Directive
92/101/EEC (23.11.1992).

6
that own shares acquired by a company may not exceed 10 percent of the subscribed capital.
To capture this rule and examine its impact on the cost of capital, we introduce a variable A
which is the stock of past equity injections (the firm’s share capital), and a variable G defined
as the stock of current and past share repurchases. Variable A evolves as
As −1 + N s = As ,

(6)

and R and G are related through the motion
Gs −1 + Rs = Gs ,

(7)

R ≥ 0,

(8)

Gs ≤ α As .

(9)

where8

and

This means that the firm may own at most a fraction α of its own share capital (EU law
requires α ≤ 0.1 ).

The model defines a discrete-time control problem with control variables N, D, R and I, and
state variables K, A and G. By imposing shadow values for the constraints and motions – μ D
for (2), μ K for (3), μ A for (6), μ G for (7), λ D for (4), λ N for (5), λ R for (8), λ G for (9) –
and maximizing the owners’ after-tax dividend stream the optimization problem takes the
∞

form max ∑
s =t

8

Λ(⋅)

(1 + r )s −t

. The Λ -function reads as

Alternatively, we could allow the firm to reverse past re-purchases, that is, to sell previously acquired shares,
R<0. However, to prevent the firm from circumventing restriction (9), by substituting negative re-purchases for
regular new share issues, this would require that we also impose the restriction Gs ≥ 0.
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Λ = θ Ds − N s + Rs + μ sD ( F ( K s −1 ) + N s − I s − Ds − Rs )
+ μ sK ( K s −1 + I s − K s ) + μ sA ( As −1 + N s − As ) + μ sG (Gs −1 + Rs − Gs )

(10)

+ λsD Ds + λsN N s + λsR R + λsG (α As − Gs ).

The first order conditions with respect to the state and control variables are

Ds

θ − μ sD + λsD = 0 ,

(11)

Is

− μ sD + μ sK = 0 ,

(12)

Ks

− μ sK +

Ns

−1 + μ sD + μ sA + λsN = 0 ,

As

−μ +

Rs

1 − μ sD + μ sG + λsR = 0

Gs

−μ +

A
s

G
s

μ sK+1

+

μ sD+1

1+ r 1+ r

μ sA+1
1+ r

μsG+1
1+ r

FK s = 0 .

+ αλsG = 0 .

− λsG = 0

(13)

(14)

(15)

(16)

(17)

Equations (12) and (13) yield the general expression for the cost of capital

FK s =

μ sK (1 + r ) − μ sK+1
,
μ sK+1

(18)

that is, the cost of capital is determined by the rate of interest and the marginal valuation of
capital, μ K , for two consecutive periods.
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2.1 The long-run cost of capital
For a firm that relies on retained earnings as the marginal source of finance and also pays
dividends, the shadow value of the dividend constraint appearing in (4) is zero, λ D = 0 . Since

μ K = μ D (eq. 12), the first order condition for D (eq. 11) then implies that in long-run
equilibrium, μ sK = μ sK+1 = θ . The general expression for the long-run cost of capital in (18) is
therefore
FK = r .

(19)

With μ K = θ , the owner is indifferent between retaining earnings and receiving dividends,
and as a result of this, the dividend tax does not distort the steady state value of the firm’s
capital stock. This is the well-known result from the new view of equity.

2.2 New equity as the marginal source of funds

New shares are issued by the firm only occasionally as a response to exogenous disturbances
to the productivity of capital when retained earnings are insufficient to finance the required
addition to the capital stock. A firm hit by a productivity shock in period t will issue new
shares (with λtN = 0 ) sufficiently to depress the marginal value of equity to unity. In this
model, as seen from equation (14), this marginal value comes from two conceptually different
sources, μ K + μ A = 1. The first is the direct increase in the productive capacity of the firm,
which is valued at the shadow price of capital, μ K (= μ D , see eq. 13). The second derives
from the fact that the new equity to some extent (depending on α ) enables the owner a taxfree return of capital, valued at the shadow price μ A .

Solving equations (15) and (17), we find that μ sA = −αμ sG . With μ K = μ D and with λtN = 0
when N t > 0 , equation (14) may then be written as

μtK = 1 − μtA = 1 + αμtG .

