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1. Introduction

Building on the pioneering work of Modigliani and Miller (1958),
an extensive literature examines corporate capital structure decisions.
The tax-deductibility of corporate interest expenses, i.e., the corporate
debt tax shield, has especially caught a great deal of attention in both
the theoretical and the empirical literature. This literature demonstrates
that the debt tax shield heavily affects corporate capital structure deci-
sions. However, the implications of the debt tax shield for the interest
rate, investments, and the intertemporal consumption pattern in general
equilibrium, which our work focuses on, have been largely overlooked
so far.

We set up a stylized general-equilibrium model with a representative
firm, rational households that differ by their initial endowments, and
a government that taxes household income as well as firm profits and
redistributes tax revenues. Households earn income by investing in risky

corporate equity, risk-free corporate debt, and risk-free bonds traded
among the households.

In a partial equilibrium model with exogenous prices, the tax shield
mechanically reduces the after-tax rate one-for-one, whereas the pre-tax
borrowing rate is kept constant and independent of variations of the cor-
porate tax rate. In our general equilibrium model with an endogenous
interest rate, there are counteracting forces at play that increase the
pre-tax rate relative to a situation with no tax shield. More specifically,
our model predicts an increase in the pre-tax interest rate.

This increase of the pre-tax interest rate is affected through changes
in both the supply of and the demand for corporate debt. When a tax
shield is introduced, a higher degree of corporate leverage is optimal,
thus increasing the supply of corporate debt. Simultaneously, the intro-
duction of the tax shield makes investments in equity more attractive,
causing a decrease in the demand for investments in corporate debt. To
nevertheless raise the desired amount of debt, the corporation thus has

* We are grateful for helpful comments and suggestions on earlier versions circulated under the titles “Economic Growth and the Debt Tax Shield” and “The Debt
Tax Shield, Economic Growth and Inequality” from Tobias Berg, Janis Berzins, Kay Blaufus, Christian Riis Flor, Raphael Flore, Joachim Gassen, Dirk Kiesewetter,
Olaf Korn, Samuel Mamede, Ernst Maug, John Neumann, Rainer Niemann, Lasse Heje Pedersen, Stefan Ruenzi, Malte Schumacher, Robert Schwager, Riidiger
Weber, Laurent Weill, seminar/conference participants at the Universities of Berlin (FU), Gottingen, Liechtenstein, Liineburg, Mannheim, Stuttgart, the 2018 AFFI
Conference, the Konstanz-Strasbourg Workshop on Investments, Portfolio Choice and Asset Pricing, the 2018 World Finance Conference, the 2019 SGF Conference,
the 2019 EFMA conference, the 2019 DGF Conference, the 2020 American Economic Association Annual Meeting, the 2021 DGF conference, and the 2020,/2021
Portuguese Finance Network Conference.

* Corresponding author at: University of Konstanz, Department of Economics, Postbox 147, D-78457 Konstanz, Germany.

E-mail addresses: marcel.fischer@uni.kn (M. Fischer), ba.fi@cbs.dk (B.A. Jensen).

https://doi.org/10.1016/j.jbankfin.2024.107096

Received 21 December 2022; Accepted 23 January 2024

Available online 29 January 2024

0378-4266/© 2024 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).


http://www.ScienceDirect.com/
http://www.elsevier.com/locate/jbf
mailto:marcel.fischer@uni.kn
mailto:ba.fi@cbs.dk
https://doi.org/10.1016/j.jbankfin.2024.107096
https://doi.org/10.1016/j.jbankfin.2024.107096
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jbankfin.2024.107096&domain=pdf
http://creativecommons.org/licenses/by/4.0/

M. Fischer and B.A. Jensen

to offer a higher interest rate. This increase in the interest rate partly
offsets the decrease in the corporate after-tax borrowing rate, but does
not completely eliminate it.

We model the economy using a representative firm and limit the de-
gree of leverage such that the payout to shareholders is non-negative
in all states of the world. This is in accordance with the original work
of Modigliani and Miller (1958) and numerous subsequent papers. Al-
though a single firm may be subject to default risk, a default of the
representative firm would be unreasonable. If the tax burden on firm
profits paid out to households as interest is lower than that paid out as
dividend, there is a tax advantage to debt financing, and, in our model,
the firm operates with leverage; otherwise, the firm remains unlevered.
Whether such a tax advantage exists depends, among other things, on
whether the tax shield applies.

The debt tax shield and the overall issue of discriminatory taxation
between equity and debt has been on the political agenda for some
time. It is the subject of analysis and discussion within the European
Union, OECD and other international organizations. Different initia-
tives to reduce the discriminatory taxation have been proposed under
various names like, e.g., ACE (“Allowance for Corporate Equity”) and
CBIT (“Comprehensive Business Income Tax”). Analyses of such poten-
tial policy initiatives are found in, e.g., Fatica et al. (2013), de Mooij
and Devereux (2011), European Commission (2016b) and Spengel et
al. (2016). The ATA directive (European Commission, 2016a) from the
European Union, limiting the ability to deduct interest payments to 30%
of EBITDA, constitutes an actual policy initiative. This makes it relevant
to compare different scenarios — in particular with and without the tax
shield, respectively — within our general-equilibrium model.

