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the first- and second-best investment trigger prices do not
move in lockstep with variations in the corporate tax rate,
as in the case of a linear tax system. We show that the gap
can either widen or shrink, depending on the tax policy
design and regime. In addition, we find that the agency
cost under a progressive tax regime is considerably larger
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issue additional debt to finance the firm's expansion and

transfer part of the investment costs to bondholders.

JEL CLASSIFICATION
G32, H25, H26

1 | INTRODUCTION

The seminal studies of Jensen and Meckling (1976) and Myers (1977) show that agency costs arising from the
misalignment of interests between equityholders and bondholders ultimately affect the timing of investment and
the balance between debt and equity used to fund these investment opportunities. Quantitatively, agency cost is
typically measured as the difference between the (levered) firm value when managers follow the first-best policy
(i.e., managers maximize the total value of the levered firm) and the second-best policy (i.e., managers maximize

equity value instead of the total value of the firm).
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The agency cost of underinvestment (see Mauer & Ott, 2000; Parrino & Weisbach, 1999, Pawlina, 2010)
typically emerges when an equity-maximizer manager delays investment decisions relative to a firm-value-
maximizer manager for bearing all the investment costs while sharing the benefits of investment with
bondholders. In contrast, the agency cost of overinvestment (see Childs et al., 2005; Leland, 1998; Mauer &
Sarkar, 2005; Morellec, 2001) can emerge when an equity-maximizer manager hastens her decision to invest
relative to a firm-value-maximizer manager for being able to shift part of the investment cost to bondholders
with additional debt issuance while preserving the upside potential gains of equity. In spite of the fact that
researchers have been devoting a lot of effort to investigate potential factors affecting the capital structure and
agency costs, such as debt restructuring (Goldstein et al., 2001), macroeconomic conditions (Hackbarth
et al., 2006), managerial traits (Hackbarth, 2008), asymmetric information (Morellec & Schiirhoff, 2011), and lack
of coordination between the timing of investment and debt financing (Li & Mauer, 2016), it is still unclear
how different tax regimes and their design affect the agency cost of under- and overinvestment of large
corporations.

We fill this gap by investigating the implications for investment decisions, capital structure, and the agency
costs of under- and overinvestment when large firms are subject to a different corporate tax rate. Our model
builds on the real-option dynamic framework of Mauer and Ott (2000) and Hackbarth and Mauer (2012) and
investigates the importance of tax heterogeneity and regimes to agency costs. Our theoretical model goes as
follows. At the beginning, a young firm is endowed with a growth option that can be exercised at any point in
time and its operating income is taxed at the rate of r;. Depending on the level of its operating income, the firm
can either abandon its operations or mature (i.e., expand) by exercising the growth option. After expansion, if
the mature firm's operating income becomes sufficiently large (i.e., above an exogenous threshold level that we
label tax cutoff point L), a different marginal tax rate 1, is levied upon it and the overall effective tax rate is thus a
weighted average between 1, and 1.

We consider two cases. First, the marginal corporate tax rate 1, levied on a large operating income is larger than
the initial tax rate 1 (i.e., § < T). We call this system the progressive tax regime. One can interpret this case as large
firms drawing the attention of legislators that pass a targeted tax reform imposing a higher corporate tax rate on
large firms. In the second case, we assume that the marginal tax rate 1, levied on large operating incomes is smaller
than the initial tax rate 7 (i.e., » < ©). We label this system the regressive tax regime and interpret it as large firms
hiring high-skilled accountants and lawyers that conduct aggressive tax avoidance. We benchmark our results
against the case where operating income is subject to a linear (flat) tax rate.

Our main findings are as follows. First, we show that the agency cost of underinvestment under a
progressive tax regime is considerably larger than under a regressive tax code when investment costs are
all-equity financed. In our numerical analysis, the agency cost of underinvestment under a progressive tax code
can be 2.6 times larger than the agency cost of underinvestment under a regressive tax code. The result follows
from the fact that the tax policy terms (t, /1, L) affect the first- and second-best investment trigger prices
(i.e., the output price of the goods produced by the firm in which the total-firm-value-maximizer and equity-
maximizer managers invest, respectively) in opposite directions. Different from the findings of Mauer and Ott
(2000) that the first- and second-best investment trigger prices move in lockstep with variations in the linear tax
rate in a flat tax system, we show that in the presence of tax heterogeneity, the underinvestment problem is
aggravated under a progressive tax regime and alleviated under a regressive tax regime. These opposing effects
on the investment trigger prices caused by the granularity of the tax policy design (i.e., two tax brackets instead
of one) is carried out to other (partial) equilibrium quantities, such as the agency cost components (i.e., tax shield
of debt and bankruptcy costs), equity betas, credit spreads, and leverage ratios.

Second, we find that the first-best policy investment trigger price is more sensitive to changes in the tax policy
terms than the second-best investment trigger price when equityholders bear all the investment cost of the option
exercise. The main reason is that tax dispersion, defined as At = |n, - 1), significantly distorts the trade-off between

tax shield and bankruptcy cost, resulting in large variations in the trigger price that maximizes the total value of the
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firm (i.e., the first-best trigger price). However, when managers seek equity maximization (i.e., second-best policy),
considerations of debt trade-off are only of second-order importance, which results in smaller variations in the
second-best trigger price. Moreover, we find that equity valuation is significantly more sensitive to tax dispersion than
debt valuation and that equity and debt valuations are larger under a regressive tax regime than under a progressive
tax regime. In summary, we show that tax heterogeneity and regimes affect the trade-off within asset classes (by
distorting the trade-off balance of tax shield of debt and bankruptcy costs) and across asset classes (by changing the
blend between debt and equity).

Third, we investigate the effect of the tax policy design (r, /%, L) on the firm's first- and second-best equity
betas. In the case where the investment cost is all-equity financed, we show that the first-best equity beta is more
sensitive to the tax policy terms than the second-best equity beta. The reason is that the second-best equity
value follows from equity-maximizer managers and, consequently, is at least as large as the first-best equity value,
where managers maximize the total value of the levered firm. Thus, the smaller magnitude of the first-best equity
becomes more sensitive to variations of the firm's good output price than the larger second-best equity price. In
addition, we show that tax dispersion increases equity betas under a progressive tax code and decreases the betas
under a regressive tax code, whereas the tax cutoff L has the opposite effect.

In a second analysis, we consider the case where the investment cost can be partially financed with
additional debt issuance. As shown by Mauer and Sarkar (2005), additional financing opportunities can
potentially drive equityholders to exercise the investment opportunity too early relative to the policy that
maximizes the total value of the firm. To put it simply, it can lead managers to overinvest rather than
underinvest. Essentially, by financing the cost of the option exercise with additional debt issuance,
equityholders exploit the limited liability of equity to preserve upside potential gains while transferring the
risk of premature investing to bondholders. In contrast to the previous analysis, we show that the agency cost of
overinvestment under a regressive tax regime can be larger than under a progressive tax regime.

As important as stating what the model delivers is stating what the model does not address. First, because
we do not solve a general equilibrium model, our framework is silent with respect to the optimality of the tax
policies investigated.® The model does not provide any guidance regarding the optimality of the tax policy
design. Second, we do not investigate the optimality of the debt coupon and take it as exogenously given. The
reason is purely for the computational challenge it poses. As shown in Section 2, one of the intermediate steps in
the model's characterization involves solving a high-dimensional nonlinear system with nine equations.
Therefore, the numerical solution of this system is highly sensitive to the initial conditions. Adding an extra layer
of complexity by optimizing the firm value over the debt coupon makes the numerical problem considerably
more demanding.

Naturally, our article relates to the aforementioned studies that investigate the interaction between
investment and financing decisions, and to research exploring the links between taxation and agency costs. For
example, Mauer and Lewellen (1987) study the valuation of a tax-timing option that emerges when the firm
issues long-term debt. The authors show that this option implies that leverage has a positive tax effect on total
firm value. Sarkar (2008) investigates the impact of a convex tax schedule on corporate default and leverage
decisions. The author concludes that tax convexity increases the optimal default boundary and reduces the
optimal leverage ratio. Morellec and Schirhoff (2010) investigate how personal taxation affects the timing of
investment decisions and affect the firm's capital structure. The authors show that because of the structure
of realization-based capital gains taxes, the asymmetric taxation of gains and losses erodes the option value of
waiting, leading firms owned by taxable high-basis investors to overinvest relative to firms owned by low-basis

investors.

1For models on optimal taxation under a general equilibrium framework, see, for example, Chamley (1986), Slemrod et al. (1994),
Turnovsky (1996), Aiyagari et al. (2002), and Oh and Reis (2012). None of these papers take into consideration the capital structure
of firms.
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2 | MODEL

Our setting is similar to Mauer and Ott (2000). We assume that a firm continuously produces a single good at a
constant cost of C and sells it in a competitive market at the (stochastic) price of P,. The commodity price P; is
assumed to satisfy the following stochastic differential equation (SDE):

dif = (r - 8)dt + odZ;, Py given,
where r € R, is the risk-free rate, § € R, is the convenience yield of the commodity, o € R, is the commodity
volatility, and Z; is a standard Brownian motion under the risk-neutral measure. The output price P, is the only state
variable in our economy.