(20)

Since μtG+1 = μtG (1 + r ) when constraint (9) does not bind, equations (16) and (17) give that
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μtG = −

1 − μtK+1 + λtR+1
.
1+ r

(21)

Combining (20) and (21) further yields

μ = 1−
K
t

α (1 − μtK+1 + λtR+1 )
1+ r

.

(22)

Finally, by inserting (22) into (18), we derive

FKt =

1 + r − α (1 − μtK+1 + λtR+1 ) − μtK+1

μtK+1

,

(23)

which is the cost of capital when the firm issues new shares at time t. It is clear from
equations (22) and (23) that for a given shadow price of capital, μtK+1 , allowing for sharerepurchases ( α > 0 ), or other forms of tax-free distributions of cash, reduces the cost of
capital. However, since the marginal value of capital in the period subsequent to the new
issue, μtK+1 , cannot be determined without further assumptions, no parametric expression for
the cost of capital is available.

2.3 Sinn’s (1991a) results reconsidered

When the firm is not allowed to own its own shares (or is otherwise not allowed to undertake
tax-free distributions of cash), α = 0 , the model above is a discrete-time version of Sinn’s
(1991a) continuous-time model. Equation (23) then simplifies to

FKt =

1 + r − μtK+1

μtK+1

,

(24)

which corresponds to Sinn’s expression for the cost of new equity.

One of the important conclusions from Sinn’s analysis is that, for “mild assumptions” about
the form of the firm’s production function, the cost of capital subsequent to an issue of new
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equity is higher than obtained from the expression for new equity derived by King- Fullerton
and others, that is

FKt =

(1 + r ) − μtK+1 >
μ

K
t +1

r
.
1 −τ

(25)

Sinn further claims that earlier research underestimated the true cost of equity because of the
assumption that profits from marginal investment projects invariably were distributed as
dividends.

A first question here concerns the validity of Sinn’s explanation to inequality (25). In the
present discrete-time version of Sinn’s model, it is straight-forward to determine the cost of
capital in case the firm pays dividends in the year following the new issue. With μtK+1 = θ
when dividends are paid, and with θ ≡ 1 − τ , expression (24) simplifies to9

FKt =

r +τ
.
1−τ

(26)

The assumption that the firm pays dividends in the year following the new issue hence does
not turn the general expression for the cost of new share issues as derived by Sinn (1991a),
i.e. equation (24), into King-Fullerton’s expression for cost of new equity, r /(1 − τ ) .
Moreover, since the shadow value μtK+1 > θ , when no dividends are paid in the year following
the new issue, the cost of capital in (24) is actually lower than in the case where the firm does
pay dividends, that is

(1 + r ) − μtK+1 < r + τ
μtK+1

1 −τ

.

Sinn’s explanation to inequality (25) is therefore wrong, or at best, incomplete. Although the
assumed dividend behavior does affect the cost of capital, there is actually a more
fundamental difference in assumptions between Sinn (1991a) and King and Fullerton (1984)
that drives the analysis of how the dividend tax affects the cost of capital. This difference in
assumptions will be explained below.

9

Expression (26) corresponds to a result derived by Auerbach (1983, p. 925).
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With α = 1 , i.e. where the firm is allowed to repurchase outstanding shares (or is otherwise
allowed to undertake tax-free distributions of cash) to the extent of its contributed capital, it is
straightforward to show that the shadow price λtR+1 in (23) is zero10. The cost of capital then
turns out to be

FKt =

r

μtK+1

.

(27)

This equation further simplifies when the firm pays dividends following the new issue. With

μtK+1 = θ and θ ≡ 1 − τ , we get

FK s =

r
.
1 −τ

(28)

Equation (28) is immediately recognized as King-Fullerton’s expression for the cost of capital
with new share issues! It is also clear that with μtK+1 > θ , the cost of capital in (27) is lower
than in (28).

The obvious conclusion from the above analysis is that Sinn’s criticism of the King-Fullerton
model for underestimating the cost of new share issues is misleading. The two expressions for
the cost of capital which Sinn compares in his analysis turn out to differ not only in terms of
the assumed dividend behavior, but also, and more fundamentally, by representing different
tax regimes. Sinn’s model explicitly assumes that α = 0 , while King-Fullerton’s approach
may be viewed as a special case of a regime with α = 1 . The assumption that profits from
marginal investment projects are paid as dividends (as in King-Fullerton) does affect the cost
of capital, but the direction of this effect is opposite to that suggested by Sinn: With no
dividends being paid in the year following the new issue, the cost of capital is lower than is
the case when the firm pays dividends. This conclusion holds irrespective of the extent to
which the firm may escape the equity trap through share repurchases or other forms of taxfree recovery of initial equity.
10

Adding the first order conditions (14) and (16) and using that μ sA = −αμ sG gives λsN + λsR =

λsN ≥ 0 and λsR ≥ 0 , it is clear that with α = 1 it must hold that λsN = 0 and λsR = 0 , ∀s .