Our work contributes to a broader strand of literature investigat-
ing the macroeconomic effects of corporate taxation. Theoretical work
going back to the seminal papers of Judd (1985) and Chamley (1986)
argues that corporate taxes negatively impact capital accumulation and
thus output. Empirically, the evidence is mixed. Some studies find pos-
itive effects of reductions in corporate tax rates on economic growth
(e.g., Lee and Gordon, 2005, Arnold et al., 2011, Mertens and Ravn,
2013, Gechert and Heimberger, 2022), whereas other studies report
negative, insignificant, or mixed results (e.g., Widmalm, 2001, An-
gelopoulos et al., 2007, Gale et al., 2015, Kate and Milionis, 2019).

These studies do, however, focus on economic growth and remain
silent about the impact of changes in corporate tax rates on capital
structure and the interest rate. Our stylized model is an attempt to
better understand the effects of corporate taxation on macroeconomic
variables more generally — and of the effect of the corporate debt tax
shield in particular. Our work contributes to this strand of literature by
exploring the impact of corporate taxation more generally, and the debt
tax shield in particular, on the interest rate in general equilibrium.

Our work further contributes to a growing literature on the impli-
cations of the tax shield. It complements the literature dealing with the
macroeconomic implications of taxes. It is a well-known fact that it is
generally not optimal to tax accumulating production factors, because
this discourages savings, slows down factor accumulation and thus, ulti-
mately, economic growth (e.g., Chamley, 1986). Simultaneously, Hack-
barth et al. (2006) and Chen (2010), among others, demonstrate that
macroeconomic conditions affect corporate capital structure decisions.
However, the reverse channel, i.e., how the tax shield and its effect on
corporate capital structure decisions affect macroeconomic conditions,
such as the interest rate, has received surprisingly little attention so far.

Empirical studies estimate that the tax shield accounts for about 10%
of corporate values (e.g., Graham, 2000; Kemsley and Nissim, 2002;
vanBinsbergen et al., 2010). These studies further document that taxes
in general, and the tax shield in particular, significantly affect corporate
capital structure decisions (e.g., Graham, 1996; Heider and Ljungqvist,
2015). However, these papers focus on the impact of the tax shield for
corporate valuation and capital structure decisions, but do not investi-
gate the effect of the tax shield for the interest rate.
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Theoretical work, including Miles and Ezzell (1980) and Cooper and
Nyborg (2006), has so far primarily focused on the valuation of the tax
shield. Notable exceptions are the works of Glover et al. (2015) and Fis-
cher and Jensen (2019). Glover et al. (2015) investigate how the tax
shield affects corporate leverage, corporate defaults and credit spreads.
However, in their work there is no government and, hence, taxes paid
are dead-weight loss. The work of Fischer and Jensen (2019) examines
how the tax shield affects households’ consumption-investment strate-
gies via the government’s budget constraint. However, their work builds
on an endowment economy model. In such a framework, the growth
rate of the economy is exogenously given and the interest rate is unaf-
fected by whether a tax shield applies or not. The present paper builds
instead on a production economy and contributes to what Fama (2011)
calls one of the big open challenges in financial economics: understand-
ing the implications of corporate taxation. Our model predicts that the
tax shield affects the interest rate. The effect on the interest rate also
affects the growth rate of the economy and, through this channel, ulti-
mately, welfare.

This paper proceeds as follows. Section 2 outlines our model. In sec-
tion 3, we present its analytical solution and discuss our model’s predic-
tions. In section 4, we numerically illustrate the qualitative implications
of the tax shield for the interest rate. Section 5 discusses alternative poli-
cies and interpretations of tax revenue neutrality. Section 6 concludes.
The Online Appendix provides proofs of the statements in Theorems 1
and 2.

2. The tax shield in a production economy
2.1. The economy

We consider an economy populated by » households and a repre-
sentative firm that makes up the production sector. The firm has a risky
one-period production technology, in which the output produced and
available at time 1 is given by G - I, in which G is the gross growth
factor per unit of investment made at time 0 and I denotes the aggre-
gate investment in the production technology.! G is a random variable
with M possible realizations, G,,, where G; > G, > -+ > G, > 1.2 In
the sequel we assume that these M realizations have equal probabilities
/M2

2.2. Corporate leverage

To finance its investments, the firm issues equity and corporate debt
that the households can invest into. The aggregate investment, I, made
at time O is financed by the aggregate amount of equity invested, E,
and the aggregate amount of corporate debt, D, outstanding from time
0 to time 1. The supply of corporate bonds is usually determined by
the firm’s optimal capital structure decision, and many models provide
endogenous mechanisms that bound the degree of leverage, L, in case
there is a tax advantage to debt. We follow this tradition and only allow
the representative firm to issue bonds up to a limit for which there is no
risk of bankruptcy. Apart from this constraint on the relation between

1 For ease of notation, we focus on a one-period/two dates framework. We
also explored a version of our model with a larger number of periods, which,
however, did not provide any additional insights in excess of those derived in
the one-period framework.

2 The case G,, < | implies a negative return on the aggregate investment in
the economy; i.e., a negative net value of the aggregate production in the econ-
omy. Unlike GDP growth, a negative return on aggregate investments appears
rather unlikely and further bears the problem of a negative tax base. We there-
fore disregard the case G, < 1 throughout.

3 The assumption of equal probabilities is solely made to ease notation. Our
results can be generalized to allow for unequal probabilities with similar quali-
tative conclusions, although with a significantly blown-up amount of notation.
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E and D, the supply of aggregate investment opportunities is perfectly
elastic.

If the total tax burden on firm profits paid out to households as
interest on corporate debt is lower than that paid out as dividend to
equity holders, i.e., if there is a tax advantage to debt financing, the firm
operates with positive leverage. Otherwise, the firm remains unlevered.
Since the total tax burden on firm profits paid out to households as
interest depends on whether the tax shield applies, corporate leverage
should be affected by whether the tax shield applies.