Similar to Dixit and Pindyck (1994), we assume that the firm initially has two operating options. The firm can
either shut down its operations or pay a fixed cost | to scale up the production from 1 to g > 1 units of the good per
year. We assume that the investment is irreversible once adopted, but the firm keeps the option of abandoning
operations at any time.

We depart from previous studies by assuming that operating profits are subject to a tax system that takes into
consideration the firm size (proxied by the firm's output price). In particular, we assume that if the firm's good
output price is below a sufficiently large tax cutoff point L, the firm pays a tax rate of iy € (0, 1). Otherwise, the firm
pays a tax rate of i € (0, 1) up to L and a marginal tax rate 1, € (0, 1) above L.2

At the initial date, the young firm is taxed at a constant tax rate 1 because the output price P is below the
threshold L. The firm can expand its operations by paying a fixed cost of | at any time. If the firm eventually
exercises its option to expand and grows large enough to reach the tax cutoff L, its operating profits are then
taxed at a combination of tax rate i € (0, 1) and tax rate € (0, 1). We loosely refer to the region where the
output price has not reached the tax cutoff L as the “first tax bracket” and label the region of prices after the
tax cutoff L is reached as the “second tax bracket.” Thus, a tax system in our setting is described by the triplet
(m, /1, L).

We say that a tax system is progressive if ; < ©, and regressive if , < 1. A tax system is said to be flat or linear
if u = , which is the case analyzed by Mauer and Ott (2000) and serves as the benchmark for our model. As stated
in Section 1, the main purpose of our study is to investigate how different tax designs (u, /n, L) affect a firm's
valuation, investment decisions, and agency costs of under- and overinvestment.

The first step of the analysis is to characterize the unlevered value of the firm. Different from Mauer and Ott
(2000), we have to consider the value of the unlevered value of the firm in two regions: before and after the tax
bracket cutoff value.

2.1 | Unlevered firm value

First, we compute the value of the unlevered firm after the growth option is exercised. We use the subindex q
to keep track of the postexercise quantities. In this unlevered case, we denote the price level differentiating
the two tax brackets by LY. Using the same strategy as in Mauer and Ott (2000) and moving backward in time,
assume that the tax threshold LY was reached and the firm's operating income is currently subject to a mix of

corporate tax rates i, and T,. Using standard risk-neutral valuation arguments and denoting the value of the

2Technically, describing the tax system in terms of the output price is equivalent to describing it in terms of the firm's pretax
operating income because q and C are constants in our model. Thus, the region where the output price satisfies P < L is equivalent
to the region where (P - C)q < L, with L = (L - C)q. We opt to describe the tax policy in terms of the output price to ease notation.
In addition, the precise definition of a sufficiently large tax cutoff L is formalized later in the text.
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unlevered firm after the threshold LY is reached by VYAt (P), the ordinary differential equation (ODE) satisfied by

this function is®

o2

S P20V + (r = B)POPVEAL — VA + (1Y - C)a(L ~ w) + (P - Y)a(l - 1) = O, (1)

where the general solution of the ODE is given by

U _ U
VUA(P) = (L r C]q(i “w)+ (g - %]q(i - )+ AP+ AP,

with

The coefficients A; and A, are constants to be determined with the appropriate boundary conditions discussed
later.

Next, consider the case where the growth option is exercised but the output price P has not reached
the tax cutoff point LY. Denoting the value of the unlevered firm before LY is reached by V{8 (P), its ODE

becomes
2
T P20ppVBL + (r ~ 6)POPVLPL - VB + (P - Cla(L - 1) = O, (2)
with the general solution given by

P C
VR (P) = (g - 7]q(1 - W) + AP+ AgPY2,
and coefficients Az and A4 to be determined with the appropriate boundary conditions.

In this system, we need to determine five quantities: (1) four constant coefficients Aq, Ay, Az, A4, and (2) the
price Pa, at which the unlevered firm abandons its operations. Therefore, we use the following five boundary
conditions to obtain these quantities:

lim V44 (p) - [LU - C]qu )+ [g - %]a(l - ) @
VALY = VERH(LY), )

BpVIAL(LY) = 9p VB (LY), (5)

VYBL(PA,) = O, (6)

3pVYBL(Pa,) = O, 7)

3See Black and Cox (1976) and Moreno-Bromberg and Rochet (2018) for standard risk-neutral valuation arguments and discussions.
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Boundary Condition (3) implies that A; = O (because y; > 0), and (4) and (5) ensure the continuity and
differentiability of the unlevered firm value function at the tax cutoff LY. Boundary Condition (6) imposes
that the all-equity-financed firm value is worth zero at the abandonment price and (7) ensures its smooth
pasting at Pa,.

The final step is characterizing the unlevered value of the firm before the growth option is exercised.
Consider the case where the output price is between the price at which the unlevered firm abandon its
operations before the growth option is exercised Py and the investment trigger price P,U at which the firm
exercise the growth option. By denoting the value of the unlevered firm before the growth option is exercised
as VY(P), its ODE becomes

2
%PzappvU +(r-6)P3VY - WU+ (P-C)(1-1) =0,

with general solution given by

P C
(3 - 7)(1 - 1) + AsPY1 + AgPY2,

The quantities As, Ag, Pa, and the investment trigger price PV are determined by the following four boundary

conditions:
VU(PY) = V(PP - 1, ®

pVY(PY) = pVIE- (P, (9)

VU(Py) =0, (10)

3pVY(Pa) = 0. (11)

Boundary Condition (8) imposes that the unlevered firm value before the growth option is exercised
matches the net unlevered firm value after the option is exercised at the investment trigger price, and (9)
ensures its smooth pasting. Boundary Condition (10) imposes that an all-equity-financed firm value is worth
zero at the abandonment price, and (11) guarantees its smooth pasting. This completes the characterization of

the unlevered firm value.

2.2 | Levered firm value

Consider next the case where the firm is financed with debt and equity. Debt is modeled as a consol bond with a
constant coupon payment of R per unit of time, and equity is modeled as a residual claim on the firm's cash flow
after the payment of the coupon payment R. As a result, the coupon payment R represents an additional cost that
reduces the profit base. To be consistent with the unlevered case where the tax bracket change is triggered by
the firm's net profit reaching the threshold (LY - C)g, the tax bracket change for the levered firm case must occur
at the price level P satisfying (P - C)g - R = (LY - C)q, or simply, when P = LY + R/q. Intuitively, the fact that the
price threshold level LY has to be adjusted upward makes sense as it takes a higher price level P to achieve the same
level of net profit when additional costs, such as the payment of debt coupons, are taken into consideration. Thus,
we define the new tax threshold as L = LY + R/q.

In a manner similar to the characterization of the unlevered firm value, we first compute the price
of these contingent claims after the growth option is exercised. In this instance, the after-tax cash
flow to equity is ((P - C)g - R))(1 - @) if the output price has not reached the tax cutoff redL, and
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((L-C)g-R)A-mw)+(P-Lqg(1l - ) otherwise. Denoting the equity value before and after the threshold L is
reached by EZ'(P) and E/“(P), respectively, the ODEs become

2
& -P23ppEBL + (r - 5)POREEL - rEBL + ((P - C)q - R))(1 - @) = O, .
2
ZP23ppELL + (r - 5)PORES - rEAL+ (L - C)a - R(L - @) + (P - L)a(1 - ) = 0.

Denoting the value of debt before and after the tax cutoff redL is reached by D§L (P) and D(;“(P), respectively,
the ODEs satisfied by these functions are

2
S -P?0ppDEt + (r - §)PORDEL - rDEL + R = O,
g2 (13)
T-P?0peD" + (r - 6)POPD) - 1D + R = 0,

The general solution of the ODEs in (12) and (13) is given by

Ww)-ﬂg——q——y-wwm+&w+ama

EAL(P [(L C q- —](1 = redri) + (% - %)q(l - Tz) + E3PV1 + E4PV27
BL R

DELP) = =+ DiPh+ D,PY,

DA(P) = =+ DyPr + D,P,

where the coefficients Ey, E,, E3, E4, D1, Do, D3, D4, and the endogenous default price PDq at which the firm's manager
defaults on the firm's debt are determined by the following nine boundary conditions:

EAL(L) = EBLQ), (14)
apEg‘L(L) = apEffL(L), (15)
D;‘L(L) = D(?L(L), (16)
apD(fL(L) = angL(L), (17)
EB'(Pp,) = O, (18)
apEgL(PDq) = O, (19)
. R

p!fl, DﬁL(P) = (20)

L-C R P L
F!i_r)‘rl EMP) = ((T]q - 7](1 -m+ [3 - 7)4(1 - ), (21)
DEL(PDq) =(1- b)Vé’BL(PDq)‘ (22)

Boundary Conditions (14)-(17) impose continuity and differentiability conditions for debt and equity at
the tax cutoff L, and (18)-(19) ensure equityholders limited liability and that the default price is chosen to
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maximize equity value, respectively. Boundary Condition (20) shows that when the output price is very high,
the probability of default becomes irrelevant, risky debt becomes a riskless bond, and equity price converges
to (21). Last, Boundary Condition (22) shows that debtholders receive the firm's liquidation value net of

bankruptcy costs.