1−α

α

μ sA . Since
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3. Dividends and share repurchases in fixed proportions (Sinn 1991b)

The model presented in section 2 allows the firm to freely choose both the timing and amount
of share repurchases, subject to an upper limit of the type implied by current EU regulations.
In his earlier contribution Share repurchases, the ‘new’ view and the cost of capital, Sinn
(1991b) chooses a different approach by imposing a fixed relationship between cash
dividends and share repurchases. This section briefly explains Sinn’s approach and relates it
to the model in section 2. As in section 2, we ignore both corporate taxation, and shareholder
taxation of capital gains11.

With share repurchases (R), the firm’s budget constraint (previously given by eq. 2 above) is
X s ≡ Ds + Rs = F ( K s −1 ) + N s − I s ,

(39)

and Sinn’s assumption that cash distributions to the shareholders are split in fixed proportions
between dividends ( γ ) and share repurchases, (1 − γ ), implies that Ds = γ X s and
Rs = (1 − γ ) X s . The firm’s objective function with share re-purchases becomes (cf. eq. 1)

∞

∑
s =t

θγ X s + (1 − γ ) X s − N s

(1 + r )

s −t

,

(40)

where X is the total cash flow paid to the shareholders (given in 39) and θ ≡ 1 − τ is the aftertax value of a unit of dividends. Using (39), this is

(1 − γτ )( F ( K s −1 ) + N s − I s ) − N s .
s −t
s =t
(1 + r )
∞

∑

(41)

Sinn’s assumption that the total cash paid to the shareholders is split in fixed proportions
between cash dividends and share repurchases (taxed at a preferential rate, untaxed in this
case), is therefore equivalent to disregarding share repurchases and introducing an overall
11

Sinn’s model includes both corporate taxation (with a split rate system) and personal taxation of capital gains.
Simplifying the analysis by ignoring these taxes does not affect the character of the results, however.
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reduction in the tax burden on dividends, from τ to γτ . The adjusted “tax rate” γτ is simply a
weighted average of the tax on dividends, τ , and the zero tax on share repurchases, using the
proportions γ and 1 − γ as weights. Given this insight (also expressed in Sinn (1991b)), it is
obvious that the new view’s result for the long-run marginal productivity of capital remains
valid, but also that the long-run marginal valuation of equity will equal unity minus the
adjusted “tax rate” γτ .

That the new view’s conclusion regarding the marginal valuation of equity must be revised in
the presence of share repurchases is not due to share repurchases per se, however, but rather
to Sinn’s special assumption that dividend payments and share repurchases occur in fixed
proportions. When the firm, as in section 2 above, is allowed to optimize the timing of both
share repurchases and dividends, share repurchases will precede the payment of dividends, as
we demonstrate in section 4 below. As a result, the long-run marginal valuation of equity is
1 − τ , that is, the new view’s valuation result is fully preserved.

4. Optimal behavior and the firm’s growth path

We next turn to analyzing the firm’s optimal behavior following a new issue of equity. We
first describe how the incentives faced by the firm depend on the share-repurchase parameter

α , and we then proceed to illustrate the behavior of the firm making use of a few numerical
simulations.

In Sinn’s (1991a) case, where all cash distributions to shareholders must be taxed as dividends
( α = 0 ), the firm will issue new shares sufficient to depress the marginal valuation of capital,

μ K , to unity12. As was briefly described in section 1 above, optimal behavior is then to
embark upon a growth path using less expensive retained earnings. As long as μ K > θ the
firm continues to grow by internal funds, issuing no more shares, and paying no dividends.
This process ends when the marginal productivity of capital is equated to the rate of interest
and the marginal valuation of capital equals unity minus the dividend tax rate, μ K = 1 − τ ≡ θ .
Readers looking for a more detailed and formal treatment of this case are referred to Sinn’s
paper.