2.3. Traded assets

Households can trade three assets. First, households can trade a risk-
free bond, paying a pre-tax return of r from time 0 to time 1. We denote
household ;s position in that asset by B;. This asset comes in zero net
supply. That is, if some households want to hold a long position in that
asset, the market equilibrium has to bring about an interest rate that
makes other households willing to issue such an asset.

Second, households can invest into the firm’s equity that entitles
them to the firm’s payout in proportion to their share of equity. We de-
note household j’s investment into the firm’s equity by E; and its share

of aggregate equity E by a; = % Third, households can invest into cor-
porate bonds, issued by the firm. We denote household j’s position in
corporate bonds by D;. Since the firm only issues bonds up to a limit
for which the net return on equity is non-negative, corporate bonds
are default-free and, therefore, perfect substitutes for the risk-free bond
traded among households. Hence, they bear the same yield. Household

Jj’s initial endowment is denoted by W, ; > 0 and its share of the total

o . Wo,;
initial endowment W, = 3"_, W, is denoted by ay; = 700/ > 0.
2.4. The redistributive tax system

In our model, we also consider a government that wants to reduce
the disparity in lifetime consumption opportunities across households
that differ by their initial financial endowments. To attain this goal,
the government taxes corporate profits at rate 7., households’ profits
from investments into firm equity at rate 7z, and households’ interest
income at rate 7. The government implements a linear redistributive
tax system, from which each household receives an identical share of
tax revenues.* That is, poorer households pay less in taxes than they
receive in transfer income. These households are, therefore, net recipi-
ents of transfer income. Richer households, on the other hand, pay more
in taxes than they receive in transfers. Tax systems that allocate equal
shares of tax revenues to citizens are commonly used in the public fi-
nance literature. Their use stretches back to the work of Romer (1975)
and Meltzer and Richard (1981) and has later been frequently used.

The redistribution mechanism implies that the government accrues
neither wealth nor debt. Within the time horizon of our model, any
government debt must be settled through tax payments by the house-
holds. Consequently, government debt would never be considered net
wealth by the households (Barro, 1974). We provide a formal argument
that there is no room for an active fiscal policy in our model in Online
Appendix B. This argument essentially relies on a standard replication
argument and shows that government debt would crowd out corporate
debt (Demirici et al., 2019).

2.5. The tax shield
Tax shields for corporate interest expenses exist in many countries

to avoid a double-taxation of interest at the company level and at the
level of the final recipient of the interest payment. Whether a tax shield

4 We discuss the implications of other public spending rules at the end of
section 3.
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exists or not directly affects corporate capital structure decisions, be-
cause the tax shield reduces the after-tax cost of debt, thus rendering
debt-financed investments more appealing.® The tax shield also directly
affects the payout, P, to equity holders at time 1:

P=1(1+g(1-1.))-DR, ¢))

in which g = G — 1 is the net growth rate of investments into the firm’s
production technology. R=1+7=1+r(1-%¢) is the firm’s gross
after-tax interest rate after accounting for whether the tax shield exists
or not, and:

(2)

N {Tc with the tax shield
Tc =

- 0  without the tax shield

is the tax rate applicable to the firm’s interest payments.® With the
leverage ratio L = D/ E, the payout to shareholders from Equation (1)
can be rewritten as:

P=E[l+g(l-zc)+L(g(1-7c)-7)]. &)

When the tax shield applies, the firm faces lower debt servicing costs,
implying a higher amount remaining for its shareholders, which, in
turn, renders equity investments more attractive.

2.6. The household optimization problem

Each household maximizes its present discounted utility from con-
sumption over the single-period investment horizon subject to its in-
tertemporal budget constraint. Households have a common utility dis-
count factor, p, and a time-additive constant relative risk aversion
(CRRA) utility function with risk aversion parameter y > 0. That is, the
utility from a consumption of C is given by:

cl-r .
U(Q:{Ty ify#1 )
In(C) ify=1.

The evolution of household j’s wealth after accounting for taxes consists
of three components. First, the household receives the payout from its
equity investments. After taxation on the household level, this leaves
the household with an income of:

@ (P-E)(1-15)+E). &)

Second, the household receives income from its holdings of the risk-free
asset and corporate debt of:

(Bj+Dj)§, 6)
in which
R=1+r(1-15) %)

is the gross interest rate, after taxation on the household level. Third,
the household receives transfer income, the level of which depends on
the government’s tax revenues, which in turn, consist of three compo-
nents. First, the government generates a tax revenue of 75 (P — E) by
taxing gains from equity investments. Second, the taxation of interest
on the household level provides a tax revenue of zgrD. Finally, the
government taxes the firm profit, F:

5 We assume throughout that tax rates are such that the representative firm
operates with corporate debt when the tax shield applies. Otherwise, the firm
would never operate with debt, and whether the tax shield applies or not would
not have any consequences.