2.3 | First-best investment policy
We now turn to the characterization of the debt and equity claims before the growth option is exercised. Managers

adopting the first-best strategy exercise the growth option at the investment trigger price P} to maximize the total

value of the levered firm. In this case, the value of equity and debt satisfy, respectively,

2
0= 7 -P20ppEr + (r - )P3sEr ~ rEr + (P - (C + R)(L - ),

> (23)
0= TPZappDF + (r - 8)PopDr - rDf + R.
The general solution of (23) is
+
E(P) - (% £ R](l ~ )+ EsPY + EPY,
R (24)
DF(P) = 7 + DsPV1 + Dépvz,

where the coefficients Es, Eg, Ds, Dg; the endogenous default price Pp; and the first-best investment trigger price P

are determined by the following six boundary conditions:

D (Po) = (1 - VY (Pp), (25)
Er(Po) = O, (26)

3pEr (Pp) = 0, (27)
Er(P) = Eg (P) - I, (28)
Ve(P) = VG- (Pf) - 1, (29)
3 Ve (Pf) = 8pVEL(PF). (30)

Here, the total value of the levered firm at the first-best policy is Vk(P) = EF(P) + Dr(P). The explanations for
Boundary Conditions (25)-(28) are as before. Boundary Condition (29) ensures the continuity of the levered firm
value function at the investment trigger price, and (30) guarantees that the investment trigger price maximizes the

total value of the firm (i.e., managers follow the first-best policy).
2.4 | Second-best investment policy
When ensuring that the adoption of the first-best policy by contract is prohibitively expensive, managers may

choose to deviate from the first-best policy and maximize the firm's equity value instead (i.e., managers follow the

second-best policy). In this case, the second-best value of equity and debt satisfy, respectively,
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2
0= Z-P20ppEs + (r - 6)POpEs — 1Es + (P~ (C + RINL - ),

2
0= C%pZaPPDS +(r - 8)PopDs - rDs + R,

with the general solution given by

Es(P)

(B_C+R
6

)(1 - m) + E7P"1 + EgPY2,

Ds(P) = § + D7P"1 + DgPY2.

The coefficients Ey, Eg, Dy, Dg and the second-best investment trigger price Py are determined by the following

five boundary conditions:

Ds(Pp) = (1 - b)VY(Pp), (31)
Es(Po) = 0, (32)
Es(Pf) = Eg'(PP) — I, (33)
Vs(PP) = VG- (PP) - I, (34)
OpEs(P?) = BpEE-(P), (35)

where we define the second-best levered firm value as Vs5(P) = Es(P) + Ds(P). Boundary Conditions (31)-(34) are
similar to the first-best policy. The critical boundary condition here is (35), showing equity maximization and not
total firm value maximization as in (30). This concludes the characterization of our model.*

After introducing the investment trigger prices P, P[, and P, we can now formalize the concept of a
sufficiently large tax cutoff L. In this context, L is said to be sufficiently large if L € (maX{P,U, P,F, P,S}, ). Naturally, a
firm is said to be sufficiently large if it has reached L at some point in time. Given this assumption on L's domain, the
young firm has to exercise the growth option before it can eventually become large enough to start being taxed at a

combination of rates t; and 1.

3 | NUMERICAL ANALYSIS

In this section, we investigate the agency cost of underinvestment under (1) a progressive tax policy (t; < ) and (2)
a regressive tax policy (1, < 1). First, we use the solution of the model of Mauer and Ott (2000) with a flat tax
system (f, = ©) to benchmark our results and illustrate how they differ from the authors' findings. Second, because
of the high nonlinearity of the model presented in Section 2, the convergence of the algorithm is sensitive to the
initial condition. However, setting the initial condition as the solution of the flat tax system makes the algorithm
converge. Table 1 presents the parametrization used for our numerical analysis and follows Mauer and Ott (2000)
closely. The bottom part of the table contains the tax policy design (1, T/, L) for the progressive and regressive tax
regimes that is exclusive in our study. The base unlevered LY level is set at $3.2, translating into a levered L level of

$3.78 (because L = LY + R/q). We emphasize that the tax rate ©, in the second tax bracket is set symmetrically

“Although some steps of our analysis admit analytical expressions, the investment trigger prices can only be obtained numerically.
For this reason, we prefer to present the model solution as a nonlinear system of equations to facilitate the implementation and
replication of our results.
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TABLE 1 Parameters.

Parameter Symbol Value

Production costs C $1

Growth-option scale factor q 3

Growth-option investment cost | $20

Riskless interest rate r 7%

Convenience yield ) 7%

Qutput price volatility o} 15%

Promised coupon payment R $1.75

Bankruptcy costs b 50%

Flat tax regime (T4, T2) (35%, 35%)
Progressive tax regime (T4, To, L) (35%, 45%, $3.78)
Regressive tax regime (T4, Tp, L) (35%, 25%, $3.78)

Note: This table reports the parameter values for the numerical exercise. The convenience yield, riskless interest rate, and
output price volatility are reported in an annual frequency. The firm is assumed to have an initial annual rate of production
of one unit per year.

TABLE 2 Investment trigger prices.

Tax code Unlevered firm (P}) First best (Pf) Second best (P}’)
Progressive 3.06 2.75 3.17
Flat 3.06 2.78 3.16
Regressive 3.06 2.80 3.16

Note: This table reports the investment trigger prices PV, Pf, P,S for the progressive, flat, and regressive tax regimes.

relative to 7 in the progressive (, = iy + 10%) and regressive (r, = 1, — 10%) tax regimes on purpose. In this way,
any differences in outcome are generated by the nonlinearities of the model and not by an artifact mechanically
produced by asymmetric taxation.

Table 2 presents the investment trigger price for the progressive, flat, and regressive tax regimes. Our results indicate
that the first-best trigger price is more sensitive relative to tax code changes, whereas the trigger price of the unlevered
firm is essentially unresponsive to different tax regimes. Interestingly, despite setting the second tax rate symmetrically, the
first-best trigger price in the progressive tax regime drops by $0.03 (to $2.75) relative to the benchmark trigger price of
$2.78, whereas the first-best trigger price under a regressive tax code only increases by $0.02 (to $2.80).

A second critical observation is that the underinvestment problem (i.e., the postponement of investment by an
equity-maximizer manager) is more pronounced under a progressive tax regime not only because the first-best
investment trigger price is lower but also because the second-best trigger price is higher than its counterpart in a
flat tax regime. Under a progressive tax regime, an equity-maximizer manager waits until the price of $3.17 is
reached to exercise the option to grow, whereas the same manager exercises the growth option at $3.16 under
both flat and regressive tax codes.

To isolate the impact of the tax policy design (1, /D, L) on the first- and second-best investment trigger prices,
we plot in Figure 1 the response of the first- and second-best investment trigger prices P (on the left y-axis) and P}

(on the right y-axis) to changes in the tax dispersion At = |5, - 1| (in the the first row) and to the unlevered tax
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FIGURE 1 Sensitivities of the first- and second-best policies. This figure illustrates the effects of the tax policy
terms (14, T1/T5, L) on the first- and second-best investment policies. The first-best trigger price (in dollars) is
represented on the left y-axis and the second-best trigger price (in dollars) is represented on the right y-axis. We vary
the tax dispersion At = |15 - T4] in the interval [0, 0.1] and the tax cutoff LY in [3.2, 4], both with step size of 0.005. The
variations of the tax dispersion At are represented in percentages in the x-axis, and LY is shown in dollar terms. [Color
figure can be viewed at wileyonlinelibrary.com]

bracket cutoff LY (in the second row). Any change in LY directly affects L by the same amount and in the same
direction. The first column shows the effects under a progressive tax regime and the second column depicts the
results for a regressive tax system. Each graph has two y-axes and the reader should be aware that the lines are not
effectively crossing each other.”

A critical lesson from Figure 1 is that the terms of the tax policy (7, /D, L) act in opposite directions on the
trigger prices. For instance, as illustrated in Figure 1a and 1c, whereas an increase in tax dispersion At decreases
(increases) the first-best (second-best) investment trigger price, an increase in L increases (decreases) the first-best
(second-best) trigger price under a progressive tax regime. In other words, whereas an increase in the tax dispersion
aggravates the underinvestment problem by decreasing the first-best policy trigger price and increasing the second-
best policy trigger price, an increase in the threshold bracket L alleviates the underinvestment problem by reducing
the distance between the first- and second-best policies. These results are reversed for the regressive tax code,
depicted in Figure 1b and 1d.