12

The starting condition is μtK + μtA = 1 , where μtA = 0 when α = 0 . For further explanation, see section 2.
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In those cases where share repurchases or other forms of a tax-free return of original equity
are allowed ( α > 0 ), the starting condition is, likewise, that the marginal valuation of the
injection of new equity funds equals unity. However, as explained in section 2, this marginal
valuation comes from two conceptually different sources. The first is the direct increase in the
productive capacity of the firm, which is valued at the shadow price of capital, μ K . The
second derives from the fact that the new equity to at least some extent enables the owner a
tax-free return of capital, valued at the shadow price μ A .

In the special case with α = 1 , we find that λsN = 0 and λsR = 0 , ∀s , as shown in footnote (11).
From equations (12) and (14) it is then clear that the condition μ K + μ A = 1 will hold all along
the firm’s optimal path, with μ K falling from its initial value in period t in the range

θ < μtK < 1 , to its long-run value of unity minus the dividend tax rate. As in Sinn’s case (with
α = 0 ) no dividends will be paid as long as μ sK > θ . This leaves in turn two possible uses of
profits, subsequent to the new issue: for investment and for share repurchases.
With α = 1 it is straight-forward to demonstrate that additions to the capital stock are not
compatible with the first-order conditions, as long as the stock constraint on share repurchases
is not binding, Gs < As . As seen from the general expression for the firm’s cost of capital (eq.
18), the marginal value of capital will decrease from the current period to the next, μ sK+1 < μ sK ,
when the marginal productivity of capital is higher than its long-run value, i.e. the rate of
interest. Since the cost of capital with α = 1 and a non-binding stock constraint on share
repurchases is FK s = r μ sK+1 (see eq. 27), this decrease in the marginal valuation of capital
between periods s and s+1 also implies a rise in the marginal productivity of capital and,
hence, a decrease in the capital stock, K s +1 < K s . With a new issue in period t, the first order
conditions therefore rule out the possibility that the firm would use current profits in the
following period t+1 for investment, which would add to the capital stock.

The only feasible use of profits for period t+1 is therefore for repurchasing of shares, and by
the reasoning above these repurchases will be financed both by current profits and some
disinvestment. This process of repurchasing will continue during the following periods until
the stock constraint on share repurchases (eq. 9) binds. The firm will then switch to retaining
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profits earned in subsequent periods and add to its capital stock. This second phase
corresponds to the growth path analyzed by Sinn, where the firm continues to grow by
internal funds, paying no dividends until the new long-run equilibrium is reached.
When the constraint parameter α is in the interval 0 < α < 1 optimal behavior is different.
With μtG = −

μtA
(eqs. 15 and 17) and μ K = μ D , equation (16) may be re-written as
α
μtA
1− μ −
+ λtR = 0 .
α
K
t

(16’)

Since the firm’s starting condition is μtK + μtA = 1 , equation (16’) implies that λtR > 0 for
0 < α < 1 , that is, the non-negativity constraint on share repurchases binds. The firm wants to

engage in negative share repurchases (i.e. selling previously acquired shares) to finance the
required addition to the capital stock, but of course it cannot. Assuming13 that this incentive
remains for the following period t+1, we also rule out (positive) share repurchases as a use of
profits for t+1. With no dividends and no share repurchases, the firm will start on a growth
path, financed by internal funds, just as in Sinn’s case (with α = 0 ). This internally financed
growth will cause the marginal valuation of capital to fall over time and eventually the

μ sA
incentive for negative share repurchases will vanish, that is μ +
= 1 . This means that the
α
K
s

firm is indifferent between retaining earnings and repurchasing shares, and as a result, the
firm enters a phase where current profits will be used for share repurchases. This second
phase continues until the stock constraint on share repurchases will bind, G = α A . With

μ K > θ , the firm then enters a third phase, where profits again are used for investment. This
final growth phase ends when the marginal valuation of capital equals its long-run value,

μ K = θ , and the marginal productivity of capital equals the interest rate.