% We do not consider limitations on the amount of interest expenses that
can be deducted, such as, e.g., given by the European Union’s recent Anti-Tax-
Avoidance Directive (European Commission, 2016a).
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Table 1
Definition of variables.
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Variable Description

<

~mOmMEmE R XS

The households’ common utility discount factor

The households’ common degree of relative risk aversion
Household j’s initial endowment share

Household j’s share of equity investments in the production process
Number of risk-free assets held by household j from time O to 1
Number of corporate bonds held by household j from time 0 to 1
Household j’s equity investment from time 0 to time 1

Number of corporate bonds outstanding from time O to 1

Aggregate equity investment from time O to time 1

Total investment in production process, I = E + D

Ty Tax rate applicable to household income from equity
Tp Tax rate applicable to household income from bonds

T Corporate tax rate

e Corporate tax rate applicable to a firm’s interest payments

T Total tax rate applicable to a household’s equity income: 7= 7 + (1 — 7)

3 Tax rate measuring the loss in tax revenues from corporate and equity
taxation per unit of equity replaced with debt: =7 + 75(1 — 7))

<

Gross interest rate before taxes

Taxable corporate income

QAT E Y MO0 S

Firm’s leverage ratio: L= D/E

The maximum degree of corporate leverage L
Household j’s consumption at time #, =0, 1
Aggregate consumption at time 7, 1 =0, 1

Gross interest rate after taxes on household level
Gross interest rate after taxes on corporate level
Net interest rate before taxes: r=R —1

Payout from the firm to equity holders
Gross growth factor of investments

market, it is effectively complete in the sense that the conditions for an

{Gj}j:w Outcomes of G: Gy, G,, ...,Gy,
g Net growth factor of investments g =G — 1
g Expected value of g under the risk-neutral measure
W,; Household j’s entering wealth level at time 7, t =0, 1
n Number of households in the economy
F Ig—rD with the tax shield ®
T\ g without the tax shield unconstrained Pareto optimal allocation are satisfied.”

at the corporate tax rate 7. Total tax revenues are thus given by:

g (P—E)+tprD+71clg—7crD, ©)]

of which each household receives an equal share. The evolution of
household j’s wealth is then given by:

Wy, =a; (P—E)(1-1z) +E) + (B; + D;) R+
1 ~ (10)
—(tg(P—E)+ (153 —%c) rD+1c1g).

n
We denote the effective rate of (double) taxation that the equity return
is subject to by 7:

T=tc+rp(l—to)=tp+tc(l—1p) © 1-T=(1—-1)(1 —7¢). (11)

That is, we use the symbol % for variables x that relate to corporate
taxation, X for variables x that relate to household taxation, and % for
variables x that relate to combined household and corporate taxation.
Table 1 summarizes the notation used in this paper.

Household j’s optimization problem is then given by:

max U (Cy;)+rEy [U(Cy;) 12

UGy VZooEs-B):D;) ! | 2l
st. Wy,;=Cp; +E; +B;+ D, 13)
W, ,;=Cy;. a4

The households’ preference structure ensures that, despite financial
markets being incomplete in the sense that a complete set of state-
contingent claims cannot be constructed from the given stock and bond

3. The tax shield and the interest rate

In this section, we present the general-equilibrium solution to our
model introduced in section 2 in closed form. We impose the following
upper bound on the degree of corporate levering, which, with Equation
(3), corresponds to P > E in all states, and implies that investments
into corporate bonds are risk-free:

gm 1—1p M 1—1p

<

T (g-em) (1-7c) (1-75)  (8-gm) 1-7
in which g,, = G, — 1 is the lowest possible net growth rate of the pro-
duction technology, # =7¢ + 7 (1 —7¢) is the tax rate measuring the
loss in tax revenues from corporate and equity taxation per unit of eq-
uity replaced with debt, and g is the expected value of the net growth
rate g under the risk-neutral measure.® The maximum degree of corpo-
rate leverage, L, increases in the lowest possible return, g,,, as a higher
gy implies that more debt can be taken out before the corporation faces
a risk of bankruptcy. Likewise, L, decreases with increasing g. A higher
value of g implies a higher risk-free rate (see Equation (18) in Theo-
rem 1 below), and thus a lower amount of debt that can be taken out
without risking bankruptcy.

L is also affected by taxation. It decreases in 7, because from Equa-

tion (18) a higher tax rate on bond income leads to a higher risk-free
rate, thus reducing the amount of debt that can be taken out without

L, (15)

7 A number of now classical papers have analyzed this property for HARA util-
ity functions, covering our case as a particular example. See Rubinstein (1974)
and Brennan and Kraus (1978), among others.

8 It holds that g = Zfil 4,,&y> in which g,, is defined in Equation (16).
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facing a risk of bankruptcy. Also for tax-reasons, L increases in the total
tax-burden on equity income. The higher the total tax-burden on equity
income, the lower the risk-free rate, and thus the higher the amount
of debt that can be taken out without risking bankruptcy. In sum, the
maximum degree of corporate levering, L, is determined by the lowest
possible return, g,,, and the factors, that jointly determine the risk-
free rate, as g,, and the risk-free rate determine the maximum degree
of corporate leverage that can be taken out without running a risk of
bankruptcy.

We provide a formal derivation in the proof of Theorem 1 that Equa-
tion (15) not only ensures the solvency of the representative firm in all
states of the world, but simultaneously also guarantees a non-negative
tax base. In the proof of Theorem 1, we further show that the risk-
neutral measure is independent of tax rates and whether the tax shield
applies or not. This measure is given by:

G’
In= "3 - (16)
B Yy o
We apply the following measures of the tax burden on equity relative
to debt financing (cf. Miller, 1977):

(-t -70)  1-%F
1—1p’

(I—TE)(l—?C)_ 1-7
1—17p

E=

W= a7z

1-1p Tl-1p

When the tax shield applies, & = . If the tax shield does not apply, y =

i_% and y is the relevant measure of the tax burden on equity relative
—'B

to debt financing. In what follows, we apply the subscript/superscript

TS (nTS) to indicate the value of a variable in a scenario where the tax

shield applies (does not apply).