Our results significantly contrast with the findings of Mauer and Ott (2000, p. 168) who report that as T
decreases, “both the first- and second-best policymakers are encouraged to exercise the growth option sooner” and

>We opt to represent the first- and second-best in the same figure for the sake of compactness. Naturally, these curves can be
displayed separately but this will encompass eight different graphs just for this single analysis.
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conclude that “the difference between the two growth option trigger prices remains relatively constant.” As Table 2
reveals, when we take into consideration a more granular system with design (1, 1/%, L), the difference between
the two trigger prices can either increase or decrease, depending on the tax regime under consideration. For
instance, consider a young firm facing a progressive tax regime. Before the growth option is exercised, the firm
enjoys a smaller tax shield because i, < ©. A manager maximizing the total value of the firm (i.e., following the first-
best policy) has incentives to exercise the growth option earlier (i.e., Pf is lower) and collect the benefits of higher
future production. With a higher production level, as the firm reaches the second tax bracket, it benefits from a
higher tax shield of debt. Conversely, the underinvestment problem for an equity-maximizer manager is aggravated
under a progressive tax regime. The reason is that equityholders bear the full cost of the investment (when
exercising the growth option), and although they benefit from higher subsequent cash flow and a higher tax shield,
they do not capture the entire benefit of that higher cash flow nor do they benefit from the lower expected
bankruptcy costs resulting from the lower probability of default. It is the bondholders who benefit the most from
the lower probability of default and expected bankruptcy costs despite not receiving a direct tax benefit on the
coupon received (taxed at their personal marginal income tax rate and thus independent of the firm's marginal tax
rate). As a result, equity-maximizer managers postpone the growth option exercise even further (i.e., P,5 increases).
The combined effects result in a larger gap between P[ and P, ultimately aggravating the underinvestment
problem, as shown in Figure 1a.

The situation is reversed under a regressive tax regime where ©, < . In this case, the young firm
enjoys a higher tax shield value of debt. To extract the maximum tax shield benefits, managers following the
first-best policy delay the exercise of the growth option relative to the benchmark case. Conversely, managers
following the second-best policy exercise the growth option earlier to extract the gains from the higher
expected payoffs generated by the higher scale factor (because g > 1) and lower operating income tax rate 1.
These gains outweigh the tax shield benefits provided by the initial (higher) tax rate. As a result, the gap
between P,F and P,S reduces and the underinvestment problem is alleviated under a regressive tax regime, as
shown in Figure 1b.

Table 3 presents the default and abandonment triggers for each of the tax regimes. Whereas the
abandonment triggers are apparently insensitive to the tax system in place, the young firm's default price Pp
under a progressive tax regime is 1.53/1.50 - 1 = 2% and 1.53/1.48 - 1 = 3.38% higher than the flat and
regressive tax codes, respectively. The firm also displays a lower default price of $1.06 under a regressive tax
code after expansion. The reason is that although the higher tax © is only levied once the firm is sufficiently
large and far from the default threshold Pp,, the expected operating cash flow received if the firm surpasses L is
larger, making the opportunity cost of liquidating the firm under a regressive tax regime larger relative to a
progressive tax code.

Table 4 presents the effect of the different tax regimes on the valuation of debt and equity when

managers follow the first- and second-best policies. As reported, firms' valuations are the highest under the

TABLE 3 Abandonment and default prices.

Before growth option is exercised After growth option is exercised
Abandonment Default Abandonment Default
Tax code price (Pa) price (Pp) price (Pag) price (Ppg)
Progressive 0.65 1.53 0.67 1.07
Flat 0.64 1.50 0.67 1.06
Regressive 0.64 1.48 0.67 1.06

Note: This table reports the abandonment and default triggers Pa, Pag, Pp, Ppq for the progressive, flat, and regressive tax
codes.
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TABLE 4 Equity and debt values under the first- and second-best policies.

First-best policy Second-best policy
Progressive Regressive Progressive Regressive
tax code Flat tax code tax code tax code Flat tax code tax code

Output  Equity Debt Equity Debt Equity Debt Equity Debt Equity Debt Equity Debt
price () EF(P) Dr(P) Egr(P) De(P) Ef(P) De(P) Es(P) Ds(P) Es(P) Ds (P) Es(P) Ds(P)

1.50 001 421 0.01 4.20
1.60 007 571 0.14 6.36 021 6.93 0.11 564 0.18 6.28 0.26 6.85
1.70 039 816 0.3 8.72 0.69  9.20 050 7.99 0.63 8.56 0.78  9.05
1.80 0.93 1025 1.16 10.72 1.39 11.13 110 998 131 10.47 152 1091
1.90 1.66 1206 1.97 12.45 228 1279 190 11.67 218 12.11 247 1250
2.00 255 13.64 296 13.96 3.36 14.25 286 13.14 3.22 13.53 3.59 13.87
2.10 3.59 1505 4.09 15.30 459 15.53 3.98 1442 443 14.76 4.88 15.06
2.20 476 1631 538 16.50 597 16.68 524 1555 5.78 15.85 6.32 16.12
2.30 6.07 1746 6.79 17.59 7.50 17.72 6.63 1656 7.27 16.82 791 17.06
2.40 749 1852 834 18.59 9.16 18.68 8.15 1747 8.89 17.70 9.64 17.90
2.50 9.03 19.51 10.01 19.58  10.96 19.57 9.80 18.29 10.65 18.50 11.51 18.67
2.60 10.68 20.45 11.81 20.41 12.89 2040 1156 19.05 12.54 19.23 13.51 19.38
2.70 1245 2135 13.72 2125 1495 2119 1345 19.76 14.55 19.91 15.66 20.04
2.80 1545 20.42 16.69 20.54 17.94 20.65
2.90 17.57 21.04 18.97 21.14 20.36 21.23
3.00 19.81 21.64 21.37 21.71 2292 2178
3.10 2217 2221 23.90 22.26 25.63 22.30

Note: This table reports the first- and second-best policy debt and equity values under the progressive, flat, and regressive
tax regimes for different levels of the output price P in the range [1.50, 3.10]. The blank spaces represent instances where
the output price is either below the default price or above the investment trigger price, and immediate exercise is optimal.
The parameter values are as in Table 1.

regressive tax regime and the lowest under the progressive tax regime. The higher expected payoffs with lower
tax rate under a regressive tax regime outweighs the higher tax shield provided by the upper tax bracket under
a progressive tax system, leading to higher valuations of debt and equity under a regressive tax code. Despite
the fact that both debt and equity levels are higher under the regressive tax code, our numerical results
indicate that equity is clearly more sensitive than debt to changes in the tax system, which confirms that the
benefits of lower operating income taxation of large firms exceeds the tax shield gains provided by higher tax
rates.

Another interesting observation is that the complexity of the tax system does not change the fact that the
adoption of a second-best policy represents a burden to debtholders who pay less for the debt at issuance.
Consequently, the resulting higher bond yield represents an additional cost to managers, which ultimately reduces
equity value. As a result, similar to the findings of Mauer and Ott (2000), equity valuation in the second-best policy
is always higher than in the first-best policy, whereas the second-best debt level is always smaller than the first-best

debt level, independent of the tax regime in place.
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With trigger prices and contingent claims fully determined, we turn to the characterization of the agency cost
of underinvestment. Following the literature, we define the dollar agency cost as the difference between the value
of the levered firm under the first- and second-best policies, that is,

AC = V& (P) - Vs5(P),
and the percentage agency cost as

Ve(P) - V5(P)

ACy =
% Vs (P)

Figure 2 shows the percentage agency costs for the three tax regimes. The progressive tax code (dashed line)
displays the largest agency cost and the regressive tax code (dotted line) the lowest. Note that different from the
findings of Mauer and Ott (2000), the inclusion of a more complex tax system can significantly amplify (in the case of a
progressive tax system) or dampen (in the case of a regressive tax policy) the agency costs of underinvestment. Our
numerical example shows that the percentage agency cost under the progressive tax code can be 1.5 times larger than
its counterpart under a regressive tax regime. Whereas the first ranges from 0 to 1.82%, the percentage agency cost
under a flat and regressive tax system ranges from O to 1.54% and from O to 1.32%, respectively.

To isolate the impact of each of the tax policy terms (1, /D, L) on the agency cost of underinvestment, we
show in Figure 3 the sensitivity of the percentage agency cost under a progressive tax regime with respect to these
quantities. Figure 4 contains the same analysis for a regressive tax regime. First, we observe that the agency cost on
both tax regimes is more sensitive to variations on the tax dispersion At than the unlevered tax cutoff LY. Second,
the counteracting effects exerted by the tax dispersion At and the unlevered tax cutoff LY on the investment trigger
prices (i.e., Pf and P}) are carried out to the percentage agency cost. Interestingly, these effects are not monotonic
on the output price. For instance, in Figure 3a and 3b the agency cost is decreasing on the tax dispersion At for
output prices near to the default price and increasing when the output price is close to the first-best investment
trigger. A reverse pattern is observed in Figure 3c.

Although Figures 3 and 4 are informative with respect to the effect on the total agency cost, they do not tell

us which components of the total agency cost are moving the most with the changes in the tax policy terms.