μA

On theoretical grounds we cannot rule out the possibility that μt +1 + αt +1 = 1 . In this case the firm would start
by repurchasing shares at time t+1, just as in the case with α = 1 . However, in the numerical simulations
reported below for 0 < α < 1 , we have not been able to detect any path, which both begins with share
repurchases and is compatible with the first-order conditions. This suggests that it is reasonable to assume that
13

K

μtA+1
K
> 1 , i.e. the firm will start growing following a new share issue.
μ t +1 + α
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4.1 Numerical simulations
The differences in behavior between firms facing different possibilities to repurchase shares –
or using other forms of tax-free return of new equity – may be further clarified by way of
numerical simulations. We will assume that there occurs an exogenous disturbance to the
firms that raises the marginal productivity of capital, and that the resulting investment needs
cannot be financed from retained earnings.

We refer to Appendix for a step-by-step account of the simulations. In general terms, we
make use of the first order conditions to determine the development over time of the marginal
valuation of capital, μ K , the pre-tax marginal rate of return, FK , the capital stock, K , and –
in the case where α > 0 – the stock of new equity, A, and the stock of share repurchases, G.
We specify the firm’s production function in Appendix and we assume that the market rate of
interest is 5 percent. For the set of parameters chosen, the long run capital stock is 100.

The results of the simulations are illustrated in figures 1-2 for a dividend tax rate of 30 per
cent ( τ = 0.3 ). We show how the parameter α affects the cost of capital and the firm’s capital
stock. Following a capital injection in period t, the cost of capital evolves over time back to its
long run value of 5 percent in period t+13. For α = 1 , the cost of capital is initially 6.22
percent, or 1.24 times its long run value, compared to 12,75 percent, or 2.55 times the long
run value, when α = 0 .
Figure 1. The cost of capital following a new share issue for different values of α and

τ = 0.3 .