Theorem 1. For the interest rate and its relation to the tax shield it holds
that:

1. The interest rate r is given by:

g(l-z gé(1+ L
r=— 1-18( LC> ~ =gf(+Lw). (18)
T ey T ez (17 %)

If there exists a tax advantage to debt, the interest rate is increasing in
the degree of leverage L. Provided that L,;g < Ly, it, ceteris paribus,
holds that:

(a) The interest rate is higher when the tax shield applies, i.e., ryg >
I'nrs-

(b) Despite the increasing effect of the tax shield on the pre-tax in-
terest rate, the corporate after-tax borrowing rate remains lower
with the tax shield, i.e., rrg (1—155) <ryrs.

2. If a tax shield is implemented in a tax revenue-neutral way, i.e., if the
corporate tax rate is adjusted in such a way that expected tax revenue
per unit of wealth invested remains constant, Equation (18) remains
valid. If the firm simultaneously maximizes corporate valuation and,
thus, operates with the maximum possible degree of leverage from Equa-
tion (15), items 1a and 1b remain valid.

3. The aggregate investment I as well as the growth rates of consumption
C, ;/Cy,; are endogenously determined and increasing functions of the
risk-free rate after tax:

1 1

1=W, =W, (19)
e\ 1+ H
1+ (£ ), G/ R)
M =1/r
G ) L,
C1y/Coy= 5 Vis H5<% ZG/R) : (20)
m=1

The utility of aggregate consumption is an increasing function of the
risk-free rate after tax.

Journal of Banking and Finance 161 (2024) 107096

Proof. A formal proof of Theorem 1 that uses standard asset pricing
techniques and arguments is provided in Online Appendix A. []

Theorem 1 reveals that the tax shield affects the interest rate, even
when the corporate tax rate, after the introduction of a tax shield, is
adjusted in a manner that keeps the expected total tax revenue constant.

In partial equilibrium with a given corporate pre-tax borrowing rate
r, the tax shield decreases the corporate after-tax borrowing rate from
rtor (1 - TC)- Theorem 1, item 1 documents that, in general equilib-
rium, this decrease is counteracted by an increase in the pre-tax interest
rate. The increase in the pre-tax interest rate is driven through both
demand- and supply-side effects. First, the introduction of the tax shield
decreases the after-tax cost of corporate debt and causes corporations to
aim for a higher degree of corporate leverage (Equation (15)) provided
there exists a tax-advantage to debt after the introduction of the tax
shield. In that case, the firm increases the supply of corporate debt. Sec-
ond, the decreased after-tax cost of debt leaves more profits to distribute
to equity holders, thus rendering equity investments more attractive. As
a consequence, investors want to partly substitute debt with equity. To
nevertheless raise the desired amount of debt, the firm thus has to of-
fer a higher coupon rate. That is, with the tax shield, market clearing is
only achieved with a higher pre-tax interest rate. This is so, even if the
tax shield is introduced in a tax-revenue neutral way that keeps the gov-
ernment’s expected tax revenues per unit of wealth invested constant.
That is, Theorem 1, item 2 shows that even a tax-neutral implementa-
tion of a tax shield affects the interest rate.

To provide an intuition for Equation (18), the equilibrium value of
the interest rate, we rewrite it as

r(1-73)=g(1-7)+L(rd-v-3(1-7)). (21

We first look at the case, in which the firm is fully equity-funded. In that
case, it holds that r (1 — 75) =g (1 — 7). That is, the return on the risk-
free asset after taxes on the household level corresponds to the expected
after-tax return on equity under the risk-neutral measure, which is what
standard asset pricing theory would predict.

With a tax advantage to debt, the firm chooses a levered capi-
tal structure and the standard asset pricing result no longer holds.
Instead, as can be seen from Equation (21), the additional term
L(r(1-%)—g(1-7)) becomes relevant. r (1 — #)— g (1 —7) is the ex-
pected tax advantage under the risk-neutral measure per unit of debt
relative to equity financing. Multiplied with the leverage ratio, it quan-
tifies the total expected tax benefit under the risk-neutral measure per
unit of wealth invested from operating with leverage. With a tax advan-
tage to debt, it is positive and increases in the order of magnitude of
the tax-advantage. Hence, it holds that r (1 —73) > g (1 - 7), and the
after-tax interest rate exceeds the expected growth rate of the economy
after taxation on the corporate level under the risk-neutral measure.’
That is, the tax shield has an effect that extends beyond determining
whether the firm operates with leverage or not. In particular, in gen-
eral equilibrium it increases the interest rate, thus, partly undoing the
reduction of the corporate after-tax rate.

This has important macroeconomic effects. In particular, our model
predicts a positive relationship between the risk-free rate and the
growth rate of the economy. This result is in direct contrast to the pop-
ular view that investment, ceteris paribus, should increase when the
risk-free rate decreases. In our model, economic growth increases with
the risk-free rate, because a high risk-free rate decreases the price of fu-

9 Since households can only invest into the risk-free asset and levered firms,
but not into the production technology itself, this it not a violation of the defi-
nition of the risk-neutral measure. As a matter of fact, it holds that r(1 — 7) =
g1+ L)1 -7)—rL(-*%).
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ture versus present consumption and thus increases household savings,
which, in turn, has a positive impact on economic growth.'®

In our model, interest expenses on corporate debt are fully tax-
deductible. If the tax deductibility of interest would be limited, such
as to 30% of EBITDA as under the ATA directive, our model predic-
tions could be quantitatively affected if the limit is binding. In that
case, it might be optimal for the corporation to fully exploit the limit,
i.e., to choose the maximum possible level of debt that still qualifies
for the tax deductibility, but not to choose a level of corporate debt ex-
tending beyond that limit. Then, introducing a tax shield with a limit
on the tax-deductibility of corporate interest expenses would lead to
a smaller increase in the demand for corporate equity and a smaller
increase in the supply of corporate debt compared to introducing a
tax shield when no limit on the tax-deductibility of interest expenses
applies. The smaller increase in the demand for corporate equity and
the smaller supply of corporate debt should then lead to a smaller in-
crease in the level of the pre-tax interest rate required to bring financial
markets back into equilibrium. That is, a limit on the tax-deductibility
would quantitatively but not qualitatively affect our results.