TN — Flat
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- N e Regressive

e v B =
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o
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FIGURE 2 Agency cost of underinvestment. This figure shows the percentage agency cost as a function of the
output price (in dollars). The solid line represents the percentage agency cost under a flat tax code, the dashed line the
percentage agency cost under a progressive tax code, and the dotted line the percentage agency cost under a regressive
tax code. The parameter values are provided in Table 1. [Color figure can be viewed at wileyonlinelibrary.com]
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FIGURE 3 Effects of tax policy terms on total agency cost under a progressive tax code. This figure illustrates the
effects of the tax policy terms (14, T1/T5, L) on the percentage agency cost of underinvestment under a progressive tax
regime. Figure 3a shows the joint effect of the output price P (x-axis) and the tax dispersion At (y-axis) on the percentage
agency cost (z-axis). Figure 3b shows three slices of 3(a) to highlight the effect of the tax dispersion on the agency cost.
The dotted line represents the slice for P = $1.60, the solid line the slice for P = $2.40, and the dashed

line the slice for P=$2.65. We vary At from 0% to 10% with step size of 0.5%. Figure 3c shows the joint effect of the
output price P (x-axis) and the tax cutoff LY (y-axis) on the percentage agency cost (z-axis). Figure 3d shows three slices
of 3(c) to highlight the effect of the tax cutoff LY on the agency cost. The dotted line represents the slice for P = $1.55,
the solid line the slice for P = $2.30, and the dashed line the slice for P = $2.55. We vary LY in the interval [3.2, 4] with a
step size of 0.005. [Color figure can be viewed at wileyonlinelibrary.com]

To answer this question, we decompose the total percentage agency cost into three parts: (1) unlevered firm

component, (2) tax shield of debt, and (3) bankruptcy costs. Formally, we write

VE(P) - VE(P)  TS¢(P) - TSs(P) , BCs(P) - BC:(P)
Vs (P) Vs(P) Vs(P)

AC% =

Table 5 presents the decomposition of levered firm value and the total agency cost for the progressive, flat, and
regressive tax regimes. First, bankruptcy costs are only larger than the tax shield of debt when the firm is in distress
(i.e., for output prices that are near default price Pp). Because the firm has the largest default price of $1.53 under a
progressive tax regime, there is a wider range of output values where bankruptcy costs outweighs the tax shield of
debt in comparison to the regressive tax regime. Second, observe that the agency cost as a percentage of the
second-best debt service (last column in Table 5) is considerably larger under a progressive tax code than under a
regressive tax code. This indicates that a substantial portion of the additional agency cost emerging under the
progressive tax regime comes from the variations in the financing components of the agency cost (i.e., TS = TSs and
BCs - BCg).
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FIGURE 4 Effects of tax policy terms on total agency cost under a regressive tax code. This figure illustrates the
effects of the tax policy terms (t4, T1/T5, L) on the percentage agency cost of underinvestment under a regressive
tax regime. Figure 4a shows the joint effect of the output price P (x-axis) and the tax dispersion At (y-axis) on
the percentage agency cost (z-axis). Figure 4b shows three slices of 4(a) to highlight the effect of the tax dispersion
on the agency cost. The dotted line represents the slice for P = $1.50, the solid line the slice for P = $2.30, and the
dashed line the slice for P =$2.55. We vary At from 0% to 10% with step size of 0.5%. Figure 4c shows the joint
effect of the output price P (x-axis) and the tax cutoff LY (y-axis) on the percentage agency cost (z-axis). Figure 4d
shows three slices of 4(c) to highlight the effect of the tax cutoff LY on the agency cost. We vary LY in the interval
[3.2, 4] with a step size of 0.005. [Color figure can be viewed at wileyonlinelibrary.com]

In fact, whereas the dollar value of the first- and second-best tax shields TSr and TSs decrease with tax
dispersion, the dollar tax shield component of the agency cost (i.e., ATS = TS - TSs) increases with At. The reason
is that the second-best tax shield TSs is much more sensitive to variations in At and decreases faster relative to the
first-best tax shield TSg. This can be readily observed in Table 5 by comparing the first- and second-best tax shields
under the progressive tax code (where At = 10%) and flat tax code (where At = 0%) for any output price.
Intuitively, the larger the tax dispersion, the sooner a firm-value-maximizer manager invests to exploit the tax shield
of debt provided by a higher tax rate in the event the firm reaches the tax cutoff L, and the later an equity-
maximizer manager exercises the growth option to postpone the wealth transfer to bondholders from bearing all
the investment cost. As a result, the gap between the first- and second-best trigger prices widens and the deviation
from the first-best policy is priced by bondholders that ultimately are willing to pay less for risky debt. The
substantial reduction in the firm's debt valuation is accompanied by a large reduction of the tax shield value of debt.

The results are reversed for a regressive tax regime. For large tax dispersions under a regressive tax code,
managers following the first-best policy postpone the investment opportunity to keep extracting higher tax

benefits, whereas equity-maximizer managers anticipate the investment to increase production and eventually pay
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TABLE 5 Agency cost.

Second-best

First-best components components Agency cost components Total agency cost
Output AC% AC%
price (P) VY TSk BC: VY TSs BCs VY-VY TS.-TSs BCs-BCe AC ofVs of Ds

Panel A: Progressive tax code

1.50 0.00 0.00 0.00 0.00 000 000 0.00 0.00 0.00 0.00 0.00 0.00
1.60 830 084 336 831 081 337 -001 0.03 0.01 0.03 0.45 0.53
1.70 9.60 187 292 9.65 180 296 -0.05 0.07 0.04 0.06 0.75 0.75
1.80 10.96 276 254 1105 264 261 -0.09 0.12 0.07 0.10 0.92 1.00
1.90 1241 353 222 1251 336 230 -0.10 0.17 0.08 0.14 1.05 1.20
2.00 1391 421 193 1405 399 204 -0.14 0.22 0.11 019 117 1.45
2.10 1548 4.82 167 1566 455 181 -0.18 0.27 0.14 023 1.26 1.60
2.20 1713 538 144 1736 504 161 -0.23 0.34 0.17 0.28 1.36 1.80
2.30 1886 589 122 1913 549 143 -027 0.40 0.21 0.34 1.45 2.05
240 20.67 636 102 2098 590 126 -031 0.46 0.24 039 153 223
2.50 2257 681 083 2292 628 111 -035 0.53 0.28 045 1.61 2.46
2.60 2455 724 065 2495 6.64 097 -040 0.60 0.32 052 170 273
2.70 2661 766 047 2707 697 083 -046 0.69 0.36 059 178 299
2.80 2896 793 037 2929 729 071 -033 0.64 0.34 0.65 182 318
2.90 3153 806 035 3160 760 059 -0.07 0.46 0.24 0.62 162 295
3.00 3408 818 032 3402 790 047 0.06 0.28 0.15 049 0.49 2.26
3.10 3661 831 030 3655 819 036 0.06 0.12 0.06 0.24 0.54 1.08

Panel B: Flat tax code

1.50 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1.60 861 110 322 8.64 107 324 -0.03 0.03 0.02 0.03 0.46 0.48
1.70 998 207 28 10.03 200 284 -0.05 0.07 0.04 0.06 0.66 0.70
1.80 1142 290 244 1149 279 250 -0.07 0.11 0.06 0.09 0.80 0.86
1.90 1294 3461 213 1303 347 221 -0.09 0.14 0.08 0.13 0.90 1.07
2.00 1455 4.23 186 1466 405 196 -0.11 0.18 0.10 0.17 0.99 1.26
2.10 1622 479 162 1637 456 174 -0.15 0.23 0.12 0.21 1.07 1.42
2.20 1799 529 140 1817 501 155 -0.18 0.28 0.15 0.25 1.14 1.58
2.30 19.84 5.74 1.19 2005 541 137 -0.21 0.33 0.18 0.29 1.22 1.72
2.40 2179 6.16 101 2203 577 121 -0.24 0.39 0.20 0.34 1.29 1.92
2.50 2382 6.55 083 2412 610 1.07 -0.30 0.45 0.24 0.39 1.35 2.11
2.60 2597 691 066 2629 640 093 -0.32 0.51 0.27 045 142 2.34
2.70 2821 726 050 2857 669 080 -0.36 0.57 0.30 0.51 1.49 2.56
2.80 3064 7.54 037 3097 695 0468 -0.33 0.59 0.31 0.57 1.54 2.78
(Continues)
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2.90 3339 762 034 3348 720 057 -0.09 0.42 0.23 0.56 1.41 2.65
3.00 3614 770 032 3610 744 046 0.04 0.26 0.14 045 1.03 207
3.10 3890 777 030 3884 767 035 0.06 0.10 0.05 021 046 094

Panel C: Regressive tax code

1.50 7.57 022 358 7.58 021 358 -001 0.01 0.00 0.00 0.11 0.00
1.60 893 131 3.10 895 128 312 -0.02 0.03 0.02 0.03 044 044
1.70 1036 223 270 1041 216 274 -0.05 0.07 0.04 0.06 0.59 0.66
1.80 11.88 3.00 236 1193 291 241 -0.05 0.09 0.05 0.09 070 0.82
1.90 1349 3.6 207 1355 354 213 -0.06 0.12 0.06 012 0.78 0.96
2.00 1516 424 180 1526 4.08 189 -0.10 0.16 0.09 0.15 0.85 1.08
2.10 1695 474 157 1708 454 168 -0.13 0.20 0.11 0.18 0.92 1.20
2.20 1882 519 136 1897 495 149 -0.15 0.24 0.13 0.22 0.98 1.36
2.30 2080 559 117 2097 531 132 -0.17 0.28 0.15 0.26 1.04 1.52
2.40 2288 595 099 2309 562 117 -021 0.33 0.18 0.30 1.10 1.68
2.50 2506 629 082 2530 591 103 -024 0.38 0.21 035 1.16 1.87
2.60 2737 659 067 27.63 616 090 -0.26 0.43 0.23 040 121 2.06
2.70 2978 6.88 051 30.08 639 078 -0.30 0.49 0.27 045 127 225
2.80 3232 715 037 3265 660 066 -033 0.55 0.29 051 132 247
2.90 3525 719 034 3534 680 055 -0.09 0.39 0.21 0.51 123 240
3.00 3822 721 032 3818 697 045 0.04 0.24 0.13 041 091 1.88
3.10 4119 723 030 4114 714 035 0.05 0.09 0.05 0.19 0.39 0.85