17
13%
12%
11%
10%
9%
8%
7%
6%
5%
4%

t

t+1

t+2

t+3

t+4

t+5

t+6

t+7

t+8

t+9

t+10

t+11

t+12

t+13

α=0

12,75%

11,38%

10,27%

9,35%

8,58%

7,93%

7,37%

6,88%

6,45%

6,07%

5,73%

5,43%

5,16%

5,00%

α=0,1

12,20%

10,96%

9,93%

9,07%

8,34%

7,72%

7,19%

6,83%

6,40%

6,03%

5,69%

5,40%

5,13%

5,00%

α=0,5

10,17%

9,27%

8,52%

7,87%

7,32%

6,84%

6,75%

6,67%

6,27%

5,91%

5,59%

5,30%

5,04%

5,00%

α=0,9

7,64%

7,11%

6,65%

6,49%

6,58%

6,69%

6,81%

6,71%

6,30%

5,94%

5,61%

5,32%

5,06%

5,00%

α=1

6,22%

6,30%

6,38%

6,47%

6,57%

6,68%

6,79%

6,77%

6,36%

5,99%

5,66%

5,36%

5,10%

5,00%

18
Figure 2. The stock of capital following a new share issue for different values of α and

τ = 0.3
100

75

50

25

0

t

t+1

t+2

t+3

t+4

t+5

t+6

t+7

t+8

t+9

t+10

t+11

t+12

t+13

α=0

15,4

19,3

23,7

28,6

33,9

39,7

46,0

52,8

60,1

67,9

76,1

84,8

94,0

100,0

α=0,1

16,7

20,8

25,4

30,4

35,9

41,9

48,4

53,7

61,0

68,8

77,1

85,9

95,1

100,0

α=0,5

24,2

29,1

34,5

40,3

46,7

53,5

54,9

56,2

63,6

71,6

80,1

89,0

98,5

100,0

α=0,9

42,9

49,4

56,5

59,4

57,7

55,8

54,0

55,5

63,0

70,9

79,3

88,2

97,6

100,0

α=1

64,5

63,0

61,3

59,7

57,9

56,1

54,2

54,5

61,9

69,7

78,1

86,9

96,3

100,0

As a result of these differences, there is a striking difference in the amount of new equity
injected by the shareholders. The initial new issue is more than 4 times as large when α = 1 as
it is when α = 0 (64.5 vs. 15.4). Following the new issue, the firm uses all profits for internal
investment when α = 0 , and completes its growth path in 13 years. The adjustment phase
when α = 1 is of approximately the same length, but during the first half of this phase, the
firm uses both current profits and disinvestment to return the original new equity by way of
share repurchases.
The intermediate cases where 0 < α < 1 are illustrated for α = 0,1 , α = 0,5 and α = 0,9 . On
theoretical grounds we are not able to rule out the possibility that the firm will start by
repurchasing shares (as when α = 1 ). The numerical simulations strongly indicate, however,
that the firm, following the injection of capital, will instead embark upon an investment path
(as when α = 0 ), see footnote 14. This initial growth phase is then followed by a phase of
share repurchases (as when α = 1 ). When the firm has repurchased the amount of shares
allowed by the tax code (as determined by α ), a second phase of investment follows on the
firm’s way towards long-run equilibrium. We also find, as is clearly seen in figure 2, that the
lower the parameter α , the longer is the first investment phase and the shorter is the phase of
share repurchases.
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Figures 3 and 4 give the corresponding results when the dividend tax rate is 15 percent
( τ = 0.15 ). A tax cut reduces the cost of new equity and increases the size of the initial equity
injections. In general, a cut in the tax rate also makes the adjustment periods shorter, and this
effect is stronger the lower is α . The distorting effects of dividend taxation remain larger,
however, the lower is α .
Figure 3. The cost of capital following a new share issue for different values of α , τ = .15 .
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Figure 4. The stock of capital following a new share issue for different values of α , τ = .15
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As we have explained in section 3, a rather different approach to share repurchases is taken in
Sinn (1991b). A fixed relationship is imposed between share repurchases and dividends. It is
easily seen that this assumption is tantamount to a reduction in the dividend tax rate, equal to
the proportion of the firm’s cash flow which is distributed as tax-free share repurchases. The
impact on the cost of capital and the firm’s capital stock when share repurchases and
dividends occur in equal proportions, may therefore be directly inferred by comparing figures
1 and 2, for τ = 0.3 and α = 0 , to figures 3 and 4, for τ = 0.15 and α = 0 . As the result of
this “tax cut” through share repurchases, the initial injection of equity is doubled, and the
adjustment period is shorted by almost one third.

5. Concluding comments

In several contributions, Sinn (1991a, c) has argued that the firm’s cost of capital depends not
only on the source of funds, but also on the firm’s use of profits. In our re-examination of the
effects of dividend taxation on the cost of new share issues, we have emphasized a third
factor, namely the importance of taking into account also the tax treatment of the return of the
original capital injected into the firm by the shareholders.

Earlier literature has implicitly or explicitly introduced varying assumptions on the tax
consequences of a return of shareholders’ capital. In his nucleus theory of the corporation,
Sinn (1991a) constrains new issues to be non-negative and rules out share repurchases. These
assumptions, which are common in tax models of the firm, effectively turn the dividend tax
into a combination of a tax on (distributed) profits and a capital levy on issues of new equity.
In contrast, models in the King and Fullerton (1984) tradition implicitly assume that
shareholders are allowed a tax-free recovery of their initial equity. This implies that the
dividend tax is confined to be a tax on (distributed) profits. Put differently, new share issues
never fall into the equity trap.

Sinn’s (1991a) criticism of the King and Fullerton methodology for underestimating the cost
of new equity thus amounts to a comparison across two different tax regimes. By emphasizing
differences in the assumed use of profits – dividends vs. retentions – his criticism is also
misleading. Though the firm’s dividend behaviour following a new share issue does affect the
cost of capital, our analysis shows that the direction of this effect is opposite to that suggested
by Sinn: With no dividends being paid, the cost of capital is lower than is the case when
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dividends are paid. This result holds irrespective of the extent to which the firm may escape
the equity trap through share repurchases or other forms of tax-free recovery of initial equity.

The firm’s behavior following a new share issue crucially depends on the equity trap.
When no escape is available, as assumed in Sinn’s analysis, the firm will embark upon a
growth path following the new issue, using retained earnings as the source of funds. The
growth path is instead preceded by a phase of share repurchases when the tax code allows the
full amount contributed by the shareholders to be returned free of tax. Our numerical
simulations indicate a substantial difference between these cases in the amount of initial
equity injections, and a resulting difference in the output losses over the adjustment periods.

When the tax code is less generous, allowing some tax-free return of equity, our analysis
indicates that the firm will instead embark upon an investment path, following the injection of
capital. This initial growth phase is then followed by a phase of share repurchases, succeeded
in turn by a second phase of investment on the firm’s way towards long-run equilibrium. We
find moreover that the less generous the scope for share repurchases, the longer is the first
investment phase and the shorter is the phase of share repurchases.