In our model, public spending is a lump-sum transfer to households
as commonly assumed in the public finance literature and pioneered
by Romer (1975) and Meltzer and Richard (1981). However, public
spending could also be made in other forms, such as through a public
consumption good, or, when aiming at increasing production, as an out-
put subsidy to firms. In both cases, households would still aim at a linear
consumption sharing rule to maximize their welfare. When taxes are
used to finance a public consumption good, households should benefit
(roughly) equally from the public consumption good. A welfare maxi-
mizing government should only finance a public consumption good, if
the households derive at least the same welfare from the public good
as they would attain with a lump-sum transfer. If the public consump-
tion good provides households with the same level of welfare as the
lump-sum transfer, our results should correspond to those with lump-
sum transfers.

If the government instead uses tax revenues to finance an output
subsidy, then, as input and output are proportional to each other, the
output subsidy would act as a positive multiplier on /. Consequently,
firm profits would increase, which, in turn, would render equity invest-
ments more attractive and increase the risk-free rate for capital markets
to clear. Yet, irrespective of the increase in the risk-free rate caused by
the output subsidy, a tax shield makes equity even more desirable, thus
leading to a further increase of the risk-free rate. Hence, our key find-
ing that the tax shield increases the risk-free rate should remain valid
when tax revenues are used to finance an output subsidy.

4. An illustration of effects

In this section, we want to illustrate the implications of the tax
shield for the interest rate in a simple numerical example with real-
istic parameter choices. We assume one period to correspond to one
year. The degree of risk aversion is set to y = 10. The tax rates are set to
g =20%, g =39.6%, and 7. = 35%, the top tax rates for U.S. house-
holds and corporations prior to the recent tax-cuts. We allow 7 to vary
in our illustration of effects. For simplicity, we focus on a setting with
M =2 possible realizations throughout our numerical analysis. We set
the mean of the growth rate of our investment opportunity to 6.4%,
corresponding to the average post-war GDP growth in the U.S. The stan-
dard deviation of the investment opportunity’s growth rate is chosen to
attain a level of corporate levering that is in line with the historical

10 On the other hand, the positive relation between the interest rate and con-
sumption growth is a well-known phenomenon in consumption based asset
pricing theory. See, e.g., Munk (2013), chapter 11: “The Economics of the Term
Structure of Interest rates” for an extensive exposition of such models with an
endogenously determined interest rate.
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empirical evidence. More specifically, we set the standard deviation to
4.5%, implying a maximum debt-to-capital ratio of 46%, cf. Equation
(15). This value is in the range of historical ratios reported by Graham
et al. (2015) and used in our numerical examples throughout.

Fig. 1 depicts how the difference between the interest rate in the
presence and in the absence of the tax shield varies with the level of the
corporate tax rate. The left panel in Fig. 1 depicts the interest rate as a
function of the corporate tax rate in a setting with the tax shield (solid
line) and without (dashed line), when the corporate tax rate varies be-
tween 7o = 0% and 7o = 99%.!! The right panel depicts the change in
the pre-tax interest rate, r (solid line), and the corporate after-tax bor-
rowing rate, 7 (dashed line), due to the tax shield in basis points.

Fig. 1 illustrates how the interest rate decreases in the level of the
corporate tax rate. For corporate tax rates below 22.25%, the firm op-
erates without corporate debt; hence, whether the tax shield applies or
not does not have an effect. For levels of the corporate tax rate ex-
ceeding 22.25%, it becomes optimal to operate with corporate debt
when the tax shield applies. Given that the current combined federal
and state corporate income tax rates in the US, ranging from 21% in
a few states with no federal corporate income taxation to 30% in the
state of New York, typically exceeds 22.25% it is typically optimal for
the corporate to operate with leverage. It also remains optimal to be un-
levered without the tax shield, which results in the linear relationship
between the corporate tax rate and the interest rate when the tax shield
does not apply. With the tax shield, there is a kink at a corporate tax
rate of 22.25%. The tax shield reduces the after-tax cost of corporate
debt, which makes investments into equity more desirable. The order
of magnitude increases with the level of the corporate tax rate. To nev-
ertheless find investors that are willing to hold corporate debt, the firm
has to offer a higher interest rate when the tax shield applies. For ex-
ample, when corporate taxes do not apply, i.e., for 7o = 0%, the interest
rate is 5.8%. It decreases to 3.6% with the tax shield and 2.9% without
the tax shield for a corporate tax rate of 7, =50%.

From the right panel in Fig. 1, with a tax advantage to corporate
debt, the pre-tax interest rate increases linearly in the level of the cor-
porate tax rate. This increase in the pre-tax interest rate partly offsets,
but does not completely eliminate, the decrease in the corporate after-
tax borrowing rate stemming from the tax shield.