Note: This table presents the first- and second-best components of the levered firm value for the progressive, flat, and
regressive tax regimes. The agency cost components are formed as the difference between the first- and second-best
values, with the exception of the bankruptcy cost component that is measured as the second-best value minus the first-
best value to capture the increase in the expected bankruptcy costs. The last three columns report the dollar agency cost,
percentage agency cost, and agency cost as a percentage to the second-best debt value. The parameters are provided in
Table 1.

a lower corporate tax rate. As a result, the gap between the first- and second-best trigger prices are reduced, which
generates a smaller agency cost than the other tax regimes and leads to higher debt valuations. The higher levels of
debt make this contingent claim less sensitive to tax dispersion, resulting in a decline in the tax shield component of

the agency cost (i.e., ATS) as At increases.
3.1 | Betas, credit spreads, and leverage
In this section, we analyze the impact of the tax policy design on equity beta. Following Gomes and Schmid (2010)

and Li and Mauer (2016), we proxy the equity beta by the elasticity of equity with respect to the output price
P. Formally, we define the first- and second-best equity beta as®

éAs explained in Gomes and Schmid (2010), under the assumption of a constant risk premium A, the expected return on equity in a
one-factor asset pricing model is given by E¢[Ri+1] = r + B0}, where B; is given in (36).
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FIGURE 5 Equity betas. This figure shows the effect of the tax dispersion At (first row) and the tax cutoff LY
(second row) on the first- and second-best equity beta under the progressive (first column) and regressive (second
column) tax regimes. The solid line represents the first-best equity beta and the dashed line the second-best equity
beta. The parametrization is the same as in Table 1, and the output pice is fixed at P = $2.05. [Color figure can be
viewed at wileyonlinelibrary.com]

_ dlogEr dlogEs

Br = dlogP and fs = dlogP *

(36)

Figure 5 shows the effect of the tax policy terms (r, /1, L) on the firm's first- and second-best equity
betas. First, observe that the first-best beta is always above the second-best beta, indicating that the first-best
equity value is more sensitive to the changes in the output price than the second-best equity value. This result
follows from the fact that the second-best equity Es(P) is obtained by an equity-maximizer manager, and
consequently, this equity value is at least as large as the first-best equity value Eg (P), where managers maximize
the total value of the firm (i.e., debt plus equity). Thus, it is expected that the lower levels of the first-best
equity price are more sensitive to variations in the output price than the higher levels of the second-best
equity. Intuitively, the larger the corporate tax rate 1, the larger the asset substitution effect across asset
classes because managers rely more on equity than on debt to finance the firm, especially when managers
follow a first-best policy and equity maximization is not the objective function. As a result, the first-best equity
becomes more sensitive than the second-best equity to variations in the output price, and the gap between the
equity betas increase with the tax dispersion, as shown in Figure 5a.

Second, in the progressive tax regime, both equity betas are decreasing in the tax cutoff L. Once again, this
effect can be understood by checking the effect of L on equity valuation. In particular, consider the intuitive
case where the tax cutoff L is extremely large (i.e., L = ). In this instance, the two-bracket tax system
essentially becomes a flat tax system. As indicated in Table 4, equity valuation is larger under a flat tax regime

than under a progressive system and less sensitive to output price variations. Thus, the larger the tax cutoff L,
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the smaller the equity betas, as shown in Figure 5c. The reasoning for the regressive tax regime follows from
the reverse logic.”

The economic intuition for this result goes as follows. Consider the case of the first-best beta under a
progressive tax regime. There are two factors contributing to the increase in the equity beta. First, a higher
corporate tax rate for sufficiently large firms induces managers to anticipate the option exercise (see Table 2),
making the expansion more likely and, consequently, the growth option more valuable. Because of the convex
structure of equity, beta increases. Second, as revealed by Table 4, equity declines more than debt for an increase in
the tax dispersion, ultimately increasing the firm's leverage. As pointed out by Hong and Sarkar (2007), this increase
in the leverage ratio can be interpreted as a shift in additional risk bearing to equityholders that results in higher
equity beta.

In contrast, these two effects on the second-best equity beta are not reinforcing each other as in the case of
the first-best equity but, rather, are competing. The reason is that an increase in the tax dispersion under a
progressive tax code induces managers to postpone investment because they bear all the investment costs and
share the benefits with bondholders (see Table 2). This effect reduces the likelihood of the expansion and,
consequently, the relevance of the growth option, driving the second-best equity downward. In our analysis, the
first effect dominates the second, which culminates in an increase of the second-best equity beta.

In fact, the interaction of these two effects can be readily observed in Figure 5a. As shown, the reason the first-
best equity beta has a larger growth rate than the second-best equity beta is that the two effects act in tandem on
the first-best equity beta and in opposition in the second-best equity beta.

Similar to Leland (1994), we define credit spreads and leverage, respectively, as
D;(P)

- r,and/j(P) = — -, withj € {F, S}. (37)

CS(P) = Vi)

R
Di(P)

Figure 6 presents the results for the first- and second-best credit spread (first row) and leverage (second row)
under progressive (dashed line), flat (solid line), and regressive (dotted line) tax regimes. First, as Figure 6a and 6b
illustrate, credit spreads are decreasing functions of the output price for all tax regimes because an increase in
output price always increases the debt valuation and therefore decreases credit spreads according to (37). It is
worth mentioning again that we do not optimize over the debt coupon in our analysis and that R is exogenously
given. If one were to optimize over R, the debt coupon would become a function of the output price itself and could,
in theory, have a larger growth rate than debt, resulting in an increase in credit spreads.

Second, firms under a progressive tax policy present overall higher credit spreads because the valuation is the
lowest under this tax regime, as shown in Table 4. In addition, yield spreads are considerably larger in periods of
distress, when the output price is close to the default price. In these instances, as equity valuation approaches zero,
the firm is mainly financed through debt, which is also priced at a discount. The substantial decline in the price of
risky debt makes credit spreads spike. As the output price deviates from the default prices and approaches the
investment trigger price, credit spreads decline with the increase in debt valuation. Moreover, the difference
between spreads under different tax regimes disappears.

The effect of output price and tax regimes on the firm's leverage is slightly more subtle because, different from
the credit spread expression, variations in the output price and taxation affect both the numerator and denominator
of the leverage ratio presented in (37). As Table 4 shows, equity is considerably more sensitive to changes in the
output price than debt. As a result, the increase in output price changes the balance between debt and equity
toward equity, resulting in smaller leverage ratios. In addition, because equity valuation is the highest under a

regressive tax regime, the leverage ratio under this tax system is the lowest.

7The parametrization of Mauer and Ott (2000) that we follow generates large values for equity betas. Because our main objective is
understanding the sensitivity of equity betas to the tax policy design, the fact that the beta levels are off does not affect our analysis.
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FIGURE 6 Credit spreads and leverage. The figure shows the effect of the output price on credit spreads (first
row) and the leverage ratio (second row) under the progressive (dashed line), flat (solid line), and regressive (dotted
line) tax regimes. The first column displays the first-best quantities and the second column the second-best. The
parametrization is the same as in Table 1. [Color figure can be viewed at wileyonlinelibrary.com]

An interesting observation is that in contrast to credit spreads, the gap between the leverage ratios under
different tax systems does not converge to zero as the output price increases. In fact, the distance between the
leverage ratio under progressive and regressive tax regimes fluctuates and can either increase or decrease with
the output price, as shown in Figure 6c and 6d. The reason is that changes in the output price simultaneously
affect equity and debt (i.e., the numerator and denominator of the leverage ratio), and these are highly sensitive
around the default and the investment trigger prices. When firms are in distress and the output price is in the
vicinity of the default price, leverage approaches 100%, independent of the tax regime in place. Note that this
is the region where the gap between the first-best progressive and regressive leverages is the lowest. As
output approaches the first-best investment trigger price, the gap widens and subsequently shrinks after the
first-best investment trigger under a regressive regime is reached. In contrast to the first-best leverage,
Figure 6d shows that the gap between the second-best progressive and regressive leverage appears to be
monotonically increasing in the output price.