The model presented in section 2 allows the firm to optimize the timing and amount of share
repurchases, and we find that share repurchases will always precede the payment of
dividends. In Sinn’s approach to share repurchases (1991b), however, share repurchases and
dividends by assumption occur in a fixed proportion. As demonstrated in section 3, and also
pointed out by Sinn, this is tantamount to reducing the dividend tax rate. Once this
equivalence is understood, no additional insights about the effects of share repurchases are
offered from his approach.

In conclusion, we emphasize that the choice between Sinn’s (1991a) and King and Fullerton’s
assumptions about the equity trap, as well as between the intermediate cases, is ultimately an
empirical question. It is clearly the case that techniques such as share repurchases and
combinations of splits and share redemptions, have gained in importance in most countries
since the 1990s. Though the tax code varies across countries, most countries would also allow
shareholders a tax-free recovery of their initial equity following a winding-up decision. These
procedures may trigger capital gains taxation, but the deductibility of the acquisition costs of
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shares sold or redeemed ensures that the original contributions of equity capital to a large
extent do escape the equity trap.
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Appendix: Details on the simulation of the growth path

The numerical simulations reported in section 4 make use of the first order conditions to
determine the development over time of the marginal valuation of capital, μ K , the pre-tax
marginal rate of return, FK , and the capital stock, K . The simulations also require a
specification of the firm’s production function. We let
F ( K ) = CK ρ

(A1)

represent the firm’s output, where C determines the level of technology, and ρ is capital’s
share of output. With ρ = 0.5 , C = 1 and the market interest rate r = 0.05, the long-run capital
stock, as determined by FK = r (eq. 19), is K=100.
For α = 0 , the model replicates Sinn’s analyses. Since the firm’s starting condition for period
t is that the marginal valuation of capital equals unity, the simulation starts by choosing,

tentatively, a value for the marginal valuation of capital for the next period, μtK+1 < 1 . From the
general cost-of-capital expression (18), and the production function (A1) the initial capital
stock, K t , is calculated. By adding investment equal to I t +1 = F ( K t ) , we obtain the capital
stock K t +1 = K t + I t +1 (eq. 3), the marginal productivity FK t +1 = ρ CK tρ+−11 (eq. A1) and the
marginal valuation of capital μtK+ 2 = μtK+1

1+ r
(eq. 18). This stepwise procedure is
1 + FK t+1

continued until the marginal productivity of capital equals the rate of interest. If the marginal
valuation of capital happens to exceed (fall below) θ , the simulation procedure is repeated,
picking a lower (higher) starting value for μtK+1 .
With α = 1 ,we find that (footnote 10) λsN = 0 and λRs = 0 for all time periods s. Further, a
new share issue at time t implies a positive stock of new equity, i.e. At > 0 , and, because of
this Gt < At and λGt = 0 . By the first order conditions for N and A (eqs. 14 and 15), we then
derive

μtK+1 = μtK (1 + r ) − r = μtK − r (1 − μtK ) < μtK ,

(A2)
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As explained in section 4, the only feasible use of profits for period t+1 is for repayment of
the initial issue of equity, i.e. Rt +1 > 0 and λtR+1 = 0 . Assuming first that repayment takes place
gradually, i.e. 0 < Gt +1 < At +1 and λGt+1 = 0 , we may use (A2) and an updated version of (27) to
solve for the firm’s capital stock, K t +1 , and also the stock of repurchases Gt +1 . Since λGt+1 = 0
implies that K t +1 < K t (see p. 14), this partial repayment of the original issue of equity is
financed both by current profits and disinvestment. Alternatively, the firm may choose to
repay the entire issue of new equity at time t+1, by a further reduction in the stock of capital.
However, such a reduction is not compatible with the first order conditions, since λGt+1 > 0
when Gt +1 = At +1 , yields a lower cost of capital, implying a larger capital stock. Repaying the
entire issue of equity at time t+1 is therefore ruled out.
In the simulation we begin by choosing, tentatively, a starting value for μtK in the feasible
interval θ < μtK < 1 . With λGt = 0 we determine μtK+1 from (A2) and solve for the initial stock
of capital implicitly given by the cost-of-capital expression FK t = r μ tK+1 (eq. 27). The capital
stock in period t will be fully efficient in production in period t+1 and generate profit F ( K t )
in that period. Since λGt+1 = 0 when Gt +1 < At +1 , we use an updated version of (A2) to compute