5. Alternative policies

This section has two goals. First, it explores an alternative policy,
which also encourage firms to invest more in subsection 5.1. Second,
it explores the implications of a policy that keeps total expected tax-
revenues constant in subsection 5.2.

5.1. Alternative to debt tax shield

In this section, we explore to what extent the debt tax shield instru-
ment is different from other policies. More specifically, as an alternative
to introducing a debt tax shield, the legislator could also consider other
revenue-neutral tax reforms in a manner similar to item 2 in Theorem 1,
such as altering 7 or 7. In this section, we focus on tax-reforms that
alter 7. Similar considerations can, however, also be made for tax-
reforms that alter 7.

Theorem 2. For every tax-reform that reduces 7 and keeps all other tax-
rates constant, there exists a revenue-neutral tax reform, which reduces 7
and keeps all other parameters constant, such that the total expected tax-
revenue per unit of wealth invested is identical under both tax-reforms.

11 We also explored varying 7, and 75, which resulted in similar results. The
results mainly channel themselves through the variation of the parameters &
and y as defined in Equation (17).
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Fig. 1. The interest rate.
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This figure depicts the impact of a tax-reform that varies the corporate tax rate 7 and the tax rate on equity income 7 in a manner that keeps tax-revenues per unit
of wealth invested constant. The left panel depicts the required tax-rate on equity income (Required rg) for a given level of the corporate tax rate. The middle graph
shows the total amount of wealth invested in the alternative tax-system when initial wealth in the economy is normalized to W}, = 100. The right graph depicts the

risk-free rate.

Fig. 2. Alternative tax-revenue neutral reform.

Proof. A formal proof of Theorem 2 is provided in Online Appendix
A O

Theorem 2 documents, that there exist revenue-neutral tax-reforms
that reduce the tax rate on equity income or the corporate tax rate. In
other words, as an alternative to introducing a debt tax shield, the legis-
lator can also try to encourage investments through other policy tool, in
particular, by altering the level of tax-rates. To address the implications
of the tax reform characterized by Theorem 2 on important economic
variables, such as aggregate investments in the economy as well as the
risk-free rate, we perform a quantitative analysis.

Fig. 2 depicts the impact of a tax-reform that varies the corporate
tax rate 7. and the tax rate on equity income 7 in a manner that keeps
tax-revenues per unit of wealth invested constant. The left panel depicts
the required tax-rate on equity income (Required T};) for a given level
of the corporate tax rate. The middle graph shows the total amount
of wealth invested in the alternative tax-system when initial wealth in
the economy is normalized to W, = 100. The right graph depicts the
risk-free rate.

From the left panel of Fig. 2, the tax rate on equity income 'rg that
is required to ensure tax-revenue neutrality decreases in the level of
the corporate tax rate. This result makes intuitive economic sense as
a higher corporate tax rate leads to higher tax revenues from taxing
corporate profits, i.e., tax-revenue neutrality is achieved with a lower
tax rate on equity income. For corporate tax rates exceeding 48%, the
required tax rate on equity income even turns negative. For levels of
the corporate tax-rate exceeding 17%, the firm does not operate with

leverage as it then holds that rg < 7p, i.e., there exists a tax advantage
to equity for larger values of the corporate tax rate.

The middle graph of Fig. 2 shows that investments decrease in the
level of the corporate tax rate as long as the firm operates with leverage.
Again, this makes intuitive economic sense. As the corporate tax-rate in-
creases, the tax advantage to debt-financing decreases, thus rendering
investments less attractive, which in turn leads to lower investments.
Once the corporate tax rate exceeds 17%, the firm solely operates with
equity and the total tax burden on investment profits remains constant
as by the definition of tax-revenue neutrality all increases in the corpo-
rate tax rate are perfectly offset by decreases in the tax rate on equity
income and vice versa.

The right graph in Fig. 2 shows that the reduction in aggregate in-
vestments in the risk-free rate, as from Equation (19), higher interest
rates imply higher investments. Once the corporate tax rate exceeds
17%, the firm operates without debt, and the risk-free rate remains con-
stant as from Equation (18), the effect of increases in the corporate tax
rate are perfectly offset by decreases in the tax rate on equity income
and vice versa.

Overall, this section shows that in addition to introducing a debt
tax-shield, there exist other reforms that may encourage firms to un-
dertake more investment and affect the interest rate. Reforms altering
the corporate tax rate and simultaneously the tax rate on equity in-
come to preserve tax-revenue neutrality can also stipulate investments.
However, unlike a policy that introduces a debt tax shield, the reform
investigated in this section can only achieve the goal of encouraging
firms to invest more when a low corporate tax rate is chosen. A debt
tax shield, on the other hand, is able to encourage firm investments ir-
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This figure depicts the impact of a tax-revenue neutral tax-reform that introduces a debt tax shield while simultaneously increasing the level of the corporate tax-rate
7¢ to a level that ensures the same level of expected total tax-revenues as before the introduction of the debt tax shield. The left panel depicts the corporate tax-rate
that is required in the setting with the debt tax shield to attain the same level as in the tax-system without the debt tax shield for a given level of the corporate
tax-rate in the setting without the debt tax shield (Equivalent rCEQ). The middle graph shows the total amount invested in the tax-system with the debt tax shield
(solid line, TS) and the tax-system without the debt tax shield (dashed line, nTS) as a function of the corporate tax-rate in the tax-system without the debt tax shield.
The right graph depicts the risk-free rate in the tax-system with the debt tax shield (solid line, TS) and the tax-system without the debt tax shield (dashed line, nTS).

Initial wealth in the economy is normalized to W, = 100.