4 | FINANCING THE GROWTH OPTION WITH ADDITIONAL DEBT
ISSUANCE

As argued by Myers (1977) and Mauer and Ott (2000), the nature of the underinvestment problem
emerges from the fact that managers have to cover the full cost of the investment but share the benefits with
debtholders. Mauer and Sarkar (2005) show that when managers have the ability to finance the growth
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opportunity with additional debt issuance and share the investment cost with debtholders, the problem of
overinvestment might emerge. In this case, instead of delaying the growth option exercise, equity-maximizer
managers exercise the growth option too soon relative to total-value-firm-maximizer managers.

To investigate the interactions between the tax policy terms and the additional debt financing of the growth
option, we extend our model by building on Hackbarth and Mauer (2012) and allowing the firm to issue additional
debt at the exercise time to finance its expansion. We assume that the additional issued debt has equal priority (pari
passu) in the case of bankruptcy. Thus, if the firm defaults after the investment is made, new debtholders receive a
fraction of the firm's liquidation value proportional to the new coupon.

Whereas the problem for the unlevered firm remains identical, the levered firm problem differs in a few
dimensions with the introduction of the additional debt issuance at the time of exercise. Nevertheless, the solution
strategy remains the same; we first characterize the value of debt and equity after the investment is made, and then
price the contingent claims before the growth option is exercised, assuming that managers follow the first- and

second-best policy.

4.1 | Levered firm value after investment

After the expansion, we need to price equity and two (classes) of debt: debt issued at the initial date and the
additional debt issued at the exercise date to finance the growth option. As in Section 2.2, the tax cutoff must
be adjusted to take the additional coupon R, into account; thus, we now have L = LY + (R + R)/q. In addition, we
restrict our analysis to the case where the firm's net profit can cover the firm's debt service. In other words,
we assume the parametrization restriction R + R, < (L - C)q to guarantee that the firm operates at a positive net
profit level.

Although the ODEs for the initial debt claims before and after the tax cutoff L is reached remain identical,
we need to (1) adjust the general solution for equity to include the cost of new (exogenous) debt coupon
redR; and (2) include the ODEs satisfied by the new debt before and after the tax cutoff L is reached.
Denoting the equity value before and after the threshold L is reached by EEL(P) and E;\L(P), respectively, the
ODEs become

2
G P20ppERt + (r - 8)PAES ~ rES + (P~ C)g - R+ R))(1 - w) =0,
2
G P2OppESt + (r = 8)PARES: ~ rES- + (L~ C)g ~ (R+R))(1 - w) + (P - L)q(1 - ©) = 0,
with the general solution given by

P R+R
E3*(P) = ((— - E)q - ’](1 - ) + P+ BPY,

] r r

L- R+R P L
E(P) = ((Tc]q - t ‘)(1 -+ (E - ;]q(l - ) + B3PV + E4PY2.

Denoting the value of the additional debt before and after the tax cutoff L is reached by Df:(P) and D/} (P),

respectively, their ODEs become

2
P2 Df% + r - 6)P3DEL ~ D% + R = O,

2
Z-P20mDfY + (r = §)POpDft ~ DY + R = 0,
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with the general solution given by

Df§(P)= ! + DoP" + DioP,
(38)
DL(P) =% + D11 PY1 + DypPY2.

Although Boundary Conditions (14)-(20) remain the same, we adapt Boundaries (21) and (22) to incorporate
the additional cost to equityholders of the new coupon payment and to reflect that both classes of debt have equal
priority in the case of bankruptcy. Thus, under this new framework, when the firm becomes extremely large, the

value of equity is

L-C R+R P L
Jim E;N(P) = [(T]q - J; '](1 - T1] + (g - F]Q[l - Tz]- (39)

Conversely, at the default price Pp,, debtholders receive a fraction of the firm's liquidation value, proportional
to the debt's coupon payment, that is,

R
DEL(Pp,) = ( R+R ]{1 wb ] V4§ (Po,)- (40)
In addition to (14)-(20) and (39)-(40), the following four boundary conditions determine Dy, D1, D11, and D15 in (38):
R
lim DAL(P) = =,
Pow r
D/ (L) = DEL(L),

FpDi(L) = 3pDEL(L),

R
DPt(Pp,) = (RT,R,](l - b]v}{BL(PDq).

This concludes the characterization of all contingent claims after the growth option is exercised.

4.2 | First- and second-best investment policy
Before the expansion, there are only two contingent claims to price: initial debt and equity. Although the ODEs and
the general solution for the first-best policy are identical to (23) and (24), we adapt Boundary Conditions (28)-(30)
to reflect the fact that the investment cost is now partially financed with additional debt issuance. These three
boundary conditions now become

E(Pf) = E2(Pf) - (1 - DEL(P))

Ve(P) = VE-(PF) - (1 - DEL(PF).

3 VE(P) = 9pVE" (Pf) + 0pDf% (PF).
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TABLE 6 Investment trigger prices.

Tax code Unlevered firm (P) First best (Pf) Second best (P})
Progressive 3.06 2.81 2.79
Flat 3.06 2.80 2.78
Regressive 3.06 2.80 2.77

Note: This table reports the investment trigger prices P,U, P,F, P,S for the progressive, flat, and regressive tax codes.

. —— Flat
1.0 ~=~ Progressive
2 © Regressive
0.8
S
+ 0.6
(e}
O
>
[9)
T 0.4
(o)}
<
0.2
0.0 | S
1.25 1.50 1.75 2.00 2.25 2.50 2.75 3.00

Output Price ($)

FIGURE 7 Agency cost of overinvestment. This figure shows the percentage agency cost of overinvestment as
a function of the output price (in dollars). The solid line represents the percentage agency cost under a flat tax code,
the dashed line the percentage agency cost under a progressive tax code, and the dotted line the percentage
agency cost under a regressive tax code. The parameter values are shown in Table 1 and the additional debt coupon
is set at R, =1.75. [Color figure can be viewed at wileyonlinelibrary.com]

Similarly, to obtain the second-best contingent claim prices, we simply modify Boundary Conditions (33)-(35)
to

Es(P) = ES(PF) - (1 - DEL(PP),
Vs(PF) = VEL(PF) - (1 - DR P9),
pEs(PP) = 9pES"(PP) + 9pDf} (PP),

which concludes the model's characterization.

Table 6 presents the results for the first- and second-best investment trigger prices using the same
parametrization of Table 1. We assume the value of the new debt coupon is the same as the initial debt coupon. The
results indicate that when the firm can finance part of its growth option with the additional debt that pays a coupon
of Ry = 1.75, the problem of overinvestment emerges under all three tax policy regimes. Interestingly, both the first-
and second-best trigger prices are much less sensitive to changes in the tax policy than the all-equity-financed

growth option case.
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Figure 7 shows the percentage agency cost under the three tax regimes. First, in contrast to the all-equity-
financed option case, when managers have the opportunity to finance the investment opportunity with additional
debt, the percentage agency cost is the lowest under a progressive tax regime and the largest under a regressive tax
system. The reason is that managers following the second-best policy (i.e., maximizing equity) exercise the option
too soon relative to the first-best policy, which increases the firm's risk of bankruptcy. In essence, the limited
liability of equity allows equityholders to shift default risk to bondholders. Moreover, the lower marginal tax rate
levied on large firms under a regressive tax regime induces equity-maximizer agents to anticipate the exercise even
earlier to collect the benefits of higher future production and after-tax cash flow to equity. Second, we observe that
the magnitude of the percentage agency cost of overinvestment for the three tax regimes is smaller than the case
studied in Section 2. Third, the percentage agency cost moves in lockstep with the changes in the upper bracket tax
rate ©. The reason is that now the tax dispersion At affects the first- and second-best trigger prices not in opposite

ways as before but rather in the same direction. As a result, the gap between the two policies scales with ©.

5 | CONCLUSION

We present a comprehensive analysis of the impact of tax policies on the agency cost of under- and
overinvestment. We show that depending on the tax policy design (1, /%, L), some important results in the
literature do not hold true any longer. For instance, different from the findings of Mauer and Ott (2000) where the
first- and second-best investment trigger prices move in lockstep with variations of the (unique) corporate tax rate,
we show that in the presence of a more refined tax system, the underinvestment problem can be either aggravated
or alleviated, depending on the tax regime in place. The reason is that the tax policy terms (t, 7/, L) have opposite
effects on the equilibrium quantities. This counteracting force has a ripple effect on all (partial) equilibrium
quantities, such as investment trigger prices, agency cost components, equity betas, credit spread, and leverage
ratios. In addition, we report that the agency cost under a progressive tax regime is considerably larger than the
agency cost under a regressive tax regime when managers have to bear all the investment costs.

We also investigate the interactions between the tax policy terms and the agency cost of overinvestment. We
show that in contrast to the case where the investment is all equity financed, the agency cost of overinvestment is
the largest under a regressive tax regime and the lowest under a progressive tax regime. Moreover, the agency cost
appears to scale with variations of the corporate tax rate affecting large firms. The reason is that tax dispersion
affects the first- and second-best triggers in the same direction in this case.