μtK+ 2 , and solve for the firm’s capital stock, K t +1 , implicitly given by an updated version of
(27). We also account for profits F ( K t +1 ) and the stock of repurchased equity Gt +1 .
Repayment takes place gradually, and if profits in, say, time period s-1, is insufficient to
return the remaining stock of new equity, i.e. F ( K s − 2 ) < Gs −1 − As −1 , a positive stock will be
kept for the following period, and the abovementioned procedure is repeated. If, on the other
hand, F ( K s − 2 ) ≥ Gs −1 − As −1 , the return of the initial equity issue will be completed in period s,
possibly in conjunction with an addition to the capital stock (if F ( K s − 2 ) > Gs −1 − As −1 ), which
will terminate the phase of share repurchases. In the second phase (which follows the case
where α = 0 ), having repaid the new equity, the firm uses all of the profits earned in
subsequent periods for investment, which means that we add I v = F ( K v −1 ) , v = s + 1, s + 2.....
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to the capital stock of the previous year, K v −1 (cf. eq. 3). This “growth phase” is continued
until the marginal productivity of capital is equated to the rate of interest. Again, if the
marginal valuation of capital in the first round of simulations then happens to exceed (fall
below) θ , the whole procedure is repeated, using a lower (higher) starting value for μtK .
In the intermediate case where 0 < α < 1 , optimal behavior is different. When the firm issues
new shares in period t, the non-negativity constraint on share repurchases will bind, λtR > 0 ,
just as is the case where α = 1 , see p. 15 above. However, for the following periods, our
numerical simulations strongly suggest that profits will be used for investment rather
repurchases, that is λtR+1 > 0 . On theoretical grounds, we cannot rule out the possibility that
the firm will repurchase shares in period t+1, but such behavior would violate the firm’s
budget constraint: The first-order conditions with λtR+1 = 0 imply an increase in the capital
stock between periods t and t+1 that clearly exceeds current profits.
Compared to the cases where α equals zero or unity we now exogenously choose starting
values for both μ tK and μ tK+1 . The range of this choice is narrowed in two ways. From the first
order conditions, we find that in the long-run μ A = ατ . Since this marginal valuation of the
stock of past equity injections falls over time from period t and onwards, it must then hold
that μtA < ατ . Hence, by (12) and (14) and with λtN = 0 , we require that μtK > 1 − ατ .
Moreover, the marginal valuations μ tK and μ tK+1 must be chosen such that the shadow price of
the non-negativity constraint on share repurchases (derived from (22) above)

λsR+1 =

1+ r

α

(1 − μ ) − (1 − μ )
K
s

K
s +1

declines over time. This implies that at some period of time λ R = 0 , that is, the firm will start
repurchasing shares (otherwise the firm would grow indefinitely and would never distribute
any profits).
From the general cost-of-capital expression (18), the initial marginal valuations μ tK and

μ tK+1 determine both the initial new share issue and the capital stock, K t . During this first
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phase profit is retained and invested, I t +1 = F ( K t ) , adding to the capital stock K t +1 = K t + I t +1 .
Using (eq. A1) we also derive the marginal productivity of capital FK t+1 = ρ CK tρ+−11 and the
marginal valuation of capital μtK+ 2 = μtK+1

1+ r
. This stepwise procedure is repeated
1 + FK t+1

until λ R = 0 .

In the next phase, the firm uses its profits and some disinvestment for repurchasing equity.
With λ R = 0 for two consecutive periods, and a non-binding stock constraint on share
repurchases, λ G = 0 , it is straightforward to demonstrate that the marginal valuation of capital
falls over time according to (A2). The cost of capital is then, FK s = r μ sK+1 , independent of α ,
which implies a shrinking capital stock. The firm will continue to repurchase equity until (in
say period v) the stock constraint, defined as α Av is reached. If F ( K v −1 ) > Gv −1 − α Av −1 the
repayment of equity is finished ( Gv = α Av ) in conjunction with an addition to the capital
stock.

The firm will then use profits earned in subsequent periods for investment, i.e. a second
investment phase is entered, which means that we add current profits to the capital stock of
the previous year. Again, the “growth process” is continued until the marginal productivity of
capital is equated to the rate of interest. If the marginal valuation of capital in the first round
of simulations then happens to exceed or fall below θ , the whole procedure is repeated, using
new starting values for μ tK and μ tK+1 .
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