Fig. 3. Total tax-revenue neutrality.

respective of the level of the corporate tax rate as long as there is a
tax-advantage to debt after the introduction of the debt tax shield —
a condition which is typically met in industrialized countries around
the world. In addition, a policy that substantially reduces corporate tax
rates may lead to a bigger public debate than introducing a debt tax
shield.

5.2. Tax-revenue neutrality

In Theorem 1, item 2, we document that our key findings of in-
troducing a corporate debt tax shield on the interest rate remain valid
when the debt tax shield is introduced in a tax-revenue neutral way
in the sense that it keeps the expected tax-revenue per unit of wealth
invested constant. Tax-revenue neutrality that keeps the expected tax-
revenue per unit of wealth invested constant is useful for a legislator
that aims at keeping unintended side-effects from changes in taxation
on investments low; in particular, the per unit of wealth invested point
of view ensures that tax revenues and the associated degree of redistri-
bution is kept constant as a share of GDP.

Another widely used concept of tax-revenue neutrality asks for a tax-
reform that keeps the total level of tax-revenues constant. This concept
should be particularly important for the government’s budget. While we
are able to provide closed-form solutions for the former concept (see
Theorem 1, item 2 and Theorem 2), closed-form solutions generally do
not exist for the latter, because changes to the tax-system affect the
rate of intertemporal substitution as can be seen from Equation (19)
combined with (7) and therefore lead to a non-linear impact of such
tax-reforms on investments.

The primary goal of our work is to provide closed-form solutions
to the question of how the corporate debt tax shield affects the inter-
est rate. We therefore only briefly illustrate the impact of a tax-reform
that is revenue-neutral in the latter sense, i.e., a tax-reform that keeps
the total (expected) tax-revenue constant. We proceed in a similar way
to Theorem 1, item 2 and ask how the corporate tax-rate needs to be
changed in reaction to the introduction of a debt tax shield to reach the
desired form of tax-revenue neutrality.

Fig. 3 graphically summarizes the impact of a tax-revenue neutral
tax-reform that introduces a debt tax shield while simultaneously in-
creasing the level of the corporate tax-rate 7. to a level that ensures
the same level of expected total tax-revenues as before the introduction
of the debt tax shield. The model parameter values used are the same
as in Section 4 and for Fig. 1. Unlike in Fig. 1, Fig. 3 depicts results for
a tax-revenue neutral tax-reform. The left panel depicts the corporate
tax-rate that is required in the setting with the debt tax shield to at-

tain the same level as in the tax-system without the debt tax shield for a
given level of the corporate tax-rate in the setting without the debt tax
shield (Equivalent rgg). The middle graph shows the total amount in-
vested in the tax-system with the debt tax shield (solid line, TS) and the
tax-system without the debt tax shield (dashed line, nTS) as a function
of the corporate tax-rate in the tax-system without the debt tax shield.
The right graph depicts the risk-free rate in the tax-system with the
debt tax shield (solid line, TS) and the tax-system without the debt tax
shield (dashed line, nTS). Initial wealth in the economy is normalized
to W, = 100.

From the left panel of Fig. 3, the equivalent corporate tax-rate, 'rg 0
in the tax-system with debt tax shield increases in the level of the corpo-
rate tax-rate in the tax-system without. This makes intuitive economic
sense as an increase in the tax-rate in the former tax-system leads to
higher tax-revenues in that system and thus also needs to lead to higher
tax-revenues in the latter system, i.e., to a higher equivalent corporate
tax rate, rgQ. When the corporate tax rate in the tax-system without
the debt tax shield reaches 22%, which is slightly smaller than without
total tax-revenue neutrality, the equivalent corporate tax-rate in the
tax-system with debt tax shield jumps up. This jump reflects that for
lower levels of the corporate tax-rate, the firm operates without corpo-
rate debt and from that level on, it operates with corporate debt. That
is, at that level of the corporate tax rate, corporate debt jumps up, thus
leading to a jump in TCEQ, as forgone tax-revenues from the introduc-
tion of the debt tax shield have to be made up for by a higher equivalent
corporate tax rate. From the middle graph in Fig. 3, the higher equiv-
alent corporate tax-rate, rg Q, leads to a drop in total investments, as
the benefits from the more beneficial taxation of corporate debt, are
outweighed by the higher cost on equity investments. However, this ef-
fect is quantitatively very small. The reduction in aggregate investments
leads to a reduction in the risk-free rate. However, the reduction in the
risk-free rate is also quantitatively very small.

6. Conclusion

Our stylized general-equilibrium model predicts that the tax shield
increases the interest rate. This increase partly offsets the reduction in
the corporate after-tax interest rate implied by the tax shield, but does
not fully eliminate it. Through its effect on the interest rate, the debt
tax shield affects economic growth, and thereby, ultimately, welfare.

Extending beyond the scope of our work, it would be interesting
to explore how the tax shield affects macroeconomic variables, such
as aggregate productivity and welfare if firms differ in their capital
structures for reasons outside our model. While this may not have a
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first-order effect on the interest rate, it should have distributional ef-
fects. Intuitively, firms with higher leverage ratios should benefit more
from the presence of a tax shield. If leverage ratios differ systemati-
cally between traditional and new emerging industries, this may be of
relevance for a nation’s future economic development. The tax shield
can support the new emerging industries, if they operate with higher
leverage ratios. In that case, the tax shield could positively affect pro-
ductivity in these sectors and welfare in the long run. We leave these
interesting questions, that extend beyond the scope of our model, for
future research.
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