Our article opens up several possibilities for future work. A natural first extension is trying to overcome the challenging
numerical problem of finding the optimal debt coupon that maximizes the total value of the firm and investigating the
potential impact on credit spreads. A second interesting extension is investigating whether the interaction between the
risky debt maturity as in Leland and Toft (1996), Goldstein et al. (2001), and Ju and Ou-Yang (2006) and different tax
policies can significantly alter the timing of investment, ultimately affecting the first- and second-best policies. A third
potential fruitful study is investigating the effects on agency costs when the corporate tax rates are subject to economic
policy uncertainty as in Baker et al. (2016). In this case, the additional layer of uncertainty generated by the tax system can
potentially aggravate agency costs. Finally, the model can be extended to incorporate other types of taxes, such as
personal tax, sales tax, and value-added tax, to understand how their interaction with corporate tax can affect the firm's

investment decisions. Naturally, empirical work is needed to shed more light on all of these models.

ORCID

Diogo Duarte http://orcid.org/0000-0002-0984-6833
Brice Dupoyet http://orcid.org/0000-0001-7223-8542
Sandrine Docgne http://orcid.org/0000-0003-0905-1499
Florent Rouxelin http://orcid.org/0000-0002-5446-026X

85UB017 SUOWWOD dAIRRID 3qedtjdde au Aq pauAoh afe Il YO ‘@SN JO Sa|ni 10§ ArIGIT8UIIUO 8|1 UO (SUOIPUOD-PUR-SWLBIW0D" A3 | 1M ARRIq 1 [pul [UO//StY) SUORIPUOD pUe SWiB | 81 88S *[£202/20/60] UO ARiqITauluo /B |IM ‘AsieAlun euoeusu| BpLOH AQ TZEZT 14I/TTTT 0T/I0p/woo A3 |1m Areiqijuuo//sdiy wouy papeojumoq ‘0 ‘€089SLYT


http://orcid.org/0000-0002-0984-6833
http://orcid.org/0000-0001-7223-8542
http://orcid.org/0000-0003-0905-1499
http://orcid.org/0000-0002-5446-026X

26 The Journal of JOURNAL OF FINANCIAL RESEARCH

Financial Research

REFERENCES

Aiyagari, S. R., Marcet, A., Sargent, T. J., & Seppil4, J. (2002). Optimal taxation without state-contingent debt. Journal of
Political Economy, 110(6), 1220-1254.

Baker, S. R., Bloom, N., & Davis, S. J. (2016). Measuring economic policy uncertainty. Quarterly Journal of Economics, 131(4),
1593-1636.

Black, F., & Cox, J. C. (1976). Valuing corporate securities: Some effects of bond indenture provisions. Journal of Finance,
31(2), 351-367.

Chamley, C. (1986). Optimal taxation of capital income in general equilibrium with infinite lives. Econometrica, 54(3),
607-622.

Childs, P. D., Mauer, D. C., & Ott, S. H. (2005). Interactions of corporate financing and investment decisions: The effects of
agency conflicts. Journal of Financial Economics, 76(3), 667-690.

Dixit, A. K., & Pindyck, R. S. (1994). Investment under uncertainty. Princeton University Press.

Goldstein, R., Ju, N., & Leland, H. E. (2001). An EBIT-based model of dynamic capital structure. Journal of Business, 74(4),
483-512.

Gomes, J. F., & Schmid, L. (2010). Levered returns. Journal of Finance, 65(2), 467-494.

Hackbarth, D. (2008). Managerial traits and capital structure decisions. Journal of Financial and Quantitative Analysis, 43(4),
843-881.

Hackbarth, D., & Mauer, D. C. (2012). Optimal priority structure, capital structure, and investment. Review of Financial
Studies, 25(3), 747-796.

Hackbarth, D., Miao, J., & Morellec, E. (2006). Capital structure, credit risk, and macroeconomic conditions. Journal of
Financial Economics, 82(3), 519-550.

Hong, G., & Sarkar, S. (2007). Equity systematic risk (beta) and its determinants. Contemporary Accounting Research, 24(2),
423-466.

Jensen, M. C., & Meckling, W. H. (1976). Theory of the firm: Managerial behavior, agency costs and ownership structure.
Journal of Financial Economics, 3(4), 305-360.

Ju, N., & Ou-Yang, H. (2006). Capital structure, debt maturity, and stochastic interest rates. Journal of Business, 79(5),
2469-2502.

Leland, H. E. (1994). Corporate debt value, bond covenants, and optimal capital structure. Journal of Finance, 49(4),
1213-1252.

Leland, H. E. (1998). Agency costs, risk management, and capital structure. Journal of Finance, 53(4), 1213-1243.

Leland, H. E., & Toft, K. B. (1996). Optimal capital structure, endogenous bankruptcy, and the term structure of credit
spreads. Journal of Finance, 51(3), 987-1019.

Li, J. Y., & Mauer, D. C. (2016). Financing uncertain growth. Journal of Corporate Finance, 41, 241-261.

Mauer, D. C., & Lewellen, W. G. (1987). Debt management under corporate and personal taxation. Journal of Finance, 42(5),
1275-1291.

Mauer, D. C,, & Ott, S. H. (2000). Agency costs, underinvestment, and optimal capital structure. In M. J. Brennan & L.
Trigeorgis (Eds.), Perfect flexibility, agency, and competition: New developments in the theory and application of real
options (pp. 151-180). Oxford University Press.

Mauer, D. C., & Sarkar, S. (2005). Real options, agency conflicts, and optimal capital structure. Journal of Banking & Finance,
29(6), 1405-1428.

Morellec, E. (2001). Asset liquidity, capital structure, and secured debt. Journal of Financial Economics, 61(2), 173-206.

Morellec, E., & Schiirhoff, N. (2010). Dynamic investment and financing under personal taxation. Review of Financial Studies,
23(1), 101-146.

Morellec, E., & Schiirhoff, N. (2011). Corporate investment and financing under asymmetric information. Journal of Financial
Economics, 99(2), 262-288.

Moreno-Bromberg, S., & Rochet, J.-C. (2018). Continuous-time models in corporate finance, banking, and insurance: A user's
guide. Princeton University Press.

Myers, S. C. (1977). Determinants of corporate borrowing. Journal of Financial Economics, 5(2), 147-175.

Oh, H., & Reis, R. (2012). Targeted transfers and the fiscal response to the great recession. Journal of Monetary Economics,
59, S50-S64.

Parrino, R., & Weisbach, M. S. (1999). Measuring investment distortions arising from stockholder-bondholder conflicts.
Journal of Financial Economics, 53(1), 3-42.

Pawlina, G. (2010). Underinvestment, capital structure and strategic debt restructuring. Journal of Corporate Finance, 16(5),
679-702.

Sarkar, S. (2008). Can tax convexity be ignored in corporate financing decisions? Journal of Banking & Finance, 32(7),
1310-1321.

85UB017 SUOWWOD dAIRRID 3qedtjdde au Aq pauAoh afe Il YO ‘@SN JO Sa|ni 10§ ArIGIT8UIIUO 8|1 UO (SUOIPUOD-PUR-SWLBIW0D" A3 | 1M ARRIq 1 [pul [UO//StY) SUORIPUOD pUe SWiB | 81 88S *[£202/20/60] UO ARiqITauluo /B |IM ‘AsieAlun euoeusu| BpLOH AQ TZEZT 14I/TTTT 0T/I0p/woo A3 |1m Areiqijuuo//sdiy wouy papeojumoq ‘0 ‘€089SLYT



Financial Research

TAX POLICIES AND AGENCY COSTS [ The Journal of ‘ 27

Slemrod, J., Yitzhaki, S., Mayshar, J., & Lundholm, M. (1994). The optimal two-bracket linear income tax. Journal of Public
Economics, 53(2), 269-290.

Turnovsky, S. J. (1996). Applications of continuous-time stochastic methods to models of endogenous economic growth.
Annual Reviews in Control, 20, 155-166.

How to cite this article: Duarte, D., Dupoyet, B., Docgne, S., & Rouxelin, F. (2023). Tax policies and agency
costs. Journal of Financial Research, 1-27. https://doi.org/10.1111/jfir.12321

85UB017 SUOWWOD dAIRRID 3qedtjdde au Aq pauAoh afe Il YO ‘@SN JO Sa|ni 10§ ArIGIT8UIIUO 8|1 UO (SUOIPUOD-PUR-SWLBIW0D" A3 | 1M ARRIq 1 [pul [UO//StY) SUORIPUOD pUe SWiB | 81 88S *[£202/20/60] UO ARiqITauluo /B |IM ‘AsieAlun euoeusu| BpLOH AQ TZEZT 14I/TTTT 0T/I0p/woo A3 |1m Areiqijuuo//sdiy wouy papeojumoq ‘0 ‘€089SLYT


https://doi.org/10.1111/jfir.12321

	Tax policies and agency costs
	1 INTRODUCTION
	2 MODEL
	2.1 Unlevered firm value
	2.2 Levered firm value
	2.3 First-best investment policy
	2.4 Second-best investment policy

	3 NUMERICAL ANALYSIS
	3.1 Betas, credit spreads, and leverage

	4 FINANCING THE GROWTH OPTION WITH ADDITIONAL DEBT ISSUANCE
	4.1 Levered firm value after investment
	4.2 First- and second-best investment policy

	5 CONCLUSION
	ORCID
	REFERENCES




